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2-Position Valve Actuator

Actuator for two-position valves

Library

Valve Actuators

N
Description

The 2-Position Valve Actuator block represents an actuator that you can use with
directional valves to control their position. This actuator can drive a two-position valve.
The block is developed as a data-sheet-based model and all its parameters are generally
provided in catalogs or data sheets. The key parameters are the stroke, switch-on, and
switch-off times.

The block accepts a physical input signal and produces a physical output signal that can
be associated with a mechanical translational or rotational push-pin motion. Connect the
block output to the directional valve control port.

The actuator is represented as an ideal transducer, where output does not depend on

the load exerted on the push-pin and the push-pin motion profile remains the same
under any loading conditions. The motion profile represents a typical transition curve for
electromagnetic actuators and is shown in the following figure:



2-Position Valve Actuator

push-pin

input signal

p—

The push-pin is actuated when the input signal value crosses the threshold of 50% of the
nominal input signal, where Nominal signal value is a block parameter. The motion
is divided into three phases, equal in time: delay (t;), motion at constant acceleration
(t»), and motion at constant velocity (t3). The motion stops when the switch-on time
(ton) elapses. At this moment, the push-pin reaches the specified stroke value (Xs¢~). To
return the push-pin into initial position, the control signal must cross back through the
threshold of 50% of the nominal input signal, which causes the push-pin to retract. The
retract motion follows exactly the same profile but “stretches” over the switch-off time.
Switching-on time and Switching-off time are the block parameters.

The transition in any direction can be interrupted at any time by changing the input
signal. If motion is interrupted, the switch-on or switch-off times are proportionally
decreased depending on the instantaneous push-pin position.

1-3
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The push-pin is actuated only by positive signal, similar to the AC or DC electromagnets.
The direction of push-pin motion is controlled by the Actuator orientation parameter,
which can have one of two values: Acts in positive directionor Acts in
negative direction.

Basic Assumptions and Limitations

Push-pin loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

Dialog Box and Parameters

"4 Block Parameters: 2-Position Valve Actuator @
2-Position Valve Actuator

The block is a data sheet-based model of an actuator that drives 2-position directional discrete valves and assumes
2 positions: extended and retracted. The actuator is activated if the input signal crosses 50% of its nominal value.
The actuator can be actuated only by positive signal, similar to the case of AC or DC electromagnets. The push-pin
reaches a hard stop after "switching-on" time, and retracts in "switching-off" time after the control signal is
removed. The motion can be interrupted. The motion profile does not depend on load. The block has one physical
signal input port and one physical signal output port.

The push-pin moves in positive or negative direction, depending on the "Actuator orientation” parameter setting.

Settings

Parameters

Push-pin stroke: 0.01 m -
Switching-on time: 0.1 ] -
Switching-off time: 0.1 ] -
Nominal signal value: 24

Initial position: IRetracted ']
Actuator orientation: IActs in positive direction ']

0K H Cancel H Help I Apply

Push-pin stroke
The push-pin stroke. The default value is 0.01 m.
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Switching-on time

Time necessary to fully extend the push-pin after the control signal is applied. The
default valueis 0.1 s.

Switching-off time

Time necessary to retract push-pin from fully extended position after the input signal
is removed. The default value is 0.1 s.

Nominal signal value

Sets the value of the nominal input signal. The output motion is initiated as the
input signal crosses 50% value of the nominal signal. Other than that, the input
signal has no effect on the motion profile. This parameter is meant to reproduce the
rated voltage feature of an electromagnet. The default value is 24.

Initial position

Specifies the initial position of the push-pin. The parameter can have one of two
values: Extended or Retracted. The default value is Retracted.

In selecting the initial position, consider the following:

* The steady-state push-pin position always corresponds to the control signal.
In other words, zero or negative signal keeps the push-pin at Retracted, and
positive signal — at Extended.

+ At the start of simulation, if there is a discrepancy between the initial position
of the push-pin, as specified by the Initial position parameter, and the control
signal, the push-pin immediately starts moving towards the steady-state position
designated by the control signal.

Actuator orientation

Parameter controls the direction of the push-pin motion and can have one of two
values: Acts iIn positive directionor Acts in negative direction.

The first value causes the push-pin to move in positive direction, similarly to the
action of electromagnet A attached to a directional valve. If the parameter is set to
Acts in negative direction, the control signal causes the push-pin to move in
negative direction from the initial position. The default value is Acts iIn positive
direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:
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* Initial position

+ Actuator orientation

All other block parameters are available for modification.

Ports

The block has one physical signal input port, associated with the input signal, and one
physical signal output port, associated with the output signal (push-pin displacement).

Examples

In the 2-Position Valve Actuator example, the hydraulic circuit contains two actuators.
The first one is set to start from the retracted position, while the second one starts from
the extended position. Both actuators are driven with a Pulse Generator. The actuators
start extending at 1 s, but the second actuator first retracts from 0.01 m to zero, since it
was initially extended and there was no signal keeping it there.

In the Hydraulic Circuit with Single-Acting Cylinder example, the 2-Position Valve
Actuator block is used along with a 3-Way Directional Valve block to simulate an
electrically operated 3-way directional valve.

See Also
3-Position Valve Actuator | Hydraulic Double-Acting Valve Actuator | Hydraulic Single-
Acting Valve Actuator | Proportional and Servo-Valve Actuator


../examples/2-position-valve-actuator.html
../examples/hydraulic-circuit-with-single-acting-cylinder.html

2-Way Directional Valve

2-Way Directional Valve

Hydraulic continuous 2-way directional valve

Library

Directional Valves

Description

T
=]

The 2-Way Directional Valve block represents a continuous, 2-way directional valve, also
referred to as a shut-off valve. It is the device that controls the connection between two
lines. The block has two hydraulic connections, corresponding to inlet port (A) and outlet
port (B), and one physical signal port connection (S), which controls the spool position.
The block is built based on a Variable Orifice block, where the Orifice orientation
parameter is set to Opens in positive direction. This means that positive signal x
at port S opens the orifice, and its instantaneous opening h is computed as follows:

h=xy+x
where
h Orifice opening
Xo Initial opening
X Control member displacement from initial position

Because the block is based on a variable orifice, you can choose one of the following model
parameterization options:

By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

1-7
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*+ By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

* By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position

of the control member (zero displacement), and the maximum opening takes place at

the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). Flow rate is determined analytically,
which additionally requires data such as flow discharge coefficient, critical Reynolds
number, and fluid density and viscosity. The computation accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing its value with
the critical Reynolds number. See the Variable Orifice block reference page for details. In
both cases, a small leakage area is assumed to exist even after the orifice is completely
closed. Physically, it represents a possible clearance in the closed valve, but the main
purpose of the parameter is to maintain numerical integrity of the circuit by preventing
a portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and even
cause simulation to fail.

In the third case, when an orifice is defined by its pressure-flow characteristics, the

flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics must
be presented as the Cartesian mesh, i.e., the function values must be specified at vertices
of a rectangular array. The argument arrays (openings and pressure differentials) must
be strictly increasing. The vertices can be nonuniformly spaced. You have a choice of
three interpolation methods and two extrapolation methods.

The block positive direction is from port A to port B. This means that the flow rate
1s positive if it flows from A to B and the pressure differential is determined as

p = py — pg - Positive signal at the physical signal port S opens the valve.
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Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

+ Spool loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

Dialog Box and Parameters

"4 Block Parameters: 2-Way Directional Valve @
2-Way Directional Valve

The block simulates a 2-way directional valve as a data sheet-based model. To parameterize the block, 3 options
are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections A and B are hydraulic conserving ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B. Positive signal at port S
opens the valve.

Settings

Parameters

Model parameterization: By maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Initial opening: 0 m -
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Model parameterization
Select one of the following methods for specifying the valve:
*+ By maximum area and opening — Provide values for the maximum valve

passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at

1-9
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

1-11
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Initial opening

Orifice initial opening. The parameter can be positive (underlapped orifice), negative
(overlapped orifice), or equal to zero for zero lap configuration. The default value is O.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose
of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
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even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization
+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
S

Physical signal port to control spool displacement.

1-13
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Examples

In the Hydraulic Closed-Loop Circuit with 2-Way Valve example, the 2-Way Directional
Valve block is used to control the position of a double-acting cylinder. At the start of
simulation, the valve is open by 0.42 mm to make the circuit initial position as close as
possible to its neutral position.

See Also

3-Way Directional Valve | 4-Way Directional Valve

1-14
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3-Position Valve Actuator

3-Position Valve Actuator

Actuator for three-position valves

Library

Valve Actuators

GEANCE
[=
[

Description

The 3-Position Valve Actuator block represents an actuator that you can use with
directional valves to control their position. This actuator can drive a three-position valve.
The block is developed as a data-sheet-based model and all its parameters are generally
provided in catalogs or data sheets. The key parameters are the stroke, switch-on, and
switch-off times.

The block has two signal inputs associated with the activation signals for electromagnets
A or B. It produces a physical output signal that can be associated with a mechanical
translational or rotational push-pin motion. Connect the block output to the directional
valve control port.

The actuator is represented as an ideal transducer, where output does not depend on

the load exerted on the push-pin and the push-pin motion profile remains the same
under any loading conditions. The motion profile represents a typical transition curve for
electromagnetic actuators. The following figure shows the motion profile for a case when
the input signal is applied long enough for the push-pin to reach the end of the stroke
(Xs¢r), and then the input signal is removed, causing the push-pin to return to initial

position:
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The push-pin is actuated when the input signal value crosses the threshold of 50% of the
nominal input signal, where Nominal signal value is a block parameter. The motion is
divided into three phases, equal in time: delay (t4), motion at constant acceleration (t ),
and motion at constant velocity (t,e). The motion stops when the switch-on time (t,,)
elapses. At this moment, the push-pin reaches the specified stroke value (Xs¢-). To return
the push-pin into initial position, the control signal must be removed, which causes

the push-pin to retract. The retract motion also consists of three phases, equal in time:
delay (t,-), motion at constant acceleration (t,,), and motion at constant velocity (t,,). It
follows exactly the same profile but “stretches” over the switch-off time. Switching-on
time and Switching-off time are the block parameters.

The signal applied to port A causes the output to move in positive direction. To shift the
push-pin in negative direction, you must apply the signal to port B. Only one control
signal can be applied at a time. This means that if the actuator is being controlled

by the signal at port A, the push-pin must be allowed to return to initial position

before the control signal at port B can be processed. The transition in any direction

can be interrupted at any time by changing the input signal. If motion is interrupted,
the switch-on or switch-off times are proportionally decreased depending on the
Instantaneous push-pin position.

Only positive signals activate the actuator. In other words, negative signals at

ports A and B have no effect on the actuator, which is similar to the behavior of
electromagnetically controlled 3-position directional valves.

1-16
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Basic Assumptions and Limitations

Push-pin loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

Dialog Box and Parameters

“& Block Parameters: 3-Position Valve Actuator @
3-Position Valve Actuator

The block is a data sheet-based model of an actuator that drives 3-position directional discrete valves and assumes
3 positions: neutral, extended in positive direction, and extended in negative direction. The actuator is activated if
an input signal on either port A or port B crosses 50% of signal's nominal value. The actuator can be actuated only
by positive signal. It moves in positive direction if signal at port A is applied. Signal at port B moves the pin in
negative direction. Only one signal can be applied at a time, similar to the case of AC or DC electromagnets. The
push-pin reaches a hard stop after "switching-on" time, and retracts to neutral position in "switching-off" time after
the control signal is removed. The motion can be interrupted. The motion profile does not depend on load. The
block has two physical signal input ports and one physical signal output port.

Settings
Parameters
Push-pin stroke: 0.01 m -
Switching-on time: 0.1 ] -
Switching-off time: 0.1 ] -
Nominal signal value: 24
Initial position: Neutral v|

0K ]| Cancel || Help | Apply

Push-pin stroke
The push-pin stroke. The default value is 0.01 m.
Switching-on time

Time necessary to fully extend the push-pin after the control signal is applied. The
default valueis 0.1 s.

Switching-off time

Time necessary to retract push-pin from fully extended position after the input signal
is removed. The default value is 0.1 s.

Nominal signal value

1-17
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Sets the value of the nominal input signal. The output motion is initiated as the
input signal crosses 50% value of the nominal signal. Other than that, the input
signal has no effect on the motion profile. This parameter is meant to reproduce the
rated voltage feature of an electromagnet. The default value is 24.

Initial position

Specifies the initial position of the push-pin. The parameter can have one of three
values: Extended positive, Extended negative, or Neutral. The default value
is Neutral.

In selecting the initial position, consider the following:

* The steady-state push-pin position always corresponds to the control signal. In
other words, zero signal keeps the push-pin at Neutral, positive signal — at
Extended positive, and negative signal — at Extended negative.

+ At the start of simulation, if there is a discrepancy between the initial position
of the push-pin, as specified by the Initial position parameter, and the control
signal, the push-pin immediately starts moving towards the steady-state position
designated by the control signal.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Initial position

All other block parameters are available for modification.

Ports

The block has the following ports:

A
Physical signal input port associated with the port A input signal.

Physical signal input port associated with the port B input signal.

The block also has one physical signal output port, which is associated with the output
signal (push-pin displacement).
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Examples

In the 3-Position Valve Actuator example, all three actuators are set to different strokes,
switch-on and switch-off times, and initial positions. If the initial position is not Neutral
and the control signal at the beginning of simulation equals zero, the push-pin starts
moving towards neutral position, as the actuators A and C show in the example.

See Also
2-Position Valve Actuator | Hydraulic Double-Acting Valve Actuator | Hydraulic Single-
Acting Valve Actuator | Proportional and Servo-Valve Actuator

1-19
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3-Way Directional Valve

Hydraulic continuous 3-way directional valve

Library

Directional Valves

EM

o o [l
. . i 1=} o
Description
The 3-Way Directional Valve block represents a continuous, symmetrical, 3-way
directional valve. The fluid flow is pumped in the valve through the inlet line and is
distributed between an outside pressure line (usually connected to a single-acting
actuator) and the return line. The block has three hydraulic connections, corresponding
to inlet port (P), actuator port (A), and return port (T), and one physical signal port
connection (S), which controls the spool position. The block is built of two Variable Orifice
blocks, connected as shown in the following diagram.
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One Variable Orifice block, called orifice_PA, is installed in the P-A path. The second
Variable Orifice block, called orifice_AT, is installed in the A-T path. Both blocks
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are controlled by the same position signal, provided through the physical signal port S,
but the Orifice orientation parameter in the block instances is set in such a way that
positive signal at port S opens orifice_PA and closes orifice_AT. As a result, the
openings of the orifices are computed as follows:

hps = hpag +x

har =hapo—x

where

hNpa Orifice opening for the orifice_ PA block

har Orifice opening for the orifice_ AT block

Npao Initial opening for the orifice_PA block

hNato Initial opening for the orifice_AT block

X Control member displacement from initial position

The valve simulated by the 3-Way Directional Valve block is assumed to be symmetrical.
This means that both orifices are of the same shape and size and are parameterized with
the same method. You can choose one of the following block parameterization options:

+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

* By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

+ By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position
of the control member (zero displacement), and the maximum opening takes place at
the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). Flow rate is determined analytically,
which additionally requires data such as flow discharge coefficient, critical Reynolds
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number, and fluid density and viscosity. The computation accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing its value with
the critical Reynolds number. See the Variable Orifice block reference page for details. In
both cases, a small leakage area is assumed to exist even after the orifice is completely
closed. Physically, it represents a possible clearance in the closed valve, but the main
purpose of the parameter is to maintain numerical integrity of the circuit by preventing
a portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and even
cause simulation to fail.

In the third case, when an orifice is defined by its pressure-flow characteristics, the

flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics must
be presented as the Cartesian mesh, i.e., the function values must be specified at vertices
of a rectangular array. The argument arrays (openings and pressure differentials) must
be strictly increasing. The vertices can be nonuniformly spaced. You have a choice of
three interpolation methods and two extrapolation methods.

If you need to simulate a nonsymmetrical 3-way valve (i.e., with different orifices), use
any of the variable orifice blocks from the Orifices library (such as Orifice with Variable
Area Round Holes, Orifice with Variable Area Slot, or Variable Orifice) and connect them
the same way as the Variable Orifice blocks in the schematic diagram of this 3-Way
Directional Valve block.

Positive signal at the physical signal port S opens the orifice in the P-A path and closes
the orifice in the A-T path. The directionality of nested blocks is clear from the schematic
diagram.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* Spool loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

*  Only symmetrical configuration of the valve is considered. In other words, both
orifices are assumed to have the same shape and size.
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Dialog Box and Parameters

"4 Block Parameters: 3-Way Directional Valve @
3-Way Directional Valve

The block simulates a 3-way directional continuous valve as a data sheet-based model. To parameterize the block,
3 options are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections P, T, and A are hydraulic conserving ports associated with the valve inlet, outlet, and actuator terminal
respectively. Connection S is a physical signal port through which control signal is applied. Positive signal at port S
opens orifice P-A and closes orifice A-T.

Settings

Parameters

Model parameterization: By maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Orifice P-A initial opening: 0 m -
Orifice A-T initial opening: 0 m -
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Model parameterization

Select one of the following methods for specifying the valve:

* By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
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dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
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provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”"3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 l1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points—Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point—Uses the last specified output value at the appropriate end
of the range. That is, the block uses the last specified output value for all input
values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Orifice P-A initial opening
Initial opening for the orifice in the P-A path. The parameter can be positive

(underlapped orifice), negative (overlapped orifice), or equal to zero for zero lap
configuration. The default value is O.

Orifice A-T initial opening
Initial opening for the orifice in the A-T path. The parameter can be positive

(underlapped orifice), negative (overlapped orifice), or equal to zero for zero lap
configuration. The default value is O.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization
* Interpolation method

+  Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
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Examples
You can see the 3-Way Directional Valve block in the Hydraulic Circuit with 3-Way Valve

and Differential Cylinder example, where it is used to switch between a conventional and
differential connection of the cylinder.

See Also

2-Way Directional Valve | 4-Way Directional Valve
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4-Way Directional Valve

4-Way Directional Valve

Hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R v =
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Description

The 4-Way Directional Valve block represents a continuous 4-way directional valve.

The fluid is pumped in the valve through the inlet line P and is distributed between two
outside hydraulic lines A and B (usually connected to a double-acting actuator) and the
return line T. The block has four hydraulic connections, corresponding to inlet port (P),
actuator ports (A and B), and return port (T), and one physical signal port connection (S),
which controls the spool position.

There are multiple configurations of 4-way directional valves, depending on the port
connections in three distinctive valve positions: leftmost, neutral, and rightmost. This
block lets you model the most popular configurations by changing the initial openings

of the orifices, as shown in . Other SimHydraulics® blocks provide more 4-way and 6-
way directional valve configurations. For more information, see “Modeling Directional
Valves”.

The 4-Way Directional Valve block is built of four Variable Orifice blocks, connected as
shown in the following diagram.
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The Variable Orifice blocks are installed as follows: orifice P-A is in the P-A path, orifice
P-B is in the P-B path, orifice A-T is in the A-T path, and orifice B-T is in the B-T path.
All blocks are controlled by the same position signal, provided through the physical
signal port S, but the Orifice orientation parameter in the block instances is set in
such a way that positive signal at port S opens the orifices colored blue in the block
diagram (orifices P-A and B-T ) and closes the orifices colored yellow (orifices P-B and A-
T). As a result, the openings of the orifices are computed as follows:

hps = hppo +x
hpp = hppy —x
hap =hapo—x
hpr = hppo +x

where

hpa Orifice opening for the Variable Orifice P-A block
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hpg Orifice opening for the Variable Orifice P-B block
Rar Orifice opening for the Variable Orifice A-T block
hsr Orifice opening for the Variable Orifice B-T block
Npao Initial opening for the Variable Orifice P-A block
hpgo Initial opening for the Variable Orifice P-B block
hNato Initial opening for the Variable Orifice A-T block
hsro Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

By default, all initial openings are set to zero. By adjusting their values, you can obtain

11 different configurations, as shown in the following table. To specify the initial

openings of the orifices, use the tab of the block dialog box.

Basic 4-Way Directional Valve Configurations

No

Configuration

Initial Openings

1

A

All four orifices are overlapped in neutral position:

A

* Orifice P-A initial opening <0
¥ Orifice P-B initial opening <0

..
T
F

HH O He

+ Orifice A-T initial opening < 0
+ Orifice B-T initial opening <0

&=

d

A

+ Orifice P-A initial opening > 0
¥ . Orifice P-B initial opening > 0

=]

* Orifice A-T initial opening > 0
+ Orifice B-T initial opening > 0

All four orifices are open (underlapped) in neutral position:

/

_are overlapped for more than valve stroke:

+ Orifice P-A initial opening <0

WH e
HH O He

+ Orifice P-B initial opening <0
* Orifice A-T initial opening <—valve stroke

Orifices P-A and P-B are overlapped. Orifices A-T and B-T
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No Configuration Initial Openings
* Orifice B-T initial opening <—valve stroke
4 A B Orifices P-A and P-B are overlapped, while orifices A-T and
\_‘ B-T are open:
>< s | T y: Orifice P-A initial opening <0
FOOT + Orifice P-B initial opening <0
* Orifice A-T initial opening > 0
* Orifice B-T initial opening > 0
5 A B Orifices P-A and A-T are open in neutral position, while
al orifices P-B and B-T are overlapped:
T i _I >< + Orifice P-A initial opening >0
P. T + Orifice P-B initial opening <0
* Orifice A-T initial opening > 0
* Orifice B-T initial opening <0
6 A B Orifice A-T is initially open, while all three remaining orifices
L are overlapped:
>< _x T LB Orifice P-A initial opening <0
P T * Orifice P-B initial opening <0
* Orifice A-T initial opening > 0
* Orifice B-T initial opening <0
7 Orifice B-T is initially open, while all three remaining orifices

P
WH e

H il —

are overlapped:

+ Orifice P-A initial opening <0
* Orifice P-B initial opening <0
* Orifice A-T initial opening <0

+ Orifice B-T initial opening > 0
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No Configuration Initial Openings
8 A B Orifices P-A and P-B are open, while orifices A-T and B-T are
J overlapped:
>< . - T LR Orifice P-A initial opening > 0
F T + Orifice P-B initial opening > 0
* Orifice A-T initial opening <0
* Orifice B-T initial opening <0
9 A B Orifice P-A is initially open, while all three remaining orifices
L are overlapped:
>< T - T LR Orifice P-A initial opening > 0
F T + Orifice P-B initial opening <0
+ Orifice A-T initial opening <0
* Orifice B-T initial opening <0
10 A B Orifice P-B is initially open, while all three remaining orifices
1 are overlapped:
>< /I_ T LR Orifice P-A initial opening <0
F T * Orifice P-B initial opening >0
* Orifice A-T initial opening <0
* Orifice B-T initial opening <0
11 A B Orifices P-B and B-T are open, while orifices P-A and A-T are
1 overlapped:
T i ’_‘ >< * Orifice P-A initial opening <0
P OT * Orifice P-B initial opening >0

+ Orifice A-T initial opening < 0

+ Orifice B-T initial opening >0

All four orifices are assumed to be of the same shape and size and are parameterized
with the same method. You can choose one of the following block parameterization

options:
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+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

+ By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

* By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position

of the control member (zero displacement), and the maximum opening takes place at

the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). Flow rate is determined analytically,
which additionally requires data such as flow discharge coefficient, critical Reynolds
number, and fluid density and viscosity. The computation accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing its value with
the critical Reynolds number. See the Variable Orifice block reference page for details. In
both cases, a small leakage area is assumed to exist even after the orifice is completely
closed. Physically, it represents a possible clearance in the closed valve, but the main
purpose of the parameter is to maintain numerical integrity of the circuit by preventing
a portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and even
cause failure of computation.

In the third case, when an orifice is defined by its pressure-flow characteristics, the
flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics
must be presented as the Cartesian mesh, that is, the function values must be specified
at vertices of a rectangular array. The argument arrays (openings and pressure
differentials) must be strictly increasing. The vertices can be nonuniformly spaced. You
have a choice of three interpolation methods and two extrapolation methods.

If you need to simulate a nonsymmetrical 4-way valve (that is, with different orifices),
use any of the variable orifice blocks from the Orifices library (such as Orifice with
Variable Area Round Holes, Orifice with Variable Area Slot, or Variable Orifice) and
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connect them the same way as the Variable Orifice blocks in the schematic diagram of
this 4-Way Directional Valve block.

Positive signal at the physical signal port S opens the orifices in the P-A and B-T paths
and closes the orifices in the P-B and A-T paths. The directionality of nested blocks is
clear from the schematic diagram.

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

Spool loading, such as inertia, spring, hydraulic forces, and so on, is not taken into
account.

*  Only symmetrical configuration of the valve is considered. In other words, all four
orifices are assumed to have the same shape and size.
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Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve @
4-Way Directional Valve

The block simulates the basic option of the 4-way directional continuous valve as a data-sheet-based model. To
parameterize the block, 3 options are available: (1) by maximum area and control member stroke, (2) by the table
of valve area vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table
block is used in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2
methods of extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S opens orifices P-A and B-T and closes orifices P-B and A-T.

Settings
Model parameterization: |B',r maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -

[ 0K ]| Cancel || Help Apply

+ “Basic Parameters Tab” on page 1-36
+  “Initial Openings Tab” on page 1-39

Basic Parameters Tab

Model parameterization
Select one of the following methods for specifying the valve:

* By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
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dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
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provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”"3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 l1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-A block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Orifice P-B initial opening
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Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization
* Interpolation method
+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters
Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
Examples

The 4-Way Directional Valve block in the Closed-Loop Circuit with 4-Way Valve and
Custom Cylinder example is an open-center, symmetrical valve controlling a double-
acting cylinder.

See Also

2-Way Directional Valve | 3-Way Directional Valve | 4-Way Directional Valve B | 4-Way
Directional Valve G | 4-Way Directional Valve C | 4-Way Directional Valve H | 4-Way
Directional Valve A | 4-Way Directional Valve D | 4-Way Directional Valve E | 4-Way
Directional Valve F | 4-Way Directional Valve K | 6-Way Directional Valve A
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4-Way Directional Valve A

Configuration A of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R v =
.&. =] =]

Description

The 4-Way Directional Valve A block simulates a configuration of hydraulic continuous
4-way directional valve where the valve unloads the pump in neutral position. The fluid
is pumped in the valve through the inlet line P and is distributed between two outside
hydraulic lines A and B (usually connected to a double-acting actuator) and the return
line T. The block has four hydraulic connections, corresponding to inlet port (P), actuator
ports (A and B), and return port (T), and one physical signal port connection (S), which
controls the spool position. The block is built of six Variable Orifice blocks, connected as
shown in the following diagram.
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All blocks are controlled by the same position signal, provided through the physical
signal port S, but the Orifice orientation parameter in the block instances is set in
such a way that positive signal at port S opens the orifices colored blue in the block
diagram (orifices P-A, B-T, and T1-T ) and closes the orifices colored yellow (orifices A-T,
P-B, and P-T1). As a result, the openings of the orifices are computed as follows:

hps = hppg +
hpg = hppy —x
hap =hapo—x
hpr = hpro +x
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hpr1 =hprio —x

by =hripo + %

where
Npa Orifice opening for the Variable Orifice P-A block
hpeg Orifice opening for the Variable Orifice P-B block
Nar Orifice opening for the Variable Orifice A-T block
hgr Orifice opening for the Variable Orifice B-T block
hprq Orifice opening for the Variable Orifice P-T1 block
hyqer Orifice opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
Npgo Initial opening for the Variable Orifice P-B block
Naro Initial opening for the Variable Orifice A-T block
hsro Initial opening for the Variable Orifice B-T block
hp110 Initial opening for the Variable Orifice P-T1 block
hr110 Initial opening for the Variable Orifice T1-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve A @
4-Way Directional Valve A

The block simulates option A of the 4-way directional continuous valve as a data-sheet-based model. It is built of
six variable orifices. The valve unloads the pump in neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S opens orifices P-A, B-T, and T1-T and closes orifices A-T, P-B, and P-T1.

Settings
Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-45

*  “Initial Openings Tab” on page 1-48

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.
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+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
1s determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m*2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials
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Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
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Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”"2.

Initial Openings Tab

Orifice P-A initial opening
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Initial opening for the Variable Orifice P-A block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-T1 initial opening

Initial opening for the Variable Orifice P-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
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B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve D | 4-Way Directional Valve K | 4-Way Directional Valve E |

4-Way Directional Valve | 4-Way Directional Valve B | 4-Way Directional Valve C | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve B

Configuration B of hydraulic continuous 4-way directional valve

Library

Directional Valves

(]

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve B block simulates a configuration of hydraulic continuous
4-way directional valve where port A is permanently connected to port P, and all four
ports are interconnected in neutral position. The fluid is pumped in the valve through

the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of a Fixed Orifice block in the P-A path and four Variable Orifice blocks, connected
as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices A-T1 and P-B) and closes the orifices colored yellow (orifices T1-T
and B-T). As a result, the openings of the orifices are computed as follows:

hari =hario—x
hpp = hppy —x
hpir =hpipo +x

hgp = hgpo +x
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where

harq Orifice opening for the Variable Orifice A-T1 block
hpg Orifice opening for the Variable Orifice P-B block
hyqir Orifice opening for the Variable Orifice T1-T block
hgr Orifice opening for the Variable Orifice B-T block
Nat10 Initial opening for the Variable Orifice A-T1 block
Npgo Initial opening for the Variable Orifice P-B block
hr110 Initial opening for the Variable Orifice T1-T block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,

assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.
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Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve B @
4-Way Directional Valve B

The block simulates option B of the 4-way directional continuous valve as a data-sheet-based model. Port A of the
valve is permanently connected to port B, and all four ports are interconnected in neutral position. To parameterize
the block, 3 options are available: (1) by maximum area and control member stroke, (2) by the table of valve area
vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used
in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-B and A-T1 and closes
orifices T1-T and B-T). Both positive and negative valve displacements disconnect port A from port T.

Settings
Model parameterization: IBy maximum area and opening -
Path P-A passage area: S5e-3 m*2 -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-54
*  “Initial Openings Tab” on page 1-58

Basic Parameters Tab

Compared to the Basic Parameters tab of the 4-Way Directional Valve block, there is one
additional parameter:
Path P-A passage area

Specify the area of the P-A passage. The parameter value must be greater than zero.
The default value is 5e-5 m*2. This parameter is used if Model parameterization
is set to By maximum area and opening.
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The rest of the parameters on this tab are identical to those of the 4-Way Directional
Valve block:

Model parameterization

Select one of the following methods for specifying the valve:

By maximum area and opening— Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m*2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
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Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, iIn m"3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.
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Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area
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The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Initial Openings Tab

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice A-T1 initial opening

Initial opening for the Variable Orifice A-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A



4-Way Directional Valve B

Hydraulic conserving port associated with the actuator connection port.

B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve D | 4-Way Directional Valve K | 4-Way Directional Valve E |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve C | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve C

Configuration C of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve C block simulates a configuration of hydraulic continuous 4-
way directional valve where port P is connected to port A and port B is connected to port
T in the left position; in the right position, both port A and port B are connected to P; and
all ports are interconnected in neutral position. The fluid is pumped in the valve through
the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of a Fixed Orifice block in the P-B path and four Variable Orifice blocks, connected
as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices B-T1 and A-T ) and closes the orifices colored yellow (orifices P-A
and T1-T). As a result, the openings of the orifices are computed as follows:

hpg = hppg —x
hap =hapo +x
hpr1 =hprio +x

hpip =hpipo —x
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where

hNpa Orifice opening for the Variable Orifice P-A block
har Orifice opening for the Variable Orifice A-T block
hpry Orifice opening for the Variable Orifice B-T1 block
hrir Orifice opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
Npgo Initial opening for the Variable Orifice P-B block
hsr10 Initial opening for the Variable Orifice B-T1 block
hr110 Initial opening for the Variable Orifice T1-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve C @
4-Way Directional Valve C

The block simulates option C of the 4-way directional continuous valve as a data-sheet-based model. Port P is
connected to port A and port B is connected to port T in the left position; in the right position, both port A and port
B are connected to P; and all ports are interconnected in neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices A-T and B-T1 and closes
orifices P-A and T1-T).

Settings
Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Path P-B passage area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-63
*  “Initial Openings Tab” on page 1-67
Basic Parameters Tab

Compared to the Basic Parameters tab of the 4-Way Directional Valve block, there is one
additional parameter:

Path P-B passage area
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Specify the area of the P-B passage. The parameter value must be greater than zero.
The default value is 5e-5 m”2. This parameter is used if Model parameterization
1s set to By maximum area and opening.

The rest of the parameters on this tab are identical to those of the 4-Way Directional
Valve block:

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
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opening table, the Tabulated valve openings values will be used together

with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method
Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
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pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
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find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice B-T1 initial opening

Initial opening for the Variable Orifice B-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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T
Hydraulic conserving port associated with the return line connection.
A
Hydraulic conserving port associated with the actuator connection port.
B
Hydraulic conserving port associated with the actuator connection port.
S
Physical signal port to control spool displacement.
See Also

4-Way Directional Valve D | 4-Way Directional Valve K | 4-Way Directional Valve E |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve D

Configuration D of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve D block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the left valve position.
In the right position, port P is connected to port A, while port B is connected to port T.

All connections are blocked in neutral position. The fluid is pumped in the valve through
the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of four Variable Orifice blocks, connected as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices P-A2 and P-B) and closes the orifices colored yellow (orifices P-A1l
and B-T). As a result, the openings of the orifices are computed as follows:

hpa1 =hparo—x
hpas = hpago +x
hpp = hppy +x
hpr = hpro —x
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where

Npaq Orifice opening for the Variable Orifice P-Al block
Npas Orifice opening for the Variable Orifice P-A2 block
hpg Orifice opening for the Variable Orifice P-B block
hgr Orifice opening for the Variable Orifice B-T block
Rpato Initial opening for the Variable Orifice P-Al block
Npaso Initial opening for the Variable Orifice P-A2 block
hpgo Initial opening for the Variable Orifice P-B block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve D @
4-Way Directional Valve D

The block simulates option D of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the left valve position. In the right position, port P is connected to port A while port B is
connected to port T. All connections are blocked in the neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices B-T and P-Al and closes
orifices P-B and P-A2).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+  “Basic Parameters Tab” on page 1-72

+  “Initial Openings Tab” on page 1-76

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at

1-72



4-Way Directional Valve D

the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-A1 initial opening

Initial opening for the Variable Orifice P-Al block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-A2 initial opening

Initial opening for the Variable Orifice P-A2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
T

Hydraulic conserving port associated with the return line connection.
A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
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See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve E |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve E

Configuration E of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
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Description

The 4-Way Directional Valve E block simulates a configuration of hydraulic continuous 4-
way directional valve. Ports A and B are connected to port P in the right valve position.
In the left position, port P is connected to port B, while port A is connected to port T. All
connections are blocked in neutral position. The fluid is pumped in the valve through

the inlet line P and is distributed between two outside hydraulic lines A and B (usually
connected to a double-acting actuator) and the return line T. The block has four hydraulic
connections, corresponding to inlet port (P), actuator ports (A and B), and return port (T),
and one physical signal port connection (S), which controls the spool position. The block is
built of four Variable Orifice blocks, connected as shown in the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in the
block diagram (orifices P-B1 and A-T' ) and closes the orifices colored yellow (orifices P-A
and P-B2). As a result, the openings of the orifices are computed as follows:

hpg = hppg —x
hpp1 =hpp1o +x
hppo = hppag —x

har =hapo +x

where

Npa Orifice opening for the Variable Orifice P-A block
hpgq Orifice opening for the Variable Orifice P-B1 block
hpgo Orifice opening for the Variable Orifice P-B2 block
har Orifice opening for the Variable Orifice A-T block
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Npao Initial opening for the Variable Orifice P-A block

hpg1o Initial opening for the Variable Orifice P-B1 block

Npgso Initial opening for the Variable Orifice P-B2 block

hNato Initial opening for the Variable Orifice A-T block

X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.

Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve E @
4-Way Directional Valve E

The block simulates option E of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the right valve position. In the left position, port P is connected to port B, while port A is
connected to port T. All connections are blocked in the neutral position. To parameterize the block, 3 options are
available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control member
displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the second and
third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are
provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-B1 and A-T and closes
orifices P-A and P-B2).

Settings
Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

0K H Cancel H Help Apply
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+  “Basic Parameters Tab” on page 1-81

*  “Initial Openings Tab” on page 1-84

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
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opening table, the Tabulated valve openings values will be used together

with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
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pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
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find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose
of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B1 initial opening

Initial opening for the Variable Orifice P-B1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B2 initial opening

Initial opening for the Variable Orifice P-B2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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T
Hydraulic conserving port associated with the return line connection.
A
Hydraulic conserving port associated with the actuator connection port.
B
Hydraulic conserving port associated with the actuator connection port.
S
Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve F | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve F

Configuration F of hydraulic continuous 4-way directional valve

Library

Directional Valves

I

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve F block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the left valve position.
In the right position, port P is connected to port A, while port B is connected to port T.

In neutral position, ports A and B are connected to port T. The fluid is pumped in the
valve through the inlet line P and is distributed between two outside hydraulic lines A
and B (usually connected to a double-acting actuator) and the return line T. The block
has four hydraulic connections, corresponding to inlet port (P), actuator ports (A and

B), and return port (T), and one physical signal port connection (S), which controls the
spool position. The block is built of six Variable Orifice blocks, connected as shown in the
following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances

is set in such a way that positive signal at port S opens the orifices colored blue in
the block diagram (orifices P-A1, A-T1, and P-B) and closes the orifices colored yellow

(orifices P-A2, B-T, and T1-T). As a result, the openings of the orifices are computed as

follows:

hpa1 =hparo +x

hpag = hpagg —x

hary =hario +x

1-87



1 Blocks — Alphabetical List

hpyp =hpipo —x

hpp = hppy +x

hgr = hgpo —x

where

Npay Orifice opening for the Variable Orifice P-Al block
Npas Orifice opening for the Variable Orifice P-A2 block
Naty Orifice opening for the Variable Orifice A-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hpg Orifice opening for the Variable Orifice P-B block
hgr Orifice opening for the Variable Orifice B-T block

Npato Initial opening for the Variable Orifice P-Al block

Npazo Initial opening for the Variable Orifice P-A2 block

Nar1o Initial opening for the Variable Orifice A-T1 block

hr1710 Initial opening for the Variable Orifice T1-T block

hpgo Initial opening for the Variable Orifice P-B block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

“& Block Parameters: 4-Way Directional Valve F @

4-Way Directional Valve F

The block simulates option F of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the left valve position. In the right position, port P is connected to port A, while port B is
connected to port T. In the neutral position, ports A and B are connected to port T. To parameterize the block, 3
options are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-A1, P-B, and A-T1 and
closes orifices P-A2, B-T, and T1-T).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

“Basic Parameters Tab” on page 1-89

“Initial Openings Tab” on page 1-93

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.



4-Way Directional Valve F

Initial Openings Tab

Orifice P-Al initial opening

Initial opening for the Variable Orifice P-Al block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-A2 initial opening

Initial opening for the Variable Orifice P-A2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T1 initial opening

Initial opening for the Variable Orifice A-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve G | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve G

Configuration G of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
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Description

The 4-Way Directional Valve G block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the right valve position.
In the left position, port P is connected to port B, while port A is connected to port T.

In neutral position, ports A and B are connected to port T. The fluid is pumped in the
valve through the inlet line P and is distributed between two outside hydraulic lines A
and B (usually connected to a double-acting actuator) and the return line T. The block
has four hydraulic connections, corresponding to inlet port (P), actuator ports (A and

B), and return port (T), and one physical signal port connection (S), which controls the
spool position. The block is built of six Variable Orifice blocks, connected as shown in the
following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
is set in such a way that positive signal at port S opens the orifices colored blue in

the block diagram (orifices P-B1, A-T, and T1-T) and closes the orifices colored yellow

(orifices P-A, B-T1, and P-B2). As a result, the openings of the orifices are computed as
follows:

hpp1 =hppio +*
hpp = hppog — %
hpr1 =hprio—
hpir =hpiro +%
hpa = hpgo —%
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har =haro +x

where

Npgy Orifice opening for the Variable Orifice P-B1 block
Npgo Orifice opening for the Variable Orifice P-B2 block
hsry Orifice opening for the Variable Orifice B-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hNpa Orifice opening for the Variable Orifice P-A block
har Orifice opening for the Variable Orifice A-T block
hpg10 Initial opening for the Variable Orifice P-B1 block
Npg2o Initial opening for the Variable Orifice P-B2 block
hsr10 Initial opening for the Variable Orifice B-T1 block
hr1710 Initial opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
hNato Initial opening for the Variable Orifice A-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve G @
4-Way Directional Valve G

The block simulates option G of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the right valve position. In the left position, port P is connected to port B, while port A is
connected to port T. In the neutral position, ports A and B are connected to port T. To parameterize the block, 3
options are available: (1) by maximum area and control member stroke, (2) by the table of valve area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices A-T, P-B1, and T1-T and
closes orifices P-B2, B-T1, and P-A).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

* “Basic Parameters Tab” on page 1-98

+  “Initial Openings Tab” on page 1-102

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-B1 initial opening

Initial opening for the Variable Orifice P-B1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B2 initial opening

Initial opening for the Variable Orifice P-B2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T1 initial opening

Initial opening for the Variable Orifice B-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |

4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve F | 4-Way Directional Valve H | 6-
Way Directional Valve A
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4-Way Directional Valve H

Configuration H of hydraulic continuous 4-way directional valve

Library

Directional Valves

LE0 R =
.&. =] =]

Description

The 4-Way Directional Valve H block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the left valve position.
In the right position, port P is connected to port B, while port A is connected to port T. In
neutral position, port P is connected to port T to unload the pump. The fluid is pumped
in the valve through the inlet line P and is distributed between two outside hydraulic
lines A and B (usually connected to a double-acting actuator) and the return line T. The
block has four hydraulic connections, corresponding to inlet port (P), actuator ports (A
and B), and return port (T), and one physical signal port connection (S), which controls
the spool position. The block is built of six Variable Orifice blocks, connected as shown in
the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
is set in such a way that positive signal at port S opens the orifices colored blue in

the block diagram (orifices P-B2, P-A, and T1-T) and closes the orifices colored yellow
(orifices P-B1, P-T1, and A-T). As a result, the openings of the orifices are computed as
follows:

hpp1 =hpp1o—x
hppo = hppao +x

hpr1 =hprio—x
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hpyp =hpipo +x

hpg = hppg +x

hap =hppo —x

where
Npgy Orifice opening for the Variable Orifice P-B1 block
Npgo Orifice opening for the Variable Orifice P-B2 block
hpry Orifice opening for the Variable Orifice P-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hNpa Orifice opening for the Variable Orifice P-A block
har Orifice opening for the Variable Orifice A-T block

hpg10 Initial opening for the Variable Orifice P-B1 block

Npg2o Initial opening for the Variable Orifice P-B2 block
hpr10 Initial opening for the Variable Orifice P-T1 block
hr1710 Initial opening for the Variable Orifice T1-T block
Npao Initial opening for the Variable Orifice P-A block
hNato Initial opening for the Variable Orifice A-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"4 Block Parameters: 4-Way Directional Valve H @
4-Way Directional Valve H

The block simulates option H of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the left valve position. In the right position, port P is connected to port B, while port A is
connected to port T. In the neutral position, port P is connected to port T to unload the pump. To parameterize the
block, three options are available: (1) by maximum area and control member stroke, (2) by the table of valve area
vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used
in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-A, P-B2, and T1-T and
closes orifices P-B1, B-T1, and A-T).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+ “Basic Parameters Tab” on page 1-107

+  “Initial Openings Tab” on page 1-111

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-B1 initial opening

Initial opening for the Variable Orifice P-B1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B2 initial opening

Initial opening for the Variable Orifice P-B2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-T1 initial opening

Initial opening for the Variable Orifice P-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T initial opening

Initial opening for the Variable Orifice A-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve K | 4-Way Directional Valve D |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve F | 4-Way Directional Valve G | 6-
Way Directional Valve A
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4-Way Directional Valve K

Configuration K of hydraulic continuous 4-way directional valve

Library

Directional Valves

i
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Description

The 4-Way Directional Valve K block simulates a configuration of hydraulic continuous
4-way directional valve. Ports A and B are connected to port P in the right valve position.
In the left position, port P is connected to port B, while port A is connected to port T. In
neutral position, port P is connected to port T to unload the pump. The fluid is pumped
in the valve through the inlet line P and is distributed between two outside hydraulic
lines A and B (usually connected to a double-acting actuator) and the return line T. The
block has four hydraulic connections, corresponding to inlet port (P), actuator ports (A
and B), and return port (T), and one physical signal port connection (S), which controls
the spool position. The block is built of six Variable Orifice blocks, connected as shown in
the following diagram.
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All Variable Orifice blocks are controlled by the same position signal, provided through
the physical signal port S, but the Orifice orientation parameter in the block instances
1s set in such a way that positive signal at port S opens the orifices colored blue in

the block diagram (orifices P-A1, P-T1, and B-T) and closes the orifices colored yellow
(orifices P-A2, P-B, and T1-T). As a result, the openings of the orifices are computed as
follows:

hpa1 =hpaio+x

hpao = hpagg —x

hpr1 =hppio +x

hpip =hpipo —x
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hpp = hppy —x

hpr = hpyo +x

where

Npay Orifice opening for the Variable Orifice P-Al block
Npao Orifice opening for the Variable Orifice P-A2 block
hpry Orifice opening for the Variable Orifice P-T1 block
hrqer Orifice opening for the Variable Orifice T1-T block
hpg Orifice opening for the Variable Orifice P-B block
hgr Orifice opening for the Variable Orifice B-T block
Npat0 Initial opening for the Variable Orifice P-A1l block
Npazo Initial opening for the Variable Orifice P-A2 block
hpr10 Initial opening for the Variable Orifice P-T1 block
hr1710 Initial opening for the Variable Orifice T1-T block
hpgo Initial opening for the Variable Orifice P-B block
ha1o Initial opening for the Variable Orifice B-T block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional

Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 4-Way Directional Valve K @
4-Way Directional Valve K

The block simulates option K of the 4-way directional continuous valve as a data-sheet-based model. Ports A and B
are connected to port P in the right valve position. In the left position, port P is connected to port B, while port A is
connected to port T. In the neutral position, port P is connected to port T to unload the pump. To parameterize the
block, three options are available: (1) by maximum area and control member stroke, (2) by the table of valve area
vs. control member displacement, and (3) by the pressure-flow rate characteristics. The lookup table block is used
in the second and third cases for interpolation and extrapolation. 3 methods of interpolation and 2 methods of
extrapolation are provided to choose from.

Connections B, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S causes the connections shown in the left portion of the block icon (opens orifices P-T1, P-A1, and B-T and
closes orifices P-B, P-A2, and T1-T).

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ OK H Cancel H Help Apply

+ “Basic Parameters Tab” on page 1-116

+  “Initial Openings Tab” on page 1-120

Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve
passage area and the maximum valve opening. The passage area is linearly
dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Initial Openings Tab

Orifice P-Al initial opening

Initial opening for the Variable Orifice P-Al block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-A2 initial opening

Initial opening for the Variable Orifice P-A2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-T1 initial opening

Initial opening for the Variable Orifice P-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice T1-T initial opening

Initial opening for the Variable Orifice T1-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve H | 4-Way Directional Valve D |
4-Way Directional Valve | 4-Way Directional Valve A | 4-Way Directional Valve B | 4-
Way Directional Valve E | 4-Way Directional Valve F | 4-Way Directional Valve G | 6-
Way Directional Valve A
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4-Way Ideal Valve

Hydraulic 4-way critically-centered valve

Library

Directional Valves

Description

The 4-Way Ideal Valve block represents a 4-way critically-centered valve, where initial
openings of all four variable orifices are equal to zero. This significantly simplifies the
model of a 4-way directional valve and makes it especially suitable for real-time and HIL
(hardware-in-the-loop) simulation, where such assumption is applicable.

The flow rate is computed with the equation:

1 .
q= xCDb\/B(pS —abs(pa - pg))sign(pa - pB)

where

q Flow rate

x Valve displacement, —x,,,0c <= X <= Xpax
b Orifice width, b = A, / Xmax

Apox Maximum orifice area

Xmax Valve maximum opening

Cp Flow discharge coefficient

P Fluid density
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Ps

Pressure supply

DPaDB Pressures at the load ports A and B, respectively

Connections A and B are conserving hydraulic ports associated with the valve load ports.
Connections P and S are the physical signal input ports that provide supply pressure and
valve displacement values, respectively.

Basic Assumptions and Limitations

The valve is of a critically-centered type, that is, all initial openings are equal to zero.
The return pressure is assumed to be very low and can be treated as a zero pressure.

All the orifices are assumed to have the same shape and size, that is, the valve is
symmetrical.

Dialog Box and Parameters

!

4-Way Ideal Valve

The block is a model of a 4-way critically-centered valve. Zero initial openings of all four variable orifices produced
an opportunity to substantially simplify the model and made it suitable for HIL and RT applications in which such
assumption is applicable. Connections A and B are conserving hydraulic ports associated with the valve load ports.
Connections P and S are the physical signal ports through which supply pressure and valve displacement is
provided.

Settings

FParameters

Block Parameters: 4-Way Ideal Valve @

Valve passage maximum area: 0.5e-4 m*2 -
Valve maximum opening: Se-3 m -

Flow discharge coefficient: 0.7

0K ]| Cancel || Help Apply

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater than
zero. The default value is 5e-5 m”2.
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Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 0.005 m.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid density

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
P

Physical signal port that controls the supply pressure.
S

Physical signal port that controls spool displacement.
Examples

The Hydraulic Closed-Loop Actuator with Fixed-Step Integration example is an example
of using this valve, along with other blocks optimized for real-time and HIL simulation.


../examples/hydraulic-closed-loop-actuator-with-fixed-step-integration.html

4-Way |deal Valve

See Also
4-Way Directional Valve
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6-Way Directional Valve A

Configuration A of hydraulic continuous 6-way directional valve

Library

Directional Valves

=
ﬂnnn

Description

The 6-Way Directional Valve A block simulates a configuration of hydraulic continuous
6-way directional valve with pump port P, two return ports T and T1, and three
actuator ports A, B, and C. Use the valve for applications with two actuators, each being
controlled by a valve of this type. When both valves are in neutral position, the pump is
unloaded. If any of the valves is shifted from neutral, the diverting line is cut off and the
respective actuator is fed at fuel pump pressure. For more details, see the Front-Loader
Actuation System example, which uses a similar system of two valves.

The 6-Way Directional Valve A block has six hydraulic connections, corresponding to
the valve hydraulic ports (A, B, C, P, T, and T1), and one physical signal port connection
(S), which controls the spool position. The block is built of six Variable Orifice blocks,
connected as shown in the following diagram.


../examples/front-loader-actuation-system.html
../examples/front-loader-actuation-system.html

6-Way Directional Valve A
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All blocks are controlled by the same position signal, provided through the physical
signal port S, but the Orifice orientation parameter in the block instances is set in
such a way that positive signal at port S opens the orifices colored blue in the block
diagram (orifices P-A, B-T, and P-C2) and closes the orifices colored yellow (orifices A-T1,
P-B, and P-C1). As a result, the openings of the orifices are computed as follows:

hpp = hppo +x
hpp = hppy —x
har1 =hario —%
hpr = hgro +x
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hpc1 =hpc1o —*

hpca =hpcao + %

where
Npa Orifice opening for the Variable Orifice P-A block
hpeg Orifice opening for the Variable Orifice P-B block
Naty Orifice opening for the Variable Orifice A-T1 block
hgr Orifice opening for the Variable Orifice B-T block
hNpcq Orifice opening for the Variable Orifice P-C1 block
hNpco Orifice opening for the Variable Orifice P-C2 block
Npao Initial opening for the Variable Orifice P-A block
Npgo Initial opening for the Variable Orifice P-B block
hario Initial opening for the Variable Orifice A-T1 block
hsro Initial opening for the Variable Orifice B-T block
hpcio Initial opening for the Variable Orifice P-C1 block
Npcoo Initial opening for the Variable Orifice P-C2 block
X Control member displacement from initial position

For information on the block parameterization options, basic parameter descriptions,
assumptions and limitations, global and restricted parameters, see the 4-Way Directional
Valve block reference page.
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Dialog Box and Parameters

"k Block Parameters: 6-Way Directional Valve A @
6-Way Directional Valve A

The block simulates option A of the 6-way directional continuous valve as a data-sheet-based model. In the left
position, ports T1 and C are blocked. Port P is connected to A, and port B is connected to T. In the right position,
ports C and T are blocked, port A is connected to T1 and port P is connected to B. In neutral position, port P is
connected to C, while the remaining four ports are blocked. To parameterize the block, 3 options are available: (1)
by maximum area and control member stroke, (2) by the table of valve area vs. control member displacement, and
(3) by the pressure-flow rate characteristics. The lookup table block is used in the second and third cases for
interpolation and extrapolation. 3 methods of interpolation and 2 methods of extrapolation are provided to choose
from.

Connections B, T, T1, A, B, and C are hydraulic conserving ports associated with the valve hydraulic ports.
Connection S is a physical signal port through which control signal is applied. Positive signal at port S causes the
valve to assume the position shown in the left portion of the block icon, in which connections T-A and B-T are
opened, while ports T1 and C are blocked. Positive signal opens orifices P-A, B-T, and P-C2 and closes orifices A-
T1, P-B, and P-C1.

Settings

Basic parameters Initial openings

Model parameterization: IBy maximum area and opening -
Valve passage maximum area: S5e-3 m*2 -
Valve maximum opening: 0.005 m -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

[ 0K H Cancel H Help Apply

+ “Basic Parameters Tab” on page 1-129
*  “Initial Openings Tab” on page 1-133
Basic Parameters Tab

Model parameterization

Select one of the following methods for specifying the valve:

*+ By maximum area and opening — Provide values for the maximum valve

passage area and the maximum valve opening. The passage area is linearly

dependent on the control member displacement, that is, the valve is closed at
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the initial position of the control member (zero displacement), and the maximum
opening takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of valve openings
and corresponding valve passage areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of valve
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Valve passage maximum area

Specify the area of a fully opened valve. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Valve maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-3 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated valve openings values will be used together
with Tabulated valve passage area values for one-dimensional table lookup. If
Model parameterization is set to By pressure-flow characteristic, the
Tabulated valve openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated valve passage area

Specify the vector of output values for valve passage area as a one-dimensional
array. The valve passage area vector must be of the same size as the valve openings
vector. All the values must be positive. The default values, in m”*2, are [1e-09
2.0352e-07 4.0736e-05 0.00011438 0.00034356]. This parameter is used if
Model parameterization is set to By area vs. opening table.
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Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic or
spline interpolation. The default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e
+06 5e+06 1e+07]. This parameter is used if Model parameterization is set to
By pressure-flow characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of valve openings
and n is the number of pressure differentials. Each value in the matrix specifies flow
rate taking place at a specific combination of valve opening and pressure differential.
The matrix size must match the dimensions defined by the input vectors. The default
values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.
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For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the valve, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.



6-Way Directional Valve A

Initial Openings Tab

Orifice P-A initial opening

Initial opening for the Variable Orifice P-Ablock. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-B initial opening

Initial opening for the Variable Orifice P-B block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice A-T1 initial opening

Initial opening for the Variable Orifice A-T1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice B-T initial opening

Initial opening for the Variable Orifice B-T block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is -0.0025 m.

Orifice P-C1 initial opening

Initial opening for the Variable Orifice P-C1 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Orifice P-C2 initial opening

Initial opening for the Variable Orifice P-C2 block. The parameter can be
positive (underlapped orifice), negative (overlapped orifice), or equal to zero for zero
lap configuration. The default value is 0.0025 m.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the pressure supply line inlet.
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Hydraulic conserving port associated with the first return line connection.
T1

Hydraulic conserving port associated with the second return line connection.

A

Hydraulic conserving port associated with the actuator connection port.
B

Hydraulic conserving port associated with the actuator connection port.
C

Hydraulic conserving port associated with the actuator connection port.
S

Physical signal port to control spool displacement.
See Also

4-Way Directional Valve C | 4-Way Directional Valve H | 4-Way Directional Valve D |
4-Way Directional Valve K | 4-Way Directional Valve | 4-Way Directional Valve A | 4-
Way Directional Valve B | 4-Way Directional Valve E | 4-Way Directional Valve F | 4-
Way Directional Valve G



Angle Sensor

Angle Sensor

Ideal angle sensor with measuring range from 0 to 360 degrees

Library

Pumps and Motors

O

Description

The Angle Sensor block represents an ideal angle sensor with measuring range from 0

to 360 degrees. To measure an angular displacement, the sensor must be connected to a
mechanical rotational port. No load is imposed on the measured object. The sensor output
is kept within the range from 0 to 2o radians (360 degrees) regardless of the number

of revolutions performed by the object and the direction of rotation. The sensor is ideal
because it does not account for inertia, friction, and so on.

The difference between the Angle Sensor block and the Ideal Rotational Motion Sensor
block, available in the Simscape™ Foundation library, is demonstrated in the following
figure.

Angle, rad

Walocity, radis

1-135



1 Blocks — Alphabetical List

1-136

In this example, the object is moving at 6 rad/s in the positive direction for the first

5 seconds, and then switches to the negative direction at the same speed. The Ideal
Rotational Motion Sensor block output (line 1) shows that the object turned forward by
30 rad and then turned back in the negative direction, continuing until —20 rad. The
reading of the Angle Sensor block (line 2) stays in the range from 0 to 2m rad.

Availability of the Angle Sensor block considerably simplifies development of models with

complex relationship between model parameters and rotation angle, such as pumps and
motors.

Basic Assumptions and Limitations

* The sensor is assumed to be ideal. No load is imposed on the object.

* No inertial effects are considered.

Dialog Box and Parameters

"k Block Parameters: Angle Sensor @
Angle Sensor

The block is a model of an ideal angle sensor with measuring range from zero to 360 deg. To measure an angular
displacement, the sensor must be connected to the mechanical rotational terminal. No load is imposed on a
measured object. The sensor output is kept within the 0 to 2*pi range regardless of number of revolutions
performed by the object and direction of rotation.

Connection W is the conserving mechanical rotational port associated with the probe of the sensor. Connection A
is the physical signal port block through which angular displacement of the object is output.

Settings

FParameters

Phase angle: 0 rad -

0K ]| Cancel || Help Apply

Phase angle

This parameter lets you account for angular shift between the object and the sensor
input. The default value is 0.



Angle Sensor

Ports

The block has the following ports:

W

Mechanical rotational conserving port associated with the probe of the sensor.
A

Physical signal port that outputs the angular displacement of the object.
Examples

The Hydraulic Axial-Piston Pump with Load-Sensing and Pressure-Limiting Control
example models a test rig designed to investigate interaction between an axial-piston
pump and a typical control unit, simultaneously performing the load-sensing and
pressure-limiting functions. To assure required accuracy, the model of the pump must
account for such features as interaction between pistons, swash plate, and porting plate,
which makes it necessary to build a detailed pump model.

The Angle Sensor block is used in each of the piston model subsystems (Piston_1, ...,
Piston_5), where it provides the angular position of the respective piston as input to the
Porting Plate Variable Orifice blocks.

See Also

Ideal Rotational Motion Sensor
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Annular Orifice

Hydraulic variable orifice created by circular tube and round insert

Library

Orifices

Description

The Annular Orifice block models a variable orifice created by a circular tube and a
round insert, which may be eccentrically located with respect to the tube. The radial
gap between the tube and the insert and its axial length are assumed to be essentially
smaller than the insert diameter, causing the flow regime to be laminar all the time. A
schematic representation of the annular orifice is shown in the following illustration.

The flow rate is computed using the Hagen-Poiseuille equation (see [1]):

3
q:—nR(R—r) . 1+§£2 p
6vpL 2



Annular Orifice

where

Flow rate

Pressure differential

Orifice radius

Insert radius

ml S| DT |

Overlap length

Eccentricity ratio

™

Eccentricity
Fluid density

Fluid kinematic viscosity

< || ®

Use this block to simulate leakage path in plungers, valves, and cylinders.

The block positive direction is from port A to port B. This means that the flow rate
1s positive if it flows from A to B and the pressure differential is determined as

p = py — pg . Positive signal at the physical signal port S increases or decreases the

overlap, depending on the value of the parameter Orifice orientation.

Basic Assumptions and Limitations

Fluid inertia is not taken into account.
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"4 Block Parameters: Annular Orifice @
Annular Orifice

The block simulates a variable orifice created by a circular tube and a round insert. The radial gap between the
tube and the insert and its axial length are assumed to be essentially smaller than the insert diameter, causing the
flow regime to be laminar all the time. The flow rate is computed using the Hagen-Poiseuille equation.

Connections A and B are hydraulic conserving ports associated with the orifice inlet and outlet, respectively.
Connection S is a physical signal port that controls the insert displacement. The block positive direction is from port
A to port B. Positive signal at port S increases or decreases the overlap, depending on the value of the Orifice
orientation parameter.

Settings
Parameters
Orifice radius: 0.01 m -
Insert radius: 0.0098 m -
Eccentricity: 0 m -
Initial length: 0.003 m -
Orifice orientation: Positive signal increases overlap ']

0K H Cancel H Help I Apply

Orifice radius

The radius of the tube. The default value is 0.01 m.
Insert radius

The radius of the insert. The default value is 0.0098 m.
Eccentricity

The distance between the central axes of the insert and the tube. The parameter can
be a positive value, smaller than the difference between the radius of the tube and

the radius of the insert, or equal to zero for coaxial configuration. The default value is
0.

Initial length

Initial overlap between the tube and the insert. The parameter must be positive. The
value of initial length does not depend on the orifice orientation. The default value is
0.003 m.
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Orifice orientation

The parameter is introduced to specify the effect of the control signal on the orifice
overlap. The parameter can be set to one of two options: Positive signal
increases overlap or Negative signal increases overlap. The default
value is Positive signal increases overlap.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Orifice orientation

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
S

Physical signal port that controls the insert displacement.
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References

[1] Noah D. Manring, Hydraulic Control Systems, John Wiley & Sons, 2005

See Also

Constant Area Hydraulic Orifice | Fixed Orifice | Orifice with Variable Area Round
Holes | Orifice with Variable Area Slot | Variable Area Hydraulic Orifice | Variable
Orifice
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Ball Valve

Hydraulic ball valve

Library

Flow Control Valves

o0

The Ball Valve block models a variable orifice created by a spherical ball and a round
sharp-edged orifice.

Description

/)

/A
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The flow rate through the valve is proportional to the valve opening and to the pressure
differential across the valve. The flow rate is determined according to the following
equations:

q:CD.A(h)\/g.#M
P (p2+pgr)

P=DPa—PB

p Recr'v ’
Per =9l D
D ~YH
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PAmax =70 - 1 -1- %—1
where
q Flow rate
p Pressure differential
DA, PB Gauge pressures at the block terminals
Ch Flow discharge coefficient
A(h) Instantaneous orifice passage area
Xo Initial opening
X Ball displacement from initial position
h Valve opening
do Orifice diameter
ro Orifice radius
dp Ball diameter
rs Ball radius
p Fluid density
v Fluid kinematic viscosity
DPer Minimum pressure for turbulent flow
Re,, Critical Reynolds number
Dy Valve instantaneous hydraulic diameter
Ajeax Closed valve leakage area
Apnax Maximum valve open area
Pax Maximum valve opening
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The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg . Positive signal at the physical signal port S opens the valve.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* The flow passage area is assumed to be equal to the side surface of the frustum of the
cone located between the ball center and the orifice edge.

Dialog Box and Parameters

"4 Block Parameters: Ball Valve @
Ball valve

The block models a ball valve created by a spherical ball and a round sharp-edged orifice. The flow rate through
the valve is proportional to the orifice opening and to the pressure differential across the valve. The model
accounts for the laminar and turbulent flow regimes by monitoring the Reynolds number and comparing its value
with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B.

Settings
Parameters
Valve ball diameter: 0.01 m -
Orifice diameter: 0.005 m -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K ]| Cancel || Help Apply

Valve ball diameter

The diameter of the valve ball. It must be greater than the orifice diameter. The
default value is 0.01 m.
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Orifice diameter
The diameter of the orifice of the valve. The default value is 0.005 m.
Initial opening

The initial opening of the valve. Its value must be nonnegative. The default value is
0.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.65.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
S

Physical signal port to control ball displacement.
See Also

Ball Valve with Conical Seat | Gate Valve | Needle Valve | Poppet Valve | Pressure-
Compensated Flow Control Valve
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Ball Valve with Conical Seat

Hydraulic ball valve with conical seat

Library

Flow Control Valves

o

Description

The Ball Valve with Conical Seat block models a valve created by a spherical ball and a

conical seat.
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The valve is characterized by the ball diameter, cone angle, and orifice diameter. The
flow rate through the valve is proportional to the ball displacement and pressure
differential. If passage area in the ball-cone contact exceeds the area of the orifice, the
latter is assumed as the valve passage area. The flow rate is determined according to the
following equations:

—C, . 2. p
q9=Cp A(h)\/;(2 2)1/4

P+ DPer

P=DPa—PB
1% Recr'v ’
Per=9lc, - D
D ~H

h = xq +x-or

Aear, for h <=0
0 . 6 . 0
A(h) = n-cosgosm §-h D+ smE-h for 0<h<hpg,
Amax +Aleak fOI' h >= hmax
Dy = 4A(h)
b
Agygy =0
max — 4
where
‘q |Flow rate
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p Pressure differential

P, PB Gauge pressures at the block terminals

Cp Flow discharge coefficient

A(h) Instantaneous orifice passage area

X Initial opening

x Ball displacement from initial position
h Valve opening

do Orifice diameter

D Ball diameter

(8] Cone angle of the valve seat

Jel Fluid density

v Fluid kinematic viscosity

DPer Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Valve instantaneous hydraulic diameter
Aleax Closed valve leakage area

Anax Maximum valve open area

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg . Positive signal at the physical signal port S opens the valve.

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

* The flow passage area is assumed to be equal to the side surface of the frustum of the
cone located between the ball and the conical seat.
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Dialog Box and Parameters

"4 Block Parameters: Ball Valve with Conical Seat @
Ball Valve with Conical Seat

The block models a ball valve created by a spherical ball and a conical seat. The valve is characterized by the ball
diameter, cone angle, and orifice diameter. The flow rate through the valve is proportional to the ball displacement
and pressure differential. If passage area in the ball-cone contact exceeds area of the orifice, the latter is assumed
as the valve passage area. The model accounts for the laminar and turbulent flow regimes by monitoring the
Reynolds number and comparing its value with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port through which ball displacement is imported. The block positive direction is
from port A to port B.

Settings
Parameters
Valve ball diameter: 0.01 m -
Orifice diameter: 5e-3 m -
Cone angle: 120 deg -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Valve ball diameter

The diameter of the valve ball. It must be greater than the orifice diameter. The
default value is 0.01 m.

Orifice diameter

The diameter of the orifice of the valve. The default value is 0.005 m.
Cone angle

The cone angle of the valve seat. The default value is 120 degrees.
Initial opening

The initial opening of the valve. Its value must be nonnegative. The default value is
0.

Flow discharge coefficient
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Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.65.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

1-153



1 Blocks — Alphabetical List

S
Physical signal port to control ball displacement.
See Also
Ball Valve | Gate Valve | Needle Valve | Poppet Valve | Pressure-Compensated Flow
Control Valve
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Cartridge Valve Insert

Hydraulic cartridge valve insert

Library

Directional Valves

Description

The Cartridge Valve Insert block represents an insert of a hydraulic cartridge valve
consisting of a poppet interacting with the seat. The poppet position is determined
by pressures at ports A, B, and X and force of the spring. A schematic diagram of the
cartridge valve insert is shown in the following illustration.

The Cartridge Valve Insert block is a structural model consisting of a Hydraulic
Cartridge Valve Actuator block and a Variable Orifice block, as shown in the next
illustration.
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Pressures at port A and port B tend to open the valve, while pressure at the control
port X, together with the spring, acts to close it. The model does not account for flow
rates caused by poppet displacement and any loading on the poppet, such as inertia
and friction. The valve remains closed as long as the aggregate pressure force is lower
than the spring preload force. The poppet is forced off its seat as the preload force is
reached and moves up proportionally to pressure increase until it passes the full stroke.

Hydraulic properties of the gap between the poppet and the seat are simulated with the
Variable Orifice block.

5
A

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet,
valve outlet, and valve control terminal, respectively. The block positive direction is from
port A to port B. Pressure at port X acts to close the valve, while pressures at port A and
port B act to open the orifice.

Basic Assumptions and Limitations

+ Valve opening is linearly proportional to the pressure differential.

* No loading on the poppet, such as inertia or friction, is considered.
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*  The model does not account for flow rates caused by poppet displacement.

+  For orifices specified by the passage area (the first two parameterization options), the
transition between laminar and turbulent regimes is assumed to be sharp and taking
place exactly at Re=Re,,.

+  For orifices specified by pressure-flow characteristics (the third parameterization
option), the model does not explicitly account for the flow regime or leakage flow rate
because the tabulated data is assumed to account for these characteristics.
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Dialog Box and Parameters

"k Block Parameters: Cartridge Valve Insert @
Cartridge Valve Insert

This block represents an insert of hydraulic cartridge valve arranged as a poppet interacting with the sleeve seat if the
poppet and/or the sleeve have complex geometrical form (e.g. notched, slotted, or chamfered poppet). For inserts
with plain cylindrical poppets and conical seats, the Cartridge Valve Insert with Conical Seat is recommended. The
poppet position is determined by pressures at ports A, B, and X and force of the spring. Pressures at port A and B
tend to open the valve, while pressure at control port X together with the spring act to close it. The model does not
account for flow rates caused by poppet displacement and any loading on the poppet except pressure and spring
forces. Inertial properties of the poppet are acccounted by inserting a first order lag between the steady-state and
actual poppet displacements.

The valve remains closed as long as the aggregate pressure force is lower than the spring preload force. The poppet
is forced off its seat as the preload force is reached and moves up proportionally to pressure increase until it passes
the full stroke. Hydraulic properties of the orifice between the poppet and the seat are simulated with the Variable
Orifice block.

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet, valve outlet, and valve control
terminals, respectively. The block positive direction is from port A to port B. Pressure at port X acts to close the valve,
while pressures at port A and B act to open the orifice.
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Settings
Parameters
Fort A poppet area: 2e-4 m*2 -
Port A to port X area ratio: 0.66
Preload force: 26 N -
Spring rate: 1.4e+4 N/m -
Poppet stroke: 0.005 m -
Initial opening: 0 m -
Orifice specification: By maximum area and opening -
Orifice maximum area: Se-5 m*2 -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -
Time constant: 0.01 s -

OK

H Cancel H

Help

Apply

Port A poppet area
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Effective poppet area at port A. The parameter value must be greater than zero. The
default value is 2e-4 m*2.

Port A to port X area ratio

Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than or equal to zero.
The default value is 56-3 m. This parameter is used if Orifice specification is set
to By maximum area and opening.

Initial opening

The initial opening of the valve. Its value must be greater than or equal to zero. The
default value is O.

Orifice specification

Select one of the following methods for specifying the hydraulic properties of the gap
between the poppet and the seat:

* By maximum area and opening — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This i1s the default method.

*+ By area vs. opening table — Provide tabulated data of orifice openings
and corresponding orifice areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

* By pressure-flow characteristic — Provide tabulated data of orifice
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

For more information on these options, see the Variable Orifice block reference page.

Orifice maximum area
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Specify the area of a fully opened orifice. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Orifice
specification is set to By maximum area and opening.

Tabulated orifice openings

Specify the vector of input values for orifice openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in meters, are [-0.002 0 0.002
0.005 0.015]. If Orifice specification is set to By area vs. opening table,
the Tabulated orifice openings values will be used together with Tabulated
orifice area values for one-dimensional table lookup. If Orifice specification is set
to By pressure-flow characteristic, the Tabulated orifice openings values
will be used together with Tabulated pressure differentials and Tabulated flow
rates for two-dimensional table lookup.

Tabulated orifice area

Specify the vector of orifice areas as a one-dimensional array. The vector must be
of the same size as the orifice openings vector. All the values must be positive. The
default values, in m”~2, are [1e-09 2.0352e-07 4.0736e-05 0.00011438
0.00034356]. This parameter is used if Orifice specification is set to By area
VS. opening table.

Tabulated pressure differentials

Specify the pressure differential vector as a one-dimensional array. The vector must
be strictly increasing. The values can be nonuniformly spaced. The minimum number
of values depends on the interpolation method: you must provide at least two values
for linear interpolation, at least three values for cubic or spline interpolation. The
default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e+06 5e+06 1le+07].

This parameter is used if Orifice specification is set to By pressure-flow
characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of orifice openings
and n is the number of pressure differentials. Each value in the matrix specifies

flow rate taking place at a specific combination of orifice opening and pressure
differential. The matrix size must match the dimensions defined by the input vectors.
The default values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
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-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Orifice specification is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which 1s an extension of linear interpolation for functions in two variables.

Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
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Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Time constant

Sets the time constant of the first-order lag, which is introduced between the
required and the actual poppet positions to account for actuator dynamics. The
parameter value must be greater than zero. The default value is 0.01 s.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Orifice specification
* Interpolation method
+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Orifice specification parameter at the
time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:
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*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the valve inlet.
B
Hydraulic conserving port associated with the valve outlet.
X
Hydraulic conserving port associated with the valve control terminal.
See Also

Cartridge Valve Insert with Conical Seat | Check Valve | Hydraulic Cartridge Valve
Actuator | Pilot-Operated Check Valve
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Cariridge Valve Insert with Conical Seat

Hydraulic cartridge valve insert with conical seat

Library

Directional Valves

Description

The Cartridge Valve Insert with Conical Seat block represents an insert of a hydraulic
cartridge valve consisting of a poppet interacting with the conical seat. The poppet
position is determined by pressures at ports A, B, and X and force of the spring. A
schematic diagram of the cartridge valve insert with conical seat is shown in the
following illustration.

The Cartridge Valve Insert with Conical Seat block is a structural model consisting of a
Hydraulic Cartridge Valve Actuator block and a Poppet Valve block, as shown in the next
illustration.
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Pressures at port A and port B tend to open the valve, while pressure at the control
port X, together with the spring, acts to close it. The model does not account for flow
rates caused by poppet displacement and any loading on the poppet, such as inertia
and friction. The valve remains closed as long as the aggregate pressure force is lower
than the spring preload force. The poppet is forced off its seat as the preload force is
reached and moves up proportionally to pressure increase until it passes the full stroke.
Hydraulic properties of the gap between the poppet and the seat are simulated with the
Poppet Valve block.

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet,
valve outlet, and valve control terminal, respectively. The block positive direction is from
port A to port B. Pressure at port X acts to close the valve, while pressures at port A and
port B act to open the orifice.

Basic Assumptions and Limitations

* Valve opening is linearly proportional to the pressure differential.
* No loading on the poppet, such as inertia or friction, is considered.

*  The model does not account for flow consumption caused by poppet displacement.
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Dialog Box and Parameters

"4 Block Parameters: Cartridge Valve Insert with Conical Seat @
Cartridge Valve Insert with Conical Seat

This block represents an insert of hydraulic cartridge valve arranged as a cylindrical poppet interacting with the
conical seat. The poppet position is determined by pressures at ports A, B, and X and force of the spring.
Pressures at port A and B tend to open the valve, while pressure at control port X together with the spring act to
close it. The model does not account for flow rates caused by poppet displacement and any loading on the poppet
except pressure and spring forces. Inertial properties of the poppet are accounted by inserting a first order lag
between the steady-state and actual poppet displacements. The valve remains closed as long as the aggregate
pressure force is lower than the spring preload force. The poppet is forced off its seat as the preload force is
reached and moves up proportionally to pressure increase until it passes the full stroke. Hydraulic properties of the
orifice between the poppet and the seat are simulated with the Poppet Valve block. Connections A, B, and X are
hydraulic conserving ports associated with the valve inlet, valve outlet, and valve control terminals, respectively.
The block positive direction is from port A to port B. Pressure at port X acts to close the valve, while pressures at
port A and B act to open the orifice.

Settings
Parameters
Fort A poppet area: 2e-4 m*2 -
Port A to port X area ratio: 0.66
Preload force: 26 N -
Spring rate: 1.4e+4 N/m -
Poppet stroke: 0.005 m -
Poppet diameter: 0.01 m -
Seat cone angle: 120 deg -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -
Time constant: 0.01 s -

0K H Cancel H Help Apply

Port A poppet area

Effective poppet area at port A. The parameter value must be greater than zero. The
default value is 2e-4 m*2.

Port A to port X area ratio
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Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than zero. The
default value is 0.005 m.

Poppet diameter

Maximum poppet diameter. The parameter value must be greater than or equal to
zero. The default value is 0.01 m.

Seat cone angle
The cone angle of the valve seat. The default value is 120 degrees.

Initial opening
The initial opening of the valve. Its value must be greater than or equal to zero. The
default value is O.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.
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Time constant

Sets the time constant of the first-order lag, which is introduced between the
required and the actual poppet positions to account for actuator dynamics. The
parameter value must be greater than zero. The default value is 0.01 s.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the valve inlet.
B
Hydraulic conserving port associated with the valve outlet.
X
Hydraulic conserving port associated with the valve control terminal.
Examples

For an example of using this block, see the Hydraulic Actuation System with Cartridge
Valves example.

See Also
Cartridge Valve Insert | Hydraulic Cartridge Valve Actuator | Poppet Valve


../examples/hydraulic-actuation-system-with-cartridge-valves.html
../examples/hydraulic-actuation-system-with-cartridge-valves.html

Centrifugal Force in Rotating Cylinder

Centrifugal Force in Rotating Cylinder

Centrifugal force in rotating hydraulic cylinders

Library

Hydraulic Cylinders

Dﬁ}u

Description

The Centrifugal Force in Rotating Cylinder block is a building block to be used in
hydraulic cylinder models, to account for centrifugal forces exerted by fluid on a piston,
if the cylinder rotates about its symmetry axis. Such cylinders are used in control
mechanisms of various friction clutches, brakes, square-jaw positive clutches, dog
clutches, and so on. No inertial effects are considered in the model. In other words, the
angular velocity is assumed to be constant or changing at very low speed.

The centrifugal force is computed with the following equation:

2
F =m(rf—rz4 —2r5(r02 —riz))

4
where
F Centrifugal force
T Piston outer radius
r; Piston inner radius
Tp . o . 2 2
Fluid entry radius. For design purposes, r, < (ro +r; ) 2
o Fluid density
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‘m |Shaft angular velocity

Connections R and C are mechanical translational conserving ports corresponding to
the cylinder rod and case, respectively. Connection W is a physical signal port through
which shaft angular velocity is imported. The block directionality is adjustable and can
be controlled with the Cylinder orientation parameter.

Basic Assumptions and Limitations

+ No inertial effects are considered in the model; that is, the angular velocity of the
cylinder is assumed to be constant or changing at very low speed.

»  Fluid inertia is not taken into account.

*  Fluid compressibility is not taken into account.

Dialog Box and Parameters

"4 Block Parameters: Centrifugal Force in Rotating Cylinder @
Centrifugal Force in Rotating Cylinder

This is a building block to be used in hydraulic cylinder models to account for centrifugal forces exerted by fluid on
a piston if the cylinder rotates about its symmetry axis. Such cylinders are used in control mechanisms of various
friction clutches, brakes, square-jaw positive clutches, dog clutches, etc. No inertial effects are considered in the
madel. In other words, the angular velocity is assumed to be constant or changing at very low rate.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connection W is a physical signal port through which shaft angular velocity is
imported. The block directionality is adjustable and can be controlled with the Cylinder Orientation parameter.

Settings
FParameters
Piston outer radius: 0.1 m -
Piston inner radius: 0.05 m -
Fluid entry radius: 0.06 m -
Fluid density: 880 kg/m~3 -
Cylinder orientation: Acts in positive direction ']

0K H Cancel H Help I Apply
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Piston outer radius

The default value is 0.1 m.
Piston inner radius

The default value is 0.05 m.
Fluid entry radius

The default value is 0.06 m.
Fluid density

The default value is 880 kg/m~" 3.
Cylinder orientation

Specifies block orientation with respect to the globally assigned positive direction.
The block can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction. If positive velocity applied at port
W exerts force in negative direction, set the parameter to ACts in negative
direction. The default value is Acts in positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Cylinder orientation

All other block parameters are available for modification.

Examples

The following schematic diagram shows a model of a custom single-acting hydraulic
cylinder built of the Single-Acting Hydraulic Cylinder, Rotating Pipe, and Centrifugal
Force in Rotating Cylinder blocks.
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The centrifugal force generated by the Centrifugal Force in Rotating Cylinder block sums
up with that of the cylinder at node A. The Rotating Pipe block simulates the pipeline
between the cylinder chamber and the channel in the center of a rotating shaft where the
cylinder is installed.

Ports

The block has the following ports:

R
Mechanical translational conserving port associated with the cylinder rod.
C
Mechanical translational conserving port associated with the cylinder clamping
structure.
W
Physical signal port providing the angular velocity value.
See Also
Rotating Pipe
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Centrifugal Pump

Centrifugal pump with choice of parameterization options

Library

Pumps and Motors

~al.

Description

The Centrifugal Pump block represents a centrifugal pump of any type as a data-sheet-
based model. Depending on data listed in the manufacturer's catalog or data sheet

for your particular pump, you can choose one of the following model parameterization
options:

By approximating polynomial — Provide values for the polynomial coefficients.
These values can be determined analytically or experimentally, depending on the data
available. This is the default method.

By two 1D characteristics: P-Q and N-Q — Provide tabulated data of
pressure differential P and brake power N versus pump delivery Q characteristics.
The pressure differential and brake power are determined by one-dimensional table
lookup. You have a choice of three interpolation methods and two extrapolation
methods.

By two 2D characteristics: P-Q-W and N-Q-W — Provide tabulated data of
pressure differential P and brake power N versus pump delivery Q characteristics

at different angular velocities W. The pressure differential and brake power are
determined by two-dimensional table lookup. You have a choice of three interpolation
methods and two extrapolation methods.

These parameterization options are further described in greater detail:

“Parameterizing the Pump by Approximating Polynomial” on page 1-174
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*  “Parameterizing the Pump by Pressure Differential and Brake Power Versus Pump
Delivery” on page 1-179

+  “Parameterizing the Pump by Pressure Differential and Brake Power Versus Pump
Delivery at Different Angular Velocities ” on page 1-180

Connections P and T are hydraulic conserving ports associated with the pump outlet and
inlet, respectively. Connection S is a mechanical rotational conserving port associated
with the pump driving shaft. The block positive direction is from port T to port P. This
means that the pump transfers fluid from T to P as its driving shaft S rotates in the
globally assigned positive direction.

Parameterizing the Pump by Approximating Polynomial

If you set the Model parameterization parameter to By approximating
polynomial, the pump is parameterized with the polynomial whose coefficients are
determined, analytically or experimentally, for a specific angular velocity depending on
the data available. The pump characteristics at other angular velocities are determined
using the affinity laws.

The approximating polynomial is derived from the Euler pulse moment equation [1, 2],
which for a given pump, angular velocity, and fluid can be represented as the following:

Pref =k PE —PHL — PD

where

Dref Pressure differential across the pump for the reference regime, characterized
by the reference angular velocity and density

k Correction factor. The factor is introduced to account for dimensional
fluctuations, blade incongruity, blade volumes, fluid internal friction, and
so on. The factor should be set to 1 if the approximating coefficients are
determined experimentally.

PE Euler pressure

DPHL Pressure loss due to hydraulic losses in the pump passages

PD Pressure loss caused by deviations of the pump delivery from its nominal
(rated) value
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The Euler pressure, pg, is determined with the Euler equation for centrifugal machines
[1, 2] based on known pump dimensions. For an existing pump, operating at constant
angular velocity and specific fluid, the Euler pressure can be approximated with the
equation

PE = Pref (Co —Cr- qref)

where

Dref Fluid density

Co, C1 Approximating coefficients. They can be determined either analytically from
the Euler equation [1, 2] or experimentally.

Qref Pump volumetric delivery at reference regime

The pressure loss due to hydraulic losses in the pump passages, pur, 1s approximated
with the equation

2
PHL = Pref "C2 - Qref

where

Dref Fluid density

Co Approximating coefficient

Qrof Pump volumetric delivery at reference regime

The blade profile is determined for a specific fluid velocity, and deviation from this
velocity results in pressure loss due to inconsistency between the fluid velocity and blade
profile velocity. This pressure loss, pp, is estimated with the equation

2
Pp =Pref - C3 (CID _qref)

where

Pref Fluid density
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C3 Approximating coefficient
Qref Pump volumetric delivery at reference regime
gp Pump design delivery (nominal delivery)

The resulting approximating polynomial takes the form:

2
pref = pref (k(CO - clq’?f)_CZQref2 _03 (qD _qref) j

The pump characteristics, approximated with four coefficients ¢, ¢1, ¢s, and cs, are
determined for a specific fluid and a specific angular velocity of the pump's driving
shaft. These two parameters correspond, respectively, to the Reference density

and Reference angular velocity parameters in the block dialog box. To apply the
characteristics for another velocity  or density p, the affinity laws are used. With these
laws, the delivery at reference regime, which corresponds to given pump delivery and
angular velocity, is computed with the expression

ref o

where g and ® are the instantaneous values of the pump delivery and angular velocity.
Then the pressure differential p..r at reference regime computed with Equation 1-2 and
converted into pressure differential p at current angular velocity and density

2
w Y
! [wrefj pref

Equation 1-2 describes pump characteristic for @ > 0 and ¢ >= 0. Outside this range, the
characteristic is approximated with the following relationships:

—Rjoak - 4 for <=0
D =1 Pmax —Fleak 9 for ®>0,g <0
~Riear '(q _qmax) for ®>0,q9 > Gmax
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_ —b+Vb? +4ac

max — 2
a=(cy+cg)- o
b=(k-c;—2c5-qp)- -

2
c=k-co—c3-qp

9max =P§(k'co—c3 q%)

where

Rleak Leakage resistance coefficient

Gmax Maximum pump delivery at given angular velocity. The delivery is determined
from Equation 1-2 at p = 0.

Pmax Maximum pump pressure at given angular velocity. The pressure is
determined from Equation 1-2 at ¢ = 0.

k Correction factor, as described in Equation 1-1.

The hydraulic power at the pump outlet at reference conditions is

Nhyd = Pref *Qref

The output hydraulic power at arbitrary angular velocity and density is determined with
the affinity laws
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® p
N=N ——
mf[mref ] Pref

The power at the pump driving shaft consists of the theoretical hydraulic power (power
before losses associated with hydraulic loss and deviation from the design delivery) and
friction loss at the driving shaft. The theoretical hydraulic power is approximated using
the Euler pressure

3
(O]
Npydo = PEref * Qref ( ]

Cl)ref
where
Nhydo Pump theoretical hydraulic power
DEref Euler pressure. The theoretical pressure developed by the pump before losses
associated with hydraulic loss and deviation from the design delivery.

The friction losses are approximated with the relationship:

Ng. =(T0+kp-p)-w

where

Ny, Friction loss power

Ty Constant torque at driving shaft associated with shaft bearings, seal friction,
and so on

kp Torque-pressure relationship, which characterizes the influence of pressure on
the driving shaft torque

The power and torque at the pump driving shaft (brake power N, and brake torque 7)
are

N nech :NhydO +Nfr
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T:Nmech

(O}

The pump total efficiency 7 is computed as

_ Npya
Npech

mec.

Parameterizing the Pump by Pressure Differential and Brake Power
Versus Pump Delivery

If you set the Model parameterization parameter to By two 1D characteristics:
P-Q and N-Q, the pump characteristics are computed by using two one-dimensional
table lookups: for the pressure differential based on the pump delivery and for the pump
brake power based on the pump delivery. Both characteristics are specified at the same
angular velocity o, (Reference angular velocity) and the same fluid density p,s
(Reference density).

To compute pressure differential at another angular velocity, affinity laws are used,

similar to the first parameterization option. First, the new reference delivery g, is
computed with the expression

ref o

where ¢ is the current pump delivery. Then the pressure differential across the pump at
current angular velocity ® and density p is computed as

2
w Y
e [wrefj pnef

where p,.sis the pressure differential determined from the P-Q characteristic at pump
delivery q,.
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Brake power is determined with the equation

3
® p
N=N, ;| —| .-
o [mrefJ pnef

where N, is the reference brake power obtained from the N-Q characteristic at pump
delivery q,.

The torque at the pump driving shaft is computed with the equation T=N/ .

Parameterizing the Pump by Pressure Differential and Brake Power
Versus Pump Delivery at Different Angular Velocities

If you set the Model parameterization parameter to By two 2D characteristics:
P-Q-W and N-Q-W, the pump characteristics are read out from two two-dimensional
table lookups: for the pressure differential based on the pump delivery and angular
velocity and for the pump brake power based on the pump delivery and angular velocity.

Both the pressure differential and brake power are scaled if fluid density p is different
from the reference density p.., at which characteristics have been obtained

P
D = Dper -
e Pref
N=N, P
Pref

where p,s and N, are the pressure differential and brake power obtained from the plots.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.
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*  The pump rotates in positive direction, with speed that is greater or equal to zero.

*  The reverse flow through the pump is allowed only at still shaft.

Dialog Box and Parameters

"k Block Parameters: Centrifugal Pump @
Centrifugal Pump

This block represents a centrifugal pump of any type as a data sheet-based model. The pump is parameterized with
experimental data and three options for pump characterization are available: (1) by an approximating polynomial, (2) by
pressure differential and brake power vs. pump delivery characteristics, (3) by pressure differential and brake power
characteristics at different angular velocities vs. pump delivery characteristics. The relationship between pump
characteristics and angular velocity in the first two cases is determined from the affinity laws.

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet, respectively. Connection S
is @ mechanical rotational conserving port associated with the pump driving shaft. The block positive direction is from
port T to port . This means that the pump transfers fluid from T to P if shaft S rotates in positive direction.

Settings

Parameters

Model parameterization: By approximating polynomial -
First approximating coefficient: 326.8 Pa/(kg/m~3) -
Eoe:;ﬁ”c?ezipm’“matmg 3.104e+4 Pa*s/kg -
Third approximating coefficient:  1.097e+7 Pa*s”2/(kg*m~"3) -
Fourth approximating coefficient:  2.136e+5 Pa*s”2/(kg*m~"3) -
Correction factor: 0.8

Pump design delivery: 130 Ipm -
Reference angular velocity: 1.77e+3 rpm -
Reference density: 920 kg/m~3 -
Leak resistance: le+8 Pa/(m~3/s) -
Drive shaft torque: 0.1 N*m -
Torque-pressure coefficient: le-6 N*m/Pa -

0K ] [ Cancel ] [ Help Apply

Model parameterization

Select one of the following methods for specifying the pump parameters:
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* By approximating polynomial — Provide values for the polynomial
coefficients. These values can be determined analytically or experimentally,
depending on the data available. The relationship between pump characteristics
and angular velocity is determined from the affinity laws. This is the default
method.

+ By two 1D characteristics: P-Q and N-Q — Provide tabulated data of
pressure differential and brake power versus pump delivery characteristics. The
pressure differential and brake power are determined by one-dimensional table
lookup. You have a choice of three interpolation methods and two extrapolation
methods. The relationship between pump characteristics and angular velocity is
determined from the affinity laws.

* By two 2D characteristics: P-Q-W and N-Q-W— Provide tabulated data
of pressure differential and brake power versus pump delivery characteristics
at different angular velocities. The pressure differential and brake power
are determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

First approximating coefficient

Approximating coefficient ¢, in the block description preceding. The default value is
326.8 Pa/(kg/m~3). This parameter is used if Model parameterization is set to By
approximating polynomial.

Second approximating coefficient

Approximating coefficient ¢; in the block description preceding. The default value is
3.104e4 Pa*s/kg. This parameter is used if Model parameterization is set to By
approximating polynomial.

Third approximating coefficient

Approximating coefficient ¢y in the block description preceding. This coefficient
accounts for hydraulic losses in the pump. The default value is 1.097e7 Pa*s”2/
(kg*m~*3). This parameter is used if Model parameterization is set to By
approximating polynomial.

Fourth approximating coefficient

Approximating coefficient ¢z in the block description preceding. This coefficient

accounts for additional hydraulic losses caused by deviation from the nominal
delivery. The default value is 2.136e5 Pa*s”*2/(kg*m”3). This parameter is used if
Model parameterization is set to By approximating polynomial.

Correction factor
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The factor, denoted as & in the block description preceding, accounts for dimensional
fluctuations, blade incongruity, blade volumes, fluid internal friction, and other
factors that decrease Euler theoretical pressure. The default value is 0.8. This
parameter is used if Model parameterization is set to By approximating
polynomial.

Pump design delivery

The pump nominal delivery. The blades profile, pump inlet, and pump outlet are
shaped for this particular delivery. Deviation from this delivery causes an increase
in hydraulic losses. The default value is 130 lpm. This parameter is used if Model
parameterization is set to By approximating polynomial.

Reference angular velocity

Angular velocity of the driving shaft, at which the pump characteristics are
determined. The default value is 1.77e3 rpm. This parameter is used if Model
parameterization is set to By approximating polynomial or By two 1D
characteristics: P-Q and N-Q.

Reference density

Fluid density at which the pump characteristics are determined. The default value is
920 kg/m”3.

Leak resistance

Leakage resistance coefficient (see Equation 1-4). The default value is 1e+8 Pa/(m”3/
s). This parameter is used if Model parameterization is set to By approximating
polynomial.

Drive shaft torque

The friction torque on the shaft at zero velocity. The default value is 0.1 N*m.
This parameter is used if Model parameterization is set to By approximating
polynomial.

Torque-pressure coefficient

The coefficient that provides relationship between torque and pump pressure. The
default value is 1e-6 N*m/Pa. This parameter is used if Model parameterization
1s set to By approximating polynomial.

Pump delivery vector for P-Q table

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of pressure differentials to specify the P-Q pump characteristic.

The vector values must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
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must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in Ipm, are [0 28 90 130 154
182]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Pressure differential across pump vector

Specify the vector of pressure differentials across the pump as a one-dimensional
array. The vector will be used together with the pump delivery vector to specify the
P-Q pump characteristic. The vector must be of the same size as the pump delivery
vector for the P-Q table. The default values, in bar, are [2.6 2.4 2 1.6 1.2
0.8]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Pump delivery vector for N-Q table

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of the pump brake power to specify the N-Q pump characteristic. The
vector values must be strictly increasing. The values can be nonuniformly spaced.
The minimum number of values depends on the interpolation method: you must
provide at least two values for linear interpolation, at least three values for cubic

or spline interpolation. The default values, in lpm, are [0 20 40 60 80 100 120
140 160]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Brake power vector for N-Q table

Specify the vector of pump brake power as a one-dimensional array. The vector

will be used together with the pump delivery vector to specify the N-Q pump
characteristic. The vector must be of the same size as the pump delivery vector for
the N-Q table. The default values, in W, are [220 280 310 360 390 420 480
500 550]. This parameter is used if Model parameterization is set to By two 1D
characteristics: P-Q and N-Q.

Pump delivery vector for P-Q and W table

Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of angular velocities and the pressure differential matrix to specify
the pump P-Q-W characteristic. The vector values must be strictly increasing. The
values can be nonuniformly spaced. The minimum number of values depends on the
interpolation method: you must provide at least two values for linear interpolation,
at least three values for cubic or spline interpolation. The default values, in Ipm,

are [0 50 100 150 200 250 300 350]. This parameter is used if Model
parameterization is set to By two 2D characteristics: P-Q-W and N-Q-W.

Angular velocity vector for P-Q and W table
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Specify the vector of angular velocities, as a one-dimensional array, to be used for
calculating both the pump P-Q-W and N-Q-W characteristics. The vector values
must be strictly increasing. The values can be nonuniformly spaced. The minimum
number of values depends on the interpolation method: you must provide at

least two values for linear interpolation, at least three values for cubic or spline
interpolation. The default values, in rpm, are [3.2e+03 3.3e+03 3.4e+03 3.5e
+03]. This parameter is used if Model parameterization is set to By two 2D
characteristics: P-Q-W and N-Q-W.

Pressure differential matrix for P-Q and W table

Specify the pressure differentials across pump as an m-by-n matrix, where m is the
number of the P-Q-W pump delivery values and n is the number of angular velocities.
This matrix will define the pump P-Q-W characteristic together with the pump
delivery and angular velocity vectors. Each value in the matrix specifies pressure
differential for a specific combination of pump delivery and angular velocity. The
matrix size must match the dimensions defined by the pump delivery and angular
velocity vectors. The default values, in bar, are:

L

© © ©
~N B~ ©
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This parameter is used if Model parameterization is set to By two 2D
characteristics: P-Q-W and N-Q-W.

Pump delivery vector for N-Q and W table
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Specify the vector of pump deliveries, as a one-dimensional array, to be used together
with the vector of angular velocities and the brake power matrix to specify the

pump N-Q-W characteristic. The vector values must be strictly increasing. The
values can be nonuniformly spaced. The minimum number of values depends on the
interpolation method: you must provide at least two values for linear interpolation,
at least three values for cubic or spline interpolation. The default values, in lpm,

are [0 50 100 150 200 250 300 350]. This parameter is used if Model
parameterization is set to By two 2D characteristics: P-Q-W and N-Q-W.

Brake power matrix for N-Q and W table

Specify the pump brake power as an m-by-n matrix, where m is the number of the N-
Q-W pump delivery values and n is the number of angular velocities. This matrix
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will define the pump N-Q-W characteristic together with the pump delivery and
angular velocity vectors. Each value in the matrix specifies brake power for a specific
combination of pump delivery and angular velocity. The matrix size must match the
dimensions defined by the pump delivery and angular velocity vectors. The default
values, in W, are:

[ 1.223e+03 1.341e+03 1.467e+03 1.6e+03 ;
1.414e+03 1.551e+03 1.696e+03 1.85e+03 ;
1.636e+03 1.794e+03 1.962e+03 2.14e+03 ;
1.941e+03 2.129e+03 2.326e+03 2.54e+03 ;
2.224e+03 2.439e+03 2.66e+03 2.91e+03 ;
2.453e+03 2.691e+03 2.947e+03 3.21e+03 ;
2.757e+03 3.024e+03 3.307e+03 3.608e+03 ;
2.945e+03 3.23e+03 3.533e+03 3.854e+03 ; 1]

This parameter is used if Model parameterization is set to By two 2D
characteristics: P-Q-W and N-Q-W.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By two 1D characteristics:
P-Q and N-Q), uses a linear interpolation function. For two-dimensional table
lookup (By two 2D characteristics: P-Q-W and N-Q-W), uses a bilinear
interpolation algorithm, which is an extension of linear interpolation for functions
in two variables.

* Cubic — For one-dimensional table lookup (By two 1D characteristics:
P-Q and N-Q), uses the Piecewise Cubic Hermite Interpolation Polynomial
(PCHIP). For two-dimensional table lookup (By two 2D characteristics: P-
Q-W and N-Q-W), uses the bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By two 1D characteristics:
P-Q and N-Q), uses the cubic spline interpolation algorithm. For two-
dimensional table lookup (By two 2D characteristics: P-Q-W and N-Q-
W), uses the bicubic spline interpolation algorithm.

This parameter is used if Model parameterization is set to By By two 1D
characteristics: P-Q and N-Qor By two By two 2D characteristics:
P-Q-W and N-Q-W. For more information on interpolation algorithms, see the PS
Lookup Table (1D) and PS Lookup Table (2D) block reference pages.

Extrapolation method
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Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all

input values greater than the last specified input argument, and the first specified

output value for all input values less than the first specified input argument.

This parameter is used if Model parameterization is set to By By two 1D
characteristics: P-Q and N-Qor By two By two 2D characteristics:

P-Q-W and N-Q-W. For more information on extrapolation algorithms, see the PS
Lookup Table (1D) and PS Lookup Table (2D) block reference pages.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization

+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters
Parameter determined by the type of working fluid:
*  Fluid density

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.
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Ports

The block has the following ports:

T
Hydraulic conserving port associated with the pump suction, or inlet.
P
Hydraulic conserving port associated with the pump outlet.
S
Mechanical rotational conserving port associated with the pump driving shaft.
References

[1] T.G. Hicks, T.W. Edwards, Pump Application Engineering, McGraw-Hill, NY, 1971

[2] I.J. Karassic, J.P. Messina, P. Cooper, C.C. Heald, Pump Handbook, Third edition,
McGraw-Hill, NY, 2001

See Also

Fixed-Displacement Pump | Variable-Displacement Pressure-Compensated Pump |
Variable-Displacement Pump
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Check Valve

Hydraulic valve that allows flow in one direction only

Library

Directional Valves

Description

The Check Valve block represents a hydraulic check valve as a data-sheet-based model.
The purpose of the check valve is to permit flow in one direction and block it in the
opposite direction. The following figure shows the typical dependency between the valve

passage area A and the pressure differential across the valve p=p4 — pg.

A

i

lF‘\]'IIEIK

A]cak

The valve remains closed while pressure differential across the valve is lower than the
valve cracking pressure. When cracking pressure is reached, the valve control member
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(spool, ball, poppet, etc.) is forced off its seat, thus creating a passage between the inlet
and outlet. If the flow rate is high enough and pressure continues to rise, the area is
further increased until the control member reaches its maximum. At this moment,

the valve passage area is at its maximum. The valve maximum area and the cracking
and maximum pressures are generally provided in the catalogs and are the three key
parameters of the block.

In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it is not recommended.

By default, the block does not include valve opening dynamics, and the valve sets its
opening area directly as a function of pressure:

A=A(p)

Adding valve opening dynamics provides continuous behavior that is more physically
realistic, and is particularly helpful in situations with rapid valve opening and closing.
The pressure-dependent orifice passage area A(p) in the block equations then becomes
the steady-state area, and the instantaneous orifice passage area in the flow equation is
determined as follows:

At=0)= Ay,
dA _A(p)-A
dt T

In either case, the flow rate through the valve is determined according to the following
equations:

q=CD'A\/%ﬁ

p +pcr
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Aleak for p <= Perack
Alp)= Aleak +k°(p - pcrack) for Perack <P < Pmax
Amax forp >= pmax
k= Amax — Aleak
Pmax ~ Pcrack
P=DPA—PB
2
b = P Re,,.-v
" 2|Cp-Dy
D, - [*
b
where
q Flow rate
p Pressure differential
DA, DB Gauge pressures at the block terminals
Cp Flow discharge coefficient
A Instantaneous orifice passage area
A(p) Pressure-dependent orifice passage area
Ainit Initial open area of the valve
Apax Fully open valve passage area
Aleax Closed valve leakage area
Perack Valve cracking pressure
Pmax Pressure needed to fully open the valve
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Per Minimum pressure for turbulent flow

Re,, Critical Reynolds number

Dy Instantaneous orifice hydraulic diameter

o) Fluid density

v Fluid kinematic viscosity

T Time constant for the first order response of the valve opening
t Time

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

b=pPa—PB-

Basic Assumptions and Limitations

+ Valve opening is linearly proportional to the pressure differential.

* No loading on the valve, such as inertia, friction, spring, and so on, is considered.
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Dialog Box and Parameters

"4 Block Parameters: Check Valve @
Check Valve

This block represents a hydraulic check valve as a data sheet-based model. The purpose of a check valve is to
permit flow in one direction and block it in the opposite direction. The valve remains closed while pressure
differential across the valve is lower than the valve cracking pressure. When cracking pressure is reached, the
value control member is forced off its seat, thus creating a passage between the inlet and outlet. If the flow rate is
high enough and pressure continues to rise, the area is further increased until the control member reaches its
maximurm.

Connections A and B are hydraulic conserving ports associated with the valve inlet and outlet, respectively. The
block positive direction is from port A to port B.

Settings

Parameters

Maximum passage area: le-4 m*2 -
Cracking pressure: 0.3e5 Fa -
Maximum opening pressure: 1.2e5 Fa -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-12 m"2 -
Opening dynamics: Do not include valve opening dynamics v|

0K ]| Cancel || Help | Apply

Maximum passage area
Valve passage maximum cross-sectional area. The default value is 1e-4 m”2.
Cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is
3e4 Pa.

Maximum opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must
be higher than the cracking pressure. The default value is 1.2e5 Pa.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

1-193



1 Blocks — Alphabetical List

1-194

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Opening dynamics

Select one of the following options:

* Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.

Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default value is 0.1 s.

Initial area

The initial opening area of the valve. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is
le-12 m"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:
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+ Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
Examples

The Graetz Flow Control Circuit example illustrates the use of check valves to build a
rectifier that keeps the flow passing through a flow control valve always in the same
direction, and to select an appropriate orifice depending on the flow direction.

See Also
Pilot-Operated Check Valve
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Constant Head Tank

Hydraulic reservoir where pressurization and fluid level remain constant regardless of
volume change

Library

Low-Pressure Blocks

P
Description

The Constant Head Tank block represents a pressurized hydraulic reservoir, in which
fluid is stored under a specified pressure. The size of the tank is assumed to be large
enough to neglect the pressurization and fluid level change due to fluid volume. The
block accounts for the fluid level elevation with respect to the tank bottom, as well as
for pressure loss in the connecting pipe that can be caused by a filter, fittings, or some
other local resistance. The loss is specified with the pressure loss coefficient. The block
computes the volume of fluid in the tank and exports it outside through the physical
signal port V.

The fluid volume value does not affect the results of simulation. It is introduced merely
for information purposes. It is possible for the fluid volume to become negative during
simulation, which signals that the fluid volume is not enough for the proper operation of
the system. By viewing the results of the simulation, you can determine the extent of the
fluid shortage.

For reasons of computational robustness, the pressure loss in the connecting pipe is
computed with the equations similar to that used in the Fixed Orifice block:

e

ploss + pcr

2
Re.,.-v
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The Critical Reynolds number is set to 15.

The pressure at the tank inlet is computed with the following equations:

D = DPelev — Ploss + Ppr

DPeley =P*8*H
A - Ted?
4

where
p Pressure at the tank inlet
DPelev Pressure due to fluid level
Dioss Pressure loss in the connecting pipe
Ppr Pressurization
) Fluid density
g Acceleration of gravity
H Fluid level with respect to the bottom of the tank
K Pressure loss coefficient
Ap Connecting pipe area
d Connecting pipe diameter
q Flow rate
Der Minimum pressure for turbulent flow

Connection T is a hydraulic conserving port associated with the tank inlet. Connection V
is a physical signal port. The flow rate is considered positive if it flows out of the tank.
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Dialog Box and Parameters

"4 Block Parameters: Constant Head Tank @
Constant Head Tank

This block represents a pressurized tank in which fluid is stored under a specified pressure. The size of the tank is
assumed to be large enough to neglect the pressurization and fluid level change due to fluid volume. The block
accounts for the fluid level elevation with respect to the tank bottom and pressure loss in the connecting pipe that
can be caused by a filter, fittings, or some other local resistance. The loss is specified with the pressure loss
coefficient. The block computes volume of fluid in a tank and exports it outside through the physical signal port \.

Connection T is a hydraulic conserving port associated with the tank inlet. Connection V is a physical signal port.
The flow rate is considered positive if it flows from the tank.

Settings
FParameters
Pressurization: 0 Fa -
Fluid level: 1 m -
Initial fluid volume: 0.2 m~3 -
Inlet pipeline diameter: 0.02 m -
Pipeline pressure loss coefficient: 1.2

0K ]| Cancel || Help Apply

Pressurization

Gage pressure acting on the surface of the fluid in the tank. It can be created by a gas
cushion, membrane, bladder, or piston, as in bootstrap reservoirs. This parameter
must be greater than or equal to zero. The default value is 0, which corresponds to a
tank connected to atmosphere.

Fluid level

The fluid level with respect to the tank bottom. This parameter must be greater than
zero. The default value is 1 m.

Initial fluid volume

The initial volume of fluid in the tank. This parameter must be greater than zero.
The default value is 0.2 m”3.

Inlet pipeline diameter

The diameter of the connecting pipe. This parameter must be greater than zero. The
default value is 0.02 m.
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Pipeline pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe. This parameter must be greater than zero. The default value is 1.2.

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the tank inlet.
\%
Physical signal port that outputs the volume of fluid in the tank.
See Also

Reservoir | Variable Head Tank
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Counterbalance Valve

Hydraulic counterbalance valve

Library

Flow Control Valves

-

Counterbalance valves are used in hydraulic systems working with overriding (running-
away) or suspended load. They are designed to create backpressure at the return line of
the actuator to prevent losing control over the load. The following illustration shows a
counterbalance valve schematic.

Description
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L
i

N\

If a directional valve (not shown in the picture) is shifted into position that lowers the
load, then the fluid from the rod chamber of the cylinder can exit only if pressure at port
P (pilot pressure) and port L (load pressure) create enough force to overcome the spring
force and open the valve. In statics, the valve is described with the equation
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Fy+c-x= Ppilot 'Apilot + Pload * Aload — Pback * Aback

where

F Spring setting

c Spring rate

X Valve opening

Ppilot Pilot pressure (pressure at port P)

Pload Load pressure (pressure at port L)

DPhack Backpressure (pressure at return port B)
Apilot Valve effective area at pilot port P

Aload Valve effective area at load port L

Apack Valve effective area at return port B

Counterbalance valve, classified by type, is an internally-externally piloted valve
because both the pilot pressure and the load pressure tend to open the valve. After minor
rearrangements, takes the form

Dset +Cp *X= Ppilot 'kpilot + Pload — Pback “Rback

Pset = Fo/Apad

¢p =¢/Ajoad

kpitot = Apitot | Aload
Rvack = Avack/ Atoad

where

Dset Valve pressure setting

Cp Spring pressure stiffness (Pa/m)
x Valve opening




Counterbalance Valve

Ropilot Pilot ratio

Rback Backpressure ratio

The valve displacement is determined from

= (pset - (ppilot ’ kpilot * Poad ~ Poack kback ))/Cp

where x,.x 18 the maximum valve displacement.

The Counterbalance Valve block can be represented as the following structural model.

F‘S Saturation

Slmulln( Ps Fs SUWE‘I PS Gsin PS IntEgrsml [
Converter g .< )

Variable Crifice L

[+ =)
[

Presswe
sensor
pL

O

Check Vale

The pressure sensors measure pressure at respective ports and convey their values

to the Fen block, which, together with the PS Saturation block, performs calculations
in accordance with . The valve displacement is passed through the first order lag

block, built of the PS Subtract, PS Gain, and PS Integrator blocks, to account for valve
dynamics. The gain of the PS Gain block is set to 1/T, where T is the time constant. The
Variable Orifice and Check Valve blocks simulate the counterbalance valve orifice and
check valve. In the actual Counterbalance Valve block model, the operations performed
by the sensors and the Fcn block are executed in the block equation section.
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The Counterbalance Valve block is essentially a data-sheet-based model. Depending on
data listed in the manufacturer's catalogs or data sheets for your particular valve, you
can choose one of the following model parameterization options:

* By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

* By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement.

In the latter case, the PS Saturation block in the structural model is replaced with
the PS Lookup Table (1D) block, and you can choose from three interpolation and two
extrapolation methods.

Connections L and B are hydraulic conserving ports associated with the load and
backpressure ports of the valve. The hydraulic conserving port P is associated with the
pilot port. The block positive direction is from port L to port B. Positive pressure at port P
opens the valve.

Assumptions and Limitations

* Valve dynamics are approximated by introducing the first order lag between the
pressure sensors and the variable orifice control member displacement.

+ Inertia, friction, or hydraulic forces acting on the valve control member are not taken
into account.
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Dialog Box and Parameters

"4 Block Parameters: Counterbalance Valve @
Counterbalance Valve

The block is a model of the counterbalance valve. These valves are developed to control overriding (running-away)
load by creating additional pressure in the discharge line of a hydraulic actuator. By type, the simulated
counterbalance valve is an internally-externally piloted valve. The block is essentially a data sheet-based model
which is assumed to be characterized by data normally provided in the catalog or data sheet. The block is arranged
as a structural model built of the Variable Orifice, Check Valve, and physical signal blocks. The variable orifice
parameterization is available in two options: (1) by maximum area and control member stroke, (2) by lookup table
of orifice area vs. control member displacement. Three methods of interpolation and two methods of extrapolation
are provided to choose from. The valve dynamics is approximated by introducing the first order lag between the
pressure sensors and the variable orifice control member displacement. Connections L and B are conserving
hydraulic ports associated with the load and backpressure ports of the valve. The conserving hydraulic connection P
is associated with the pilot port. The block positive direction is from port L to port B. Positive pressure at port P
opens the orifice.

Settings

Basic parameters | Variable orifice | Check valve

Valve pressure setting: Se+b Fa -
Valve spring stiffness: le+8 Pa/m -
Pilot ratio: 3

Backpressure ratio: 4

Time constant: 0.06 s -
Leakage area: le-9 m"2 -

[ 0K ] I Cancel I I Help Apply

+ “Basic Parameters Tab” on page 1-205
+ “Variable Orifice Tab” on page 1-206

* “Check Valve Tab” on page 1-208
Basic Parameters Tab

Valve pressure setting

The parameter specifies the pressure at port L necessary to start opening the valve.

The setting is controlled with the valve spring. The default value is 50e5 Pa.

Valve spring stiffness

The valve spring pressure stiffness c,. The default value is 1e8 Pa/m.
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Pilot ratio

The ratio between the effective areas of the control member face in the pilot chamber
and in the load chamber. This is one of the fundamental valve characteristics in a
catalog or data sheet. The default value is 3.

Backpressure ratio

The ratio between the effective area of the control member, onto which the
backpressure acts, and the load chamber valve area. There is a wide variety of
counterbalance valves with compensated or partially-compensated backpressure. The
parameter can take zero value if the valve is completely compensated. The default
value is 4.

Time constant

The valve dynamics are approximated with the first order lag. This parameter is the
time constant of the lag. The default value is 0.06 s.

Leakage area

The total area of possible leaks in the completely closed orifice and check valve. The
main purpose of the parameter is to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the orifice or check
valve is completely closed. An isolated or “hanging” part of the system could affect
computational efficiency and even cause failure of computation. Extreme caution
should be exercised if the parameter is set to 0. The default value is 1€-9 m"2.

Variable Orifice Tab

Variable orifice parameterization

Select one of the following methods for specifying the orifice:

+ By maximum area and opening — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This is the default method.

+ By area vs. opening table — Provide tabulated data of orifice openings
and corresponding orifice areas. The passage area is determined by one-
dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

Orifice maximum area
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Specify the area of a fully opened orifice. The parameter value must be greater than
zero. The default value is 8e-5 m”2. This parameter is used if Variable orifice
parameterization is set to By maximum area and opening.

Orifice maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-4 m. This parameter is used if
Variable orifice parameterization is set to By maximum area and opening.

Orifice flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Orifice critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Tabulated orifice openings

Specify the vector of input values for orifice openings as a one-dimensional

array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least

three values for cubic or spline interpolation. The default values, in meters,

are [-2e-3,0,5e-3,15e-3]. This parameter is used if Variable orifice
parameterization is set to By area vs. opening table. Tabulated orifice
openings values will be used together with Tabulated orifice area values for one-
dimensional table lookup.

Tabulated orifice area

Specify the vector of orifice areas as a one-dimensional array. The vector must be
of the same size as the orifice openings vector. All the values must be positive. The
default values, in m”2, are [1e-12,4e-12,1.e-5,1.02e-5]. This parameter

is used if Variable orifice parameterization is set to By area vs. opening
table.

Interpolation method

This parameter is used if Variable orifice parameterization is set to By area
vs. opening table. Select one of the following interpolation methods for
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approximating the output value when the input value is between two consecutive
grid points:

+ Linear — Uses a linear interpolation function.

* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page.

Extrapolation method

This parameter is used if Variable orifice parameterization is set to By area
vs. opening table. Select one of the following extrapolation methods for
determining the output value when the input value is outside the range specified in
the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page.

Check Valve Tab

Check valve maximum passage area

Valve passage maximum cross-sectional area. The default value is 1e-4 m”"2.

Check valve cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is
3e4 Pa.

Check valve maximum opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must
be higher than the cracking pressure. The default value is 1.2e5 Pa.
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Check valve flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Check valve critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Variable orifice parameterization
+ Interpolation method

+  Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Variable orifice parameterization
parameter at the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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P
Hydraulic conserving port associated with the valve pilot port.
L
Hydraulic conserving port associated with the valve load port.
B
Hydraulic conserving port associated with the valve backpressure port.
Examples

The Hydraulic System with Counterbalance Valve example illustrates the use of
counterbalance valve to balance the load of a double-acting cylinder controlled by an
open-center 4-way directional valve.

See Also
Check Valve | Variable Orifice
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Cylinder Cushion

Cylinder Cushion

Cushion in hydraulic cylinders

Library

Hydraulic Cylinders

T

Description

The Cylinder Cushion block models a hydraulic cylinder cushion, the device that
decelerates the cylinder rod near the end of the stroke by restricting the flow rate leaving
the cylinder chamber. The figure shows a typical design of a cylinder cushion [1].
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Check valve Bleed screw Tube seal Piston

Fluid port
\-_

Cushioning valve  Cushioning bush  Guide ring  Piston seal

As the piston moves toward the cap (to the left in the figure), the cushioning bush enters
the chamber in the cap and creates an additional resistance to the fluid leaving the
chamber. The bush profile determines the desired deceleration. Near the end of the
stroke, the fluid flows through the gap between the bush and the cap and through the
cushioning valve with constant cross-sectional area. The check valve located between the
chambers allows free flow to the piston chamber to ease the piston breakaway from the
end position.

The block is implemented as a structural model that replicates a cushioning device, as
shown in this diagram.
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The Variable Orifice block represents a variable gap between the bush and the cavity
machined in the end cap. The lookup table of the Variable Orifice block implements

the relationship between the orifice area and the piston displacement. The Fixed
Orifice and the Check Valve blocks simulate the cushioning valve and the check valve
installed between chambers. The Translational Hydro-Mechanical Converter represents
a plunger created by the bush and the cavity. The Ideal Translational Motion Sensor
block monitors the piston displacement and conveys it (with the initial piston position
accounted) to the Variable Orifice block. The names assigned to the nested blocks in the
model are shown in parentheses.

The block develops a cushioning effect for the flow rate from port B to port A. The check
valve in the block is oriented from port A to port B.

You can use this block with any of the cylinder blocks in the library to model a single-
acting or double-acting cylinder with cushion. The following diagram shows the model
of a double-sided hydraulic cylinder with cushion built from a Double-Acting Hydraulic
Cylinder block and two Cylinder Cushion blocks.
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You can adjust the cushioning effect by changing the area of the fixed orifice and

the profile of the cushioning bush (variable orifice). Specify the profile using the one-
dimensional lookup table of the orifice area versus piston displacement. The next
figure shows a typical configuration of a double-acting cylinder with the double-sided
cushioning, similar to the model shown in the block diagram above.
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To ensure cushioning on both sides of the stroke, set the variable orifice area of the
left cushion (A;) and the right cushion (Ag) similar to the profile shown in the figure.
The origin of the plot is located at the position where the piston touches the cap. If the
cylinder acts in the negative direction, the piston displacements are negative, and you
must make the profile specification in the fourth quadrant.

The following figure shows a typical motion diagram of a cylinder with the double-sided
cushioning.
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The cushions are set to provide deceleration at ~10 mm before the end of the stroke. The
stroke of the cylinder is 10 cm, and the initial position of the piston is 0.04 m. The plot
shows the velocity (yellow line) and motion (magenta line) profiles.

Connections A and B are hydraulic conserving ports associated with the device hydraulic
inlet and outlet. Connection R is a mechanical translational conserving port that
connects to the cylinder rod. Connection C is a mechanical translational conserving port
that connects to the cylinder clamping structure.
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Dialog Box and Parameters

“& Block Parameters: Cylinder Cushion @
Cylinder Cushion

This block models a hydraulic cylinder cushion - the device that decelerates the cylinder rod as it approaches the
end of stroke by restricting flow rate leaving the cylinder chamber. The block is essentially a building block intended
to be used while developing models of double-sided or a single-sided cylinders with cushioning. The model can be
used with all cylinder blocks. The block is arranged as a structural model and replicates a typical cushioning device
consisted of the variable orifice, fixed orifice, check valve, and piston. The variable orifice represents a variable gap
between the rod on the piston and the cavity machined in the end cap. The relationship between the orifice area
and the piston displacement is characterized with the lookup table option of the Variable Orifice block. The fixed
orifice is installed between chambers. The check valve allows free flow to the piston chamber to ease the piston
break-away from the end position. The piston represents the face area of the cushioning rod. Connections A and B
are the hydraulic conserving ports associated with the chamber inlet and outlet. Connection R is the mechanical
translational conserving port which is to be connected with the cylinder rod. Connection C is the mechanical
translational conserving port which corresponds to the cylinder clamping structure. The block develops cushioning
effect for the flow rate from port B to port A. The check valve in the block is oriented from port A to port B.

Settings
Cushion piston Fixed orifice | Wariable orifice Check valve
Cushion piston area: le-4 m*2 -
Piston initial displacement: 0 m -
Fiston orientation: Acts in positive direction w7
[ 0K ] [ Cancel ] [ Help Apply

*  “Cushion Piston Tab” on page 1-217
*  “Fixed Orifice Tab” on page 1-218

* “Variable Orifice Tab” on page 1-218
* “Check Valve Tab” on page 1-220

Cushion Piston Tab

Cushion piston area
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Addition of the cushion to a cylinder converts the respective cylinder into two
cylinders, rigidly connected and acting in parallel, with the total effective area equal
to the piston area before addition. This parameter sets the area of the cushion piston,
which is the face area of the cushion bush. The default value is 1e-4 m*2.

Piston initial displacement

The distance between the cylinder piston and cap A at the start of simulation. The
default value is O, which corresponds to the fully retracted position of the piston.

Piston orientation

Piston orientation with respect to the globally assigned positive direction. Since the
cushion piston is part of the cylinder piston, its orientation must be the same as the
orientation of the cylinder piston at the side the cushion is attached to. Similar to a
cylinder model, if pressure applied at port A exerts force in the negative direction, set
the parameter to Acts in negative direction. The default value is Acts in
positive direction.

Fixed Orifice Tab

Fixed orifice area
The area of the fixed orifice installed between cushion chambers. The default value is
le-6 m"2.

Fixed orifice flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
fixed orifice. The default value is 0.7.

Fixed orifice critical Reynolds number

The maximum Reynolds number for laminar flow through the fixed orifice. The
transition from laminar to turbulent regime is supposed to take place when the
Reynolds number reaches this value. The value of the parameter depends on the
orifice geometrical profile. You can find the recommendations on the parameter value
in hydraulic textbooks. The default value is 10.

Variable Orifice Tab

Tabulated piston displacements

Vector of input values for piston displacements, specified as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
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cubic or spline interpolation. The Tabulated piston displacements values are
used together with Tabulated orifice area values for one-dimensional table lookup.
Due to the nature of the cylinder hard stops, the piston can move below zero and
above the stroke value. It is good practice to account for piston deformation and
provide piston displacements beyond the ideal stroke range to avoid extrapolation.
The default values, in mm, are [-2, 10, 11, 89, 90, 102].

Tabulated orifice area

Vector of orifice areas, specified as a one-dimensional array. The vector must be the
same size as the piston displacements vector. All the values must be positive. The
default values, in cm”2, are [0.004, 0.006, 9, 9, 9, 9].

Variable orifice interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Variable orifice extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.
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* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Variable orifice flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
variable orifice. The default valueis 0.7.

Variable orifice critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice. The
transition from laminar to turbulent regime is assumed to take place when the
Reynolds number reaches this value. The value of the parameter depends on the
orifice geometrical profile. You can find recommendations on the parameter value in
hydraulics textbooks. The default value is 10.

Variable orifice leakage area

The total area of possible leaks in the completely closed orifice. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Check Valve Tab

Check valve maximum area
Valve passage maximum cross-sectional area. The default value is 1e-4 m”"2.
Check valve cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is
0.5e5 Pa.

Check valve full opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must
be higher than the cracking pressure. The default value is 1.5e5 Pa.

Check valve flow discharge coefficient
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Semi-empirical coefficient that is used in the computation of flow rate through the
check valve. The default value is 0.7.

Check valve critical Reynolds number

The maximum Reynolds number for laminar flow through the check valve. The
transition from laminar to turbulent regime is assumed to take place when the
Reynolds number reaches this value. The default value is 10.

Check valve leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Piston orientation
* Variable orifice interpolation method
* Variable orifice extrapolation method

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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A
Hydraulic conserving port connected to the cylinder inlet.
B
Hydraulic conserving port connected to the cylinder outlet.
R
Mechanical translational conserving port connected to the cylinder rod.
C
Mechanical translational conserving port connected to the cylinder clamping
structure.
References

[1] Rohner, P. Industrial Hydraulic Control. Fourth edition. Brisbane : John Wiley &
Sons, 1995.

See Also
Check Valve | Fixed Orifice | Variable Orifice
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Cylinder Friction

Friction in hydraulic cylinders

Library

Hydraulic Cylinders

T

The Cylinder Friction block simulates friction in the contact between moving bodies

in hydraulic cylinders and is intended to be used primarily as a building block in
combination with both the double- and single-acting cylinders to develop a cylinder
model with friction. The friction force is simulated as a function of relative velocity and
pressure, and is assumed to be the sum of Stribeck, Coulomb, and viscous components.
The Coulomb friction force consists of the preload force, caused by the seal squeeze
during assembly, and the force proportional to pressure. The sum of the Coulomb and
Stribeck friction forces at zero velocity is often referred to as the breakaway friction force.
For more information, see the Translational Friction block reference page.

Description

The friction force is approximated with the following equations:

F= FC-(l +(Kprp —1)exp(—c, | v |))sign(v)+ fofr+v

Fe =Fpr+fcﬁ(pA+pB)

where

F Friction force

Feo Coulomb friction

1 Preload force

fefr Coulomb friction coefficient
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DADB Pressures in cylinder chambers

Ky, Breakaway friction force increase coefficient
Cy Transition coefficient

v Relative velocity in the contact

Tt Viscous friction coefficient

To avoid discontinuity at v = 0, a small region |v| < vy is introduced around zero
velocity, where friction force is assumed to be linearly proportional to velocity:

F=Kew

Fo (14 (Kppp —1)vexp(—coom ) + fop Vs

Uth
where
K Proportionality coefficient
U, Velocity threshold

Connections R and C are mechanical translational conserving ports associated with the
rod and case, respectively. Connections A and B are hydraulic conserving ports to be
connected to ports A and B of the cylinder model, as shown in the following illustration.
The force generated by the block always opposes relative motion between the rod and the

case.

MTRA — 1 — R

Double-Acting
Hydraulic Cylinder

e T <2

=

Cylinder Friction




Cylinder Friction

Dialog Box and Parameters

"4 Block Parameters: Cylinder Friction
Cylinder Friction

==l

The block simulates friction in the contact between moving bodies in hydraulic cylinders and is intended to be used
primarily as a building block in combination with both the double- and single-acting cylinders to develop a cylinder
model with friction. The friction force is simulated as a function of relative velocity and pressure, and is assumed to
be the sum of Stribeck, Coulomb, and viscous components. The Coulomb friction force consists of the preload
force, caused by the seal squeeze during assembly, and force proportional to pressure. The sum of the Coulomb
and Stribeck friction forces at zero velocity is often referred to as the breakaway friction force.

Connections R and C are mechanical translational conserving ports associated with the rod and case, respectively.
Connections A and B are hydraulic conserving ports to be connected to ports A and B of the cylinder model. The
force generated by the block always opposes relative motion between the rod and the case.

Settings
Parameters | Variables
Preload force: 10 N -
Coulomb friction force
coefficient: 1e-6 N/Pa M
Breakaway friction increase
) 1
coefficient:
Viscous friction coefficient: 100 N/(m/s) -
Transition approximation
coefficient: 10 s/m
Linear region velocity threshold:  1e-4 m/s -

[ ok

H Cancel H

Help

I

Apply

+ “Parameters Tab” on page 1-225
+ “Variables Tab” on page 1-226

Parameters Tab

Preload force

The preload force, caused by the seal squeeze during assembly. The default value is

10 N.

Coulomb friction force coefficient

Coulomb friction coefficient, which defines the proportionality between the Coulomb
friction force and the pressure in cylinder chambers. The default value is 1e-6 N/Pa.

Breakaway friction increase coefficient
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The friction force increase over the Coulomb friction. The Coulomb friction force,
multiplied by this coefficient, is referred to as breakaway friction force. The default
value is 1.

Viscous friction coefficient

Proportionality coefficient between the viscous friction force and the relative velocity.
The parameter value must be greater than or equal to zero. The default value is 100
N/(m/s).

Transition approximation coefficient

The parameter sets the value of coefficient ¢,, which is used for the approximation

of the transition between the breakaway and the Coulomb frictions. Its value is
assigned based on the following considerations: the Stribeck friction component
reaches approximately 5% of its steady-state value at velocity 3/c,, and 2% at velocity
4/c,, which makes it possible to develop an approximate relationship ¢, ~= 4/v
where v,,;, 1s the relative velocity at which friction force has its minimum value. By
default, ¢, is set to 10 s/m, which corresponds to a minimum friction at velocity of
about 0.4 m/s.

Linear region velocity threshold

The parameter sets the small vicinity near zero velocity, within which friction
force is considered to be linearly proportional to the relative velocity. MathWorks
recommends that you use values in the range between 1e-6 and 1e-4 m/s. The
default value is 1e-4 m/s.

Variables Tab

Use the Variables tab to set the priority and initial target values for the block variables
prior to simulation. For more information, see “Set Priority and Initial Target for Block
Variables”.

Ports

The block has the following ports:

Hydraulic conserving port connected to the cylinder inlet.



Cylinder Friction

Hydraulic conserving port connected to the cylinder outlet.

R
Mechanical translational conserving port associated with the cylinder rod.

C
Mechanical translational conserving port associated with the cylinder clamping
structure.

See Also

Double-Acting Hydraulic Cylinder | Single-Acting Hydraulic Cylinder
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Double-Acting Hydraulic Cylinder

Hydraulic actuator exerting force in both directions

Library

Hydraulic Cylinders

sl

The Double-Acting Hydraulic Cylinder block models a device that converts hydraulic
energy into mechanical energy in the form of translational motion. Hydraulic fluid
pumped under pressure into one of the two cylinder chambers forces the piston to move
and exert force on the cylinder rod. Double-acting cylinders transfer force and motion in
both directions.

Description

The model of the cylinder is built of Simscape Foundation library blocks. The schematic
diagram of the model is shown below.

Translational Hard
Stop

afp o o

Y i 4 LTIV o

Trans lational Trans laticnal
Hydro-Mechanical Hydro- Mechanical
Converter A Converter B
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Connections R and C are mechanical translational conserving ports corresponding to
the cylinder rod and cylinder clamping structure, respectively. Connections A and B are
hydraulic conserving ports. Port A is connected to converter A and port B is connected to
converter B.

The energy through hydraulic port A or B is directed to the appropriate Translational
Hydro-Mechanical Converter block. The converter transforms hydraulic energy into
mechanical energy and accounts for the fluid compressibility in the cylinder chamber.
The rod motion is limited with the mechanical Translational Hard Stop block in such a
way that the rod can travel only between cylinder caps.

The block directionality is adjustable and can be controlled with the Cylinder
orientation parameter.

Basic Assumptions and Limitations

* No leakage, internal or external, is taken into account.

* No loading on piston rod, such as inertia, friction, spring, and so on, is taken into
account. If necessary, you can easily add them by connecting an appropriate building
block to cylinder port R.
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Dialog Box and Parameters

"k Block Parameters: Double-Acting Hydraulic Cylinder @
Double-Acting Hydraulic Cylinder

This block represents a double-acting hydraulic cylinder. The model of the cylinder is constructed from the
Translational Hydro-Mechanical Converter, and Translational Hard Stop blocks. The rod motion is limited with the
mechanical Translational Hard Stop block.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connections A and B are hydraulic conserving ports. Port A is connected to
converter A and port B is connected to converter B. The block directionality is adjustable and can be controlled with
the Cylinder Orientation parameter.

Settings

Basic parameters | Hard stop properties | Initial conditions |

Piston area A: le-3 m*2 -

Piston area B: 0.5e-3 m*2 -

Piston stroke: 0.1 m -

Dead volume A: le-4 m~3 -

Dead volume B: le-4 m~3 -

Specific heat ratio: 1.4

Cylinder orientation: Acts in positive direction ']
[ 0K ] I Cancel I I Help I Apply

+  “Basic Parameters Tab” on page 1-230
+ “Hard Stop Properties Tab” on page 1-231
+  “Initial Conditions Tab” on page 1-231

Basic Parameters Tab

Piston area A
Chamber A effective piston area. The default value 1s 0.001 m"2.

Piston area B
Chamber B effective piston area. The default value is 5e-5 m”"2.

Piston stroke
Piston maximum travel between caps. The default value is 0.1 m.
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Dead volume A

Fluid volume in chamber A that remains in the chamber after the rod is fully
retracted. The default value is 1e-4 m”3.

Dead volume B

Fluid volume in chamber B that remains in the chamber after the rod is fully
extended. The default value is 1e-4 m”3.

Specific heat ratio

Gas-specific heat ratio for the Hydraulic Piston Chamber blocks. The default value is
1.4.

Cylinder orientation

Specifies cylinder orientation with respect to the globally assigned positive direction.
The cylinder can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction when pressure is applied at its inlet.
If pressure applied at port A exerts force in negative direction, set the parameter

to Acts in negative direction. The default value is Acts in positive
direction.

Hard Stop Properties Tab

Contact stiffness

Specifies the elastic property of colliding bodies for the Translational Hard Stop
block. The greater the value of the parameter, the less the bodies penetrate into
each other, the more rigid the impact becomes. Lesser value of the parameter makes
contact softer, but generally improves convergence and computational efficiency. The
default value is 1€6 N/m.

Contact damping

Specifies dissipating property of colliding bodies for the Translational Hard Stop
block. At zero damping, the impact is close to an absolutely elastic one. The greater
the value of the parameter, the more energy dissipates during an interaction. Keep
in mind that damping affects slider motion as long as the slider is in contact with
the stop, including the period when slider is pulled back from the contact. For
computational efficiency and convergence reasons, MathWorks recommends that you
assign a nonzero value to this parameter. The default value is 150 N*s/m.

Initial Conditions Tab

Piston initial distance from cap A
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The distance that the piston is extended at the beginning of simulation. You can
set the piston position to any point within its stroke. The default value is O, which
corresponds to the fully retracted position.

Chamber A initial pressure

Pressure in the cylinder chamber A at the beginning of simulation. The default value
is O.

Chamber B initial pressure

Pressure in the cylinder chamber B at the beginning of simulation. The default value
is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Cylinder orientation

All other block parameters are available for modification.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid bulk modulus

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A

Hydraulic conserving port associated with the cylinder chamber A.

Hydraulic conserving port associated with the cylinder chamber B.
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R
Mechanical translational conserving port associated with the cylinder rod.

C
Mechanical translational conserving port associated with the cylinder clamping
structure.

Examples

The Double-Acting Hydraulic Cylinder with Flexible Clamping example illustrates
simulation of a cylinder whose clamping is too flexible to be neglected. The structure
compliance is represented with a spring and a damper, installed between the cylinder
case and reference point. The cylinder performs forward and return strokes, and is
loaded with inertia, viscous friction, and constant opposing load of 400 N.

The Closed-Loop Circuit with 4-Way Valve and Custom Cylinder example demonstrates
the use of a 4-way valve in combination with a double-acting cylinder in a simple closed-
loop actuator. The example shows how to connect the blocks and set the initial orifice
openings for the 4-way valve to model the forward and return strokes of the cylinder
under load.

See Also

Ideal Translational Motion Sensor | Single-Acting Hydraulic Cylinder | Translational
Hard Stop | Translational Hydro-Mechanical Converter
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Double-Acting Hydraulic Cylinder (Simple)

Basic functionality of double-acting hydraulic cylinder

Library

Hydraulic Cylinders

e

Description

The Double-Acting Hydraulic Cylinder (Simple) block represents a simplified version of a
double-acting hydraulic cylinder, developed for applications where only the basic cylinder
functionality must be reproduced, in exchange for better numerical efficiency. For these
reasons, such factors as fluid compressibility, friction, and leakages are assumed to be
negligible. The hard stops are assumed to be fully inelastic, to eliminate any possible
oscillations at the end of the stroke. The model is especially suitable for real-time and
HIL (hardware-in-the-loop) simulation, if such simplifications are acceptable.

The model is described with the following equations:

F=Aj py-Ap-pgp-F,

ga=Ay-v
gg =Ap-v
dx _

dt
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vV =Vg —Uo
(x—xg) K, v ifx>x5,0>0
F,= (x—xR)-Kp~v ifx <xp,v<0
0 otherwise
xp =S -x,
xRZ—xO
where

F Force developed by the cylinder

v Cylinder rod velocity

UR,UC Absolute velocities of cylinder rod and cylinder case, respectively
Ay Piston area at port A side

Ap Piston area at port B side

Pa Pressure at the cylinder port A

PB Pressure at the cylinder port B

ga Flow rate through port A into the cylinder

gB Flow rate through port B from the cylinder

x Piston position

X9 Initial distance between piston and cap A

F, Hard stop force

XE Distance the piston can travel to fully extend from initial position
XR Distance the piston can travel to fully retract from initial position
K, Penetration coefficient

S Piston stroke
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The main difference between this block and the Double-Acting Hydraulic Cylinder block
is the representation of the hard stop:

The Double-Acting Hydraulic Cylinder block utilizes the elastic model of the stop,
which is essentially a combination of a spring and a damper, connected in parallel.
The stiffness of the spring, which represents contact stiffness of colliding bodies, is
very high, resulting in high-frequency, low-magnitude oscillations at the moment
the bodies collide. These oscillations can hardly be noticed experimentally, but they
are difficult to process by a numerical simulation and generally decrease numerical
efficiency.

The hard stop in the Double-Acting Hydraulic Cylinder (Simple) block is represented
with the inelastic model, which is essentially a viscous damper with the penetration-
dependent damping coefficient. This coefficient is referred to as the penetration
coefficient. With inelastic model, no oscillation is generated during an impact,
resulting in improved numerical robustness and efficiency. But inelastic stop model
has a feature that you must consider while selecting the model: colliding bodies
continue slowly moving into each other as long as the contact is loaded with the
compressing force. In real life, this phenomenon is similar to collision of two bodies
separated by a sizable layer of viscous liquid. It takes some time to squeeze the liquid
before bodies themselves come into contact.

Connections R and C are mechanical translational conserving ports corresponding to
the cylinder rod and cylinder clamping structure, respectively. Connections A and B are
hydraulic conserving ports. Port A is connected to chamber A and port B is connected to
chamber B.

You can adjust the block directionality with the Cylinder orientation parameter.

Basic Assumptions and Limitations

Friction between moving parts is not taken into account.
Inertia effects are not taken into account.

Fluid compressibility is not taken into account.

Leakage flows are assumed to be negligible.

The hard stops are assumed to be fully inelastic, as explained above.
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Dialog Box and Parameters

“& Block Parameters: Double-Acting Hydraulic Cylinder (Simple) @
Double-Acting Hydraulic Cylinder (Simple)

The block is a model of a double-acting hydraulic cylinder developed for applications in which only the basic
cylinder functionality must be reproduced in exchange for better numerical efficiency. For these reasons, factors
such as fluid compressibility, friction, and leakages are assumed to be negligible. The hard stops are assumed to
be fully inelastic to eliminate any possible oscillations at the end of the stroke. The model is suitable for real time
or HIL simulation if such simplifications are acceptable.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connections A and B are hydraulic conserving ports. Port A is connected to
chamber A and port B is connected to chamber B. The block directionality is adjustable with the Cylinder
Orientation parameter.

Settings

FParameters

Fiston area A: le-3 m*2 -
Fiston area B: 0.5e-3 m*2 -
Piston stroke: 0.1 m -
Piston initial distance from cap A: 0 m -
Penetration coefficient: lel2 s*N/m~2 -
Cylinder orientation: Acts in positive direction ']

0K H Cancel H Help I Apply

Piston area A

Chamber A effective piston area. The default value is 0.001 m”2.
Piston area B

Chamber B effective piston area. The default value is 5e-4 m”2.
Piston stroke

Piston maximum travel between caps. The default value is 0.1 m.
Piston initial distance from cap A

The distance between the piston and cap A at the beginning of simulation. This value
cannot exceed the piston stroke. The default value is O.

Penetration coefficient

1-237



1 Blocks — Alphabetical List

1-238

Specifies the penetration property of colliding bodies. The higher the value of the
coefficient, the less the bodies penetrate into each other, but the sharper the increase
of the impact force. To find out the value of the coefficient for a particular application,
it is recommended to run the same model with different hard stop models (or with
different cylinder models) until they show close results. The default value of the
coefficient is 112 N/m/(m/s).

Cylinder orientation

Specifies cylinder orientation with respect to the globally assigned positive direction.
The cylinder can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction when pressure is applied at its inlet.
If pressure applied at port A exerts force in negative direction, set the parameter

to Acts in negative direction. The default value is Acts in positive
direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

Cylinder orientation

All other block parameters are available for modification.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the cylinder chamber A.

Hydraulic conserving port associated with the cylinder chamber B.

Mechanical translational conserving port associated with the cylinder rod.

Mechanical translational conserving port associated with the cylinder clamping
structure.
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Examples

The Hydraulic Closed-Loop Actuator with Fixed-Step Integration example shows how to
use this cylinder along with other blocks optimized for real-time and HIL simulation.

See Also

Double-Acting Hydraulic Cylinder | Single-Acting Hydraulic Cylinder | Single-
Acting Hydraulic Cylinder (Simple) | Translational Hard Stop | Translational Hydro-
Mechanical Converter
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Double-Acting Rotary Actuator

Double-acting hydraulic rotary actuator

Library

Hydraulic Cylinders

et

The Double-Acting Rotary Actuator block models a double-acting hydraulic rotary
actuator, which directly converts hydraulic energy into mechanical rotational energy
without employing intermediary transmissions such as rack-and-pinion, sliding spline,
chain, and so on. Hydraulic fluid pumped under pressure into one of the two actuator
chambers forces the shaft to rotate and generate torque. Double-acting actuators
generate torque and motion in both directions.

Description

The model of the actuator is built of Simscape Foundation library blocks. The schematic
diagram of the model is shown below.



Double-Acting Rotary Actuator
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The blocks in the diagram perform the following functions:
Rotational Hydro-Mechanical Converts hydraulics energy into mechanical rotational

energy when fluid is pumped into actuator chamber A,

Converter A
while accounting for fluid compressibility.

Rotational Hydro-Mechanical Converts hydraulics energy into mechanical rotational
Converter B energy when fluid is pumped into actuator chamber B,
while accounting for fluid compressibility.

Rotational Hard Stop Imposes limits on shaft rotation.

Linear Hydraulic Resistance Accounts for leakages.

Connections A and B are hydraulic conserving ports. Port A is connected to chamber A
and port B is connected to chamber B. Connection S is a mechanical rotational conserving

port associated with the actuator shaft.
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The block directionality is adjustable and can be controlled with the Actuator
orientation parameter.

Basic Assumptions and Limitations

No loading, such as inertia, friction, spring, and so on, is taken into account. If necessary,
you can easily add them by connecting an appropriate building block to port S.

Dialog Box and Parameters

"k Block Parameters: Double-Acting Rotary Actuator @
Double-Acting Rotary Actuator

This block represents a double-acting hydraulic rotary actuator, which directly converts hydraulic energy into
mechanical rotational energy without employing intermediary transmissions such as rack-and-pinion, sliding spline,
chain, and so on. The model of the actuator is constructed from the Rotational Hydro-Mechanical Converter,
Rotational Hard Stop and Linear Hydraulic Resistance blocks. The shaft rotation is limited with the mechanical
Rotational Hard Stop block.

Connections A and B are hydraulic conserving ports corresponding to the actuator converters A and B respectively,
port S is @ mechanical rotational conserving port associated with the actuator shaft. The block directionality is
adjustable and can be controlled with the Actuator orientation parameter.

Settings

FParameters

Actuator displacement: 4.5e-5 m~3/rad -
Shaft stroke: 5.1 rad -
Shaft initial angle: 0 rad -
Dead volume A: le-4 m~3 -
Dead volume B: le-4 m~3 -
Leak coefficient: le-14 m~3/s/Pa -
Specific heat ratio: 1.4

Contact stiffness: le6 N*m/rad -
Contact damping: 150 N*m/(rad/s) -
Actuator orientation: Acts in positive direction ']

0K H Cancel H Help I Apply
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Actuator displacement

Effective displacement of the actuator. The default value is 4.5e-5 m”3/rad.
Shaft stroke

Shaft maximum travel between stops. The default value is 5.1 rad.
Shaft initial angle

The position of the shaft at the beginning of simulation. You can set the shaft
position to any angle within its stroke. The default value is O, which corresponds to
the shaft position at the very beginning of the stroke.

Dead volume A

Fluid volume in chamber A that remains in the chamber when the shaft is positioned
at the very beginning of the stroke. The default value is 1e-4 m”*3.

Dead volume B

Fluid volume in chamber B that remains in the chamber when the shaft is positioned
at the end of the stroke. The default value is 1e-4 m”3.

Leak coefficient

Leak coefficient for the Linear Hydraulic Resistance block. The default value is
le-14 (m”3/s)/Pa.

Specific heat ratio

Gas-specific heat ratio for the Hydraulic Piston Chamber block. The default value is
1.4.

Contact stiffness

Specifies the elastic property of colliding bodies for the Rotational Hard Stop block.
The greater the value of the parameter, the less the bodies penetrate into each other,
the more rigid the impact becomes. Lesser value of the parameter makes contact
softer, but generally improves convergence and computational efficiency. The default
value is 16 N*m/rad.

Contact damping

Specifies dissipating property of colliding bodies for the Rotational Hard Stop block.
At zero damping, the impact is close to an absolutely elastic one. The greater the
value of the parameter, the more energy dissipates during an interaction. Keep

in mind that damping affects slider motion as long as the slider is in contact with
the stop, including the period when slider is pulled back from the contact. For
computational efficiency and convergence reasons, MathWorks recommends that you
assign a nonzero value to this parameter. The default value is 150 N*m/(rad/s).
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Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
generates torque in the positive or in the negative direction when pressure is applied
at its inlet. If pressure applied at port A generates torque in the negative direction,
set the parameter to Acts In negative direction. The default value is Acts in
positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid bulk modulus

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the actuator chamber A.
B

Hydraulic conserving port associated with the actuator chamber B.
S

Mechanical rotational conserving port associated with the actuator shaft.



Double-Acting Rotary Actuator

See Also

Linear Hydraulic Resistance | Rotational Hard Stop | Rotational Hydro-Mechanical
Converter
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Double-Acting Servo Cylinder

Hydraulic double-acting servo cylinder with spring-centered plunger

Library

Valve Actuators

-

Description
The Double-Acting Servo Cylinder block models a hydraulic double-acting servo cylinder
implemented as a spring-centered plunger.

A
===\

Changing pressure at ports A and B shifts the spool from the neutral position in
proportion to the pressure differential. Use the servo cylinder for control purposes.

The model of the cylinder uses the Double-Acting Hydraulic Cylinder (Simple),
Translational Spring, Translational Damper, and Ideal Translational Motion Sensor
blocks. The following figure shows the schematic diagram of the model.
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. Eo Translational Spring

Double-Acting
Hydraulic Cylinder
{Simple) t+————aFq=

Trans lational Damper

o R

Ideal Trans lational
Maotion Sensor

The plunger is located initially in the middle of the stroke. The plunger displacement is
computed with the following equations:

A(pp-pp)=k-x+B-v+ Fyg

(x=5/2)-K, v ifx>S/2,v>0
Fyg =1(x+5/2)- K, -abs(v) ifx<-S/2,0<0
0 otherwise
where
DPaPB Pressures at port A and B, respectively
A Spool face area
k Spring rate
B Damping coefficient
Fys Hard stop force
K, Stop penetration coefficient
S Piston stroke
v Piston velocity
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‘x |Piston displacement

Connection P is a physical signal output port that outputs the plunger displacement from
the central position. Connections A and B are hydraulic conserving ports. Pressure at
port A moves the plunger in the positive direction.

Basic Assumptions and Limitations

+ Inertia effects are not taken into account.

*  Fluid compressibility is not taken into account.

+ Leakage flows are assumed to be negligible.

Friction between moving parts is not taken into account.

* The hard stops are assumed to be fully inelastic. For details, see the Double-Acting
Hydraulic Cylinder (Simple) block reference page.

Dialog Box and Parameters

Double-Acting Servo Cylinder

"4 Block Parameters: Double-Acting Servo Cylinder

This block models a hydraulic double-acting servo cylinder arranged as a spring-centered plunger. The cylinder is
intended to be used for control purposes. The model is built of the Double-Acting Hydraulic Cylinder (Simple),
Translational Spring, and Damper. The plunger is initially located in the middle of the stroke. Connection P is the
physical signal output port through which the plunger displacement from the middle position is exported.
Connections A and B are the hydraulic conserving ports. Pressure at port A moves the plunger in positive

==l

direction.

Settings
Parameters
Piston area: le-4 m*2 -
Piston stroke: 0.005 m -
Spring rate: le3 N/m -
Damping coefficient: 150 N/(m/s) -
Stop penetration coefficient: lel2 s*N/m~2 -

0K ] I Cancel I I Help I Apply
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Piston area
The face area of the piston. The default value is 1e-4 m"2.
Piston stroke

The full piston stroke, from one hard stop to another. The piston is located initially
in the middle of the stroke and can travel half a stroke in the positive and negative
direction. The default value is 0.005 m.

Spring rate
The spring rate of the centering springs. The default value is 1000 N/m.
Damping coefficient

The damping coefficient in the contact between the piston and the case. The default
value is 150 N/(m/s).

Stop penetration coefficient

The penetration property of the piston hard stop. The hard stop is represented as
absolutely inelastic, and the property is characterized by the penetration coefficient.
The default value of the coefficient is 112 N/m/(m/s).

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the cylinder chamber A.
B

Hydraulic conserving port associated with the cylinder chamber B.
P

Physical signal output port that outputs the piston displacement.
See Also

Double-Acting Hydraulic Cylinder (Simple) | Ideal Translational Motion Sensor
Translational Damper | Translational Spring
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Elbow

Hydraulic resistance in elbow

Library

Local Hydraulic Resistances

n-p‘l‘q-‘/:‘-]]-El-n

Description

The Elbow block represents an elbow as a local hydraulic resistance. The pressure loss
1s computed with the semi-empirical formula based on pressure loss coefficient, which
1s determined in accordance with the Crane Co. recommendations (see [1], p. A-29). Two
types of elbow are considered: smoothly curved (standard) and sharp-edged (miter). The
block covers elbows in the 5~100 mm and 0-90 degrees range.

The block is based on the Local Resistance block. It computes the pressure loss coefficient
and passes its value, as well as the critical Reynolds number value, to the Local
Resistance block, which computes the pressure loss according to the formulas explained
in the reference documentation for that block.

The pressure loss for turbulent flow regime is determined according to the following
formula:

p=K-L-q|q|
2A
where
q Flow rate
p Pressure loss
K Pressure loss coefficient




Elbow

A Elbow cross-sectional area

Fluid density

The flow regime is checked in the underlying Local Resistance block by comparing

the Reynolds number to the specified critical Reynolds number value. For laminar
flow regime, the formula for pressure loss computation is modified, as described in the
reference documentation for the Local Resistance block.

The core data for the pressure loss coefficient computation is the table-specified
relationship between the friction factor 7 and the internal diameter for clean commercial
steel pipes, with flow in the zone of complete turbulence (see [1], p. A-26). For smoothly
curved, standard 90° elbows, the pressure loss coefficient is determined with the formula

K =30fp

For elbows with different angles, the coefficient is corrected with the relationship
presented in [2], Fig.4.6:

K. . =0(0.0142-3.703.107° o)

corr

where a is the elbow angle in degrees (0 < a < 90).

Stmoaothly curved elbow Miter elbow

Therefore, the pressure loss coefficient for smoothly curved, standard elbows is
determined with the formula
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Kgop = 30fp+0(0.0142-3.703:10 2 )

For sharp-edged, miter bends the pressure loss coefficient is determined according to the
table provided in [1], p. A-29, as a function of the elbow diameter and angle

Kyg = f(d,o)

where 5 <d <100 mm and 0 < a < 90 degrees.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate
is positive if fluid flows from A to B, and the pressure differential is determined as

P=pPp—DPB-

Warning The formulas used in the Elbow block are very approximate, especially in the

laminar and transient flow regions. For more accurate results, use the Local Resistance
block with a table-specified K= (Re) relationship.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.

* The elbow is assumed to be made of a clean commercial steel pipe.



Elbow

Dialog Box and Parameters

"4 Block Parameters: Elbow @
Elbow

The block represents an elbow as a local hydraulic resistance. The pressure loss in the elbow is characterized by
the table-specified pressure loss coefficient provided in the Crane Technical Paper. Two types of elbows are
considered: smoothly curved standard elbows and sharp-edged, miter elbows. The block covers elbows in the
5-100 mm and 0-90 deg range.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Parameters
Elbow internal diameter: 0.01 m -
Elbow angle: a0 deg -
Elbow type: Smoothly curved elbow -
Critical Reynolds number: 80

0K H Cancel H Help Apply

Elbow internal diameter

The internal diameter of the pipe. The value must be in the range between 5 and 100
mm. The default value is 0.01 m.

Elbow angle

The angle of the bend. The value must be in the range between 0 and 90 degrees. The
default value is 90 deg.

Elbow type

The parameter can have one of two values: Smoothly curved elbow or Miter
bend. The default value is Smoothly curved elbow.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can

find recommendations on the parameter value in hydraulics textbooks. The default
value is 80.
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Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

Elbow type

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the elbow inlet.
B

Hydraulic conserving port associated with the elbow outlet.
References

[1] Flow of Fluids Through Valves, Fittings, and Pipe, Crane Valves North America,
Technical Paper No. 410M

[2] George R. Keller, Hydraulic System Analysis, Published by the Editors of Hydraulics
& Pneumatics Magazine, 1970



Elbow

See Also
Gradual Area Change | Local Resistance | Pipe Bend | Sudden Area Change | T-
junction
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Fixed Orifice

Hydraulic orifice with constant cross-sectional area

Library

Orifices

Description

The Fixed Orifice block models a sharp-edged constant-area orifice, flow rate through
which is proportional to the pressure differential across the orifice. The flow rate is
determined according to the following equations:

—Cn A 2. P
7=Cp A\/; ( 5 2)1/4

b~ + Der
P=DPA~PB
2
Do = Y Recr'v
“ 2|Cp- Dy
b, - 4
T

where
q Flow rate
p Pressure differential

DA, PB Gauge pressures at the block terminals

Cp Flow discharge coefficient
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A Orifice passage area

Dy Orifice hydraulic diameter

el Fluid density

v Fluid kinematic viscosity

DPer Minimum pressure for turbulent flow
Re,, Critical Reynolds number

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

P=pPp—DPB-

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

Dialog Box and Parameters

"4 Block Parameters: Fixed Orifice @
Fixed Orifice

The block models a square-edged constant-area orifice with flow rate proportional to the pressure differential
across the orifice. The model accounts for the laminar and turbulent flow regimes by monitoring the Reynolds
number and comparing its value with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet, respectively. The
block positive direction is from port A to port B. This means that the flow rate is positive if fluid flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Orifice area: le-4 m~2 -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12

[ 0K H Cancel H Help Apply

+ “Parameters Tab” on page 1-258
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* “Variables Tab” on page 1-258

Parameters Tab

Orifice area
Orifice passage area. The default value is 1e-4 m"2.
Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12, which corresponds to a round orifice in thin material with sharp edges.

Variables Tab

Use the Variables tab to set the priority and initial target values for the block variables
prior to simulation. For more information, see “Set Priority and Initial Target for Block
Variables”.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:



Fixed Orifice

Hydraulic conserving port associated with the orifice inlet.

Hydraulic conserving port associated with the orifice outlet.

See Also

Annular Orifice | Constant Area Hydraulic Orifice | Fixed Orifice with Fluid Inertia |
Fixed Orifice Empirical | Orifice with Variable Area Round Holes | Orifice with Variable
Area Slot | Variable Area Hydraulic Orifice | Variable Orifice
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Fixed Orifice Empirical

Fixed hydraulic orifice based on empirical data

Library

Orifices

P | SR
—

Description

The Fixed Orifice Empirical block models a fixed orifice in hydraulic systems with data
obtained from experimental testing. The data required for characterization is the set of
pressure differentials across the orifice, together with associated flow rates determined
for a particular fluid and temperature.

The flow rate through the orifice is determined with the table lookup block from the set of
experimental measurements

q="Tf(P)

where

q Volumetric flow rate
p Pressure differential

You can select from three interpolation and two extrapolation methods.

Note Extrapolation could result in large errors if the operating point deviates
significantly from the area of experiments.

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

b=pPp—PB-



Fixed Orifice Empirical

Dialog Box and Parameters

"k Block Parameters: Fixed Orifice Empirical @
Fixed Orifice Empirical

The block models a fixed orifice specified with a set of empirical data. The empirical version of the fixed orifice
model relies entirely on the set of experimental data on flow rate vs. pressure differential for a specific fluid at
specified temperature. The peculiarities of working fluid and orifice configuration can be accounted in the lookup
table data set. Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet,
respectively. The block positive direction is from port A to port B. This means that the flow rate is positive if fluid
flows from A to B, and the pressure differential is determined as p = p_A - p_B.

Settings
FParameters
Tabulated pressure differentials: 46 -1e+6 -58+5 0 5e+5 le+6 2e+6 3e+6 4e+6 ] Pa -
Tabulated flow rates: 4 0.0012068 0.0017067 0.0020902 0.0024136 ] m~3/s -
Interpolation method: |Linear v|
Extrapolation method: |Fr0m last 2 points - |

[ 0K ]| Cancel || Help | Apply

Tabulated pressure differentials

Specify the pressure differential vector as a one-dimensional array. The

vector contains values of pressure differentials obtained during experimental
characterization of the orifice. The vector must be strictly increasing. The values
can be nonuniformly spaced. The minimum number of values depends on the
interpolation method: you must provide at least two values for linear interpolation,
at least three values for cubic or spline interpolation. The default values, in Pa, are
[ -4e+6 -3e+6 -2e+6 -le+6 -5e+5 0 5e+5 le+6 2e+6 3e+6 4e+6 ].

Tabulated flow rates

Specify the vector of flow rates through the orifice, corresponding to these pressure
differentials, as a one-dimensional array. The vector must be of the same size

as the Tabulated pressure differentials vector. The default values, in m”3/s,
are [ -0.0024436 -0.0021248 -0.0016852 -0.0012248 -8.4476e-4 0O
8.5333e-4 0.0012068 0.0017067 0.0020902 0.0024136 ].

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

1-261



1

Blocks — Alphabetical List

1-262

+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).

+ Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page.

Extrapolation method
Use extrapolation with extreme caution, because moving beyond the measurement
limits could result in large errors. Select one of the following extrapolation methods
for determining the output value when the input value is outside the range specified
in the argument list:

*+ From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
See Also

Fixed Orifice | Fixed Orifice with Fluid Inertia



Fixed Orifice with Fluid Inertia

Fixed Orifice with Fluid Inertia

Fixed hydraulic orifice accounting for flow inertia

Library

Orifices

Description

The Fixed Orifice with Fluid Inertia block models a hydraulic fixed orifice and accounts
for the fluid inertia, in addition to the static pressure loss.

Fluid inertia plays a noticeable role in orifices with a large ratio of orifice length to the
orifice hydraulic diameter (L / Dy) and in sharp-edged short orifices when the rate of
change of flow rate (fluid acceleration) is relatively large.

The orifice is based on the following equations:

—C, A2 P
q9=Cp A\fp ( ) r2 )1/4

Dbr + Per

D= P, + D,
_Ldq
Pin =P 4 s
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Re = lq|-Dy
A-v
Dy = [
bl

where
q Volumetric flow rate
p Total pressure differential
Pin Inertial pressure drop
Dr Resistive pressure drop
Der Minimum pressure for turbulent flow
Cp Flow discharge coefficient
A Orifice passage area
L Orifice length
Dy Orifice hydraulic diameter
P Fluid density
v Fluid kinematic viscosity
Re Instantaneous Reynolds number
Re,, Critical Reynolds number

Connections A and B are conserving hydraulic ports associated with the orifice inlet and
outlet, respectively. The block positive direction is from port A to port B. This means that
the flow rate is positive if it flows from A to B, and the pressure differential is determined

as p=pA—pB.
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Dialog Box and Parameters

"4 Block Parameters: Fixed Orifice with Fluid Inertia @
Fixed Orifice with Fluid Inertia

The block models a hydraulic fixed orifice and accounts for the fluid inertia in addition to the static pressure loss.
The model accounts for the laminar and turbulent flow regimes by monitoring the Reynolds number and comparing
its value with the critical Reynolds Number. Connections A and B are conserving hydraulic ports associated with the
orifice inlet and outlet, respectively. The block positive direction is from port A to port B. This means that the flow
rate is positive if fluid flows from A to B, and the pressure differential is determined asp = p_A - p_B.

Settings
FParameters
Orifice area: le-4 m"2 -
Orifice length: 0.01 m -
Flow discharge coefficient: 0.6
Critical Reynolds number: 10
Initial flow rate: 0 m~3/s -

0K ]| Cancel || Help | Apply

Orifice area
Cross-sectional area of the orifice. The default value is 1e-4 m”2.
Orifice length

Total length of the orifice. Generally, increase the geometrical length of the orifice
up to 2 - 0.8 - Dy (where Dy is the orifice hydraulic diameter) to take into account the
added volumes of fluid on both sides of the orifice. The default value is 0.01 m.

Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. The coefficient affects
the resistive pressure drop in the orifice. The default value is 0.6.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The default value is 10.

Initial flow rate

Flow rate through the orifice at the start of simulation. This parameter specifies
the initial condition for use in computing the block's state at the beginning of a
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simulation run. For more information, see “Initial Conditions Computation”. The
default value is O.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
See Also

Fixed Orifice | Fixed Orifice Empirical



Fixed-Displacement Motor (External Efficiencies)

Fixed-Displacement Motor (External Efficiencies)

Fixed-displacement hydraulic motor with externally specified mechanical and volumetric
efficiencies

Library

Pumps and Motors

B

O=p

m 1= mm

Description

The Fixed-Displacement Motor (External Efficiencies) block represents a fixed-
displacement hydraulic motor with both mechanical and volumetric efficiencies provided
through the external physical signal ports. Hydraulic losses are implemented as a
leakage between hydraulic ports, while mechanical losses are introduced through the
friction imposed on the driving shaft. Both the leakage and the friction are determined by
the efficiency values. The ideal hydraulic motor is described with the following equations:

Gqg =D-0©
Tiy=D-p
where
qid Ideal volumetric flow rate
p Pressure differential across the motor
D Displacement
® Angular velocity
T Ideal torque

When accounting for mechanical and hydraulic losses, the flow rate through the motor is
increased by the leakage value
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Qear, =D-0-(1-7y)

and output torque becomes lower due to mechanical losses simulated with the friction
torque

Tpp =Ty (1-npy)

where

Qleak Leakage flow through the motor
nv Volumetric efficiency

Trr Friction torque

nm Mechanical efficiency

For numerical stability purposes, the friction torque is implemented as

27

where @y, is the threshold angular velocity, a parameter that specifies how steeply the
tanh function changes in the vicinity of zero velocity.

Connections A and B are hydraulic conserving ports associated with the motor inlet
and outlet, respectively. Connection S is a mechanical rotational conserving port

associated with the motor shaft. Physical signal ports EV and EM import volumetric and

mechanical efficiencies, respectively. Use a separate block to compute these efficiencies.
The block positive direction is from port A to port B. This means that the flow rate

flowing through the motor from A to B rotates the shaft in positive direction, and positive

pressure differential p = p4 — pg creates positive torque at the motor shaft.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.
*  Hydraulic loss is simulated as leakage through the motor.

*  Mechanical loss is represented with the friction torque applied to the motor shaft.



Fixed-Displacement Motor (External Efficiencies)

Dialog Box and Parameters

“& Block Parameters: Fixed-Displacement Motor (External Efficiencies) @
Fixed-Displacement Motor (External Efficiencies)

The block models a fixed-displacement hydraulic motor with both mechanical and volumetric efficiencies provided
through the external physical signal ports. Hydraulic losses are implemented as a leakage between hydraulic ports
while mechanical losses are introduced through the friction imposed on the driving shaft. Both the leakage and the
friction are determined by the efficiency values. Connections A and B are hydraulic conserving ports associated
with the motor inlet and outlet, respectively. Connection S is a mechanical rotational conserving port associated
with the motor shaft. Physical signal ports EV and EM are introduced to import respectively volumetric and
mechanical efficiency. The block positive direction is from port A to port B. This means that the flow rate flowing
through the motor from A to B rotates the shaft in positive direction, and positive pressure differential p = p_A -
p_B creates positive torque at the motor shaft.

Settings
FParameters
Displacement: Se-6 m~3/rad -
Threshold velocity: le-3 rad/s -
0K H Cancel H Help I Apply
Displacement

Motor displacement. The default value is 5e-6 m”3/rad.
Threshold velocity

This parameter specifies how steeply the tanh function changes in the vicinity of
zero velocity. It is introduced to avoid sharp change in the friction torque. The default
value is 0.001 rad/s.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the motor inlet.
B

Hydraulic conserving port associated with the motor outlet.
S
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Mechanical rotational conserving port associated with the motor shaft.
EV

Physical signal port that imports the motor volumetric efficiency.
EM

Physical signal port that imports the motor mechanical efficiency.

See Also
Hydraulic Motor | Variable-Displacement Motor
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Fixed-Displacement Pump

Fixed-displacement hydraulic pump

Library

Pumps and Motors

=Q..

The Fixed-Displacement Pump block represents a positive, fixed-displacement pump of
any type as a data-sheet-based model. The key parameters required for this block are
pump displacement, volumetric and total efficiencies, nominal pressure, and angular
velocity. All these parameters are generally provided in the data sheets or catalogs. The
fixed-displacement pump is represented with the following equations:

Description

q=D -0k - p

T=D p/Myee
k
Riear, = -
vep
k _ D .wnl?m(l_nV)'Vnom “Prom
HP —
pnom
P =pp—DPr
where
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q Pump delivery

p Pressure differential across the pump
Pp,PT Gauge pressures at the block terminals
T Torque at the pump driving shaft

D Pump displacement

® Pump angular velocity

Kieak Leakage coefficient

Kup Hagen-Poiseuille coefficient

nv Pump volumetric efficiency

Nmech Pump mechanical efficiency

v Fluid kinematic viscosity

) Fluid density

Prom Nominal fluid density

Pnom Pump nominal pressure

®nom Pump nominal angular velocity

Viom Nominal fluid kinematic viscosity

The leakage flow is determined based on the assumption that it is linearly proportional
to the pressure differential across the pump and can be computed by using the Hagen-
Poiseuille formula

B 128w M
p= T['d4 Qleak = kHP Qleak

where

Q1eak Leakage flow

d, 1 Geometric parameters of the leakage path

n Fluid dynamic viscosity, p = vp

The leakage flow at p = ppop and v = v, can be determined from the catalog data
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leak = D(Dnom (1 _nV)
which provides the formula to determine the Hagen-Poiseuille coefficient

D "0y om (1 _nV) “Viom Prom

pnom

kap

The pump mechanical efficiency is not usually available in data sheets, therefore it is
determined from the total and volumetric efficiencies by assuming that the hydraulic
efficiency is negligibly small

Mmech = Niwotal / Ty

The block positive direction is from port T to port P. This means that the pump transfers
fluid from T to P provided that the shaft S rotates in the positive direction. The pressure

differential across the pump is determined as p= pp — pr .

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.

+  No loading on the pump shaft, such as inertia, friction, spring, and so on, is
considered.

* Leakage inside the pump is assumed to be linearly proportional to its pressure
differential.
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Dialog Box and Parameters

"k Block Parameters: Fixed-Displacement Pump @
Fixed-Displacement Pump

This block represents a fixed-displacement pump of any type as a data sheet-based model. The key parameters
required to parameterize the block are the pump displacement, volumetric and total efficiencies, nominal pressure,
viscosity, and angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet, respectively.
Connection S is a mechanical rotational conserving port associated with the pump driving shaft. The block positive
direction is from port T to port B This means that the pump transfers fluid from T to P if shaft S rotates in positive
direction.

Settings
Parameters
Pump displacement: 5e-6 m~3/rad -
Volumetric efficiency: 0.92
Total efficiency: 0.8
Nominal pressure: 100e5 Fa -
Nominal angular velocity: 188 radfs -
Nominal kinematic viscosity: 18 cSt -
Nominal fluid density: 900 kg/m~3 -

0K H Cancel H Help I Apply

Pump displacement
Pump displacement. The default value is 5e-6 m”3/rad.
Volumetric efficiency

Pump volumetric efficiency specified at nominal pressure, angular velocity, and fluid
viscosity. The default value is 0.92.

Total efficiency

Pump total efficiency, which is determined as a ratio between the hydraulic power
at the pump outlet and mechanical power at the driving shaft at nominal pressure,
angular velocity, and fluid viscosity. The default value is 0.8.

Nominal pressure

Pressure differential across the pump, at which both the volumetric and total
efficiencies are specified. The default value is 1e7 Pa.
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Nominal angular velocity

Angular velocity of the driving shaft, at which both the volumetric and total
efficiencies are specified. The default value is 188 rad/s.

Nominal kinematic viscosity

Working fluid kinematic viscosity, at which both the volumetric and total efficiencies
are specified. The default value is 18 cSt.

Nominal fluid density

Working fluid density, at which both the volumetric and total efficiencies are
specified. The default value is 900 kg/m" 3.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the pump suction, or inlet.
P
Hydraulic conserving port associated with the pump outlet.
S
Mechanical rotational conserving port associated with the pump driving shaft.
Examples

The Power Unit with Fixed-Displacement Pump example contains a fixed-displacement
pump, which is driven by a motor through a compliant transmission, a pressure-relief
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valve, and a variable orifice, which simulates system fluid consumption. The motor model
is represented as an Ideal Angular Velocity Source block, which rotates the shaft at 188
rad/s at zero torque. The load on the shaft decreases the velocity with a slip coefficient

of 1.2 (rad/s)/Nm. The load on the driving shaft is measured with the torque sensor. The
shaft between the motor and the pump is assumed to be compliant and simulated with
rotational spring and damper.

The simulation starts with the variable orifice open, which results in a low system
pressure and the maximum flow rate going to the system. The orifice starts closing at
0.5 s, and is closed completely at 3 s. The output pressure builds up until it reaches the
pressure setting of the relief valve (75e5 Pa), and is maintained at this level by the valve.
At 3 s, the variable orifice starts opening, thus returning the system to its initial state.

See Also

Centrifugal Pump | Variable-Displacement Pressure-Compensated Pump | Variable-
Displacement Pump
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Flow Divider

Hydraulic two-path flow divider

Library

Flow Control Valves

o
— a
=1
[
— a

The Flow Divider block simulates a hydraulic two-path flow divider, which consists of a
spring-centered spool installed in a case, as shown in the figure.

Description

Variable onifices

A /\ B
DS
NNVNVY] BV V)
A N
NN SANRNN

Fixed orifices

777

xa

A
L
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The flow from the source enters the valve through port P and is split into two parts
flowing through the P—-A and P-B paths. Each path contains a fixed orifice and a variable
orifice. The fixed orifices must be precisely matched to divide flow in equal parts, or
arranged in a certain proportion if unequal division is required.

The purpose of variable orifices is to maintain a constant pressure drop across the fixed
orifices, regardless of pressure fluctuations at valve outlets. The load increase on any
outlet causes the pressure drop across the spool (and across fixed orifices) to change, and
thus shift the spool. As a result, the passage areas of variable orifices change until the
pressure drop values across the fixed orifices even out.

The model of the flow divider uses the Double-Acting Servo Cylinder, Fixed Orifice, and
Orifice with Variable Area Round Holes blocks. The following figure shows the schematic
diagram of the model. The Double-Acting Servo Cylinder detects the pressure drop and
shifts the variable orifice control member accordingly.

el

Fioed Crifice A Crifice with
ariable Area Round
Haoles A

Double-Acting Servo

Cylinder
—=
— E
Fied Crifice B Crrifice with
ariable Area Round
Holes B

Note: You cannot use this block as a flow combiner. Use the Flow Divider-Combiner
block instead.
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Assumptions and Limitations

* Friction between moving parts is not taken into account.

+ Inertia effects are not taken into account.

*  Fluid compressibility is not taken into account.

+ Leakage flows are assumed to be negligible.

* The hard stops in the Double-Acting Servo Cylinder are assumed to be fully inelastic.

* The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.

Dialog Box and Parameters

"4 Block Parameters: Flow Divider @
Flow Divider

This block models a hydraulic flow divider, the device that splits the incoming flow between two outputs in specified
proportion. The model is built of the Fixed Orifice, Orifice with Variable Area Round Holes, and the Double-Acting
Servo Cylinder. The ratio between output flow rates is set by selecting the fixed area orifices. The pressure drops
across these orifices are maintained practically equal by the divider design. The model is essentially static. No
inertia or fluid compressibility is accounted for. The model can not be used as a flow combiner. Connections B, A,
and B are the hydraulic conserving ports associated with the divider inlet and outlets respectively.

Settings

Fixed orifices | Variable orifices | Servo cylinder

Fixed orifice A area: le-4 m"2 -
Fixed orifice B area: le-4 m"2 -
Fixed orifice A flow discharge
) 0.7
coefficient:
Fixed orifice B flow discharge
) 0.7
coefficient:
Fixed orifice A critical Reynolds 10
number:
Fixed orifice B critical Reynolds 10

number:

[ 0K H Cancel H Help Apply

*  “Fixed Orifices Tab” on page 1-280
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+ “Variable Orifices Tab” on page 1-280
+ “Servo Cylinder Tab” on page 1-281

Fixed Orifices Tab

Fixed orifice A area

The cross-sectional passage area of the fixed orifice in the P-A path. The default
value is 1le-4 m"2.

Fixed orifice B area

The cross-sectional passage area of the fixed orifice in the P-B path. The default
value is 1e-4 m"2.

Fixed orifice A flow discharge coefficient

Semi-empirical parameter defining the capacity of the fixed orifice in the P-A
path. The value depends on the geometrical properties of the orifice, and usually is
provided in textbooks or manufacturer data sheets. The default value is 0.7.

Fixed orifice B flow discharge coefficient

Semi-empirical parameter defining the capacity of the fixed orifice in the P-B
path. The value depends on the geometrical properties of the orifice, and usually is
provided in textbooks or manufacturer data sheets. The default valueis 0.7.

Fixed orifice A critical Reynolds number

The maximum Reynolds number for laminar flow for the fixed orifice in the P-A
path. The transition from laminar to turbulent regime is assumed to take place when
the Reynolds number reaches this value. The default value is 10.

Fixed orifice B critical Reynolds number

The maximum Reynolds number for laminar flow for the fixed orifice in the P-B
path. The transition from laminar to turbulent regime is assumed to take place when
the Reynolds number reaches this value. The default value is 10.

Variable Orifices Tab

Diameter of round holes

Diameter of the round holes in the two identical Variable Orifice with Round Holes
blocks. The default value is 0.005 m.

Number of round holes
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Number of holes in each of the Variable Orifice with Round Holes blocks. The default
value 1is 4.

Variable orifices flow discharge coefficient

Semi-empirical parameter defining the orifice capacity of the Variable Orifice with
Round Holes blocks. The value depends on the geometrical properties of the orifice,
and usually is provided in textbooks or manufacturer data sheets. The default value
is 0.65.

Variable orifice A initial opening

Initial opening of the variable orifice in the P—A path. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or O for zero-lap configuration.
The value of initial opening does not depend on the orifice orientation. The default
value is 0.0025 m.

Variable orifice B initial opening

Initial opening of the variable orifice in the P-B path. The parameter can be positive
(underlapped orifice), negative (overlapped orifice), or O for zero-lap configuration.
The value of initial opening does not depend on the orifice orientation. The default
value is 0.0025 m.

Variable orifice A critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice in the
P—A path. The transition from laminar to turbulent regime is assumed to take place
when the Reynolds number reaches this value. The default value is 10.

Variable orifice B critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice in the
P-B path. The transition from laminar to turbulent regime is assumed to take place
when the Reynolds number reaches this value. The default value is 10.

Variable orifice leakage area

The total area of possible leaks in each variable orifice when it is completely

closed. The main purpose of the parameter is to maintain numerical integrity of

the circuit by preventing a portion of the system from becoming isolated after the
orifice is completely closed. An isolated or “hanging” part of the system could affect
computational efficiency and even cause simulation to fail. Therefore, MathWorks
recommends that you do not set this parameter to 0. The default value is 1€-9 m”2.

Servo Cylinder Tab

Servo cylinder piston area
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The face area of the piston in the servo cylinder. The default value is 1.6e-4 m"2.
Servo cylinder piston stroke

The full piston stroke in the servo cylinder, from one hard stop to another. The piston
is located initially in the middle of the stroke and can travel half a stroke in the
positive and negative direction. The default value is 0.005 m.

Servo cylinder spring rate

The spring rate of the centering springs in the servo cylinder. The default value is
1000 N/m.

Servo cylinder damping coefficient

The damping coefficient in the contact between the piston and the case of the servo
cylinder. The default value is 150 N/(m/s).

Servo cylinder stop penetration coefficient

The penetration property of the piston hard stop in the servo cylinder. The hard
stop is represented as absolutely inelastic, and its property is characterized by the
penetration coefficient. The default value of the coefficient is 1€12 N/m/(m/s).

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
P

Hydraulic conserving port associated with the inlet port P.

Hydraulic conserving port associated with the outlet port A.
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Hydraulic conserving port associated with the outlet port B.

Examples

The Hydraulic System with Flow Divider example shows the use of a Flow Divider block
to split the flow equally between two consumers represented by Orifice with Variable
Area Slot blocks.

See Also

Double-Acting Servo Cylinder | Fixed Orifice | Flow Divider-Combiner | Orifice with
Variable Area Round Holes

1-283


../examples/hydraulic-system-with-flow-divider.html

1 Blocks — Alphabetical List

Flow Divider-Combiner

Hydraulic two-path flow divider-combiner

Library

Flow Control Valves

o

Description ~

The Flow Divider-Combiner block models a hydraulic valve that divides incoming

flow through port P (direct flow) between two outlets, and also maintains a specified
proportion between return flows through ports A and B in the total flow rate through
port P. In other words, the valve works in two distinctive modes: flow divider for direct
flow and flow combiner for reverse flow.

The figure shows a schematic for the flow divider-combiner valve: a) in the divider mode,
and b) in the combiner mode.
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The valve works as a flow divider when fluid is pumped through port P to ports A and B
(schematic figure a). In this mode, fluid passes through fixed orifices in pistons 2 and 5
and through variable orifices formed by round holes in the pistons and case. The pressure
differential across pistons moves them apart from each other proportionally to the piston
areas and the spring 1 and 6 forces. The spring-suspended pistons and the respective
variable orifices work as pressure reducing valves maintaining constant pressure drop
across fixed orifices and thus keeping flow rates through them practically constant. The
flow divider-combiner valve is essentially a combination of two pressure-compensated
flow control valves working in parallel.

For reverse flows (schematic figure b), the pressure differential across pistons forces
them against each other until the gap in the hard stop is cleared. The pistons settle at a
position where pressure drops across fixed orifices are equal, thus maintaining equal flow
rates through branches.
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The model of the flow divider-combiner uses the Fixed Orifice, Orifice with Variable
Area Round Holes, Double-Acting Hydraulic Cylinder (Simple), Translational Hard Stop,
Translational Spring, and Translational Damper blocks, as shown in the block diagram.

Orifice with
Variable Area Round
E Heoles B
Iy Y
‘ Jabe AP
F F
Ideal Trans laticnal Ideal Trans laticnal
Maoticn Sensor B Maotion Sensor A
Damper B Damper A-B Damper A
Py =] Py =] Py =]
= = =
Smring B Spring A-B Spring A
AANS AANS AANS
WYY WYY WYY
4 P R A_ & R P IN
A B ke
o Hard Stop A-B
Piston B PionA
Fieed Orifice B Ficed Orifice A
P S s ]z
| T

5

The table explains the purpose of each model component.

Orifice with

Variable Area Round
9 Holes A
£

Name in the block diagram

Purpose (numbers refer to the
valve schematic)

Name in the actual component
file

Fixed Orifice A Fixed orifice in piston 5 fixed_orifice A
Fixed Orifice B Fixed orifice in piston 2 fixed_orifice_B
Piston A Piston 5 piston_A
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Name in the block diagram

Purpose (numbers refer to the
valve schematic)

Name in the actual component
file

Piston B

Piston 2

piston_B

Hard Stop A-B

Hard stop between pistons 2
and 5

hard_stop_A_B

Spring A Spring 6 spring_A

Spring A-B Spring 4 spring_A_B
Spring B Spring 1 spring_B

Damper A Spring 6 damping damper_A
Damper A-B Spring 4 damping damper_A_B
Damper B Spring 1 damping damper_B

Orifice with Variable Area |Variable orifice created by |variable_orifice_A
Round Holes A round holes in piston 5 and

the case

Orifice with Variable Area
Round Holes B

Variable orifice created by
round holes in piston 2 and
the case

variable_orifice. B

Ideal Translational Motion |Measures piston 5 sensor_A
Sensor A displacement and exports

the measurement to the

Orifice with Variable Area

Round Holes A
Ideal Translational Motion |Measures piston 2 sensor_ B

Sensor B

displacement and exports
the measurement to the
Orifice with Variable Area
Round Holes B

The block orientations in the model are explained by the structure section of the
underlying component file, reproduced below:

connections

connect(P, Fixed_orifice A_A, fixed_orifice B.A, piston_A.B, piston_B.B);
connect(fixed_orifice_A_B, piston_A_A, variable orifice_A.A);
connect(fixed_orifice_B.B, piston_B.A, variable orifice_B.A);
connect(B, variable_orifice B.B);
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connect(A, variable_orifice A_.B);

connect(reference.V, piston_A.C, spring_A.C, damper_A.C, sensor_A_C,
piston_B.C, spring_B.C, damper_B.C, sensor_B.C);

connect(piston_A_R, spring_A.R, hard_stop A B.C, spring_A B.C,
damper_A_R, damper_A B.R, sensor_A.R);

connect(piston_B.R, spring_B.R, hard_stop_A B.R, spring_A B.R,
damper_B_.R, damper_A B.C, sensor_B.R);

connect(sensor_A_P, variable_orifice A.S);

connect(sensor_B.P, variable_orifice B.S);

end

Assumptions and Limitations

The block does not account for inertia, friction, and hydraulic forces. For additional
assumptions and limitations, see the reference pages of the underlying member blocks.
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Dialog Box and Parameters

"4 Block Parameters: Flow Divider-Combiner @
Flow Divider-Combiner

This block models a hydraulic flow divider-combiner valve, which works in two distinct modes: flow divider and
flow combiner.

The valve works as a flow divider when fluid is pumped through port P to ports A and B. In this mode, the valve
splits the flow rate in specified proportion between two outlets.

The flow combiner mode takes place when fluid flows in the opposite direction: from ports A and B to port P The
valve maintains specified proportion between incoming flow rates in the total flow rate through port P,

In the flow divider mode, the valve works as two pressure-compensated flow controls, while in the combiner mode
the valve tends to maintain pressure drops on fixed orifices to be equal.

The block is arranged as a structural model built of the Fixed Orifice, Orifice with Variable Area Round Holes,
Double-Acting Hydraulic Cylinder (Simple), Translational Hard Stop, and Translations Spring blocks.

Connections P, A, and B are the hydraulic conserving ports associated with the valve inlet and outlets respectively.

Settings

Fixed orifices | Pistons | Springs/Dampers | Variable orifices | Hard stop between pistons

Fixed orifice A area: 1.5e-5 m"2 -
Fixed orifice B area: 1.5e-5 m"2 -
Fixed orifice flow discharge

) 0.7
coefficient:
Fixed orifice critical Reynolds 10

number:

[ OK H Cancel H Help Apply

+  “Fixed Orifices Tab” on page 1-290

+ “Pistons Tab” on page 1-290

+  “Springs/Dampers Tab” on page 1-291
* “Variable Orifices Tab” on page 1-292
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+ “Hard Stop Between Pistons Tab” on page 1-293

Fixed Orifices Tab

Fixed orifice A area

The cross-sectional passage area of the fixed orifice in piston 5 (the P-A path). The
default value is 1.5e-5 m"2.

Fixed orifice B area

The cross-sectional passage area of the fixed orifice in piston 2 (the P-B path). The
default value is 1.5e-5 m”"2.

Fixed orifice flow discharge coefficient

Semi-empirical coefficient for fixed orifice capacity characterization. The value
depends on the orifice geometrical properties, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Fixed orifice critical Reynolds number

The maximum Reynolds number for laminar flow in the fixed orifices. The transition
from laminar to turbulent regime is assumed to take place when the Reynolds
number reaches this value. The default value is 10.

Pistons Tab

Piston A area

The face area of Piston A (piston 5). The default value is 2e-4 m”"2.
Piston A stroke

The full stroke of Piston A. The default value is 5 mm.
Piston A initial extension

The initial extension of Piston A. The default value is O m.
Piston B area

The face area of Piston B (piston 2). The default value is 2e-4 m"2.
Piston B stroke

The full stroke of Piston B. The default value is 5 mm.
Piston B initial extension

The initial extension of Piston B. The default value is O m.
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Piston stop penetration coefficient

The penetration property of colliding bodies in the underlying cylinder blocks, which
1s assumed to be absolutely plastic. The default value is 1€12 s*N/m"2.

Springs/Dampers Tab

Spring A rate
Spring rate of Spring A (spring 6). The default value is 13 N/m.
Spring A preload

This parameter sets the initial high-priority target value for the Deformation
variable in the underlying Spring A block. For more information, see “Variable
Priority for Model Initialization”. The default value is 0.1 m.

Damping coefficient A
Damping coefficient of Damper A (spring 6 damping). The default value is 150 N/(m/
s).

Spring B rate
Spring rate of Spring B (spring 1). The default value is 1€3 N/m.

Spring B preload

This parameter sets the initial high-priority target value for the Deformation
variable in the underlying Spring B block. For more information, see “Variable
Priority for Model Initialization”. The default value is -0.1 m.

Damping coefficient B
Damping coefficient of Damper B (spring 1 damping). The default value is 150 N/(m/
s).

Spring A-B rate
Spring rate of Spring A-B (spring 4). The default value is 1€3 N/m.

Spring A-B preload

This parameter sets the initial high-priority target value for the Deformation
variable in the underlying Spring A-B block. For more information, see “Variable
Priority for Model Initialization”. The default value is 0.1 m.

Damping coefficient A_B

Damping coefficient of Damper A-B (spring 4 damping). The default value is 150 N/
(m/s).
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Variable Orifices Tab

Variable orifice A hole diameter

Diameter of the holes in the underlying Orifice with Variable Area Round Holes A
block. The default value is 0.0025 m.

Variable orifice B hole diameter

Diameter of the holes in the underlying Orifice with Variable Area Round Holes B
block. The default value is 0.0025 m.

Number of hole pairs in the variable orifice

Number of holes in each of the Orifice with Variable Area Round Holes blocks. The
default value 1s 4.

Variable orifice flow discharge coefficient

Semi-empirical parameter defining the orifice capacity of the Orifice with Variable
Area Round Holes blocks. The value depends on the geometrical properties of the
orifice, and usually is provided in textbooks or manufacturer data sheets. The default
valueis 0.7.

Variable orifice A initial center distance

Initial opening in the underlying Orifice with Variable Area Round Holes A block.
The parameter value can be positive (underlapped orifice), negative (overlapped
orifice), or equal to zero for zero lap configuration. The default value is 0.0025 m,
which corresponds to the position of piston 5 in the valve schematic drawing.

Variable orifice B initial center distance

Initial opening in the underlying Orifice with Variable Area Round Holes B block.
The parameter value can be positive (underlapped orifice), negative (overlapped
orifice), or equal to zero for zero lap configuration. The default value is -0.0025 m,
which corresponds to the position of piston 2 in the valve schematic drawing.

Variable orifice critical Reynolds number

The maximum Reynolds number for laminar flow through the variable orifice in the
P—A path. The transition from laminar to turbulent regime is assumed to take place
when the Reynolds number reaches this value. The default value is 10.

Variable orifice leakage area

The total area of possible leaks in each variable orifice when it is completely
closed. The main purpose of the parameter is to maintain numerical integrity of
the circuit by preventing a portion of the system from becoming isolated after the
orifice is completely closed. An isolated or “hanging” part of the system could affect
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computational efficiency and even cause simulation to fail. Therefore, MathWorks
recommends that you do not set this parameter to 0. The default value is 1e-9 m”2.

Hard Stop Between Pistons Tab

Hard stop upper bound

Gap between the slider and the upper bound in the underlying Hard Stop block. The
default value is 5.1 mm.

Hard stop lower bound

Gap between the slider and the lower bound in the underlying Hard Stop block. The
default value is 1 mm.

Hard stop stiffness

The elastic property of colliding bodies in the hard stop. The default value is 1€8 N/
m.

Hard stop damping coefficient

The dissipating property of colliding bodies in the hard stop. The default value is 150
N/(m/s).

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

P

Hydraulic conserving port associated with the inlet port P.
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Hydraulic conserving port associated with the outlet port A.

Hydraulic conserving port associated with the outlet port B.

See Also

Double-Acting Hydraulic Cylinder (Simple) | Fixed Orifice | Flow Divider | Orifice
with Variable Area Round Holes | Translational Damper | Translational Hard Stop |
Translational Spring
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Gas-Charged Accumulator

Hydraulic accumulator with gas as compressible medium

Library

Accumulators

Description

This block models a gas-charged accumulator. The accumulator consists of a precharged
gas chamber and a fluid chamber. The fluid chamber is connected to a hydraulic system.
The chambers are separated by a bladder, a piston, or any kind of a diaphragm.

As the fluid pressure at the accumulator inlet becomes greater than the precharge
pressure, fluid enters the accumulator and compresses the gas, storing hydraulic energy.
A decrease in the fluid pressure causes the gas to decompress and discharge the stored
fluid into the system.

During typical operations, the pressure in the gas chamber is equal to the pressure

in the fluid chamber. However, if the pressure at the accumulator inlet drops below

the precharge pressure, the gas chamber becomes isolated from the system. In this
situation, the fluid chamber is empty and the pressure in the gas chamber remains
constant and equal to the precharge pressure. The pressure at the accumulator inlet
depends on the hydraulic system to which the accumulator is connected. If the pressure
at the accumulator inlet builds up to the precharge pressure or higher, fluid enters the
accumulator again.

The motion of the separator between the fluid chamber and the gas chamber is restricted
by two hard stops that limit the expansion and contraction of the fluid volume. The fluid
volume is limited when the fluid chamber is at capacity and when the fluid chamber

is empty. The hard stops are modeled with finite stiffness and damping. This means

that it is possible for the fluid volume to become negative or greater than the fluid
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chamber capacity, depending on the values of the hard-stop stiffness coefficient and the
accumulator inlet pressure.

Ve Vr — Vg

. 3
W
F 3

qr

Ve

ead
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WoR ¢ W

H

Vr

The diagram represents a gas-charged accumulator. The total accumulator volume (V)
is divided into the fluid chamber on the left and the gas chamber on the right by the
vertical separator. The distance between the left side and the separator defines the
fluid volume (VF). The distance between the right side and the separator defines the
gas volume (Vi — V). The fluid chamber capacity (V) is less than the total accumulator
volume (Vr) so that the gas volume never becomes zero.

The hard stop contact pressure is modeled with a stiffness term and a damping term.
The relationship of the gas pressure and gas volume between the current state and

the precharge state is given by the polytropic relation, with pressure balanced at the
separator:

3 k
(pg +pa)(Vp = V)" =(Ppr +Pa) V7
Pr =DPg tPHs
Ve =Vr ~Viea

Kg(Vp Ve )+ Kaap (Vi -Ve) ifVE2Ve
0 otherwise



Gas-Charged Accumulator

F=10  otherwise
qr = .
0  otherwise

where

1%\ Total volume of the accumulator, including the fluid chamber and the gas
chamber

Ve Volume of fluid in the accumulator

Vinit Initial volume of fluid in the accumulator

Ve Fluid chamber capacity, the difference between total accumulator volume and
the gas chamber dead volume

Viead Gas chamber dead volume, a small portion of the gas chamber that remains
filled with gas when the fluid chamber is at capacity

DF Fluid pressure (gauge) in the fluid chamber, which is equal to the pressure at
the accumulator inlet

Popr Pressure (gauge) in the gas chamber when the fluid chamber is empty

Pa Atmospheric pressure

pa Gas pressure (gauge) in the gas chamber

DPHS Hard-stop contact pressure

K, Hard-stop stiffness coefficient

Ky Hard-stop damping coefficient

k Specific heat ratio (adiabatic index)

qF Fluid flow rate into the accumulator, which is positive if fluid flows into the

accumulator

The flow rate into the accumulator is the rate of change of the fluid volume:
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At t = 0, the initial condition is VF = Vj,;, where Vi, is the value you assign to the Initial
fluid volume parameter.

The Gas-Charged Accumulator block does not consider loading on the separator. To
model additional effects, such as the separator inertia and friction, you can construct a
gas-charged accumulator as a subsystem or a composite component, similar to the block
diagram below.

iy
Translational Hard
Stop

E I P
G l Constant Area
4 > Pneumatic Orifice
Single-Acting Translational Damper
Hydraulic Cylinder Pneumatic

{Simple) i Perfect Insulator T Atmospheric
Reference

Preumatic Piston
Chamber

Mechanical
Translational

= Reference
o >v <>

PS5 Gain ¥

Basic Assumptions and Limitations

* The process in the gas chamber 1s assumed to be polytropic.
* Loading on the separator, such as inertia or friction, is not considered.
* Inlet hydraulic resistance is not considered.

*  Fluid compressibility is not considered.
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Dialog Box and Parameters

"4 Block Parameters: Gas-Charged Accumulator @
Gas-Charged Accumulator

This block models a gas-charged hydraulic fluid accumulator. The accumulator consists of a precharged gas
chamber and a fluid chamber. The fluid chamber is connected to a hydraulic system. The chambers are separated
by a bladder, a piston, or any kind of a diaphragm.

As the fluid pressure at the accumulator inlet becomes greater than the precharge pressure, fluid enters the
accumulator and compresses the gas, storing hydraulic energy. A decrease in the fluid pressure causes the gas to
decompress and discharge stored fluid into the system. The separator motion is restricted by a hard stop when the
fluid volume is zero and when the fluid volume is at the fluid chamber capacity. The fluid chamber capacity is the
total accumulator volume minus the minimum gas volume.

Fluid compressibility, inlet hydraulic resistance, and separator properties such as inertia and damping are not
modeled. The process in the gas chamber is assumed to be polytropic.

The block has one hydraulic conserving port. The flow rate is positive if fluid flows into the accumulator.

Settings

FParameters

Total accumulator volume: 8e-3 m~3 -
Minimum gas volume: 4e-5 m*3 -
Precharge pressure (gauge): 10e5 Pa -
Specific heat ratio: 1.4

Initial fluid volume: 0 m~3 -
Hard-stop stiffness coefficient: 1lell Pa/m~3 -
Hard-stop damping coefficient: lel0 s*Pa/m~6 -

0K ]| Cancel || Help | Apply

Total accumulator volume

Total volume of the accumulator including the fluid chamber and the gas chamber. It
is the sum of the fluid chamber capacity and the minimum gas volume. The default
value is 8e-3 m”3.

Minimum gas volume

Gas chamber dead volume, a small portion of the gas chamber that remains filled
with gas when the fluid chamber is at capacity. A nonzero volume is necessary so
that the gas pressure does not become infinite when the fluid chamber is at capacity.
The default value is 4e-5 m” 3.
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Precharge pressure (gauge)

Pressure (gauge) in the gas chamber when the fluid chamber is empty. The default
value is 10e5 Pa.

Specific heat ratio

Specific heat ratio (adiabatic index). To account for heat exchange, you can set it to
a value between 1 and 2, depending on the properties of the gas in the gas chamber.
For dry air at 20°C, this value is 1 for an isothermal process and 1.4 for an adiabatic
(and isentropic) process. The default value is 1.4.

Initial fluid volume

Initial volume of fluid in the accumulator. If the initial volume is such that the initial
gas pressure does not match the initial system pressure at the hydraulic conserving
port, there may be a large initial flow rate to reach equilibrium. The default value is
0 m”"3.

Hard-stop stiffness coefficient

Proportionality constant of the hard-stop contact pressure with respect to the fluid
volume penetrated into the hard stop. The hard stops are used to restrict the fluid
volume between zero and fluid chamber capacity. The default value is 1€10 Pa/m"3.

Hard-stop damping coefficient

Proportionality constant of the hard-stop contact pressure with respect to the flow
rate and the fluid volume penetrated into the hard stop. The hard stops are used to
restrict the fluid volume between zero and fluid chamber capacity. The default value
is 110 Pa*s/m"6.

Global Parameters

Atmospheric pressure

Absolute pressure of the environment. The default value is 101325 Pa.

Ports

The block has one hydraulic conserving port associated with the accumulator inlet.

The flow rate is positive if fluid flows into the accumulator.
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See Also

Spring-Loaded Accumulator
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Gate Valve

Hydraulic gate valve

Library

Flow Control Valves

DHF'*‘

Description

The Gate Valve block models a valve consisting of a round orifice in the valve housing
and a flat gate, which moves perpendicular to the orifice axis. The orifice in the gate has
the same diameter as the orifice in the housing. As the gate moves, it opens or closes the
valve passage (shown as a shaded area in the following illustration).
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D : Gate

i
1
I
1
1
i
i
i
I
i
i

Valve orifice /!

The flow rate through the valve is proportional to the valve opening and to the pressure
differential across the valve. The flow rate is determined according to the following
equations:

2
q:CD.A(h)\P.#M
P (p2+pgr)

P=pPp—DPB
2
p Recr'v
Per = | 7
2\ Cp-Dy
h=xy+x
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Aok for h<=0orh >2D

. __—}oc=acos1—%‘ forO<h<=2D

where
q Flow rate
p Pressure differential

Pa, PB Gauge pressures at the block terminals

Ch Flow discharge coefficient

A(h) Instantaneous orifice passage area

X Initial opening

X Gate displacement from initial position
h Valve opening

D Orifice diameter

o) Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Valve instantaneous hydraulic diameter
Aleax Closed valve leakage area

Connections A and B are hydraulic conserving ports. Connection S is a physical signal
port that controls the gate displacement. The block positive direction is from port A to
port B. This means that the flow rate is positive if it flows from A to B, and the pressure

differential is determined as p = p4 — pg . Positive signal at the physical signal port S

opens the valve.



Gate Valve

Basic Assumptions and Limitations

* No inertial effects are taken into account.

Dialog Box and Parameters

"4 Block Parameters: Gate Valve @
Gate Valve

The block models a gate valve created by a thin flat plate with an orifice and a round sharp-edged orifice in the
housing. Both orifices have the same radius. The valve passage area is controlled with the plate displacement. At
initial position, the valve is fully closed. The flow rate through the valve is proportional to the passage area and to
the pressure differential across the valve. The model accounts for the laminar and turbulent flow regimes by
monitoring the Reynolds number and comparing its value with the critical Reynolds number. Connections A and B
are conserving hydraulic ports associated with the valve inlet and outlet, respectively. Connection S is a physical
signal port associated with the motion of the valve control member. Positive signal at port S opens the valve. The
block positive direction is from port A to port B.

Settings
Parameters
Valve orifice diameter: 0.01 m -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K ]| Cancel || Help Apply

Valve orifice diameter

The diameter of the valve orifice. The orifices in the valve housing and in the gate
have the same diameter. The default value is 0.01 m.

Initial opening

The initial opening of the valve. The parameter can take both positive and negative
values. The default value is O.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0. 65.
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Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

Physical signal port that controls the gate displacement. The signal applied to this
port is treated as translational motion, in meters.



Gate Valve

See Also
Ball Valve | Ball Valve with Conical Seat | Needle Valve | Poppet Valve | Pressure-
Compensated Flow Control Valve
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Gradual Area Change

Gradual enlargement or contraction

Library

Local Hydraulic Resistances

n-,&-l:d__:]-E-n
Description

The Gradual Area Change block represents a local hydraulic resistance, such as a
gradual cross-sectional area change. The resistance represents a gradual enlargement
(diffuser) if fluid flows from inlet to outlet, or a gradual contraction if fluid flows from
outlet to inlet. The block is based on the Local Resistance block. It determines the
pressure loss coefficient and passes its value to the underlying Local Resistance block.
The block offers two methods of parameterization: by applying semi-empirical formulas
(with a constant value of the pressure loss coefficient) or by table lookup for the pressure
loss coefficient based on the Reynolds number.

If you choose to apply the semi-empirical formulas, you provide geometric parameters
of the resistance, and the pressure loss coefficient is determined according to the A.H.
Gibson equations (see [1] and [2]):

2
K, [1—ﬁ] 26sine for 0 < o <= 45°
A 2
L

Kgg =

A2
K., [1——SJ for 45° < o < 180°
Ar



Gradual Area Change

A 0.75 o
K., 05 1-——= «1.6sin— for0 < o <= 45°
AL 2

K = A 075 =
K05 1-—+ «fsin=  for 45° < a < 180°
Ap 2
where
Kge Pressure loss coefficient for the gradual enlargement, which takes place if
fluid flows from inlet to outlet
Kge Pressure loss coefficient for the gradual contraction, which takes place if fluid
flows from outlet to inlet
Keor Correction factor
As Small area
A Large area
a Enclosed angle

E _____

If you choose to specify the pressure loss coefficient by a table, you have to provide a
tabulated relationship between the loss coefficient and the Reynolds number. In this
case, the loss coefficient is determined by one-dimensional table lookup. You have a
choice of three interpolation methods and two extrapolation methods.
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The pressure loss coefficient, determined by either of the two methods, is then passed

to the underlying Local Resistance block, which computes the pressure loss according

to the formulas explained in the reference documentation for that block. The flow

regime is checked in the underlying Local Resistance block by comparing the Reynolds
number to the specified critical Reynolds number value, and depending on the result, the
appropriate formula for pressure loss computation is used.

The Gradual Area Change block is bidirectional and computes pressure loss for both

the direct flow (gradual enlargement) and return flow (gradual contraction). If the loss
coefficient is specified by a table, the table must cover both the positive and the negative
flow regions.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate is
positive if fluid flows from A to B, and the pressure loss is determined as p= p4 — pg.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

+ If you select parameterization by semi-empirical formulas, the transition between
laminar and turbulent regimes is assumed to be sharp and taking place exactly at
Re=Re,,.

+ If you select parameterization by the table-specified relationship K=f(Re), the flow is
assumed to be turbulent.



Gradual Area Change

Dialog Box and Parameters

"k Block Parameters: Gradual Area Change @
Gradual Area Change

The block represents a local hydraulic resistance, such as a gradual cross-sectional area change. The resistance is
characterized as a diffuser if fluid flows from inlet to outlet, or as a gradual contraction if fluid flows from outlet to
inlet. The block offers two methods of the loss coefficient specification: by applying semi-empirical formulas or by
table-lookup for the pressure loss coefficient based on the Reynolds number. The block is bidirectional and
computes pressure loss for both the direct flow (gradual enlargement) and return flow (gradual contraction). If the
second parameterization option is selected (By loss coefficient vs. Re table), the table must cover both the positive
and the negative regions.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Parameters
Small diameter: 0.01 m -
Large diameter: 0.02 m -
Cone angle: 30 deg -
Model parameterization: By semi-empirical formulas -
Correction coefficient: 1
Critical Reynolds number: 350

0K H Cancel H Help Apply

Small diameter
Resistance small diameter. The default value is 0.01 m.
Large diameter

Resistance large diameter. The default value is 0.02 m. This parameter is used if
Model parameterization is set to By semi-empirical formulas.

Cone angle

The enclosed angle. The default value is 30 deg. This parameter is used if Model
parameterization is set to By semi-empirical formulas.

Model parameterization

Select one of the following methods for block parameterization:
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* By semi-empirical formulas — Provide geometrical parameters of the
resistance. This is the default method.

* By loss coefficient vs. Re table — Provide tabulated relationship
between the loss coefficient and the Reynolds number. The loss coefficient
is determined by one-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods. The table must cover both
the positive and the negative flow regions.

Correction coefficient

Correction factor used in the formula for computation of the loss coefficient. The
default value is 1. This parameter is used if Model parameterization is set to By
semi-empirical formulas.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the geometrical profile. You can find
recommendations on the parameter value in hydraulics textbooks. The default value
1s 350. This parameter is used if Model parameterization is set to By semi-
empirical formulas.

Reynolds number vector

Specify the vector of input values for Reynolds numbers as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values are [-4000, -3000, -2000,
-1000, -500, -200, -100, -50, -40, -30, -20, -15, -10, 10, 20,
30, 40, 50, 100, 200, 500, 1000, 2000, 4000, 5000, 10000]. This
parameter is used if Model parameterization is set to By loss coefficient
vs. Re table.

Loss coefficient vector

Specify the vector of the loss coefficient values as a one-dimensional array. The
loss coefficient vector must be of the same size as the Reynolds numbers vector.
The default values are [0.25, 0.3, 0.65, 0.9, 0.65, 0.75, 0.90, 1.15,
1.35, 1.65, 2.3, 2.8, 3.10, 5, 2.7, 1.8, 1.46, 1.3, 0.9, 0.65,
0.42, 0.3, 0.20, 0.40, 0.42, 0.25]. This parameter is used if Model
parameterization is set to By loss coefficient vs. Re table.

Interpolation method



Gradual Area Change

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization

+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.
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Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the resistance inlet.
B

Hydraulic conserving port associated with the resistance outlet.
References

[1] Flow of Fluids Through Valves, Fittings, and Pipe, Crane Valves North America,
Technical Paper No. 410M

[2] Idelchik, I.E., Handbook of Hydraulic Resistance, CRC Begell House, 1994

See Also

Elbow | Local Resistance | Pipe Bend | Sudden Area Change | T-junction



Hydraulic 4-Port Cartridge Valve Actuator

Hydraulic 4-Port Cartridge Valve Actuator

Double-acting hydraulic valve actuator driven by four pressures

Library

Valve Actuators

Description

The Hydraulic 4-Port Cartridge Valve Actuator block represents a double-acting
hydraulic valve actuator driven by four pressures. Use it as a pilot actuator for cartridge
valves, pilot-operated pressure and control valves, and similar devices. A schematic
diagram of the 4-port cartridge valve actuator is shown in the following illustration.

Ty

A

The actuator drives a valve (spool, poppet, and so on) whose position depends on
pressures at ports A, B, X, and Y and the spring force. Pressures at ports A and B tend
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to open the valve, while pressures at control ports X and Y, together with the spring
force, act to close it. The model does not account for flow consumption and loading forces,
except spring and pressure forces.

Inertial properties of the actuator are accounted for by adding a first order lag between
the steady-state and actual valve displacements. The lag is simulated with the
combination of the PS Gain and PS Integrator blocks, enveloped by the unity feedback.

The valve remains closed as long as the aggregate pressure force is lower than the spring
preload force. The poppet is forced off its seat as the preload force is reached and moves

up proportionally to pressure increase until it passes the full stroke.

The force acting on the poppet and the poppet displacement are computed with the
following equations:

Fp=py-Ap+pp-Ap—px -Ax — Dy Ay

0 fOI'FP <=FPR
Xs = (FP_FPR)/kspr for Fpg < Fp <FPR+kspr'xmax

*max for FP >= FPR + kspr * Xmax
1
= xS _—
Ts+1
where
Fp Pressure force acting on the poppet

pa P, |Pressures at ports A, B, X, and Y, respectively
DPx, Py

Ay Ap, |Areas at ports A, B, X, and Y, respectively. Areas at ports A and Y are block
Ay, Ay |parameters. Area at port X is specified by its ratio to that at port A, A4/ Ax.
Area at port B is determined as Ag = Ax— Ay4.

x Actual poppet displacement

Xs Steady-state poppet displacement
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Full stroke

Xmax
Fpp Spring preload force
Rspr Spring rate

Connections A, B, X, and Y are hydraulic conserving ports associated with the actuator
ports. Connection P is a physical signal port whose output corresponds to poppet
displacement. Pressures applied at ports A and B move the poppet in the positive or
negative direction, depending on the value of the Actuator orientation parameter.
Pressures at ports X and Y act in the opposite direction to pressures at ports A and B.

Basic Assumptions and Limitations

+  The flow consumption associated with the valve motion is assumed to be negligible.

+ The inertia, friction, and hydraulic axial forces are assumed to be small and are not
taken into account.
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Dialog Box and Parameters

"k Block Parameters: Hydraulic 4-Port Cartridge Valve Actuator @
Hydraulic 4-Port Cartridge Valve Actuator

This block represents a double-acting hydraulic valve actuator driven by four pressures. Such devices are used as a
pilot actuator for cartridge valves, pilot-operated pressure and flow control valves, etc. The actuator can be used to
drive a valve (spool, poppet, etc.) whose position depends on pressures at ports A, B, X, Y and spring force.
Pressures at ports A and B tend to open the valve, while pressure at control ports X and Y together with the spring
force act to close it. The model does not account for flow consumption and loading forces except those of spring
and pressure forces. Inertial properties of the actuator are accounted for by adding a first order lag between the
steady-state and actual valve displacements. The lag is simulated with the combination of the PS Gain and PS
Integrator blocks enveloped by the unity feedback.

The valve remains closed as long as the aggregate pressure force is lower than the spring preload force. The
poppet is forced off its seat as the preload force is reached and moves up proportionally to pressure increase until
it passes the full stroke.

Connections A, B, X, and Y are hydraulic conserving ports associated with the actuator ports. Connection Pisa
physical signal port whose output corresponds to piston displacement. Pressures applied at ports A and B tend to
maove the valve in positive or negative direction depending on the value of the Actuator Orientation parameter.
Pressures at port X and Y act always opposite to pressures at port A and B.

Settings

Parameters

Fort A poppet area: 3.3e-4 m*2 -

Port A to port X area ratio: 0.66

Port ¥ piston area: 1.65e-4 m*2 -

Preload force: 26 N -

Spring rate: 1.4e+4 N/m -

Poppet stroke: 0.005 m -

Poppet-seat initial gap: 0 m -

Time constant: 0.01 s -

Actuator orientation: Acts in positive direction ']
0K ] I Cancel I I Help I Apply

Port A poppet area

Effective poppet area at port A. The parameter value must be greater than zero. The
default value is 3.3e-4 m"2.

Port A to port X area ratio
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Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Port Y piston area

Effective piston area at port Y. The parameter value must be greater than zero. The
default value is 1.65e-4 m”"2.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than zero. The
default value is 5e-3 m.

Poppet-seat initial gap

Initial gap between the poppet and the seat. The parameter value must be greater
than or equal to zero. The default value is O.

Time constant
Time constant of the first-order lag. The default value is 0.01 s.
Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
moves the poppet in the positive or in the negative direction when pressure is applied
at its inlet. If pressures applied at ports A and B move the poppet in the negative
direction, set the parameter to Acts in negative direction. The default value
is Acts iIn positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.

Ports

The block has the following ports:
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A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
X

Hydraulic conserving port associated with the valve control terminal.
Y

Hydraulic conserving port associated with the valve control terminal.
P

Physical signal port that outputs poppet displacement.
Examples

For an example of using this block, see the Hydraulic Actuation System with Cartridge
Valves example.

See Also
Hydraulic Cartridge Valve Actuator


../examples/hydraulic-actuation-system-with-cartridge-valves.html
../examples/hydraulic-actuation-system-with-cartridge-valves.html

Hydraulic Cartridge Valve Actuator

Hydraulic Cartridge Valve Actuator

Double-acting hydraulic actuator for cartridge valves

Library

Valve Actuators

WV

Description

Use the Hydraulic Cartridge Valve Actuator block as a pilot actuator for cartridge valves,
as well as pilot-operated pressure and control valves in applications where all the forces,
except spring and pressure forces, and flow consumption can be neglected. This block
represents a double-acting hydraulic valve actuator driven by three pressures. The
actuator drives a valve (spool, poppet, etc.) whose position depends on pressures at ports
A, B, and X and the force of the spring. Pressures at ports A and B tend to open the valve,
while pressure at control port X together with the spring force act to close it.

Inertial properties of the actuator are accounted for by adding a first order lag between
the steady-state and actual valve displacements. The lag is simulated with the
combination of the PS Gain and PS Integrator blocks, enveloped by the unity feedback.

The valve remains closed as long as the aggregate pressure force is lower than the spring
preload force. The poppet is forced off its seat as the preload force is reached and moves
up proportionally to pressure increase until it passes the full stroke.

Connections A, B, and X are hydraulic conserving ports associated with the actuator
ports. Connection P is a physical signal port whose output corresponds to poppet
displacement. Pressures applied at ports A and B move the poppet in the positive or
negative direction, depending on the value of the Actuator orientation parameter, with
pressure at port X acting in the opposite direction.

Basic Assumptions and Limitations

*  The flow consumption associated with the valve motion is assumed to be negligible.
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* The inertia, friction, and hydraulic axial forces are assumed to be small and are not
taken into account.

* The clearances between the valve and the washers are not taken into account.

Dialog Box and Parameters

==l

“& Block Parameters: Hydraulic Cartridge Valve Actuator
Hydraulic Cartridge Valve Actuator

This block represents a double-acting hydraulic valve actuator driven by three pressures. Such devices are used as
a pilot actuator for cartridge valves, pilot-operated pressure and control valves, etc. The actuator drives a valve
(spool, poppet, etc.) whose position depends on pressures at ports A, B, and X and force of the spring. Pressures
at ports A and B tend to open the valve, while pressure at control port X together with the spring force act to close
it. The model does not account for flow consumption and loading forces except those of spring and pressure
forces. Inertial properties of the actuator are accounted for by adding a first order lag between the steady-state
and actual valve displacements. The lag is simulated with the combination of the PS Gain and PS Integrator blocks
enveloped by the unity feedback.

The valve remains closed as long as the aggregate pressure force is lower than the spring preload force. The
poppet is forced off its seat as the preload force is reached and moves up proportionally to pressure increase until
it passes the full stroke.

Connections A, B, and X are hydraulic conserving ports associated with the actuator ports. Connection P is a
physical signal port whose output corresponds to piston displacement. Pressures applied at ports A and B move the
valve in positive or negative direction depending on the value of the Actuator Orientation parameter. Pressure at
port X acts always opposite to pressures at port A and B.

Settings

Parameters

Fort A poppet area: 3.3e-4 m*2 -
Port A to port X area ratio: 0.66

Preload force: 26 N -
Spring rate: 1.4e+4 N/m -
Poppet stroke: 0.005 m -
Poppet-seat initial gap: 0 m -
Time constant: 0.01 s -
Actuator orientation: Acts in positive direction ']

0K H Cancel H Help

I

Apply

Port A poppet area
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Effective poppet area at port A. The parameter value must be greater than zero. The
default value is 3.3e-4 m”"2.

Port A to port X area ratio

Ratio between poppet areas at port A and port X. The parameter value must be
greater than zero. The default value is 0.66.

Preload force

Spring preload force. The default value is 26 N.
Spring rate

Spring rate. The default value is 1.4e4 N/m.
Poppet stroke

Maximum poppet stroke. The parameter value must be greater than or equal to zero.
The default value is 5e-3 m.

Poppet-seat initial gap

Initial gap between the poppet and the seat. The parameter value must be greater
than or equal to zero. The default value is O.

Time constant
Time constant of the first-order lag. The default value is 0.01 s.
Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
moves the poppet in the positive or in the negative direction when pressure is applied
at its inlet. If pressures applied at ports A and B move the poppet in the negative
direction, set the parameter to Acts in negative direction. The default value
is Acts iIn positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.

Ports

The block has the following ports:
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A
Hydraulic conserving port associated with the valve inlet.
B
Hydraulic conserving port associated with the valve outlet.
X
Hydraulic conserving port associated with the valve control terminal.
P
Physical signal port that outputs poppet displacement.
See Also

2-Position Valve Actuator | 3-Position Valve Actuator | Cartridge Valve Insert |
Hydraulic Double-Acting Valve Actuator | Hydraulic Single-Acting Valve Actuator |
Proportional and Servo-Valve Actuator



Hydraulic Double-Acting Valve Actuator

Hydraulic Double-Acting Valve Actuator

Double-acting hydraulic valve actuator

Library

Valve Actuators

B

Use the Hydraulic Double-Acting Valve Actuator block as a pilot actuator for directional,
pressure, or flow control valves in applications where all the forces, except spring

force, and flow consumption can be neglected. The actuator consists of two single-

acting actuators acting against each other. Each single-acting actuator consists of a
piston, centering spring, and centering washer. When control pressure is applied to
either hydraulic port, only one centering spring is compressed by its washer while the
other butts against the valve body and exerts no force on the spool. When both control
pressures are released, the springs force the washers against the valve body, and the
spool centers between them. This design allows each actuator to have a different spring,
preload force, and piston area.

Description

- Y chamber
) X

¥ chamber
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As pressure applied to the piston develops enough force to overcome the spring preload,
the piston moves to the opposite position until it reaches its maximum stroke. Pressure
applied at port X shifts the valve in the x-direction, overcoming the spring located in the
Y chamber. Pressure applied at port Y shifts the valve in the y-direction, overcoming the
spring located in the X chamber.

The actuator is simulated according to the following equations:

F = px'Ax _py'Ay

stry
L, =
K maxy ~ F pry
If F>=0,
0 for F <=F,,,
§={Lys(F~Fpyy Jor forFp., <F<Fpuy,
strysor for F >=F, .y,
IfF<o0,
0 for |F |<=F),,
§=4=Lyo(| F | ~Fpp Jror  for Fpp <|F |< Fpaxs
—str, ~or for |F >=F .« x
where
‘F |Force acting on the valve




Hydraulic Double-Acting Valve Actuator

s Piston displacement

Dx Pressure in the actuator X chamber
Dy Pressure in the actuator Y chamber
A, Valve face area in the X chamber
A, Valve face area in the Y chamber
Str, Valve stroke in x-direction

stry Valve stroke in y-direction

/- Chamber X spring preload force
Forone Chamber X spring maximum force
s Chamber Y spring preload force
Dz Chamber Y spring maximum force
or Actuator orientation with respect to the globally assigned positive direction. If

pressure applied at port X moves the piston in positive direction, or equals 1.
If pressure applied at port X moves the piston in negative direction, or equals

1.

Connections X and Y are hydraulic conserving ports associated with the valve chambers.
Connection P is a physical signal port whose output corresponds to piston displacement.
Pressure applied at port X moves the piston in the positive or negative direction
depending on the value of the Actuator orientation parameter.

Basic Assumptions and Limitations

*  The flow consumption associated with the valve motion is assumed to be negligible.

+ The inertia, friction, and hydraulic axial forces are assumed to be small and are not
taken into account.

* The clearances between the valve and the washers are not taken into account.
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Dialog Box and Parameters

"k Block Parameters: Hydraulic Double-Acting Valve Actuator @
Hydraulic Double-Acting Valve Actuator

This block represents a double-acting hydraulic valve actuator. Use it as a pilot actuator for directional, pressure, or
flow control valves in applications where all the forces, except spring force, and flow consumption can be
neglected.

The actuator consists of two single-acting actuators acting against each other. Each single-acting actuator consists
of a piston, centering spring, and centering washer. When control pressure is applied to either hydraulic port, only
one centering spring is compressed by its washer while the other butts against the valve body and exerts no force
on the spool. When both control pressures are released, the springs force the washers against the valve body, and
the spool centers between them. This design allows each actuator to have a different spring, preload force, and
piston area. As pressure applied to the piston develops enough force to overcome the spring preload, the piston
moves to the opposite position until it reaches its maximum stroke. Pressure applied at port X shifts the valve in the
X¥-direction, overcoming the spring located in the Y chamber. Pressure applied at port Y shifts the valve in the Y-
direction, overcoming the spring located in the X chamber.

Connections X and Y are hydraulic conserving ports associated with the valve chambers. Connection P is a physical
signal port whose output corresponds to piston displacement. Pressure applied at port X moves the piston in the
positive or negative direction depending on the value of the Actuator orientation parameter.

Settings

Parameters

Fiston area at port X: 2e-4 m*2 -
Fiston area at port Y: 2e-4 m*2 -
Preload force at port X: 0 N -
Preload force at port ¥: 0 N -
Spring maximum force at port X: 50 M -
Spring maximum force at portY: 50 M -
Piston stroke at port X: 0.005 m -
Piston stroke at port Y: 0.005 m -
Actuator orientation: Acts in positive direction ']

0K H Cancel H Help I Apply

Piston area at port X

Effective piston area at port X. The parameter value must be greater than zero. The
default value is 2e-4 m*2.

Piston area at port Y
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Effective piston area at port Y. The parameter value must be greater than zero. The
default value is 2e-4 m*2.

Preload force at port X

Spring preload force at port X. The default value is 0.
Preload force at port Y

Spring preload force at port Y. The default value is O.
Spring maximum force at port X

Chamber X spring maximum force. The parameter value must be greater than the
spring preload force. The default value is 50 N.

Spring maximum force at port Y

Chamber Y spring maximum force. The parameter value must be greater than the
spring preload force. The default value is 50 N.

Piston stroke at port X

Piston stroke in chamber X. The parameter value must be greater than or equal to
zero. The default value is 5e-3 m.

Piston stroke at port Y

Piston stroke in chamber Y. The parameter value must be greater than or equal to
zero. The default value is 5e-3 m.

Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
moves the piston in the positive or in the negative direction when pressure is applied
at its inlet. If pressure applied at port X moves the piston in the negative direction,
set the parameter to Acts In negative direction. The default value is Acts in
positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.
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Ports

The block has the following ports:

X

Hydraulic conserving port associated with the valve X chamber.
Y

Hydraulic conserving port associated with the valve Y chamber.
P

Physical signal port that outputs piston displacement.
Examples

The following illustration shows a typical control unit of a variable-displacement pump
that provides load sensing and pressure limiting (see [1]). In the unit, the load-sensing
compensator varies the pump displacement to maintain a preset pressure differential
across the variable orifice, while the pressure-limiting compensator does not allow the
pump pressure to exceed the pressure limit.

Pressure limiting compensatar Load sensing compensator

Pump pressure
Load pressure
[ Mstered pressure T —
[ Exhaust

Pressure

at pump outlet Variable orifice

The Hydraulic Actuator with Load-Sensing Variable-Displacement Pump example
implements this type of control. The next illustration shows the schematic of the Load-
Sensing and Pressure-Limiting Control block in the example model.


../examples/hydraulic-actuator-with-load-sensing-variable-displacement-pump.html

Hydraulic Double-Acting Valve Actuator
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There are three hydraulic valve actuators in the model:

* SAl — A single-acting actuator that controls the Pressure-Limiting Valve.

*  SA — A single-acting valve actuator that acts on the pump displacement control
device (yoke control).

+ DAA — A double-acting valve actuator that controls the Load-Sensing Valve. Its
output is proportional to the difference between the pump pressure (port P) and the
load pressure (port A).

Open the example model to see the parameter settings for the blocks.

References

[1] F. Yeapple, Fluid Power Design Handbook, Marcel Dekker, Inc., 1995

See Also
2-Position Valve Actuator | 3-Position Valve Actuator | Hydraulic Single-Acting Valve
Actuator | Proportional and Servo-Valve Actuator
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Hydraulic Fluid

Working fluid properties, set by selecting from list of predefined fluids

Library

Hydraulic Utilities

g}

Description

The Hydraulic Fluid block lets you specify the type of hydraulic fluid used in a loop of
hydraulic blocks. It provides the hydraulic fluid properties, such as kinematic viscosity,
density, and bulk modulus, for all the hydraulic blocks in the loop. These fluid properties
are assumed to be constant during simulation time. The density is determined by the
type of fluid, while kinematic viscosity additionally requires that the temperature is
specified.

The bulk modulus value shown in the block dialog box is the bulk modulus of pure liquid,
and is determined by the type of fluid and by the temperature. When the fluid properties
are used in hydraulic blocks, such as Constant Volume Hydraulic Chamber or Variable
Hydraulic Chamber, the fluid is represented as a mixture of liquid and a small amount of
entrained, nondissolved gas, which is specified in the Hydraulic Fluid block as Relative
amount of trapped air. The mixture bulk modulus in these blocks is determined as:

1/n
1 CL[ Py ]
E=E Pa P

1/n
Py
1+a w1 2
n(py +p) n
where
E; Pure liquid bulk modulus




Hydraulic Fluid

Bulk modulus (Pa)

Pa Atmospheric pressure

a Relative gas content at atmospheric pressure, a = Vy/V,
Vg Gas volume at atmospheric pressure

v, Volume of liquid

n Gas-specific heat ratio

The main objective of representing fluid as a mixture of liquid and gas is to introduce
an approximate model of cavitation, which takes place in a chamber if pressure drops
below fluid vapor saturation level. As it is seen in the graph below, the bulk modulus of a

mixture decreases at p — p,, thus considerably slowing down further pressure change.

At high pressure, p >> p,, a small amount of nondissolved gas has practically no effect

on the system behavior.

Bulk modulus vs. pressure at different air contents
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Cavitation is an inherently thermodynamic process, requiring consideration of multiple-
phase fluids, heat transfers, and so on, and as such cannot be accurately simulated with
SimHydraulics software. But the simplified version implemented in the block is good
enough to signal if pressure falls below dangerous level, and to prevent computation
failure that normally occurs at negative pressures.

The Hydraulic Fluid block offers a selection of predefined fluids. See “Examples” on page
1-337 for how you can get information on the fluid properties used in the block. Once

you select a fluid name, you can also specify the temperature of the fluid and the relative
amount of entrained, nondissolved gas.

The Hydraulic Fluid block has one port. You can connect it to a hydraulic diagram
by branching a connection line off the main line and connecting it to the port. When
you connect the Hydraulic Fluid block to a hydraulic line, the software automatically
identifies the hydraulic blocks connected to the particular loop and propagates the
hydraulic fluid properties to all the hydraulic blocks in the loop.

Each topologically distinct hydraulic loop in a diagram requires the properties of

its working fluid to be specified. You can specify these properties either by selecting

a predefined fluid using a Hydraulic Fluid block, or by specifying parameters of a

custom fluid using a Custom Hydraulic Fluid block, which is available in the Simscape
Foundation library. If no Hydraulic Fluid block or Custom Hydraulic Fluid block is
attached to a loop, the hydraulic blocks in this loop use the default fluid, which is
equivalent to fluid defined by a Custom Hydraulic Fluid block with the default parameter
values.



Hydraulic Fluid

Dialog Box and Parameters

“& Block Parameters: Hydraulic Fluid @
Hydraulic Fluid

The block assigns working fluid for all components assembled in a
particular loop. The loop detection is performed automatically and
the block is considered as part of the loop if it is hydraulically
connected to at least one of the loop components. The block offers
wide selection of fluids to choose from. The custom fluid is assigned
with the Custom Hydraulic Fluid block from the Simscape foundation
library. If neither Hydraulic Fluid nor Custom Hydraulic Fluid block is
connected to the loop, the default properties of the Custom Hydraulic
Fluid block are assigned.

Parameters

Hydraulic fluid: ISkydroI LD-4 -
Relative amount of 0.005

trapped air: :

System temperature &0

(ck

Viscosity derating 1

factor:

Pressure below IError -
absolute zero:

Fluid Properties:

Density (kg/m~3): 961.873

Viscosity (cSt): 7.12831
Bulk modulus (Pa) at
atm. pressure and 1.24285e+09
no gas:
0K ] I Cancel I I Help Apply

Hydraulic fluid
Hydraulic fluid type. Select one of the predefined fluids:

+ Skydrol LD-4 (default)
+ Skydrol 500B-4
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* Skydrol-5

+ HyJdet-4A

* Fluid MIL-F-83282

* Fluid MIL-F-5606

* Fluid MIL-F-87257

« Oil-10w

+ Onl-30wW

+ Oil-50w

+ Oil SAE-30

+ Oil SAE-50

* Transmission fluid ATF (Dexron I111)
+ 1SO VG 22 (ESSO UNIVIS N 22)
+ 1S0 VG 32 (ESSO UNIVIS N 32)
*+ 1SO VG 46 (ESSO UNIVIS N 46)
* Brake fluid DOT3

* Brake fluid DOT4

* Brake fTluid DOT5

+ Gasoline

+ Diesel fuel

+ Jet fuel

+ Water-Glycol 60/40

+ Water

Relative amount of trapped air

Amount of entrained, nondissolved gas in the fluid. The amount is specified as the
ratio of gas volume at normal conditions to the fluid volume in the chamber. In
practice, the relative amount of trapped air is always greater than 0. If set to 0, ideal
fluid is assumed, but you will get a warning upon simulation. The default value is
0.005.

System temperature

Fluid temperature (C). The default value is 60.
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Viscosity derating factor

Proportionality coefficient that you can use to adjust fluid viscosity, if needed. Specify
a value between 0.5 and 1.5. The default value is 1.

Pressure below absolute zero

Determines how the block handles the out-of-range assertion during simulation:

* Error — If the pressure falls below absolute zero, the simulation stops and you
get an error message. This is the default.

* Warning — If the pressure falls below absolute zero, you get a warning but the
simulation continues. Use this option when modeling systems where cavitation
can occur in extreme cases.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Hydraulic fluid

+ Pressure below absolute zero

All other block parameters are available for modification.

Ports

The block has one hydraulic conserving port.

Examples

You can get information on the fluids and their properties through the MATLAB®
command line. In the following example, the first command brings you the list of
available fluids, and the second command plots the properties of a selected fluid from the
list, in this case, Skydrol LD-4.

1 Inthe MATLAB Command Window, type:

props = sh_stockfluidproperties
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The system responds with a list of available fluids:
props =

skydrol_1d_4: [1x1 struct]
skydrol_500_4: [1x1 struct]
skydrol_5: [1x1 struct]
hy_jet: [1x1 struct]
T_83282: [1x1 struct]
f_5606: [1x1 struct]
T_87257: [1x1 struct]
oil_10w: [1x1 struct]
oil_30w: [1x1 struct]
oil_50w: [1x1 struct]
oil_sae 30: [1x1 struct]
oil_sae 50: [1x1 struct]
atf _dexron: [1x1 struct]
iso_vg_32: [1x1 struct]
gasoline: [1x1 struct]
diesel_fuel: [1x1 struct]
jet_fuel: [1x1 struct]
water_glycol: [1x1 struct]

2 To plot the properties of the first fluid in the list, Skydrol LD-4, type:
props.skydrol_Id_4_plot()

The plot window opens:
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.} SimHydraulics Fluid Properties: Skydrol LD-4 = |D|5|
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Fluid properties for the Skydrol family of hydraulic fluids were obtained from literature
provided by the manufacturer, Solutia, Inc. More information is available on their
website at: http://www.skydrol.com.

See Also
Custom Hydraulic Fluid
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Hydraulic Motor

Fixed-displacement hydraulic motor

Library

Pumps and Motors

O

The Hydraulic Motor block represents a positive, fixed-displacement hydraulic motor
of any type as a data-sheet-based model. The key parameters required to parameterize
the block are motor displacement, volumetric and total efficiencies, nominal pressure,
and angular velocity. All these parameters are generally provided in the data sheets or
catalogs. The motor is represented with the following equations:

Description

q= D.O)+kleak.p

T=D'p'nmech
k

kleakzﬂ
vV-p

D “Wyom (1 —Ny ) “Viom Prom

pnom

kup =

P=pPp—DPB

where



Hydraulic Motor

q Flow rate through the motor

p Pressure differential across the motor
Pa,Ps Gauge pressures at the block terminals
T Torque at the motor output shaft

D Motor displacement

® Output shaft angular velocity

Kieak Leakage coefficient

Kup Hagen-Poiseuille coefficient

nv Motor volumetric efficiency

Nmech Motor mechanical efficiency

v Fluid kinematic viscosity

) Fluid density

Prom Nominal fluid density

P Motor nominal pressure

®nom Motor nominal angular velocity

Viom Nominal fluid kinematic viscosity

The leakage flow is determined based on the assumption that it is linearly proportional
to the pressure differential across the motor and can be computed by using the Hagen-
Poiseuille formula

B 128w M
p= T['d4 Qleak = kHP Qleak

where

Q1eak Leakage flow

d, 1 Geometric parameters of the leakage path

n Fluid dynamic viscosity, p = vp

The leakage flow at p = ppop and v = v, can be determined from the catalog data
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leak = D(Dnom (1 _nV)
which provides the formula to determine the Hagen-Poiseuille coefficient

D "0y om (1 _nV) “Viom Prom

pnom

kap

The motor mechanical efficiency is not usually available in data sheets, therefore it is
determined from the total and volumetric efficiency by assuming that the hydraulic
efficiency is negligibly small

Mmech = Niwotal / Ty

The block hydraulic positive direction is from port A to port B. This means that the
flow rate is positive if it flows from A to B and rotates the output shaft in the globally
assigned positive direction. The pressure differential across the motor is determined

as p=p, — pg, and positive pressure differential accelerates the shaft in the positive
direction.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.

+  No loading on the motor shaft, such as inertia, friction, spring, and so on, is
considered.

* Leakage inside the motor is assumed to be linearly proportional to its pressure
differential.



Hydraulic Motor

Dialog Box and Parameters

"k Block Parameters: Hydraulic Motor
Hydraulic Motor

shaft.

Settings

FParameters

Connections A and B are hydraulic conserving ports associated with the motor inlet and outlet, respectively.
Connection S is a mechanical rotational conserving port associated with the motor shaft. The block positive
direction is from port A to port B. This means that the flow rate flowing through the motor from A to B rotates the
shaft in positive direction, and positive pressure differential p = p_A - p_B creates positive torque at the motor

==l

This block represents a positive, fixed-displacement hydraulic motor of any type as a data sheet-based model. The
key parameters required to parameterize the block are the motor displacement, volumetric and total efficiencies,
nominal pressure, and angular velocity. The model represents a non-reversible motor and cannot simulate pumps.

Motor displacement: Se-6 m~3/rad -
Volumetric efficiency: 0.92

Total efficiency: 0.8

Nominal pressure: 100e5 Fa -
Nominal angular velocity: 188 radfs -
Nominal kinematic viscosity: 18 cSt -
Nominal fluid density: 900 kg/m~3 -

0K ] I Cancel I I Help I Apply

Motor displacement

Motor displacement. The default value is 5e-6 m”3/rad.

Volumetric efficiency

Motor volumetric efficiency specified at nominal pressure, angular velocity, and fluid

viscosity. The default value is 0.92.

Total efficiency

Motor total efficiency, which is determined as a ratio between the mechanical power
at the output shaft and hydraulic power at the motor inlet at nominal pressure,

angular velocity, and fluid viscosity. The default value is 0.8.

Nominal pressure
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Pressure differential across the motor, at which both the volumetric and total
efficiencies are specified. The default value is 1e7 Pa.

Nominal angular velocity

Angular velocity of the output shaft, at which both the volumetric and total
efficiencies are specified. The default value is 188 rad/s.

Nominal kinematic viscosity

Working fluid kinematic viscosity, at which both the volumetric and total efficiencies
are specified. The default value is 18 cSt.

Nominal fluid density

Working fluid density, at which both the volumetric and total efficiencies are
specified. The default value is 900 kg/m~3.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the motor inlet.
B
Hydraulic conserving port associated with the motor outlet.
S
Mechanical rotational conserving port associated with the motor output shaft.
See Also

Variable-Displacement Motor



Hydraulic Pipeline

Hydraulic Pipeline

Hydraulic pipeline with resistive and fluid compressibility properties

Library

Pipelines

=+l e
Description

The Hydraulic Pipeline block models hydraulic pipelines with circular and noncircular
cross sections. The block accounts for friction loss along the pipe length and for fluid
compressibility. The block does not account for fluid inertia and cannot be used for
predicting effects like water hammer or changes in pressure caused by fluid acceleration.

The model is built of Simscape Foundation library building blocks and its schematic
diagram is shown below.

f— » I el ==
=] =< F =t — F

- Hydraulic Resistive Hydraulic Resistive B

Tube Tube1
| Constant Volume
Hydr aulic Chamber

The Hydraulic Resistive Tube blocks account for friction losses, while the Constant
Volume Hydraulic Chamber block accounts for fluid compressibility. By using the block
parameters, you can set the model to simulate pipeline with rigid or compliant walls,
including simulation of hydraulic hoses with elastic and viscoelastic properties.

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p = p4 — pg.
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Basic Assumptions and Limitations

*  Flow is assumed to be fully developed along the pipe length.

» Fluid inertia is not taken into account.

Dialog Box and

Parameters

"k Block Parameters: Hydraulic Pipeline

Hydraulic Pipeline

==l

This block models hydraulic pipelines with circular and noncircular cross sections. The block accounts for friction
loss along the pipe length and for fluid compressibility, and by extent of idealization it takes an intermediate place
between the Resistive Tube and the Segmented Pipeline blocks. The block does not account for fluid inertia. The
madel is built of Resistive Tube and Constant Volume Chamber building blocks.

Connections A and B are hydraulic conserving ports. The block positive direction is from port A to port B. This
means that the flow rate is positive if fluid flows from A to B, and the pressure loss is determined asp = p_A -

p_B.

Settings
Parameters
Fipe cross section type: Circular w7
Pipe internal diameter: 0.01 m -
Geometrical shape factor: 64
Pipe length: 5 m -
Aggregate equivalent length of
local resistances: ! m 7
an:is;;rl?l surface roughness 1505 m -
Laminar flow upper margin: 2e+3
Turbulent flow lower margin: 4e+3
Pipe wall type: Rigid -
Specific heat ratio: 1.4
Initial pressure: 0 Pa -

0K ] [ Cancel ] [ Help Apply

Pipe cross section type
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The type of pipe cross section: Circular or Noncircular. For a circular pipe,
you specify its internal diameter. For a noncircular pipe, you specify its hydraulic
diameter and pipe cross-sectional area. The default value of the parameter is
Circular.

Pipe internal diameter

Pipe internal diameter. The parameter is used if Pipe cross section type is set to
Circular. The default value is 0.01 m.

Noncircular pipe cross-sectional area

Pipe cross-sectional area. The parameter is used if Pipe cross section type is set to
Noncircular. The default value is 1e-4 m"2.

Noncircular pipe hydraulic diameter

Hydraulic diameter of the pipe cross section. The parameter is used if Pipe cross
section type is set to Noncircular. The default value is 0.0112 m.

Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the pipe cross section
determines the value. For a pipe with a noncircular cross section, set the factor to

an appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1]. The default value is 64, which corresponds to a pipe
with a circular cross section.

Pipe length
Pipe geometrical length. The default value is 5 m.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the
pipe geometrical length an aggregate equivalent length of all the local resistances.
This length is added to the geometrical pipe length only for hydraulic resistance
computation. The fluid volume depends on pipe geometrical length only. The default
value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin
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Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.

Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Pipe wall type

The parameter is available only for circular pipes and can have one of two values:
Rigid or Flexible. If the parameter is set to Rigid, wall compliance is not taken
into account, which can improve computational efficiency. The value Flexible is
recommended for hoses and metal pipes where wall compliance can affect the system
behavior. The default value is Rigid.

Static pressure-diameter coefficient

Coefficient that establishes relationship between the pressure and the internal
diameter at steady-state conditions. This coefficient can be determined analytically
for cylindrical metal pipes or experimentally for hoses. The parameter is used if the
Pipe wall type parameter is set to Flexible. The default value is 2e-10 m/Pa.

Viscoelastic process time constant

Time constant in the transfer function that relates pipe internal diameter to pressure
variations. By using this parameter, the simulated elastic or viscoelastic process

is approximated with the first-order lag. The value is determined experimentally

or provided by the manufacturer. The parameter is used if the Pipe wall type
parameter is set to Flexible. The default value is 0.008 s.

Specific heat ratio

Gas-specific heat ratio for the Constant Volume Hydraulic Chamber block. The
default value is 1 .4.

Initial pressure

Initial pressure in the pipe. This parameter specifies the initial condition for use in
computing the block's initial state at the beginning of a simulation run. For more
information, see “Initial Conditions Computation”. The default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:
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Pipe cross section type

Pipe wall type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the values of the Pipe cross section type and Pipe wall
type parameters at the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

See Also

Hydraulic Resistive Tube | Linear Hydraulic Resistance | Segmented Pipeline
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Hydraulic Pipe LP

Hydraulic pipeline with resistive, fluid compressibility, and elevation properties

Library

Low-Pressure Blocks

I e
Description
The Hydraulic Pipe LP block models hydraulic pipelines with circular and noncircular
cross sections. The block accounts for friction loss along the pipe length and for fluid

compressibility. The block does not account for fluid inertia and cannot be used for
predicting effects like water hammer or changes in pressure caused by fluid acceleration.

The model is a structural model and its schematic diagram is shown below.

COow—=> 1

- Resistive Pipe LP Resistive Pipe LP1 B

| Constant Volume
Hydraulic Chamber

The Resistive Pipe LP blocks account for friction losses, while the Constant Volume
Hydraulic Chamber block accounts for fluid compressibility. To reduce model complexity,
you can use this block to simulate not only a pipe itself, but also a combination of pipes
and local resistances such as bends, fittings, inlet and outlet losses, associated with the
pipe. You must convert the resistances into their equivalent lengths, and then sum up
all the resistances to obtain their aggregate length. Then add this length to the pipe
geometrical length. By using the block parameters, you can set the model to simulate



Hydraulic Pipe LP

pipeline with rigid or compliant walls, including simulation of hydraulic hoses with
elastic and viscoelastic properties.

The difference in elevation between ports A and B is distributed evenly between pipe
segments.

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p= p4 — pg.

Basic Assumptions and Limitations

+  Flow is assumed to be fully developed along the pipe length.

»  Fluid inertia is not taken into account.
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Dialog Box and Parameters

"4 Block Parameters: Hydraulic Pipe LP @
Hydraulic Pipe LP

This block models a hydraulic pipe with circular and noncircular cross sections. The block is intended to be used for
low-pressure system simulation and, for this reason, requires elevation of both ports to be specified. The block
accounts for friction loss along the pipe length and for fluid compressibility, and by extent of idealization it takes an
intermediate place between the Resistive Pipe LP and the Segmented Pipe LP blocks. The block does not account
for fluid inertia. The model is built of the Resistive Pipe LP and Constant Volume Chamber building blocks. To
reduce model complexity, the block can be used to simulate not only a pipe itself, but also a combination of pipes
and local resistances such as bends, fittings, inlet and outlet losses, etc., associated with the pipe. The resistances
must be converted into their equivalent lengths, and then the total length of all the resistances is added to the pipe
geometrical length. Connections A and B are hydraulic conserving ports. The block positive direction is from port A
to port B. This means that the flow rate is positive if fluid flows from A to B, and the pressure loss is determined as
p=p_A-p_B.

Settings

Basic parameters | Wall compliance | Vertical position

Fipe cross section type: ICircuIar w7
Pipe internal diameter: 0.01 m -
Geometrical shape factor: 64
Pipe length: 5 m -
Aggrega?e equivalent length of 1 m -
local resistances:
an:is;;rl?l surface roughness 1505 m -
Laminar flow upper margin: 2e+3
Turbulent flow lower margin: 4e+3

[ 0K ] I Cancel I I Help Apply

*  “Basic Parameters Tab” on page 1-352
+ “Wall Compliance Tab” on page 1-354
+ “Vertical Position Tab” on page 1-354

Basic Parameters Tab

Pipe cross section type

The type of pipe cross section: Circular or Noncircular. For a circular pipe,
you specify its internal diameter. For a noncircular pipe, you specify its hydraulic
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diameter and pipe cross-sectional area. The default value of the parameter is
Circular.
Pipe internal diameter
Pipe internal diameter. The parameter is used if Pipe cross section type is set to
Circular. The default value is 0.01 m.
Noncircular pipe cross-sectional area
Pipe cross-sectional area. The parameter is used if Pipe cross section type is set to
Noncircular. The default value is 1e-4 m”"2.
Noncircular pipe hydraulic diameter
Hydraulic diameter of the pipe cross section. The parameter is used if Pipe cross
section type is set to Noncircular. The default value is 0.0112 m.
Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the pipe cross section
determines the value. For a pipe with a noncircular cross section, set the factor to

an appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1]. The default value is 64, which corresponds to a pipe
with a circular cross section.

Pipe length
Pipe geometrical length. The default value is 5 m.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the
pipe geometrical length an aggregate equivalent length of all the local resistances.
This length is added to the geometrical pipe length only for hydraulic resistance
computation. The fluid volume depends on pipe geometrical length only. The default
value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.
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Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Wall Compliance Tab

Pipe wall type

The parameter is available only for circular pipes and can have one of two values:
Rigid or Flexible. If the parameter is set to Rigid, wall compliance is not taken
into account, which can improve computational efficiency. The value Flexible is
recommended for hoses and metal pipes where wall compliance can affect the system
behavior. The default value is Rigid.

Static pressure-diameter coefficient

Coefficient that establishes relationship between the pressure and the internal
diameter at steady-state conditions. This coefficient can be determined analytically
for cylindrical metal pipes or experimentally for hoses. The parameter is used if the
Pipe wall type parameter is set to Flexible. The default value is 2e-12 m/Pa.

Viscoelastic process time constant

Time constant in the transfer function that relates pipe internal diameter to pressure
variations. By using this parameter, the simulated elastic or viscoelastic process

1s approximated with the first-order lag. The value is determined experimentally

or provided by the manufacturer. The parameter is used if the Pipe wall type
parameter is set to Flexible. The default value is 0.01 s.

Specific heat ratio

Gas-specific heat ratio for the Constant Volume Hydraulic Chamber block. The
default value is 1.4. If Pipe cross section type is set to Noncircular, then this is
the only parameter on the Wall Compliance tab.

Vertical Position Tab

Port A elevation wrt reference plane

The parameter specifies vertical position of the pipe port A with respect to the
reference plane. The default value is 0.

Port B elevation wrt reference plane
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The parameter specifies vertical position of the pipe port B with respect to the
reference plane. The default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

+ Pipe cross section type
* Pipe wall type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the values of the Pipe cross section type and Pipe wall
type parameters at the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991
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See Also

Hydraulic Resistive Tube | Hydraulic Pipe LP with Variable Elevation | Hydraulic
Pipeline | Linear Hydraulic Resistance | Resistive Pipe LP with Variable Elevation |
Resistive Pipe LP | Segmented Pipe LP | Segmented Pipeline
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Hydraulic Pipe LP with Variable Elevation

Hydraulic pipeline with resistive, fluid compressibility, and variable elevation properties

Library

Low-Pressure Blocks

Description

The Hydraulic Pipe LP with Variable Elevation block models hydraulic pipelines with
circular and noncircular cross sections. The block accounts for friction loss along the
pipe length and for fluid compressibility. The block does not account for fluid inertia and
cannot be used for predicting effects like water hammer or changes in pressure caused
by fluid acceleration. Use this block for low-pressure system simulation in which the
pipe ends change their positions with respect to the reference plane. The elevations are
provided through respective physical signal inputs.

The model is a structural model and its schematic diagram is shown below.
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The Resistive Pipe LP with Variable Elevation blocks account for friction losses, while
the Constant Volume Hydraulic Chamber block accounts for fluid compressibility. To
reduce model complexity, you can use this block to simulate not only a pipe itself, but
also a combination of pipes and local resistances such as bends, fittings, inlet and outlet
losses, associated with the pipe. You must convert the resistances into their equivalent
lengths, and then sum up all the resistances to obtain their aggregate length. Then add
this length to the pipe geometrical length. By using the block parameters, you can set
the model to simulate pipeline with rigid or compliant walls, including simulation of
hydraulic hoses with elastic and viscoelastic properties.

The difference in elevation between ports A and B is assumed to be distributed evenly
between pipe segments. Thus, the elevation of the pipe middle point is computed as

el _A+el_ B

e M=
2

where

el_ M Elevation of the pipe middle point

el A, Elevations of the pipe ends A and B, respectively

el B
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The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p= p4 — pg.

Basic Assumptions and Limitations

Flow is assumed to be fully developed along the pipe length.

»  Fluid inertia is not taken into account.

The pipe elevation is distributed evenly along the pipe length.
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Dialog Box and Parameters

“& Block Parameters: Hydraulic Pipe LP with Variable Elevation @
Hydraulic Pipe LP with Variable Elevation

This block models a hydraulic pipe with circular and noncircular cross sections. The block is intended to be used for
low-pressure system simulation in which pipe ends change their positions. The end elevations are provided through
their respective physical signal ports. The block accounts for friction loss along the pipe length and for fluid
compressibility. The block does not account for fluid inertia. The model is built of the Resistive Pipe LP with Variable
Elevation and Constant Volume Chamber building blocks. To reduce model complexity, the block can be used to
simulate not only a pipe itself, but also a combination of pipes and local resistances such as bends, fittings, inlet
and outlet losses, etc., associated with the pipe. The resistances must be converted into their equivalent lengths,
and then the total length of all the resistances is added to the pipe geometrical length.

Connections A and B are hydraulic conserving ports. Connections el_A and el_B are the physical signal port through
which pipe ends elevations are imported. The block positive direction is from port A to port B. This means that the
flow rate is positive if fluid flows from A to B, and the pressure loss is determined asp = p_A - p_B.

Settings
Fipe cross section type: ICircuIar w7
Pipe internal diameter: 0.01 m -
Geometrical shape factor: 64
Pipe length: 5 m -
Aggrega?e equivalent length of 1 m -
local resistances:
an:is;;rl?l surface roughness 1505 m -
Laminar flow upper margin: 2e+3
Turbulent flow lower margin: 4e+3

[ 0K ] I Cancel I I Help Apply

*  “Basic Parameters Tab” on page 1-360

+ “Wall Compliance Tab” on page 1-362

Basic Parameters Tab

Pipe cross section type

The type of pipe cross section: Circular or Noncircular. For a circular pipe,
you specify its internal diameter. For a noncircular pipe, you specify its hydraulic
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diameter and pipe cross-sectional area. The default value of the parameter is
Circular.
Pipe internal diameter
Pipe internal diameter. The parameter is used if Pipe cross section type is set to
Circular. The default value is 0.01 m.
Noncircular pipe cross-sectional area
Pipe cross-sectional area. The parameter is used if Pipe cross section type is set to
Noncircular. The default value is 1e-4 m”"2.
Noncircular pipe hydraulic diameter
Hydraulic diameter of the pipe cross section. The parameter is used if Pipe cross
section type is set to Noncircular. The default value is 0.0112 m.
Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the pipe cross section
determines the value. For a pipe with a noncircular cross section, set the factor to

an appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1]. The default value is 64, which corresponds to a pipe
with a circular cross section.

Pipe length
Pipe geometrical length. The default value is 5 m.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the
pipe geometrical length an aggregate equivalent length of all the local resistances.
This length is added to the geometrical pipe length only for hydraulic resistance
computation. The fluid volume depends on pipe geometrical length only. The default
value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.
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Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Wall Compliance Tab

Pipe wall type

The parameter is available only for circular pipes and can have one of two values:
Rigid or Flexible. If the parameter is set to Rigid, wall compliance is not taken
into account, which can improve computational efficiency. The value Flexible is
recommended for hoses and metal pipes where wall compliance can affect the system
behavior. The default value is Rigid.

Static pressure-diameter coefficient

Coefficient that establishes relationship between the pressure and the internal
diameter at steady-state conditions. This coefficient can be determined analytically
for cylindrical metal pipes or experimentally for hoses. The parameter is used if the
Pipe wall type parameter is set to Flexible. The default value is 2e-12 m/Pa.

Viscoelastic process time constant

Time constant in the transfer function that relates pipe internal diameter to pressure
variations. By using this parameter, the simulated elastic or viscoelastic process

is approximated with the first-order lag. The value is determined experimentally

or provided by the manufacturer. The parameter is used if the Pipe wall type
parameter is set to Flexible. The default value is 0.01 s.

Specific heat ratio

Gas-specific heat ratio for the Constant Volume Hydraulic Chamber block. The
default value is 1.4. If Pipe cross section type is set to Noncircular, then this is
the only parameter on the Wall Compliance tab.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity
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Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
el A

Physical signal input port that controls pipe elevation at port A.
el B

Physical signal input port that controls pipe elevation at port B.
Examples

For an example of using this block, see the Fuel Supply System with Variable Elevation
example.

References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

See Also

Hydraulic Resistive Tube | Hydraulic Pipe LLP | Hydraulic Pipeline | Linear Hydraulic
Resistance | Resistive Pipe LP | Resistive Pipe LP with Variable Elevation | Segmented
Pipe LP | Segmented Pipeline
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Hydraulic Single-Acting Valve Actuator

Single-acting hydraulic valve actuator

Library

Valve Actuators

= P He
Description
Use the Hydraulic Single-Acting Valve Actuator block as a pilot actuator for directional,

pressure, or flow control valves in applications where all the forces, except spring force,
and flow consumption can be neglected.

Geess 2N

The actuator consists of a piston and a spring. The spring, which can be preloaded, tends
to keep the piston at the initial position. As pressure applied to the piston develops
enough force to overcome the spring preload, the piston moves to the opposite position
until it reaches its maximum stroke.

The actuator is simulated according to the following equations:

F =pA
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stroke

Fmax_Fpr

0 forF <=F,,

§=1Ls(F — Fp Jror for F,, < F < Fypax

where

strokesor forF >=F_ .

Pressure applied to the piston

Piston displacement

Piston area

Instantaneous spring force

CIEIESEE

Spring preload force

o

max

Spring force at maximum piston displacement

stroke

Piston stroke

Actuator orientation with respect to the globally assigned positive direction. If
pressure applied at port X moves the piston in positive direction, or equals 1.
If pressure applied at port X moves the piston in negative direction, or equals
—1.

Connection X is a hydraulic conserving port associated with the valve chamber.
Connection P is a physical signal port whose output corresponds to piston displacement.
Pressure applied at port X moves the piston in the positive or negative direction,
depending on the value of the Actuator orientation parameter.

Basic Assumptions and Limitations

* No loading, such as inertia, friction, hydraulic force, and so on, is taken into account.
The only force considered is a spring force.

+  No flow consumption associated with the piston motion, leakage, or fluid
compressibility is taken into account.
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Dialog Box and Parameters

"k Block Parameters: Hydraulic Single-Acting Valve Actuator @
Hydraulic Single-Acting Valve Actuator

This block represents a single-acting hydraulic valve actuator. Use it as a pilot actuator for directional, pressure, or
flow control valves in applications where all the forces, except spring force, and flow consumption can be
neglected. The actuator consists of a piston and a spring. The spring, which can be preloaded, tends to keep the
piston at the initial position. As pressure applied to the piston develops enough force to overcome the spring
preload, the piston moves to the opposite position until it reaches its maximum stroke.

Connection X is a hydraulic conserving port associated with the valve chamber. Connection P is a physical signal
port whose output corresponds to piston displacement. Pressure applied at port X moves the piston in the positive
or negative direction, depending on the value of the Actuator orientation parameter.

Settings
FParameters
Fiston area: 2e-4 m*2 -
Preload force: 20 N -
Full stroke force: 70 N -
Piston stroke: 0.005 m -
Actuator orientation: Acts in positive direction ']

0K H Cancel H Help I Apply

Piston area
Effective piston area. The default value 1s 2e-4 m”"2.
Preload force
Spring preload force. The default value is 20 N.
Full stroke force
Force necessary to move the piston to maximum stroke. The default value is 70 N.
Piston stroke
Piston stroke. The default value is 5e-3 m.
Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
moves the piston in the positive or in the negative direction when pressure is applied
at its inlet. If pressure applied at port X moves the piston in the negative direction,



Hydraulic Single-Acting Valve Actuator

set the parameter to Acts In negative direction. The default value is Acts in
positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.

Ports

The block has the following ports:

X

Hydraulic conserving port associated with the valve chamber.
P

Physical signal port that outputs piston displacement.
Examples

The following example shows a model of a pressure-relief valve built using the Hydraulic
Single-Acting Valve Actuator and Orifice with Variable Area Round Holes blocks.

Hydraulic - .
. . ) Crrifice with
a”g%;ﬂgrw“ Varisble Ares Round
- Holes
(e mqw—nj%
B

See Also

2-Position Valve Actuator | 3-Position Valve Actuator | Hydraulic Double-Acting Valve
Actuator | Proportional and Servo-Valve Actuator
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Hydraulically Operated Remote Control Valve

Normally closed or normally open hydraulically operated remote control valve

Library

Directional Valves

:ﬁﬁm

The Hydraulically Operated Remote Control Valve block represents a hydraulically
operated remote control valve as a data-sheet-based model, meaning that most of the
model parameters are generally available in catalogs or manufacturer data sheets.
Hydraulically operated remote control valves are widely used in hydraulic systems as
hydraulic switches, unloading and sequencing valves. You can also use them as pressure-
relief and pressure-reducing valves. The block covers both the normally closed and
normally open configurations, shown in the following figure.

Description

B

1 T

= X i j ¢
T j i

la iA
Normally closed Normally open
valve configuration valve configuration
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The valve opens (closes) by the pilot pressure. The valve control member remains in its
initial position as long as the pilot pressure is lower than the cracking pressure. When
cracking pressure is reached, the valve control member (spool, ball, poppet, and so on) is
forced off its seat and starts opening the normally closed valve, or closing the normally
open valve. The control member displacement is directly proportional to pilot pressure.
The member reaches its maximum displacement after the pilot pressure becomes equal
or greater than the preset maximum value. The valve maximum area, cracking pressure,
and maximum pressure are the key parameters of the block. These three parameters are
usually provided in catalogs or data sheets.

In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it is not recommended.

Schematic fragments in the next illustration show some typical valve applications:
remote control valve (a), pressure-relief valve (b), and pressure-reducing valve (c).
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a) Remote control valve b) Pressure-relief valve c) Pressure-reducing valve

The flow rate through the orifice is proportional to the orifice opening and the pressure
differential across the orifice.
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By default, the block does not include valve opening dynamics, and the valve sets its
opening area directly as a function of pressure:

A=A(p)

Adding valve opening dynamics provides continuous behavior that is more physically
realistic, and is particularly helpful in situations with rapid valve opening and closing.
The pressure-dependent orifice passage area A(p) in the block equations then becomes
the steady-state area, and the instantaneous orifice passage area in the flow equation is
determined as follows:

At =0)= Ay,
dA _ A(p)-A
dt T

In either case, the flow rate through the valve is determined according to the following
equations:

—Cn A 2. P
7=Cp A\/; ( 5 2)1/4

P+ Der

For the normally closed valve, the instantaneous orifice passage area A(p) is computed
with the equations:

Aleak fOI‘pp <= DPecrack
A(p) = Alear. + gain'(pp ~ Pcrack ) for perack < Pp < Pmax
Amax forpp >= Pmax

For the normally open valve, the equations are similar:

Amax fOI‘pp <= DPcrack
A(p) = Amax — gain’(pp _pcrack) for perack < Pp < Pmax
Aleak fOI‘pp >= Pmax
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The rest of the equations apply to both valve configurations:

gain _ Amax - Aleak
Pmax ~ Pecrack
P=pPa—DPp

P Recr'v ’
Per =l 7 7
2\ Cp-Dy

Dy = [HA
T

where

q Flow rate through the valve

p Pressure differential across the valve
DA, PB Gauge pressures at the block terminals
Py Gage pressure at the pilot terminal

Cp Flow discharge coefficient

A Instantaneous orifice passage area

A(p) Pressure-dependent orifice passage area
At Initial open area of the valve

Apnax Fully open valve passage area

Aleak Closed valve leakage area

Derack Valve cracking pressure

Pmax Pilot pressure to shift the control member to its maximum
Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number
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Dy Instantaneous orifice hydraulic diameter

P Fluid density

v Fluid kinematic viscosity

T Time constant for the first order response of the valve opening

Time

Connections A and B are hydraulic conserving ports associated with the inlet and the
outlet of the valve. Connection X is the pilot port, which is a hydraulic conserving port
that provides the pilot pressure. The block positive direction is from port A to port

B. This means that the flow rate is positive if it flows from A to B, and the pressure

differential is determined as p= py4 — pg.

Basic Assumptions and Limitations

Control member displacement is linearly proportional to pilot pressure.
No flow consumption is associated with the pilot chamber.
No loading on the valve, such as inertia, friction, spring, and so on, is considered.

The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.
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Dialog Box and Parameters

“& Block Parameters: Hydraulically Operated Remote Control Valve @
Hydraulically Operated Remote Control Valve

This block represents a hydraulically operated remote control valve. The valve control member (spool, poppet) can
be shifted from its initial position after pressure at the pilot port exceeds the cracking pressure limit. The control
member moves to its extreme position and remains at this position as the pilot pressure becomes equal or greater
than the maximum pressure setting. The valve passage area is assumed to be directly proportional to pilot
pressure. The model covers both normally-closed and normally-open valve configurations. The pilot pressure
opens the normally-closed valve while the normally-open valve requires pilot pressure increase to be closed.

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet, valve outlet, and valve pilot
terminals, respectively. The block positive direction is from port A to port B. Pressure at port X acts to open the
normally-closed valve or close the normally-opened valve.

Settings
Parameters
Valve type: Normally closed valve -
Maximum passage area: le-4 m*2 -
Cracking pressure: 0.3e5 Fa -

Maximum control member

displacement pressure: 1.2e5 Pa M

Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-9 m"2 -

Opening dynamics: Do not include valve opening dynamics ']
0K ] I Cancel I I Help I Apply

Valve type

Select the valve configuration: Normally closed valve or Normally open
valve. The default is Normally closed valve.

Maximum passage area
Valve passage maximum cross-sectional area. The default value is 1e-4 m”"2.
Cracking pressure

Pressure level at which the valve control member is forced off its seat and starts to
either open or close the valve, depending on the valve type. The default value is 3e4
Pa.
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Maximum control member displacement pressure

Pilot pressure at which the valve control member shifts to its maximum displacement
and remains there until the pressure falls below this level. Its value must be higher
than the cracking pressure. The default value is 1.2e5 Pa.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Opening dynamics

Select one of the following options:

* Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.

Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default valueis 0.1 s.
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Initial area

The initial opening area of the valve. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is
le-12 m"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

+ Valve type

* Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
X
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Hydraulic conserving port that acts as the control port and provides the pilot
pressure.

See Also

Pressure Reducing Valve | Pressure Relief Valve
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Jet Pump

Jet liquid-liquid pump

Library

Pumps and Motors

Description

The Jet Pump block represents a jet liquid-liquid pump consisting of a nozzle, throat, and

diffuser, as shown in the following illustration.

ani le 'l'hrPaT Diffuser
" \ f

The model is based on the following equations, described in [1]:

A 2

n

91 :W E(pl—Po)
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q9 =

A -c 2

n

T, o)

2

Pa — Po :sz(§+—M2—(1+M)2-(1+Kth +Ky +a2))

b An
A,
1-b
c:_
b
V2 2
Z=p-=p L
2 24,
u-®
a1
where

q:

Primary flow rate pumped through the nozzle

qz

Secondary flow rate

qd

Output flow rate

Pressure at the nozzle inlet

D2

Pressure at the secondary flow rate inlet

Do

Pressure at the throat inlet

Da

Pressure at the pump outlet

Nozzle area
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Ay Throat area

a Diffuser area ratio, A;, / Ag

Ay Diffuser outlet area

K, Nozzle hydraulic loss coefficient

K., Throat entry hydraulic loss coefficient
K, Throat hydraulic loss coefficient

Ky Diffuser hydraulic loss coefficient

) Fluid density

Equation 1-8 describes the nozzle, Equation 1-9 — throat entry, and Equation 1-10 —

the combination of the throat and the diffuser. The equations correspond to a standard
configuration of the pump, where all the longitudinal dimensions conform to established,
empirically determined values. For more details, see [1].

The pump parameters are closely related to each other, and the methodology described in
[1] is recommended to determine their initial values.

Basic Assumptions and Limitations

* The model is based on the one-dimensional theory.

* The primary and secondary flows enter the mixing throat with uniform velocity
distribution, and the mixed flow leaves the diffuser with uniform velocity distribution.

* The fluid in the primary and secondary flows is the same.

* The fluid is assumed to be incompressible and containing no gas.
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Dialog Box and Parameters

"4 Block Parameters: Jet Pump

==l

Jet Pump

This block represents a jet liquid-liquid pump operating with identical primary and secondary fluids containing no

gas. The longitudinal pump dimensions conform to standard pump sizes summarized in the "Pump Handbook" by
L1. Karassik et al. Connections A and S are the conserving hydraulic ports associated with the inlet of the primary
and secondary fluids respectively. Connection P is the conserving hydraulic port associated with the pump outlet.

Internal node M is associated with the throat entry point of the pump.

Settings
FParameters
Nozzle area: le-4 m"2 -
Throat area: 4e-4 m"2 -
Diffuser inlet/outlet area ratio: 0.224
Nozzle loss coefficient: 0.05
Throat entry loss coefficient: 0.005
Throat loss coefficient: 0.1
Diffuser loss coefficient: 0.1
0K ] I Cancel I I Help Apply

Nozzle area

Cross-sectional area of the nozzle. The parameter must be greater than zero. The

default value 1s 1 cm”2.

Throat area

Cross-sectional area of the throat. The throat area is usually two to four times larger

than the nozzle area. The default value is 4 cm”2.
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Diffuser inlet/outlet area ratio

The ratio between the inlet and outlet diffuser areas. For a standard pump with a 5°
— 7° included-angle diffuser, the ratio is close to 0.2. The parameter must be greater
or equal to zero. The default value is 0.224.

Nozzle loss coefficient

The hydraulic friction loss coefficient in the nozzle. The parameter must be greater

than zero. The default value is 0.05.
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Throat entry loss coefficient

The hydraulic friction loss coefficient in the throat entry. The parameter must be
greater than zero. The default value is 0.005.

Throat loss coefficient

The hydraulic friction loss coefficient in the throat. The parameter must be greater
than zero. The default value is 0. 1.

Diffuser loss coefficient

The hydraulic friction loss coefficient in the diffuser. The parameter must be greater
than zero. The default value is 0.1.

Global Parameters

Parameters determined by the type of working fluid:
*  Fluid density

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the nozzle entry (primary flow entry).
S
Hydraulic conserving port associated with the pump suction (secondary flow entry).
P
Hydraulic conserving port associated with the pump outlet.
N

Internal nonvisible hydraulic conserving port associated with the throat entry
section of the pump. You can view the variables associated with the port by logging
simulation data. For more information, see “Data Logging”.
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Examples

The Well Jet Pump example represents a well jet pump installation, consisting of a
surface-mounted centrifugal pump and a jet pump installed in the well below water level.

References

[1] I.J. Karassic, J.P. Messina, P. Cooper, C.C. Heald, Pump Handbook, Fourth edition,
McGraw-Hill, NY, 2008

See Also

Centrifugal Pump | Fixed-Displacement Pump | Variable-Displacement Pressure-
Compensated Pump | Variable-Displacement Pump


../examples/well-jet-pump.html

Journal Bearing Pressure-Fed

Journal Bearing Pressure-Fed

Hydraulic portion of pressure-fed journal bearing

Library

Orifices

Description

The Journal Bearing Pressure-Fed block simulates the hydraulic portion of a pressure-
fed journal bearing, shown in the following illustration.

The lubricant under pressure p is pumped into the circumferential groove at the center
of the bearing. The groove divides the bearing into two half-bearings. The lubricant exits
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through the end grooves located at a distance ! from the central groove. The model is
intended to be used in lubrication system simulation to assess the flow consumption
through the pressure-fed journal bearing. The flow regime is assumed to be laminar due
to very small clearances between the journal and the bushing.

The flow rate is computed using the Hagen-Poiseuille equation (see [1]):

= ﬂ(l + 1.582)

3ul
where
q Volumetric flow rate

Pressure differential across the bearing
r Journal radius
c Radial clearance at neutral position
)% Dynamic viscosity
l Length of the half-bearing
@ Relative eccentricity, e=e/r
e Eccentricity or journal deflection from the central position

The journal radial displacement, which controls the bearing eccentricity, is imported
through the physical signal port J. Connections A and B are hydraulic conserving ports
associated with the bearing inlet and outlet, respectively. The block positive direction
is from port A to port B. This means that the flow rate is positive if it flows from A to

B and the pressure differential is determined as p = p4 — pg . Positive signal at the

physical signal port J increases the eccentricity and is limited to the radial clearance of
the bearing.

Basic Assumptions and Limitations

The flow regime is assumed to be laminar due to small clearances.
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Dialog Box and Parameters

"4 Block Parameters: Journal Bearing Pressure-Fed @

Journal Bearing Pressure-Fed

The block simulates a hydraulic portion of a pressure-fed journal bearing. The model is intended to be used in
lubrication system simulation to assess the flow consumption through the pressure-fed journal bearing. The
lubricant supply port is assumed to be located in the middle of the bearing dividing it into two equal parts. The
flow regime is assumed to be laminar due to very small clearances between the journal and the bushing. The
flow rate is computed using the Hagen-Poiseuille equation. The journal radial displacement which constitutes the
bearing eccentricity is imported through the physical signal port 1. Connections A and B are hydraulic conserving
ports associated with the bearing inlet and outlet, respectively. The block positive direction is from port A to port
B. Positive signal at port ] increases eccentricity and is limited to the radial clearance of the bearing.

Settings
FParameters
Journal radius: 0.05 m -
Radial clearance: 2e-4 m -
Bearing half-length: 0.025 m -

0K ]| Cancel || Help Apply

Journal radius

The radius of the journal. The parameter must be positive. The default value is 0.05
m.

Radial clearance

The radial clearance between the journal and the bushing at neutral position. The
parameter must be positive. The default value is 2e-4 m.

Bearing half-length

The length of the half-bearing, that is, the distance between each of the end grooves

and the central groove. The parameter must be positive. The default value is 0.025
m.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
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*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the bearing inlet.
B

Hydraulic conserving port associated with the bearing outlet.
J

Physical signal port that controls the journal deflection.
References

[1] Shigley, J., C. Mischke, and R. Budynas. Mechanical Engineering Design. New York:
McGraw-Hill, 2004.
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Local Resistance

Hydraulic resistance specified by loss coefficient

Library

Local Hydraulic Resistances

Description

The Local Resistance block represents a generic local hydraulic resistance, such as a
bend, elbow, fitting, filter, local change in the flow cross section, and so on. The pressure
loss caused by resistance is computed based on the pressure loss coefficient, which is
usually provided in catalogs, data sheets, or hydraulic textbooks. The pressure loss
coefficient can be specified either as a constant, or by a table, in which it is tabulated
versus Reynolds number.

The pressure loss is determined according to the following equations:

2
q:AJ;.( 2 pz )1/4

D™+ Per
DP=pjs—DPB
2
o = K2 Re.,v
2| Dy

const

K=
{K(Re)

Re= - Dy

A-v
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Dy - A
m

where

q Flow rate

p Pressure loss

DA, PB Gauge pressures at the block terminals

K Pressure loss coefficient, which can be specified either as a constant, or as a
table-specified function of the Reynolds number

Re Reynolds number

Re,, Reynolds number of the transition from laminar to turbulent flow

Per Minimum pressure for turbulent flow

Dy Orifice hydraulic diameter

A Passage area

o Fluid density

v Fluid kinematic viscosity

Two block parameterization options are available:

* By semi-empirical formulas — The pressure loss coefficient is assumed to be constant
for a specific flow direction. The flow regime can be either laminar or turbulent,
depending on the Reynolds number.

+ By table-specified K= (Re) relationship — The pressure loss coefficient is specified as
function of the Reynolds number. The flow regime is assumed to be turbulent all the
time. It 1s your responsibility to provide the appropriate values in the K= (Re) table
to ensure turbulent flow.

The resistance can be symmetrical or asymmetrical. In symmetrical resistances, the
pressure loss practically does not depend on flow direction and one value of the coefficient
is used for both the direct and reverse flow. For asymmetrical resistances, the separate
coefficients are provided for each flow direction. If the loss coefficient is specified by a
table, the table must cover both the positive and the negative flow regions.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.
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The block positive direction is from port A to port B. This means that the flow rate is
positive if fluid flows from A to B, and the pressure loss is determined as p= p4 — pg.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

+ If you select parameterization by the table-specified relationship K= (Re), the flow is
assumed to be completely turbulent.

Dialog Box and Parameters

"4 Block Parameters: Local Resistance @
Local Resistance

The block represents a local hydraulic resistance such as a bend, elbow, fitting, filter, local change in flow cross-
section, etc. The pressure loss caused by resistance is computed with the semi-empirical formula based on
pressure loss coefficient, which is usually provided in catalogs, data sheets, or hydraulic textbooks. The resistance
can also be specified by tabulated loss coefficient and corresponding tabulated Reynolds number. The resistance
can be symmetrical or asymmetrical. For asymmetrical resistances, the pressure loss coefficients are different for
the direct and reverse flows. If the loss coefficient is specified by a table, the table must cover both the positive
and the negative flow regions.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
FParameters
Resistance area: le-4 m*2 -
Model parameterization: By semi-empirical formulas -
Pressure loss coefficient for 2
direct flow:
Pressure loss coefficient for 2
reverse flow:
Critical Reynolds number: 150

0K ]| Cancel || Help Apply

Resistance area

The smallest passage area. The default value is 1e-4 m”2.
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Model parameterization

Select one of the following methods for specifying the pressure loss coefficient:

+ By semi-empirical formulas — Provide a scalar value for the pressure loss
coefficient. For asymmetrical resistances, you have to provide separate coefficients
for direct and reverse flow. This is the default method.

+ By loss coefficient vs. Re table — Provide tabulated data of loss
coefficients and corresponding Reynolds numbers. The loss coefficient is
determined by one-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods. For asymmetrical
resistances, the table must cover both the positive and the negative flow regions.

Pressure loss coefficient for direct flow

Loss coefficient for the direct flow (flowing from A to B). For simple ideal
configurations, the value of the coefficient can be determined analytically, but in
most cases its value is determined empirically and provided in textbooks and data
sheets (for example, see [1]). The default value is 2. This parameter is used if Model
parameterization is set to By semi-empirical formulas.

Pressure loss coefficient for reverse flow

Loss coefficient for the reverse flow (flowing from B to A). The parameter is similar
to the loss coefficient for the direct flow and must be set to the same value if the
resistance is symmetrical. The default value is 2. This parameter is used if Model
parameterization is set to By semi-empirical formulas.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 150. This parameter is used if Model parameterization is set to By semi-
empirical formulas.

Reynolds number vector

Specify the vector of input values for Reynolds numbers as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values are [-4000, -3000, -2000,
-1000, -500, -200, -100, -50, -40, -30, -20, -15, -10, 10, 20,
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30, 40, 50, 100, 200, 500, 1000, 2000, 4000, 5000, 10000]. This
parameter is used if Model parameterization is set to By loss coefficient
vs. Re table.

Loss coefficient vector

Specify the vector of the loss coefficient values as a one-dimensional array. The
loss coefficient vector must be of the same size as the Reynolds numbers vector.
The default values are [0.25, 0.3, 0.65, 0.9, 0.65, 0.75, 0.90, 1.15,
1.35, 1.65, 2.3, 2.8, 3.10, 5, 2.7, 1.8, 1.46, 1.3, 0.9, 0.65,
0.42, 0.3, 0.20, 0.40, 0.42, 0.25]. This parameter is used if Model
parameterization is set to By loss coefficient vs. Re table.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.
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Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Model parameterization

+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the resistance inlet.
B

Hydraulic conserving port associated with the resistance outlet.
References

[1] Idelchik, I.E., Handbook of Hydraulic Resistance, CRC Begell House, 1994
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See Also
Elbow | Gradual Area Change | Pipe Bend | Sudden Area Change | T-junction
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Needle Valve

Hydraulic needle valve

Library

Flow Control Valves

is=g

Description
The Needle Valve block models a variable orifice created by a conical needle and a round
sharp-edged orifice in thin material.

alpha

d

1-394



Needle Valve

The flow rate through the valve is proportional to the valve opening and to the pressure
differential across the valve. The flow rate is determined according to the following
equations:

Q=CD-A(h)\E-#M
P (p2+p?r)

h=xy+x
1- 1/1—cosg
ho =gV 2
max S .
sino
Aleak for h <=0
Ah) = n(ds ~h- sin%-cos%}h -sing+Alwk for 0 < h<h,.
Amax +Aleak fOI' h >= hmax
Dy - 4A(h)
T
A T
max — 4
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where

Flow rate

Pressure differential

Gauge pressures at the block terminals

Flow discharge coefficient

Instantaneous orifice passage area

Initial opening

Needle displacement from initial position

Valve opening

Maximum needle stroke

Orifice diameter

Needle angle

Fluid density

Fluid kinematic viscosity

Minimum pressure for turbulent flow

Critical Reynolds number

Valve instantaneous hydraulic diameter

Closed valve leakage area

Amax

Maximum valve open area

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg - Positive signal at the physical signal port S opens the valve.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* The flow passage area is assumed to be equal to the frustum side surface area.
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Dialog Box and Parameters

"4 Block Parameters: MNeedle Valve @
Needle Valve

The block models a needle valve created by a conical needle and a round sharp-edged orifice. The flow rate
through the valve is proportional to the orifice opening and to the pressure differential across the valve. The model
accounts for the laminar and turbulent flow regimes by monitoring the Reynolds number and comparing its value
with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B.

Settings
Parameters
Valve orifice diameter: 5e-3 m -
Needle cone angle: a0 deg -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Valve orifice diameter
The diameter of the orifice of the valve. The default value is 0.005 m.
Needle cone angle

The angle of the valve conical needle. The parameter value must be in the range
between 0 and 180 degrees. The default value is 90 degrees.

Initial opening

The initial opening of the valve. You can specify both positive and negative values.
The default value is O.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.65.
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Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.

Global Parameters

Parameters determined by the type of working fluid:

Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

Physical signal port to control spool displacement.



Needle Valve

See Also
Ball Valve | Ball Valve with Conical Seat | Gate Valve | Poppet Valve | Pressure-
Compensated Flow Control Valve
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Orifice with Variable Area Round Holes

Hydraulic variable orifice shaped as set of round holes drilled in sleeve

Library

Orifices

Description

The block models a variable orifice created by a cylindrical spool and a set of round holes
drilled in the sleeve. All the holes are of the same diameter, evenly spread along the
sleeve perimeter, and their center lines are located in the same plane. The flow rate
through the orifice is proportional to the orifice opening and to the pressure differential
across the orifice. The following schematic shows the cross section of an orifice with
variable round holes, where

q Flow rate
h Orifice opening

Spool displacement from initial position
dy Orifice hole diameter
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The flow rate is determined according to the following equations:

q=CD~A(h>\/§~W

b+ per

DP=DPp—PB

p Recr'v ’
Per =5\ Cp-D
D YH

h = xy +xeor

Alear forh <=0
AR =1| L 2ea| 2arceos| 1- 2 |- sin| 2arccos| 1- 22 |||+ 4, for 0<h <d,
8 do do
Amax +Aleak for A >= dO
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[4A(R
DH= n(:)

A TS
max — 4
where
q Flow rate
p Pressure differential

DA, PB Gauge pressures at the block terminals

Cp Flow discharge coefficient

A(h) Instantaneous orifice passage area

dy Hole diameter

z Number of holes

X Initial opening

52 Spool displacement from initial position

h Orifice opening

or Orifice orientation indicator. The variable assumes +1 value if a spool

—1 if positive motion decreases the opening.

P Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Instantaneous orifice hydraulic diameter
Ajeax Closed orifice leakage area

Apax Fully open orifice passage area

The block positive direction is from port A to port B. This means that the flow rate

is positive if it flows from A to B and the pressure differential is determined as

displacement in the globally assigned positive direction opens the orifice, and
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p = py — pg - Positive signal at the physical signal port S opens or closes the orifice
depending on the value of the parameter Orifice orientation.

Basic Assumptions and Limitations

* Fluid inertia is not taken into account.

Dialog Box and Parameters

"4 Block Parameters: Orifice with Variable Area Round Holes @
Orifice with Variable Area Round Holes

The block models a variable orifice created by a cylindrical spool and a set of round holes drilled in the sleeve. All
the holes are of the same diameter, evenly spread along the sleeve perimeter, and their center lines are located in
the same plane. The flow rate through the orifice is proportional to the orifice opening and to the pressure
differential across the orifice.

Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B. A positive signal at port
S opens or closes the orifice, depending on the value of the Orifice orientation parameter.

Settings
Parameters
Diameter of round holes: 0.005 m -
Number of round holes: 6
Flow discharge coefficient: 0.6
Initial opening: 0 m -
Orifice orientation: Opens in positive direction w7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Diameter of round holes

Diameter of the orifice holes. The default value is 5e-3 m.
Number of round holes

Number of holes. The default value is 6.
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Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.6.

Initial opening
Orifice initial opening. The parameter can be positive (underlapped orifice), negative

(overlapped orifice), or equal to zero for zero lap configuration. The value of initial
opening does not depend on the orifice orientation. The default value is O.

Orifice orientation

The parameter is introduced to specify the effect of the orifice control member motion
on the valve opening. The parameter can be set to one of two options: Opens in
positive directionor Opens In negative direction. The value Opens

in positive direction specifies an orifice whose control member opens the

valve when it is shifted in the globally assigned positive direction. The parameter

is extremely useful for building a multi-orifice valve with all the orifices being
controlled by the same spool. The default value is Opens in positive direction.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-15 m”"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Orifice orientation

All other block parameters are available for modification.
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Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
S

Physical signal port to control spool displacement.

The flow rate is positive if fluid flows from port A to port B. Positive signal at the physical
signal port S opens or closes the orifice depending on the value of the parameter Orifice
orientation.

See Also

Annular Orifice | Constant Area Hydraulic Orifice | Fixed Orifice | Orifice with
Variable Area Slot | Variable Area Hydraulic Orifice | Variable Orifice
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Orifice with Variable Area Slot

Hydraulic variable orifice shaped as rectangular slot

Library

Orifices

Description

The block models a variable orifice created by a cylindrical sharp-edged spool and a
rectangular slot in a sleeve. The flow rate through the orifice is proportional to the orifice
opening and to the pressure differential across the orifice. The flow rate is determined
according to the following equations:

q:CD.A(h)\/g,#M
P (p2+p?r)

P=DpPp—PB
2
p Recr'v
P =3\ Cp Dy
D ~YH

h = xq +xeor

beh +Aleak forh >0

A(h) =
( ) {Aleak fOI‘h <=0
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[4A(R
DH= n(:)

where

q Flow rate

p Pressure differential

Pa, DB Gauge pressures at the block terminals

Ch Flow discharge coefficient

A(h) Instantaneous orifice passage area

b Width of the orifice slot

X Initial opening

x Spool displacement from initial position

h Orifice opening

or Orifice orientation indicator. The variable assumes +1 value if a spool
displacement in the globally assigned positive direction opens the orifice, and
—1 if positive motion decreases the opening.

el Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow

Re,, Critical Reynolds number

Dy Instantaneous orifice hydraulic diameter

Aleax Closed orifice leakage area

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg - Positive signal at the physical signal port S opens or closes the orifice

depending on the value of the parameter Orifice orientation.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.
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Dialog Box and Parameters

"4 Block Parameters: Orifice with Variable Area Slot @
Orifice with Variable Area Slot

The block models a variable orifice created by a cylindrical sharp-edged spool and a rectangular slot in a sleeve.
The flow rate through the orifice is proportional to the orifice opening and to the pressure differential across the
orifice.

Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet, respectively.
Connection S is a physical signal port through which the spool displacement is imported. The block positive
direction is from port A to port B. Positive signal at port S opens or closes the orifice, depending on the value of the
Orifice orientation parameter.

Settings

Parameters

Orifice width: 0.01 m -
Flow discharge coefficient: 0.7

Initial opening: 0 m -
Orifice orientation: Opens in positive direction w7
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Orifice width
The width of the rectangular slot. The default value is 1e-2 m.
Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Initial opening
Orifice initial opening. The parameter can be positive (underlapped orifice), negative

(overlapped orifice), or equal to zero for zero lap configuration. The value of initial
opening does not depend on the orifice orientation. The default value is O.

Orifice orientation

The parameter is introduced to specify the effect of the orifice control member motion
on the valve opening. The parameter can be set to one of two options: Opens in
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positive directionor Opens iIn negative direction. The value Opens

in positive direction specifies an orifice whose control member opens the

valve when it is shifted in the globally assigned positive direction. The parameter

is extremely useful for building a multi-orifice valve with all the orifices being
controlled by the same spool. The default value is Opens in positive direction.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Orifice orientation

All other block parameters are available for modification.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.
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Ports

The block has the following ports:

A

Hydraulic conserving port associated with the orifice inlet.
B

Hydraulic conserving port associated with the orifice outlet.
S

Physical signal port to control spool displacement.

The flow rate is positive if fluid flows from port A to port B. Positive signal at the physical
signal port S opens or closes the orifice depending on the value of the parameter Orifice
orientation.

See Also

Annular Orifice | Constant Area Hydraulic Orifice | Fixed Orifice | Orifice with
Variable Area Round Holes | Variable Area Hydraulic Orifice | Variable Orifice



Partially Filled Vertical Pipe LP

Partially Filled Vertical Pipe LP

Partially filled vertical pipe connecting two tanks

Library

Low-Pressure Blocks

=

Description

The Partially Filled Vertical Pipe LP block models a vertical pipe connecting two tanks.
The block takes into account the possibility that the top tank gets emptied, and therefore
the top port of the pipe can be exposed. The fluid level in the pipe then settles at some
intermediate position, depending on pressures at both ports.

The following schematic diagram shows two tanks connected by a partially filled vertical
pipe, where:

*  ha and hg are the elevations of ports A and B, respectively
*  hpis the fluid level in the pipe
+ L is the length of the pipe
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The tank is assumed to be empty when fluid volume becomes less than a specified value.
If the upstream tank is emptied, the flow rate through port A is assumed to be 0, and
the tank pressurization pressure propagates through port A to the pipe. When pressure
increases at the bottom port B, the fluid flows upstream. After the pipe is completely
filled, the fluid can start filling the top tank.

You must connect port A to a component that provides data on fluid volume (such as the
Reservoir block or any of the tank blocks). Port A elevation must be greater than port B
elevation.

You can connect port B to any hydraulic component, with one restriction: the component
must keep the port submerged at all times.

The pipe hydraulic resistance is proportional to the length of fluid in the pipe (wet
length). The shorter the wet length, the lower the resistance. To avoid zero resistance as
wet length approaches 0, the volume of fluid in the pipe is limited to the same minimum
value as the tank. After the minimum volume is reached, the flow rate through port B is
assumed to be 0.

It is a good practice to connect port B either to another tank or to a pressure source.
When you connect it to a pressure source, it is good practice to insert some hydraulic
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resistance (fixed orifice, valve, and so on) between the pipe and the source, to avoid zero
resistance.

The block models pipes with circular and noncircular cross sections. The block accounts
for friction losses, variable fluid level in the pipe, and resulting variable heads at the
ports. The block is based on the assumption of steady-state fluid momentum conditions.
For additional information, see “Basic Assumptions and Limitations” on page 1-416.

To account for local resistances (such as bends, fittings, inlet and outlet losses, and so
on), convert the resistances into their equivalent lengths, sum up all the resistances to
obtain their aggregate length, and then add this length to the pipe geometrical length.
The ratio between the added and the current wet length of the pipe is maintained
constant as the pipe is emptied or filled with fluid.

Flow rates through the pipe ports are computed individually because they are different
when the top port is exposed. The flow rates are proportional to the flow-regime-
dependent friction factor and the pressure differential. The friction factor in turbulent
regime is determined with the Haaland approximation [1]:

1
f = 2
69 (k/Dy )
~1.8log | - + H
#10| Re ( 3.7 J
Re=ZL Dy
A-v
where
f Friction factor
k Height of the roughness on the pipe internal surface
Re Reynolds number
q Flow rate
Dy Pipe hydraulic diameter
A Pipe cross-sectional area
v Fluid kinematic viscosity
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At laminar regime, the friction factor is determined as

where s is the geometrical shape factor, or Poiseuille number [1], defined as a function of
the Fanning factor for various noncircular shapes: rectangle, concentric annulus, ellipse,
and circular sector.

The friction factor during the transition from laminar to turbulent regimes is determined
with the linear interpolation between extreme points of the regimes. As a result of these
assumptions, the pipe is simulated according to the following equations:

0 forp>=0,V<V_..
A |LPn 2.p forp>=0,V>=V,; , Re >= Re,,
fLef P
D
svpLy -p forp>=0,V>=V_.  Re<Re,
4= forp<0,Lp <=L
D2
2-A- H forp<0,Lp > L, Re < Re,,
§:V-p-Ly
A 1Dy g|p| forp <0,Ly > L, Re >= Re,,
fLef P

forp>=0,Vp <V .1

qg =1A lDH f— | p| - sign(p) forp>=0,Vp>=V_., , Re>=Re,,
fLef
2-A-— p forp>=0,Vgp >=V_. ,Re<Re,
SV-p- Lef
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de
9a=98 ="
1%
Lpr=—2
™A

P=PA—PB+p &-hy

where

ga, B Flow rates through port A and B, respectively

Pa, PB Pressures at port A and B, respectively

ha, hg Port A and port B elevations, respectively

L Geometrical pipe length

Ly Aggregate equivalent length of local resistances

Lp Pipe wet length

L Effective pipe length

P Fluid density

p Pressure differential across the pipe

1% Fluid volume in the upstream tank

Vi Volume of fluid in the pipe

Vnin Minimum volume of fluid in the tank, or in the pipe. If V becomes less than
Vinin, then the upstream tank is considered empty, the flow rate through

1-415



1 Blocks — Alphabetical List

1-416

port A is assumed to be 0, and the tank pressurization pressure propagates
through port A to the pipe. If V,, becomes less than Vi, then the pipe is
considered empty and the flow rate through port B is assumed to be 0.

hy Fluid elevation in the pipe
Re,, Critical Reynolds number
g Gravity acceleration

Flow rate A is considered positive when fluid flows into the pipe. Flow rate B is
considered positive when fluid flows out of the pipe.

Basic Assumptions and Limitations

The block is based on the assumption of steady-state fluid momentum conditions.
Fluid inertia and fluid compressibility are not taken into account.

Flow is assumed to be fully developed along the pipe length, therefore the end effects
are not considered.

To account for local resistances in the pipe, you must convert the resistances into
their equivalent lengths, sum them up to obtain their aggregate length, and then add
this aggregate length to the pipe geometrical length.

The elevation of port A must be greater than that of port B.

Port A must be connected to the hydraulic port of the top tank. The fluid volume in
the top tank must be input into the Partially Filled Vertical Pipe LP block through
the physical signal port V. If you use one of the standard SimHydraulics reservoir or
tank blocks, connect its physical output port directly to the input port V. If you use
a custom tank block, it must have a port that exports fluid volume in the tank as a
physical signal, and you must connect this output port to the input port V.

Port B must not be exposed.
The friction factor at turbulent regime is computed with the Haaland approximation.

The friction factor at laminar regime is determined as the Poiseuille number divided
by the Reynolds number.

The friction factor during transition from laminar to turbulent regime is computed
with the linear interpolation.
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Dialog Box and Parameters

"4 Block Parameters: Partially Filled Vertical Pipe LP =
Partially Filled Vertical Pipe LP

This block models a hydraulic pipe which is connected to the installed at high elevation tank and accounts for the
fluid volume in the tank and in the pipe. The fluid volume in the tank, connected to port A, is imported via physical
signal port \. If tank gets emptied, the pressure at port A becomes constant and equal to the tank pressurization.
Port B must not be exposed and must be submerged all the time. The block accounts for the friction loss and loss
at local resistances such as bends, fittings, filters, etc.The resistances must be converted into their equivalent
lengths, and then the total length of all the resistances has to be added to the pipe geometrical length. The ratio
between the geometrical and added length is maintained constant while pipe is filled or emptied. The fluid inertia
and fluid compressibility are assumed to be negligible. Connections A and B are hydraulic conserving ports.
Connection V is the physical signal port through which the volume in the upstream tank is imported. Connection L is
the physical signal port which conveys the fluid level in the pipe. The block positive direction is from port A to port
B. This means that the flow rate is positive if fluid flows from A to B, and the pressure loss is determined as p =

p_A-p_B.

Settings
Pipe type: ICircuIar -
Pipe internal diameter: 0.1 m -
Geometrical shape factor: 64
Pipe length: 100 m -
Aggregate equivalent length of
local resistances: 50 m 7
Tank minimum volume: le-4 m~3 -
Laminar flow upper margin: 2000
Turbulent flow lower margin: 4000
Internal surface roughness
height: €5 m M

[ 0K ] I Cancel I I Help Apply

* “Basic Parameters Tab” on page 1-417
+ “Vertical Position Tab” on page 1-419
Basic Parameters Tab

Pipe type

The type of pipe cross section: Circular or Noncircular. For a circular pipe,
you specify its internal diameter. For a noncircular pipe, you specify its hydraulic
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diameter and pipe cross-sectional area. The default value of the parameter is
Circular.

Pipe internal diameter

Pipe internal diameter. The parameter is available if Pipe type is set to Circular.
The default value is 0.01 m.

Noncircular pipe cross-sectional area

Pipe cross-sectional area. The parameter is available if Pipe type is set to
Noncircular. The default value is 0.08 m"2.

Noncircular pipe hydraulic diameter

Hydraulic diameter of the pipe cross section. The parameter is available if Pipe type
is set to Noncircular. The default value is 0.1 m.

Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the pipe cross section
determines the value. For a pipe with a noncircular cross section, set the factor to

an appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1]. The default value is 64, which corresponds to a pipe
with a circular cross section.

Pipe length
Pipe geometrical length. The default value is 100 m.
Aggregate equivalent length of local resistances

Represents total equivalent length of all local resistances associated with the pipe.
You can account for the pressure loss caused by local resistances, such as bends,
fittings, armature, inlet/outlet losses, and so on, by adding to the pipe geometrical
length an aggregate equivalent length of all the local resistances. The default value is
50 m.

Tank minimum volume

Minimum volume of fluid in the upstream tank, or in the pipe, corresponding to
Viin In the block equations. The tank or pipe is considered empty if its fluid volume
becomes less than V,,;,. The default value is 1e-4 m”3.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.

Turbulent flow lower margin
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Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided in
data sheets or manufacturer catalogs. The default value is 5e-5 m.

Vertical Position Tab

Port A elevation wrt reference plane

The vertical position of the pipe port A with respect to the reference plane. The
default value is 50 m.

Port B elevation wrt reference plane

The vertical position of the pipe port B with respect to the reference plane. The
default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Pipe type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Pipe type parameter at the time the
model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.
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Ports

The block has the following ports:

A
Hydraulic conserving port associated with the pipe inlet.
B
Hydraulic conserving port associated with the pipe outlet.
\
Physical signal input port that provides data on fluid volume in the upstream tank.
L
Physical signal output port that exports the pipe fluid level.
References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

See Also
Hydraulic Pipe LP with Variable Elevation | Resistive Pipe LP with Variable Elevation



Pilot-Operated Check Valve

Pilot-Operated Check Valve

Hydraulic check valve that allows flow in one direction, but can be disabled by pilot
pressure

Library

Directional Valves

15|

The Pilot-Operated Check Valve block represents a hydraulic pilot-operated check valve
as a data-sheet-based model. The purpose of the check valve is to permit flow in one
direction and block it in the opposite direction, as shown in the following figure.

Description

o g

Unlike a conventional check valve, the pilot-operated check valve can be opened by inlet
pressure p,, pilot pressure py, or both. The force acting on the poppet is determined as

F=p,eA + pyeAy — pgeAg
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where

DA, PB Gauge pressures at the valve terminals
Px Gauge pressure at the pilot terminal
Ap Area of the spool in the A chamber

Ap Area of the spool in the B chamber

Ax Area of the pilot chamber

This equation is commonly used in a slightly modified form
Pe=DPatPyk, =Dy

where k, = Ax / A, is usually referred to as pilot ratio and p, is the equivalent pressure
differential across the poppet. The valve remains closed while this pressure differential
across the valve is lower than the valve cracking pressure. When cracking pressure is
reached, the valve control member (spool, ball, poppet, etc.) is forced off its seat, thus
creating a passage between the inlet and outlet. If the flow rate is high enough and
pressure continues to rise, the area is further increased until the control member reaches
its maximum. At this moment, the valve passage area is at its maximum. The valve
maximum area and the cracking and maximum pressures are generally provided in the
catalogs and are the three key parameters of the block.

In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it 1s not recommended.

By default, the block does not include valve opening dynamics, and the valve sets its
opening area directly as a function of pressure:

A=A(p)

Adding valve opening dynamics provides continuous behavior that is more physically
realistic, and is particularly helpful in situations with rapid valve opening and closing.
The pressure-dependent orifice passage area A(p) in the block equations then becomes
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the steady-state area, and the instantaneous orifice passage area in the flow equation is
determined as follows:

At =0)= Ainit
dA _A(p)-A
dt T

In either case, the flow rate through the valve is determined according to the following
equations:

—Cc-Al2.__ P
9=Cp A\/; ( 5 2)1/4

P+ Der

P.=DPatDx*k,—Dg

Aleak for Pe <= Perack
A(p) = Aleak +k'<pe - pcrack) for Perack < Pe < Pmax
Amax for p, >= Pryax

k= Amax _Aleak

Pmax ~ Pcerack

P=pPA—PB
Y Recr'v :
Por=o| 7 1
Dy = [*A
T
where
q Flow rate through the valve

Pressure differential across the valve
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De

Equivalent pressure differential across the control member

Pa,Ps

Gauge pressures at the valve terminals

Px

Gauge pressure at the pilot terminal

Pilot ratio, k, = Ax / Ax

Valve gain coefficient

Cop

Flow discharge coefficient

A

Instantaneous orifice passage area

A(p)

Pressure-dependent orifice passage area

Ainit

Initial open area of the valve

Amax

Fully open valve passage area

Aleak

Closed valve leakage area

Derack

Valve cracking pressure

pmax

Pressure needed to fully open the valve

pCI‘

Minimum pressure for turbulent flow

Re,,

Critical Reynolds number

Dy

Instantaneous orifice hydraulic diameter

p

Fluid density

v

Fluid kinematic viscosity

T

Time constant for the first order response of the valve opening

t

Time

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

b=pPp—PB-

Basic Assumptions and Limitations

* Valve opening is linearly proportional to the pressure differential.

*  No loading on the valve, such as inertia, friction, spring, and so on, is considered.

+  No flow consumption is associated with the pilot chamber.
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Dialog Box and Parameters

“& Block Parameters: Pilot-Operated Check Valve @
Pilot-Operated Check Valve

This block represents a hydraulic pilot-operated check valve, the purpose of which is to permit flow in one direction
and block it in the opposite direction. The pilot-operated check valve is controlled by equivalent pressure p_e = p_A
+ K*p_X - p_B, where K is the pilot ratio. The valve is closed when equivalent pressure differential is lower than
the valve cracking pressure. When cracking pressure is reached, the valve control member is forced off its seat. If
the flow rate is high enough and pressure continues to rise, the area is further increased until the area reaches its
maximurm.

Connections A, B, and X are hydraulic conserving ports associated with the valve inlet, valve outlet, and valve pilot
terminal, respectively. The block positive direction is from port A to port B. Pressure at port X acts to open the
valve.

Settings
Parameters
Maximum passage area: le-4 m~2 -
Cracking pressure: 0.3e5 Fa -
Maximum opening pressure: 1.2e5 Fa -
Filot ratio: 5
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m~2 -
Opening dynamics: Do not include valve opening dynamics 'J

[ 0K H Cancel H Help J Apply

Maximum passage area
Valve passage maximum cross-sectional area. The default value is 1e-4 m"2.
Cracking pressure

Pressure level at which the orifice of the valve starts to open. The default value is
3e4 Pa.
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Maximum opening pressure

Pressure differential across the valve needed to fully open the valve. Its value must
be higher than the cracking pressure. The default value is 1.2e5 Pa.

Pilot ratio

Ratio between effective area in the pilot chamber to the effective area in the inlet
chamber. The default value is 5.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Opening dynamics

Select one of the following options:

* Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.

Opening time constant



Pilot-Operated Check Valve

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default value is 0.1 s.

Initial area

The initial opening area of the valve. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is
le-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.
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Hydraulic conserving port associated with the valve pilot terminal.

See Also
Check Valve
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Pipe Bend

Hydraulic resistance in pipe bend

Library

Local Hydraulic Resistances

as [ [B

Description

The Pipe Bend block represents a pipe bend as a local hydraulic resistance. The pressure
loss in the bend is assumed to consist of

* Loss in the straight pipe

* Loss due to curvature

The loss in a straight pipe is simulated with the Hydraulic Resistive Tube block. The
loss due to curvature is simulated with the Local Resistance block, and the pressure loss
coefficient is determined in accordance with the Crane Co. recommendations (see [1], p.
A-29). The flow regime is checked in the underlying Local Resistance block by comparing
the Reynolds number to the specified critical Reynolds number value.

The pressure loss due to curvature for turbulent flow regime is determined according to
the following formula:

p=K-L-q|q|
2A
where
q Flow rate
p Pressure loss
K Pressure loss coefficient
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1

Bend cross-sectional area

Fluid density

p

For laminar flow regime, the formula for pressure loss computation is modified, as

described in the reference documentation for the Local Resistance block.

The pressure loss coefficient is determined according to recommendation provided in [1]:

K, K, K,

K

where

Base friction factor coefficient

Correction coefficient accounting for the bend curvature

Correction coefficient accounting for the bend angle

Kad

The base friction factor coefficient is determined according to the following table.

Base friction factor vs. pipe diameter
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Note Friction factors for pipes with diameters greater than 525 mm are determined by

extrapolation.

The correction coefficient accounting for the bend curvature is determined according to

the next table.

Correction coeficient vs. bend relative radius

60 T

Carrection coefficient

10 '
0

|
5 10 15 20 25

Pipe bend curvature relative radius

The bend curvature relative radius is calculated as

r=bend radius

/pipe diameter

Note For pipes with the bend curvature relative radius value outside the range of 1 > r >
24, correction coefficients are determined by extrapolation.

Correction for non-90° bends is performed with the empirical formula (see [2], Fig. 4.6):

K, = (0.0142-3.703:107° o)
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where

|Bend angle in degrees (0 < a < 180)

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate
is positive if fluid flows from A to B, and the pressure differential is determined as

P=pPp—DPB-

Warning The formulas used in the Pipe Bend block are very approximate, especially in
the laminar and transient flow regions. For more accurate results, use a combination of
the Local Resistance block with a table-specified K=f (Re) relationship and the Hydraulic
Resistive Tube block.

Basic Assumptions and Limitations

Fluid inertia, fluid compressibility, and wall compliance are not taken into account.

The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.

The bend is assumed to be made of a clean commercial steel pipe.



Pipe Bend

Dialog Box and Parameters

"k Block Parameters: Pipe Bend @
Pipe Bend

The block represents a local hydraulic resistance, such as a pipe bend. The pressure loss in the bend is assumed
to consist of (1) the loss in the straight pipe and (2) the loss due to curvature. The loss in a straight pipe is
simulated with the Resistive Tube block. The loss due to curvature is simulated with the Local Resistance block, and
the pressure loss coefficient is determined in accordance with the Crane Co. recommendations.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Parameters
Pipe diameter: 0.01 m -
Bend radius: 0.04 m -
Bend angle: a0 deg -
Int.ernal surface roughness 1505 m -
height:
Critical Reynolds number: 350

0K ] | Cancel | | Help Apply

Pipe diameter

The internal diameter of the pipe. The default value is 0.01 m.
Bend radius

The radius of the bend. The default value is 0.04 m.
Bend angle

The angle of the bend. The value must be in the range between 0 and 180 degrees.
The default value is 90 deg.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer's catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
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value. The value of the parameter depends on the geometrical profile. You can find
recommendations on the parameter value in hydraulics textbooks. The default value
is 350.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the bend inlet.
B

Hydraulic conserving port associated with the bend outlet.
References

[1] Flow of Fluids Through Valves, Fittings, and Pipe, Crane Valves North America,
Technical Paper No. 410M

[2] George R. Keller, Hydraulic System Analysis, Published by the Editors of Hydraulics
& Pneumatics Magazine, 1970

See Also

Elbow | Gradual Area Change | Hydraulic Resistive Tube | Local Resistance | Sudden
Area Change | T-junction



Pneumo-Hydraulic Actuator

Pneumo-Hydraulic Actuator

Double-acting cylinder operated by hydraulic and pneumatic power

Library

Hydraulic Cylinders

Description

The Pneumo-Hydraulic Actuator block simulates a pneumo-hydraulic actuator,
implemented as a double-acting cylinder with one side connected to a hydraulic power
supply and another side operated by pneumatic power. Such devices are widely used as
pneumo-hydraulic pumps, intensifiers, and converters of various types. The following
illustration shows a few examples of the pneumo-hydralic actuator: a) with rigid
separator; b) with flexible separator; ¢) pneumo-hydraulic intensifier.

a) b) i C)
Vol ]
A4 L4

The hydraulic part of the model accounts only for fluid consumption associated with the
piston velocity. The pneumatic part of the model is built with the ideal gas relationships.
To simulate the limit on the piston motion, the hard stop is included in the model. The
piston effective area is assumed to be constant. As a result, the model is described with
the following equations:
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FP:APp

K -(x—stroke)+D-v for x > stroke
Fpgs=1K -x+D-v forx<0
0 for 0 < x < stroke

:dx

U —
dt

Vp =V, +Ap -(stroke—x)

G- Ve(dp_pdT\ Ap
RT\dt T dt RT

Qp =" ﬁVP %_CPRAP pv+Qpg
where
qH Hydraulic volumetric flow rate
p Pressure in the actuator chambers
Ay Hydraulic side effective area
Ap Pneumatic side effective area
v Piston velocity
Fy Force developed by piston on hydraulic side
Fp Force developed by piston on pneumatic side
Fys Hard stop force
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Fy, Force developed by external load connected to port L
K Hard stop stiffness

D Hard stop damping

stroke  |Piston stroke

x Piston displacement

Vp Chamber volume on pneumatic side

Vo Chamber dead volume on pneumatic side
G Gas mass flow rate

R Gas constant

T Gas absolute temperature

Qp Heat flow through the pneumatic chamber
Cy Gas specific heat at constant volume

Cp Gas specific heat at constant pressure

Qur Heat flow through the thermal port E

The model is suitable for building pneumo-hydraulic or hydro-pneumatic pumps,
intensifiers, and similar devices. You can simulate piston loading (such as inertia,
springs, friction) by modeling the load externally and connecting it to port L. Similarly,
simulate the heat exchange with the environment through the external thermal port E,
which corresponds to the gas in the chamber. Use blocks from the Simscape Foundation
library, such as the Convective Heat Transfer, Conductive Heat Transfer, Thermal Mass,
and so on, depending on the actual system configuration.

Port P is the pneumatic conserving port associated with the pneumatic side of the
actuator. Port H is the hydraulic conserving port associated with the hydraulic inlet.

The block directionality assumes that pressure in the hydraulic chamber causes the
piston to move in the positive direction, while pressure in the pneumatic chamber tends
to move the piston in the negative direction. Flow rates are considered positive if they
flow into the actuator.

Basic Assumptions and Limitations

* The effective piston area in each chamber is assumed to be constant.
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* The leakage flow between chambers is assumed to be negligible because pressures in
the chambers are equal.

*  On the hydraulic side, fluid compressibility is not taken into account.

*  On the pneumatic side, the mass flow rate and heat flow computations assume that
the gas is ideal.

Dialog Box and Parameters

"4 Block Parameters: Pneumo-Hydraulic Actuator @
Pneumo-Hydraulic Actuator

The block models a pneumo-hydraulic actuator arranged as a double-acting cylinder with one side connected to
hydraulic supply and another side operated by pneumatic power. Such devices are widely used as pneuma-
hydraulic pumps, intensifiers, and converters of various types. The hydraulic part of the model accounts only for
fluid consumption associated with the piston velocity. The pneumatic part of the model is built with the ideal gas
relationships. The hard stop is included in the model to limit the piston motion. Port P is the pneumatic conserving
port associated with the pneumatic side of the actuator. Port H is the hydraulic conserving port associated with the
hydraulic inlet. Port L is the mechanical translational port associated with the actuator piston. Port E is the thermal
conserving port associated with the gas in the chamber. The convective heat exchange between gas and the
cylinder wall can be arranged through this port. Pressure in the hydraulic chamber causes the piston to move in
positive direction while force developed by the pneumatic piston tends to move it in negative direction. Flow rates
are considered positive if they flow into the actuator.

Settings

Parameters

Hydraulic side piston area: 20e-4 m"2 -
Pneumatic side piston area: 10e-4 m*2 -
Stroke: 0.2 m -
Initial position: 0 m -
Pneumatic side dead volume: 0.1e-3 m~3 -
Hard stop stiffness: le6 N/m -
Hard stop damping: 150 N/(m/s) -
Initial pressure (absolute): 101325 Pa -
Initial temperature: 293.15 K -

0K H Cancel H Help Apply

Hydraulic side piston area

Effective piston area on the hydraulic side. The default value is 20e-4 m”"2.
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Pneumatic side piston area

Effective piston area on the pneumatic side. The default value is 10e-4 m”"2.
Stroke

Piston maximum travel between caps. The default value is 0.2 m.
Initial position

The distance between the piston and the cap on the hydraulic side at the beginning of
simulation. This value cannot exceed the piston stroke. The default value is O.

Pneumatic side dead volume
Chamber dead volume on the pneumatic side. The default value is 0.1e-3 m”"3.
Hard stop stiffness

The hard stop model implemented in the block assumes that the stop resists
penetration of the piston with force proportional to the penetration. This parameter
sets the stiffness of the contact between the stop and the piston. The default value is
1e6 N/m.

Hard stop damping

The damping in the hard stop model accounts for dissipation in the piston-stop
contact. The default value is 150 N*s/m.

Initial pressure (absolute)

The initial absolute pressure in the pneumatic chamber. The default value is 101325
Pa.

Initial temperature

The initial gas temperature in the pneumatic chamber. The default value is 293.15
K.

Ports

The block has the following ports:

H

Hydraulic conserving port associated with the actuator hydraulic chamber.
P

Pneumatic conserving port associated with the actuator pneumatic chamber.
L
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Mechanical translational conserving port associated with the actuator piston. You
can model the load on the piston, such as external force, inertia, friction, or spring,
and connect it through this port.

Thermal conserving port associated with the gas in the pneumatic chamber. You can
simulate the heat exchange with the environment through this port.
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Poppet Valve

Hydraulic poppet valve

Library

Flow Control Valves

g

The Poppet Valve block models a variable orifice created by a cylindrical sharp-edged
stem and a conical seat.

Description

A | alpha
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The flow rate through the valve is proportional to the valve opening and to the pressure
differential across the valve. The flow rate is determined according to the following
equations:

q=CD-A(h)\/Z#M
P (p2+pgr)

b=DpA~PB

h=xq+x
1+ oos% -1
P = e T
Aleak forh <=0

X

A(h) = n(ds +h ~sin%-cosgj~h~sin%+Aleak for 0<h<h,,

Amax + Aleak for b >= hmax
4A(h)
DH = TC
A ndsz
max — =,
4

1-442



Poppet Valve

where

q Flow rate

p Pressure differential

P, PB Gauge pressures at the block terminals

Cp Flow discharge coefficient

A(h) Instantaneous orifice passage area

X Initial opening

x Stem displacement from initial position

h Valve opening

PAmax Maximum valve opening. The passage area remains constant and equal to A,y
after this.

d, Stem diameter

a Cone angle

Jel Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow

Re,, Critical Reynolds number

Dy Valve instantaneous hydraulic diameter

Aleax Closed valve leakage area

Anax Maximum valve open area

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

p = py — pg - Positive signal at the physical signal port S opens the valve.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

* The flow passage area is assumed to be equal to the frustum side surface area.
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Dialog Box and Parameters

"k Block Parameters: Poppet Valve @
Poppet Valve

The block models a poppet valve with orifice created by a cylindrical sharp-edged stem and a conical seat. The
flow rate through the valve is proportional to the orifice opening and to the pressure differential across the valve.
The model accounts for the laminar and turbulent flow regimes by monitoring the Reynolds number and comparing
its value with the critical Reynolds number.

Connections A and B are conserving hydraulic ports associated with the valve inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B.

Settings
Parameters
Valve stem diameter: 0.01 m -
Seat cone angle: 120 deg -
Initial opening: 0 m -
Flow discharge coefficient: 0.65
Critical Reynolds number: 10
Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Valve stem diameter
The diameter of the valve stem. The default value is 0.01 m.
Seat cone angle

The angle of the valve conical seat. The parameter value must be in the range
between 0 and 180 degrees. The default value is 120 degrees.

Initial opening

The initial opening of the valve. The parameter value must be nonnegative. The
default value is O.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.65.
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Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 10.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
S

Physical signal port to control spool displacement.
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See Also
Ball Valve | Ball Valve with Conical Seat | Gate Valve | Needle Valve | Pressure-
Compensated Flow Control Valve

1-446



Porting Plate Variable Orifice

Porting Plate Variable Orifice

Variable orifice between piston and porting plate

Library

Pumps and Motors

L

Description

Porting plate is a key element of axial-piston machines. Its objective is to provide
communication between pistons and pump ports during the rotor, or cylinder block,
rotation. The porting plate is equipped with two crescent-shaped slots, one of which

is connected to the intake port while the other is channeled to the discharge port. The
pistons are carried along the porting plate slots, thus periodically connecting the piston
to either the intake or the discharge port of the machine.

A—A
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The preceding diagram shows an axial-piston machine with five pistons, where:

Porting plate
Rotor
Piston

Driving shaft

O b WON -

Swash plate
During rotor rotation, every piston gets connected to one of the porting slots. These

piston connections, modeled as variable orifices, are reflected in the schematic model of a
piston, shown in the following illustration.

[?Swash mechanism
A

Pistan
%
Rotor + -
displacement > Variable orifice »| Variable orifice
E in the piston inlet E in the piston outlet
path path
A B

The Porting Plate Variable Orifice block is a model of a variable orifice created between
the piston chamber and a slot on a porting plate. Two Porting Plate Variable Orifice
blocks are necessary in the model of a piston, to simulate connection to the intake and
the discharge port, respectively.
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The calculation diagram of the porting plate variable orifice is shown in the next
illustration.

The model assumes that the slot is shifted by a pressure carryover angle y from the
reference point in the direction of orifice rotation. Generally, r / R<w <31/ R, wherer
is the orifice radius and R is the piston pitch radius. A small triangular-shaped transition
slot is placed at the beginning of the major slot, to avoid sudden pressure change. To
avoid direct connection between the intake and discharge slots, the transition slot angle 6
must be less than @ — r/ R . The transition slot area is assumed to be linearly dependent
on the rotation angle and characterized by its maximum area. There are six distinctive
angles defining the relationship between the rotation angle y and the orifice opening, as
listed in the following table.
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No |Nomenclature Value Description
1 Y1 w—60-r/R Opening of transition slot starts.
Y2 w—r/R Opening of the major slot starts. The orifice

contacts with the transition slot.

3 Y3 w+r/R Major slot full opening starts.

4 Va4 w+r/R+0.01 Transition slot ends.

5 Vs a—2-r/R Major slot full opening ends.

6 Ve o Major slot opening ends.

The variable orifice is fully opened in the aq region
w+r/R<y<u-2-r/R

where y is the rotation angle.

The orifice area is computed with the following equations:

A = Alear, forve <v<=v1
A=G-(v=11)+ Aar fory; <y<=7p
A=Ay + 12 (B-sinB) + Apqr forys <y<=1v3
A=A, (1-100-(y—v3))+m- 72+ A, forys <y <=1v4
A=n-r’+AL, fory, <y <=5
A=r%(B-sinpB)+ A,y forys <y<=vg
2-ocoos(R/r-sin(().5-(y3—y))) foryg <y<=1v3

2-0ccos(R/r-sin(O.5-(2-r/R+y—n))) forys <y <=1vq

where
A Orifice area
A Transition slot maximum area
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‘Aleak |Closed orifice leakage area

After the area has been determined, the flow rate through the orifice is computed with
the following equations:

O A 2. P
q=Cp A\fp ( 3 2)1/4

b+ per

b=DPaA—PB

Dy - A
bl

where

q Flow rate

p Pressure differential

Pa, PB Gauge pressures at the block terminals

Ch Flow discharge coefficient

Dy Orifice hydraulic diameter

Jo Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow

Re,, Critical Reynolds number

The Porting Plate Variable Orifice block model is essentially a building block intended
for use in various piston machines. The model accounts for the flow regime by computing
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the Reynolds number and comparing it with its critical value. No inertial effects are
considered in the model.

Connections A and B are hydraulic conserving ports associated with the inlet and outlet
of the orifice. Connection G is a physical signal port associated with the input signal for
the cylinder block angle. The input signal at port G is treated as an angle, in radians,
therefore it is essential that the input signal representing angular displacement is kept
within the range from 0 to 2m. Connect port G to the output port of an Angle Sensor block
to meet this requirement.

The flow rate is considered positive if it flows from A to B. At initial position, the orifice

is assumed to be shifted by the pressure carryover angle from the slot. When the block
rotates in the positive direction, the orifice starts opening. To adjust the initial position of
the orifice with respect to the slot, use the Phase angle parameter.

Basic Assumptions and Limitations

*  The model accounts for the viscous friction in the piston-plate contact.
* No inertial effects are considered.
* The plate angular displacements are considered to be small.

* The joint between the piston and the plate permanently maintains contact between
the piston and the plate.



Porting Plate Variable Orifice

Dialog Box and Parameters

"4 Block Parameters: Porting Plate Variable Orifice @

Porting Plate Variable Orifice

The block is a model of a variable orifice located between the piston chamber and a crescent-shaped slot on a
porting plate in hydraulic axial-piston machines. The pistons, fitted in the machine rotor, are carried along the
porting plate slots, thus being periodically connected to either the intake or discharge port of the machine. The
block is a model of a fluid path between the piston and one of the slots. The model is essentially a building block
intended to build models of various hydraulic machines. The model accounts for the flow regime by computing the
Reynolds number and comparing it with its critical value. Mo inertial effects are considered in the model.

Connections A and B are the conserving hydraulic ports associated with the inlet and outlet of the orifice.
Connection G is a physical signal port through which the cylinder block angle is imported. Whatever signal is
connected to port G, it is treated as an angle in rad. The flow rate is considered positive if it flows from A to B, and
pressure differential is determined as p = P_A - P_B. At initial position, the orifice is assumed to be shifted by the
pressure carryover angle from the slot. The front edge of the slot is equipped with the transition slot. The orifice
starts getting opened provided the block rotates in positive direction. By using the Phase angle parameter, the initial
position can be adjusted to reflect the actual position of the orifice with respect to the slot. The angular
displacement of the block provided to the model via port G must be kept within the range 0 to 2*pi.

Settings
Parameters
Piston pitch radius: 0.05 m -
Orifice diameter: 0.005 m -
Pressure carryover angle: 0.06 rad -
Phase angle: 0 rad -
Transition slot angle: 0.01 rad -
Transition slot maximum area: le-6 m*2 -
Flow discharge coefficient: 0.65
Critical Reynolds number: 12
Leakage area: le-9 m"2 -

0K H Cancel H Help Apply

Piston pitch radius

The radius of the pitch circle where the pistons are located. The parameter must be

greater than zero. The default value is 0.05 m.

Orifice diameter

The diameter of the orifice at the bottom of the piston chamber. The parameter must

be greater than zero. The default value is 0.005 m.
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Pressure carryover angle

The angle introduced between to slot and the orifice to avoid abrupt pressure change
and decrease leakage. This angle is marked y in the preceding calculation diagram.
The angle is expected to be in the range r/ R<w <37/ R, where r is the orifice
radius and R is the piston pitch radius. The default value is 0.06 rad.

Phase angle

This parameter sets the orifice initial angular position with respect to the slot. The
default value is O, which means that the orifice is shifted by the pressure carryover
angle from the slot.

Transition slot angle

The angle covered by a small, triangular-shaped transition slot placed before the
major slot to avoid sudden pressure change, as shown in the preceding calculation
diagram. To avoid direct connection between the intake and discharge slots, the
transition slot angle 8 must be less than w—r/ R . The default value is 0.01 rad.

Transition slot maximum area

The maximum cross-sectional area of the transition slot. The slot area is assumed
to be linearly-dependent on the rotation angle and reaches its maximum when the
orifice approaches the major slot. The default value is 1€-6 m.

Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.6.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12, which corresponds to a round orifice in thin material with sharp edges.

Leakage area

The total area of possible leaks in the completely closed orifice. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1€-9 m”2.
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Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the orifice inlet.

B
Hydraulic conserving port associated with the orifice outlet.

G
Physical signal input port that conveys the angular position of the orifice to the block.
The signal applied to the port is treated as an angle, in radians, and must be in the
range between 0 and 2.

Examples

The Hydraulic Axial-Piston Pump with Load-Sensing and Pressure-Limiting Control
example models a test rig designed to investigate interaction between an axial-piston
pump and a typical control unit, simultaneously performing the load-sensing and
pressure-limiting functions. To assure required accuracy, the model of the pump must
account for such features as interaction between pistons, swash plate, and porting plate,
which makes it necessary to build a detailed pump model.

See Also
Angle Sensor | Swash Plate
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Pressure-Compensated 3-Way Flow Control Valve

Hydraulic pressure compensating 3-way valve

Library

Flow Control Valves

Description

The Pressure-Compensated 3-Way Flow Control Valve block represents a 3-way
pressure-compensated flow control valve as a data-sheet-based model. The valve model
includes a variable orifice and a normally closed pressure-control valve, connected in
parallel with the orifice. The purpose of the pressure-control valve is to maintain a preset
pressure differential across the orifice by diverting some flow from port A to the tank
(port R) if the pressure differential exceeds the preset value. Port C controls the orifice
opening, as shown in the following figure.
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Pressure-Compensated 3-Way Flow Control Valve

Depending on data listed in the manufacturer's catalogs or data sheets for your
particular valve, you can choose one of the following model parameterization options:

+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

* By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed if the initial orifice
opening is set to zero and the control member position also equals zero. The maximum
orifice opening takes place at the maximum displacement. In the second case, the
passage area is determined by one-dimensional interpolation from the table A=A(h).

The pressure-control valve representation does not account for inertia, friction, or
hydraulic forces. The valve has the following area-pressure differential relationship:

0 for p< pg,,
Amax pc
Apc = (p - pset)—_ for Dset < Pget < (p + pset)
Preg

Amax_ pc for p> (pset + preg )
where
Ape Pressure-control valve passage area
p Pressure differential across the orifice
Pset Preset pressure differential
Dreg Regulation range
Amax pe | Pressure-control valve maximum area

Both for the variable orifice and the pressure compensator, a small leakage area is
assumed to exist even after the orifice is completely closed. Physically, it represents
a possible clearance in the closed valve, but the main purpose of the parameter is to
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maintain numerical integrity of the circuit by preventing a portion of the system from
getting 1solated after the valve is completely closed. An isolated or “hanging” part of the
system could affect computational efficiency and even cause failure of computation.

After the area has been determined, the block computes the flow rate for both the orifice
and the pressure compensator according to the following equations:

—Cn A2 p____
7=Cp A\fp ( ; 2)1/4

b+ per

A {Apc for pressure compensator

A,, for variable orifice

A = h'Amax /hmax +Aleak for h >0
Pe | Ay for h <=0

h=xy+x

_|pa—pp for pressure compensator
" |pa—pp for variable orifice

P Recr'v ’
Pep = o] 7
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Pressure-Compensated 3-Way Flow Control Valve

q Flow rate

p Pressure differential

pa, PB, |Gauge pressures at the block terminals
PR

Cp Flow discharge coefficient

A Instantaneous orifice passage area

Anax Orifice maximum area

Ajeax Closed orifice leakage area

Pmax Control member maximum displacement
X Initial opening

x Control member displacement from initial position
h Orifice opening

P Fluid density

v Fluid kinematic viscosity

Der Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Instantaneous orifice hydraulic diameter

Connections A, B, and R are the conserving hydraulic ports associated with the valve
inlet, outlet, and return, respectively. Connection C is a physical signal port through
which the orifice opening is controlled. The block positive direction is from port A to port
B. Positive signal at port C opens the valve.

Assumptions and Limitations

Fluid inertia and pressure compensator loading are not taken into account.
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"k Block Parameters: Pressure-Compensated 3-Way Flow Control Valve @
Pressure-Compensated 3-Way Flow Control Valve

The block simulates a pressure-compensated 3-way flow control valve. The valve model includes a variable orifice
and a normally closed pressure-control valve, connected in parallel with the orifice. The purpose of the pressure-
control valve is to maintain a constant pressure differential across the orifice. The block is arranged as the data
sheet-based model with all the parameters normally available in catalogs or manufacturer data sheets. Two
options are available to parameterize the orifice: (1) by maximum area and control member stroke, (2) by lookup
table specifying the relationship between the orifice area and control member displacement. Connections A, B, and
R are conserving hydraulic ports associated with the valve inlet, outlet, and return, respectively. Connection Cis a
physical signal port through which orifice opening is controlled. The block positive direction is from port A to port B.
Positive signal at port C opens the valve.

Settings
Orifice parameterization: |B',r maximum opening and area w7
Orifice maximum area: le-4 m*2 -
Orifice maximum opening: 0.005 m -
Orifice initial opening: 0 m -

Orifice flow discharge coefficient: 0.6
Orifice critical Reynolds number: 12

Orifice leakage area: le-9 m"2 -

[ 0K ]| Cancel || Help Apply

+ “Variable Orifice Tab” on page 1-460

* “Pressure Compensator Tab” on page 1-463

Variable Orifice Tab

Orifice parameterization

Select one of the following methods for specifying the orifice:

* By maximum opening and area — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This is the default method.



Pressure-Compensated 3-Way Flow Control Valve

*+ By orifice area vs. orifice opening table — Provide tabulated data of
orifice openings and corresponding orifice areas. The passage area is determined
by one-dimensional table lookup. You have a choice of three interpolation methods
and two extrapolation methods.

Orifice maximum area

The area of a fully opened orifice. The parameter value must be greater than zero.
The default value is 1e-4 m”2. This parameter is used if Orifice parameterization
is set to By maximum opening and area.

Orifice maximum opening

The maximum displacement of the control member. The parameter value must be
greater than zero. The default value is 0.005 m. This parameter is used if Orifice
parameterization is set to By maximum opening and area.

Tabulated orifice openings

Vector of input values for orifice openings, specified as a one-dimensional array.

The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in mm, are [-6, 0, 1, 3, 6,

9, 15]. This parameter is used if Orifice parameterization is set to By orifice
area vs. orifice opening table. Tabulated orifice openings values will be
used together with Tabulated orifice area values for one-dimensional table lookup.

Tabulated orifice area

Vector of orifice areas, specified as a one-dimensional array. The vector must be the
same size as the orifice openings vector. All the values must be positive. The default
values, in cm”2, are [1le-7, le-6, 0.08, 0.145, 0.96, 1, 1.001]. This
parameter is used if Orifice parameterization is set to By orifice area vs.
orifice opening table.

Interpolation method
This parameter is used if Orifice parameterization is set to By orifice area

vs. orifice opening table. Select one of the following interpolation methods

for approximating the output value when the input value is between two consecutive
grid points:

Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).

Spline — Uses the cubic spline interpolation algorithm.
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For more information on interpolation algorithms, see the tablelookup reference
page.
Extrapolation method

This parameter is used if Orifice parameterization is set to By orifice area
vs. orifice opening table. Select one of the following extrapolation methods
for determining the output value when the input value is outside the range specified
in the argument list:

+ Linear — Extrapolates using the linear method (regardless of the interpolation
method specified), based on the last two output values at the appropriate end of
the range. That is, the block uses the first and second specified output values if
the input value is below the specified range, and the two last specified output
values if the input value is above the specified range.

+ Nearest — Uses the last specified output value at the appropriate end of the
range. That is, the block uses the last specified output value for all input values
greater than the last specified input argument, and the first specified output
value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the tablelookup reference
page.

Orifice initial opening
Orifice initial opening. The parameter can be positive (underlapped orifice), negative
(overlapped orifice), or O for zero-lap configuration. The default value is O.

Orifice flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
orifice. Its value depends on the geometrical properties of the orifice and usually is
provided in textbooks or manufacturer data sheets. The default value is 0.6.

Orifice critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Orifice leakage area

The total area of possible leaks in the completely closed orifice. The main purpose
of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
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Pressure-Compensated 3-Way Flow Control Valve

isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-9 m"2.

Pressure Compensator Tab

Pressure differential across orifice setting

Pressure difference that must be maintained across the variable orifice by the
pressure compensator. The default value is 6e5 Pa.

Pressure differential regulation range

Pressure increase over the preset level needed to fully open the pressure compensator
orifice. The lower the value of the range, the higher the valve sensitivity. The default
value is 0.5e5 Pa.

Pressure compensator maximum area

The area of a fully opened pressure compensator. The parameter value must be
greater than zero. The default value is 1e-4 m”"2.

Pressure compensator flow discharge coefficient

Semi-empirical coefficient that is used in the computation of flow rate through the
pressure compensator. The default value is 0.6.

Pressure compensator critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Pressure compensator leakage area

The total area of possible leaks in the completely closed orifice. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1€-9 m”2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:
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* Model parameterization
* Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
R

Hydraulic conserving port that connects with the tank.
C

Physical signal control port.
See Also

Pressure-Compensated Flow Control Valve



Pressure-Compensated Flow Control Valve

Pressure-Compensated Flow Control Valve

Hydraulic pressure compensating valve

Library

Flow Control Valves

e

Description

The Pressure-Compensated Flow Control Valve block represents a pressure-compensated
flow control valve as a data-sheet-based model. The valve is based on a Pressure
Compensator block installed upstream from a Variable Orifice block, as shown in the
following illustration.

Depending on data listed in the manufacturer's catalogs or data sheets for your
particular valve, you can choose one of the following model parameterization options:
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+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

+ By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position
of the control member (zero displacement), and the maximum opening takes place at
the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). In both cases, a small leakage area

is assumed to exist even after the orifice is completely closed. Physically, it represents
a possible clearance in the closed valve, but the main purpose of the parameter is to
maintain numerical integrity of the circuit by preventing a portion of the system from
getting isolated after the valve is completely closed. An isolated or “hanging” part of the
system could affect computational efficiency and even cause failure of computation.

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

p = py — pg . Positive signal at port C opens the valve.

Assumptions and Limitations

Fluid inertia is not taken into account.



Pressure-Compensated Flow Control Valve

Dialog Box and Parameters

"4 Block Parameters: Pressure-Compensated Flow Control Valve @
Pressure-Compensated Flow Control Valve

The block simulates a pressure-compensated flow control valve. To parameterize the block, 2 options are
available: (1) by maximum area and control member stroke, (2) by the table of orifice area vs. control member
displacement. The lookup table block is used in the second case for interpolation and extrapolation. 3 methods of
interpolation and 2 methods of extrapolation are provided to choose from. Connections A and B are conserving
hydraulic ports associated with the valve inlet and outlet, respectively. Connection C is a physical signal control
port.

The block positive direction is from port A to port B. Positive signal at port C opens the valve.

Settings

Parameters

Model parameterization: By maximum area and opening -
Orifice maximum area: Se-5 m*2 -
Orifice maximum opening: 0.005 m -
E:%scseu:re differential across the 6e+5 Pa -
T e " -
Flow discharge coefficient: 0.7

Initial opening: 0 m -
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K ] I Cancel I I Help Apply

Model parameterization

Select one of the following methods for specifying the orifice:

+ By maximum area and opening — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This is the default method.

* By area vs. opening table — Provide tabulated data of orifice openings
and corresponding orifice areas. The passage area is determined by one-
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dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

Orifice maximum area

Specify the area of a fully opened orifice. The parameter value must be greater
than zero. The default value is 5e-5 m*2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Orifice maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 5e-4 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated orifice openings

Specify the vector of input values for orifice openings as a one-dimensional

array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least

three values for cubic or spline interpolation. The default values, in meters, are
[-2e-3,0,5e-3,15e-3]. This parameter is used if Model parameterization is
set to By area vs. opening table. Tabulated orifice openings values will be
used together with Tabulated orifice area values for one-dimensional table lookup.

Tabulated orifice area

Specify the vector of orifice areas as a one-dimensional array. The vector must be
of the same size as the orifice openings vector. All the values must be positive. The
default values, in m”2, are [1le-12,4e-12,1.e-5,1.02e-5]. This parameter is
used if Model parameterization is set to By area vs. opening table.

Interpolation method
This parameter is used if Model parameterization is set to By area vs.
opening table. Select one of the following interpolation methods for approximating
the output value when the input value is between two consecutive grid points:
+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page.

Extrapolation method
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This parameter is used if Model parameterization is set to By area vs.
opening table. Select one of the following extrapolation methods for determining
the output value when the input value is outside the range specified in the argument
list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page.

Pressure differential across the orifice

Pressure difference that must be maintained across the element by the pressure
compensator. The default value is 6e5 Pa.

Pressure reducing valve regulation range

Pressure increase over the preset level needed to fully close the valve. Must be less
than 0.2 of the Pressure differential across the orifice parameter value. The
default value is 5e4 Pa.

Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Initial opening

Orifice initial opening. The parameter can be positive (underlapped orifice), negative
(overlapped orifice), or equal to zero for zero lap configuration. The value of initial
opening does not depend on the orifice orientation. The default value is O.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
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find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization
+ Interpolation method
+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A



Pressure-Compensated Flow Control Valve

Hydraulic conserving port associated with the valve inlet.

B

Hydraulic conserving port associated with the valve outlet.
C

Physical signal control port.
See Also

Ball Valve | Ball Valve with Conical Seat | Gate Valve | Needle Valve | Poppet Valve
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Pressure Compensator

Hydraulic pressure compensating valve

Library

Pressure Control Valves

Description

The Pressure Compensator block represents a hydraulic pressure compensating valve,
or pressure compensator. Pressure compensators are used to maintain preset pressure
differential across a hydraulic component to minimize the influence of pressure variation
on a flow rate passing through the component. The following illustration shows typical
applications of a pressure compensator, where it is used in combination with the orifice
installed downstream (left figure) or upstream (right figure). The compensator can be
also used in combination with metering pumps, flow dividers, and so on.
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The block is implemented as a data-sheet-based model, based on parameters usually
provided in the manufacturer's catalogs or data sheets.
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Pressure Compensator

Pressure compensator is a normally open valve. Its opening is proportional to pressure
difference between ports X and Y and the spring force. The following illustration shows
typical relationship between the valve passage area A and the pressure difference p,,.

ps-r,t pn-]ax ‘ P xY

The orifice remains fully open until the pressure difference is lower than valve preset
pressure determined by the spring preload. When the preset pressure is reached, the
valve control member is forced off its stop and starts closing the orifice, thus trying

to maintain pressure differential at preset level. Any further increase in the pressure
difference causes the control member to close the orifice even more, until the point when
the orifice if fully closed. The pressure increase that is necessary to close the valve is
referred to as regulation range, or pressure compensator static error, and usually is
provided in manufacturer’s catalog or data sheets.

The main parameters of the block are the valve maximum area and regulation range.
In addition, you need to specify the leakage area of the valve. Physically, it represents
a possible clearance in the closed valve, but the main purpose of the parameter is to

maintain numerical integrity of the circuit by preventing a portion of the system from
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getting 1solated after the valve is completely closed. An isolated or “hanging” part of the
system could affect computational efficiency and even cause failure of computation.

By default, the block does not include valve opening dynamics, and the valve sets its
opening area directly as a function of pressure:

A=A(p)

Adding valve opening dynamics provides continuous behavior that is more physically
realistic, and is particularly helpful in situations with rapid valve opening and closing.
The pressure-dependent orifice passage area A(p) in the block equations then becomes
the steady-state area, and the instantaneous orifice passage area in the flow equation is
determined as follows:

Alt=0)= Ay
dA _ A(p)—A
dt T

In either case, the flow rate through the valve is determined according to the following
equations:

—Cc, A2 P
7=Cp A\/; ( 5 2)1/4

b” + per
DP=DPp—PpB
2
Do = P Recr'v
" 2|Cp Dy
b,  [1A
T
Al ax forpxy <= Dgot
A(p) = Anax — k'(pxy - pset) for pges < Pxy < Pmax
Aleak fOI‘pxy >= Pmax



Pressure Compensator

b = Amax ~ Aleak
DPreg

Pxy = Px— Dy
where
q Flow rate
p Pressure differential across the valve
Psxy Pressure differential across valve control terminals
DA, PB Gauge pressures at the valve main terminals
Px Dy Gauge pressures at the valve control terminals
Dset Valve preset pressure
Pmax Pressure needed to fully close the orifice
Dreg Regulation range
A Instantaneous orifice passage area
A(p) Pressure-dependent orifice passage area
At Initial open area of the valve
. Orifice maximum area
Aleak Closed orifice leakage area
Cp Flow discharge coefficient
Dy Instantaneous orifice hydraulic diameter
P Fluid density
v Fluid kinematic viscosity
T Time constant for the first order response of the valve opening
t Time
Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as
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p = py — pg- The control pressure differential is measured as Pxy = Px — Py, and it

creates a force acting against the spring preload.

Assumptions and Limitations

* Valve opening is linearly proportional to the pressure differential.
* No loading on the valve, such as inertia, friction, spring, and so on, is considered.

*  Flow consumption associated with the spool motion is neglected.

Dialog Box and Parameters

"4 Block Parameters: Pressure Compensator @
Pressure Compensator

The block represents a hydraulic pressure compensator. This kind of valve is used to maintain preset pressure
differential across a hydraulic component to minimize the influence of pressure variation on the flow rate passing
through the component.

Connections A and B are hydraulic conserving ports associated with the valve inlet and outlet, respectively.
Connections X and Y are hydraulic conserving ports associated with the valve control ports. The pressure
differential that controls the valve is determined as p_XY = p_X - p_Y. The block positive direction is from port A to
port B.

Settings

Parameters

Maximum passage area: le-4 m*2 -
Valve pressure setting: 30e5 Fa -
Valve regulation range: 1.5e5 Pa -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-12 m"2 -
Opening dynamics: Do not include valve opening dynamics v|

0K ]| Cancel || Help | Apply

Maximum passage area
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Valve passage maximum cross-sectional area. The default value is 1e-4 m"2.
Valve pressure setting

Pressure difference that must be maintained across an element connected to ports X
and Y. At this pressure the valve orifice starts to close. The default value is 3e6 Pa.

Valve regulation range

Pressure increase over the preset level needed to fully close the valve. Must be less
than 0.2 of the Valve pressure setting parameter value. The default value is 1.5€e5
Pa.

Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”"2.

Opening dynamics

Select one of the following options:

*+ Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.
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Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default valueis 0.1 s.

Initial area

The initial opening area of the valve. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is
le-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A

Hydraulic conserving port associated with the valve inlet.
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Hydraulic conserving port associated with the valve outlet.

X
Hydraulic conserving port associated with the pressure control terminal that opens
the orifice.

Y
Hydraulic conserving port associated with the pressure control terminal that closes
the orifice.

See Also

Pressure Reducing Valve | Pressure Relief Valve
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Pressure Reducing 3-Way Valve

Pressure reducing/relieving valve

Library

Pressure Control Valves

Description

The Pressure Reducing 3-Way Valve block represents a hydraulic 3-way valve that is
also known as a pressure reducing/relieving valve. The valve reduces inlet pressure to a
preset value, similar to a conventional pressure reducing valve, but, additionally, starts
working as a pressure-relief valve if the pressure continues to rise.

Initially, orifice P-A is fully open. It remains fully open while the outlet pressure at port
A is lower than the valve preset pressure. When the preset pressure is reached, the
valve control member is forced off its stop and starts closing the orifice, thus trying to
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maintain outlet pressure at the preset level. Any further increase in the outlet pressure
causes the control member to close the orifice even more, until the orifice is fully closed.
The pressure increase needed to close the valve is referred to as regulation range,

and is generally provided in the catalogs, along with the valve maximum area. In a
conventional pressure reducing valve, outlet pressure is no longer under control after
orifice P-A is closed. The pressure reducing 3-way valve provides an additional relieving

function by diverting some flow from the outlet to a tank through an additional orifice A-
T.

The valve has the following area-pressure differential relationship:
Ared = Amed - (Amax - Amed) : tanh(k : (p - predﬁmed) / (predfmax _predfmed))
Arel = Amed + (Amax - Amed) : tanh(k ’ (p _prel_med) / (prel_max _prel_med))
Amed = (Amax + Aleak) /2

Dred_max = Pset + Dreg

Dred_med = (pset + preg) /2

Drel_set = Pset + Dreg + Dtr

DPrel_max = Prel_set + Dreg

DPrel_med = (prelfset + preg) /2

where

Apax Maximum opening area of both the reducing and relieving valves

Areq Pressure reducing (orifice P-A) valve opening area

Aol Pressure-relief (orifice A-T) valve opening area

Ajeak Leakage area (the area that remains open even after the orifice is completely
closed)

p Pressure drop across the valve, py — pr

Dset Preset pressure differential

Dreg Regulation range

Dir Transition pressure (the pressure increment above the pressure of the fully
closed reducing valve and setting pressure of the pressure-relief valve)

k Valve opening adjustment coefficient

The distinctive feature of a pressure reducing 3-way valve is a sharp change of orifice
openings. To avoid computational problems, the openings are approximated using the
hyperbolic tangent function. The following figure shows an example of the relationship
between the opening area and pressure.
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In the example, the setting pressure is set to 20e5 Pa, and the regulation range is set to
1eb5 Pa. The valve opening adjustment coefficient is set to 2. The higher the value of the
coefficient, the closer the transition is to a linear relationship. The transition is close to
the experimental data at & in the range of 3 to 4.

For both orifices, a small leakage area is assumed to exist even after the orifice is
completely closed. Physically, it represents a possible clearance in the closed valve, but
the main purpose of the parameter is to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or "hanging" part of the system could affect computational efficiency
and even cause failure of computation.

After the areas have been determined, the block computes the flow rate for both orifices
according to the following equations:

—Cn A 2. b
9=Cp A\fp ( 5 2)1/4

p +pcr
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Ao A, for orifice P-A
1A for orifice A-T

rel

_ |pp—py fororifice P-A
" |pa—pp fororifice A-T

P Recr'v ’
Per =Sl A 5~
2\ Cp-Dy

Dy = [
where
q Flow rate
p Pressure differential
Pa, P, | Gauge pressures at the block terminals
Pr
Cp Flow discharge coefficient

Instantaneous orifice passage area

P Fluid density
v Fluid kinematic viscosity
Der Minimum pressure for turbulent flow
Re,, Critical Reynolds number
Dy Instantaneous orifice hydraulic diameter

By default, the block does not include valve opening dynamics. Adding valve opening
dynamics provides continuous behavior that is particularly helpful in situations with
rapid valve opening and closing. The instantaneous orifice passage area A in the flow
equations above is then determined as follows:
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A:

Areq _dyn for orifice P-A
A for orifice A-T

rel _dyn
Ared_dyn t=0)= Ared_init

dAreq_dyn _ Ared ~Ared_dyn
dt T

Arel_dyn (t=0)= Arel_init

dAml_dyn _ Arel _Arel_dyn

dt T

where

Area ayn  |Instantaneous open area for pressure reducing valve (orifice P-A) with opening
dynamics

A ayn  |Instantaneous open area for pressure-relief valve (orifice A-T) with opening
dynamics

Area it |Initial open area for pressure reducing valve (orifice P-A)

Avelinit  |Initial open area for pressure-relief valve (orifice A-T)

T Time constant for the first order response of the valve opening

t

Time

Connections P, A, and T are the conserving hydraulic ports associated with the valve
inlet, outlet, and return, respectively. The block positive direction is from port P to port A
and from port A to port T.

Assumptions and Limitations

Fluid inertia, valve inertia, friction, and hydraulic forces are not taken into account.
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Dialog Box and Parameters

"k Block Parameters: Pressure Reducing 3-Way Valve @
Pressure Reducing 3-Way Valve

The block simulates a pressure-reducing 3-way valve also referred to as a pressure reducing/relieving valve. The
valve reduces inlet pressure to a preset value similar to a conventional pressure-reducing valve. In addition, valve
provides a relieving function if pressure at the outlet builds up above preset value. At this pressure, the valve
diverts flow from the outlet to a tank. The block is arranged as the data sheet-based model with all the parameters
normally available in catalogs or manufacturer data sheets. The model accounts for the flow regimes by Reynolds
number and comparing it with the critical value. Mo inertia, friction, or hydraulic forces are accounted in the model.

Connections A, B, and T are conserving hydraulic ports associated with the valve inlet, outlet, and return,
respectively. The block positive direction is from port A to port B.

Settings
Parameters
Valve maximum area: le-4 m*2 -
Reducing valve pressure setting:  6e5 Pa -
Valve regulation range: 0.3e5 Pa -
Transition pressure: 2e5 Fa -

Valve flow discharge coefficient: 0.6

Valve critical Reynolds number: 12
Valve leakage area: le-9 m"2 -
Valve opening adjustment
) 1
coefficient:
Opening dynamics: Do not include valve opening dynamics ']

0K H Cancel H Help I Apply

Valve maximum area

The area of a fully opened orifice. Both orifices are assumed to have the same
maximum area. The parameter value must be greater than zero. The default value is
le-4 m"2.

Reducing valve pressure setting

Preset pressure level, at which the orifice P-A of the valve starts to close. The default
value is 6e5 Pa.

Valve regulation range
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Pressure increase over the preset level needed to fully close the pressure reducing
valve. The lower the value of the range, the higher the valve sensitivity. The default
value is 0.3e5 Pa.

Transition pressure

Pressure increment above the pressure of the fully closed reducing valve needed to
reach the pressure at which the pressure-relief valve starts opening. The transition
pressure must be greater than or equal to zero. The default value is 2e5 Pa.

Valve flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. The value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.6.

Valve critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Valve leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1€-9 m”2.

Valve opening adjustment coefficient

The coefficient controls how close the hyperbolic tangent function approximates
the linear relationship between the orifice area and control pressure. See the block
description for more information. The default value is 1.

Opening dynamics

Select one of the following options:

* Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
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closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.

Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default valueis 0.1 s.

Initial reducing valve area

The initial opening area of the reducing valve. This parameter is available only if
Opening dynamics is set to Include valve opening dynamics. The default
value is 1e-9 m"2.

Initial relief valve area

The initial opening area of the relief valve. This parameter is available only if
Opening dynamics is set to Include valve opening dynamics. The default
value is 1e-9 m”2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.
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Ports

The block has the following ports:

P

Hydraulic conserving port associated with the valve inlet.
A

Hydraulic conserving port associated with the valve outlet.
T

Hydraulic conserving port that connects with the tank.
See Also

Pressure Reducing Valve



Pressure Reducing Valve

Pressure Reducing Valve

Pressure control valve maintaining reduced pressure in portion of system

Library

Pressure Control Valves

d

The Pressure Reducing Valve block represents a hydraulic pressure-reducing valve as a
data-sheet-based model. Pressure-reducing valves are used to maintain reduced pressure
in a portion of a system. The following figure shows the typical dependency between the
valve passage area A and the pressure pg downstream from the valve.

Description
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P reg

The pressure-reducing valve is a normally open valve and it remains fully open while
outlet pressure is lower than the valve preset pressure. When the preset pressure is
reached, the valve control member (spool, ball, poppet, etc.) is forced off its stop and
starts closing the orifice, thus trying to maintain outlet pressure at preset level. Any
further increase in the outlet pressure causes the control member to close the orifice
even more until the point when the orifice if fully closed. The pressure increase that is
necessary to close the valve is referred to as regulation range, and is generally provided
in the catalogs, along with the valve maximum area. The valve maximum area and
regulation range are the key parameters of the block.

In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it 1s not recommended.
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The block is built as a structural model based on the Pressure Compensator block, as
shown in the following schematic.

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B, and the pressure differential is determined as

b=pPa—PB-

1-491



1 Blocks — Alphabetical List

Dialog Box and Parameters

"k Block Parameters: Pressure Reducing Valve @
Pressure Reducing Valve

This block represents a hydraulic pressure-reducing valve as a data sheet-based model. The valve controls
downstream pressure and remains fully opened as long as the pressure is lower than the preset level. When the
preset pressure is reached, the value control member is forced off the stop, thus reducing the passage between
the inlet and outlet. The block is built as a structural model based of the Pressure Compensator block.

Connections A and B are hydraulic conserving ports associated with the valve inlet and outlet. The block positive
direction is from port A to port B.

Settings
Parameters
Maximum passage area: le-4 m*2 -
Valve pressure setting: Se+b Fa -
Valve regulation range: Se+5 Pa -
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -
Opening dynamics: Do not include valve opening dynamics v|

0K ]| Cancel || Help | Apply

Maximum passage area
Valve passage maximum cross-sectional area. The default value is 1e-4 m~"2.
Valve pressure setting

Preset pressure level, at which the orifice of the valve starts to close. The default
value is 5e6 Pa.

Valve regulation range
Pressure increase over the preset level needed to fully close the valve. Must be less
than 0.2 of the Valve pressure setting parameter value. The default value is 5e5
Pa.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.
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Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12m"2.

Opening dynamics
Select one of the following options:
* Do not include valve opening dynamics — The valve sets its

orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.

Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default value is 0.1 s.

Initial area

The initial opening area of the valve. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is
le-12 m"2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:
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+ Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.
B

Hydraulic conserving port associated with the valve outlet.
Examples

The Power Unit with Pressure Reducing Valve example illustrates the use of the
Pressure Reducing Valve block in hydraulic systems. The pressure reducing valve is set
to 20e5 Pa and maintains this pressure downstream, as long as the upstream pressure is
higher than this setting.

See Also

Pressure Compensator | Pressure Relief Valve


../examples/power-unit-with-pressure-reducing-valve.html

Pressure Relief Valve

Pressure Relief Valve

Pressure control valve maintaining preset pressure in system

Library

Pressure Control Valves

The Pressure Relief Valve block represents a hydraulic pressure relief valve as a data-
sheet-based model. The following figure shows the typical dependency between the valve
passage area A and the pressure differential p across the valve.

Description
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The valve remains closed while pressure at the valve inlet is lower than the valve preset
pressure. When the preset pressure is reached, the valve control member (spool, ball,
poppet, ete.) is forced off its seat, thus creating a passage between the inlet and outlet.
Some fluid is diverted to a tank through this orifice, thus reducing the pressure at the
inlet. If this flow rate is not enough and pressure continues to rise, the area is further
increased until the control member reaches its maximum. At this moment, the maximum
flow rate is passing through the valve. The value of a maximum flow rate and the
pressure increase over the preset level to pass this flow rate are generally provided in
the catalogs. The pressure increase over the preset level is frequently referred to as valve
steady state error, or regulation range. The valve maximum area and regulation range
are the key parameters of the block.

In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
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and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it is not recommended.

By default, the block does not include valve opening dynamics, and the valve sets its
opening area directly as a function of pressure:

A=A(p)

Adding valve opening dynamics provides continuous behavior that is more physically
realistic, and is particularly helpful in situations with rapid valve opening and closing.
The pressure-dependent orifice passage area A(p) in the block equations then becomes
the steady-state area, and the instantaneous orifice passage area in the flow equation is
determined as follows:

A(t =0)= Ainit
dA _ A(p)- A
dt T

In either case, the flow rate through the valve is determined according to the following
equations:

q=%~ﬂ/§ﬁ

p +pcr

P=DPA—PB
2
Do = Y Recr'v
" 2|Cp- Dy
Aleak fOI‘p <= Dget
A(p) = Aleak +k°(p— pset) for Pset < P < Ppax
Amax for p >= Prmax
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b = Amax ~ Aleak
Preg

Dy = [
where
q Flow rate
p Pressure differential
Pa, PB Gauge pressures at the block terminals
Cp Flow discharge coefficient
A Instantaneous orifice passage area
A(p) Pressure-dependent orifice passage area
Ainit Initial open area of the valve
Anax Fully open valve passage area
Ajeak Closed valve leakage area
DPreg Regulation range
Dset Valve preset pressure
Pmax Valve pressure at maximum opening
el Fluid density
v Fluid kinematic viscosity
T Time constant for the first order response of the valve opening
t Time
Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number
Dy Valve instantaneous hydraulic diameter

The block positive direction is from port A to port B. This means that the flow rate
is positive if it flows from A to B and the pressure differential is determined as

b=pPs—PB-
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Basic Assumptions and Limitations

* Valve opening is linearly proportional to the pressure differential.

No loading on the valve, such as inertia, friction, spring, and so on, is considered.

Dialog Box and Parameters

"4 Block Parameters: Pressure Relief Valve @

Pressure Relief Valve

This block represents a hydraulic pressure relief valve as a data sheet-based model. The valve remains closed
while pressure at the valve inlet is lower than the valve preset pressure. When the preset pressure is reached, the
value control member is forced off its seat, thus creating a passage between the inlet and outlet. Some fluid is
diverted to a tank through this orifice, thus reducing the pressure at the inlet. If this flow rate is not enough and
pressure continues to rise, the area is further increased until the control member reaches its maximum.

Connections A and B are hydraulic conserving ports. The block positive direction is from port A to port B.

Settings

Parameters

Maximum passage area: le-4 m*2 -
Valve pressure setting: 50e5 Fa -
Valve regulation range: 5e5 Pa -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-12 m"2 -
Opening dynamics: Do not include valve opening dynamics v|

0K ]| Cancel || Help | Apply

Maximum passage area

Valve passage maximum cross-sectional area. The default value is 1e-4 m"2.

Valve pressure setting

Preset pressure level, at which the orifice of the valve starts to open. The default
value is 50e5 Pa.
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Valve regulation range

Pressure increase over the preset level needed to fully open the valve. MathWorks
recommends using values less than 0.2 of the Valve pressure setting parameter
value. The default value is 5e5 Pa.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12m”"2.

Opening dynamics

Select one of the following options:

+ Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

+ Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.

Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default valueis 0.1 s.

1-500



Pressure Relief Valve

Initial area

The initial opening area of the valve. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is
le-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Opening dynamics
All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.
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Examples
The Power Unit with Fixed-Displacement Pump example illustrates the use of the

Pressure Relief Valve block in hydraulic systems. The valve is set to 75e5 Pa and starts
diverting fluid to tank as soon as the pressure at its inlet reaches this value.

See Also

Pressure Compensator | Pressure Reducing Valve
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Proportional and Servo-Valve Actuator

Proportional and Servo-Valve Actuator

Continuous valve driver with output proportional to input signal

Library

Valve Actuators

> H-P

Description

The Proportional and Servo-Valve Actuator block represents an electromagnetic actuator
that is used in proportional and servo-valves to drive a spool or other working member.
The block is intended to work with one of the directional valve models to form a desirable
configuration of a proportional or servo-valve. The block is implemented as a data-
sheet-based model and reproduces only the input/output relationship, or the actuator’s
transient response, as presented in the catalog or data sheet.

The Proportional and Servo-Valve Actuator block is built using the blocks from the
Simscape Physical Signals library. Both the input and the output of the block are
physical signals. The block diagram of the model is shown in the following figure.

B>+
mlf w|- )> > }—:aD}—} % B3 1T+ per—@ 7

-

F5S Sublract!  Pg Satwston  PS Gain FS Integrator

Zain First-Crder Lag

The model of the actuator is built of the Foundation Library Physical Signals blocks: PS
Subtract, PS Saturation, PS Gain, PS Integrator. The first-order lag is arranged as a
subsystem, as shown below,
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and is also built of the Physical Signals blocks: PS Subtract, PS Gain, and PS Integrator.
The transfer function of the lag is

1

H(s) =
) Ts+1

where T is the Time constant of the lag. The value of this parameter is set through

the parameter Gain of the PS Gain block in the First-Order Lag subsystem by setting it
equal to 1/T.

The typical transient responses of a servo-valve or a high-quality proportional valve
are shown in the following figure. The only difference between the two responses in the
figure is the value of the saturation.
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You can adjust the block parameters, such as saturation, gain, and time constant, to
make the transient responses close enough to those provided in the data sheet. The most
effective way to adjust the parameters is to use the Optimization Toolbox software.

Note This block is constructed out of blocks from the Simscape Physical Signals library
(such as PS Add, PS Gain, and so on). Currently, the blocks in the Physical Signals
library do not support unit propagation and checking. For more information, see “How to
Work with Physical Units”.
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Dialog Box and Parameters

"k Block Parameters: Proportional and Servo-Valve Actuator @

Proportional and Servo-Valve Actuator

The block is implemented as a data sheet-based model of an electro-magnetic actuator for proportional and servo-
valves. It is intended to be used with one of the directional valve models to form a desirable configuration of a
proportional or servo-valve. The block reproduces only the input/output relationship and is created as a closed-loop
system, built of the first order lag, PS Integrator, PS Saturation block, and PS Subtract block. The use of the
Simulink Response Optimization Toolbox is recommended to determine actuator parameters. The block has one
physical signal input port and one physical signal output port.

Settings
FParameters
Gain: 377
Time constant: 0.002 s -
Saturation: 0.3
0K H Cancel H Help Apply
Gain

Gain of the PS Gain block in the top level of the block diagram of the actuator model.
The default value is 377.

Time constant

Time constant of the first-order lag. The Gain parameter of the PS Gain block in the

First-Order Lag subsystem is equal to 1/Time constant. The default value is 0.002
S.

Saturation

Saturation level of the PS Saturation block in the actuator model. The default value
1s 0.3.

Ports

The block has one physical signal input port and one physical signal output port.



Proportional and Servo-Valve Actuator

Examples

The Closed-Loop Electrohydraulic Actuator with Proportional Valve example illustrates
the use of the Proportional and Servo-Valve Actuator block in hydraulic systems.

See Also

2-Position Valve Actuator | 3-Position Valve Actuator | Hydraulic Double-Acting Valve
Actuator | Hydraulic Single-Acting Valve Actuator
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Reservoir

Pressurized hydraulic reservoir

Library

Hydraulic Utilities

Description

The Reservoir block represents a pressurized hydraulic reservoir, in which fluid is
stored under a specified pressure. The pressure remains constant regardless of volume
change. The block accounts for pressure loss in the return line that can be caused by a
filter, fittings, or some other local resistance. The loss is specified with the pressure loss
coefficient. The block computes the volume of fluid in the tank and exports it outside
through the physical signal port V.

The fluid volume value does not affect the results of simulation. It is introduced merely
for information purposes. It is possible for the fluid volume to become negative during
simulation, which signals that the fluid volume is not enough for the proper operation of
the system. By viewing the results of the simulation, you can determine the extent of the
fluid shortage.



Reservoir

Dialog Box and Parameters

"4 Block Parameters: Reservoir @
Reservoir

This block represents a pressurized hydraulic reservoir, in which fluid is stored under a specified pressure. The
pressurization remains constant regardless of volume change. The block accounts for pressure loss in the return
line that can be caused by a filter, fittings, or some other local resistance. The loss is specified with the pressure
loss coefficient. The block computes volume of fluid in a tank and exports it outside through the physical signal port
|

Connections P and R are hydraulic conserving ports associated with the pump and return lines, respectively.
Connection V is a physical signal port.

Settings

FParameters

Pressurization level: 0 Pa -
Initial fluid volume: 0.02 m~3 -
Return line diameter: 0.02 m -
Return line pressure loss

. 1
coefficient:

0K H Cancel H Help Apply

Pressurization level

The pressure inside the reservoir. The default value is 0.
Initial fluid volume

The initial volume of fluid in the tank. The default value is 0.02 m” 3.
Return line diameter

The diameter of the return line. The default value is 0.02 m.
Pressure loss coefficient in return line

The value of the pressure loss coefficient, to account for pressure loss in the return
line. This parameter must be greater than zero. The default value is 1.

For reasons of computational robustness, the loss is computed with the equation
similar to that used in the Fixed Orifice block:
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The Critical Reynolds number is set to 15.

Ports

The block has the following ports:

P
Hydraulic conserving port associated with the pump line.
R
Hydraulic conserving port associated with the return line.
\Y
Physical signal port that outputs the volume of fluid in the tank.
See Also

Constant Head Tank | Hydraulic Reference | Variable Head Tank



Resistive Pipe LP

Resistive Pipe LP

Hydraulic pipeline which accounts for friction losses and port elevations

Library

Low-Pressure Blocks

Description

The Resistive Pipe LP block models hydraulic pipelines with circular and noncircular
cross sections and accounts for resistive property only. In other words, the block is
developed with the basic assumption of the steady state fluid momentum conditions.
Neither fluid compressibility nor fluid inertia is considered in the model, meaning that
features such as water hammer cannot be investigated. If necessary, you can add fluid
compressibility, fluid inertia, and other effects to your model using other blocks, thus
producing a more comprehensive model.

The end effects are also not considered, assuming that the flow is fully developed along
the entire pipe length. To account for local resistances, such as bends, fittings, inlet and
outlet losses, and so on, convert the resistances into their equivalent lengths, and then
sum up all the resistances to obtain their aggregate length. Then add this length to the
pipe geometrical length.

Pressure loss due to friction is computed with the Darcy equation, in which losses are
proportional to the flow regime-dependable friction factor and the square of the flow rate.
The friction factor in turbulent regime is determined with the Haaland approximation
(see [1]). The friction factor during transition from laminar to turbulent regimes is
determined with the linear interpolation between extreme points of the regimes. As a
result of these assumptions, the tube is simulated according to the following equations:

(L + Leq ) p
Dy 242

p=rf g q|+p-g(zp—24)
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K./ Re for Re <= Rej,
f= fL+ﬂ(Re—ReL) for Rey, < Re < Rep
ReT - ReL
1 for Re >= Rey
1.11 )2
69 (r/D
-1.8log1o| — + i
510! Re ( 8.7 )
-D
Re=1 ~H

A-v

where
Pressure loss along the pipe due to friction

q Flow rate through the pipe
Re Reynolds number
Rey, Maximum Reynolds number at laminar flow
Reyp Minimum Reynolds number at turbulent flow
K, Shape factor that characterizes the pipe cross section
fL Friction factor at laminar border
fr Friction factor at turbulent border
A Pipe cross-sectional area
Dy Pipe hydraulic diameter
L Pipe geometrical length
L., Aggregate equivalent length of local resistances
r Height of the roughness on the pipe internal surface
v Fluid kinematic viscosity
24, 2B Elevations of the pipe port A and port B, respectively




Resistive Pipe LP

‘ g |Gravity acceleration

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p = p4 — pg.

Basic Assumptions and Limitations

*  Flow is assumed to be fully developed along the pipe length.

* Fluid inertia, fluid compressibility, and wall compliance are not taken into account.

Dialog Box and Parameters

"k Block Parameters: Resistive Pipe LP @
Resistive Pipe LP

This block models hydraulic pipe with circular and noncircular cross sections and accounts for resistive properties
only. The block is intended to be used for low-pressure system simulation and, for this reason, requires elevation
of both ports to be specified. To reduce model complexity, the block can be used to simulate not only a pipe itself,
but also a combination of pipes and local resistances such as bends, fittings, inlet and outlet losses, etc., associated
with the pipe. The resistances must be converted into their equivalent lengths, and then the total length of all the
resistances is added to the pipe geometrical length.

Connections A and B are hydraulic conserving ports. The block positive direction is from port A to port B. This
means that the flow rate is positive if fluid flows from A to B, and the pressure loss is determined asp = p_A -

p_B.

Settings
Fipe cross section type: ICircuIar w7
Internal diameter: 0.01 m -
Geometrical shape factor: 64
Pipe length: 5 m -
Aggrega?e equivalent length of 1 m -
local resistances:
an:is;;rl?l surface roughness 150-6 m -
Laminar flow upper margin: 2000
Turbulent flow lower margin: 4000

0K ] I Cancel I I Help Apply
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* “Basic Parameters Tab” on page 1-514

+ “Vertical Position Tab” on page 1-515

Basic Parameters Tab

Pipe cross section type

The type of pipe cross section: Circular or Noncircular. For a circular pipe,
you specify its internal diameter. For a noncircular pipe, you specify its hydraulic
diameter and pipe cross-sectional area. The default value of the parameter is
Circular.

Internal diameter

Pipe internal diameter. The parameter is used if Pipe cross section type is set to
Circular. The default value is 0.01 m.

Noncircular pipe cross-sectional area

Pipe cross-sectional area. The parameter is used if Pipe cross section type is set to
Noncircular. The default value is 1e-4 m"2.

Noncircular pipe hydraulic diameter
Hydraulic diameter of the pipe cross section. The parameter is used if Pipe cross
section type is set to Noncircular. The default value is 0.0112 m.
Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the pipe cross section
determines the value. For a pipe with a noncircular cross section, set the factor to

an appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1]. The default value is 64, which corresponds to a pipe
with a circular cross section.

Pipe length
Pipe geometrical length. The default value is 5 m.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the pipe
geometrical length an aggregate equivalent length of all the local resistances. The
default value is 1 m.

Internal surface roughness height
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Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.

Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Vertical Position Tab

Port A elevation wrt reference plane

The parameter specifies vertical position of the pipe port A with respect to the
reference plane. The default value is 0.

Port B elevation wrt reference plane

The parameter specifies vertical position of the pipe port B with respect to the
reference plane. The default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Pipe cross section type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Pipe cross section type parameter at the
time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
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*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

See Also

Hydraulic Pipe LP with Variable Elevation | Hydraulic Resistive Tube | Hydraulic
Pipe LP | Hydraulic Pipeline | Linear Hydraulic Resistance | Resistive Pipe LP with
Variable Elevation | Segmented Pipe LP | Segmented Pipeline



Resistive Pipe LP with Variable Elevation

Resistive Pipe LP with Variable Elevation

Hydraulic pipeline which accounts for friction losses and variable port elevations

Library

Low-Pressure Blocks

=

The Resistive Pipe LP with Variable Elevation block models hydraulic pipelines with
circular and noncircular cross sections and accounts for resistive property only. Use this
block for low-pressure system simulation in which the pipe ends change their positions
with respect to the reference plane. The elevations are provided through respective
physical signal inputs.

Description

To reduce model complexity, you can use this block to simulate not only a pipe itself, but
also a combination of pipes and local resistances such as bends, fittings, inlet and outlet
losses, associated with the pipe. You must convert the resistances into their equivalent
lengths, and then sum up all the resistances to obtain their aggregate length. Then add
this length to the pipe geometrical length.

Pressure loss due to friction is computed with the Darcy equation, in which losses are
proportional to the flow regime-dependable friction factor and the square of the flow rate.
The friction factor in turbulent regime is determined with the Haaland approximation
(see [1]). The friction factor during transition from laminar to turbulent regimes is
determined with the linear interpolation between extreme points of the regimes. As a
result of these assumptions, the tube is simulated according to the following equations:

(L+Leq) p

p=f —
Dy 242

qq|+p-g(zp—24)
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K./ Re for Re <= Rej,
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1 for Re >= Rey
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where
Pressure loss along the pipe due to friction

q Flow rate through the pipe
Re Reynolds number
Rey, Maximum Reynolds number at laminar flow
Reyp Minimum Reynolds number at turbulent flow
K, Shape factor that characterizes the pipe cross section
fL Friction factor at laminar border
fr Friction factor at turbulent border
A Pipe cross-sectional area
Dy Pipe hydraulic diameter
L Pipe geometrical length
L., Aggregate equivalent length of local resistances
r Height of the roughness on the pipe internal surface
v Fluid kinematic viscosity
24, 2B Elevations of the pipe port A and port B, respectively




Resistive Pipe LP with Variable Elevation

‘ g |Gravity acceleration

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p= p4 — pg.

Basic Assumptions and Limitations

Flow is assumed to be fully developed along the pipe length.

Fluid inertia, fluid compressibility, and wall compliance are not taken into account.
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Dialog Box and Parameters

"4 Block Parameters: Resistive Pipe LP with Variable Elevation @
Resistive Pipe LP with Variable Elevation

This block models hydraulic pipe with circular and noncircular cross sections and accounts for resistive property
only. The block is intended to be used for low-pressure system simulation in which pipe ends change their positions
with respect to the reference plane. The elevations are provided through respective physical signal inputs. To
reduce model complexity, the block can be used to simulate not only a pipe itself, but also a combination of pipes
and local resistances such as bends, fittings, inlet and outlet losses, etc., associated with the pipe. The resistances
must be converted into their equivalent lengths, and then summed up to obtain the aggregate length of all the
resistances. This length is added to the pipe geometrical length.

Connections A and B are hydraulic conserving ports. Connections el_A and el_B are the physical signal ports. The
block positive direction is from port A to port B. This means that the flow rate is positive if fluid flows from A to B,
and the pressure loss is determined as p = p_A - p_B.

Settings
Basic parameters
Fipe cross section type: Circular w7
Internal diameter: 0.01 m -
Geometrical shape factor: 64
Pipe length: 5 m -
Aggregate equivalent length of
local resistances: ! m 7
an:is;;rl?l surface roughness 150-6 m -
Laminar flow upper margin: 2000
Turbulent flow lower margin: 4000

0K ] I Cancel I I Help Apply

Pipe cross section type

The type of pipe cross section: Circular or Noncircular. For a circular pipe,
you specify its internal diameter. For a noncircular pipe, you specify its hydraulic
diameter and pipe cross-sectional area. The default value of the parameter is
Circular.

Internal diameter

Pipe internal diameter. The parameter is used if Pipe cross section type is set to
Circular. The default value is 0.01 m.

Noncircular pipe cross-sectional area
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Pipe cross-sectional area. The parameter is used if Pipe cross section type is set to
Noncircular. The default value is 1e-4 m”2.

Noncircular pipe hydraulic diameter

Hydraulic diameter of the pipe cross section. The parameter is used if Pipe cross
section type is set to Noncircular. The default value is 0.0112 m.

Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the pipe cross section
determines the value. For a pipe with a noncircular cross section, set the factor to
an appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1]. The default value is 64, which corresponds to a pipe
with a circular cross section.

Pipe length
Pipe geometrical length. The default value is 5 m.

Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the pipe
geometrical length an aggregate equivalent length of all the local resistances. The
default value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.

Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Global Parameters

Parameters determined by the type of working fluid:
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Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.

Hydraulic conserving port associated with the pipe outlet.
el_A

Physical signal input port that controls pipe elevation at port A.
el_B

Physical signal input port that controls pipe elevation at port B.

References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

See Also

Hydraulic Pipe LP with Variable Elevation | Hydraulic Pipe LP | Hydraulic Pipeline
| Hydraulic Resistive Tube | Linear Hydraulic Resistance | Resistive Pipe LP |
Segmented Pipe LP | Segmented Pipeline



Rotating Pipe

Rotating Pipe

Hydraulic pipeline created by bore in rotating housing

Library

Pipelines

Description

The Rotating Pipe block models a hydraulic pipeline represented as a short bore drilled

through a shaft at some angle to its axis

, or as a short pipe that connects actuator or

bearings, mounted on the shaft, with the channel inside the shaft. Such connections are
typical for lubrication systems and for hydraulically-operated clutches and mechanisms.
The shaft angular velocity is assumed to be constant or changing at very low speed. The
block is implemented as a structural model, shown in the diagram below:

@D—BFEN[}—

W

Centifugal pressure

W

G = S |\

D

B

A Hydraulic Pressure

Foed Crifice
Souwce

The Fixed Orifice block simulates pressure losses in the bore. The pipe is assumed to
be short enough to be characterized by a flow-pressure relationship similar to that
of the fixed orifice. The model accounts for the laminar and turbulent flow regimes
by monitoring the Reynolds number (Re) and comparing its value with the critical
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Reynolds number (Re..). The Hydraulic Pressure Source block represents pumping action
developed by a rotating pipe, which is calculated with the equation:

Pressure at the pipe outlet

P Fluid density

Shaft angular velocity

rs Radius of the pipe outlet

Connections A and B are conserving hydraulic ports associated with the pipe inlet and
outlet, respectively. Connection W is the physical signal input port that provides the
shaft angular velocity value.

Basic Assumptions and Limitations

* The pipe is assumed to be short, to be simulated with the fixed orifice.
+  Flow is assumed to be fully developed along the pipe length.

* The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re.

*  Fluid inertia is not taken into account.

*  Fluid compressibility is not taken into account.
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Dialog Box and Parameters

“& Block Parameters: Rotating Pipe @
Rotating Pipe

The block represents a short hole drilled through a shaft or a short pipe that connects mounted on the shaft
actuator or bearings with the channel inside the shaft. Such connections are typical for lubrication systems and for
hydraulically-operated clutches and mechanisms. The shaft angular velocity is assumed to be constant or changing
at very low speed. The pipe is assumed to be short enough to be characterized by a flow-pressure relationship
similar to that of the fixed orifice with pressure differential being determined as a sum of static pressure drop and
centrifugal pressure. The model accounts for the laminar and turbulent flow regimes by monitoring the Reynolds
number and comparing its value with the critical Reynolds Number.

The model is arranged as a structural model built of the Hydraulic Pressure Source and the Fixed Orifice blocks.
The diagram of the model is described in the documentation. Connections A and B are conserving hydraulic ports
associated with the pipe inlet and outlet, respectively. Connection W is the physical signal input port through which
the shaft angular velocity is imported.

Settings
Parameters
Fipe cross-section area: le-4 m*2 -
Port B radius of rotation: 0.03 m -
Flow discharge coefficient: 0.6
Critical Reynolds number: 12

0K ]| Cancel || Help Apply

Pipe cross-section area

Cross-sectional area of the pipe. The default value is 1e-4 m*2.
Port B radius of rotation

Radius of rotation of the outer end of the pipe. The default value is 0.03 m.
Flow discharge coefficient

Semi-empirical parameter for pipe capacity characterization. Its value depends
on the geometrical properties of the pipe, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.6.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the pipe geometrical profile. You can
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find recommendations on the parameter value in hydraulics textbooks. The default
value is 12, which corresponds to a round orifice in thin material with sharp edges.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Examples

For an example of using the Rotating Pipe block to model a custom single-acting
hydraulic cylinder, see the Centrifugal Force in Rotating Cylinder block reference page.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
W

Physical signal port providing the angular velocity value.
See Also

Centrifugal Force in Rotating Cylinder



Segmented Pipeline

Segmented Pipeline

Hydraulic pipeline with resistive, fluid inertia, and fluid compressibility properties

Library

Pipelines

] W e
Description

The Segmented Pipeline block models hydraulic pipelines with circular cross sections.
Hydraulic pipelines, which are inherently distributed parameter elements, are
represented with sets of identical, connected in series, lumped parameter segments. It is
assumed that the larger the number of segments, the closer the lumped parameter model
becomes to its distributed parameter counterpart. The equivalent circuit of a pipeline
adopted in the block is shown below, along with the segment configuration.

tb 0 fLin o
: b " a——g, N2
@l—r.-—‘ T ee—— - _0@
Segment 1 Segment 2 Segment n
Pipeline Equivalent Circuit
N_{i) flin i .l N[

[ e

Segment Configuration
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The model contains as many Constant Volume Hydraulic Chamber blocks as there are
segments. The chamber lumps fluid volume equal to

2
V:”'d L
4 N

Fluid volume

Pipe diameter

Pipe length

2| mQ<

Number of segments

The Constant Volume Hydraulic Chamber block is placed between two branches, each
consisting of a Hydraulic Resistive Tube block and a Fluid Inertia block. Every Hydraulic
Resistive Tube block lumps (L+L_ad)/ (N+1)-th portion of the pipe length, while

Fluid Inertia block has L/(N+1) length (L_ad denotes additional pipe length equal to
aggregate equivalent length of pipe local resistances, such as fitting, elbows, bends, and
SO on).

The nodes to which Constant Volume Hydraulic Chamber blocks are connected are
assigned names N_1,N_2, ..., N_n (n is the number of segments). Pressures at these
nodes are assumed to be equal to average pressure of the segment. Intermediate nodes
between Hydraulic Resistive Tube and Fluid Inertia blocks are assigned names nn_0O,
nn_1,nn_2, ..., nn_n. The Constant Volume Hydraulic Chamber blocks are named ch_1,
ch_2, ..., ch_n, Hydraulic Resistive Tube blocks are named tb_0,tb 1,tb 2 ..., tb n,

and Fluid Inertia blocks are named f1_in_O, f1 _in_1 fl _in 2, ..., fI_Iﬁ_n.

The number of segments is the block parameter. In determining the number of segments
needed, you have to find a compromise between the accuracy and computational burden
for a particular application. It is practically impossible to determine analytically how
many elements are necessary to get the results with a specified accuracy. The golden rule
1s to use as many elements as possible based on computational considerations, and an
experimental assessment is perhaps the only reliable way to make any conclusions. As an
approximate estimate, you can use the following formula:

4L
TteC

N > ()
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where

N Number of segments

L Pipe length

c Speed of sound in the fluid

® Maximum frequency to be observed in the pipe response

The table below contains an example of simulation of a pipeline where the first four true
eigenfrequencies are 89.1 Hz, 267 Hz, 446 Hz, and 624 Hz.

Number of 1st Mode 2nd Mode 3rd Mode 4th Mode
Segments

1 112.3 — — —

2 107.2 271.8 — —

4 97.7 284.4 432.9 689

8 93.2 271.9 435.5 628

As you can see, the error is less than 5% if an eight-segmented version is used.

The block positive direction is from port A to port B. This means that the flow rate is

positive if it flows from A to B, and the pressure loss is determined as p = p4 — pg.

Basic Assumptions and Limitations

Flow is assumed to be fully developed along the pipe length.

1-529



1 Blocks — Alphabetical List

1-530

Dialog Box and Parameters

"k Block Parameters: Segmented Pipeline @
Segmented Pipeline

This block represents hydraulic pipelines with circular cross sections as a set of identical, connected in series,
lumped parameter segments. This makes it possible to approximate behavior of a distributed parameter element,
such as hydraulic pipelines, within lumped parameter simulator. The larger the number of segments, the closer the
lumped parameter model becomes to its distributed parameter counterpart. Each segment consists of Resistive
Tube, Fluid Inertia, and Constant Volume Chamber building blocks. As a result, the block accounts for friction loss,
fluid inertia, and fluid compressibility. Connections A and B are hydraulic conserving ports. The block positive
direction is from port A to port B. This means that the flow rate is positive if fluid flows from A to B, and the
pressure loss is determined as p = p_A - p_B.

Settings

Parameters

Pipe internal diameter: 0.01 m -

Pipe length: 5 m -

Number of segments: 1

Aggregate equivalent length of

local resistances: ! m 7

an:is;;rl?l surface roughness 1505 m -

Laminar flow upper margin: 2e+3

Turbulent flow lower margin: 4e+3

Pipe wall type: [Rigid ']

Specific heat ratio: 1.4

Initial pressures at model nodes: [The same initial pressure for all nodes ']

Initial pressure: 0 Pa -

Initial flow rate: 0 m~3/s -
0K ] [ Cancel ] [ Help ] Apply

Pipe internal diameter

Internal diameter of the pipe. The default value is 0.01 m.
Pipe length

Pipe geometrical length. The default value is 5 m.

Number of segments
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Number of lumped parameter segments in the pipeline model. The default value is 1.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the
pipe geometrical length an aggregate equivalent length of all the local resistances.
This length is added to the geometrical pipe length only for hydraulic resistance
computation. Both the fluid volume and fluid inertia are determined based on pipe
geometrical length only. The default value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value i1s 2000.

Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Pipe wall type

The parameter can have one of two values: Rigid or Compliant. If the parameter
1s set to Rigid, wall compliance is not taken into account, which can improve
computational efficiency. The value Compliant is recommended for hoses and metal
pipes where wall compliance can affect the system behavior. The default value is
Rigid.

Static pressure-diameter coefficient
Coefficient that establishes relationship between the pressure and the internal
diameter at steady-state conditions. This coefficient can be determined analytically
for cylindrical metal pipes or experimentally for hoses. The parameter is used if the

Pipe wall type parameter is set to Compliant, and the default value is 2e-10 m/
Pa.

Viscoelastic process time constant

Time constant in the transfer function that relates pipe internal diameter to pressure
variations. By using this parameter, the simulated elastic or viscoelastic process is
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approximated with the first-order lag. The value is determined experimentally or
provided by the manufacturer. The default value is 0.008 s.

Specific heat ratio

Gas-specific heat ratio for the Constant Volume Hydraulic Chamber block. The
default value is 1 .4.

Initial pressures at model nodes
Lets you specify the initial condition for pressure inside the pipe segments. The
parameter can have one of two values:

+ The same initial pressure for all nodes — The initial pressure in all
pipe segments is the same, and is specified by the Initial pressure parameter
value. This is the default.

+ Custom — Lets you specify initial pressure individually for each pipe segment, by
using the Initial pressure vector parameter. The vector size must be equal to
the number of pipe segments, defined by the Number of segments parameter
value.

Initial pressure

Specifies the initial pressure in all pipe segments. The parameter is used if the
Initial pressures at model nodes parameter is set to The same initial
pressure for all nodes, and the default value is O.

Initial pressure vector

Lets you specify initial pressure individually for each pipe segment. The parameter
is used if the Initial pressures at model nodes parameter is set to Custom. The
vector size must be equal to the number of pipe segments, defined by the Number of
segments parameter value.

Initial flow rate

Specifies the initial flow rate through the pipe. The default value is O.
Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Pipe wall type

* Initial pressures at model nodes

All other block parameters are available for modification.
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Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
See Also

Hydraulic Pipeline | Hydraulic Resistive Tube | Linear Hydraulic Resistance
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Segmented Pipe LP

Hydraulic pipeline with resistive, fluid inertia, fluid compressibility, and elevation
properties

Library

Low-Pressure Blocks

I e
Description

The Segmented Pipe LP block models hydraulic pipelines with circular cross sections.
Hydraulic pipelines, which are inherently distributed parameter elements, are
represented with sets of identical, connected in series, lumped parameter segments. It is
assumed that the larger the number of segments, the closer the lumped parameter model
becomes to its distributed parameter counterpart. The equivalent circuit of a pipeline
adopted in the block is shown below, along with the segment configuration.

tb_0 flLin_o

n_0 N_1 e
@.—(—:‘q— —He 4 N2 2
A B
Segment_1 Segment_2 Segment_n

Pipeline Equivalent Circuit

N_i) flini ol N_{i#1)

@.T—A— e ] = J '

o

Segment Configuration
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The model contains as many Constant Volume Hydraulic Chamber blocks as there are
segments. The chamber lumps fluid volume equal to

2
V:”'d L
4 N

Fluid volume

Pipe diameter

Pipe length

2| mQ<

Number of segments

The Constant Volume Hydraulic Chamber block is placed between two branches, each
consisting of a Hydraulic Resistive Tube block and a Fluid Inertia block. Every Hydraulic
Resistive Tube block lumps (L+L_ad)/ (N+1)-th portion of the pipe length, while

Fluid Inertia block has L/(N+1) length (L_ad denotes additional pipe length equal to
aggregate equivalent length of pipe local resistances, such as fitting, elbows, bends, and
SO on).

The nodes to which Constant Volume Hydraulic Chamber blocks are connected are
assigned names N_1,N_2, ..., N_n (n is the number of segments). Pressures at these
nodes are assumed to be equal to average pressure of the segment. Intermediate nodes
between Hydraulic Resistive Tube and Fluid Inertia blocks are assigned names nn_0O,
nn_1,nn_2, ..., nn_n. The Constant Volume Hydraulic Chamber blocks are named ch_1,
ch_2, ..., ch_n, Hydraulic Resistive Tube blocks are named tb_0,tb 1,tb 2 ..., tb n,

and Fluid Inertia blocks are named f1_in_O, f1 _in_1 fl _in 2, ..., fI_Iﬁ_n.

The number of segments is the block parameter. In determining the number of segments
needed, you have to find a compromise between the accuracy and computational burden
for a particular application. It is practically impossible to determine analytically how
many elements are necessary to get the results with a specified accuracy. The golden rule
1s to use as many elements as possible based on computational considerations, and an
experimental assessment is perhaps the only reliable way to make any conclusions. As an
approximate estimate, you can use the following formula:

4L
TteC

N > ()
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where

N Number of segments

L Pipe length

c Speed of sound in the fluid

® Maximum frequency to be observed in the pipe response

The table below contains an example of simulation of a pipeline where the first four true
eigenfrequencies are 89.1 Hz, 267 Hz, 446 Hz, and 624 Hz.

1-536

Number of 1st Mode 2nd Mode 3rd Mode 4th Mode
Segments

1 112.3 — — —

2 107.2 271.8 — —

4 97.7 284.4 432.9 689

8 93.2 271.9 435.5 628

As you can see, the error is less than 5% if an eight-segmented version is used.

The difference in elevation between ports A and B is distributed evenly between pipe

segments.

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p = p4 — pg.

Basic Assumptions and Limitations

Flow is assumed to be fully developed along the pipe length.
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Dialog Box and Parameters

"k Block Parameters: Segmented Pipe LP @
Segmented Pipe LP

This block represents hydraulic pipes with circular cross sections as a set of identical, connected in series, lumped
parameter segments. This makes it possible to approximate behavior of a distributed parameter element, such as
long hydraulic pipes, within lumped parameter simulator. The larger the number of segments, the closer the
lumped parameter model becomes to its distributed parameter counterpart. Each segment consists of Resistive
Pipe LP, Fluid Inertia, and Constant Volume Chamber building blocks. As a result, the block accounts for friction
loss, fluid inertia, and fluid compressibility. The block is intended to be used for low-pressure system simulation
and, for this reason, requires elevation of both ports to be specified. To reduce system model complexity, the block
can be used to simulate not only a pipe itself, but also a combination of pipes and local resistances such as bends,
fittings, inlet and outlet losses, etc., associated with the pipe. The resistances must be converted into their
equivalent lengths, and then the total length of all the resistances is added to the pipe geometrical length.
Connections A and B are hydraulic conserving ports. The block positive direction is from port A to port B. This
means that the flow rate is positive if fluid flows from A to B, and the pressure loss is determined asp = p_A -

p_B.

Settings

Basic parameters | Wall compliance | WVertical position

Pipe internal diameter: 0.01 m -
Pipe length: 5 m -
Number of segments: 1
Aggregate equivalent length of

X 1 m -
local resistances:
Int.ernal surface roughness 1505 m -
height:
Laminar flow upper margin: 2e+3
Turbulent flow lower margin: 4e+3

[ 0K ] I Cancel I I Help Apply

+  “Basic Parameters Tab” on page 1-537
+ “Wall Compliance Tab” on page 1-538
+ “Vertical Position Tab” on page 1-539

Basic Parameters Tab

Pipe internal diameter
Internal diameter of the pipe. The default value is 0.01 m.
Pipe length
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Pipe geometrical length. The default value is 5 m.
Number of segments

Number of lumped parameter segments in the pipeline model. The default value is 1.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the pipe. You can account for the pressure loss caused by local resistances,
such as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the
pipe geometrical length an aggregate equivalent length of all the local resistances.
This length is added to the geometrical pipe length only for hydraulic resistance
computation. Both the fluid volume and fluid inertia are determined based on pipe
geometrical length only. The default value is 1 m.

Internal surface roughness height

Roughness height on the pipe internal surface. The parameter is typically provided
in data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value i1s 2000.

Turbulent flow lower margin

Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Wall Compliance Tab

Pipe wall type

The parameter can have one of two values: Rigid or Flexible. If the parameter
is set to Rigid, wall compliance is not taken into account, which can improve
computational efficiency. The value Flexible is recommended for hoses and metal
pipes where wall compliance can affect the system behavior. The default value is
Rigid.

Static pressure-diameter coefficient

Coefficient that establishes relationship between the pressure and the internal
diameter at steady-state conditions. This coefficient can be determined analytically
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for cylindrical metal pipes or experimentally for hoses. The parameter is used if the
Pipe wall type parameter is set to Flexible. The default value is 2e-12 m/Pa.

Viscoelastic process time constant

Time constant in the transfer function that relates pipe internal diameter to pressure
variations. By using this parameter, the simulated elastic or viscoelastic process

is approximated with the first-order lag. The value is determined experimentally

or provided by the manufacturer. The parameter is used if the Pipe wall type
parameter is set to Flexible. The default value is 0.01 s.

Specific heat ratio

Gas-specific heat ratio for the Constant Volume Hydraulic Chamber block. The
default value is 1 .4.
Vertical Position Tab

Port A elevation wrt reference plane

The parameter specifies vertical position of the pipe port A with respect to the
reference plane. The default value is O.

Port B elevation wrt reference plane

The parameter specifies vertical position of the pipe port B with respect to the
reference plane. The default value is O.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Pipe wall type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Pipe wall type parameter at the time the
model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
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*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the pipe inlet.
B

Hydraulic conserving port associated with the pipe outlet.
References

[1] White, F.M., Viscous Fluid Flow, McGraw-Hill, 1991

See Also
Hydraulic Pipe LP | Hydraulic Pipeline | Hydraulic Resistive Tube | Linear Hydraulic

Resistance | Resistive Pipe LP | Segmented Pipeline
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Shuttle Valve

Hydraulic valve that allows flow in one direction only

Library

Directional Valves

o

Description

The Shuttle Valve block represents a hydraulic shuttle valve as a data-sheet-based
model. The valve has two inlet ports (A and Al) and one outlet port (B). The valve is

controlled by pressure differential p, = p4 — pa; - The valve permits flow either between

ports A and B or between ports Al and B, depending on the pressure differential p..
Initially, path A-B is assumed to be opened. To open path A1-B (and close A-B at the
same time), pressure differential must be less than the valve cracking pressure (p.. <=0).

When cracking pressure is reached, the valve control member (spool, ball, poppet, etc.) is
forced off its seat and moves to the opposite seat, thus opening one passage and closing
the other. If the flow rate is high enough and pressure continues to change, the control
member continues to move until it reaches its extreme position. At this moment, one of
the valve passage areas is at its maximum. The valve maximum area and the cracking
and maximum pressures are generally provided in the catalogs and are the three key
parameters of the block.

The relationship between the A-B, A1-B path openings and control pressure p. is shown
in the following illustration.
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In addition to the maximum area, the leakage area is also required to characterize the
valve. The main purpose of the parameter is not to account for possible leakage, even
though this is also important, but to maintain numerical integrity of the circuit by
preventing a portion of the system from getting isolated after the valve is completely
closed. An isolated or “hanging” part of the system could affect computational efficiency
and even cause failure of computation. Theoretically, the parameter can be set to zero,
but it is not recommended.

The model accounts for the laminar and turbulent flow regimes by monitoring the
Reynolds number for each orifice (Reyp,Req;p) and comparing its value with the critical
Reynolds number (Re.,). The flow rate through each of the orifices is determined
according to the following equations:

2 PAB
9AB = CD 'AAB\/E W
(pAB + pcr)

2

2 DPA1B
dA1B = C'D 'AAlB\/: ’ ﬁ
(pAlB + pcr)
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Aleak fOI‘pc < Perack
AAB = Aleak +k- (pc _pcrack) f‘Orpcrack < Pe < Perack t Pop
Amax fOI‘pC Z Perack + Pop
Aleak for D¢ 2 Pergek + Pop
AAlB = Amax —k '(pc - pcrack) for Perack < Pe < Perack Pop
Amax for b = Perack
k= Amax — Aleak
Pop
Pc =PA ~Pa1
2
Ponp =2 Re, v
cr
2| Cp -Dypp

Cp Dyaip
4A
Dyap = nAB
4A
Dyaip = 1‘:13
where

gAB; QA1B Flow rates through the AB and A1B orifices

DAB, PAIB Pressure differentials across the AB and A1B orifices

Pa, Pa1, P |Gauge pressures at the block terminals
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Ch Flow discharge coefficient

App, Aaig | Instantaneous orifice AB and A1B passage areas
Anax Fully open orifice passage area

Ajeax Closed valve leakage area

Pe Valve control pressure differential

Perack Valve cracking pressure differential

Pop Pressure differential needed to fully shift the valve

DerAB; PerA1B

Minimum pressures for turbulent flow across the AB and A1B orifices

Re,,

Critical Reynolds number

Dyag, Instantaneous orifice hydraulic diameters
Dyais

P Fluid density

v Fluid kinematic viscosity

By default, the block does not include valve opening dynamics. Adding valve opening
dynamics provides continuous behavior that is particularly helpful in situations with
rapid valve opening and closing. The orifice passage areas Asg and A in the equations
above then become steady-state orifice AB and A1B passage areas, respectively.
Instantaneous orifice AB and A1B passage areas with opening dynamics are determined

as follows:

AAB_dyn(t=0)= AAB_init

dAAB _dyn _

AxB —AAB_dyn

dt

T

AAlB_dyn = Amax + Aleak - AAB_dyn

where

Aag ayn |Instantaneous orifice AB passage area with opening dynamics
Aaip ayn |Instantaneous orifice A1B passage area with opening dynamics
Aap it |Initial open area for orifice AB
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T Time constant for the first order response of the valve opening

t Time

The block positive direction is from port A to port B and from port Al to port B. Control
pressure is determined as p, = p4 — P41 -

Basic Assumptions and Limitations

* Valve opening is linearly proportional to the pressure differential.

* No loading on the valve, such as inertia, friction, spring, and so on, is considered.

Dialog Box and Parameters

"4 Block Parameters: Shuttle Valve @
Shuttle Valve

This block represents a hydraulic shuttle valve as a data sheet-based model. The valve has two inlet ports (A and
A1) and one outlet port (B). The valve is controlled by pressure differential Pc = Pa - Pal. The valve permits flow
either between ports A and B or ports Al and B depending on pressure differential Pc. Initially, path A-B is assumed
to be opened. To open A1-B path (and close A-B at the same time), pressure differential must be less than the
valve cracking pressure (Pcr <=0).

Connections A, Al and B are hydraulic conserving ports associated with the valve inlets and outlet, respectively.
The block positive direction is from port A to port B and from port Al to port B. Control pressure is determined as
Pc = Pa - Pal.

Settings

Parameters

Maximum passage area: le-4 m*2 -
Cracking pressure: - 0.1e5 Fa -
Opening pressure: 0.1e5 Fa -
Flow discharge coefficient: 0.7

Critical Reynolds number: 12

Leakage area: le-12 m"2 -
Opening dynamics: Do not include valve opening dynamics ']

0K H Cancel H Help I Apply
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Maximum passage area
Valve passage maximum cross-sectional area. The default value is 1e-4 m”"2.
Cracking pressure

Pressure differential level at which the orifice of the valve starts to open. The default
value is -1e4 Pa.

Opening pressure

Pressure differential across the valve needed to shift the valve from one extreme
position to another. The default value is 1e4 Pa.

Flow discharge coefficient

Semi-empirical parameter for valve capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed valve. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m"2.

Opening dynamics
Select one of the following options:

*+ Do not include valve opening dynamics — The valve sets its
orifice passage area directly as a function of pressure. If the area changes
instantaneously, so does the flow equation. This is the default.

* Include valve opening dynamics — Provide continuous behavior that is
more physically realistic, by adding a first-order lag during valve opening and
closing. Use this option in hydraulic simulations with the local solver for real-
time simulation. This option is also helpful if you are interested in valve opening
dynamics in variable step simulations.
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Opening time constant

The time constant for the first order response of the valve opening. This parameter
is available only if Opening dynamics is set to Include valve opening
dynamics. The default valueis 0.1 s.

Initial area at port A

The initial open area for orifice AB. This parameter is available only if Opening
dynamics is set to Include valve opening dynamics. The default value is 1e-4
m”2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Opening dynamics

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Opening dynamics parameter at the time
the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the valve inlet.
Al
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Hydraulic conserving port associated with the valve inlet.

Hydraulic conserving port associated with the valve outlet.

See Also
Check Valve | Pilot-Operated Check Valve
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Single-Acting Hydraulic Cylinder

Single-Acting Hydraulic Cylinder

Hydraulic actuator exerting force in one direction

Library

Hydraulic Cylinders

li=r
[

The Single-Acting Hydraulic Cylinder block models a device that converts hydraulic
energy into mechanical energy in the form of translational motion. Hydraulic fluid
pumped under pressure into the cylinder chamber forces the piston to move and exert
force on the cylinder rod. Single-acting cylinders transfer force and motion in one
direction only. Use an external device, such as a spring, weight, or another opposite
installed cylinder, to move the rod in the opposite direction.

Description

The model of the cylinder is built of Simscape Foundation library blocks. The schematic
diagram of the model is shown below.
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Connections R and C are mechanical translational conserving ports corresponding to the
cylinder rod and cylinder clamping structure, respectively. Connection A is a hydraulic
conserving port associated with the cylinder inlet. The physical signal output port P
provides rod displacement, calculated as follows:

Xpst = Xo t Xp

where

Xpst Rod displacement output by the physical signal port
Xo Initial distance between piston and cap

52 Rod displacement with respect to its initial position

The energy through port A is directed to the Translational Hydro-Mechanical Converter
block. The converter transforms hydraulic energy into mechanical energy and accounts
for the fluid compressibility in the cylinder chamber. The rod motion is limited with the
mechanical Translational Hard Stop block in such a way that the rod can travel only
between cylinder caps. The piston position is conveyed to the physical signal port P.

The block directionality is adjustable and can be controlled with the Cylinder
orientation parameter.



Single-Acting Hydraulic Cylinder

Basic Assumptions and Limitations

* No leakage, internal or external, is taken into account.

* No loading on piston rod, such as inertia, friction, spring, and so on, is taken into
account. If necessary, you can easily add them by connecting an appropriate building
block to cylinder port R.

Dialog Box and Parameters

"k Block Parameters: Single-Acting Hydraulic Cylinder @
Single-Acting Hydraulic Cylinder

This block represents a single-acting hydraulic cylinder, that is, a device that transfers force and motion in one
direction only. The model of the cylinder is constructed from the Translational Hydro-Mechanical Converter, and
Translational Hard Stop blocks.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connection A is a hydraulic conserving port associated with the cylinder inlet. The
physical signal output port P provides rod extension. The block directionality is adjustable and can be controlled
with the Cylinder orientation parameter.

Settings

Parameters

Piston area: le-3 m*2 -

Piston stroke: 0.1 m -

Initial distance between piston

and cap: 0 m M

Dead volume: le-4 m~3 -

Chamber initial pressure: 0 Pa -

Specific heat ratio: 1.4

Contact stiffness: le6 N/m -

Contact damping: 150 N/(m/s) -

Cylinder orientation: Acts in positive direction ']
0K ] I Cancel I I Help I Apply

Piston area
Effective piston area. The default value is 0.001 m~"2.
Piston stroke
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Piston maximum travel between caps. The default value is 0.1 m.

Initial distance between piston and cap

The distance between the piston and cap at the beginning of simulation. This value
cannot exceed the piston stroke. The default value is O, which corresponds to the fully
retracted position.

Dead volume

Fluid volume that remains in the chamber after the rod is fully retracted. The default
value is 1e-4 m”3.

Chamber initial pressure

Pressure in the cylinder chamber at the beginning of simulation. The default value is
0.

Specific heat ratio

Gas-specific heat ratio for the Hydraulic Piston Chamber block. The default value is
1.4.

Contact stiffness

Specifies the elastic property of colliding bodies for the Translational Hard Stop
block. The greater the value of the parameter, the less the bodies penetrate into
each other, the more rigid the impact becomes. Lesser value of the parameter makes
contact softer, but generally improves convergence and computational efficiency. The
default value is 1€6 N/m.

Contact damping

Specifies dissipating property of colliding bodies for the Translational Hard Stop
block. At zero damping, the impact is close to an absolutely elastic one. The greater
the value of the parameter, the more energy dissipates during an interaction. Keep
in mind that damping affects slider motion as long as the slider is in contact with
the stop, including the period when slider is pulled back from the contact. For
computational efficiency and convergence reasons, MathWorks recommends that you
assign a nonzero value to this parameter. The default value is 150 N*s/m.

Cylinder orientation

Specifies cylinder orientation with respect to the globally assigned positive direction.
The cylinder can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction when pressure is applied at its inlet.
If pressure applied at port A exerts force in negative direction, set the parameter

to Acts in negative direction. The default value is Acts in positive
direction.



Single-Acting Hydraulic Cylinder

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Cylinder orientation

All other block parameters are available for modification.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid bulk modulus

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the cylinder inlet.
R
Mechanical translational conserving port associated with the cylinder rod.
C
Mechanical translational conserving port associated with the cylinder clamping
structure.
P
Physical signal output port that outputs rod extension.
See Also

Double-Acting Hydraulic Cylinder | Ideal Translational Motion Sensor | Single-
Acting Hydraulic Cylinder (Simple) | Translational Hard Stop | Translational Hydro-
Mechanical Converter
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Single-Acting Hydraulic Cylinder (Simple)

Basic functionality of single-acting hydraulic cylinder

Library

Hydraulic Cylinders

B

Description

The Single-Acting Hydraulic Cylinder (Simple) block represents a simplified version of a
hydraulic cylinder, developed for applications where only the basic cylinder functionality
must be reproduced, in exchange for better numerical efficiency. For these reasons, such
factors as fluid compressibility, friction, and leakages are assumed to be negligible. The
hard stops are assumed to be fully inelastic, to eliminate any possible oscillations at the
end of the stroke. The model is especially suitable for real-time and HIL (hardware-in-
the-loop) simulation, if such simplifications are acceptable.

The model is described with the following equations:

vV =Uvp —Uo



Single-Acting Hydraulic Cylinder (Simple)

(x—xg)-K,-v ifx>x5,0>0
F. = (x—xR)-Kp~v ifx <xp,v<0
0 otherwise
xp =S —-x,
XR =%
where
F Force developed by the cylinder
v Cylinder rod velocity
UR,UC Absolute velocities of cylinder rod and cylinder case, respectively
A Piston area
p Pressure at the cylinder inlet
q Flow rate at the cylinder inlet
x Piston position
X9 Initial distance between piston and the cap
F, Hard stop force
Xg Distance the piston can travel to fully extend from initial position
Xp Distance the piston can travel to fully retract from initial position
K, Penetration coefficient
S Piston stroke

The main difference between this block and the Single-Acting Hydraulic Cylinder block is
the representation of the hard stop:

* The Single-Acting Hydraulic Cylinder block utilizes the elastic model of the stop,
which is essentially a combination of a spring and a damper, connected in parallel.
The stiffness of the spring, which represents contact stiffness of colliding bodies, is
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very high, resulting in high-frequency, low-magnitude oscillations at the moment
the bodies collide. These oscillations can hardly be noticed experimentally, but they
are difficult to process by a numerical simulation and generally decrease numerical
efficiency.

+ The hard stop in the Single-Acting Hydraulic Cylinder (Simple) block is represented
with the inelastic model, which is essentially a viscous damper with the penetration-
dependent damping coefficient. This coefficient is referred to as the penetration
coefficient. With inelastic model, no oscillation is generated during an impact,
resulting in improved numerical robustness and efficiency. But inelastic stop model
has a feature that you must consider while selecting the model: colliding bodies
continue slowly moving into each other as long as the contact is loaded with the
compressing force. In real life, this phenomenon is similar to collision of two bodies
separated by a sizable layer of viscous liquid. It takes some time to squeeze the liquid
before bodies themselves come into contact.

Connections R and C are mechanical translational conserving ports corresponding to the
cylinder rod and cylinder clamping structure, respectively. Connection A is a hydraulic
conserving port associated with the cylinder inlet. The physical signal output port P
shows current rod extension.

Pressure at port A generates force in the direction specified by the Cylinder
orientation parameter.

Basic Assumptions and Limitations

*  Friction between moving parts is not taken into account.
* Inertia effects are not taken into account.

*  Fluid compressibility is not taken into account.

+ Leakage flows are assumed to be negligible.

* The hard stops are assumed to be fully inelastic, as explained above.



Single-Acting Hydraulic Cylinder (Simple)

Dialog Box and Parameters

"4 Block Parameters: Single-Acting Hydraulic Cylinder (Simple) @
Single-Acting Hydraulic Cylinder (Simple)

The block is a model of a single-acting hydraulic cylinder developed for applications in which only the basic cylinder
functionality must be reproduced in exchange for better numerical efficiency. For these reasons, factors such as
fluid compressibility, friction, and leakages are assumed to be negligible. The hard stops are assumed to be fully
inelastic to eliminate any possible oscillations at the end of the stroke. The model is suitable for real time or HIL
simulation if such simplifications are acceptable.

Port A is a hydraulic conserving port associated with the converter inlet. Ports R and C are mechanical translational
conserving ports associated with the rod and the body of the converter, respectively. Physical signal output port P
shows current rod extension. Pressure at port A generates force in the direction specified by the Cylinder
Orientation parameter.

Settings

FParameters

Fiston area: Se-4 m*2 -

Piston stroke: 0.1 m -

Initial distance between piston

and cap: 0 m M

Penetration coefficient: lel2 s*N/m~2 -

Cylinder orientation: Acts in positive direction v|
0K ] | Cancel | | Help | Apply

Piston area

Effective piston area. The default value is 5e-4 m”2.
Piston stroke

Piston maximum travel between caps. The default value is 0.1 m.
Initial distance between piston and cap

The distance between the piston and cap at the beginning of simulation. This value
cannot exceed the piston stroke. The default value is O, which corresponds to the fully
retracted position.

Penetration coefficient

Specifies the penetration property of colliding bodies. The higher the value of the
coefficient, the less the bodies penetrate into each other, but the sharper the increase
of the impact force. To find out the value of the coefficient for a particular application,
it is recommended to run the same model with different hard stop models (or with
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different cylinder models) until they show close results. The default value of the
coefficient is 112 N/m/(m/s).

Cylinder orientation

Specifies cylinder orientation with respect to the globally assigned positive direction.
The cylinder can be installed in two different ways, depending upon whether it exerts
force in the positive or in the negative direction when pressure is applied at its inlet.
If pressure applied at port A exerts force in negative direction, set the parameter

to Acts in negative direction. The default value is Acts in positive
direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Cylinder orientation

All other block parameters are available for modification.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the cylinder inlet.
R
Mechanical translational conserving port associated with the cylinder rod.
C
Mechanical translational conserving port associated with the cylinder clamping
structure.
P
Physical signal output port that outputs rod extension.
See Also

Double-Acting Hydraulic Cylinder | Double-Acting Hydraulic Cylinder (Simple) | Single-
Acting Hydraulic Cylinder | Translational Hard Stop | Translational Hydro-Mechanical
Converter



Single-Acting Rotary Actuator

Single-Acting Rotary Actuator

Single-acting hydraulic rotary actuator

Library

Hydraulic Cylinders

The Single-Acting Rotary Actuator block models a single-acting hydraulic rotary
actuator, which directly converts hydraulic energy into mechanical rotational energy
without employing intermediary transmissions such as rack-and-pinion, sliding spline,
chain, and so on. Single-acting actuators generate torque and motion in a single direction
only. Use an external device, such as a spring or another opposite installed actuator, to
move the shaft in the opposite direction.

Description

The model of the actuator is built of Simscape Foundation library blocks. The schematic
diagram of the model is shown below.

1-559



1

Blocks — Alphabetical List

1-560

Mechanical
Rotaticnal
Reference

Linear Hydraulic
Resistance

Rotational
Hydro-Mechanical
Conmverter

Hydraulic Reference

The blocks in the diagram perform the following functions:

Rotational Hydro-Mechanical
Converter

Converts hydraulic energy into mechanical rotational
energy and vice versa, while accounting for fluid
compressibility.

Rotational Hard Stop

Imposes limits on shaft rotation.

Linear Hydraulic Resistance

Accounts for leakages.

Connection A is a hydraulic conserving port corresponding to the actuator chamber.
Connection S is a mechanical rotational conserving port associated with the actuator

shaft.

The block directionality is adjustable and can be controlled with the Actuator

orientation parameter.




Single-Acting Rotary Actuator

Basic Assumptions and Limitations

No loading, such as inertia, friction, spring, and so on, is taken into account. If necessary,
you can easily add them by connecting an appropriate building block to port S.

Dialog Box and Parameters

"k Block Parameters: Single-Acting Rotary Actuator @
Single-Acting Rotary Actuator

This block represents a single-acting hydraulic rotary actuator, which directly converts hydraulic energy into
mechanical rotational energy without employing intermediary transmissions such as rack-and-pinion, sliding spline,
chain, and so on. The model of the actuator is constructed from the Rotational Hydro-Mechanical Converter,
Rotational Hard Stop and Linear Hydraulic Resistance blocks. The shaft rotation is limited with the mechanical
Rotational Hard Stop block.

Connection A is a hydraulic conserving port corresponding to the actuator converter. Connection S is a mechanical
rotational conserving port associated with the actuator shaft. The block directionality is adjustable and can be
controlled with the Actuator orientation parameter.

Settings

FParameters

Actuator displacement: 4.5e-5 m~3/rad -
Shaft stroke: 5.1 rad -
Shaft initial angle: 0 rad -
Dead volume: le-4 m~3 -
Leak coefficient: le-14 m~3/s/Pa -
Specific heat ratio: 1.4

Contact stiffness: le6 N*m/rad -
Contact damping: 150 N*m/(rad/s) -
Actuator orientation: Acts in positive direction ']

0K H Cancel H Help I Apply

Actuator displacement
Effective displacement of the actuator. The default value is 4.5e-5 m” 3/rad.
Shaft stroke

1-561



1 Blocks — Alphabetical List

1-562

Shaft maximum travel between stops. The default value is 5.1 rad.
Shaft initial angle

The position of the shaft at the beginning of simulation. You can set the shaft
position to any angle within its stroke. The default value is O, which corresponds to
the shaft position at the very beginning of the stroke.

Dead volume

Fluid volume that remains in the chamber when the shaft is positioned at the very
beginning of the stroke. The default value is 1e-4 m”3.

Leak coefficient

Leak coefficient for the Linear Hydraulic Resistance block. The default value is
le-14 (m”3/s)/Pa.

Specific heat ratio

Gas-specific heat ratio for the Hydraulic Piston Chamber block. The default value is
1.4.

Contact stiffness

Specifies the elastic property of colliding bodies for the Rotational Hard Stop block.
The greater the value of the parameter, the less the bodies penetrate into each other,
the more rigid the impact becomes. Lesser value of the parameter makes contact
softer, but generally improves convergence and computational efficiency. The default
value is 16 N*m/rad.

Contact damping

Specifies dissipating property of colliding bodies for the Rotational Hard Stop block.
At zero damping, the impact is close to an absolutely elastic one. The greater the
value of the parameter, the more energy dissipates during an interaction. Keep

in mind that damping affects slider motion as long as the slider is in contact with
the stop, including the period when slider is pulled back from the contact. For
computational efficiency and convergence reasons, MathWorks recommends that you
assign a nonzero value to this parameter. The default value is 150 N*m/(rad/s).

Actuator orientation

Specifies actuator orientation with respect to the globally assigned positive direction.
The actuator can be installed in two different ways, depending upon whether it
generates torque in the positive or in the negative direction when pressure is applied
at its inlet. If pressure applied at port A generates torque in the negative direction,
set the parameter to Acts In negative direction. The default value is Acts in
positive direction.



Single-Acting Rotary Actuator

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

+ Actuator orientation

All other block parameters are available for modification.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid bulk modulus

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the actuator inlet.
S

Mechanical rotational conserving port associated with the actuator shaft.
See Also

Linear Hydraulic Resistance | Rotational Hard Stop | Rotational Hydro-Mechanical
Converter
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Spool Orifice Hydraulic Force

Axial hydraulic force exerted on spool

Library

Valve Forces

[ [

Description

The Spool Orifice Hydraulic Force block simulates the steady-state axial hydraulic force
exerted on the spool by fluid flowing through the orifice. The spool is assumed to be
sharp-edged. You have two parameterization options:

A rectangular slot, to be used with the Orifice with Variable Area Slot block

A round hole, or a set of round holes, to be used with the Orifice with Variable Area
Round Holes block

The width of the slot, or the diameter of the holes, must be considerably larger than the
radial clearance between the spool and the sleeve. Connect the Spool Orifice Hydraulic
Force block in series with the respective orifice block to monitor the flow rate.

The force is simulated according to the following equations:

2
F :qucos&or

0=0.3663+0.8373(1—exp(—x/1.848))
X =Xxg+s-or
For rectangular slot,

A= b-\x?+8% forx>0
b-6 forx <=0



Spool Orifice Hydraulic Force

For round holes,

2
Apin +Z?(a—sin0c) ford >=x>=0

A=A, forx < 0
A+ AL forx >d
0. =2-acos|1-2%
d
Amin:Z d 8

where

F Axial hydraulic force

q Flow rate through the orifice

[ Fluid density

A Orifice area

C) Jet angle (rad)

X Orifice initial opening

s Spool displacement

b Orifice width, for rectangular slot

D Orifice diameter, for round holes

Z Number of round holes

) Radial clearance

or Orientation parameter with respect to the globally assigned positive direction.
If the orifice is opened while the spool is shifted in positive direction, or equals
1. If the orifice is opened while the spool is shifted in negative direction, or
equals —1.

Connections A and B are hydraulic conserving ports that should be connected in series
with the orifice block to monitor the flow rate. Connection S is a physical signal port that
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provides the spool displacement. Connection F is a physical signal port that outputs the
hydraulic axial force value. This port should be connected to the control port of an Ideal
Force Source block. The force computed in the block always acts to close the orifice.

Basic Assumptions and Limitations

* The transient effects are assumed to be negligible.
The jet angle approximation is based on the Richard von Mises equation.

The jet angle variation with the orifice opening is identical for the rectangular slot
and the round holes orifices.

The block can be used with orifices whose width or diameter is considerably larger
than the axial opening.

Dialog Box and Parameters

"4 Block Parameters: Spoel Orifice Hydraulic Force @
Spool Orifice Hydraulic Force

This block simulates the steady-state axial hydraulic force exerted on the spool by fluid flowing through the orifice.
The spool is assumed to be sharp-edged. The orifice can be shaped as either a rectangular slot or a set of round
holes in the sleeve, with the orifice width considerably larger than the radial clearance between the spool and the
sleeve. The simplified version of the von Mises formula is used to compute the jet angle for both types of orifices.
The block should be connected in series with the respective orifice block to monitor the flow rate.

Connections and B are hydraulic conserving ports through which the block is inserted in the orifice path.
Connection S is the physical signal port through which the spool displacement is imported. Connection F is the
physical signal port that outputs the value of the hydraulic axial force. This port should be connected to the control
port of the Ideal Force Source block. The positive force computed in the block tends to close the orifice.

Settings
Parameters
Orifice type: Rectangular slot -
Orifice width: 0.01 m -
Radial clearance: le-5 m -
Initial opening: 0 m -
Orifice orientation: Opens in positive direction ']

0K H Cancel H Help I Apply
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Orifice type
Select the type of orifice:
* Rectangular slot — Orifice created by the sharp-edged spool and a
rectangular slot in the sleeve. This is the default.
* Round holles — Orifice created by the sharp-edged spool and a set of round holes
evenly distributed along the sleeve perimeter.
Orifice width

Orifice width. The parameter must be greater than zero. The default value is 0.01
m. The parameter is used if Orifice type is set to Rectangular slot.

Diameter of round holes

Orifice diameter. If multiple orifices are used, all of them must be of the same
diameter, identically aligned with respect to the spool edge, and spaced evenly among
the sleeve perimeter. The parameter must be greater than zero. The default value is
0.005 m. The parameter is used if Orifice type is set to Round holes.

Number of round holes

Number of round holes in the sleeve. The parameter must be greater than zero. The
default value is 4. The parameter is used if Orifice type is set to Round holes.

Radial clearance

The radial clearance between the spool and the sleeve. The default value is 1e-5 m.
Initial opening

Orifice initial opening. The parameter can be positive (underlapped orifice), negative

(overlapped orifice), or equal to zero for zero lap configuration. The default value is O.
Orifice orientation

The parameter is introduced to specify the effect of the force on the orifice opening.
The parameter can be set to one of two options: Opens In positive direction
or Opens in negative direction. The value Opens in positive direction
specifies an orifice that opens when the spool moves in the globally assigned positive
direction. The default value is Opens in positive direction.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:
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+ Orifice type
* Orifice orientation
All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Orifice type parameter at the time the
model entered Restricted mode.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with an orifice inlet.
B

Hydraulic conserving port associated with an orifice outlet.
S

Physical signal port that provides the spool displacement.
F

Physical signal port that outputs hydraulic axial force.
Examples

The following example shows a model of a 4-way, 3-position, hydraulically-operated
directional valve where the hydraulic axial forces acting on the spool are being taken into
consideration.
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The spool (mass M1, viscous friction TD1) is shifted by the servo-actuator simulated by
two Translational Hydro-Mechanical Converter blocks. Connections A_S and B_S are
hydraulic ports for applying pilot control pressure.

Four variable orifices are represented by subsystems:

*  Orifice with Hydraulic Force PA
*  Orifice with Hydraulic Force PB
*  Orifice with Hydraulic Force AT
*  Orifice with Hydraulic Force BT

The structure of a subsystem is shown in the following illustration.
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Hydraulic Force

It consists of an Orifice with Variable Area Slot block, which simulates hydraulic
properties of the orifice, connected in series with a Spool Orifice Hydraulic Force block.
The force value computed in the block is exported through its port F and passed to the
Force block.

The forces on all four orifices (F_PA, F_PB, F_AT, F_BT) are applied to the valve spool as
it is shown in the first schematic.

For more details and for parameter settings, see the Hydraulic System with Servo-Valve
example.

See Also

Valve Hydraulic Force
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Spring-Loaded Accumulator

Spring-Loaded Accumulator

Hydraulic accumulator with spring used for energy storage

Library

Accumulators

Description

This block models a spring-loaded hydraulic fluid accumulator. The accumulator consists
of a preloaded spring and a fluid chamber. The fluid chamber is connected to a hydraulic
system.

As the fluid pressure at the accumulator inlet becomes greater than the preload pressure,
fluid enters the accumulator and compresses the spring, storing hydraulic energy. A
decrease in the fluid pressure causes the spring to decompress and discharge stored fluid
into the system.

During typical operations, the spring pressure is equal to the pressure in the fluid
chamber. However, if the pressure at the accumulator inlet drops below the preload
pressure, the spring becomes isolated from the system. In this situation, the fluid
chamber is empty and the spring pressure remains constant and equal to the preload
pressure while the pressure at the accumulator inlet depends on the hydraulic system to
which the accumulator is connected. If the pressure at the accumulator inlet builds up to
the preload pressure or higher, fluid enters the accumulator again.

The motion of the spring is restricted by two hard stops that limit the expansion and
contraction of the fluid volume. The fluid volume is limited when the fluid chamber is at
capacity and when the fluid chamber is empty. The hard stops are modeled with finite
stiffness and damping. This means that it is possible for the fluid volume to become
negative or greater than the fluid chamber capacity, depending on the values of the hard-
stop stiffness coefficient and the accumulator inlet pressure.
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The diagram represents a spring-loaded accumulator. The fluid chamber is on the left
and the spring is on the right. The distance between the left side and the spring defines

the fluid volume (V).

The hard stop contact pressure is modeled with a stiffness term and a damping term. The
accumulator spring is assumed to have a linear relationship between the spring pressure
and the fluid volume, with pressure balanced at the end of the spring:

Pspr = Ppr = KsprVF
DPF = DPspr + PHS

K _ Pmax — Ppr

spr VC

Kg(Vp -Veo)+Kaqp (Vp = Vo) ifVE2Vg

prus =1KsVp — K 9rVy
0

gh =177
0 otherwise
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Spring-Loaded Accumulator

qr = .
0 otherwise

where

Vi Volume of fluid in the accumulator

Vinit Initial volume of fluid in the accumulator

Ve Fluid chamber capacity

PF Pressure at the accumulator inlet (gauge)

Popr Preload pressure (gauge)

Kepr Spring gain coefficient

Pmax Pressure needed to fully fill the accumulator

Pspr Pressure developed by the spring

DPHS Hard-stop contact pressure

K Hard-stop stiffness coefficient

Ky Hard-stop damping coefficient

qr Fluid flow rate into the accumulator, which is positive if fluid flows into the
accumulator

The flow rate into the accumulator is the rate of change of the fluid volume:

dV;
qF——F

dt

At t = 0, the initial condition is Vy = Vi, where Vi, is the value you assign to the Initial
fluid volume parameter.

The Spring-Loaded Accumulator block does not consider loading on the separator. To
model additional effects, such as the separator inertia and friction, you can construct a
spring-loaded accumulator as a subsystem or a composite component, similar to the block
diagram below.

1-573



1 Blocks — Alphabetical List

1-574

Ll s
Translational Hard
Stop Translational Spring
L =
[
Single-Acting .
Hydraulic Cylinder aRT}E Mechanical

Translational
Reference

(Simple)
Translational Damper

DDD <25

PS Gain v

Basic Assumptions and Limitations

*  The accumulator spring is assumed to be behave linearly.
* Loading on the separator, such as inertia or friction, is not considered.
* Inlet hydraulic resistance is not considered.

*  Fluid compressibility is not considered.



Spring-Loaded Accumulator

Dialog Box and Parameters

"4 Block Parameters: Spring-Loaded Accumulator @
Spring-Loaded Accumulator
This block models a spring-loaded hydraulic fluid accumulator. The accumulator consists of a preloaded spring and
a fluid chamber. The fluid chamber is connected to a hydraulic system.

As the fluid pressure at the accumulator inlet becomes greater than the preload pressure, fluid enters the
accumulator and compresses the spring, storing hydraulic energy. A decrease in the fluid pressure causes the
spring to decompress and discharge stored fluid into the system. The spring motion is restricted by a hard stop
when the fluid volume is zero and when the fluid volume is at the fluid chamber capacity.

Fluid compressibility, inlet hydraulic resistance, and spring properties such as inertia and damping are not
modeled. The spring pressure is assumed to be linear with respect to the fluid volume.

The block has one hydraulic conserving port. The flow rate is positive if fluid flows into the accumulator.

Settings

Parameters

Fluid chamber capacity: 8e-3 m~3 -
Preload pressure (gauge): 10e5 Pa -
Pressure at full capacity (gauge): 30e5 Pa -
Initial fluid volume: 0 m~3 -
Hard-stop stiffness coefficient: 1lell Pa/m~3 -
Hard-stop damping coefficient: lel0 s*Pa/m~6 -

0K ]| Cancel || Help | Apply

Fluid chamber capacity
Amount of fluid that the accumulator can hold. The default value is 8e-3 m” 3.
Preload pressure (gauge)

Spring pressure (gauge) when the fluid chamber is empty. The default value is 10e5
Pa.

Pressure at full capacity (gauge)

Spring pressure (gauge) when the fluid chamber is at capacity. The default value is
30e5 Pa.

Initial fluid volume

Initial volume of fluid in the accumulator. If the initial volume is such that the
initial spring pressure does not match the initial system pressure at the hydraulic
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conserving port, there may be a large initial flow rate to reach equilibrium. The
default value is 0 m”3.

Hard-stop stiffness coefficient

Proportionality constant of the hard-stop contact pressure with respect to the fluid
volume penetrated into the hard stop. The hard stops are used to restrict the fluid
volume between zero and fluid chamber capacity. The default value is 1€10 Pa/m"3.

Hard-stop damping coefficient

Proportionality constant of the hard-stop contact pressure with respect to the flow
rate and the fluid volume penetrated into the hard stop. The hard stops are used to
restrict the fluid volume between zero and fluid chamber capacity. The default value
is 110 Pa*s/m"6.

Ports

The block has one hydraulic conserving port associated with the accumulator inlet.

The flow rate is positive if fluid flows into the accumulator.

See Also

Gas-Charged Accumulator



Sudden Area Change

Sudden Area Change

Sudden enlargement or contraction

Library

Local Hydraulic Resistances

==l =2
Description

The Sudden Area Change block represents a local hydraulic resistance, such as a sudden
cross-sectional area change. The resistance represents a sudden enlargement if fluid
flows from inlet to outlet, or a sudden contraction if fluid flows from outlet to inlet. The
block is based on the Local Resistance block. It determines the pressure loss coefficient
and passes its value to the underlying Local Resistance block. The block offers two
methods of parameterization: by applying semi-empirical formulas (with a constant value
of the pressure loss coefficient) or by table lookup for the pressure loss coefficient based
on the Reynolds number.

If you choose to apply the semi-empirical formulas, you provide geometric parameters of
the resistance, and the pressure loss coefficient is determined automatically according to
the following equations (see [1]):

2
A
Ksg =K, -5
Cor[ AL ]

A 0.75
KSC :Kcor'0'5[ _ﬁ]

where

Kse Pressure loss coefficient for the sudden enlargement, which takes place if fluid
flows from inlet to outlet
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Kse Pressure loss coefficient for the sudden contraction, which takes place if fluid
flows from outlet to inlet

Keor Correction factor

As Small area

A Large area

If you choose to specify the pressure loss coefficient by a table, you have to provide a
tabulated relationship between the loss coefficient and the Reynolds number. In this
case, the loss coefficient is determined by one-dimensional table lookup. You have a
choice of three interpolation methods and two extrapolation methods.

The pressure loss coefficient, determined by either of the two methods, is then passed

to the underlying Local Resistance block, which computes the pressure loss according

to the formulas explained in the reference documentation for that block. The flow

regime is checked in the underlying Local Resistance block by comparing the Reynolds
number to the specified critical Reynolds number value, and depending on the result, the
appropriate formula for pressure loss computation is used.

The Sudden Area Change block is bidirectional and computes pressure loss for both

the direct flow (sudden enlargement) and return flow (sudden contraction). If the loss
coefficient is specified by a table, the table must cover both the positive and the negative
flow regions.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate is
positive if fluid flows from A to B, and the pressure loss is determined as p = p4 — pg.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

+ If you select parameterization by semi-empirical formulas, the transition between
laminar and turbulent regimes is assumed to be sharp and taking place exactly at
Re=Re.,.

+ If you select parameterization by the table-specified relationship K= (Re), the flow is
assumed to be turbulent.




Sudden Area Change

Dialog Box and Parameters

"k Block Parameters: Sudden Area Change @
Sudden Area Change

The block represents a local hydraulic resistance, such as a sudden cross-sectional area change. The resistance is
characterized as a sudden enlargement if fluid flows from inlet to outlet, or as a sudden contraction if fluid flows
from outlet to inlet. The block offers two methods of the loss coefficient specification: by applying semi-empirical
formulas or by table-lookup for the pressure loss coefficient based on the Reynolds number. The block is
bidirectional and computes pressure loss for both the direct flow (sudden enlargement) and return flow (sudden
contraction). If the second parameterization option is selected (By loss coefficient vs. Re table), the table must
cover both the positive and negative Reynolds number regions.

The block positive direction is from port A to port B. This means that the flow rate is positive if it flows from A to B,
and the pressure differential is determined as p = p_A - p_B.

Settings
Parameters
Small diameter: 0.01 m -
Large diameter: 0.02 m -
Model parameterization: By semi-empirical formulas -
Correction coefficient: 1
Critical Reynolds number: 110

0K ]| Cancel || Help Apply

Small diameter
Resistance small diameter. The default value is 0.01 m.
Large diameter

Resistance large diameter. The default value is 0.02 m. This parameter is used if
Model parameterization is set to By semi-empirical formulas.

Model parameterization
Select one of the following methods for block parameterization:
* By semi-empirical formulas — Provide geometrical parameters of the
resistance. This is the default method.

+ By loss coefficient vs. Re table — Provide tabulated relationship
between the loss coefficient and the Reynolds number. The loss coefficient
is determined by one-dimensional table lookup. You have a choice of three
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interpolation methods and two extrapolation methods. The table must cover both
the positive and the negative flow regions.

Correction coefficient

Correction factor used in the formula for computation of the loss coefficient. The
default value is 1. This parameter is used if Model parameterization is set to By
semi-empirical formulas.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the geometrical profile. You can find
recommendations on the parameter value in hydraulics textbooks. The default value
is 110. This parameter is used if Model parameterization is set to By semi-
empirical formulas.

Reynolds number vector

Specify the vector of input values for Reynolds numbers as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values are [-4000, -3000, -2000,
-1000, -500, -200, -100, -50, -40, -30, -20, -15, -10, 10, 20,
30, 40, 50, 100, 200, 500, 1000, 2000, 4000, 5000, 10000]. This
parameter is used if Model parameterization is set to By loss coefficient
vs. Re table.

Loss coefficient vector

Specify the vector of the loss coefficient values as a one-dimensional array. The

loss coefficient vector must be of the same size as the Reynolds numbers vector.

The default values are [0.25, 0.3, 0.65, 0.9, 0.65, 0.75, 0.90, 1.15,

1.35, 1.65, 2.3, 2.8, 3.10, 5, 2.7, 1.8, 1.46, 1.3, 0.9, 0.65,

0.42, 0.3, 0.20, 0.40, 0.42, 0.25]. This parameter is used if Model

parameterization is set to By loss coefficient vs. Re table.
Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.

* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
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* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Model parameterization is set to
By loss coefficient vs. Re table.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization
* Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:
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Fluid density

Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the resistance inlet.
Hydraulic conserving port associated with the resistance outlet.

References

[1] Idelchik, I.LE., Handbook of Hydraulic Resistance, CRC Begell House, 1994

See Also
Elbow | Gradual Area Change | Local Resistance | Pipe Bend | T-junction
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Swash Plate

Swash plate mechanism

Library

Pumps and Motors

Description

The Swash Plate block is a model of a swash plate mechanism used in axial-piston
hydraulic pumps and motors to convert translational motion of a piston into rotational
motion of a drive shaft. The mechanism is a combination of a cylinder block or rotor, with
the piston fitted inside, and an angled swash plate.

10, / Actuator action line

Swash plate

Piston 2
Rotor r,
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The angular position of the plate is controlled by an actuator, usually a servo cylinder,
acting along the actuator action line (marked in the preceding diagram). The distance
between the actuator line and the swash plate at zero angle is equal to the actuator arm
length ra. The pistons are offset by Ay from the swash plate. The swash plate angle

can be changed to increase or decrease the piston stroke. As the rotor turns, the piston
follows the plate, which causes the piston to reciprocate.

In a hydraulic machine, the piston moves along the slots in the porting plate (not shown
in the preceding diagram) thus being periodically connected to either the intake or the
discharge port of the machine. The model simulates a single piston interacting with

the swash plate. Mechanically, the mechanism performs summation of two motions,
caused by rotation of the swash plate with respect to its axis and rotation of the rotor,
and converts them into displacement of the piston.

The following illustration shows the calculation diagram of the mechanism.



Swash Plate

hcﬁ'
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The positive direction of the actuator is assumed to be directed to the left from the
vertical axis, while the positive direction of the piston motion is directed upward, as

it is shown in the diagram. The reference point for both motions corresponds to the
plate being perpendicular to the rotor axis. As far as the angular motion of the rotor is
concerned, the clockwise rotation (looking from the top) is assumed to be positive.

The piston displacement at arbitrary rotor rotation angle y and actuator displacement xa
is determined from the relationship:

xp =—(AB~h,y + BC + DE - iga)

X
tgo —ZA

rA

which, after minor rearrangement, yields:

2
xpz—rixAcos(y+B)—hoﬁf 1+34 1
rA rj

Y=w-¢
where
Xp Piston displacement
X4 Actuator displacement
rp Cylinder block pitch radius
ra Actuator arm
y Rotor angle of rotation
Pogr Piston offset
yi) Piston phase angle
® Rotor angular velocity
¢ Time

The kinematic relationship between piston and actuator displacement must be converted
into a relationship between the basic Across variables for the physical network
representation, that is, velocities:




Swash Plate

d. h, v
p=2R_ Py, cos(y+ [3)+2xAmsin(y+B) - —O;cf TATA
dt rp ra rA x%
1+ 5
TA
where
Vp Piston velocity
V4 Actuator velocity

The inertia properties of the mechanism are assumed to be negligible. Therefore, any
state of the mechanism can be considered as equilibrium. According to the principle of
virtual work, if the system is in equilibrium the aggregate work of all the applied forces
and torques on the system virtual displacements is equal to zero. For the mechanism
under consideration, the principle of virtual work yields:

Fpdxp + Fpdcy +(T-T,,5)8y=0

where

Fp Piston force

Fy Actuator force

T Rotor torque

Thes Resistance torque acting on the rotor due to viscous friction

Virtual displacements 6xp, 6xa, and 6y are determined from Equation 1-11 and
substituted into Equation 1-12. Since virtual displacements 6x, and 8y are independent,

any of them can be equal to zero. As a result, we obtain two more equations of the
mechanism:

h
Fy =L Fpoos(y+p)+—2L A _Fp
& AL XA

A
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T=-"Ly, Fp-sin(y+B)+ Tes
TA

The resistance torque is:

Tres =u-rp - Fp

where y is the viscous friction coefficient in the contact between the piston and the plate.

The final set of equations describing the swash plate mechanism takes the form:

h
Vp = dxp _ —’lVA cos(y+ B)+2xA(osin(y+[3)——O£f *aVa
dt ra .\ A 1+ .’X,‘%
i

h
FA :EFP OOS(’Y-‘:—B)-FLffx—AFp

T'A r 2
A 1+x§
TA
_ rp .
T=-—xp Fp-sin(y+B)+u-rp-Fp
TA

Connection P is a mechanical translational conserving port associated with the tip of
the piston. Connection S is a mechanical rotational conserving port associated with
the drive shaft, which is connected to the cylinder block. Connection A is a mechanical

translational conserving port associated with the swash plate actuator.

Basic Assumptions and Limitations

*  The model accounts for the viscous friction in the piston-plate contact.
+ No inertial effects are considered.

* The plate angular displacements are considered to be small.

the piston and the plate.

The joint between the piston and the plate permanently maintains contact between



Swash Plate

Dialog Box and Parameters

"4 Block Parameters: Swash Plate @
Swash Plate

The block is a model of a swash plate mechanism used in axial-piston machines to convert translational motion of
a piston into rotational motion of a drive shaft. The mechanism is a combination of a cylinder block, with the
piston fitted inside, and an angled swash plate. The piston moves along the slots in the porting plate, thus being
periodically connected to either the intake or the discharge port of the machine. The swash plate angle can be
changed to increase or decrease the piston stroke. The model simulates a single piston interacting with the swash
plate. The model accounts for the viscous friction in the piston-plate contact. No inertial effects are considered.

Connection P is a conserving mechanical translational port associated with the tip of the piston. Connection S is a
conserving mechanical rotational port associated with the drive shaft, which is connected to the cylinder block.
Connection A is a conserving mechanical translational port associated with the swash plate actuator. The piston
displacement is considered positive if it moves inside the cylinder block. The reference point corresponds to the
plate being perpendicular to the cylinder block axis of rotation. Positive displacement of the actuator pushes the
piston, located at a zero rotor angle, inside the cylinder block.

Settings

Parameters

Swash plate actuator arm: 0.065 m -
Piston pitch radius: 0.05 m -
Piston offset from the plate: 0 m -
Phase angle: 0 rad -
Actuator initial displacement: 0 m -
Viscous friction coefficient: 50 N/(m/s) -

0K ]| Cancel || Help | Apply

Swash plate actuator arm

The distance between the actuator line of action and the center of the rotor rotation.
The parameter must be greater than zero. The default value is 0.065 m.

Piston pitch radius

The radius of the pitch circle where the pistons are located, that is, the cylinder block
pitch radius. The parameter must be greater than zero. The default value is 0.05 m.

Piston offset from the plate

The offset between the piston tip and the swash plate. The parameter must be
greater than or equal to zero. The default value is O.

Phase angle
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Parameter sets the piston initial angular position with respect to the reference point
which corresponds to the zero angle. The default value is O.

Actuator initial displacement

Parameter sets the initial position of the actuator with respect to the reference point
which corresponds to the plate being perpendicular to the axis of rotor rotation. The
default value is O.

Viscous friction coefficient

The parameter specifies the coefficient of viscous friction in the contact between the

piston and the plate. The parameter must be greater than zero. The default value is
50 N/(m/s).

Ports

The block has the following ports:

A

Mechanical translational conserving port associated with the actuator joint.
P

Mechanical translational conserving port associated with the tip of the piston.
S

Mechanical rotational conserving port associated with the drive shaft.
Examples

The Hydraulic Axial-Piston Pump with Load-Sensing and Pressure-Limiting Control
example models a test rig designed to investigate interaction between an axial-piston
pump and a typical control unit, simultaneously performing the load-sensing and
pressure-limiting functions. To assure required accuracy, the model of the pump must
account for such features as interaction between pistons, swash plate, and porting plate,
which makes it necessary to build a detailed pump model.

See Also
Porting Plate Variable Orifice


../examples/hydraulic-axial-piston-pump-with-load-sensing-and-pressure-limiting-control.html

T-junction

T-junction

Hydraulic resistance of T-junction in pipe

Library

Local Hydraulic Resistances

L ekt
Description

The T-junction block represents a T-junction (wye connection) consisting, in general, of a
main run and a branch merging to the main run. The junction as a hydraulic resistance
is built of three Local Resistance blocks, as shown in the following diagram.

O

Local Resistance A-B

A1

To specify pressure loss for all possible flow directions, you have to provide six pressure
loss coefficients. The flow regime is checked in the underlying Local Resistance blocks
by comparing the Reynolds number to the specified critical Reynolds number value, and
depending on the result, the appropriate formula for pressure loss computation is used.
For more information, see the reference documentation for the Local Resistance block.
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The block positive direction is from port A to port B, from port A to port Al, and from
port Al to port B.

Basic Assumptions and Limitations

»  Fluid inertia is not taken into account.

* The transition between laminar and turbulent regimes is assumed to be sharp and
taking place exactly at Re=Re,,.

Dialog Box and Parameters

"4 Block Parameters: T-junction @
T-junction

The block represents a T-junction (Wye connection) consisting of a main run and a branch merging to the main run
at a specified angle. The junction as a hydraulic resistance is specified by six pressure loss coefficients that
characterize pressure-flow rate relationship for every possible connection for both the direct and the reverse flow.

The block positive direction is from port A to port B, from port A to port A1, and from port Al to port B.

Settings
Parameters
Main pipe diameter: 0.01 m -
Branch pipe diameter: 0.01 m -
A-B pressure loss coefficient: 1.12
B-A pressure loss coefficient: 1.12
A-Al pressure loss coefficient: 1.36
Al-A pressure loss coefficient: 1.65
Al-B pressure loss coefficient: 1.6
B-Al pressure loss coefficient: 1.8
Critical Reynolds number: 120

0K ]| Cancel || Help Apply

Main pipe diameter

The internal pipe diameter of the main run. The default value is 0.01 m.
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Branch pipe diameter
The internal pipe diameter of the branch. The default value is 0.01 m.
A-B pressure loss coefficient

The pressure loss coefficient between ports A and B when fluid flows in the direction
from A to B. The default value is 1.12.

B-A pressure loss coefficient

The pressure loss coefficient between ports A and B when fluid flows in the direction
from B to A. The default value is 1.12.

A-A1 pressure loss coefficient

The pressure loss coefficient between ports A and Al when fluid flows in the direction
from A to Al. The default value is 1. 36.

A1-A pressure loss coefficient

The pressure loss coefficient between ports A and Al when fluid flows in the direction
from Al to A. The default value is 1.65.

A1-B pressure loss coefficient

The pressure loss coefficient between ports A1l and B when fluid flows in the direction
from Al to B. The default value is 1.6.

B-A1 pressure loss coefficient

The pressure loss coefficient between ports Al and B when fluid flows in the direction
from B to Al. The default value is 1.8.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the geometrical profile. You can find
recommendations on the parameter value in hydraulics textbooks. The default value
is 120.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity
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Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A

Hydraulic conserving port associated with the main run inlet.

Hydraulic conserving port associated with the main run outlet.
Al

Hydraulic conserving port associated with the branch inlet.

See Also
Elbow | Gradual Area Change | Local Resistance | Pipe Bend | Sudden Area Change
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Valve Actuator

Simplified model of valve driver

Library

Valve Actuators

>— > i

Description

The Valve Actuator block represents a simplified model of a valve actuator, which

1s especially suitable for real-time and HIL (hardware-in-the-loop) simulation. Its
functionality is similar to the 2-Position Valve Actuator and 3-Position Valve Actuator
blocks, but its characterization requires fewer parameters because it is built of
components that are practically linear.

The Valve Actuator block is built using the blocks from the Simscape Physical Signals
library. Both the input and the output of the block are physical signals. The block
diagram of the model is shown in the following figure.

P5Gain1 PS Saturation
F5 Subtractl FSGain2  FS Integrator FS Gain 2

The gain of the PS Gain 1 block establishes the steady-state relationship between the
input and output signals. The PS Saturation block keeps the output signal within the +/—
valve stroke range. The gain of the PS Gain 2 block is 1/Time constant, which makes it
possible to reproduce the first-order lag by combining this block with the PS Subtract and
PS Integrator blocks.

The transfer function of the lag is
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1

H(s)=———
Ts+1

where T is the time constant. The gain of the PS Gain 3 block is set to 1.

Note This block is constructed out of blocks from the Simscape Physical Signals library
(such as PS Add, PS Gain, and so on). Currently, the blocks in the Physical Signals
library do not support unit propagation and checking. For more information, see “How to
Work with Physical Units”.

Dialog Box and Parameters

"4 Block Parameters: Valve Actuator @
Valve Actuator
This block is a simplified model of the valve actuator. The actuator is represented as the first order lag simulated

as the combination of the PS Gain and PS Integrator blocks enveloped by the unity feedback. The PS Saturation
block at the exit limits output to +/- valve stroke.

Connections I and O are the physical signal ports associated with the input and output respectively. Positive signal
at the input causes the output to move in positive direction.

Settings
FParameters
Valve stroke: 0.005 m -
Time constant: 0.01 s -
Actuator gain: Se-4 m -

0K H Cancel H Help Apply

Valve stroke

The desired valve stroke, which defines the saturation level of the PS Saturation
block in the actuator model. The output of the actuator is kept within the +/— valve
stroke range. The default value is 0.005 m.

Time constant
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Time constant of the first-order lag. The Gain parameter of the PS Gain 2 block is
equal to 1/Time constant. The default value is 0.01 s.

Actuator gain

Gain of the PS Gain 1 block in the block diagram of the actuator model. The default
value is 5e-4 m.

Ports

The block has one physical signal input port and one physical signal output port.

See Also

4-Way Ideal Valve | Proportional and Servo-Valve Actuator
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Valve Hydraulic Force

Axial hydraulic static force exerted on valve

Library

Valve Forces

Description

The Valve Hydraulic Force block simulates axial hydraulic static force exerted on a

valve by fluid flowing through the orifice. The relationship between the valve opening,
the pressure drop, and the force is provided as a two-dimensional table, which 1s
processed by the PS Lookup Table (2D) block. The table can be obtained experimentally
or analytically and can represent both the hydraulic static axial force and pressure
forces. The force matrix must be rectangular and contain as many rows as there are
pressure differential measurements and as many columns as there are valve openings.
The pressure differential and opening vectors must be arranged in strictly ascending
order and cover the whole range of valve operation. Connect the block in parallel with the
orifice whose flow induces the force.

Connections A and B are hydraulic conserving ports that should be connected to the
valve block ports in such a way as to monitor the pressure differential across the
valve. Connection S is a physical signal port that provides the valve control member
displacement. Connection F is a physical signal port that outputs the hydraulic axial
force value. This port should be connected to the control port of an Ideal Force Source

block. The pressure differential inside the block is determined as p = p4 — pg. The

force orientation is specified by the table values and can be positive or negative with
respect to the globally assigned positive direction, depending on the value of the Orifice
orientation parameter.

Basic Assumptions and Limitations

No transient effects can be simulated.



Valve Hydraulic Force

Dialog Box and Parameters

"4 Block Parameters: Valve Hydraulic Force @
Valve Hydraulic Force

This block simulates axial hydraulic static force exerted on a valve by fluid flowing through the orifice. The
relationship between the force, valve opening, and the pressure drop is expected to be provided as a two-
dimensional table, which is processed by the PS Lookup Table (2D) block. The table can be obtained experimentally
or analytically and can represent both the hydraulic static axial force and pressure force. The force matrix must be
rectangular and contain as many rows as there are pressure differential measurements and as many columns as
there are valve openings. The pressure differential and valve opening vectors must be arranged in strictly
ascending order and cover the whole range of valve operation. The block is expected to be connected in parallel
with the orifice whose flow induces the force.

Connections A and B are hydraulic conserving ports associated with the block ports through which pressure
differential across the valve is monitored. Connection S is a physical signal port that provides the valve control
member displacement. Connection F is a physical signal port that exports the hydraulic force value. This port
should be connected to the control port of an Ideal Force Source block. The pressure differential inside the block is
determined as p = p_A - p_B. The force orientation is specified by the table values and can be positive or negative
with respect to the globally assigned positive direction.

Settings

FParameters

Initial opening: 0 m -

Orifice orientation: IOpens in positive direction w7

Tabulated valve openings: [ 00.001 0.002 0.003 0.004 ] m -

Tabulated pressure differentials: 246 -5e+6 -2.5e+6 0 2.5e+6 Se+6 7.5e+6 1e+7 ] Pa -

Hydraulic axial force table: 35.3982 483.0025 390.2835 447.9594 603.7225 ] M -

Interpolation method: ILinear ']
Extrapolation method: ILinear ']

0K H Cancel H Help I Apply

Initial opening
Orifice initial opening. The parameter can be positive (underlapped orifice), negative
(overlapped orifice), or equal to zero for zero lap configuration. The default value is O.
Orifice orientation

The parameter is introduced to specify the effect of the valve opening on the valve
force. The parameter can be set to one of two options: Opens in positive
directionor Opens in negative direction. The value Opens in positive
direction specifies an orifice that opens when the valve is shifted in the globally
assigned positive direction. The default value is Opens in positive direction.
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Tabulated valve openings

Specify the vector of input values for valve openings as a one-dimensional

array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least

three values for cubic or spline interpolation. The default values, in meters, are
[0,1le-3,2e-3,3e-3,4e-3]. The Tabulated valve openings values will be used
together with Tabulated pressure differentials for two-dimensional table lookup
in the Hydraulic axial force table.

Tabulated pressure differentials

Specify the vector of input values for pressure differentials as a one-dimensional
array. The vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation

method: you must provide at least two values for linear interpolation, at least
three values for cubic or spline interpolation. The default values, in Pa, are
[-100e5,-75e5,-50e5,-25e5,0,25e5,50e5, 75e5, 100e5].

Hydraulic axial force table

Specify the hydraulic axial force as an m-by-n matrix, where m is the number of valve
openings and n is the number of pressure differentials. Each value in the matrix
specifies an axial force corresponding to a specific combination of valve opening and
pressure differential. The matrix size must match the dimensions defined by the
input vectors. The default values, in N, are:

[0, -127.3576, -27.8944, 227.2513, 575.3104;
0, -95.5182, -20.9208, 170.4385, 431.4828;
0, -63.6788, -13.9472, 113.6256, 287.6552;
0, -31.8394, -6.9736, 56.8128, 143.8276;
0, 0, 0, 0, 0;
196.3495, 120.7506, 97.5709, 111.9898, 150.9306;
392.6991, 241.5013, 195.1418, 223.9797, 301.8613;
589.0486, 362.2519, 292.7126, 335.9695, 452.7919;
785.3982, 483.0025, 390.2835, 447.9594, 603.7225]

Interpolation method
Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:
* Linear — Uses a bilinear interpolation algorithm, which is an extension of linear
interpolation for functions in two variables.

* Cubic — Uses the bicubic interpolation algorithm.
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* Spline — Uses the bicubic spline interpolation algorithm.

Extrapolation method
Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* Linear — Extrapolates using the linear method (regardless of the interpolation
method specified), based on the last two output values at the appropriate end of
the range. That is, the block uses the first and second specified output values if
the input value is below the specified range, and the two last specified output
values if the input value is above the specified range.

* Nearest — Uses the last specified output value at the appropriate end of the
range. That is, the block uses the last specified output value for all input values
greater than the last specified input argument, and the first specified output
value for all input values less than the first specified input argument.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Orifice orientation
* Interpolation method
+ Extrapolation method

All other block parameters are available for modification.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with a valve port.

B
Hydraulic conserving port associated with another valve port to monitor the pressure
differential.

S

Physical signal port that provides the valve control member displacement.
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Physical signal port that outputs hydraulic axial force.

Examples

The following example shows a model of a poppet valve built of a Poppet Valve block and
a Valve Hydraulic Force block. The Valve Hydraulic Force block is connected in parallel
and provides tabulated data to compute hydraulic force acting on the valve. The force
value is exported through the F port.

- b
— .
Vahe Hydraulic
Force

..t.|

o gir=s .

C

Poppet Vahe

See Also

Spool Orifice Hydraulic Force
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Variable Head Tank

Tank with constant pressurization and volume-dependent fluid level

Library

Low-Pressure Blocks

Description

The Variable Head Tank block represents a pressurized hydraulic reservoir, in which
fluid is stored under a specified pressure. The pressurization remains constant regardless
of volume change. The block accounts for the fluid level change caused by the volume
variation, as well as for pressure loss in the connecting pipe that can be caused by a
filter, fittings, or some other local resistance. The loss is specified with the pressure loss
coefficient. The block computes the volume of fluid in the tank and exports it outside
through the physical signal port V.

For reasons of computational robustness, the pressure loss in the connecting pipe is
computed with the equations similar to that used in the Fixed Orifice block:

R e

ploss + pcr

2
_gP Re.,-v
Ccr 2 d

The Critical Reynolds number is set to 15.

The pressure at the tank inlet is computed with the following equations:
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D = DPelev — Ploss + Ppr

Delep =P8°H
Tod?
A, = 1
%4

H-1a for constant-area tank

f(V) for table-specified tank

V=Vy+gt
where
P Pressure at the tank inlet
Delev Pressure due to fluid level
DPloss Pressure loss in the connecting pipe
Ppr Pressurization
[ Fluid density
g Acceleration of gravity
H Fluid level with respect to the bottom of the tank
K Pressure loss coefficient
Ap Connecting pipe area
d Connecting pipe diameter
q Flow rate
Der Minimum pressure for turbulent flow
1% Instantaneous fluid volume
\% Initial fluid volume
A Tank cross-sectional area
t Simulation time
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For a tank with a variable cross-sectional area, the relationship between fluid level and
volume is specified with the table lookup

H=fV)

You have a choice of three interpolation methods and two extrapolation methods.

Connection T is a hydraulic conserving port associated with the tank inlet. Connection V
is a physical signal port. The flow rate is considered positive if fluid flows into the tank.

Warning If fluid level becomes so low that the tank inlet gets exposed, no warnings
will be issued. The simulation will continue and pressure at the inlet will be set to the
pressurization pressure. If this is not acceptable, MathWorks recommends that you
employ the necessary control measures to guard against this situation in your models.

Dialog Box and Parameters

"4 Block Parameters: Variable Head Tank @
Variable Head Tank

This block represents a pressurized tank in which fluid is stored under a specified pressure. The pressurization
remains constant regardless of volume change. The block accounts for the fluid level change caused by the volume
variation and pressure loss in the connecting pipe that can be caused by a filter, fittings, or some other local
resistance. The loss is specified with the pressure loss coefficient. The block computes volume of fluid in a tank
and exports it outside through the physical signal port V.

Connection T is a hydraulic conserving port associated with the tank inlet. Connection V is a physical signal port.
The flow rate is considered positive if fluid flows into the tank.

Settings

FParameters

Initial fluid volume: 20 | -
Pressurization: 0 Fa -
Level/Volume relationship: Linear -
Tank cross-section area: 0.8 m*2 -
Inlet pipeline diameter: 0.02 m -
Pipeline pressure loss coefficient: 1.2

OK H Cancel H Help Apply
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Initial fluid volume

The initial volume of fluid in the tank. This parameter must be greater than zero.
The default value is 20 1.

Pressurization

Gage pressure acting on the surface of the fluid in the tank. It can be created by a gas
cushion, membrane, bladder, or piston, as in bootstrap reservoirs. This parameter
must be greater than or equal to zero. The default value is 0, which corresponds to a
tank connected to atmosphere.

Level/Volume relationship

Select one of the following block parameterization options:

+ Linear — Provide a value for the tank cross-sectional area. The level is assumed
to be linearly dependent on the fluid volume. This is the default method.

+ Table-specified — Provide tabulated data of fluid volumes and fluid levels.
The level is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Tank cross-section area

The cross-sectional area of the tank. This parameter must be greater than zero. The
default value is 0.8 m”"2. This parameter is used if Level/Volume relationship is
set to Linear.

Tabulated fluid volumes

Specify the vector of input values for fluid volume as a one-dimensional array. The
input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in m”~3, are [0 0.0028 0.0065
0.0114 0.0176 0.0252 0.0344 0.0436 0.0512 0.0574 0.0623 0.066
0.0688 0.0707 0.072 0.0727]. This parameter is used if Level/Volume
relationship is set to Table-specified.

Tabulated fluid levels

Specify the vector of fluid levels as a one-dimensional array. The fluid levels vector
must be of the same size as the fluid volumes vector. The default values, in meters,
are [0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
0.26 0.28 0.3]. This parameter is used if Level/Volume relationship is set to
Table-specified.

Inlet pipeline diameter
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The diameter of the connecting pipe. This parameter must be greater than zero. The
default value is 0.02 m.
Pipeline pressure loss coefficient
The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe. This parameter must be greater than zero. The default value is 1.2.
Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Level/Volume relationship is set to
Table-specified.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Level/Volume relationship is set to
Table-specified.

Ports

The block has the following ports:
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Hydraulic conserving port associated with the tank inlet.

Physical signal port that outputs the volume of fluid in the tank.

See Also
Constant Head Tank | Reservoir | Variable Head Three-Arm Tank | Variable Head
Two-Arm Tank
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Variable Head Three-Arm Tank

Tank with three hydraulic ports, constant pressurization, and volume-dependent fluid
level

Library

Low-Pressure Blocks

a2

. M=R | o

o7

Description

The Variable Head Three-Arm Tank block represents a three-arm pressurized tank, in
which fluid is stored under a specified pressure. The pressurization remains constant
regardless of volume change. The block accounts for the fluid level change caused by

the volume variation, as well as for pressure loss in the connecting pipes that can be
caused by a filter, fittings, or some other local resistance. The loss is specified with the
pressure loss coefficients. The block computes the volume of fluid in the tank and exports
it outside through the physical signal port V.

For reasons of computational robustness, the pressure loss in each of the connecting
pipes is computed with the equations similar to that used in the Fixed Orifice block:

PlossA
A=K, K Aa \f 174
4 )

pl ossA T pcrA

PilossB
9B =\ k. AB\f 174
B )

pl ssB T pch

PiossC
= \k. Kc Ac \f 174
plos )

sC T pch
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2
Re .-v
Derd :KAB[L]

2| dy
2
1% Recr'v
=K, E|Xer ©
PerB B 9 dB
2
Re .-v
k. P| 2’V
DPerc Cy do

The Critical Reynolds number is set to 15.

The pressure at the tank outlets is computed with the following equations:

PA = PelevA — PlossA t Ppr

DPB = DPelevB — PlossB T Ppr

DPC = PelevC — PlossC + Ppr
PelevA = p'g°H
Petev = P*8(H —hpy)

Pelevc = P8H —hgy)

7'l:-dA2

Ay = ———
ATy

TI:'dB2

Ap =—"—
B~y
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Tede?
o =
H-a for constant-area tank
f(V) for table-specified tank

V=Vy+qg-t
where
Pa Pressure at the tank outlet A
PB Pressure at the tank outlet B
pc Pressure at the tank outlet C
Peleva Pressure due to fluid level at outlet A
DPelevB Pressure due to fluid level at outlet B
PelevC Pressure due to fluid level at outlet C
DPlossA Pressure loss in the connecting pipe A
DPlossB Pressure loss in the connecting pipe B
DPlossC Pressure loss in the connecting pipe C
Ppr Pressurization
P Fluid density
g Acceleration of gravity
H Fluid level with respect to outlet A
has Elevation of outlet B with respect to outlet A
Nac Elevation of outlet C with respect to outlet A
K, Pressure loss coefficient at outlet A
Kz Pressure loss coefficient at outlet B
K¢ Pressure loss coefficient at outlet C
Ay Connecting pipe area at outlet A
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Ap Connecting pipe area at outlet B

Ac Connecting pipe area at outlet C

da Connecting pipe diameter at outlet A

dp Connecting pipe diameter at outlet B

dc Connecting pipe diameter at outlet C

ga Flow rate through outlet A

gB Flow rate through outlet B

qgc Flow rate through outlet C

Dera Minimum pressure for turbulent flow in the connecting pipe A
DerB Minimum pressure for turbulent flow in the connecting pipe B
Perc Minimum pressure for turbulent flow in the connecting pipe C
\% Instantaneous fluid volume

Vi Initial fluid volume

A Tank cross-sectional area

t Simulation time

For a tank with a variable cross-sectional area, the relationship between fluid level and
volume is specified with the table lookup

H=fV)

You have a choice of three interpolation methods and two extrapolation methods.

Connections A, B, and C are hydraulic conserving ports associated with the tank outlets.
Connection V is a physical signal port. The flow rates are considered positive if fluid
flows into the tank.

Warning If fluid level becomes so low that some of the tank outlets get exposed, no
warnings will be issued. The simulation will continue and pressure at exposed outlet(s)
will be set to the pressurization pressure level. If this is not acceptable, MathWorks
recommends that you employ the necessary control measures to guard against this
situation in your models.
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Dialog Box and Parameters

“& Block Parameters: Variable Head Three-Arm Tank @
Variable Head Three-Arm Tank

This block represents a three-arm pressurized tank which stores fluid under a specified pressure and the
pressurization remains constant regardless of volume change. The block accounts for the fluid level change caused
by the volume variation and pressure loss in the connecting pipes that can be caused by a filter, fittings, or some
other local resistances. The loss is specified with the pressure loss coefficient. The block computes volume of fluid
in a tank and exports it outside through the physical signal port \.

Connections A, B, and C are the hydraulic conserving ports associated with the tank ports. Connection V is a
physical signal port. The flow rates are considered positive if fluid flows into the tank.

Settings
FParameters
Initial fluid volume: 20 | -
Pressurization: 0 Fa -
Level/Volume relationship: Linear -
Tank cross-section area: 0.8 m*2 -
Port A pipeline diameter: 0.025 m -

Port A pressure loss coefficient: 1.2
Port B pipeline diameter: 0.02 m -
Port B height above port A: 0.8 m -
Port B pressure loss coefficient: 1.2
Port C pipeline diameter: 0.02 m -
Port C height above port A: 0.8 m -

Port C pressure loss coefficient: 1.2

0K ][ Cancel H Help Apply

Initial fluid volume

The initial volume of fluid in the tank. This parameter must be greater than zero.
The default value is 20 1.

Pressurization

Gage pressure acting on the surface of the fluid in the tank. It can be created by a gas
cushion, membrane, bladder, or piston, as in bootstrap reservoirs. This parameter

1-613



1 Blocks — Alphabetical List

must be greater than or equal to zero. The default value is 0, which corresponds to a
tank connected to atmosphere.

Level/Volume relationship

Select one of the following block parameterization options:

+ Linear — Provide a value for the tank cross-sectional area. The level is assumed
to be linearly dependent on the fluid volume. This is the default method.

+ Table-specified — Provide tabulated data of fluid volumes and fluid levels.
The level is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Tank cross-section area
The cross-sectional area of the tank. This parameter must be greater than zero. The
default value is 0.8 m”2. This parameter is used if Level/Volume relationship is
set to Linear.

Tabulated fluid volumes
Specify the vector of input values for fluid volume as a one-dimensional array. The
input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in m”3, are [0 0.0028 0.0065
0.0114 0.0176 0.0252 0.0344 0.0436 0.0512 0.0574 0.0623 0.066
0.0688 0.0707 0.072 0.0727]. This parameter is used if Level/Volume
relationship is set to Table-specified.

Tabulated fluid levels

Specify the vector of fluid levels as a one-dimensional array. The fluid levels vector
must be of the same size as the fluid volumes vector. The default values, in meters,
are [0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
0.26 0.28 0.3]. This parameter is used if Level/Volume relationship is set to
Table-specified.

Port A pipeline diameter
The diameter of the connecting pipe at port A. This parameter must be greater than
zero. The default value is 0.025 m.

Port A pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe at port A. This parameter must be greater than zero. The default
valueis 1.2.
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Port B pipeline diameter

The diameter of the connecting pipe at port B. This parameter must be greater than
zero. The default value is 0.02 m.

Port B height above port A

The elevation of port B above port A. If port A is higher than port B, enter a negative
value. The default value is 0.8 m.

Port B pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe at port B. The loss is computed with the equation similar to the one
given for port A. This parameter must be greater than zero. The default value is 1.2.

Port C pipeline diameter

The diameter of the connecting pipe at port C. This parameter must be greater than
zero. The default value is 0.02 m.

Port C height above port A

The elevation of port C above port A. If port A is higher than port C, enter a negative
value. The default value is 0.8 m.

Port C pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe at port C. The loss is computed with the equation similar to the one
given for port A. This parameter must be greater than zero. The default value is 1.2.

Interpolation method
Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:
+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).

* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Level/Volume relationship is set to
Table-specified.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

*+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)

block reference page. This parameter is used if Level/Volume relationship is set to
Table-specified.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the tank outlet A.
B
Hydraulic conserving port associated with the tank outlet B.
C
Hydraulic conserving port associated with the tank outlet C.
\Y
Physical signal port that outputs the volume of fluid in the tank.
See Also

Constant Head Tank | Reservoir | Variable Head Tank | Variable Head Two-Arm Tank
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Variable Head Two-Arm Tank

Tank with two hydraulic ports, constant pressurization, and volume-dependent fluid
level

Library

Low-Pressure Blocks

Description

The Variable Head Two-Arm Tank block represents a two-arm pressurized tank, in
which fluid is stored under a specified pressure. The pressurization remains constant
regardless of volume change. The block accounts for the fluid level change caused by

the volume variation, as well as for pressure loss in the connecting pipes that can be
caused by a filter, fittings, or some other local resistance. The loss is specified with the
pressure loss coefficients. The block computes the volume of fluid in the tank and exports
it outside through the physical signal port V.

For reasons of computational robustness, the pressure loss in each of the connecting
pipes is computed with the equations similar to that used in the Fixed Orifice block:

qu = , \/7 PiossA
KA )1/4

plossA + pcrA

DPiossB
R AB\/7
KB )1/4

pl ssB T pch

P Recr'v ’
2| dy

Pera = KA o
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2

Re v

- Kp B =
DerB Bz[ dB ]

The Critical Reynolds number is set to 15.

The pressure at the tank outlets is computed with the following equations:

DA = DelevA — PlossA t Ppr

DPB = DPelevB — PlossB T Ppr
PelevA = pg-H

PelevB = P*8(H —hpy)

Tl:'dA2
Ap =——
ATy
TI:'de
Ag =—B_
B= g
v for constant-area tank
H=5A
f(V) for table-specified tank
V = VO + Q’t
where
Pa Pressure at the tank outlet A
PB Pressure at the tank outlet B
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Deleva Pressure due to fluid level at outlet A

DelevB Pressure due to fluid level at outlet B

Diossa Pressure loss in the connecting pipe A

DlossB Pressure loss in the connecting pipe B

Ppr Pressurization

) Fluid density

g Acceleration of gravity

H Fluid level with respect to outlet A

has Elevation of outlet B with respect to outlet A
K, Pressure loss coefficient at outlet A

K5 Pressure loss coefficient at outlet B

Ay Connecting pipe area at outlet A

Ap Connecting pipe area at outlet B

dy Connecting pipe diameter at outlet A

dp Connecting pipe diameter at outlet B

ga Flow rate through outlet A

gB Flow rate through outlet B

Dera Minimum pressure for turbulent flow in the connecting pipe A
DB Minimum pressure for turbulent flow in the connecting pipe B
% Instantaneous fluid volume

Vo Initial fluid volume

A Tank cross-sectional area

Simulation time

For a tank with a variable cross-sectional area, the relationship between fluid level and
volume is specified with the table lookup

H=fV)

You have a choice of three interpolation methods and two extrapolation methods.
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Connections A and B are hydraulic conserving ports associated with the tank outlets.
Connection V is a physical signal port. The flow rates are considered positive if fluid
flows into the tank.

Warning If fluid level becomes so low that one or both of the tank outlets get exposed, no
warnings will be issued. The simulation will continue and pressure at exposed outlet(s)
will be set to the pressurization pressure level. If this is not acceptable, MathWorks
recommends that you employ the necessary control measures to guard against this
situation in your models.

Dialog Box and Parameters

"4 Block Parameters: Variable Head Two-Arm Tank @
Variable Head Two-Arm Tank

This block represents a two-arm pressurized tank in which fluid is stored under a specified pressure and the
pressurization remains constant regardless of volume change. The block accounts for the fluid level change caused
by the volume variation and pressure loss in the connecting pipes that can be caused by a filter, fittings, or some
other local resistances. The loss is specified with the pressure loss coefficient. The block computes volume of fluid
in a tank and exports it outside through the physical signal port \.

Connections A and B are the hydraulic conserving ports associated with the tank ports. Connection V is a physical
signal port. The flow rates are considered positive if fluid flows into the tank.

Settings
FParameters
Initial fluid volume: 20 | -
Pressurization: 0 Fa -
Level/Volume relationship: Linear -
Tank cross-section area: 0.8 m*2 -
Port A pipeline diameter: 0.025 m -

Port A pressure loss coefficient: 1.2
Port B pipeline diameter: 0.02 m -
Port B height above port A: 0.8 m -

Port B pressure loss coefficient: 1.2

0K ][ Cancel H Help Apply
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Initial fluid volume

The initial volume of fluid in the tank. This parameter must be greater than zero.
The default value is 20 1.

Pressurization

Gage pressure acting on the surface of the fluid in the tank. It can be created by a gas
cushion, membrane, bladder, or piston, as in bootstrap reservoirs. This parameter
must be greater than or equal to zero. The default value is 0, which corresponds to a
tank connected to atmosphere.

Level/Volume relationship

Select one of the following block parameterization options:

+ Linear — Provide a value for the tank cross-sectional area. The level is assumed
to be linearly dependent on the fluid volume. This is the default method.

+ Table-specified — Provide tabulated data of fluid volumes and fluid levels.
The level is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Tank cross-section area

The cross-sectional area of the tank. This parameter must be greater than zero. The
default value is 0.8 m”"2. This parameter is used if Level/Volume relationship is
set to Linear.

Tabulated fluid volumes

Specify the vector of input values for fluid volume as a one-dimensional array. The
input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method: you
must provide at least two values for linear interpolation, at least three values for
cubic or spline interpolation. The default values, in m”~3, are [0 0.0028 0.0065
0.0114 0.0176 0.0252 0.0344 0.0436 0.0512 0.0574 0.0623 0.066
0.0688 0.0707 0.072 0.0727]. This parameter is used if Level/Volume
relationship is set to Table-specified.

Tabulated fluid levels

Specify the vector of fluid levels as a one-dimensional array. The fluid levels vector
must be of the same size as the fluid volumes vector. The default values, in meters,
are [0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
0.26 0.28 0.3]. This parameter is used if Level/Volume relationship is set to
Table-specified.

Port A pipeline diameter
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The diameter of the connecting pipe at port A. This parameter must be greater than
zero. The default value is 0.025 m.

Port A pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe at port A. This parameter must be greater than zero. The default
valueis 1.2.

Port B pipeline diameter

The diameter of the connecting pipe at port B. This parameter must be greater than
zero. The default value is 0.02 m.

Port B height above port A

The elevation of port B above port A. If port A is higher than port B, enter a negative
value. The default value is 0.8 m.

Port B pressure loss coefficient

The value of the pressure loss coefficient, to account for pressure loss in the
connecting pipe at port B. The loss is computed with the equation similar to the one
given for port A. This parameter must be greater than zero. The default value is 1.2.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Level/Volume relationship is set to
Table-specified.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.
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* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if Level/Volume relationship is set to

Table-specified.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the tank outlet A.
B
Hydraulic conserving port associated with the tank outlet B.
Vv
Physical signal port that outputs the volume of fluid in the tank.
See Also

Constant Head Tank | Reservoir | Variable Head Tank | Variable Head Three-Arm
Tank
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Variable Orifice

Generic hydraulic variable orifice

Library

Orifices

B

Description

The block represents a variable orifice of any type as a data-sheet-based model.
Depending on data listed in the manufacturer's catalogs or data sheets for your
particular orifice, you can choose one of the following model parameterization options:

+ By maximum area and opening — Use this option if the data sheet provides only
the orifice maximum area and the control member maximum stroke.

* By area vs. opening table — Use this option if the catalog or data sheet
provides a table of the orifice passage area based on the control member displacement
A=A(h).

+ By pressure-flow characteristic — Use this option if the catalog or data sheet
provides a two-dimensional table of the pressure-flow characteristics g=q(p, h).

In the first case, the passage area is assumed to be linearly dependent on the control
member displacement, that is, the orifice is assumed to be closed at the initial position
of the control member (zero displacement), and the maximum opening takes place at
the maximum displacement. In the second case, the passage area is determined by one-
dimensional interpolation from the table A=A(h). In both cases, a small leakage area

1s assumed to exist even after the orifice is completely closed. Physically, it represents
a possible clearance in the closed valve, but the main purpose of the parameter is to
maintain numerical integrity of the circuit by preventing a portion of the system from
getting isolated after the valve is completely closed. An isolated or “hanging” part of the
system could affect computational efficiency and even cause failure of computation.

In the first and second cases, the model accounts for the laminar and turbulent flow
regimes by monitoring the Reynolds number (Re€) and comparing its value with the
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critical Reynolds number (Re..). After the area has been determined, the flow rate is
computed according to the following equations:

q=CD-A<h>\/§~W

b+ per

P=pPp—DPB

DPer

_P Recr'v :

h = xq + x+or

A(h) _ h°Amax /hmax + Aleak fOI‘ h>0
Aleak fOI' h <=0
4A(h)

DH =

T
where
q Flow rate
p Pressure differential
P, PB Gauge pressures at the block terminals
Cp Flow discharge coefficient
A(h) Instantaneous orifice passage area
Apnax Orifice maximum area
Pax Control member maximum displacement
X Initial opening
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x Control member displacement from initial position
h Orifice opening
or Orifice orientation indicator. The variable assumes +1 value if the control

member displacement in the globally assigned positive direction opens the
orifice, and —1 if positive motion decreases the opening.

P Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow
Re,, Critical Reynolds number

Dy Instantaneous orifice hydraulic diameter
Ajeak Closed orifice leakage area

In the third case, when an orifice is defined by its pressure-flow characteristics, the

flow rate is determined by two-dimensional interpolation. In this case, neither flow
regime nor leakage flow rate is taken into account, because these features are assumed
to be introduced through the tabulated data. Pressure-flow characteristics are specified
with three data sets: array of orifice openings, array of pressure differentials across the
orifice, and matrix of flow rate values. Each value of a flow rate corresponds to a specific
combination of an opening and pressure differential. In other words, characteristics must
be presented as the Cartesian mesh, i.e., the function values must be specified at vertices
of a rectangular array. The argument arrays (openings and pressure differentials) must
be strictly increasing. The vertices can be nonuniformly spaced. You have a choice of
three interpolation methods and two extrapolation methods.

The block positive direction is from port A to port B. This means that the flow rate
1s positive if it flows from A to B and the pressure differential is determined as

p = py — pg - Positive signal at the physical signal port S opens or closes the orifice
depending on the value of the orifice orientation indicator.

Basic Assumptions and Limitations

*  Fluid inertia is not taken into account.

*  For orifices specified by pressure-flow characteristics (the third parameterization
option), the model does not explicitly account for the flow regime or leakage flow rate,
because the tabulated data is assumed to account for these characteristics.



Variable Orifice

Dialog Box and Parameters

"4 Block Parameters: Variable Orifice @
Variable Orifice

The block simulates a variable orifice of any type as a datasheet-based model. To parameterize the block, three
options are available: (1) by maximum area and control member stroke, (2) by a table of orifice area vs. control
member displacement, and (3) by the pressure-flow rate characteristics. The lookup table function is used in the
second and third cases for interpolation and extrapolation. Three methods of interpolation and two methods of
extrapolation are provided to choose from.

Connections A and B are hydraulic conserving ports associated with the orifice inlet and outlet, respectively.
Connection S is a physical signal port. The block positive direction is from port A to port B. Positive signal at port S
opens or closes the orifice, depending on the value of the Orifice orientation parameter.

Settings

Parameters

Model parameterization: By maximum area and opening -
Orifice maximum area: 0.5e-4 m*2 -
Orifice maximum opening: Se-3 m -
Orifice orientation: Opens in positive direction w7
Flow discharge coefficient: 0.7

Initial opening: 0 m -
Critical Reynolds number: 12

Leakage area: le-12 m"2 -

0K H Cancel H Help Apply

Model parameterization

Select one of the following methods for specifying the orifice:

* By maximum area and opening — Provide values for the maximum orifice
area and the maximum orifice opening. The passage area is linearly dependent
on the control member displacement, that is, the orifice is closed at the initial
position of the control member (zero displacement), and the maximum opening
takes place at the maximum displacement. This is the default method.

* By area vs. opening table — Provide tabulated data of orifice openings
and corresponding orifice areas. The passage area is determined by one-
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dimensional table lookup. You have a choice of three interpolation methods and
two extrapolation methods.

+ By pressure-flow characteristic — Provide tabulated data of orifice
openings, pressure differentials, and corresponding flow rates. The flow rate
is determined by two-dimensional table lookup. You have a choice of three
interpolation methods and two extrapolation methods.

Orifice maximum area

Specify the area of a fully opened orifice. The parameter value must be greater
than zero. The default value is 5e-5 m”2. This parameter is used if Model
parameterization is set to By maximum area and opening.

Orifice maximum opening

Specify the maximum displacement of the control member. The parameter value
must be greater than zero. The default value is 56-4 m. This parameter is used if
Model parameterization is set to By maximum area and opening.

Tabulated orifice openings

Specify the vector of input values for orifice openings as a one-dimensional array.
The input values vector must be strictly increasing. The values can be nonuniformly
spaced. The minimum number of values depends on the interpolation method:

you must provide at least two values for linear interpolation, at least three values
for cubic or spline interpolation. The default values, in meters, are [-0.002 0
0.002 0.005 0.015]. If Model parameterization is set to By area vs.
opening table, the Tabulated orifice openings values will be used together
with Tabulated orifice area values for one-dimensional table lookup. If Model
parameterization is set to By pressure-flow characteristic, the Tabulated
orifice openings values will be used together with Tabulated pressure
differentials and Tabulated flow rates for two-dimensional table lookup.

Tabulated orifice area

Specify the vector of orifice areas as a one-dimensional array. The vector must be
of the same size as the orifice openings vector. All the values must be positive. The
default values, in m”2, are [1e-09 2.0352e-07 4.0736e-05 0.00011438
0.00034356]. This parameter is used if Model parameterization is set to By
area vs. opening table.

Tabulated pressure differentials

Specify the pressure differential vector as a one-dimensional array. The vector must
be strictly increasing. The values can be nonuniformly spaced. The minimum number
of values depends on the interpolation method: you must provide at least two values
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for linear interpolation, at least three values for cubic or spline interpolation. The
default values, in Pa, are [-1e+07 -5e+06 -2e+06 2e+06 5e+06 le+07].
This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Tabulated flow rates

Specify the flow rates as an m-by-n matrix, where m is the number of orifice openings
and n is the number of pressure differentials. Each value in the matrix specifies

flow rate taking place at a specific combination of orifice opening and pressure
differential. The matrix size must match the dimensions defined by the input vectors.
The default values, in m”3/s, are:

[-1e-07 -7.0711e-08 -4.4721e-08 4.4721e-08 7.0711e-08 l1le-07;
-2.0352e-05 -1.4391e-05 -9.1017e-06 9.1017e-06 1.4391e-05 2.0352e-05;
-0.0040736 -0.0028805 -0.0018218 0.0018218 0.0028805 0.0040736;
-0.011438 -0.0080879 -0.0051152 0.0051152 0.0080879 0.011438;
-0.034356 -0.024293 -0.015364 0.015364 0.024293 0.034356;]

This parameter is used if Model parameterization is set to By pressure-flow
characteristic.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — For one-dimensional table lookup (By area vs. opening table),
uses a linear interpolation function. For two-dimensional table lookup (By
pressure-flow characteristic), uses a bilinear interpolation algorithm,
which is an extension of linear interpolation for functions in two variables.

* Cubic — For one-dimensional table lookup (By area vs. opening table),
uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP). For two-
dimensional table lookup (By pressure-flow characteristic), uses the
bicubic interpolation algorithm.

* Spline — For one-dimensional table lookup (By area vs. opening table),
uses the cubic spline interpolation algorithm. For two-dimensional table lookup
(By pressure-flow characteristic), uses the bicubic spline interpolation
algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.
Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:
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* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D) and
PS Lookup Table (2D) block reference pages.

Orifice orientation
The parameter is introduced to specify the effect of the orifice control member motion
on the valve opening. The parameter can be set to one of two options: Opens in
positive directionor Opens iIn negative direction. The value Opens
in positive direction specifies an orifice whose control member opens the
valve when it is shifted in the globally assigned positive direction. The parameter
is extremely useful for building a multi-orifice valve with all the orifices being
controlled by the same spool. The default value is Opens in positive direction.

Flow discharge coefficient
Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Initial opening
Orifice initial opening. The parameter can be positive (underlapped orifice), negative
(overlapped orifice), or equal to zero for zero lap configuration. The value of initial
opening does not depend on the orifice orientation. The default value is O.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default

value is 12.
Leakage area

The total area of possible leaks in the completely closed orifice. The main purpose
of the parameter is to maintain numerical integrity of the circuit by preventing a
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portion of the system from getting isolated after the valve is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m*2.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization
* Orifice orientation
+ Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A

Hydraulic conserving port associated with the orifice inlet.

Hydraulic conserving port associated with the orifice outlet.
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Physical signal port to control spool displacement.

The flow rate is positive if fluid flows from port A to port B. Positive signal at the physical
signal port S opens or closes the orifice depending on the value of the parameter Orifice
orientation.

Examples

The Hydraulic Flapper-Nozzle Amplifier example illustrates the use of the Variable
Orifice block in hydraulic systems.

See Also

Annular Orifice | Constant Area Hydraulic Orifice | Fixed Orifice | Orifice with
Variable Area Round Holes | Orifice with Variable Area Slot | PS Lookup Table (1D) |
PS Lookup Table (2D) | Variable Area Hydraulic Orifice


../examples/hydraulic-flapper-nozzle-amplifier.html

Variable Orifice Between Round Holes

Variable Orifice Between Round Holes

Hydraulic variable orifice at intersection of two holes

Library

Orifices

@D

Description *~

The Variable Orifice Between Round Holes block models a variable orifice created by two
interacting round holes. These holes can have different diameters. One hole is located in
the sleeve, while the other is drilled in the case, with the sleeve sliding along the case.
Such a configuration is frequently seen in cartridge valves, as shown in this 3-way valve
schematic.

The block can contain multiple identical interacting pairs of holes. The following
schematic shows the calculation diagram for one such pair of round holes, where

s Sleeve displacement from initial position

c Distance between hole centers
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Sleeve hole diameter

Case hole diameter

T

The flow rate through the orifice is proportional to the orifice area and to the pressure
differential across the orifice, according to these equations:

Aleat forc>(r+R)

2 02+r2—R2 2 02—7‘2+R2
Aleak +r“-acos| —— |+ R“ -acos| ————

2er 2cr ] forc< (r+R)

—%\/(—c+r+R)(c+R—r)(c+r—R)(c+r+ R)

q=z-CD'A\/%W
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b=DpA—PB

where

q Flow rate

p Pressure differential

Pa, PB Gauge pressures at the block terminals

A Instantaneous passage area between orifices
c Instantaneous distance between hole centers
r Smaller hole radius

R Larger hole radius

z Number of hole pairs

Cp Flow discharge coefficient

Jo Fluid density

v Fluid kinematic viscosity

Per Minimum pressure for turbulent flow

Re,, Critical Reynolds number

Ajeax Closed orifice leakage area

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B. Positive signal at port S moves the sleeve in the positive
direction.

Basic Assumptions and Limitations

Inertial effects are not taken into account.
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Dialog Box and Parameters

"4 Block Parameters: Variable Orifice Between Round Holes @
Variable Orifice Between Round Holes

This block simulates a variable orifice created by two overlapping round holes of different diameters. One hole is
located on a movable sleeve while the other is drilled in a case. There can be multiple identical interacting pairs.
The flow rate through the orifice is proportional to the orifice area and to the pressure differential across the
orifice.

Connections A and B are conserving hydraulic ports associated with the orifice inlet and outlet, respectively. The
block positive direction is from port A to port B. Connection S is a physical signal port controlling the sleeve orifice

position.
Settings
Parameters
Sleeve hole diameter: 0.005 m -
Case hole diameter: 0.0054 m -
Number of interacting pairs: 1
Flow discharge coefficient: 0.7
Critical Reynolds number: 12
Leakage area: le-12 m"2 -

0K ]| Cancel || Help Apply

Sleeve hole diameter

Diameter of the holes drilled in the sleeve. The default value is 0.005 m.
Case hole diameter

Diameter of the holes drilled in the case. The default value is 0.0054 m.
Number of interacting pairs

Number of interacting hole pairs. The default value is 1.
Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends
on the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The transition from laminar to
turbulent regime is assumed to take place when the Reynolds number reaches this
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value. The value of the parameter depends on the orifice geometrical profile. You can
find recommendations on the parameter value in hydraulics textbooks. The default
value is 12.

Leakage area

The total area of possible leaks in the completely closed orifice. The main purpose

of the parameter is to maintain numerical integrity of the circuit by preventing a
portion of the system from getting isolated after the orifice is completely closed. An
isolated or “hanging” part of the system could affect computational efficiency and
even cause simulation to fail. Therefore, MathWorks recommends that you do not set
this parameter to 0. The default value is 1e-12 m”2.

Global Parameters

Parameters determined by the type of working fluid:

*  Fluid density
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the orifice inlet.
B
Hydraulic conserving port associated with the orifice outlet.
S
Physical signal port that provides the instantaneous value of the distance between
the hole centers.
See Also

Annular Orifice | Orifice with Variable Area Round Holes | Orifice with Variable Area
Slot | Variable Area Hydraulic Orifice | Variable Orifice
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Variable-Displacement Hydraulic Machine

Variable-displacement reversible hydraulic machine with regime-dependable efficiency

Library

Pumps and Motors

[= n

Description

The Variable-Displacement Hydraulic Machine block represents a variable-displacement
hydraulic machine of any type as a data-sheet-based model. The model accounts for the
power flow direction and simulates the machine in both the motor and pump mode. The
efficiency of the machine is variable, and you can set it in accordance with experimental
data provided in the catalog or data sheet.

The machine displacement is controlled by the signal provided through the physical
signal port C. The machine efficiency is simulated by implementing regime-dependable
leakage and friction torque based on the experimentally established correlations between
the machine efficiencies and pressure, angular velocity, and displacement.

With respect to the relationship between the control signal and the displacement, two
block parameterization options are available:

+ By the maximum displacement and stroke — The displacement is assumed to be
linearly dependent on the control member position.

+ By table-specified relationship between the control member position and the machine
displacement — The displacement is determined by one-dimensional table lookup
based on the control member position. You have a choice of three interpolation
methods and two extrapolation methods.

The variable-displacement machine is represented with the following equations:



Variable-Displacement Hydraulic Machine

q = Doo)—km.qL

T = Dep+hy Ty,

D
I
D(x)
P=DPA~PB
where
q Machine flow rate
p Pressure differential across the machine
Pa,Ps Gauge pressures at the block terminals
D Machine instantaneous displacement
Dpax Machine maximum displacement
X Control member displacement
X Control member maximum stroke
T Torque at the machine shaft
® Machine shaft angular velocity
q. Leakage flow
Ter Friction torque
Kn Machine type coefficient. k,, = 1 for the pump, k, = —1 for the motor.

The key parameters that determine machine efficiency are its leakage and friction
on the shaft. In the block, these parameters are specified with experimentally-based
correlations similar to [1]

p kLP D kLD o kLw
qL = D.(D.kLl
[pnom j (Dmax ] [O)nom J
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p kFP D kFD ) kF(,o
T, = D'p'kFl
ﬁ pnom Dmax wnom

where

Pam Nominal pressure

®nom Nominal angular velocity

K4 Leakage proportionality coefficient
Keq Friction proportionality coefficient

kip, Kip, |Approximating coefficients
K1, KFP,
kFDy kFG)

The approximating coefficients are determined from the efficiency plots, usually provided
by the machine manufacturer. With the leakage known, the pump volumetric efficiency
can be expressed as

k k k
n :D(D_qL:l_k p LP D LD » Lo
P D o L1 p D ®

nom max nom
For a motor, the expression looks like the following

Do _ 1

:D-O.)+qL_1+k p kip D "o ® Lo
L1 P
Prom Dmax Opom

The mechanical efficiency is based on the known friction torque

nvm

D-p 1

Tlmp B D. p+Tfr - rp D rp ® Ero
1+ kg £
p D o

nom max nom
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D- p— Tﬁ“ p klv? D kFD ® ka
Mom =7 = 1 _kFl
D-p Prom Dmax Drom

The curve-fitting procedure is based on the comparison of the efficiency, determined with
one of the above expressions, and the experimental data neyp, = f(p, D, ), an example of

which is shown in the following plot.

Purnp wolurnetric efficiency
]
|
i

0.5 0E

0.4

= ; a . ;
Felative velocity 0 Relative displacement

The procedure can be performed with the Optimization Toolbox software. For instance,
the pump volumetric efficiency approximating coefficients can be found by solving the
following problem:

min F'(x)

X

x =[kr1,krp kip kL]
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2
k
o Y [ p. Yap o
P J Wp,
F(x)zzzz nexp(pi,Dj’wk)_ 1-kpy : D
i j ok Prnom max Onom

where

i Number of experimental pressure points, from 1 to n

j Number of experimental displacement points, from 1 to m

Number of experimental angular velocity points, from 1 to 1

Connections A and B are hydraulic conserving ports associated with the machine

inlet and outlet, respectively. Connection S is a mechanical rotational conserving port
associated with the machine shaft. Connection C is a physical signal port that controls
machine displacement. The flow rate from port A to port B causes the shaft to rotate in
positive direction, provided positive signal is applied to port C.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.
* No inertia on the machine shaft is considered.

* The model is applicable only for fluid and fluid temperature at which the
approximating coefficients have been determined.

+ Exercise extreme caution to not exceed the limits within which the approximating
coefficients have been determined. The extrapolation could result in large errors.

1-642



Variable-Displacement Hydraulic Machine

Dialog Box and Parameters

“& Block Parameters: Variable-Displacement Hydraulic Machine @
Variable-Displacement Hydraulic Machine

The block represents a variable-displacement hydraulic machine of any type as a data sheet-based model. The
model accounts for the power flow direction and simulates the machine in both the motor and pump mode. The
machine displacement can be parameterized either by its maximum displacement and control member stroke, or
by the tabulated relationship between the displacement and control member position. In the first case, the
displacement is assumed to be linearly dependent on control member position.

The machine efficiency is simulated by implementing regime-dependable leakage and friction torque, which are
specified by experimentally established correlations between the machine efficiencies and pressure, angular
velocity, and displacement.

Connections A and B are hydraulic conserving ports associated with the machine inlet and outlet, respectively.
Connection S is a mechanical rotational conserving port associated with the machine shaft. Connection Cis a
physical signal port that controls machine displacement. The flow rate from port A to port B causes the shaft to
rotate in positive direction, provided positive signal is applied to port C.

Settings
Displacement | Mominal parameters | Efficiencies
Displacement is specified: [By maximum displacement and control member stroke -
Maximum displacement: Se-6 m~3/rad -
Maximum stroke: 0.005 m -
[ 0K ] [ Cancel ] [ Help Apply

* “Displacement Tab” on page 1-643
* “Nominal Parameters Tab” on page 1-645

+ “Efficiencies Tab” on page 1-645

Displacement Tab

Displacement is specified
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Select one of the following block parameterization options:

* By maximum displacement and control member stroke — Provide values
for maximum machine displacement and maximum stroke. The displacement
is assumed to be linearly dependent on the control member position. This is the
default method.

+ By displacement vs. control member position table — Provide
tabulated data of machine displacements and control member positions. The
displacement is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Maximum displacement

Machine maximum displacement. The default value is 5e-6 m”3/rad.

Maximum stroke

Maximum control member stroke. The default value is 0.005 m. This parameter is
used if displacement is specified as By maximum displacement and control
member stroke.

Pump displacements table

Specify the vector of machine displacements as a one-dimensional array. The
machine displacements vector must be of the same size as the control member
positions vector. The default values, in m”3/rad, are [-5e-06 -3e-06 0 3e-06
5e-06]. This parameter is used if displacement is specified as By displacement
vs. control member position table.

Control member positions table

Specify the vector of input values for control member position as a one-dimensional
array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least three
values for cubic or spline interpolation. The default values, in meters, are [-0.0075
-0.0025 0 0.0025 0.0075]. This parameter is used if displacement is specified
as By displacement vs. control member position table.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
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* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if displacement is specified as By
displacement vs. control member position table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

* From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if displacement is specified as By
displacement vs. control member position table.

Nominal Parameters Tab

Nominal pressure

Nominal pressure differential across the machine. The default value is 1€7 Pa.
Nominal angular velocity

Nominal angular velocity of the output shaft. The default value is 188 rad/s.
Shaft velocity at peak friction

The friction torque on the machine shaft ideally should be introduced as Tj,sign(e).

To avoid discontinuity at @ —> 0, the friction is defined as T tanh(4® /@m,y ), Wwhere

®mayx 18 a small velocity, representing the shaft velocity at peak friction, at which

tanh(4® /0.y ) is equal to 0.999. The default value of @y, is 0.01 rad/s.
Efficiencies Tab

Volumetric efficiency proportionality coefficient
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Approximating coefficient K, ; in the block description preceding.

0.05.

Volumetric efficiency pressure coefficient

Approximating coefficient kK, p in the block description preceding.

0.65.
Volumetric efficiency angular velocity coefficient

Approximating coefficient K in the block description preceding.

Lw

-0.2.

Volumetric efficiency displacement coefficient

Approximating coefficient kK, p in the block description preceding.

-0.8.
Mechanical efficiency proportionality coefficient

Approximating coefficient Kr; in the block description preceding.

0.06.
Mechanical efficiency pressure coefficient

Approximating coefficient krp in the block description preceding.

-0.65.
Mechanical efficiency angular velocity coefficient

Approximating coefficient K in the block description preceding.

0.2. F

Mechanical efficiency displacement coefficient

Approximating coefficient Kgp in the block description preceding.

-0.75.

Restricted Parameters

The default value 1s

The default value is

The default value is

The default value is

The default value is

The default value 1s

The default value is

The default value is

When your model is in Restricted editing mode, you cannot modify the following

parameters:

+ Displacement is specified
+ Interpolation method
+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Displacement is specified parameter at

the time the model entered Restricted mode.
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Ports

The block has the following ports:

A
Hydraulic conserving port associated with the machine inlet.
B
Hydraulic conserving port associated with the machine outlet.
C
Physical signal port that controls machine displacement.
S
Mechanical rotational conserving port associated with the machine shaft.
References

[1] C.R. Cornell, Dynamic Simulation of a Hydrostatically Propelled Vehicle, SAE paper
811253, 1981, p. 22

See Also

Variable-Displacement Motor | Variable-Displacement Pump
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Variable-Displacement Hydraulic Machine (External
Efficiencies)

Variable-displacement reversible hydraulic machine with externally specified volumetric
and mechanical efficiencies

Library

Pumps and Motors

Ev,
=
E
o

The Variable-Displacement Hydraulic Machine (External Efficiencies) block represents
a reversible, variable positive-displacement hydraulic machine with volumetric and
mechanical efficiencies provided externally to the block through physical signal ports
EV and EM, respectively. The block can work as a pump or a motor, depending on the
direction of mechanical and hydraulic power flow.

Description

The machine displacement is controlled externally through a physical signal port, C.

The model offers two options to specify the relationship between the control member
position and the machine displacement:

* By the maximum displacement and stroke — The displacement is assumed to be
linearly dependent on the control member position.

+ By table-specified relationship between the control member position and the machine
displacement — The displacement is determined by one-dimensional table lookup
based on the control member position. You have a choice of three interpolation
methods and two extrapolation methods.

The machine switches between pump and motor modes at the moment the mechanical
power changes sign:

* If Pyecn > 0 — Pump mode.
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* If Ppech < 0 — Motor mode.

To ensure continuity at the instance when the machine switches its operational mode,
the block implements a transition region around this point, where the transition

from one regime to another is smoothed by a simple third-order polynomial transition
function. The transition region is defined by the power threshold value:

- If Pmech 2 Pthreshold - Pump mode.

* If Prech < —Pihreshola — Motor mode.

- If _Pthreshold < Pmech < Pthreshold — Transition region.

The variable-displacement machine is represented with the following equations:

q=D-0-K,
t=-D-p-K,,
Dmax x
D = xpax
D(x)
up pump mode
K, = 1 motor mode
My
1 2 3 1 o .
—+ (3Pnorm -2P; ) n, _T]_ transition region
v 1
1 pump mode
Mm
K, =i, motor mode
1
N + (SP,?O,m - 2Pn30rm ) . [n— —MNm ] transition region
m
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Prech =T O®

Phyd = P-4

P=pPp—DPB

P, = Prech = (~Pitreshold)
Bihreshotd ~ (~Pinreshold )

where

q Machine flow rate

p Pressure differential across the machine
Pa, PB Gauge pressures at the block terminals

® Machine shaft angular velocity

D Machine instantaneous displacement

Dy ax Machine maximum displacement

x Control member displacement

Xmax Control member maximum stroke

T Machine shaft torque

K, Machine flow rate proportionality coefficient
K, Machine torque proportionality coefficient
Ny Volumetric efficiency

Nm Mechanical efficiency

Poen Mechanical power

Pryq Hydraulic power

Piveshola | Power threshold

Poorm Normalized power

Connections A and B are hydraulic conserving ports associated with the machine
inlet and outlet, respectively. Connection S is a mechanical rotational conserving port
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associated with the machine shaft. Connection C is a physical signal port that controls
machine displacement. Connections EV and EM are physical signal ports for specifying
volumetric and mechanical efficiencies, respectively. The flow rate from port A to port B
causes the shaft to rotate in the positive direction, provided a positive signal is applied to
port C.

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.
* Inertia on the machine shaft is not considered.

+ To ensure the continuity of the flow rate and torque at the instant the machine
changes its mode between pump and motor, a small region (power threshold) is
defined, which helps a smooth transition between the two modes.

Dialog Box and Parameters

"k Block Parameters: Variable-Displacement Hydraulic Machine (External Efficiencies) @
Variable-Displacement Hydraulic Machine (External Efficiencies)

The block represents a controlled variable-displacement hydraulic machine with volumetric and mechanical
efficiencies provided through the external physical signal ports. The model accounts for the power flow direction
and simulates the machine in both the motor and pump mode.

Connections A and B are hydraulic conserving ports associated with the machine inlet and outlet, respectively.
Connection S is a mechanical rotational conserving port associated with the machine shaft. Connection Cis a
physical signal port that controls machine displacement. The volumetric and mechanical efficiencies are set by the
physical signal ports EV and EM, respectively. A positive pressure difference results in the pressure at port A being
higher than the pressure at port B. The flow rate from port A to port B causes the shaft to rotate in positive
direction, provided positive signal is applied to port C.

Settings
FParameters
Displacement specification: By maximum displacement and control member stroke -
Maximum displacement: Se-6 m~3/rad -
Maximum stroke: 0.005 m -
Power threshold: 5 w -

0K ]| Cancel || Help Apply
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Displacement specification

Select one of the following block parameterization options:

* By maximum displacement and control member stroke — Provide values
for maximum machine displacement and maximum stroke. The displacement
is assumed to be linearly dependent on the control member position. This is the
default.

+ By displacement vs. control member position table — Provide
tabulated data of machine displacements and control member positions. The
displacement is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Maximum displacement

Machine maximum displacement. The default value is 5e-6 m” 3/rad.

Maximum stroke

Maximum control member stroke. The default value is 0.005 m. This parameter is
used if displacement is specified as By maximum displacement and control
member stroke.

Machine displacements table

Specify the vector of machine displacements as a one-dimensional array. The
machine displacements vector must be of the same size as the control member
positions vector. The default values, in m”3/rad, are [-5e-06 -3e-06 0 3e-06
5e-06]. This parameter is used if displacement is specified as By displacement
vs. control member position table.

Control member positions table

Specify the vector of input values for control member position as a one-dimensional
array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least three
values for cubic or spline interpolation. The default values, in meters, are [-0.0075
-0.0025 0 0.0025 0.0075]. This parameter is used if displacement is specified
as By displacement vs. control member position table.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

* Linear — Uses a linear interpolation function.



Variable-Displacement Hydraulic Machine (External Efficiencies)

* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).

* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if displacement is specified as By
displacement vs. control member position table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

*+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is used if displacement is specified as By
displacement vs. control member position table.

Power threshold

The power threshold is introduced to avoid discontinuity at the instance the machine
switches between pump and motor modes of operation. In the absence of this
transition region, the flow and torque change their values instantly, which may
result in convergence problems due to discontinuity. A small region in the vicinity

of zero power allows avoiding discontinuity and improving convergence. The default
valueis 5 W.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the machine inlet.
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Hydraulic conserving port associated with the machine outlet.

Physical signal port that controls machine displacement.
EV

Physical signal port associated with the volumetric efficiency input.
EM

Physical signal port associated with the mechanical efficiency input.

Mechanical rotational conserving port associated with the machine shaft.

See Also

Variable-Displacement Hydraulic Machine | Variable-Displacement Motor | Variable-
Displacement Pump
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Variable-Displacement Motor

Variable-displacement bidirectional hydraulic motor

Library

Pumps and Motors

Description

The Variable-Displacement Motor block represents a variable-displacement bidirectional
motor of any type as a data-sheet-based model. The motor displacement is controlled

by the signal provided through the physical signal port C. The motor efficiency is
determined based on volumetric and total efficiencies, nominal pressure, and nominal
angular velocity. All these parameters are generally provided in the data sheets or
catalogs.

Two block parameterization options are available:

* By the motor maximum displacement and stroke — The displacement is assumed to
be linearly dependent on the control member position.

+ By table-specified relationship between the control member position and the motor
displacement — The displacement is determined by one-dimensional table lookup
based on the control member position. You have a choice of three interpolation
methods and two extrapolation methods.

The variable-displacement motor is represented with the following equations:
q= D‘O‘)_kleak - p

T=D'p'nmech
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D
I
D(x)
k
Riear, = %
= Do @om (1210 ) Voo P
Prom

P=pPA~—PB
where
q Motor flow rate
p Pressure differential across the motor
Pa,Ps Gauge pressures at the block terminals
D Motor instantaneous displacement
Dpax Motor maximum displacement
X Control member displacement
S Control member maximum stroke
T Torque at the motor output shaft
® Output shaft angular velocity
Kieak Leakage coefficient
Kup Hagen-Poiseuille coefficient
nv Motor volumetric efficiency
Nmech Motor mechanical efficiency
v Fluid kinematic viscosity
[ Fluid density
Dnom Nominal fluid density
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Prom Motor nominal pressure
®nom Motor nominal angular velocity
Viom Nominal fluid kinematic viscosity

The leakage flow is determined based on the assumption that it is linearly proportional
to the pressure differential across the pump and can be computed by using the Hagen-
Poiseuille formula

180w
p= T[d4 Qleak = kHP Qleak

where

J1eak Leakage flow

d, 1 Geometric parameters of the leakage path

n Fluid dynamic viscosity, p = vp

The leakage flow at p = p,on and v = v, can be determined from the catalog data
Qiear = Dmax * Dnom (1 - nV)
which provides the formula to determine the Hagen-Poiseuille coefficient

Dmax "0y om (1_nV)'Vnom “Prom

kpp =
pnom

The motor mechanical efficiency is not usually available in data sheets, therefore it is

determined from the total and volumetric efficiencies by assuming that the hydraulic
efficiency is negligibly small

MNmech = Niotal / My
The block positive direction is from port A to port B. This means that the motor rotates

its shaft in the globally assigned positive direction if the fluid flows from port A to port B
and a positive signal is applied to port C.
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Basic Assumptions and Limitations

*  Fluid compressibility is neglected.

* No loading on the motor shaft, such as inertia, friction, spring, and so on, is
considered.

+ Leakage inside the motor is assumed to be linearly proportional to its pressure
differential.

Dialog Box and Parameters

"k Block Parameters: Variable-Displacement Motor @
Variable-Displacement Motor

This block represents a variable-displacement bidirectional motor of any type as a data sheet-based model. The
model can be parameterized either by the motor maximum displacement and control member stroke, or by the
tabulated relationship between the motor displacement and control member position. In the first case, the
displacement is assumed to be linearly dependent on control member position. The motor efficiency is determined
based on volumetric and total efficiencies, nominal pressure, and nominal angular velocity.

Connections A and B are hydraulic conserving ports associated with the motor inlet and outlet, respectively.
Connection S is a mechanical rotational conserving port associated with the motor driving shaft. Connection Cis a
physical signal port that controls motor displacement. The block positive direction is from port A to port B. This
means that the motor rotates its shaft in the globally assigned positive direction if the fluid flows from port A to
port B and a positive signal is applied to port C.

Settings

Parameters

Displacement specification: By maximum displacement and control member stroke -
Maximum displacement: Se-6 m~3/rad -
Maximum stroke: 0.005 m -
Volumetric efficiency: 0.85

Total efficiency: 0.75

Nominal pressure: 100e5 Fa -
Nominal angular velocity: 188 radfs -
Nominal kinematic viscosity: 18 cSt -
Nominal fluid density: 900 kg/m~3 -

0K H Cancel H Help I Apply
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Model parameterization
Select one of the following block parameterization options:

* By maximum displacement and control member stroke — Provide values
for maximum motor displacement and maximum stroke. The displacement is
assumed to be linearly dependent on the control member position. This is the
default method.

+ By displacement vs. control member position table — Provide
tabulated data of motor displacements and control member positions. The
displacement is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Maximum displacement
Motor maximum displacement. The default value is 56-6 m”3/rad.

Maximum stroke
Maximum control member stroke. The default value is 0.005 m. This parameter
is visible if Model parameterization is set to By maximum displacement and
control member stroke.

Motor displacements table
Specify the vector of motor displacements as a one-dimensional array. The motor
displacements vector must be of the same size as the control member positions
vector. The default values, in m”~3/rad, are [-5e-06 -3e-06 0 3e-06 5e-06].
This parameter is visible if Model parameterization is set to By displacement
vs. control member position table.

Control member positions table

Specify the vector of input values for control member position as a one-dimensional
array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least

three values for cubic or spline interpolation. The default values, in meters, are
[-0.0075 -0.0025 0 0.0025 0.0075]. This parameter is visible if Model
parameterization is set to By displacement vs. control member position
table.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
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* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is visible if Model parameterization is set to
By displacement vs. control member position table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

*+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is visible if Model parameterization is set to
By displacement vs. control member position table.

Volumetric efficiency
Motor volumetric efficiency specified at nominal pressure, angular velocity, and fluid
viscosity. The default value is 0.85.

Total efficiency
Motor total efficiency, which is determined as a ratio between the hydraulic power
at the motor inlet and mechanical power at the output shaft at nominal pressure,
angular velocity, and fluid viscosity. The default value is 0.75.

Nominal pressure
Pressure differential across the motor, at which both the volumetric and total
efficiencies are specified. The default value is 1e7 Pa.

Nominal angular velocity
Angular velocity of the output shaft, at which both the volumetric and total
efficiencies are specified. The default value is 188 rad/s.

Nominal kinematic viscosity
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Working fluid kinematic viscosity, at which both the volumetric and total efficiencies
are specified. The default value is 18 cSt.

Nominal fluid density

Working fluid density, at which both the volumetric and total efficiencies are
specified. The default value is 900 kg/m~3.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization

* Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameter determined by the type of working fluid:

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A

Hydraulic conserving port associated with the motor inlet.

Hydraulic conserving port associated with the motor outlet.
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C

Physical signal port that controls motor displacement.
S

Mechanical rotational conserving port associated with the motor output shaft.
See Also

Hydraulic Motor
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Variable-Displacement Pressure-Compensated Pump

Hydraulic pump maintaining preset pressure at outlet by regulating its flow delivery

Library

Pumps and Motors

n

The Variable-Displacement Pressure-Compensated Pump block represents a positive,
variable-displacement, pressure-compensated pump of any type as a data-sheet-based
model. The key parameters required to parameterize the block are the pump maximum
displacement, regulation range, volumetric and total efficiencies, nominal pressure,
and angular velocity. All these parameters are generally provided in the data sheets or
catalogs.

Description

The following figure shows the delivery-pressure characteristic of the pump.
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The pump tries to maintain preset pressure at its outlet by adjusting its delivery flow

in accordance with the system requirements. If pressure differential across the pump

is less than the setting pressure, the pump outputs its maximum delivery corrected

for internal leakage. After the pressure setting has been reached, the output flow is
regulated to maintain preset pressure by changing the pump's displacement. The
displacement can be changed from its maximum value down to zero, depending upon
system flow requirements. The pressure range between the preset pressure and the
maximum pressure, at which the displacement is zero, is referred to as regulation range.
The smaller the range, the higher the accuracy at which preset pressure is maintained.
The range size also affects the pump stability, and decreasing the range generally causes
stability to decrease.

The variable-displacement, pressure-compensated pump is represented with the
following equations:

q=D'(l)—kleak'p

TZDp/Tlmech
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Dmax fOI‘p <= Pgey
D= Dmax _K(p_pset) forpset < P < Pmax
0 forp >=p .«

Pmax = Pset T Preg

K= Dmax /(pmax _pset)

k
Riear = %
kyp = Dax * ®nom (1 _nV)'Vnom ‘Prom
Prom

b=Dpp—Dpr
where
q Pump delivery
p Pressure differential across the pump
Pr.PT Gauge pressures at the block terminals
D Pump instantaneous displacement
Dpax Pump maximum displacement
Pset Pump setting pressure
Prax Maximum pressure, at which the pump displacement is zero
T Torque at the pump driving shaft
® Pump angular velocity
Kieak Leakage coefficient
Kup Hagen-Poiseuille coefficient
nv Pump volumetric efficiency
Nmech Pump mechanical efficiency
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v Fluid kinematic viscosity

o) Fluid density

Pnom Nominal fluid density

D Pump nominal pressure

®nom Pump nominal angular velocity
Viom Nominal fluid kinematic viscosity

The leakage flow is determined based on the assumption that it is linearly proportional
to the pressure differential across the pump and can be computed by using the Hagen-
Poiseuille formula

128l 3
d 4 Qleak kHP Qleak
where
Q1eak Leakage flow
d, 1 Geometric parameters of the leakage path
n Fluid dynamic viscosity, p = vp

The leakage flow at p = ppop and v = v, can be determined from the catalog data
Yieak = Pmax - Onom (1 - TlV)
which provides the formula to determine the Hagen-Poiseuille coefficient

Dmax "0y om (1 —MNy ) "Viom "Pnom

pnom

kup =

The pump mechanical efficiency is not usually available in data sheets, therefore it is
determined from the total and volumetric efficiencies by assuming that the hydraulic
efficiency is negligibly small

Nimech = Neotal ! My
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The block positive direction is from port T to port P. This means that the pump transfers
fluid from T to P provided that the shaft S rotates in the positive direction. The pressure

differential across the pump is determined as p= pp — pr .

Basic Assumptions and Limitations

*  Fluid compressibility is neglected.

No loading on the pump shaft, such as inertia, friction, spring, and so on, is
considered.

Leakage inside the pump is assumed to be linearly proportional to its pressure
differential.
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Dialog Box and Parameters

"4 Block Parameters: Variable-Displacement Pressure-Compensated Pump @
Variable-Displacement Pressure-Compensated Pump

This block represents a variable-displacement, pressure-compensated hydraulic pump of any type as a data sheet-
based model. The key parameters required to parameterize the block are the pump maximum displacement,
volumetric and total efficiencies, regulation range, nominal pressure, and angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet, respectively.
Connection S is a mechanical rotational conserving port associated with the pump driving shaft. The block positive
direction is from port T to port B This means that the pump delivers flow to port P as its driving shaft rotates in the
globally assigned positive direction.

Settings

Parameters

Maximum displacement: Se-6 m~3/rad -
Setting pressure: 100e5 Fa -
Pressure regulation range: 6e5 Fa -
Volumetric efficiency: 0.85

Total efficiency: 0.75

Nominal pressure: 100e5 Fa -
Nominal angular velocity: 188 radfs -
Nominal kinematic viscosity: 18 cSt -
Nominal fluid density: 950 kg/m~3 -

0K H Cancel H Help I Apply

Maximum displacement

Pump displacement. The default value is 5e-6 m”3/rad.
Setting pressure

Pump pressure setting. The default value is 1e7 Pa.
Pressure regulation range

Pressure range required to change the pump displacement from its maximum to zero.
The default value is 6e5 Pa.

Volumetric efficiency

Pump volumetric efficiency specified at nominal pressure, angular velocity, and fluid
viscosity. The default value is 0.85.
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Total efficiency

Pump total efficiency, which is determined as a ratio between the hydraulic power
at the pump outlet and mechanical power at the driving shaft at nominal pressure,
angular velocity, and fluid viscosity. The default value is 0.75.

Nominal pressure

Pressure differential across the pump, at which both the volumetric and total
efficiencies are specified. The default value is 1e7 Pa.

Nominal angular velocity

Angular velocity of the driving shaft, at which both the volumetric and total
efficiencies are specified. The default value is 188 rad/s.

Nominal kinematic viscosity

Working fluid kinematic viscosity, at which both the volumetric and total efficiencies
are specified. The default value is 18 cSt.

Nominal fluid density

Working fluid density, at which both the volumetric and total efficiencies are
specified. The default value is 900 kg/m*3.

Global Parameters

Parameter determined by the type of working fluid:
*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
T

Hydraulic conserving port associated with the pump suction, or inlet.

Hydraulic conserving port associated with the pump outlet.
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Mechanical rotational conserving port associated with the pump driving shaft.

Examples
The Closed-Loop Electrohydraulic Actuator with Proportional Valve example illustrates

the use of the Variable-Displacement Pressure-Compensated Pump block in hydraulic
systems.

See Also

Centrifugal Pump | Fixed-Displacement Pump | Variable-Displacement Pump
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Variable-Displacement Pump

Variable-Displacement Pump

Variable-displacement bidirectional hydraulic pump

Library

Pumps and Motors

Bl

The Variable-Displacement Pump block represents a variable-displacement bidirectional
pump of any type as a data-sheet-based model. The pump delivery is proportional to

the control signal provided through the physical signal port C. The pump efficiency is
determined based on volumetric and total efficiencies, nominal pressure, and angular
velocity. All these parameters are generally provided in the data sheets or catalogs.

Description

Two block parameterization options are available:

* By the pump maximum displacement and stroke — The displacement is assumed to
be linearly dependent on the control member position.

+ By table-specified relationship between the control member position and pump
displacement — The displacement is determined by one-dimensional table lookup
based on the control member position. You have a choice of three interpolation
methods and two extrapolation methods.

The variable-displacement pump is represented with the following equations:
q=D -0k - p

Tsz/nmech
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D =4 xpax
D(x)
k
Riear, = %
by = Dinax *®nom (1 =1V ) Viom *Prom
Prom

b=Dbp—DPr
where
q Pump delivery
p Pressure differential across the pump
pPpDT Gauge pressures at the block terminals
D Pump instantaneous displacement
Do Pump maximum displacement
x Control member displacement
Xmax Control member maximum stroke
T Torque at the pump driving shaft
® Pump angular velocity
Rieak Leakage coefficient
kup Hagen-Poiseuille coefficient
nv Pump volumetric efficiency
Nmech Pump mechanical efficiency
v Fluid kinematic viscosity
[ Fluid density
Dnom Nominal fluid density
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Prom Pump nominal pressure
®nom Pump nominal angular velocity
Viom Nominal fluid kinematic viscosity

The leakage flow is determined based on the assumption that it is linearly proportional
to the pressure differential across the pump and can be computed by using the Hagen-
Poiseuille formula

B 128w M
p= Ttd4 Qleak = kHP Qleak

where

Qleak Leakage flow

d,l Geometric parameters of the leakage path
n Fluid dynamic viscosity, p = vp

The leakage flow at p = p,om and v = v, can be determined from the catalog data
Qleak = Dmax "Opom (1 _nV)
which provides the formula to determine the Hagen-Poiseuille coefficient

Dmax "Opnom (1_nV)'Vnom “Prom

pnom

kpp =

The pump mechanical efficiency is not usually available in data sheets, therefore it is
determined from the total and volumetric efficiencies by assuming that the hydraulic
efficiency is negligibly small

Mmech = Niotal / Ny
The block positive direction is from port T to port P. This means that the pump transfers

fluid from T to P as its driving shaft S rotates in the globally assigned positive direction
and a positive signal is applied to port C.
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Basic Assumptions and Limitations

*  Fluid compressibility is neglected.

* No loading on the pump shaft, such as inertia, friction, spring, and so on, is
considered.

+ Leakage inside the pump is assumed to be linearly proportional to its pressure
differential.

Dialog Box and Parameters

"k Block Parameters: Variable-Displacement Pump @
Variable-Displacement Pump

This block represents a variable-displacement bidirectional pump of any type as a data sheet-based model. The
model can be parameterized either by the pump maximum displacement and stroke, or by the pump displacement
vs. control member position table. In the first case, the displacement is assumed to be linearly dependent on the
control member position. The pump efficiency is determined based on volumetric and total efficiencies, nominal
pressure, and nominal angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlet and inlet, respectively.
Connection S is a mechanical rotational conserving port associated with the pump driving shaft. Connection Cis a
physical signal port that controls pump displacement. The block positive direction is from port T to port P. This
means that the pump delivers flow to port P as its driving shaft rotates in the globally assigned positive direction
and a positive signal is applied to port C.

Settings

Parameters

Displacement specification: By maximum displacement and control member stroke -
Maximum displacement: Se-6 m~3/rad -
Maximum stroke: 0.005 m -
Volumetric efficiency: 0.85

Total efficiency: 0.75

Nominal pressure: 100e5 Fa -
Nominal angular velocity: 188 radfs -
Nominal kinematic viscosity: 18 cSt -
Nominal fluid density: 900 kg/m~3 -

0K H Cancel H Help I Apply
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Model parameterization
Select one of the following block parameterization options:

* By maximum displacement and control member stroke — Provide values
for maximum pump displacement and maximum control member stroke. The
displacement is assumed to be linearly dependent on the control member position.
This is the default method.

+ By displacement vs. control member position table — Provide
tabulated data of pump displacements and control member positions. The
displacement is determined by one-dimensional table lookup. You have a choice of
three interpolation methods and two extrapolation methods.

Maximum displacement
Pump maximum displacement. The default value is 5e-6 m*3/rad.
Maximum stroke
Maximum control member stroke. The default value is 0.005 m. This parameter

is visible if Model parameterization is set to By maximum displacement and
control member stroke.

Pump displacements table
Specify the vector of pump displacements as a one-dimensional array. The pump
displacements vector must be of the same size as the control member positions
vector. The default values, in m”~3/rad, are [-5e-06 -3e-06 0 3e-06 5e-06].
This parameter is visible if Model parameterization is set to By displacement
vs. control member position table.

Control member positions table
Specify the vector of input values for control member position as a one-dimensional
array. The input values vector must be strictly increasing. The values can be
nonuniformly spaced. The minimum number of values depends on the interpolation
method: you must provide at least two values for linear interpolation, at least
three values for cubic or spline interpolation. The default values, in meters, are
[-0.0075 -0.0025 0 0.0025 0.0075]. This parameter is visible if Model
parameterization is set to By displacement vs. control member position
table.

Interpolation method

Select one of the following interpolation methods for approximating the output value
when the input value is between two consecutive grid points:

+ Linear — Uses a linear interpolation function.
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* Cubic — Uses the Piecewise Cubic Hermite Interpolation Polynomial (PCHIP).
* Spline — Uses the cubic spline interpolation algorithm.

For more information on interpolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is visible if Model parameterization is set to
By displacement vs. control member position table.

Extrapolation method

Select one of the following extrapolation methods for determining the output value
when the input value is outside the range specified in the argument list:

* From last 2 points — Extrapolates using the linear method (regardless of
the interpolation method specified), based on the last two output values at the
appropriate end of the range. That is, the block uses the first and second specified
output values if the input value is below the specified range, and the two last
specified output values if the input value is above the specified range.

*+ From last point — Uses the last specified output value at the appropriate
end of the range. That is, the block uses the last specified output value for all
input values greater than the last specified input argument, and the first specified
output value for all input values less than the first specified input argument.

For more information on extrapolation algorithms, see the PS Lookup Table (1D)
block reference page. This parameter is visible if Model parameterization is set to
By displacement vs. control member position table.

Volumetric efficiency
Pump volumetric efficiency specified at nominal pressure, angular velocity, and fluid
viscosity. The default value is 0.85.

Total efficiency
Pump total efficiency, which is determined as a ratio between the hydraulic power
at the pump outlet and mechanical power at the driving shaft at nominal pressure,
angular velocity, and fluid viscosity. The default value is 0.75.

Nominal pressure
Pressure differential across the pump, at which both the volumetric and total
efficiencies are specified. The default value is 1e7 Pa.

Nominal angular velocity
Angular velocity of the driving shaft, at which both the volumetric and total
efficiencies are specified. The default value is 188 rad/s.

Nominal kinematic viscosity



Variable-Displacement Pump

Working fluid kinematic viscosity, at which both the volumetric and total efficiencies
are specified. The default value is 18 cSt.

Nominal fluid density

Working fluid density, at which both the volumetric and total efficiencies are
specified. The default value is 900 kg/m~3.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

*+ Model parameterization

* Interpolation method

+ Extrapolation method

All other block parameters are available for modification. The actual set of modifiable

block parameters depends on the value of the Model parameterization parameter at
the time the model entered Restricted mode.

Global Parameters

Parameter determined by the type of working fluid:

*  Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

T

Hydraulic conserving port associated with the pump suction, or inlet.

Hydraulic conserving port associated with the pump outlet.

1-677



1 Blocks — Alphabetical List

C

Physical signal port that controls pump displacement.
S

Mechanical rotational conserving port associated with the pump driving shaft.
See Also

Centrifugal Pump | Fixed-Displacement Pump | Variable-Displacement Pressure-
Compensated Pump
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across variables

add-on products

behavioral block
implementation model

conserving ports

constructional block
implementation model

data-sheet-based model

globally assigned positive
direction

nonrestricted parameters

physical signal ports

Glossary

Variables that are measured with a gauge connected in
parallel to an element.

Products in the Physical Modeling family that use
Simscape platform and, as a result, share common
functionality such as physical units management, editing
modes, and so on. SimHydraulics software is one of the
Simscape add-on products.

A block that is implemented based on its physical
behavior, described by a system of mathematical
equations. An example of a behavioral block
implementation is the Variable Orifice block.

Bidirectional hydraulic or mechanical ports that represent
physical connections and relate physical variables based
on the Physical Network approach.

A block that is constructed out of other blocks, connected
in a certain way. An example of a constructional block
implementation is the 4-Way Directional Valve block,
which is constructed based on four Variable Orifice blocks.

A block with a set of parameters determined by data that
1s usually listed in the manufacturer's catalogs or data
sheets.

Direction considered positive for a model diagram.

Parameters that are available for modification when

you open a model in Restricted mode. Usually, these

are the block parameters with plain numerical values,
such as Pipe internal diameter or Resistance area.
Information on restricted and nonrestricted parameters is
listed in block reference pages.

Unidirectional ports (inports and outports) transferring

signals that use an internal physical modeling engine for
computations.

Glossary-1



Glossary

restricted parameters

through variables

Glossary-2

Parameters that are not available for modification when
you open a model in Restricted mode. You have to be

in Full mode to modify them. Usually, these are the
block parameterization options, such as Pipe cross
section type or Interpolation method. Information on
restricted and nonrestricted parameters is listed in block
reference pages.

Variables that are measured with a gauge connected in
series to an element.



