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abc to Alpha-Beta-Zero, Alpha-Beta-Zero to abc

Perform transformation from three-phase (abc) signal to aB0 stationary reference frame
or the inverse

Library

Control and Measurements/Transformations

) abe

apd

Description

The abc to Alpha-Beta-Zero block performs a Clarke transform on a three-phase abe

signal. The Alpha-Beta-Zero to abc block performs an inverse Clarke transform on the
aB0 components.

2 1 1]
ua 3 13 _? ua
ug |=10 = —|u
p NERNEY g
ol o1 1|

L3 3 3

The inverse transformation is given by

1 0 1
U U,
Il I I E RS (e
bI7179 g B
U,
A1 V3 [
2 2 ]

Assume that u,, up, u, quantities represent three sinusoidal balanced currents:
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abc to Alpha-Beta-Zero, Alpha-Beta-Zero to abc

i, = Isin(wt)
ip =1 sin(wt —2?”)

. . 2r
i, =Isin at+?

These currents are flowing respectively into windings A, B, C of a three-phase winding,
as the figure shows.

C axis “/
In this case, the i, and 15 components represent the coordinates of the rotating space
vector I in a fixed reference frame whose a axis is aligned with phase A axis. I

amplitude is proportional to the rotating magnetomotive force produced by the three
currents. It is computed as follows:

e 20 3
Is=La+]-Lﬁ=§ i, tip-e ° +i,-
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Dialog Box and Parameters

" Function Block Parameters: abc to Alpha-Beta-Zero @

abc to Alpha-Beta-Zero Transformation (mask)

Perform a Clarke transformation from a three-phase (abc) signal to a
alpha-beta-zero stationary reference frame.

0K H Cancel || Help Apply

“& Function Block Parameters: Alpha-Beta-Zero to abc @

Alpha-Beta-Zero to abc Transformation (mask)

Perform a inverse Clarke transformation from an alpha-beta-zero
stationary reference frame to a three-phase (abc) signal.

[ oK H Cancel || Help | Apply

The block has no parameters.

Example

The power_Transformations example shows various uses of blocks performing Clarke
and Park transformations.



abc to Alpha-Beta-Zero, Alpha-Beta-Zero to abc

Scope 1 Display 1
| I I
g=0
sinus-based Park: zero = 0.5, 60Hz, Phase=90 deg
Rotating frame att=0 is
90 deg. behind phase A axis
shc s
o
o] o] ahc
abcto dgl
dal to abc
Scope 2 Display 2
d=1
9=0
zero = 0.5, 80Hz, Phase=00 deg
Threephase sinus-based Park
unbalanced Rotating frame at t=0 is
voltage 90 deg. behind phase A axis
ab 250
afin Tl Tl cld o V
beio o]
Nph:ﬂ’;lx—lem Alpha-BetaZere I ke |
positive sequence: to dq0 dql to Alpha-Beta-Zern
WMag= 1.0 pu 1 Alpha-Beta-Zero to abc
Phase=0 deg 1 1
zero sequence:
Mag=05 pu
Phase=90 deg Scope 3 Display 3
d=0

cosinus-based Park
Rotating frame at t=0 is.
aligned with phase A axis

=1
zero= 0.5 60Hz, Phase=20 deg

abc,
ap0
abc o
Alpha-Beta-Zero
AlphaBeta-Zerol Py
2

Introduced in R2013a

Transformation Blocks Example

g0
dqlto AiphaBeta-Zero
Alpha-Beta-Zero toabc
2 2

Scope 4
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abc to dq0, dq0 to abc

Perform transformation from three-phase (abc) signal to dq0 rotating reference frame or
the inverse

Library

Control and Measurements/Transformations

S
[
=
o

dq0 [

Description
The abc to dq0 block performs a Park transformation in a rotating reference frame.
The dq0 to abc block performs an inverse Park transformation.

B axis n B axis

q axis

C axis "

The block supports the two conventions used in the literature for Park transformation:

* Rotating frame aligned with A axis at t = 0. This type of Park transformation is also
known as the cosinus-based Park transformation.
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abc to dq0, dqO to abc

+ Rotating frame aligned 90 degrees behind A axis. This type of Park transformation
is also known as the sinus-based Park transformation. Use it in SimPowerSystems
models of three-phase synchronous and asynchronous machines.

Deduce the dq0 components from abc signals by performing an abc to aB0 Clarke
transformation in a fixed reference frame. Then perform an aB0 to dqO transformation in
a rotating reference frame, that is, —(w.t) rotation on the space vector Us = u, +j - us.

The abe-to-dq0 transformation depends on the dq frame alignment at t = 0. The position
of the rotating frame is given by w.t (where ® represents the dq frame rotation speed).

When the rotating frame is aligned with A axis, the following relations are obtained:

9 jer jer
US=ud+j-uq=(ua+j'uﬁ)-e_=’at=§- u, +up-e 3 +u, e 3 |/
1
Uy = g(ua Tup +uc)

cos(wt) cos(a)t —2?”] cos(a)t+ 2?7{)

Uqg Uq
2| . . 2z . 27

Ug =3 —sin(wt) —sin a)t—g —sin a)t—? up,

o 1 I

1
2

Inverse transformation is given by

cos(wt) —sin(wt) 1
Uq

2r . 2
up |[=|cos| ot —— | —sinjwt——| 1|y,
3 3

Uo
cos a)t+2—7r —sin a)t—z—n 1
L 3 3 i
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When the rotating frame is aligned 90 degrees behind A axis, the following relations are
obtained:

| )
U, =y, +J U, =(ua +J-uﬁ)-e

2
ug sin(wt) —cos(wt) 0| u,
Ug | = cos(wt) sin(wt) 0 ||y
Uy 0 0 1) u,

Inverse transformation is given by

sin(wt) cos(wt) 1
uq

. 2r 2r
up |=|sin| wt —— | cos|wi—— | 1|lu,
3 3

Uo
sin a)z‘Jr2—7r cos wt+2—n 1
L 3 3 i

Dialog Box and Parameters

"L Function Block Parameters: abc to dq0 @
abc to dq0 Transformation (mask)

Perform a Park transformation from a three-phase (abc) signal to a dqo
rotating reference frame. Angular position of the rotating frame is given
by input wt (rad).

When the rotating frame alignment at wt=0 is 90 degrees behind phase
A axis, a positive-sequence signal with Mag=1 & Phase=0 degrees yields
the following dq values: d=1, gq=0.

Parameters

Rotating frame alignment at wi=0: |90 degrees behind phase A axis -

OK H Cancel || Help Apply

1-8



abc to dq0, dqO to abc

“& Function Block Parameters: dq0 to abc @
dq0 to abc Transformation (mask)

Perform an inverse Park transformation from a dq0 rotating reference
frame to a three-phase (abc) signal. Angular position of the rotating
frame is given by input wt (rad).

When the rotating frame alignment at wt=0 is 90 degrees behind phase
A axis, a positive-sequence signal with Mag=1 & Phase = 0 degrees
yields the following dq values: d=1, g=0.

Parameters

Rotating frame alignment at wit=0: |9EI degrees behind phase A axis -

[ OK H Cancel || Help | Apply

Rotating frame alignment (at wt=0)

Select the alignment of rotating frame a t = 0 of the d-q-0 components of a three-
phase balanced signal:

u, = sin(wt); uy, = sin(wt —2?”); u, = sin(a)t+2?nJ

(positive-sequence magnitude = 1.0 pu; phase angle = 0 degree)
When you select Aligned with phase A axis, the d-q-0 components are d =0, g

=-1, and zero = 0.

When you select 90 degrees behind phase A axis, the d-q-0 components are d
=1,q=0, and zero = 0.

Inputs and Outputs

abc

The vectorized abc signal.
dqo

The vectorized dq0 signal.
wt
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The angular position of the dq rotating frame, in radians.

Example

The power_Transformations example shows various uses of blocks performing Clarke

and Park transformations.

Scope 1 Display 1
| I I
Q=0
sinus_based Fark: zer0 = 0.5, 60Hz, Phase=90 deg
Rotating frame att=0 is
80 deg. behind phase A axis
abc i —
o o
abcto dql e
dq0 to abc
Scope 2 Display2
d=1
g=0

Three-phase sinus-based Park
unbalanced Rotating frame att=0 is
voltage 90 deg. behind phase A axis

abg

s i |

abcio

B0
P

zero = 0.5, 60Hz, Phase=80 deg

ER el e
abc

. Alpha-Beta-Zero
positive sequence: AphaSeta-Zero to dq0 da0to Alpha-Beta-Zem
Mag= 1.0 pu 1 Alpha-Beta-Zero to abe
1
Phase=0 deg 1
ZE10 Sequence:
Mag=05 pu
Phase=90 deg Scope 3 Display 3
=0
g=1
cosinus-based Park zero = 0.5 60Hz, Phase=90 deg
Rotating frame at t=0 is
aligned with phase A axis -
bt |
i) B0 0
i o B
abct Alpha-Beta Zero B abs
Alpha-Beta-Zerol 1o dad dalto AphaBela-Zer
2 Alpha-Beta-Zero to abe
2 z

" Rate Transition

Introduced in R2013a
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abc_to_dq0 Transformation

abc_to_dq0 Transformation

Perform Park transformation from three-phase (abc) reference frame to dq0 reference
frame

Library

powerlib_extras/Measurements, powerlib_extras/Discrete Measurements

Note: The Transformations section of the Control and Measurements library contains
the abc to dq0 block. This is an improved version of the abc_to_dq0 Transformation block.
The new block features a mechanism that eliminates duplicate continuous and discrete
versions of the same block by basing the block configuration on the simulation mode. If
your legacy models contain the abc_to_dq0 Transformation block, they will continue to
work. However, for best performance, use the abc to dq0 block in your new models.

S gt
W
o
o

dqo [

Description
The abc_to_dq0 Transformation block computes the direct axis, quadratic axis, and zero

sequence quantities in a two-axis rotating reference frame for a three-phase sinusoidal
signal. The following transformation is used:

vV, = g (V,y sin(@t) + V, sin(@t — 21 / 3)+ V, sin(at + 27 / 3))

\%

q = g (V cos(t) + V cos(awt — 2 / 3) + V, cos(wt + 27 / 3))

1
where ® = rotation speed (rad/s) of the rotating frame.

The transformation is the same for the case of a three-phase current; you simply replace
the Vg, Vi, Vi, Vi, V,, and V, variables with the I, I, I, I4, I, and I, variables.
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1-12

This transformation is commonly used in three-phase electric machine models, where

it is known as a Park transformation [1]. It allows you to eliminate time-varying
inductances by referring the stator and rotor quantities to a fixed or rotating reference
frame. In the case of a synchronous machine, the stator quantities are referred to

the rotor. I and I, represent the two DC currents flowing in the two equivalent rotor
windings (d winding directly on the same axis as the field winding, and q winding on the
quadratic axis), producing the same flux as the stator I, I,, and I, currents.

You can use this block in a control system to measure the positive-sequence component
V) of a set of three-phase voltages or currents. The V; and V, (or I3 and I;) then represent
the rectangular coordinates of the positive-sequence component.

You can use the Math Function block and the Trigonometric Function block to obtain the
modulus and angle of Vi:

Vi| = VZ+ V7

£Vy =atan2(V, / Vy).

This measurement system does not introduce any delay, but, unlike the Fourier analysis
done in the Sequence Analyzer block, it is sensitive to harmonics and imbalances.

Dialog Box and Parameters

"4 Function Block Parameters: abc to dql @
abc to dq0 Transformation (mask)
Perform a Park transformation from a three-phase (abc) signal to a dq0

rotating reference frame. Angular position of the rotating frame is given
by input wt (rad).

When the rotating frame alignment at wt=0 is 90 degrees behind phase
A axis, a positive-sequence signal with Mag=1 & Phase=0 degrees yields
the following dq values: d=1, q=0.

FParameters

Rotating frame alignment at wt=0: |90 degrees behind phase A axis *

OK ]| Cancel || Help Apply




abc_to_dq0 Transformation

Inputs and Outputs

abc

Connect to the first input the vectorized sinusoidal phase signal to be converted
[phase A phase B phase C].

sin_cos

Connect to the second input a vectorized signal containing the [sin(wt) cos(wt)] values,
where o is the rotation speed of the reference frame.

dqo

The output is a vectorized signal containing the three sequence components [d q o], in
the same units as the abc input signal.

Example

The power_3phsignaldq example uses a Three-Phase Programmable Generator block

to generate a 1 pu, 15 degrees positive sequence voltage. At 0.05 second the positive
sequence voltage is increased to 1.5 pu and at 0.1 second an imbalance is introduced by
the addition of a 0.3 pu negative sequence component with a phase of —30 degrees. The
magnitude and phase of the positive-sequence component are evaluated in two different
ways:

* Sequence calculation of phasors using Fourier analysis

* abc-to-dq0 transformation using the abc to dq0 block (an improved version of the
abc_to_dq0 Transformation block).

Start the simulation and observe the instantaneous signals Vabc (Scopel), the signals
returned by the Sequence Analyzer (Scope2), and the abc to dq0 (Scope3) blocks.
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abc_to_dq0 Transformation

V1 seq & dq (pu)

Phi1 seq & dq (deq)

Note that the Sequence Analyzer, which uses Fourier analysis, is immune to harmonics
and imbalance. However, its response to a step is a one-cycle ramp. The abce-to-dq0
transformation is instantaneous. However, an imbalance produces a ripple at the V1 and
Phil outputs.
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vd Vg V0

References

[1] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1994, p.135.

See Also

abc to dq0, dq0 to abe | dq0_to_abc Transformation

Introduced in R2013a
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AC Current Source

AC Current Source

Implement sinusoidal current source

Library

Fundamental Blocks/Electrical Sources

0

The AC Current Source block implements an ideal AC current source. The positive
current direction is indicated by the arrow in the block icon. The generated current I is
described by the following relationship:

Description

I=Asin(wt+¢), w=2rf, ¢=Phaseinradians.

Negative values are allowed for amplitude and phase. A zero frequency and a 90 degree
phase specify a DC current source. You cannot enter a negative frequency; the software
returns an error in that case, and the block displays a question mark in the block icon.
You can modify the first three block parameters at any time during the simulation.
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Dialog Box and Parameters

“is Block Parameters: AC Voltage Source @
AC Voltage Source (mask)

Ideal sinusoidal AC Voltage source.
FParameters

Peak amplitude (V):

100

Phase (deg):

1]

Frequency (Hz):
60

Sample time:
0

Measurements |NOFIQ s

[ oK ]| Cancel || Help Apply

Peak amplitude
The peak amplitude of the generated current, in amperes (A).
Phase

The phase in degrees (deg). Specify a frequency of 0 and a phase of 90 degrees to
implement a DC current source.

Frequency

The source frequency in hertz (Hz). Specify a frequency of 0 and a phase of 90 degrees
to implement a DC current source.

Sample time

The sample period in seconds (s). The default is O, corresponding to a continuous
source.

Measurements

Select Current to measure the current flowing through the AC Current Source
block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block,
the measurement is identified by a label followed by the block name.



AC Current Source

Measurement Label
Current Isrc:
Example

The power_accurrent example uses two AC Current Source blocks in parallel to sum two
sinusoidal currents in a resistor.

i -

i tot Sl:ﬂ'FE

1 A -r: A
[:rL ) 0deg {;L ] 20 deg :
80 Hz 50 Hz % 50 Ohms Continuous
: ] powergui

See Also

Controlled Current Source, Multimeter

Introduced before R2006a
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AC1A Excitation System

Implements IEEE type AC1A excitation system model

Library

Fundamental Blocks/Machines/Excitation Systems (sps_avr)

‘whef

b

b,
AC1A Efd

o 1fd

b

‘wEtab

Description

This block models an ac alternator driving a diode rectifier to produce the field voltage Vf
required by the Synchronous Machine block. A non-controlled voltage regulator provides
a voltage in p.u. with a lower limit of zero imposed by the diode rectifier.

This block is an adaptation of the AC1A excitation system of the IEEE® 421 standard,
copyright IEEE 2005, all rights reserved.



AC1A Excitation System

Dialog Box and Parameters

-

P

i Function Block Parameters: AC1A Excitation System @

AC1A Excitation System (mask)

Implements a synchronous machine voltage regulator and exciter
based on the IEEE type AC1A excitation system model. The output is
the field voltage to apply to the Vf input of a Synchronous Machine
block. Inputs and output are in p.u.

Controllers Exciter and Rectifier | Initial Values

Low-pass filter time constant Tr(s):

Voltage regulator gain and time constant [Ka Ta(s)]:

[400 0.02]
Voltage regulator internal limits [VAmin{pu) VAmax{pu)]:

[-14.5 14.5]

Voltage regulator output limits [VRmin{pu} VRmax(pu}]:

[-5.43 6.03]

Damping filter gain and time constant [Kf Tf(s)]:

[0.03 1.0]

Transient gain reduction lead and lag time constants [Th{s) Tc(s)]:

[0 0]

OK ][ Cancel H Help Apply

“Controllers Tab” on page 1-22
“Exciter and Rectifier Tab” on page 1-22
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*  “Initial Values Tab” on page 1-23

Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal
voltage transducer.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator.

Voltage regulator internal limits

The voltage regulator internal limits VAmin and VAmax, in p.u.
Voltage regulator output limits

The voltage regulator output limits VRmin and VRmax, in p.u.
Damping filter gain and time constant

The gain Kf and time constant Tf of the first-order system representing the
derivative feedback.

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator.

Exciter and Rectifier Tab

Exciter gain and time constant
The gain Ke and time constant Te of the first-order system representing the exciter.
Exciter alternator voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points,Vel

and Ve2 in p.u., on the air-gap line and no-load saturation curve and providing the
corresponding two saturation multipliers SeVel and SeVe2.

Typically, the voltage Vel is a value near the expected exciter maximum output
voltage, Ve2 value is about 75% of Vel [1].



AC1A Excitation System

Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Vel

and Ve2 in p.u., on the air-gap line and no-load saturation curve and providing the
corresponding two saturation multipliers SeVel and SeVe2.

SeVel and SeVe2 multipliers are equal to C-B / B, C is the value of exciter field
current on the no-load saturation curve corresponding to the specified Ve voltage,
and B is the value of exciter field current on the air-gap line corresponding to the
selected Ve voltage [1].

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.
Demagnetizing factor Kd

The gain Kd represents the demagnetizing factor, a function of exciter alternator
reactances.

Rectifier loading factor Kc

The gain Kc represents the rectifier loading factor proportional to the commutating
reactance.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0O and Efd0 values can be determined
using the Powergui Load Flow tool.

Sample time

Specify a value greater than zero to discretize the block at the given sample time.
Set to -1 to inherit the simulation type and sample time parameters of the Powergui
block.

Ports

Vref

The reference value of the stator terminal voltage, in p.u.
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1-24

Vit

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Ifd

The measured value in p.u. of the stator field current of the controlled Synchronous
Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the VF input of the controlled Synchronous Machine
block. The output is in p.u.

Example

The power_machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power_machines_lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select AC1A from the Block
Choice menu to control the Synchronous Machine block using the AC1A Excitation
System block.



AC1A Excitation System

+
u
ASM terminal voltage
Diesel Engine va -
Gowemor - '] 1
2.4e3v =
wref (pu} ? "
,31.39‘__‘:‘;. Torque (H.m)
[ 7964 | Is_sbc
A Fm
I wm _
<w
M ] ASM M A1
ERETEVY 2250 HP
« [Transformer <@ o
uty 25 kv / 2400V 1mw
# |6 mva Load
4 o o
w g
Vet el = 1 Gircutt Braaler
1} ref " o
(1172 +u(2)"2 e
Vava sqrt(u(L) u(2)2) = .
B1
o Sqrt(u(1)~2 +u(2)72) '—. 1 Efd — . ngv
8334pu .
-0.4332deg.
] Iid
)
B TP p— . | , |
25 kv EE @ o]
EXCITATION 1000 MVA 5 MW| Thres-phase
Load to ground Fault
Continuous N
Ideal Switch Emergency Diesel-Generator and Asynchronous Motor
Mo Snubber

Before running this example you need to perform a Load Flow that
povergui initializes the model to start from steady-state.

References

[1] “TEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).

Introduced in R2012b
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AC4A Excitation System

Implements IEEE type AC4A excitation system model

Library

Fundamental Blocks/Machines/Excitation Systems (sps_avr)

‘whef

b

b,
AL Efd

o 1fd

b

‘wEtab

Description

This block models an ac alternator connected to a thyristor rectifier to produce the field
voltage Vf required by the Synchronous Machine block. A voltage regulator controls the
thyristors and the excitation system stabilization is accomplished by a series lead-lag
compensator.

This block is an adaptation of the AC4A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.



ACA4A Excitation System

Dialog Box and Parameters

-

g

& Function Block Parameters: AC4A Excitation System @

AC4A BExcitation System (mask)

Implements a synchronous machine voltage requlator and exciter
based on the IEEE type AC4A excitation system model. The output is
the field voltage to apply to the Vf input of a Synchronous Machine
block. Inputs and output are in p.u.

Controllers Exciter and Rectifier | Initial Values

Low-pass filter time constant Tr(s):

Voltage regulator gain and time constant [Ka Ta(s)]:

[200 0.015]

Voltage regulator input limits [VImin{pu)} VImax(pu}]:

[-10 10]

Voltage regulator output limits [VRmin{pu) VRmax{pu)]:

[-4.53 5.64]

Transient gain reduction lead and lag time constants [Th{s) Tc(s)]:

[10 1.0]

[ Ok ][ Cancel H Help Apply

“Controllers Tab” on page 1-28
“Exciter and Rectifier Tab” on page 1-28
“Initial Values Tab” on page 1-28
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Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal
voltage transducer.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator.

Voltage regulator input limits

The voltage regulator input limits VImin and VImax, in p.u.
Voltage regulator output limits

The voltage regulator output limits VRmin and VRmax, in p.u.
Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator.

Exciter and Rectifier Tab

Rectifier loading factor Kc

The gain Kc represents the rectifier loading factor proportional to the commutating
reactance.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0 and Efd0 values can be determined
using the Powergui Load Flow tool.

Sample time

Specify a value greater than zero to discretize the block at the given sample time.
Set to -1 to inherit the simulation type and sample time parameters of the Powergui
block.

Ports
Vref



ACA4A Excitation System

The reference value of the stator terminal voltage, in p.u.
Vit

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Ifd

The measured value in p.u. of the stator field current of the controlled Synchronous
Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the VF input of the controlled Synchronous Machine
block. The output is in p.u.

Example

The power_machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power_machines_lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select AC4A from the Block

Choice menu to control the Synchronous Machine block using the AC4A Excitation
System block.
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Before running this example you need to perform a Load Flow that
povergui initializes the model to start from steady-state.

References

[1] “TEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).

Introduced in R2012b
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AC5A Excitation System

Implements IEEE type AC5A excitation system model

Library

Fundamental Blocks/Machines/Excitation Systems (sps_avr)

ot oAcss Efdp

stat

Description

This block models a simplified brushless excitation system where the regulator is
supplied from a permanent magnet generator. This model is good to represent simplified
systems with rotating rectifiers.

This block is an adaptation of the AC5A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.
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Dialog Box and Parameters

-

ra

& Function Block Parameters: ACSA Excitation System @
ACSA Excitation System (mask)

Implements a synchronous machine voltage regulator and exciter
based on the IEEE type ACSA excitation system model. The output is
the field voltage to apply to the Vf input of a Synchronous Machine
block. Inputs and output are in p.u.

Controllers Exciter and Rectifier | Initial Values

Low-pass filter time constant Tr(s):

Voltage regulator gain and time constant [Ka Ta(s)]:

[100 0.02]
Voltage regulator output limits [VRmin{pu) VRmax{pu)]:

[-7.3 7.3]

Damping filter gain and time constants [Kf Tf1(s) Tf2(s) Tf3(=s)]:
[0.03100]

[ Ok ][ Cancel H Help Apply

* “Controllers Tab” on page 1-32
+  “Exciter and Rectifier Tab” on page 1-33
*  “Initial Values Tab” on page 1-34

Controllers Tab

Low-pass filter time constant
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The time constant Tr of the first-order system representing the stator terminal
voltage transducer.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator.

Voltage regulator output limits
The voltage regulator output limits VRmin and VRmax, in p.u.
Damping filter gain and time constants

The gain Kf and time constants Tf1, Tf, and Tf3 of the second-order system
representing the derivative feedback.

Exciter and Rectifier Tab

Exciter gain and time constant
The gain Ke and time constant Te of the first-order system representing the exciter.
Field voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u., on the air-gap line and constant resistance load saturation curve and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2.

Typically, the voltage Efd1 is a value near the exciter expected maximum output
voltage, Efd2 value is about 75% of Efd1.

Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u., on the air-gap line and Constant Resistance Load saturation curve, and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2.

SeEfd1 and SeEfd2 multipliers are equal to A-B / B, A is the value of exciter field
current on the Constant Resistance Load saturation curve corresponding to the
selected Efd voltage, and B is the value of exciter field current on the air-gap line
corresponding to the selected Efd voltage.

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.
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Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The VtO and Efd0 values can be determined
using the Powergui Load Flow tool.

Sample time

Specify a value greater than zero to discretize the block at the given sample time.
Set to -1 to inherit the simulation type and sample time parameters of the Powergui
block.

Ports

Vref
The reference value of the stator terminal voltage, in p.u.
Vit

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the VF input of the controlled Synchronous Machine
block. The output is in p.u.

Example

The power_machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power_machines_lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.
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Right-click the EXCITATION configurable block, then select AC5A from the Block
Choice menu to control the Synchronous Machine block using the AC5A Excitation
System block.
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Mo Snubber Before running this example you need to perform a Load Flow that

powergui initialzes the model to start from steady-state.

References

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).
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Active & Reactive Power

Measure active and reactive powers of voltage-current pair

Library

powerlib_extras/Measurements

A discrete version of this block is available in the powerlib_extras/Discrete
Measurements library.

A phasor version of this block is available in the powerlib_extras/Phasor Library.

Note: The Measurements section of the Control and Measurements library contains the
Power block. This is an improved version of the Active & Reactive Power block. The new
block features a mechanism that eliminates duplicate continuous and discrete versions of
the same block by basing the block configuration on the simulation mode. If your legacy
models contain the Active & Reactive Power block, they will continue to work. However,
for best performance, use the Power block in your new models.

Description

PQ

The Active & Reactive Power block measures the active power P and reactive power Q
associated with a periodic voltage-current pair that can contain harmonics. P and Q are
calculated by averaging the V I product with a running average window over one cycle of
the fundamental frequency, so that the powers are evaluated at fundamental frequency.



Active & Reactive Power

t
1
P= ?t:[TV(wt) Iwt) dt

t
Q=1 [ V(oo It-x/ 2)dt,
Tt—T

where T = 1/(fundamental frequency).

A current flowing into an RL branch, for example, produces positive active and reactive
powers.

As this block uses a running window, one cycle of simulation has to be completed before
the output gives the correct active and reactive powers.

The discrete version of this block, available in the powerlib_extras/Discrete
Measurements library, allows you to specify the initial input voltage and current
(magnitude and phase). For the first cycle of simulation the outputs are held constant
using the values specified by the initial input parameters.

Dialog Box and Parameters

"L Function Block Parameters: Active & Reactive Power @
Active Reactive Power (mask)

Measure the active and reactive powers of a voltage-current pair.

NOTE:
The Measurement section of the Control and Measurements library of
powerlib contains an improved version of the block.

FParameters

Fundamental frequency (Hz):

60

[ OK ]| Cancel || Help | Apply

Fundamental frequency (Hz)

The fundamental frequency, in hertz, of the instantaneous voltage and current.
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Inputs and Outputs

\Y

The first input is the instantaneous voltage, in volts.

The second input is the instantaneous current, in amperes.

PQ
The output is a vector [P Q] of the active and reactive powers, in watts and vars,
respectively.

Example

The power_transfo example simulates a three-winding distribution transformer rated
at 75 kVA:14400/120/120 V. The transformer primary winding is connected to a high-
voltage source of 14400 Vrms. Two identical inductive loads (20 kW-10 kvar) are
connected to the two secondary windings. A third capacitive load (30 kW-20 kvar) is fed
at 240 V.



Active & Reactive Power

Continuous
Idesl Switch
Mo Snubber

powergui

-

Load 1
120
20 kW 10 kvar

|||—

1

_
=
3
.

Linear Transformer
TEEVA
14,400-120-120 v

Lo

- | neutral {A)
g | neutral
{——so—o
2 Bresker
120V
20 kW 10 kvar

Load 3
240V
I0EW
20 kVar

Initially, the circuit breaker in series with Load 2 is closed, so that the system is
balanced. When the circuit breaker opens, a current starts to flow in the neutral path as
a result of the load imbalance.

The active power computed from the primary voltage and current is measured by a
Power block (the improved version of the Active & Reactive Powerblock). When the
breaker opens, the active power decreases from 70 kW to 50 kW.
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See Also

Power
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AC Voltage Source

AC Voltage Source

Implement sinusoidal voltage source

Library

Fundamental Blocks/Electrical Sources

o

Description
The AC Voltage Source block implements an ideal AC voltage source. The generated
voltage U is described by the following relationship:

U= Asin(wt+¢), o=2rf, ¢ =Phaseinradians.

Negative values are allowed for amplitude and phase. A frequency of 0 and phase equal
to 90 degrees specify a DC voltage source. Negative frequency is not allowed; otherwise
the software signals an error, and the block displays a question mark in the block icon.

141
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Dialog Box and Parameters

o

“& Block Parameters: AC Voltage Source @
AC Voltage Source (mask)

Ideal sinusoidal AC Voltage source.

Parameters
Peak amplitude (V):
100

Phase (deq):

0

Frequency (Hz):
&0

Sample time:

0

Measurements INone -

[ OK H Cancel H Help I Apply

Peak amplitude

The peak amplitude of the generated voltage, in volts (V).
Phase

The phase in degrees (deg).
Frequency

The source frequency in hertz (Hz).

Sample time



AC Voltage Source

The sample period in seconds (s). The default is O, corresponding to a continuous
source.
Measurements

Select Vol tage to measure the voltage across the terminals of the AC Voltage Source
block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block,
the measurement is identified by a label followed by the block name.

Measurement Label
Voltage Usrc:
Example

The power_acvoltage example uses two AC Voltage Source blocks at different frequencies
connected in series across a resistor. The sum of the two voltages is read by a Voltage
Measurement block.

—

powergui
100W
80 Hz
0 deg

U1

Uz
50
50 Hz

10 deg .[

]
| -5 g
:

See Also

Controlled Voltage Source, DC Voltage Source, Multimeter

Introduced before R2006a
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Alpha-Beta-Zero to dq0, dq0 to Alpha-Beta-Zero

Perform transformation from aB0 stationary reference frame to dq0 rotating reference
frame or the inverse

Library

Control and Measurements/Transformations

opd

S N

Description

The Alpha-Beta-Zero to dq0 block performs a transformation of aB0 Clarke components
in a fixed reference frame to dq0 Park components in a rotating reference frame.

The dq0 to Alpha-Beta-Zero block performs a transformation of dq0 Park components in
a rotating reference frame to aB0 Clarke components in a fixed reference frame.

B axis n B axis

q axis

C axis "

The block supports the two conventions used in the literature for Park transformation:
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* Rotating frame aligned with A axis at t = 0. This type of Park transformation is also
known as the cosinus-based Park transformation.

* Rotating frame aligned 90 degrees behind A axis. This type of Park transformation
is also known as the sinus-based Park transformation. Use it in SimPowerSystems
models of three-phase synchronous and asynchronous machines.

Knowing that the position of the rotating frame is given by w.t (where » represents
the frame rotation speed), the aB0 to dq0 transformation performs a —(®.t) rotation on
the space vector Ug = uy +j - ug. The homopolar or zero-sequence component remains

unchanged.

Depending on the frame alignment at t = 0, the dqO components are deduced from aB0
components as follows:

When the rotating frame is aligned with A axis, the following relations are obtained:

Us=ug+jug= (ua +j-uﬁ)-e_jat
Uq cos(wt) sin(wt) O || u,
ug | =| —sin(wt) cos(@t) 0 |lug
U 0 0 1|y,

The inverse transformation is given by

Ug +J-up :(ud +j~uq)-ejwt
U, cos(mt) —sin(wt) 0|l uy
ug |=|sin(at) cos(ex) O ||lug
N 0 0 1| ug

When the rotating frame is aligned 90 degrees behind A axis, the following relations are
obtained:

. e
U, =y, +J Uy =(ua +J-u/3)-e

ug sin(wt) —cos(wt) 0| u,
Ug | = cos(wt) sin(wt) 0 ||y,
Uy 0 0 1) u,
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The inverse transformation is given by

o)
Uy +J Ug =(ud +j-uq)-e

The abc-to-Alpha-Beta-Zero transformation applied to a set of balanced three-phase
sinusoidal quantities u,, uyp, u. produces a space vector Ug whose u, and ug coordinates

in a fixed reference frame vary sinusoidally with time. In contrast, the abc-to-dq0
transformation (Park transformation) applied to a set of balanced three-phase sinusoidal
quantities u,, Uy, U, produces a space vector Us whose uq and u, coordinates in a dq
rotating reference frame stay constant.

Dialog Box and Parameters

“& Function Block Parameters: Alpha-Beta-Zero to dq0 @
Alpha-Beta-Zero to dq0 Transformation (mask)

Perform a transformation from a alpha-beta-zero stationary reference
frame to a dq0 rotating reference frame. Angular position of the rotating
frame is given by input wt (rad).

Parameters

Rotating frame alignment at wt=0: |9E| degrees behind phase A axis ~

[ OK ]| Cancel || Help | Apply

"L Function Block Parameters: dq to Alpha-Beta-Zero @
dq0 to Alpha-Beta-Zero Transformation (mask)

Perform a transformation from a dg0 rotating reference frame to a
alpha-beta-zero stationary reference frame. Angular position of the
rotating frame is given by input wt (rad).

Parameters

Rotating frame alignment at wi=0: |90 degrees behind phase A axis -

OK H Cancel || Help Apply
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Rotating frame alignment (at wt=0)

Select the alignment of rotating frame, when wt = 0, of the dq0 components of a
three-phase balanced signal:

u, = sin(ot); u, = sin(a)t —2?%} u, = sin(a)t+2?ﬂ)

(positive-sequence magnitude = 1.0 pu; phase angle = 0 degree)

When you select Aligned with phase A axis, the dq0 components ared =0, q =
-1, and zero = 0.

When you select 90 degrees behind phase A axis, the dq0 components are d =
1, q =0, and zero = 0.

Inputs and Outputs

aBbo

The vectorized aB0 signal.
dqo

The vectorized dq0 signal.
wt

The angular position, in radians, of the dq rotating frame relative to the stationary
frame.

Example

The power_Transformations example shows various uses of blocks performing Clarke
and Park transformations.

Introduced in R2013a
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Asynchronous Machine

Model the dynamics of three-phase asynchronous machine, also known as induction
machine

Library

Fundamental Blocks/Machines

ATm m [
o|& alo
o blo
o|C clo
}Tm
oA
m

=]
o|C
}Tm
oA

double m [
=|2 cage
o|C

Description

The Asynchronous Machine block implements a three-phase asynchronous machine
(wound rotor, single squirrel-cage, or double squirrel-cage). It operates in either
generator or motor mode. The mode of operation is dictated by the sign of the mechanical
torque:

+ If Tm is positive, the machine acts as a motor.

+ If Tm is negative, the machine acts as a generator.
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The electrical part of the machine is represented by a fourth-order (or sixth-order for the
double squirrel-cage machine) state-space model, and the mechanical part by a second-
order system. All electrical variables and parameters are referred to the stator, indicated
by the prime signs in the following machine equations. All stator and rotor quantities are
in the arbitrary two-axis reference frame (dq frame). The subscripts used are defined in
this table.

Subscript Definition

d d axis quantity

q q axis quantity

r Rotor quantity (wound-rotor or single-cage)
rl Cage 1 rotor quantity (double-cage)

r2 Cage 2 rotor quantity (double-cage)

S Stator quantity

1 Leakage inductance

m Magnetizing inductance

Electrical System of the Wound-Rotor or Squirrel-Cage Machine

Vs = Rilgs + dpgs/dt + o@gs
Vds = Rsids + dwds/dt — WPqs
V’qr = R,ri ’qr + d@ ’qr/dt + (61) - G)r)gﬂ ’dr

V’dr = R’ri ,dr + d§0 ’dr/dt - (G) - wr)(p ’qr
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Te = 1-5p(§0dsiqs - goqsids)

0 ' - !
B, - ¥L Ly ':C'“J'_i_':'-:'rlf{:l ot

+ - iy

-'i"rds lds ildr

— +— E.
Lm% -

d mxls

@ — Reference frame angular velocity
o, — Electrical angular velocity

@Pqs = Lslqs + Lyl 'y

@as = Lglgs + Lt 'ar

@' = L'y + Linis

@'ar = L%i"g + Linlgs

L,=L + L,

’r:L,lr+Lm
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Electrical System of the Double Squirrel-Cage Machine

@ o fwew ey
Eq + i Lls Llrl - +r
Ot —pw— —
—» A—— By
+ Lys 1 gl
1|

Vs LmE <« Ry

—_ LI — + I
2 (-, )0y

fq mls

Vs = Rlgs + dpgs/dt + opgs
Vis = Rglgs + dpad/dt — 0@
0=R'i'g + do'g/dt + (@ — @)@ 'ar1
0=PR" 141 + d@'ar/dt — (© — @)@ 4r1
0= R'i91'qro + d@'qpoldt + (0 — @) ar2
0=R'rat'q2 + dp'aroldt — (© — @)@ g2

Te = 1'5p(¢)dsiqs - q)qsids)
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d xls

qoqs = Lsiqs + Lm<i ’qu + i,qr2)
@as = Lgigs + Lin('ar1 + i'ar2)
@'q1 = L'i'gp1 + Ligigs
@'ar1 = L'1i'qe1 + Linlgs
@'qr2 = L'vol'qpo + Linigs
@'ar2 = L'yol'ar2 + Linias
L=L.+L,

L'yy=L"%+ Ly

L'y =L"% + Ly,

Mechanical System

d 1

27 Om :ﬁ<Te_me_Tm)
d

Eem:wm

The Asynchronous Machine block parameters are defined as follows (all quantities are
referred to the stator).
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Parameters Common to All
Models

R,, Ly

Lm

Ls

Viss 1gs

Vds’ ids
d)qs’ (I)ds
W

O

©8

@

< 3
=]

T

Parameters Specific to
Single-Cage or Wound
Rotor

L‘r

R’r, L'lr
Ve op
V’dl" i'dr

q)lqry ¢Idr

Definition

Stator resistance and leakage inductance
Magnetizing inductance

Total stator inductance

q axis stator voltage and current

d axis stator voltage and current

Stator q and d axis fluxes

Angular velocity of the rotor

Rotor angular position

Number of pole pairs

Electrical angular velocity (0, X p)
Electrical rotor angular position (0, X p)
Electromagnetic torque

Shaft mechanical torque

Combined rotor and load inertia coefficient. Set to infinite
to simulate locked rotor.

Combined rotor and load inertia constant. Set to infinite to
simulate locked rotor.

Combined rotor and load viscous friction coefficient

Definition

Total rotor inductance

Rotor resistance and leakage inductance
q axis rotor voltage and current

d axis rotor voltage and current

Rotor q and d axis fluxes
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Parameters Specificto  Definition
Double-Cage Rotor

R, L Rotor resistance and leakage inductance of cage 1
R'yo, Ly Rotor resistance and leakage inductance of cage 2
L', L'y Total rotor inductances of cage 1 and 2

1'gr1, o q axis rotor current of cage 1 and 2

1qr1, 1'are d axis rotor current of cage 1 and 2

¢' g1y P'art q and d axis rotor fluxes of cage 1

&' gr2s O'are q and d axis rotor fluxes of cage 2

Dialog Box and Parameters

You can choose between two Asynchronous Machine blocks to specify the electrical and
mechanical parameters of the model, by using the pu Units dialog box or the SI dialog
box. Both blocks are modeling the same asynchronous machine model.

1-54



Asynchronous Machine

"l Block Parameters: Asynchronous Machine pu Units
Asynchronous Machine (mask)

==l

Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dq reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in wye to an

internal neutral point.

Configuration | Parameters | Advanced | Load Flow |

Rotor type:

[Squirrel—cage

Preset parameters

Squirrel-cage preset model: [No

Double squirrel-cage preset model: [ Open parameter estimator ]

Mechanical input:

[Torque Tm

Reference frame:

[ Rotor

Measurement output

[7] use signal names to identify bus labels

[ 0K ][ Cancel H Help

Apply

“Configuration Tab” on page 1-56
“Parameters Tab” on page 1-61
“Advanced Tab” on page 1-64
“Load Flow Tab” on page 1-65
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Configuration Tab

& Block Parameters: Asynchronous Machine pu Units
Asynchronous Machine (mask)

=l

Implements a three-phase asynchronous machine (wound rotor, squirrel cage

or double squirrel cage) modeled in a selectable dq reference frame (rotor,

stator, or synchronous). Stator and rotor windings are connected in wye to an

internal neutral point.

Configuration | Parameters | Advanced Load Flow |

Rotor type:

[Squirrel—cage

Preset parameters

Squirrel-cage preset model: ’No

Double squirrel-cage preset model: [ Open parameter estimator

Mechanical input:

[Torque Tm

Reference frame:

’ Rotor

Measurement output

[7] Use signal names to identify bus labels

0K ” Cancel H Help Apply

Rotor type
Specifies the type of rotor: Wound, Squirrel-cage, or Double squirrel-cage.

Squirrel-cage preset model

For single squirrel-cage machines, provides a set of predetermined electrical and
mechanical parameters for various asynchronous machine ratings of power (HP),
phase-to-phase voltage (V), frequency (Hz), and rated speed (rpm). To make this
parameter available, set the Rotor type parameter to Squirrel-cage and click

Apply.




Asynchronous Machine

Select one of the preset models to load the corresponding electrical and mechanical
parameters in the entries of the dialog box. The preset models do not include
predetermined saturation parameters.

Select No if you do not want to use a preset model, or if you want to modify some of
the parameters of a preset model.

When you select a preset model, the electrical and mechanical parameters in the
Parameters tab of the dialog box become nonmodifiable (unavailable). To start from
a given preset model and then modify machine parameters:

Select the preset model that you want to initialize the parameters.

2 Change the Preset model parameter value to No. This does not change the
machine parameters. By doing so, you just break the connection with the
particular preset model.

3 Modify the machine parameters as you want, then click Apply.

Double squirrel-cage preset model

Click Open parameter estimator to open an interface to the
power_AsynchronousMachineParams function that gives you access to preset
models for double-cage asynchronous machines.

Mechanical input

Select the torque applied to the shaft or the rotor speed as a Simulink® input of the
block, or to represent the machine shaft by a Simscape™ rotational mechanical port.

Select Torque Tm to specify a torque input, in N.m or in pu, and change labeling

of the block input to Tm. The machine speed is determined by the machine Inertia

dJ (or inertia constant H for the pu machine) and by the difference between the
applied mechanical torque Tm and the internal electromagnetic torque Te. The sign
convention for the mechanical torque is: when the speed is positive, a positive torque
signal indicates motor mode and a negative signal indicates generator mode.

Select Speed w to specify a speed input, in rad/s or in pu, and change labeling of the
block input to w. The machine speed is imposed and the mechanical part of the model
(Inertia J) 1s ignored. Using the speed as the mechanical input allows modeling a
mechanical coupling between two machines.

The next figure indicates how to model a stiff shaft interconnection in a motor-
generator set when friction torque is ignored in machine 2. The speed output of
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machine 1 (motor) is connected to the speed input of machine 2 (generator), while
machine 2 electromagnetic torque output Te is applied to the mechanical torque
input Tm of machine 1. The Kw factor takes into account speed units of both
machines (pu or rad/s) and gear box ratio w2/w1l. The KT factor takes into account
torque units of both machines (pu or N.m) and machine ratings. Also, as the inertia
J2 is ignored in machine 2, J2 referred to machine 1 speed must be added to machine
1 inertia J1.

»{Tin w—b@—bw Te

Maching 1 Maching 2
Specify J = J1+J2* (w2112 J2 is ignored

KTL

Select Mechanical rotational port to add to the block a Simscape mechanical
rotational port that allows connection of the machine shaft with other Simscape
blocks having mechanical rotational ports. The Simulink input representing the
mechanical torque Tm or the speed w of the machine is then removed from the block.

The next figure indicates how to connect an Ideal Torque Source block from the
Simscape library to the machine shaft to represent the machine in motor mode, or in
generator mode, when the rotor speed is positive.



Asynchronous Machine

Simulink Input:

s

Trn (M.} oA w0

Asynchronous Machine
{rotor mode)

Simulink Input:

[}

Trn (M.} oA w0

Asynchronous Machine
{generator mode)

Reference frame

%n_“ [ I— Yy

Trn M.

%n—- w0 .

Ideal Torque

Simulink-P3
Converter

Mechanical rotational
port:

Source

o

SPE R }
—> Asynchronous Machine
Simulink-PS {motor mode)
Converter

Mechanical rotational
port:

=

Trn M.

LIy

Ideal Torque o

Source o

Asynchronous Machine
{generator mode)

Specifies the reference frame that is used to convert input voltages (abc reference
frame) to the dq reference frame, and output currents (dq reference frame) to
the abc reference frame. You can choose among the following reference frame

transformations:

* Rotor (Park transformation)

+ Stationary (Clarke or aB transformation)

*  Synchronous

The following relationships describe the abe-to-dq reference frame transformations
applied to the Asynchronous Machine phase-to-phase voltages.

Vqs 1/2cos® cosO ++/3sind

Vis| 3|2sin® sin®—+/3cosd
Var 1 2cos B cos f++/3sinf

V’4r| 3|2sinp sinB-+/3cosp

|:Vabs :|
Vbcs

|:V ’abr:|
|4 ’bcr
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In the preceding equations, O is the angular position of the reference frame, while
B =0 — 06, is the difference between the position of the reference frame and the
position (electrical) of the rotor. Because the machine windings are connected in a
three-wire Y configuration, there is no homopolar (0) component. This configuration
also justifies that two line-to-line input voltages are used inside the model instead
of three line-to-neutral voltages. The following relationships describe the dg-to-

abc reference frame transformations applied to the Asynchronous Machine phase
currents.

- cos 6 sin @ .
las . . lqs
.| = —00s9+\/§s1n0 —\/?jcose—sme .
s 2 2 tds

. cos 3 sin 8 .
[.,ar =| —cosf+3sinf —/3cosf—sinp L,Zr}

Ubr
L 2 2
les = ~las — s
.y _ g
Ver = Vagr—lpr-

The following table shows the values taken by ® and B in each reference frame (9, is
the position of the synchronously rotating reference frame).

Reference Frame o B
Rotor 0, 0
Stationary 0 -0,
Synchronous 0, 0, - 0,

The choice of reference frame affects the waveforms of all dq variables. It also affects
the simulation speed and in certain cases the accuracy of the results. The following
guidelines are suggested in [1]:

*  Use the stationary reference frame if the stator voltages are either unbalanced or
discontinuous and the rotor voltages are balanced (or 0).

+  Use the rotor reference frame if the rotor voltages are either unbalanced or
discontinuous and the stator voltages are balanced.

+ Use either the stationary or synchronous reference frames if all voltages are
balanced and continuous.



Asynchronous Machine

Use signal names to identify bus labels

When this check box is selected, the measurement output uses the signal names to
identify the bus labels. Select this option for applications that require bus signal
labels to have only alphanumeric characters.

When this check box is cleared, the measurement output uses the signal definition
to identify the bus labels. The labels contain nonalphanumeric characters that are
incompatible with some Simulink applications.

Parameters Tab

This tab contains the electrical parameters of the machine. To estimate the electrical

parameters of a double-cage asynchronous machine based on standard manufacturer
specifications, you can use the power_AsynchronousMachineParams function.
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“& Block Parameters: Asynchronous Machine pu Units IE'
Asynchronous Machine (mask)
Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dg reference frame (rotor,

stator, or synchronous). Stator and rotor windings are connected in wye to an
internal neutral point.

Configuration Farameters | Advanced | Load Flow |

MNominal power, voltage (line-line), and frequency [ Pn{VA),Vn(Vrms),fn(Hz) 1:
[3730 460 60]

Stator resistance and inductance [ Rs,Lls ] (pu):

[0.01965 0.0397]

Rotor resistance and inductance [ Rr',LIr" ] (pu):

[0.01909 0.0397]

Mutual inductance Lm (pu):

1.354

Inertia constant, friction factor, pole pairs [ H(s) F(pu) p{) I:
[0.09526 0.05479 2]

Initial conditions

[1,0 0,00 0,00]

[T simulate saturation Plot ]

[i; v] (pu): p,2.2457,3.2586,4.5763,6.4763 ; 0.5,0.7,0.9,1,1.1,1.2 ,1.3,1.4,1.5]

[ OK ” Cancel H Help ] Apply

Nominal power, voltage (line-line), and frequency

The nominal apparent power Pn (VA), RMS line-to-line voltage Vn (V), and frequency
fn (Hz).

Stator resistance and inductance
The stator resistance Rs (& or pu) and leakage inductance Lls (H or pu).

Rotor resistance and inductance

The rotor resistance Rr' (& or pu) and leakage inductance Llr' (H or pu), both referred
to the stator. This parameter is visible only when the Rotor type parameter on the
Configuration tab is set to Wound or Squirrel-cage.

Cage 1 resistance and inductance



Asynchronous Machine

The rotor resistance Rr1' (@ or pu) and leakage inductance LIr1' (H or pu), both
referred to the stator. This parameter is visible only when the Rotor type parameter
on the Configuration tab is set to Double squirrel-cage.

Cage 2 resistance and inductance

The rotor resistance Rr2' (2 or pu) and leakage inductance Llr2' (H or pu), both
referred to the stator. This parameter is visible only when the Rotor type parameter
on the Configuration tab is set to Double squirrel-cage.

Mutual inductance
The magnetizing inductance Lm (H or pu).
Inertia constant, friction factor, and pole pairs

For the SI units dialog box: the combined machine and load inertia coefficient J

(kg.m?), combined viscous friction coefficient F (N.m.s), and pole pairs p. The friction
torque Tf is proportional to the rotor speed o (Tf = F.w).

For the pu units dialog box: the inertia constant H (s), combined viscous friction
coefficient F (pu), and pole pairs p.
Initial conditions

Specifies the initial slip s, electrical angle ®e (degrees), stator current magnitude (A
or pu), and phase angles (degrees):

[slip, th, §,, ips, ics, phase,s, phase,s, phases]

If the Rotor type parameter is set to Wound, you can also specify optional initial
values for the rotor current magnitude (A or pu), and phase angles (degrees):

[slip, th, &, Hps, Bes, phase,s, phaseps, phasecs, Mar, Iprs Icr, phase,., phasey., phase.]

When the Rotor type parameter is set to Squirrel-cage, the initial conditions can
be computed by the Load Flow tool or the Machine Initialization tool in the Powergui
block.

Simulate saturation

Specifies whether magnetic saturation of the rotor and stator iron is simulated or
not.

[i;v] (pu)
Specifies the no-load saturation curve parameters. Magnetic saturation of the stator

and rotor iron (saturation of the mutual flux) is modeled by a piecewise linear
relationship specifying points of the no-load saturation curve. The first row of this
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matrix contains the values of stator currents. The second row contains values of
corresponding terminal voltages (stator voltages). The first point (first column of the
matrix) must be different from [0,0]. This point corresponds to the point where the
effect of saturation begins.

You must select the Simulate saturation check box to simulate saturation. If you
do not select the Simulate saturation check box, the relationship between the
stator current and the stator voltage is linear.

Click Plot to view the specified no-load saturation curve.

Advanced Tab

& Block Parameters: Asynchronous Machine pu Units @I
Asynchronous Machine (mask)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dq reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in wye to an
internal neutral point.

Configuration | Parameters | Advanced | Load Flow |

Sample time (-1 for inherited)
-1

Discrete solver model

Trapezoidal non iterative -

0K ” Cancel H Help Apply




Asynchronous Machine

Sample time (-1 for inherited)
Specifies the sample time used by the block. To inherit the sample time specified in
the Powergui block, set this parameter to -1.

Discrete solver model

Specifies the integration method used by the block when the Solver type parameter
of the Powergui block is set to Discrete. The choices are: Forward Euller (default),
Trapezoidal non iterative, and Trapezoidal iterative (alg. loop).

For more information on what method you should use in your application, see
Simulating Discretized Electrical Systems.

Load Flow Tab

The parameters on this tab are used by the Load Flow tool of the powergui block. These
load flow parameters are used for model initialization only. They have no impact on the
block model or on the simulation performance.
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“& Block Parameters: Asynchronous Machine pu Units IE'

Asynchronous Machine (mask)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dg reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in wye to an
internal neutral point.

Configuration I Parameters I Advanced | Load Flow

Mechanical power (W)

0

[ OK ” Cancel H Help Apply

Mechanical power (W)

Specify the mechanical power applied to the machine shaft, in watts. When the
machine operates in motor mode, specify a positive value. When the machine
operates in generator mode, specify a negative value.

Inputs and Outputs

The stator terminals of the Asynchronous Machine block are identified by the letters

A, B, and C. The rotor terminals are identified by the letters a, b, and c. The neutral
connections of the stator and rotor windings are not available; three-wire Y connections
are assumed.



Asynchronous Machine

Tm

The Simulink input of the block is the mechanical torque at the machine's shaft.
When the input is a positive Simulink signal, the asynchronous machine behaves as
a motor. When the input is a negative signal, the asynchronous machine behaves as a
generator.

When you use the SI parameters mask, the input is a signal in N.m, otherwise it is in
pu.

The alternative block input (depending on the value of the Mechanical input
parameter) is the machine speed. When you use the SI parameters mask, the input is
a signal in rad/s or in pu.

The Simulink output of the block is a vector containing measurement signals.

You can demultiplex these signals by using the Bus Selector block provided in the
Simulink library. Depending on the type of mask that you use, the units are in SI or
in pu. The cage 2 rotor signals return null signal when the Rotor type parameter on
the Configuration tab is set to Wound or Squirrel-cage.

Name Definition Units

lar Rotor current ir_a A or pu
ibr Rotor current ir_b A or pu
icr Rotor current ir_c A or pu
iqr Rotor current iq A or pu
idr Rotor current id A or pu
phiqr Rotor flux phir_q V.s or pu
phidr Rotor flux phir_d V.s or pu
vqr Rotor voltage Vr_q V or pu
vdr Rotor voltage Vr_d V or pu
1ar2 Cage 2 rotor current ir_a A or pu
ibr2 Cage 2 rotor current ir_b A or pu
icr2 Cage 2 rotor current ir_c A or pu
iqr2 Cage 2 rotor current iq A or pu
idr2 Cage 2 rotor current id A or pu
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Name
phiqr2
phidr2
ias

ibs

ics

igs

ids
phigs
phids

theta

Limitations

Definition

Cage 2 rotor flux phir_q
Cage 2 rotor flux phir_d
Stator current is_a
Stator current is_b
Stator current is_c
Stator current is_q
Stator current is_d
Stator flux phis_q
Stator flux phis_d
Stator voltage vs_q
Stator voltage vs_d

Rotor speed

Electromagnetic torque Te

Rotor angle thetam

Units

V.s or pu
V.s or pu
A or pu
A or pu
A or pu
A or pu
A or pu
V.s or pu
V.s or pu
V or pu
V or pu
rad/s
N.m or pu

rad

* The Asynchronous Machine block does not include a representation of the saturation
of leakage fluxes. You must be careful when you connect ideal sources to the
machine's stator. If you choose to supply the stator via a three-phase Y-connected
infinite voltage source, you must use three sources connected in Y. However, if you
choose to simulate a delta source connection, you must use only two sources connected

1n series.

> Tm

3

m >

B
C
J Asynchronous Machine

e‘a@@
LT ]

pu Units

+
@ Uab

1

@l -

1

Tm
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B
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Asynchronous Machine

* When you use Asynchronous Machine blocks in discrete systems, you might have
to use a small parasitic resistive load, connected at the machine terminals, to avoid
numerical oscillations. Large sample times require larger loads. The optimum
resistive load is proportional to the sample time. Remember that with a 25 ps time
step on a 60 Hz system, the minimum load is approximately 2.5% of the machine
nominal power. For example, a 200 MVA asynchronous machine in a power system
discretized with a 50 ps sample time requires approximately 5% of resistive load or 10
MW. If the sample time is reduced to 20 ps, a resistive load of 4 MW is sufficient.

Examples

Example 1: Use of the Asynchronous Machine Block in Motor Mode

The power_pwm example illustrates the use of the Asynchronous Machine block in motor
mode. It consists of an asynchronous machine in an open-loop speed control system.

The machine rotor is short-circuited, and the stator is fed by a PWM inverter, built
with Simulink blocks and interfaced to the Asynchronous Machine block through the
Controlled Voltage Source block. The inverter uses sinusoidal pulse-width modulation.
The base frequency of the sinusoidal reference wave is set at 60 Hz and the triangular
carrier wave frequency is set at 1980 Hz. This frequency corresponds to a frequency
modulation factor m¢ of 33 (60 Hz x 33 = 1980).

The 3 HP machine is connected to a constant load of nominal value (11.9 N.m). It is
started and reaches the set point speed of 1.0 pu at t = 0.9 second.

The parameters of the machine are those found in the preceding SI Units dialog box
above, except for the stator leakage inductance, which is set to twice its normal value to
simulate a smoothing inductor placed between the inverter and the machine. Also, the
stationary reference frame was used to obtain the results shown.

Open the power_pwm example. In the simulation parameters, a small relative tolerance
is required because of the high switching rate of the inverter.
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Run the simulation and observe the machine's speed and torque.
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Te (N.m)
o
o S
P ——

-50
0

i L i i i i i i i i
0.1 0.2 03 04 05 0.6 0.7 08 08 1
Time (s)

The first graph shows the machine's speed going from 0 to 1725 rpm (1.0 pu). The second
graph shows the electromagnetic torque developed by the machine. Because the stator is
fed by a PWM inverter, a noisy torque is observed.

However, this noise is not visible in the speed because it is filtered out by the machine's
inertia, but it can be seen in the stator and rotor currents.
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Look at the output of the PWM inverter. Because nothing of interest can be seen at the
simulation time scale, the graph concentrates on the last moments of the simulation.
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Example 2: Effect of Saturation of the Asynchronous Machine Block

The power_asm_sat example illustrates the effect of saturation of the Asynchronous
Machine block.
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Two identical three-phase motors (50 HP, 460 V, 1800 rpm) are simulated, with and
without saturation, to observe the saturation effects on the stator currents. Two different
simulations are realized in the example.

The first simulation is the no-load steady-state test. This table contains the values of
the Saturation Parameters and the measurements obtained by simulating different
operating points on the saturated motor (no-load and in steady-state).

Saturation Parameters

Vsat (Vrms L-L)

230

Isat (peak A)

14.04

Vrms L-L
120
230
250
300

Measurements

Is_A (peak A)
7.322
14.03
16.86
24.04
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Saturation Parameters Measurements
Vsat (Vrms L-L) Isat (peak A) Vrms L-L Is_A (peak A)
322 27.81 322 28.39
351 35.22
382 43.83
414 53.79 414 54.21
426 58.58
449 67.94
460 72.69 460 73.01
472 79.12
488 88.43
506 97.98 506 100.9
519 111.6
535 126.9
546 139.1
552 148.68 552 146.3
569 169.1
581 187.4
598 215.74 598 216.5
620 259.6
633 287.8
644 302.98 644 313.2
659 350
672 383.7
681 407.9
690 428.78 690 432.9

The next graph illustrates these results and shows the accuracy of the saturation model.
The measured operating points fit well the curve that is plotted from the Saturation
Parameters data.
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You can observe the other effects of saturation on the stator currents by running the
simulation with a blocked rotor or with many different values of load torque.
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Press, 2002.

[2] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995, Section8.4.1.

See Also

Powergui
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Introduced before R2006a
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Battery

Implement generic battery model

Library

Electric Drives/Extra Sources

—..
<l |

Description

The Battery block implements a generic dynamic model parameterized to represent most
popular types of rechargeable batteries.

The equivalent circuit of the battery is shown below:

t
| =
First order 0
Iow-%ass filter
i(|t) 0 (Discharge) Internal
it + Sel Resistance
1 (Charge) &—o+
Exp(s) A Ibatt A
wo | Sel(s)  1(B i) s+1 -
I
Ex
v # v Vit
Echarge = f1(it.i*, Exp, BattType) Controlled
) o - Epatt +) voltage
Edischarge = f2Gt.1* . Exp, BaitType) ' source
o -
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Lead-Acid Model

Discharge model (i* > 0)

g R .. Q . _1( Exp(s)
t,i%,i Exp) = By —K-—2_.i"_K.— @it + Lapl 0]
fi (it,i*,i, Exp) = E, o i o i aplace [Sel(s) )

Charge Model (i* < 0)

fo (it,i*,i,Exp) = Ey — K _Q i*-K - i.-it+Lap1ace_1[

| | Exp(s) 1
it+0.1-Q Q-it

Sel(s) s |

Lithium-lon Model

Discharge Model (i* > 0)

fi (it,i*,i) = By - K - QQ.t~i*—K~%-it+A-exp(—B-it).
—1 —1

Charge Model (i* < 0)

f2(it,i*,i)=E0—K—_L-i*—K-L.-it+A-exp(—B-it).
it+0.1-Q Q-it

Nickel-Cadmium and Nickel-Metal-Hydride Model

Discharge Model (i* > 0)

cw Q .. Q . -1 ( Exp(s)
t,i%,i, Exp) = By - K-—2—.i*_K.— 2 __jt 4 Lapl 0|
fi (it,i*,i, Exp) = E, o i o i aplace (Sel(s)

Charge Model (i*< 0)

fo (it,i*,i, Exp) = E,,

—K»_L'i*—K-—Q_ -it+Laplace_1 Exp(s) 1 ,
litl+0.1-Q Q-it Sel(s) s
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where,

Egai: = Nonlinear voltage (V)

Eo= Constant voltage (V)

Exp(s) = Exponential zone dynamics (V)

Sel(s) = Represents the battery mode. Sel(s) = 0 during battery discharge, Sel(s) = 1
during battery charging.

K = Polarization constant (Ah™) or Polarization resistance (Ohms)

1* = Low frequency current dynamics (A)

1 = Battery current (A)

it = Extracted capacity (Ah)

Q = Maximum battery capacity (Ah)

A = Exponential voltage (V)

B = Exponential capacity (Ah)™*

The parameters of the equivalent circuit can be modified to represent a particular

battery type, based on its discharge characteristics. A typical discharge curve is
composed of three sections, as shown in the next figure:

Typical Discharge Characteristics

! T Discharge curve
Fully Charged \ ENominal area
Exponential - i
pNominaI IIIIIIII R : Exponentzlal area
Exponential Nom Max
Capacity (Ah)

The first section represents the exponential voltage drop when the battery is charged.
Depending on the battery type, this area is more or less wide. The second section
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represents the charge that can be extracted from the battery until the voltage drops
below the battery nominal voltage. Finally, the third section represents the total
discharge of the battery, when the voltage drops rapidly.

When the battery current is negative, the battery will recharge following a charge

characteristic as shown below:

Typical Charge Characteristics

haximum
=
1]
(]
=
=
=
| e e oo + Lead-Acid
Li-lon
0 20 40 60 80 100 0 120
State-of-Charge (%)
Typical Charge Characteristics
haximum
=
1]
(]
=
=
=
Mominal : : 2
i | ——niMH & NiCD

0 20 40 60 80 100 120
State-of-Charge (%)

Note that the parameters of the model are deduced from discharge characteristics and

assumed to be the same for charging.

The Exp(s) transfer function represents the hysteresis phenomenon for the Lead-Acid,
NiCD and NiMH batteries during charge and discharge cycles. The exponential voltage
increases when battery is charging, no matter the SOC of the battery. When the battery
is discharging, the exponential voltage decreases immediately:



Battery

Voltage (V)

Exponential zone for Lead-Acid, NiMH, NiCD

Charge
Discharge

State-of-Charge (%)
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Dialog Box and Parameters

"k Block Parameters: Battery @
Battery (mask)
Implements a generic battery that model most popular battery types.

Uncheck the "Use parameters based on Battery type and nominal
values" parameter to edit the discharge characteristics.

Parameters | View Discharge Characteristics | Battery Dynamics |

Battery type [NickeI—MetaI—Hydride ']

Nominal Voltage (V)
1.2
Rated Capacity (Ah)
6.5
Initial State-Of-Charge (%)
100
Use parameters based on Battery type and nominal values
Maximum Capacity (Ah)
7
Fully Charged Voltage (V)
1.4136
Nominal Discharge Current (A)
1.3
Internal Resistance (Ohms)
0.0018462
Capacity (Ah) @ Nominal Voltage
6.25
Exponential zone [Voltage (V), Capacity (Ah)]
[1.3017 1.3]

0K ][ Cancel H Help Apply

+  “Parameters Tab” on page 1-83
+ “View Discharge Characteristics Tab” on page 1-85
+ “Battery Dynamics Tab” on page 1-85
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Parameters Tab

Battery type

Provides a set of predetermined charge behavior for four types of battery:

+ Lead-Acid

*  Lithium-Ton

* Nickel-Cadmium

* Nickel-Metal-Hydride

Nominal Voltage (V)

The nominal voltage (Vrnom) of the battery (volts). The nominal voltage represents
the end of the linear zone of the discharge characteristics.

Rated Capacity (Ah)

The rated capacity (Qrated) of the battery in ampere-hour. The rated capacity is the
minimum effective capacity of the battery.

Initial State-Of-Charge (%)
The initial State-Of-Charge (SOC) of the battery. 100% indicates a fully charged
battery and 0% indicates an empty battery. This parameter is used as an initial

condition for the simulation and does not affect the discharge curve (when the option
Plot Discharge Characteristics is used).

Use parameters based on Battery type and nominal values

Load the corresponding parameters in the entries of the dialog box, depending on the
selected Battery type, the Nominal Voltage and the Rated Capacity.

When a preset model is used, the detailed parameters cannot be modified. If you
want to modify the discharge curve, select the desired battery type to load the default
parameters, and then uncheck the Use parameters based on Battery type and
nominal values checkbox to access the detailed parameters.

Maximum Capacity (Ah)

The maximum theoretical capacity (&), when a discontinuity occurs in the battery
voltage. This value is generally equal to 105% of the rated capacity.

Fully charged Voltage (V)

The fully charged voltage (Vfull), for a given discharge current. Note that the fully
charged voltage is not the no-load voltage.
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Nominal Discharge Current (A)

The nominal discharge current, for which the discharge curve has been measured.
For example, a typical discharge current for a 1.5 Ah NiMH battery is 20% of the
rated capacity: (0.2 * 1.5 Ah / 1h = 0.3A).

Internal Resistance

The internal resistance of the battery (ohms). When a preset model is used, a generic
value is loaded, corresponding to 1% of the nominal power (nominal voltage * rated
capacity of the battery). The resistance is supposed to be constant during the charge
and the discharge cycles and does not vary with the amplitude of the current.

Capacity (Ah) @ Nominal Voltage

The capacity (@nom) extracted from the battery until the voltage drops under the
nominal voltage. This value should be between Qexp and @max.

Exponential zone [Voltage (V), Capacity (Ah)]

The voltage (Vexp) and the capacity (Qexp) corresponding to the end of the
exponential zone. The voltage should be between Vnom and Vfull. The capacity
should be between 0 and @nom.



Battery

View Discharge Characteristics Tab

o

"& Block Parameters: Battery

|

Battery (mask)

Implements a generic battery that model most popular battery types.
Uncheck the "Use parameters based on Battery type and nominal values"
parameter to edit the discharge characteristics.

-

Parameters | View Discharge Characteristics | Battery Dynamics |
[ Flot Discharge Characteristics ]

Discharge current [i1, i2, i3,...] (amps)

[6.5 13 32.5]

Units | Time -

OK H Cancel ][ Help Apply

Plot Discharge Characteristics

Click to plot a figure containing two graphs. The first graph represents the nominal
discharge curve (at the Nominal Discharge Current) and the second graph
represents the discharge curves at the specified discharge currents.

Discharge current

Allows to specify different values of discharge current. The discharge characteristics
for these currents are presented in the second part of the graph.

Units
Choose either Time or Ampere-hour as the x-axis for the plot.

Battery Dynamics Tab

Battery response time (s)
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The response time of the battery (at 95% of the final value).

This value represents the voltage dynamics and can be observed when a current step
is applied:

Battery Voltage (V)

3900 3950 4000 405u 4100 4150 4200

Battery discharge current (A)

0 i i
3900 3950 4000 4050 4100 4150 4200

Time

In this example, a battery response time of 30 secs is used.

Extract Battery Parameters From Data Sheets

This section gives an example of detailed parameters extracted from the Panasonic
NiMH-HHR650D battery data sheet:
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Specifications

Typical Discharge Characteristics

Approx. Internal impedance
at 1000Hz at charged state.

‘ 2ma ’

Discharge Time (hours)

mm inch 18 -
- 17 Charge: 8500mA[1 11); s, 20°C |
Diameter 33.0+0/-01 1.3+0/-0.04 - C Disharge Temperature:20°C
Height 51+0/-15 240+0/-0.08 g e
Approximate Grams Ounces 3 _a
Weight 170 5.0 £ "
= 4 I — N
Mominal Voltage 1.2V
11 b
- g -
Discharge Average 6800 mAh 1.0 d
i 08 =
Capacity* Rated (Min.) (5500 mAh) e *— 1300mA{0.2 1)
o 1 2 3 4 5 8

Charge Standard 650mA (0.11t) = 16hrs.
Rapid 6500mA (11t) x 1.2 hrs.
[T :F
L 2 | charge | SN Gruee [meF T
E E Rapid 0°C o 40°C 32°F o 104°F
o -

E ;& Discharge -10°C to 65'C 14°F 1o 149°F
< 8 St | < 2 years -20°C to 45°C -4°F to 113°F
g | < 6 months | -20°C to 55°C -4°F to 131°F

Voltage (V)

Cisharge Temperature: 20°C

Charge: B500mA(1 It)x1.2hrs,20°C

--- 32500mA(S It}
0 20 30 40 &0 80

Discharge Time (minutes)

From the specification tables, we obtain the rated capacity and the internal resistance.
The other detailed parameters are deduced from the Typical Discharge Characteristics

plot:

Parameter

Rated capacity
Internal Resistance
Nominal Voltage @
Rated Capacity

Maximum Capacity ¢

b)

Fully Charged voltage ©

Nominal Discharge Current @

Capacity @ Nominal Voltage @

Exponential Voltage ©

Value
6.5 Ah
2 mQ
1.18V

6.5 Ah
7 Ah (5.38h * 1.3A)

1.39V
1.3A
6.25 Ah
1.28V
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Value
1.3 Ah

Parameter
Exponential Capacity ©
These parameters are approximate and depend on the precision of the points obtained

from the discharge curve. A tool, called Scanlt (provided by amsterCHEM, http://
www.amsterchem.com) can be used to extract values from data sheet curves.

The parameters obtained from the data sheet are entered in the mask of the Battery
block as in the following picture:


http://www.amsterchem.com/
http://www.amsterchem.com/

Battery

"k Block Parameters: Battery
Battery (mask) (link)

values" parameter to edit the discharge characteristics.

==l

Implements a generic battery that model most popular battery types.
Uncheck the "Use parameters based on Battery type and nominal

Parameters | View Discharge Characteristics | Battery Dynamics |

Battery type [NickeIfMetaInydride

z)

Nominal Voltage (V)
1.18

Rated Capacity (Ah)

6.5

Initial State-Of-Charge (%)

s0C
[7] use parameters based on Battery type and nominal values
Maximum Capacity (Ah)

7

Fully Charged Voltage (V)

1.39

Nominal Discharge Current (A)
1.3

Internal Resistance (Ohms)
0.002

Capacity (Ah) @ Nominal Voltage

6.25

Exponential zone [Voltage (V), Capacity (Ah)]

[1.28 1.3]

[ 0K ][ Cancel H Help ]

Apply

The discharge curves (the dotted line curves in the following plots) obtained with these

parameters are similar to the data sheet curves.
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Nominal Current Discharge Characteristic at 0.2C (1.3A)

Discharge curve |
@ [ ] Mominal area
E’ [ ] Exponential area | |
=
=
l 1 1 1
0 1 2 3 4 5 6 7 8
Time (hours)
EO0=1.2816, R = 0.002, K = 0.0014043, A = 0.11104, B = 2.3077
14 65A |
o [\ 13 A
=] ~—~— 325 A
£ 127 —— — A
> A ™
\
1F ‘.“ -

Time (Minutes)

Cells in Series and/or in Parallel

To model a series and/or parallel combination of cells based on the parameters of a
single cell, the parameter transformation shown in the next figure can be used. The
Nb_ser variable in mask below corresponds to the number of cells in series, and Nb_par
corresponds to the number of cell in parallel:
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"k Block Parameters: Battery @
Battery (mask) (link)
Implements a generic battery that model most popular battery types.

Uncheck the "Use parameters based on Battery type and nominal
values" parameter to edit the discharge characteristics.

Parameters | View Discharge Characteristics | Battery Dynamics |

Battery type [NickeIfMetaInydride ']

Nominal Voltage (V)
1.18%Nb_ser

Rated Capacity (Ah)
6.5%Nb_par

Initial State-Of-Charge (%)

100

[7] use parameters based on Battery type and nominal values
Maximum Capacity (Ah)
7*Nb_par

Fully Charged Voltage (V)
1.39%Nb_ser

Nominal Discharge Current (A)
1.3*Nb_par

Internal Resistance (Ohms)
0.002*Nb_ser/Nb_par

Capacity (Ah) @ Nominal Voltage
6.25%Nb_par

Exponential zone [Voltage (V), Capacity (Ah)]
[1.28*Nb_ser 1.3*Nb_par]

0K ][ Cancel H Help Apply

Block Inputs and Outputs

m

The Simulink output of the block is a vector containing three signals. You can

demultiplex these signals by using the Bus Selector block provided in the Simulink
library.
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Signal Definition Units

SOC The State-Of-Charge of the battery (between 0 and 100%). %
The SOC for a fully charged battery is 100% and for an
empty battery is 0%. The SOC is calculated as:

1 ¢t
soc =1oo[1—5joz(t)dt ]

Current The Battery current A
Voltage  The Battery voltage A%

Model Validation

Experimental validation of the model shown a maximum error of 5% (when SOC is
between 10% and 100%) for charge (current between 0 and 2C) and discharge (current
between 0 and 5C) dynamics.

Model Assumptions

The internal resistance is supposed constant during the charge and the discharge
cycles and doesn't vary with the amplitude of the current.

The parameters of the model are deduced from discharge characteristics and assumed
to be the same for charging.

The capacity of the battery doesn't change with the amplitude of current (No Peukert
effect).

The model doesn't take the temperature into account.

The Self-Discharge of the battery is not represented. It can be represented by adding
a large resistance in parallel with the battery terminals.

The battery has no memory effect.

Limitations

The minimum no-load battery voltage is 0 volt and the maximum battery voltage is
equal to 2*E0.



Battery

*  The minimum capacity of the battery is 0 Ah and the maximum capacity is Qmax.

Example

The power_battery example illustrates a 200 volts, 6.5 Ah NiMH battery connected

to a constant load of 50 A. The DC machine is connected in parallel with the load and
operates at no load torque. When the State-Of-Charge (SOC) of the battery goes under
0.4 (40%), a negative load torque of 200 Nm is applied to the machine so it acts as a
generator to recharge the battery. When the SOC goes over 80%, the load torque is
removed so only the battery supplies the 50 amps load.

Ni-MH Battery Model

Gein Reley Rt Limier

m

200 wolts, 6.5Ah ‘

NiMH battery

Mare Info

powergui

The simulation produces the followings results:
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=Woltage (V1=

300
250
200
150
100

i i i
1] 00 1000 1500 2000 2500 3000 Fa00 4000
=Speed wm (radis)=
200 T T T T T T T

i i i
1] 00 1000 1500 2000 2500 3000 Fa00 4000
=Armature current ia (A)=
200 T T T T T T T

o : .' i i i i :
1] 00 1000 1500 2000 2500 3000 Fa00 4000
Time

The battery is discharged by the constant DC load of 50 A. When the SOC drops under
0.4, a mechanical torque of =200 Nm is applied so the machine acts as a generator and
provides a current of 100 amps. Hence, 50 amps goes to the load and 50 amps goes to
recharge the battery. When the SOC goes over 0.8, the mechanical torque is removed and
the machine operates freely. And then the cycle restarts.

References

[1] Tremblay, O., Dessaint, L.-A. "Experimental Validation of a Battery Dynamic Model
for EV Applications." World Electric Vehicle Journal. Vol. 3 - ISSN 2032-6653 - © 2009
AVERE, EVS24 Stavanger, Norway, May 13 - 16, 2009.

Introduced in R2008a
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Bistable

Implement prioritized S-R flip-flop (bistable multivibrator)

Library

Control and Measurements/Logic

Description
The Bistable block implements the following logic:
* When S input is true and R input is false, the flip-flop goes to the Set state. This is the

first stable state, where Q is true.

* When R is true and S is false, the flip-flop goes to the reset state. This is the second
stable state, where Q is false.

* When both S and R are true, the flip-flop goes to the prioritized state defined by the
Select priority parameter.

* When both S and R are false, the flip-flop stays in its previous state.
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Dialog Box and Parameters

“L Function Block Parameters: Bistable @
Bistable (mask)

Implement a SR Flip-Flop with priority given either to the Set (S) or
Reset (R} input.

Priority to Set: When the inputs S and R are TRUE simultaneously, the
output Q) is set to TRUE.

Priority to Reset: When inputs S and R are TRUE simultaneously, the
output Q is reset to FALSE.

FParameters

Select priority: |Set -

Initial condition (state of Q):

1]

Sample time (-1 for inherited):
1]

[ oK ]| Cancel || Help Apply

Select priority

Specify the prioritized state of Q.
Initial condition (state of Q)

Specify the initial value of the output Q.
Sample time (-1 for inherited)

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block.

Inputs and Outputs

S, [S]

The Set input. Must be Boolean. When the Select priority parameter value is Set,
the input is named [S].

R, [R]

The Reset input. Must be Boolean. When the Select priority parameter value is
Reset, the input is named [R].
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Bistable output. The signal is Boolean.

1Q

Bistable complement output. The signal is Boolean.

Characteristics

Direct Feedthrough

Yes

Sample Time

Specified in the Sample Time parameter

Scalar Expansion

Yes, of parameters

Dimensionalized

Yes

Zero-Crossing Detection

No

Example

The power_Logic example shows the operation of the Bistable block.

1-97



1 Blocks — Alphabetical List
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Logic Blocks Examples

The model sample time is parameterized with the variable Ts (default value Ts = 50e-3).

To simulate a continuous Bistable block, specify Ts = 0 in the MATLAB® Command
Window.

Introduced in R2013a
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Breaker

Implement circuit breaker opening at current zero crossing

Library

Fundamental Blocks/Elements

Description

The Breaker block implements a circuit breaker where the opening and closing times can
be controlled either from an external Simulink signal (external control mode), or from an
internal control timer (internal control mode).

A series Rs-Cs snubber circuit is included in the model. It can be connected to the circuit
breaker. If the Breaker block happens to be in series with an inductive circuit, an open
circuit or a current source, you must use a snubber.

When the Breaker block is set in external control mode, a Simulink input appears on the
block icon. The control signal connected to the Simulink input must be either 0 or 1 (0 to
open the breaker, 1 to close it).

When the Breaker block is set in internal control mode, the switching times are specified
in the dialog box of the block.

When the breaker is closed, it is represented by a resistance Ron. The Ron value can be
set as small as necessary in order to be negligible compared with external components (a
typical value is 10 mohms). When the breaker is open, it has an infinite resistance.

The arc extinction process is simulated by opening the breaker device when its current
passes through 0 at the first current zero crossing following the transition of the
Simulink control input from 1 to 0.

Operation Conditions
The Breaker Control signal goes to 1 (for discrete systems, control signal must
closes when stay at 1 for at least 3 times the sampling period)
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Operation Conditions

The Breaker Control signal goes to 0
opens when
Breaker current passes through 0

Note The Breaker block may not be the appropriate switching device to use for DC
circuits. For such applications, it is recommended that you use the Ideal Switch block as
a switching device.

Dialog Box and Parameters

"4 Block Parameters: Breaker @
Breaker (mask)

Implements a circuit breaker. When the external switching time option
is selected, a Simulink logical signal is used to control the breaker
operation.

Parameters

Initial status: 0
Switching times (s): |[1/60 5/60] V| External

Breaker resistance Ron (Ohm):

0.01
Snubber resistance Rs (Ohm):
leb

Snubber capacitance Cs (F):
inf

Measurements |None w7

[ 0K ]| Cancel || Help Apply

Initial status

The initial state of the breaker. A closed contact is displayed in the block icon when
the Initial status parameter is set to 1, and an open contact is displayed when it is
set to O.

If the breaker initial state is set to 1 (closed), the software automatically initializes
all the states of the linear circuit and the Breaker block initial current, so that the
simulation starts in steady state.
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Switching times

Specifies the vector of switching times when using the Breaker block in internal
control mode. At each switching time the Breaker block opens or closes depending
on its initial status. For example, if the Initial status parameter is O (open), the
breaker closes at the first switching time, opens at the second switching time, and
so on. The Switching times parameter is not available if the External check box is
selected.

External

If selected, adds a Simulink input to the Breaker block for external control of the
switching times of the breaker. The switching times are defined by a logical signal (O
or 1) connected to the Simulink input.

Breaker resistance Ron

The internal breaker resistance, in ohms ({2). The Breaker resistance Ron
parameter cannot be set to 0.

Snubber resistance Rs

The snubber resistance, in ohms (). Set the Snubber resistance Rs parameter to
inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance, in farads (F). Set the Snubber capacitance Cs parameter
to O to eliminate the snubber, or to inf to get a resistive snubber.

Measurements
Select Branch voltage to measure the voltage across the Breaker block terminals.
Select Branch current to measure the current flowing through the Breaker block.

If the snubber device is connected to the breaker model, the measured current is the
one flowing through the breaker contacts only.

Select Branch voltage and current to measure the breaker voltage and the
breaker current.

Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the measurement
1s identified by a label followed by the block name:

Measurement Label
Branch voltage Ub:
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Measurement Label
Branch current Ib:
Limitations

When the block is connected in series with an inductor or another current source, you
must add the snubber circuit. In most applications you can use a resistive snubber
(Snubber capacitance parameter set to inf) with a large resistor value (Snubber
resistance parameter set to 1€6 or so). Because of modeling constraints, the internal
breaker inductance Ron cannot be set to 0.

You must use a stiff integration algorithm to simulate circuits with the Breaker block.
ode23tb with default parameters usually gives the best simulation speed.

For discretized models, the control signal must stay at 1 for a minimum of 3 sampling
time periods to correctly close the Breaker block, otherwise the device stays open.

Example

See the power_breaker example for a circuit using the Breaker block.

See Also

Three-Phase Breaker, Three-Phase Fault

Introduced before R2006a
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Brushless DC Motor Drive

Implement brushless DC motor drive using Permanent Magnet Synchronous Motor
(PMSM) with trapezoidal back electromotive force (BEMF)

Library

Electric Drives/AC drives

Description

The high-level schematic shown below is built from six main blocks. The PMSM, the
three-phase inverter, and the three-phase diode rectifier models are provided with

the SimPowerSystems™ library. The speed controller, the braking chopper, and the
current controller models are specific to the Electric Drives library. It is possible to use
a simplified version of the drive containing an average-value model of the inverter for
faster simulation.

Note In SimPowerSystems software, the Brushless DC Motor Drive block is commonly
called the AC7 motor drive.
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High-Level Schematic

Three-phase Three-phase
diode rectifier inverter
é— | PMSM
B | | Braking ‘
o] T I
chopper |
C |
o I
I
. Position
Current ; sensor
controller
T Hall effect
signals
Speed Speed 9
reference controller |« d/dt |«
Simulink Schematic
<Rotor speed wm radis>
L Speed Controller [ Muttiple output buses
Torque® " -—y Conv_in  Motor
Hall effiect L o C;n
i (o in u;p
N N
Rae Trarsition IRDI peed wm (1adés) D

@—n N
:W

Fermanent Magnet
Synchroncus Machine

(trapezoidsl back-EMF)

Speed Controller

The speed controller is based on a PI regulator, shown below. The output of this regulator
1s a torque set point applied to the current controller block.
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Torque
limiter
>ﬁ>—)§ ; B‘. - ‘ Ki / f
i Speed Integral  Limited
ramps gain integrator

First-order Proportional
low-pass gain
filter

Current Controller

The current controller contains four main blocks, shown below. These blocks are
described below.

Current
" T-»1
§ (A N . [ regulator
P A e

Hall , r’
)i By Hall

Switching
. decoder H control | Pulses
abc i

-)C : lIsbc -

The T-I block performs the conversion from the reference torque to the peak reference
current. The relation used to convert torque to current assumes pure rectangular current
waveforms. In practice, due to the motor inductance, it's impossible to obtain these
currents. Therefore the electromagnetic torque may be lower than the reference torque,
especially at high speed.

The Hall decoder block is used to extract the BEMF information from the Hall effect
signals. The outputs, three-level signals (-1, 0, 1), represent the normalized ideal
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phase currents to be injected in the motor phases. These type of currents will produce a
constant torque. The following figure shows the BEMF of phase A and the output of the
Hall decoder for the phase A.

Back-EMF (Ea) and output decoder (Ha)

emax

-2Max

0 B0 120 180 240 300 360 420 480 540 600 660 720
g electrical

The current regulator is a bang-bang current controller with adjustable hysteresis
bandwidth.

The Switching control block is used to limit the inverter commutation frequency to a
maximum value specified by the user.

When using the average-value inverter, the abc current references are sent to the
simplified inverter.

Braking Chopper

The braking chopper block contains the DC bus capacitor and the dynamic braking
chopper, which is used to absorb the energy produced by a motor deceleration.

Average-Value Inverter

The average-value inverter is shown in the following figure.
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-
* Dynamic abc limited
lao™ ™ ate fimiter
(PDU1+PIDsses)N in

la
O A
Controlled voltage
Tra pezoid al sources In >

Vab
PMSM dynamic vV oB
model be le
—
o C

It is composed of one controlled current source on the DC side and of two controlled
voltage sources on the AC side. The DC current source allows the representation of the
DC bus current behavior described by the following equation:

Idc = (Pout + Plosses) / ‘/in,

Controlled
current
source

Vin

with P,,; being the output AC power, P the losses in the power electronic devices, and
Vin the DC bus voltage.

On the AC side, the voltage sources are fed by the instantaneous voltages provided by the
Trapezoidal PMSM dynamic model (see PMSM documentation for machine model). This
dynamic model takes the reference currents (the rate of these currents has been limited
to represent the real life currents), the measured BEMF voltages and the machine speed
to compute the terminal voltages to be applied to the machine.

The dynamic rate limiter limits the rate of the reference currents when transitions
occurs. The rate depends of the inverter saturation degree.

During loss of current tracking due to insufficient inverter voltage, the dynamic rate
limiter saturates the reference current in accordance to this operation mode.

Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
To simulate a digital controller device, the control system has two different sampling
times:
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* Speed controller sampling time

*  Current controller sampling time

The speed controller sampling time has to be a multiple of the current controller
sampling time. The latter sampling time has to be a multiple of the simulation time step.
The average-value inverter allows the use of bigger simulation time steps since it does
not generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a current controller sampling time of 40 us, good simulation results have
been obtained for a simulation time step of 40 us. The simulation time step can, of course,
not be higher than the current controller time step.

Dialog Box

4\ Brushless DC Motor Drive EI =] @

Brushless DC Motor Drive

The PM synchronous motor parameters are specified in the PMSM tab. The braking chopper, the diode
rectifier and the inverter switches parameters are specified in the Converters and DC bus tab. Current
controller and speed controller parameters are specified in the controller tab.

Permanent Magnet Synchronous Machine Converters and DC bus Controller
r Electrical parameters r Mechanical parameters —
Back electromotive force: Trapezoidal AT
Inertia (kg*m"2):
Equivalent circuit parameters 0.089
Resistance (ohm}: 0.2 Friction (N-m-s):
Inductance (H): 8.5e-3 ——
Pole pairs:
Back EMF flat area (degrees): 120 7

Flux constant

Initial values
Specify: | Flux linkage established by magnets (V.5 0.175 Speed (rad/s):
Initial currents -
Phase A (A): Phase B (A): Angle (deg):
Output bus mode: | Multiple cutput buses Mechanical input: | Torgue Tm
Model detail level: | Detailed
Parameters file options.
Loac Save

OK Cancel | | Help Apph

1-108



Brushless DC Motor Drive

* “Permanent Magnet Synchronous Machine Tab” on page 1-109
+ “Converters and DC Bus Tab” on page 1-110
* “Controller Tab” on page 1-111

Permanent Magnet Synchronous Machine Tab

The Permanent Magnet Synchronous Machine tab displays the parameters of the
Permanent Magnet Synchronous Machine block of the Fundamental Blocks (powerlib)
library.

Output bus mode

Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Model detail level
Select between the detailed and the average-value inverter.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. If you select and apply a load torque, the output is the motor
speed according to the following differential equation that describes the mechanical
system dynamics:

d
T, =J5wr+er+Tm.

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.
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See “Mechanical Coupling of Two Motor Drives”.

Converters and DC Bus Tab

Rectifier section

The rectifier section of the Converters and DC bus tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the universal bridge parameters.

Inverter section

The inverter section of the Converters and DC bus tab displays the parameters of
the Universal Brige block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the universal bridge parameters.

The average-value inverter uses the following parameter.

On-state resistance

The on-state resistance of the inverter switches (ohms).
DC Bus Field — Capacitance

The DC bus capacitance (F).

Braking Chopper Section

Resistance

The braking chopper resistance used to avoid bus over-voltage during motor
deceleration or when the load torque tends to accelerate the motor (ohms).

Frequency
The braking chopper frequency (Hz).
Activation Voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band. The following figure illustrates the braking chopper hysteresis logic.

Deactivation Voltage

The dynamic braking is shut down when the bus voltage reaches the lower limit of
the hysteresis band. The chopper hysteresis logic is shown in the following figure.
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Controller Tab

Regulation Type

This pop-up menu allows you to choose between speed and torque regulation.
Schematic Button

When you press this button, a diagram illustrating the speed and current controllers

schematics appears.

Speed Controller section

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step.

Speed Ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter is
used in speed regulation mode only.

Speed Ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only.

PI Regulator — Proportional Gain
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The speed controller proportional gain. This parameter is used in speed regulation
mode only.

PI Regulator — Integral Gain

The speed controller integral gain. This parameter is used in speed regulation mode
only.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m).

Torque output limits — Positive

The maximum positive demanded torque applied to the motor by the current
controller (N.m).

Current Controller Section

Sampling Time

The current controller sampling time (s). The sampling time must be a multiple of
the simulation time step.

Current controller hysteresis band

The current hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the current set point (A). The following figure illustrates a case

where the current set point is Is” and the current hysteresis bandwidth is set to dx.

This parameter is not used when using the average-value inverter.

e e
_ motor current dx_
. y 2
dx

Is

Note This bandwidth can be exceeded because a fixed-step simulation is used. A rate
transition block is needed to transfer data between different sampling rates. This block
causes a delay in the gates signals, so the current may exceed the hysteresis band.

Maximum switching frequency
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The maximum inverter switching frequency (Hz). This parameter is not used when
using the average-value inverter.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A, B, C
The three phase terminals of the motor drive.
Wm, Teor S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or

mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:
Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv

The three-phase converters measurement vector. This vector contains:

*  The DC bus voltage
* The rectifier output current

* The inverter input current

All current and voltage values of the bridges can be visualized with the Multimeter
block.
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ctrl

The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 3 hp drive parameter set. The specifications of the 3 hp drive are
shown in the following table.

3 HP Drive Specifications

Drive Input Voltage

Amplitude 220V

Frequency 60 Hz
Motor Nominal Values

Power 3 hp

Speed 1650 rpm

Voltage 300 Vdc

Example

The ac7_example example illustrates an AC7 motor drive simulation with standard
load condition. At time t = 0 s, the speed set point is 300 rpm.
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Speed 5P hdotor #|motor
Stator current

-—b Tm speed
- @ Com. »|Conv. e Rotor speed
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Electromagnetic Torque
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| B B ACT DC busvoltage
» demux
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2200 80H= Brushless DC Motor Drive

Dizcrete, - . -
ACT - Brushless DC Motor Drive During Speed Regulation

powergui

There are two design tools in this example. The first block calculates the gains of the
speed regulator in accordance with your specifications. The second block plots the
operating regions of the drive. Open these blocks for more information.

As shown in the following figure, the speed precisely follows the acceleration ramp. At t
= 0.5 s, the nominal load torque is applied to the motor. At t = 1 s, the speed set point is
changed to O rpm. The speed decreases to O rpm. At t = 1.5 s., the mechanical load passes
from 11 N.m to —11 N.m. The next figure shows the results for the detailed converter
and for the average-value converter. Observe that the average voltage, current, torque,
and speed values are identical for both models. Notice that the higher frequency signal
components are not represented with the average-value converter.
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la (A)

Speed (rpm)

Tem (M

Y (V)
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AC7 Example Waveforms (Blue: Detailed Converter, Red: Average-Value Converter)

References
[1] Bose, B. K., Modern Power Electronics and AC Drives, Prentice-Hall, N.dJ., 2002.
[2] Krause, P. C., Analysis of Electric Machinery, McGraw-Hill, 1986.

[3] Tremblay, O., Modélisation, simulation et commande de la machine synchrone a
aimants a force contre-électromotrice trapézoidale, Ecole de Technologie Supérieure, 2006.

Introduced in R2007a
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Connection Port

Create Physical Modeling connector port for subsystem

Library

Fundamental Blocks/Elements

o

The Connection Port block, placed inside a subsystem composed of SimPowerSystems
blocks, creates a Physical Modeling open round connector port © on the boundary of the
subsystem. Once connected to a connection line, the port becomes solid «. Once you begin
the simulation, the solid port « becomes an electrical terminal port, an open square 0.

Description

You connect individual SimPowerSystems blocks and subsystems made of
SimPowerSystems blocks to one another with SimPowerSystems connection lines,
instead of regular Simulink signal lines. These are anchored at the open, round connector
ports ©. Subsystems constructed of SimPowerSystems blocks automatically have

such open round connector ports. You can add additional connector ports by adding
Connection Port blocks to your subsystem.

Dialog Box and Parameters

"4 Block Parameters: Connection Port @
PMC_Port

Physical Modeling Connection Port block for subsystems
Parameters
Port number:

Port location on parent subsystem: |Leﬂ: -

OK ]| Cancel || Help Apply
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Port number

This field labels the subsystem connector port created by the block. Multiple
connector ports on the boundary of a single subsystem require different numbers as
labels. The default value for the first port is 1.

Port location on parent subsystem

Choose which side of the parent subsystem boundary the port is placed on. The
choices are Left or Right. The default is Left.

Introduced before R2006a
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Controlled Current Source

Implement controlled current source

Library

Fundamental Blocks/Electrical Sources

=]
+

®

L]

Description

The Controlled Current Source block converts the Simulink input signal into an
equivalent current source. The generated current is driven by the input signal of the
block. The positive current direction is as shown by the arrow in the block icon.

You can initialize the Controlled Current Source block with a specific AC or DC current.
If you want to start the simulation in steady state, the block input must be connected to a
signal starting as a sinusoidal or DC waveform corresponding to the initial values.

Note The Simulink input signal needs to be a complex value (phasor) when you are
using the Controlled Current Source block in a phasor simulation, because in this case,
SimPowerSystems software does not automatically convert the input signal from time-
domain into complex (phasor) signal.
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Dialog Box and Parameters

"4 Block Parameters: Controlled Current Source @
Controlled Current Source (mask)

Converts the Simulink input signal into an equivalent current source.
The generated current is driven by the input signal of the block.

You can initialize your circuit with a specific AC or DC current. If you
want to start the simulation in steady-state, the block input must be
connected to a signal starting as a sinusoidal or DC waveform
corresponding to the initial values.

Parameters

| Initialize

Source type |AC w7

Initial amplitude (A):
0

Initial phase (deg):

0

Initial frequency (Hz):
0

Measurements |None w7

[ 0K ]| Cancel || Help Apply

Initialize
If selected, initializes the Controlled Current Source block with the specified Initial
current, Initial phase, and Initial frequency parameters.

Source type

The Source type parameter is not visible if the Initialize parameter is not selected.

The type of current source. Select AC to initialize the Controlled Current Source
Block as an AC current source. Select DC to initialize the Controlled Current Source
block as a DC current.

Initial current

The Initial current parameter is not visible in the dialog box if the Initialize
parameter is not selected. The initial peak current for the initialization of the source,
in amperes (A).
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Initial phase
The initial phase for the initialization of the source, in degrees. The Initial phase
parameter is not visible in the dialog box if the Source type parameter is set to DC.
Initial frequency
The initial frequency for the initialization of the source, in hertz (Hz). The Initial
frequency parameter is not visible in the dialog box if the Source type parameter
is set to DC.
Measurements

Select Current to measure the current flowing through the Controlled Current
Source block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block,
the measurement is identified by a label followed by the block name:

Measurement Label
Current Isrc:
Example

The power_controlcurr example uses a Controlled Current Source to generate a 60
Hz current modulated at 5 Hz.
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Simulation produces the following waveforms:
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See Also

AC Current Source, Controlled Voltage Source, Multimeter

Introduced before R2006a
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Controlled Voltage Source

Implement controlled voltage source

Library

Fundamental Blocks/Electrical Sources

a
+

&

W

Description

The Controlled Voltage Source block converts the Simulink input signal into an
equivalent voltage source. The generated voltage is driven by the input signal of the
block.

You can initialize the Controlled Voltage Source block with a specific AC or DC voltage. If
you want to start the simulation in steady state, the Simulink input must be connected to
a signal starting as a sinusoidal or DC waveform corresponding to the initial values.

Note The Simulink input signal needs to be a complex value (phasor) when you are
using the Controlled Voltage Source block in a phasor simulation, because in this case,
SimPowerSystems software does not automatically convert the input signal from time-
domain into complex (phasor) signal.
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Dialog Box and Parameters

"k Block Parameters: Controlled Voltage Source @
Controlled Voltage Source (mask)

Converts the Simulink input signal into an equivalent voltage source.
The generated voltage is driven by the input signal of the block.

You can initialize your circuit with a specific AC or DC voltage. If you
want to start the simulation in steady-state, the block input must be
connected to a signal starting as a sinusoidal or DC waveform
corresponding to the initial values.

Parameters

| Initialize

Source type |AC w7

Initial amplitude (V):
0

Initial phase (deg):
0

Initial frequency (Hz):

0
Measurements |None w7
[ 0K ]| Cancel || Help Apply
Initialize

If selected, initializes the Controlled Voltage Source block with the specified Initial
voltage, Initial phase, and Initial frequency parameters.

Source type

The Source type parameter is not available if the Initialize parameter is not
selected.

The type of voltage source. Select AC to initialize the Controlled Voltage Source block
with an AC voltage source. Select DC to initialize the Controlled Voltage Source Block
with a DC voltage.

Initial voltage
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The Initial voltage parameter is not available if the Initialize parameter is not
selected. The initial voltage for the initialization of the source, in volts (V).

Initial phase

The Initial phase parameter is not available if the Source type parameter is set to
DC. The initial phase for the initialization of the source, in degrees.

Initial frequency

The initial frequency for the initialization of the source, in hertz (Hz). The Initial
frequency parameter is not available in the dialog box if the Source type
parameter is set to DC.

Measurements

Select Vol tage to measure the voltage across the terminals of the Controlled Voltage
Source block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block,
the measurement is identified by a label followed by the block name:

Measurement Label
Voltage Usrc:
Example

The power_controlvolt example uses Controlled Voltage Source blocks to generate a 60
Hz sinusoidal voltage containing a third harmonic. One Controlled Voltage Source block
is initialized as a 120 V AC voltage source with an initial frequency of 60 Hz and initial
phase set to 0. The second Controlled Voltage Source block is not initialized.

At t=0.0333 s a 100 V-180 Hz sinusoidal signal is added to the 120 V Simulink signal.
The resulting capacitor voltages are compared on a Scope block.
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Controlled Voltage Source

See Also

AC Current Source, Controlled Current Source, Multimeter

Introduced before R2006a
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Current Measurement

Measure current in circuit

Library

Fundamental Blocks/Measurements

Description
The Current Measurement block is used to measure the instantaneous current flowing in

any electrical block or connection line. The Simulink output provides a Simulink signal
that can be used by other Simulink blocks.

Dialog Box and Parameters

"4 Block Parameters: Current Measurement @
Current Measurement (mask)

Ideal current measurement. The Output signal parameter is disabled
when the block is not used in a phasor simulation. The phasor
simulation is activated by a Powergui block placed in the model.
Parameters

Output signal : | Complex

[ OK ]| Cancel || Help Apply

Output signal

Specifies the format of the output signal when the block is used in a phasor
simulation. The Qutput signal parameter is disabled when the block is not used in a
phasor simulation. The phasor simulation is activated by a Powergui block placed in
the model.
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e AMA—e | VY J

Set to Complex to output the measured current as a complex value. The output is a
complex signal.

Set to Real-1Imag to output the real and imaginary parts of the measured current.
The output is a vector of two elements.

Set to Magnitude-Angle to output the magnitude and angle of the measured
current. The output is a vector of two elements.

Set to Magnitude to output the magnitude of the measured current. The output is a
scalar value.

Example

The power_currmeasure example uses four Current Measurement blocks to read currents
in different branches of a circuit. The two scopes display the same current.
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See Also

powerguil, Three-Phase V-I Measurement, Voltage Measurement

Introduced before R2006a
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Current-Voltage Simscape Interface

Ideal coupling between SimPowerSystems and Simscape electrical circuits

Library

Fundamental Blocks/Interface Elements

Ol+=ps +5=C A

Description

The Current-Voltage Simscape Interface block connects SimPowerSystems circuits with
electrical elements from the Simscape Foundation library. This block preserves current
through the block and voltage across the block, conserving electrical power.

*  On the SimPowerSystems side, the electrical connector ports +sSps and -sps act like
a controlled current source, feeding current from the Simscape side to the connected
SimPowerSystems elements, while maintaining the voltage across the block.

*  On the Simscape side, the electrical connector ports +ssc and -ssc act like a
controlled voltage source, feeding voltage from the SimPowerSystems side to the
connected Simscape elements, while maintaining the current through the block.

The following figure gives an overview of the interface.
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The block measures the voltage between the +sSps and -sps ports and propagates it to
the +ssc and -ssc ports, preserving the polarity. The block also measures the current
flowing from the +sSsc to the -ssc port and propagates it from the -sps to the +sps
port.

You can specify a filter to break the algebraic loop between SimPowerSystems and
Simscape ports. You can specify the filter as a first order continuous transfer function
or as a discrete unit delay block. You can apply it on the SimPowerSystems side, to
the measured voltage, or on the Simscape side, to the measured current. Depending
on the measured signal where the filter is applied, the other signal is always a direct
feedthrough.

If you do not specify a filter, direct feedthrough is applied on both measured signals.
However, this configuration results in an algebraic loop containing the Voltage
Measurement, Controlled Voltage Source, Current Sensor, and Controlled Current
Source blocks, which might cause numerical issues.
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Dialog Box and Parameters

"4 Block Parameters: Current-Voltage Simscape Interface @
SimPowerSystems Simscape Interface Element (mask)

Represents an ideal coupling between SimPowerSystems and
Simscape electrical circuit.

The block acts as a current source on the SimPowerSystems side,
and as a voltage source on the Simscape side.

The filter can be specified to break algebraic loop between

SimPowerSystems and Simscape circuits.

Parameters

Direct feedthrough (no filter)

Filter type: |L0w pass filter (continuous) -

Low pass filter time constant (s):
le-6

Initial voltage (V):

0

Apply filter on: |SimP0werSystems side -

Show measurement port

[ 0K ]| Cancel || Help | Apply

Direct feedthrough (no filter)

If selected, direct feedthrough is applied between SimPowerSystems and Simscape
ports on both sides.

Filter type

Set this parameter to Low pass Filter (continuous) toimplement a first order
continuous transfer function filter between SimPowerSystems and Simscape ports.

Set this parameter to Unit delay (discrete) toimplement a discrete unit delay
filter between SimPowerSystems and Simscape ports.

Set this parameter to First-order input Filtering toimplement a first order
continuous transfer function filter with first-order filtering of the Simulink-PS
Converter block that provides one derivative. You can apply this filter only on the
SimPowerSystems side.
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Set this parameter to Second-order input filtering toimplement a first order
continuous transfer function filter with second-order filtering on the Simulink-PS
Converter block that provides derivatives one and two. You can apply this filter only
on the SimPowerSystems side.

The Filter type parameter is not visible when the Direct feedthrough (no filter)
check box is selected.

Low pass filter constant (s)
Specify the low pass filter time constant of the filter, in seconds. This parameter
is visible only when the Filter type parameter is set to Low pass Filter
(continuous), to First-order input filtering, or to Second-order input
filtering.

Sample time of unit delay (s)
Specify the sample time of the unit delay filter, in seconds. This parameter is visible
only when the Filter type parameter is set to Unit delay (discrete).

Initial voltage (V)
Specify the initial voltage value of the measured SimPowerSystems voltage.

This parameter is visible only when you apply the filter on the SimPowerSystems
side.

Initial current (A)
Specify the initial current value of the measured Simscape current.

This parameter is visible only when you apply the filter on the Simscape side.

Apply filter on

Set this parameter to SimPowerSystems side to apply the filter on the measured
SimPowerSystems voltage.

Set this parameter to Simscape side to apply the filter on the measured Simscape
current.

The Apply filter on parameter is not visible when the Direct feedthrough (no

filter) check box is selected, when the Filter type is set to First-order input

filtering, or when the Filter type is set to Second-order input filtering.
Show measurement port

If selected, adds a Simulink output to the block that returns the SimPowerSystems
current and voltage and to the Simscape current and voltages in a bus signal.

1-133



1 Blocks — Alphabetical List

1-134

Limitations

When simulating SimPowerSystems models along with Simscape blocks, select the
Simulink solver carefully.

Use ode23tb solver for solving SimPowerSystems circuits containing switches or
nonlinear element. If you use other stiff solvers, SimPowerSystems software gives you
the following warning:

Warning: You have required continuous-time simulation of a system containing switches or

nonlinear elements. The ode23tb variable-step stiff solver with relative tolerance set to le-4

is recommended in order to get best accuracy and simulation performance. For some highly nonlinear
models it may be necessary to set the *"Solver reset method" parameter to "Robust'.

See "Improving Simulation Performance'™ chapter in SimPowerSystems documentation

for additional information on how to select an appropriate integration method.

However, if you use the ode23tb solver for solving models containing Simscape blocks,
Simscape software gives you the following warning:

Warning: The solver chosen is not recommended if the model is stiff, which is typical for models
containing Simscape components. These solvers are typically preferred for Simscape models:
ode23t, odel5s or odeldx (Ffixed-step). To disable this diagnostic, change the explicit solver
diagnostic setting on the Simscape panel of the model Configuration Parameters.

Although the Simscape warning can be disabled, as described in the warning message,
the SimPowerSystems warning cannot be disabled with regular configuration
parameters. To disable the SimPowerSystems warning when you choose a solver other
than ode23tbh, select the Powergui block in your model, then, at the MATLAB Command
line, type:

set_param(gchb, "FunctionMessages”, "on")

Example

The power_SSCmodeling example provides a sample of interfacing SimPowerSystems
and Simscape models. The example contains two similar circuits. The top circuit model
uses the SimPowerSystems Breaker block for switching off the RL loads. The circuit at
the bottom is identical in all respects, but it uses a Simscape model of the circuit breaker.

The Simscape Circuit Breaker subsystem in the bottom circuit contains the Current-
Voltage Simscape Interface block, which connects the + and - ports of the Simscape
Circuit breaker block to the SimPowerSystems + and - ports.
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For the Simscape solver, this subsystem is a simple circuit consisting of a circuit breaker
connected in parallel with a Controlled Voltage Source block. The Solver Configuration
block and the Simscape Electrical Reference ground blocks are both required to simulate
this Simscape model. This ground block is independent of the SimPowerSystems ground
block found on the top level of the block diagram, and does not connect the negative
terminal of the circuit breaker to the SimPowerSystems electric ground.

For the SimPowerSystems software, this subsystem is a simple controlled current source
controlled by an external signal.

By running the example, you can observe the differences between the two
implementations of a circuit breaker device. The Simscape Circuit breaker block is also
demonstrated in the Simscape ssc_circuitbreaker example model.

See Also

Current-Voltage Simscape Interface (gnd), Voltage-Current Simscape Interface, Voltage-
Current Simscape Interface (gnd)

Introduced in R2011b
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Current-Voltage Simscape Interface (gnd)

Ideal coupling between SimPowerSystems and Simscape electrical circuits

Library

Fundamental Blocks/Interface Elements

Description

The Current-Voltage Simscape Interface (gnd) block connects SimPowerSystems circuits
with electrical elements from the Simscape Foundation library. This block preserves
current through the block and voltage across the block, conserving electrical power.

*  On the SimPowerSystems side, the electrical connector port sps acts like a controlled
current source referred to the ground, feeding current from the Simscape side to the
connected SimPowerSystems elements.

*  On the Simscape side, the electrical connector port ssc acts like a controlled voltage
source referred to the ground, feeding voltage from the SimPowerSystems side to the
connected Simscape elements.

The following figure gives an overview of the interface.
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The block measures the voltage between the sps port and SimPowerSystems electrical
reference and propagates it to the Ssc port, preserving the polarity with respect to the
Simscape electrical reference. The block also measures the current flowing from the ssc
port to the Simscape electrical reference and propagates it to the sps port.

You can specify a filter to break the algebraic loop between SimPowerSystems and
Simscape ports. You can specify the filter as a first order continuous transfer function
or as a discrete unit delay block. You can apply the filter on the SimPowerSystems side,
to the measured voltage, or on the Simscape side, to the measured current. Depending
on the measured signal where you apply the filter, the other signal is always a direct
feedthrough.

If you do not specify a filter, direct feedthrough is applied on both measured signals.
However, this configuration results in an algebraic loop containing the Voltage
Measurement, Controlled Voltage Source, Current Sensor, and Controlled Current
Source blocks, which might cause numerical issues.
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Dialog Box and Parameters

"4 Block Parameters: Current-Voltage Simscape Interface (gnd) @
SimPowerSystems Simscape Interface Element (mask)

Represents an ideal coupling between SimPowerSystems and
Simscape electrical circuit.

The block acts as a current source on the SimPowerSystems side,
and as a voltage source on the Simscape side. The sources are
referred to the electrical grounds on the respective sides.

The filter can be specified to break algebraic loop between
SimPowerSystems and Simscape circuits.

Parameters

Direct feedthrough (no filter)

Filter type: |L0w pass filter (continuous) -

Low pass filter time constant (s):
le-6

Initial voltage (V):

0

Apply filter on: |SimP0werSystems side -

Show measurement port

[ 0K ]| Cancel || Help | Apply

Direct feedthrough (no filter)

If selected, direct feedthrough is applied between SimPowerSystems and Simscape
ports on both sides.

Filter type

Set this parameter to Low pass Filter (continuous) toimplement a first order
continuous transfer function filter between SimPowerSystems and Simscape ports.

Set this parameter to Unit delay (discrete) toimplement a discrete unit delay
filter between SimPowerSystems and Simscape ports.

Set this parameter to First-order input Filtering toimplement a first order
continuous transfer function filter with first-order filtering of the Simulink-PS
Converter block that provides one derivative. You can apply this filter only on the
SimPowerSystems side.
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Set this parameter to Second-order input filtering toimplement a first order
continuous transfer function filter with second-order filtering of the Simulink-PS
Converter block that provides derivatives one and two. You can apply this filter only
on the SimPowerSystems side.

The Filter type parameter is not visible when the Direct feedthrough (no filter)
check box is selected.

Low pass filter constant (s)
Specify the low pass filter time constant of the filter, in seconds. This parameter
is visible only when the Filter type parameter is set to Low pass Filter
(continuous), to First-order input filtering, or to Second-order input
filtering.

Sample time of unit delay (s)
Specify the sample time of the unit delay filter, in seconds. This parameter is visible
only when the Filter type parameter is set to Unit delay (discrete).

Initial voltage (V)
Specify the initial voltage value of the measured SimPowerSystems voltage.

This parameter is visible only when you apply the filter on the SimPowerSystems
side.

Initial current (A)
Specify the initial current value of the measured Simscape current.

This parameter is visible only when you apply the filter on the Simscape side.

Apply filter on

Set this parameter to SimPowerSystems side to apply the filter on the measured
SimPowerSystems voltage.

Set this parameter to Simscape side to apply the filter on the measured Simscape
current.

The Apply filter on parameter is not visible when the Direct feedthrough (no

filter) check box is selected, when the Filter type is set to First-order input

filtering, or when the Filter type is set to Second-order input filtering.
Show measurement port

If selected, adds a Simulink output to the block that returns the SimPowerSystems
current and voltage and to the Simscape current and voltages in a bus signal.
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Limitations

When simulating SimPowerSystems models along with Simscape blocks, select the
Simulink solver carefully.

Use the ode23tb solver for solving SimPowerSystems circuits containing switches or
nonlinear element. If you use other stiff solvers, SimPowerSystems software gives you

the following warning:

Warning: You have required continuous-time simulation of a system containing switches or

nonlinear elements. The ode23tb variable-step stiff solver with relative tolerance set to le-4

is recommended in order to get best accuracy and simulation performance. For some highly nonlinear
models it may be necessary to set the "Solver reset method" parameter to "Robust'.

See "Improving Simulation Performance"™ chapter in SimPowerSystems documentation
for additional information on how to select an appropriate integration method.

However, if you use the ode23tb solver for solving models containing Simscape blocks,
Simscape software gives you the following warning:

Warning: The solver chosen is not recommended if the model is stiff, which is typical for models
containing Simscape components. These solvers are typically preferred for Simscape models:

ode23t, odel5s or odeldx (fixed-step). To disable this diagnostic, change the explicit solver
diagnostic setting on the Simscape panel of the model Configuration Parameters.

Although the Simscape warning can be disabled, as described in the warning message,
the SimPowerSystems warning cannot be disabled with regular configuration
parameters. To disable the SimPowerSystems warning when you choose a solver other
than ode23tbh, select the Powergui block in your model, then, at the MATLAB Command
line, type:

set_param(gcb, "FunctionMessages®,“on")

Example

See the power_SSCmodeling example for an example of interfacing SimPowerSystems
and Simscape models using the Current-Voltage Simscape Interface block.

See Also

Current-Voltage Simscape Interface, Voltage-Current Simscape Interface, Voltage-
Current Simscape Interface (gnd)



Current-Voltage Simscape Interface (gnd)

Introduced in R2011b
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DC Machine

Implement wound-field or permanent magnet DC machine

Library

Fundamental Blocks/Machines

HTL m [
o A [°] A o
(P 000 b

Description
The DC Machine block implements a wound-field or permanent magnet DC machine.

For the wound-field DC machine, access is provided to the field terminals (F+, F-) so that
the machine model can be used as a shunt-connected or a series-connected DC machine.
The torque applied to the shaft is provided at the Simulink input T,

The armature circuit (A+, A—) consists of an inductor La and resistor Ra in series with a
counter-electromotive force (CEMF) E.

The CEMF is proportional to the machine speed.
E= KEG)

Kp 1s the voltage constant and w is the machine speed.

In a separately excited DC machine model, the voltage constant Kg is proportional to the
field current Ir:
Ky = Lyl

L,¢1is the field-armature mutual inductance.

The electromechanical torque developed by the DC machine is proportional to the
armature current I,.



DC Machine

Te = KTIa’

Ky is the torque constant. The sign convention for 7, and 77, is:
T,, Tt > 0 : Motor mode
T,, Tt <0 : Generator mode

The torque constant is equal to the voltage constant.
KT = KE

The armature circuit is connected between the A+ and A— ports of the DC Machine block.
It is represented by a series Ra La branch in series with a Controlled Voltage Source and

a Current Measurement block.

In the wound-field DC machine model, the field circuit is represented by an RL circuit. It
is connected between the F+ and F- ports of the DC Machine block.

In the permanent magnet DC machine model, there is no field current as the excitation
flux is established by the magnets. Kz and Ky are constants.

The mechanical part computes the speed of the DC machine from the net torque applied
to the rotor. The speed is used to implement the CEMF voltage E of the armature circuit.

The mechanical part implements this equation:

J% =T, Ty, - B, 0~ Ty,

J = inertia, B,, = viscous friction coefficient, and T; = Coulomb friction torque.
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Dialog Box and Parameters

"4 Block Parameters: DC Machine @
DC machine (mask)

Implements a (wound-field or permanent magnet) DC machine.

For the wound-field DC machine, access is provided to the field
connections so that the machine can be used as a separately excited,
shunt-connected or a series-connected DC machine.

Configuration | Parameters | Advanced

Preset model:

o 2

Mechanical input:

[Torque TL ']
Field type:
[Wound ']

Measurement output

[7] use signal names to identify bus labels

[ OK ][ Cancel H Help ] Apply

+ “Configuration Tab” on page 1-144
+ “Parameters Tab” on page 1-147
+ “Advanced Tab” on page 1-148

Configuration Tab

Preset model
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Provides a set of predetermined electrical and mechanical parameters for various DC
machine ratings of power (HP), DC voltage (V), rated speed (rpm), and field voltage
V).

The preset models are available only for the wound-field DC machine model.

Select one of the preset models to load the corresponding electrical and mechanical
parameters in the entries of the dialog box. Select No if you do not want to use a
preset model, or if you want to modify some of the parameters of a preset model.

When you select a preset model, the electrical and mechanical parameters in the
Parameters tab of the dialog box become unmodifiable (unavailable). To start from a
given preset model and then modify machine parameters.:

1  Select the preset model that you want to initialize the parameters.

2 Change the Preset model parameter value to No. This does not change the
machine parameters. By doing so, you break the connection with the particular
preset model.

3 Modify the machine parameters as you want, then click Apply.

Mechanical input

Select the torque applied to the shaft or the rotor speed as aSimulink input of the
block, or represent the machine shaft by a Simscape rotational mechanical port.

Select Torque TL to specify a torque input, in N.m, and change labeling of the
block input to TL. The machine speed is determined by the machine Inertia J and
by the difference between the applied mechanical load torque TL and the internal
electromagnetic torque Te. The sign convention for the mechanical torque is: when
the speed is positive, a positive torque signal indicates motor mode and a negative
signal indicates generator mode.

Select Speed w to specify a speed input, in rad/s, and change labeling of the block
input to w. The machine speed is imposed and the mechanical part of the model
(Inertia J) is ignored. Using the speed as the mechanical input allows modeling a
mechanical coupling between two machines.

The next figure indicates how to model a stiff shaft interconnection in a motor-
generator. The speed output of machine 1 (motor) is connected to the speed input of
machine 2 (generator), while machine 2 electromagnetic torque output Te is applied
to the mechanical load torque input TL of machine 1. The Kw factor takes into
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account speed units of both machines (rad/s) and gear box ratio. The KT factor takes
into account torque units of both machines (N.m) and machine ratings. Also, as the
inertia J2 is ignored in machine 2, J2 referred to machine 1 speed must be added to
machine 1 inertia J1.

TL w 4’—» W Te

(specify J=T+T*(wa/wi)?) (J2 18 1gnored)

Machine 1 Machine 2

K }

Select Mechanical rotational port to add to the block a Simscape mechanical
rotational port that allows connection of the machine shaft with other Simscape
blocks having mechanical rotational ports. The Simulink input representing the
mechanical torque TL or the speed w of the machine is then removed from the block.

The next figure indicates how to connect an Ideal Torque Source block from the
Simscape library to the machine shaft to represent the machine in motor mode, or in
generator mode, when the rotor speed is positive.



DC Machine

Simulink Input: Mechanical rotational

ort:
Ideal Torque P

w0
TL M—--mmmemmnn 5 Source —
Ay, . s me
Trn (M. _.
¢ ! o a4 —a- o a’é <€
o a4 —a- o

T
T
D Machine ' B2 [l
{rotor mode) aching
T MM g link-PS {rmotor mode)
Converter
Mechanical rotational
Simulink-P3 ,
ort:
Converter P
simulink Input: pog
-—
Trn M.
w0

Ideal Torque

s P 0] —F- = Source
; 00 —F
OC Machine = F Foe

{generator mode)

TL s > -
Trn {H.m) o AA. o %n_, SIFM
i

OC Machine
{generator mode)

Field type

Select between the wound-field and the permanent magnet DC machine.

Use signal names to identify bus labels

When this check box is selected, the measurement output uses the signal names to
identify the bus labels. Select this option for applications that require bus signal label

to have only alphanumeric characters.

When this check box is cleared, the measurement output uses the signal definition
to identify the bus labels. The labels contain nonalphanumeric characters that are

incompatible with some Simulink applications.

Parameters Tab

Armature resistance and inductance [Ra La]

The armature resistance Ra, in ohms, and the armature inductance La, in henries.

Field resistance and inductance [Rf Lf]
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The field resistance Rf, in ohms, and the field inductance Lf, in henries. This
parameter is visible only when the Field type parameter on the Configuration tab
1s set to Wound.

Field armature mutual inductance Laf

The field armature mutual inductance, in henries. This parameter is visible only
when the Field type parameter on the Configuration tab is set to Wound.

Specify

For a permanent magnet DC machine, select the machine constant that you want to
specify for block parameterization. The values are Torque constant and Back-
emf constant. This parameter is visible only when the Field type parameter on
the Configuration tab is set to Permanent magnet.

Torque constant

The torque per current constant of the permanent magnet DC machine, in

N.m/A. This parameter is only visible when the Field type parameter on the
Configuration tab is set to Permanent magnet and the Specify parameter above
is set to Torque constant.

Back-emf constant

The voltage per speed constant of the permanent magnet DC machine, in V/rpm. This
parameter is only visible when the Field type parameter on the Configuration tab
is set to Permanent magnet and the Specify parameter above is set to Back-emf
constant.

Total inertia J
The total inertia of the DC machine, in kg.m?.
Viscous friction coefficient Bm
The total friction coefficient of the DC machine, in N.m.s.
Coulomb friction torque Tf
The total Coulomb friction torque constant of the DC machine, in N.m.
Initial speed

Specifies an initial speed for the DC machine, in rad/s, in order to start the
simulation with a specific initial speed. To start the simulation in steady state, the
initial value of the input torque signal T, must be proportional to the initial speed.

Advanced Tab

Sample time (-1 for inherited)



DC Machine

Specifies the sample time that the block uses. To inherit the sample time specified in
the Powergui block, set this parameter to -1.

Inputs and Outputs

TL

The block input is the mechanical load torque, in N.m.

w
The alternative block input (depending on the value of the Mechanical input
parameter) is the machine speed, in rad/s.
m
The output of the block is a vector containing measurement signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.
Name Definition Units
W Speed wm rad/s
1A Armature current ia A
iF Field current if A
Te Electrical torque Te N.m
Example

The power_dcmotor example illustrates the starting of a 5 HP 240 V DC machine with a
three-step resistance starter.

References

[1] Analysis of Electric Machinery, Krause et al., pp. 89-92.

See Also

Asynchronous Machine, Synchronous Machine
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DC Voltage Source

DC Voltage Source

Implement DC voltage source

Library

Fundamental Blocks/Electrical Sources

2L
:

Description

The DC Voltage Source block implements an ideal DC voltage source. The positive
terminal is represented by a plus sign on one port. You can modify the voltage at any

time during the simulation.

Dialog Box and Parameters

DC Voltage Source (mask)

Ideal DC voltage source.

Parameters

"4 Block Parameters: DC Voltage Source @

Amplitude (V):
100
Measurements |None w7
[ 0K ] | Cancel | | Help Apply
Amplitude

The amplitude of the source, in volts (V).

1-151



1 Blocks — Alphabetical List

Measurements

Select Vol tage to measure the voltage across the terminals of the DC Voltage Source
block.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block,
the measurement is identified by a label followed by the block name:

Measurement Label
Voltage Usrc:
Example

The power_dcvoltage example illustrates the simulation of the transient response of a
first-order RC circuit.

Continuous

pOWergui

o B af

e | =
10 Ohms —
Bresker Vo
002 sec

ﬂ_|_— 100 W 50 uF s

0

e s

1
L
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See Also

AC Voltage Source, Controlled Voltage Source

Introduced before R2006a
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DC1A Excitation System

Implements IEEE type DC1A excitation system model

Library

Fundamental Blocks/Machines/Excitation Systems (sps_avr)

M DC1a Efd

stat

Description

This block models a field controlled de-commutator exciter with continuously acting
voltage regulator. It uses self-excited shunt fields with a voltage regulator operating in a
buck-boost mode. You can use this model to represent other types of excitation systems
when detailed data is not available or when a simplified model is required [1].

This block is an adaptation of the DC1A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.



DC1A Excitation System

Dialog Box and Parameters

-

g

"4 Function Block Parameters: DC1A Excitation System @

DC1A Excitation System (mask)

Implements a synchronous machine voltage requlator and exciter
based on the IEEE type DC1A excitation system model. The output is
the field voltage to apply to the Vf input of a Synchronous Machine

block. Inputs and output are in p.u.

Controllers Exciter and Rectifier | Initial Values

Low-pass filter time constant Tr(s):

Voltage regulator gain and time constant [Ka Ta(s)]:

[46 0.06]
Voltage regulator output limits [VRmin{pu} VRmax(pu)]:

[-0.9 1.0]

Damping filter gain and time constant [Kf Tf(s)]:

[0.05 1.5]

Transient gain reduction lead and lag time constants [Th{s) Tc(s)]:

[0 0]

Ok ][ Cancel H Help Apply

“Controllers Tab” on page 1-156
“Exciter and Rectifier Tab” on page 1-156
“Initial Values Tab” on page 1-157
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Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal
voltage transducer.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator.

Voltage regulator output limits
The voltage regulator output limits VRmin and VRmax, in p.u.
Damping filter gain and time constant

The gain Kf and time constant Tf of the first-order system representing the
derivative feedback.

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator.

Exciter and Rectifier Tab

Exciter gain and time constant
The gain Ke and time constant Te of the first-order system representing the exciter.
Field voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u., on the air-gap line and constant resistance load saturation curve, and
providing the corresponding two saturation multipliers SeEfd1l and SeEfd2.

Typically, the voltage Efd1 is a value near the expected exciter maximum output
voltage. The Efd2 value is about 75% of Efd1.

Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation.
The saturation function is determined by specifying two voltage points, Efd1 and



DC1A Excitation System

Efd2 in p.u., on the air-gap line and Constant Resistance Load saturation curve and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2.

SeEfd1 and SeEfd2 multipliers are equal to A-B / B, A is the value of exciter field
current on the Constant Resistance Load saturation curve corresponding to the
selected Efd voltage, and B the value of exciter field current on the air-gap line
corresponding to the selected Efd voltage [1].

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0O and Efd0 values can be determined
using the Powergui Load Flow tool.

Sample time

Specify a value greater than zero to discretize the block at the given sample time.
Set to -1 to inherit the simulation type and sample time parameters of the Powergui
block.

Ports

Vref
The reference value of the stator terminal voltage, in p.u.
Vt

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the VF input of the controlled Synchronous Machine
block. The output is in p.u.
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Example

The power_machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the

Synchronous Machine block. This configurable block refers to the power_machines_lib
example library that contains seven pretuned excitation system blocks that fit simulation

requirements for this example.

Right-click the EXCITATION configurable block, then select DC1A from the Block
Choice menu to control the Synchronous Machine block using the DC1A Excitation

System block.
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Before running this example you need to perform a Load Flow that

initialzes the model to start from steady-state.
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[1] “TIEEE Recommended Practice for Excitation System Models for Power System
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Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).



DC1A Excitation System

Introduced before R2006a
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DC2A Excitation System

Implements IEEE type DC2A excitation system model

Library

Fundamental Blocks/Machines/Excitation Systems (sps_avr)

o Doza Efd

stat

Description

This block models a field controlled de-commutator exciter with continuously acting
voltage regulators supplied from the generator or auxiliaries bus voltage. The voltage
regulator output limits are proportional to terminal voltage Vt.

This block is an adaptation of the DC2A excitation system of the IEEE 421 standard,
copyright IEEE 2005, all rights reserved.



DC2A Excitation System

Dialog Box and Parameters

-

g

& Function Block Parameters: DC2A Excitation System @

DC2A Excitation System (mask)

Implements a synchronous machine voltage requlator and exciter
based on the IEEE type DC24 excitation system model. The output is
the field voltage to apply to the Vf input of a Synchronous Machine

block. Inputs and output are in p.u.

Controllers Exciter and Rectifier | Initial Values

Low-pass filter time constant Tr(s):

Voltage regulator gain and time constant [Ka Ta(s)]:

[46 0.06]
Voltage regulator output limits [VRmin{pu} VRmax(pu)]:

[-4.9 4.95]

Damping filter gain and time constant [Kf Tf(s)]:

[0.05 1.5]

Transient gain reduction lead and lag time constants [Th{s) Tc(s)]:

[0 0]

Ok ][ Cancel H Help Apply

“Controllers Tab” on page 1-162
“Exciter and Rectifier Tab” on page 1-162
“Initial Values Tab” on page 1-163
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Controllers Tab

Low-pass filter time constant

The time constant Tr of the first-order system representing the stator terminal
voltage transducer.

Voltage regulator gain and time constant

The gain Ka and time constant Ta of the first-order system representing the main
regulator.

Voltage regulator output limits
The voltage regulator output limits VRmin and VRmax, in p.u.
Damping filter gain and time constant

The gain Kf and time constant Tf of the first-order system representing the
derivative feedback.

Transient gain reduction lead and lag time constants

The time constants Th and Tc of the first-order system representing the lead-lag
compensator.

Exciter and Rectifier Tab

Exciter gain and time constant
The gain Ke and time constant Te of the first-order system representing the exciter.
Field voltage values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation
[1]. The saturation function is determined by specifying two voltage points, Efd1 and
Efd2 in p.u, on the air-gap line and Constant Resistance Load Saturation curve, and

providing the corresponding two saturation multipliers SeEfd1 and SeEfd2

Typically, the voltage Efd1 is a value near the expected exciter maximum output
voltage. The Efd2 value is about 75% of Efd1.

Exciter saturation function values

The exciter saturation function is defined as a multiplier of exciter alternator output
voltage to represent the increase in exciter excitation requirements due to saturation.
The saturation function is determined by specifying two voltage points, Efd1 and
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Efd2 in p.u., on the air-gap line and Constant Resistance Load saturation curve, and
providing the corresponding two saturation multipliers SeEfd1 and SeEfd2.

SeEfd1 and SeEfd2 multipliers are equal to A-B / B, A is the value of exciter field
current on the Constant Resistance Load saturation curve corresponding to the
selected Efd voltage, and B the value of exciter field current on the air-gap line
corresponding to the selected Efd voltage [1].

If you do not want to model the saturation effect, set SeVel and SeVe2 values to zero.

Initial Values Tab

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 and field voltage Efd0, both in p.u. Initial
terminal voltage is normally set to 1 pu. The Vt0O and Efd0 values can be determined
using the Powergui Load Flow tool..

Sample time

Specify a value greater than zero to discretize the block at the given sample time.
Set to -1 to inherit the simulation type and sample time parameters of the Powergui
block.

Ports

Vref
The reference value of the stator terminal voltage, in p.u.
Vt

The measured value in p.u. of the stator terminal voltage of the controlled
Synchronous Machine block.

Vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations. When you do not use this option, connect to a Simulink
ground block. The input is in p.u.

Efd

The field voltage to apply to the VF input of the controlled Synchronous Machine
block. The output is in p.u.
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Example

The power_machines example contains a Configurable Subsystem block that allows you
to select between seven types of excitation systems to control the terminal voltage of the
Synchronous Machine block. This configurable block refers to the power_machines_lib
example library that contains seven pretuned excitation system blocks that fit simulation
requirements for this example.

Right-click the EXCITATION configurable block, then select DC2A from the Block
Choice menu to control the Synchronous Machine block using the DC2A Excitation
System block.
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Caontnuous N
Ideal Switch Emergency Diesel-Generator and Asynchronous Motor
Mo Snubber Before running this example you need to perform a Load Flow that
povergui initializes the model to start from steady-state.

[1] “IEEE Recommended Practice for Excitation System Models for Power System
Stability Studies.” IEEE Standard, Vol. 421, No. 5, 2005 (Revision of IEEE
521.5-1992).
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Introduced before R2006a
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Diode

Implement diode model

Library

Fundamental Blocks/Power Electronics

m

)

Description

The diode is a semiconductor device that is controlled by its own voltage Vak and
current Iak. When a diode is forward biased (Vak > 0), it starts to conduct with
a small forward voltage VT across it. It turns off when the current flow into the
device becomes 0. When the diode is reverse biased (Vak < 0), it stays in the off

lak
+ 1I"'IrElJG. -
slope = 1/Ren
Ao—)—[:)l—c]{
lak
anode cathode
| = Vak
state. Vi

The Diode block is simulated by a resistor, an inductor, and a DC voltage source
connected in series with a switch. The switch operation is controlled by the voltage Vak
and the current Iak.

Vi

Ran Lo
AD—W{__G K

Diode [ Vak

Logic |¢ gk
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The Diode block also contains a series Rs-Cs snubber circuit that can be connected in

parallel with the diode device (between nodes A and K).

Dialog Box and Parameters

Diode (mask)

Implements a diode in parallel with a series RC snubber circuit.

In on-state the Diode model has an internal resistance (Ron) and
inductance (Lon).

For most applications the internal inductance should be set to zero.
The Diode impedance is infinite in off-state mode.

Parameters

Resistance Ron (Ohms) :

"4 Block Parameters: Diode @

0.001

Inductance Lon (H) :
0

Forward voltage Vf (V) :

0.8

Initial current Ic (A) :

0

Snubber resistance Rs (Ohms) :
500

Snubber capacitance Cs (F) :

250e-9

¥| Show measurement port

[ 0K ]| Cancel || Help Apply

Resistance Ron

The diode internal resistance Ron, in ohms (). The Resistance Ron parameter

cannot be set to O when the Inductance Lon parameter is set to O.

Inductance Lon

The diode internal inductance Lon, in henries (H). The Inductance Lon parameter

cannot be set to O when the Resistance Ron parameter is set to O.
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Forward voltage Vf
The forward voltage of the diode device, in volts (V).
Initial current Ic

Specifies an initial current flowing in the diode device. It is usually set to O in order
to start the simulation with the diode device blocked. If the Initial Current IC
parameter is set to a value greater than 0, the steady-state calculation considers the
initial status of the diode as closed.

Initializing all states of a power electronic converter is a complex task. Therefore,
this option is useful only with simple circuits.

Snubber resistance Rs

The snubber resistance, in ohms (). Set the Snubber resistance Rs parameter to
inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Set the Snubber capacitance Cs parameter
to O to eliminate the snubber, or to inf to get a resistive snubber.

Show measurement port

If selected, adds a Simulink output to the block returning the diode current and
voltage.

Inputs and Outputs

m

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink

library.

Signal Definition Units
1 Diode current A

2 Diode voltage \Y

Assumptions and Limitations

The Diode block implements a macro model of a diode device. It does not take into
account either the geometry of the device or the complex physical processes underlying
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the state change [1]. The leakage current in the blocking state and the reverse-recovery
(negative) current are not considered. In most circuits, the reverse current does not affect
converter or other device characteristics.

Depending on the value of the inductance Lon, the diode is modeled either as a current
source (Lon > 0) or as a variable topology circuit (Lon = 0). The Diode block cannot be
connected in series with an inductor, a current source, or an open circuit, unless its
snubber circuit is in use.

Use the powergui block to specify either continuous simulation or discretization of your
electrical circuit containing diodes. When using a continuous model, the ode23tb solver
with a relative tolerance of 1e-4 is recommended for best accuracy and simulation speed.

The inductance Lon is forced to 0 if you choose to discretize your circuit.

Example

The power_diode example illustrates a single pulse rectifier consisting of a Diode block,
an RL load, and an AC Voltage source block.

— L _i

Diode lload

L
—* R
>
. e L [ L
120v Vak "
E0Hz Demux Scope

- Continuaus i . -
Ideal Switch Single pulse rectifier
Mo Snubber

pPOWETgUi

Simulation produces the following results.
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[1] Rajagopalan, V., Computer-Aided Analysis of Power Electronic Systems, Marcel
Dekker, Inc., New York, 1987.

[2] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

Thyristor, Universal Bridge

Introduced before R2006a
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Discrete Shift Register

Implement serial-in, parallel-out shift register

Library

Control and Measurements/Additional Components

Mugky  Out [

Description

The Discrete Shift Register block outputs a vector containing the last N samples of the
input signal. When the input contains more than one signal, the block outputs the last N
samples of each signal in the following order:

Out = [ul(k), ul(k—1), ul(k—2), ul(k—3), u2(k), u2(k—1), u2(k—2), u2(k—3)]

This example shows the block output for an input containing two signals, represented

by ul and u2, and a number of samples N = 4, represented by the k to k—3 indices. The
dimension of the output vector is 4 X 2 = 8.
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Dialog Box and Parameters

"k Function Block Parameters: Discrete Shift Register @
Discrete Shift Register (mask)

Implements a discrete shift register (Serial input/ Parallel output).
The block accepts a vectorized input of Nsig signals.

The block output is a vector (dimension N*Nsig) containing the last N
samples of the Nsig input signals in the following order
[ui(k), ul{k1), ... ul(k(N-1)), w2({k), u2(k-1), ...]

The (N-1) samples preceding time zero are set to the value specified
in the "Initial inputs" parameter.

Parameters
Number of samples N:

32

Initial inputs:
0
Sample time:

50e-6

[ 0K ]| Cancel || Help Apply

Number of samples N
Specify the number of samples, or stages, of the register. The minimum value is 1.
Initial inputs

Specify the initial value of the N-1 samples preceding time 0. Enter a scalar value or
a vector of the same size as the input signal.

Sample time

Specify the time interval between the samples.

Characteristics

Direct Feedthrough Yes
Sample Time Discrete
Dimensionalized Yes
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Scalar Expansion

Yes, of the parameter Initial inputs

Zero-Crossing Detection

No

Example

The power_DiscreteShiftRegister example shows various uses of the Discrete Shift

Register block.

Introduced in R2013a
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Discrete System

Discretize state-space model of circuit

Library

powerlib

Description

Note This block is now obsolete. Use the Powergui block to replace this block.

See Also

powerguil
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Discrete Variable Time Delay

Delay signal by variable time value

Library

Control and Measurements/Additional Components

S N
=)

Ot [

Description

The Discrete Variable Time Delay block delays the input signal by the value specified in
the D input. At each simulation time step, the Discrete Variable Time Delay block saves
the time and the input value in an internal buffer and outputs the previous input value

determined by the delay input.

When the delay input is not an integer of the time step, the Discrete Variable Time

Delay block performs linear interpolation. When the Direct feedthrough parameter is
selected, the delay can be less than the simulation time step.
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Dialog Box and Parameters

"4 Function Block Parameters: Discrete Variable Time Delay @
Discrete Variable Time Delay (mask)

Apply delays (D) to the input signals (In). The block accepts a
vectorized input of N signals and N delays. When the delays are not
integer values of the sample time, the block interpolates.

The initial conditions (n x M) array represents the previous input values
of the N input signals:

[In(-n*Ts); In(-(n-1)*Ts); ...; In(-2*Ts); In(-Ts)]
where:

N = size of the input signals vector

n = required number of previous input values (n = ceil{max(D/Ts))
att = 0)

When the Direct feedthrough parameter is not selected, and the time
delays are lower than the sample time, the block extrapolates the
inputs.

Parameters

Maximum delay (s):

1

Initial conditions:

0

Sample time:
50e-6

| Direct feedthrough

[ 0K ]| Cancel || Help Apply

Maximum delay (s)

Specify the expected maximum delay of the D input delay, in seconds. The
Maximum delay parameter determines the input buffer size. When the maximum
delay is exceeded, the delay is clipped to the maximum delay value.

Initial conditions

Specify the initial conditions of the signal. The block outputs the specified values
until the first delayed sample of signal is out.

Set to 0 to implement null initial output, or specify the N previous input values of
signal to start from steady-state. The required number of input values is N = ceil(D1/
Ts) where D1 is the value of the delay at t = 0, and T's the sample time value. The
figure shows the details of the initial conditions.



Discrete Variable Time Delay

\ Delayed dignal !

/.

N previous [ /.
input values

7|
i
i

= ‘:\ Steady-state initial

K /.| output .

Nullinitial-
output

Suppose, for example, that the signal is a 60 Hz sine wave, the initial delay is set to
D1 = 10*Ts by the D input of the block, and the sample time is equal to 50e-6 s. The
N previous input values of the signal are determined as follows:

N ceil(10*Ts)/Ts; % N=10
t [-N*Ts:Ts:-1*Ts]; % time vector of the N previous inputs
S _init = sin(2*pi*60*t); % The N previous input values of signal

Sample time
Specify the time interval between the samples.
Direct feedthrough

When this check box is selected, the block can handle a delay less than the
simulation time step. Otherwise the block extrapolates the input values.

Inputs and Outputs

In

The signal. The input can be a scalar signal or a vector of signals. The dimension of
the In and D inputs must be the same.
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The value of the delay to apply to the signal. The input can be a scalar delay signal or
a vector of delay signals. The dimensions of the In and D inputs must be the same.

Out
Returns the delayed signal.

Characteristics

Direct Feedthrough Yes

Sample Time Discrete

Scalar Expansion Yes, of input D and of the Initial conditions
parameter

Dimensionalized Yes

Zero-Crossing Detection No

Example

The power_DiscreteVariableTimeDelay example shows various uses of the Discrete
Variable Time Delay block.

Introduced in R2013a
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Distributed Parameter Line

Implement N-phase distributed parameter transmission line model with lumped losses

Library

Fundamental Blocks/Elements

s —F—a
o————————}—n
I —

Description

The Distributed Parameter Line block implements an N-phase distributed parameter
line model with lumped losses. The model is based on the Bergeron's traveling wave
method used by the Electromagnetic Transient Program (EMTP) [1]. In this model, the
lossless distributed LC line is characterized by two values (for a single-phase line): the

surge impedance Z, =+/l/c and the wave propagation speed v =1/ Jic . 1 and ¢ are the

per-unit length inductance and capacitance.

The figure shows the two-port model of a single-phase line.

is ir

Ss L Ly S

o Q

For a lossless line (r = 0), the quantity e + Z.i, where e is the line voltage at one end and i
is the line current entering the same end, must arrive unchanged at the other end after a
transport delay .
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d
T==
v

where d is the line length and v 1s the propagation speed.

The model equations for a lossless line are:

e, ()= Z,i (1) =e,(t —T)+ Z, i, (t—T)

e,()—Z,i,(t)=e,(t—1)+ 2, i (t-1)

knowing that
is(t) = esét) _Ish @)
ir(t) = erZ(t) _Irh(t)

In a lossless line, the two current sources I, and I,;, are computed as:

2
Lp(®)= et =0~ Iy (t=17)

2
I, ()= Z—ces(t 1) It -7)

When losses are taken into account, new equations for Iy, and I,;, are obtained by lumping
R/4 at both ends of the line and R/2 in the middle of the line:

R = total resistance =r X d
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The current sources I, and I,;, are then computed as follows:

I,()= [%J(%er(t —T)—hlrh(t—r)}{% J{lgh es(t—r)—hlsh(t—r)j

1,,(0)= (% j(%es(t —’L')—hIsh(t—T))+[%)(%er(t—f)—h I, —r)j

where

-
Z=Zr+—
€7y
Zo-"
h=—->4
Zo+—
€Ty

7 =dJle

r, [, ¢ are the per unit length parameters, and d is the line length. For a lossless line, r =
0,h=1,and Z=_Z..

For multiphase line models, modal transformation is used to convert line quantities from
phase values (line currents and voltages) into modal values independent of each other.

The previous calculations are made in the modal domain before being converted back to
phase values.

In comparison to the PI section line model, the distributed line represents wave
propagation phenomena and line end reflections with much better accuracy. See the
comparison between the two models in the Example section.
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Dialog Box and Parameters

"4 Block Parameters: Distributed Parameters Line @
Distributed Parameters Line (mask)
Implements a N-phases distributed parameter line model. The rlc
parameters are specified by [NxN] matrices.

To model a two-, three-, or a six-phase symmetrical line you can
either specify complete [MxN] matrices or simply enter sequence
parameters vectors: the positive and zero sequence parameters for a
two-phase or three-phase transposed ling, plus the mutual zero-
sequence for a six-phase transposed line (2 coupled 3-phase lines).

Parameters
Number of phases [ M ]:
3

Frequency used for rlc specification (Hz):

60

Resistance per unit length (Ohms/km) [ NxN matrix ] or [ r1 r0 rOm ]:
[0.01273 0.3864]

Inductance per unit length (H/km) [ MxN matrix ] or [ 11 10 10m ]:
[0.9337e-3 4.1264e-3]

Capacitance per unit length (F/km) [ MxM matrix ] or [ 1 ¢0 cOm ]:
[12.74e-9 7.751e-9]

Line length (km):

100

Measurements |None w7

[ 0K ]| Cancel || Help Apply

Number of phases N

Specifies the number of phases, N, of the model. The block icon dynamically changes
according to the number of phases that you specify. When you apply the parameters
or close the dialog box, the number of inputs and outputs is updated.

Frequency used for rlc specifications

Specifies the frequency used to compute the per unit length resistance r, inductance /,
and capacitance ¢ matrices of the line model.

Resistance per unit length

The resistance r per unit length, as an N-by-N matrix in ohms/km (Q/km).
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For a symmetrical line, you can either specify the N-by-N matrix or the sequence
parameters. For a two-phase or three-phase continuously transposed line, you can
enter the positive and zero-sequence resistances [rI r0]. For a symmetrical six-phase
line you can enter the sequence parameters plus the zero-sequence mutual resistance
[r1 rorom].

For asymmetrical lines, you must specify the complete N-by-N resistance matrix.
Inductance per unit length

The inductance [ per unit length, as an N-by-N matrix in henries/km (H/km).

For a symmetrical line, you can either specify the N-by-N matrix or the sequence
parameters. For a two-phase or three-phase continuously transposed line, you can
enter the positive and zero-sequence inductances [/I [0]. For a symmetrical six-
phase line, you can enter the sequence parameters plus the zero-sequence mutual
inductance [[1 10 I0m].

For asymmetrical lines, you must specify the complete N-by-N inductance matrix.
Capacitance per unit length

The capacitance ¢ per unit length, as an N-by-N matrix in farads/km (F/km).

For a symmetrical line, you can either specify the N-by-N matrix or the sequence
parameters. For a two-phase or three-phase continuously transposed line, you can
enter the positive and zero-sequence capacitances [cI c0]. For a symmetrical six-
phase line you can enter the sequence parameters plus the zero-sequence mutual
capacitance [cI c0 cOm].

For asymmetrical lines, you must specify the complete N-by-N capacitance matrix.

Note The powergui block provides a graphical tool for the calculation of the
resistance, inductance, and capacitance per unit length based on the line geometry
and the conductor characteristics.

Line length
The line length, in km.
Measurements

Select Phase-to-ground voltages to measure the sending end and receiving end
voltages for each phase of the line model.
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Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the measurement
is identified by a label followed by the block name:

Measurement Label

Phase-to-ground voltages, sending end Us phl gnd:, Us ph2 gnd:,
Us_ph3 gnd:, etc.

Phase-to-ground voltages, receiving end Ur_phl gnd:, Ur_ph2 gnd:,
Ur_ph3 gnd:, etc.

Limitations

This model does not represent accurately the frequency dependence of RLC parameters
of real power lines. Indeed, because of the skin effects in the conductors and ground, the
R and L matrices exhibit strong frequency dependence, causing an attenuation of the
high frequencies.

Example

The power_monophaseline example illustrates a 200 km line connected on a 1 kV, 60
Hz infinite source. The line is de-energized and then reenergized after 2 cycles. The
simulation is performed simultaneously with the Distributed Parameter Line block and
with the PI Section Line block.
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The receiving end voltage obtained with the Distributed Parameter Line block is
compared with the one obtained with the PI Section Line block (two sections).
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Open the Powergui. Click the Impedance vs Frequency Measurement button. A
new window appears, listing the two Impedance Measurement blocks connected to your
circuit. Set the parameters of Impedance vs Frequency Measurement to compute
impedance in the [0,2000] Hz frequency range, select the two measurements in the list,
then click the Update button.

<} Powergui Impedance Measurements. model: power_mono - |EI|5|
File Edit ‘iews Insert Tools Deskbop  Window  Help

Impedance Messurarent:

10

Range (Hz): ID:Q:QDDD

H H h {* Logarithmic Impedance
500 1000 1500 2000 i~ Linear Impedance
Fregquency (Hz)

Impedance {ohrms)

10
1]

"~ Logarithmic Frequency
Phase (¥ Linear Frequency

100 T T

[ Grid

[~ Save data when updated
vorkspace variable name:

|ZData

Phase (deg)

Update |

500 1000 1500 2000
Frequency (Hz) Uosa |

The distributed parameter line shows a succession of poles and zeros equally spaced,
every 486 Hz. The first pole occurs at 243 Hz, corresponding to frequency f = 1/(4 * T),
where

T = traveling time = [Jlc = 1.028 ms

The PI section line only shows two poles because it consists of two PI sections. Impedance
comparison shows that a two-section PI line gives a good approximation of the
distributed line for the 0 to 350 Hz frequency range.



Distributed Parameter Line

References

[1] Dommel, H., “Digital Computer Solution of Electromagnetic Transients in Single and
Multiple Networks,” IEEE Transactions on Power Apparatus and Systems, Vol.
PAS-88, No. 4, April, 1969.

See Also

PI Section Line

Introduced before R2006a
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dq0_to_abc Transformation

Perform Park transformation from dq0 reference frame to abc reference frame

Library

powerlib_extras/Measurements, powerlib_extras/Discrete Measurements

Note: The Transformations section of the Control and Measurements library contains the
dqO to abc to block. This is an improved version of the dq0_to_abc Transformation block.
The new block features a mechanism that eliminates duplicate continuous and discrete
versions of the same block by basing the block configuration on the simulation mode. If
your legacy models contain the dq0_to_abc Transformation block, they will continue to
work. However, for best performance, use the dq0 to abc block in your new models.

Description

dqul

abc [
zin_cos

The dq0_to_abc Transformation block performs the reverse of the so-called Park
transformation, which is commonly used in three-phase electric machine models. It
transforms three quantities (direct axis, quadratic axis, and zero-sequence components)
expressed in a two-axis reference frame back to phase quantities. The following
transformation is used:

Vo = Vg sin(wt) +V, cos(wt) + Vy
Vi = Vg sin(wt —27n /3)+V, cos(wt - 21 /3)+ V
V. = Vg sin(ot + 21t / 3) +V, cos(at + 21/ 3)+ V),

where @ = rotation speed (rad/s) of the rotating frame.
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The transformation is the same for the case of a three-phase current; you simply replace
the Vg, Vi, Vi, Vg, V,, and V, variables with the I, I, I, I4, I, and I, variables.

The dq0_to_abc Transformation block is used in the model of the Synchronous Machine
block where the stator quantities are referred to the rotor. The Park transformation then
eliminates time-varying inductances by referring the stator and rotor quantities to a
fixed or rotating reference frame. The I4 and I, currents represent the two DC currents
flowing in the two equivalent rotor windings (d winding on the same axis as the field
winding, and q winding in quadratic) producing the same flux as the stator I,, I, and I,
currents.

Dialog Box and Parameters

" Function Block Parameters: dg0_to_abc Transformation @
dq0 to abc Transformation (mask)

Perform a Park transformation from the dq0 reference frame to the
abc reference frame.

NOTE:
The Transformation section of the Control and Measurements library
of powerlib contains an improved version of the block.

OK ]| Cancel || Help Apply

Inputs and Outputs

dqo

Connect to the first input a vectorized signal containing the sequence components [d
q 0] to be converted.

sin_cos

Connect to the second input a vectorized signal containing the [sin(wt) cos(wt)] values,
where o is the rotation speed of the reference frame.

abc

The output is a vectorized signal containing the three-phase sinusoidal quantities
[phase A phase B phase C], in the same units as the dqO input signal.
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Example

See the example of the abc_to_dq0 Transformation block for an example using the dq0 to
abc block (the improved version of the dq0_to_abc Transformation block).

References

[1] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 1994, p.135.

See Also
abc to dq0, dq0 to abe | abc_to_dq0 Transformation
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DTC Induction Motor Drive

Implement direct torque and flux control (DTC) induction motor drive model

Library

Electric Drives/AC drives

b s hdatar [k
}Tm
Con, [F
oA,
Ctrl b
olB AL
alc W'm [

Description

The high-level schematic shown below is built from six main blocks. The induction motor,
the three-phase inverter, and the three-phase diode rectifier models are provided with
the SimPowerSystems library. More details on these three blocks are available in the
reference sections of each block. The speed controller, the braking chopper, and the DTC
controller models are specific to the drive library.

Note In SimPowerSystems software, the DTC Induction Motor Drive block is commonly
called the AC4 motor drive.
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High-Level Schematic

Three-phase
diode rectifier

o—

Three-phase
inverter

B

o—

Braking
chopper

Induction

motor

Speed
reference

Speed
controller|e

=
DTC [*

» unit |e

3

Simulink Schematic

Rad2Rpm

Speed Cortroller
N Flux*

S

SP

Three-phase
diode rectifier

b4

Speed
sensor

Multiple output bises
Cutput bus selection

B Cony_in  Motor [— ("1 )

Mator

»Ctiin  Conv [—w( 2 )

Conv.

Braking chopper

DTC
Torgue" -
MagC
@ Fhoc (]
V_abe —
Gate:

C:>_”“ N
e

- |V L-

-y
= I:

Three-phase
inverter

Messires Induction
= = Rate Transtion  mschine
- Ty — @ —+FT—+m

Mta &
e Mo
V_Com Mo
- [

m

>é‘m,in Gl —»(_3 )

Crl

N ()
I <Rotor speed {wmj>



DTC Induction Motor Drive

Speed Controller

The speed controller is based on a PI regulator, shown below. The output of this regulator
1s a torque set point applied to the DTC controller block.

Flux function

Flux*
[
Torque limiter
N* , , Torque*
Speed Integral ~ Limited
ramps gain integrator

N
e
First-order Proportional

low-pass gain
filter

DTFC Controller

The Direct Torque and Flux Control (DTFC) controller contains five main blocks, shown
below. These blocks are described below.
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The Torque & Flux calculator block is used to estimate the motor flux aB components and
the electromagnetic torque. This calculator is based on motor equation synthesis.

The aB vector block is used to find the sector of the aB plane in which the flux vector lies.
The aB plane is divided into six different sectors spaced by 60 degrees.

The Flux & Torque Hysteresis blocks contain a two-level hysteresis comparator for flux
control and a three-level hysteresis comparator for the torque control. The description of
the hysteresis comparators is available below.

The Switching table block contains two lookup tables that select a specific voltage vector
in accordance with the output of the Flux & Torque Hysteresis comparators. This block

also produces the initial flux in the machine.

The Switching control block is used to limit the inverter commutation frequency to a
maximum value specified by the user.

Braking Chopper

The braking chopper block contains the DC bus capacitor and the dynamic braking
chopper, which is used to absorb the energy produced by a motor deceleration.
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Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
In order to simulate a digital controller device, the control system has two different
sampling times:

* The speed controller sampling time

* The D.T.C. controller sampling time

The speed controller sampling time has to be a multiple of the D.T.C. sampling time. The
latter sampling time has to be a multiple of the simulation time step.

Dialog Box

). DTC Induction Motor Drive =lolx|

DTC Induction Motor Drive

The AC motor parameters are specified in the AC Machine tab.The braking chopper, the diode rectifier and the
inverter switches parameters are specified in the Converter and DC bus tab. DTFC and speed controller
parameters are specified in the Controller Tab.

Asynchronous Machine | Converters and DC bus I Controller

r Electrical parameters. r Mechanical parameters

Reference frame: IStatiunary - l ~ Rotor values ——————
Discretization method: IFurward Euler Vl Inertia (kg*m"2):

 Nominal values

1

Friction (N-m-s

Power (WA} Voltage (Vrms): Frequency (Hz):
149.2e3 Jas0 Je0

=
=
@

Pole pairs:

 Equivalent circuit values

|

Resistance Leakage Mutual
{ohm): inductance (H}: inductance (H}:
Stator: |14.85e-3 0.3027e-3 10.46e-3 - Initial values
Rotor:  |9.295e-3 0.3027e-3 )
Slip:
r Initial currents |1

Fhaze A: Phase B: Phase C: Ty
Magnitude (A): |0 0 0 lungﬂ
Phase (deg): o o o

Outpus bus mode: Ir.‘ultiple output buses ¥ l Mechanical input: ITurque Tm i l

Parameters file options:

Load | Save |

|

OK Cancel Help |

g
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+  “Asynchronous Machine Tab” on page 1-196
+ “Converters and DC Bus Tab” on page 1-196
* “Controller Tab” on page 1-197

Asynchronous Machine Tab

The Aynchronous Machine tab displays the parameters of the Aynchronous Machine
block of the Fundamental Blocks (powerlib) library.

Output bus mode

Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Mechanical input

Select between the load torque, the motor speed, and the mechanical rotational port
as mechanical input. If you select and apply a load torque, the output is the motor
speed according to the following differential equation that describes the mechanical
system dynamics:

d
T, =J$mr+F0)r+Tm

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Converters and DC Bus Tab

Rectifier Section
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The rectifier section of the Converters and DC Bus tab displays the parameters of the
rectifier block of the Fundamental Blocks (powerlib) library. Refer to the Universal
Bridge for more information on the rectifier parameters.

Inverter Section

The inverter section of the Converters and DC Bus tab displays the parameters of the
Inverter block of the Fundamental Blocks (powerlib) library. Refer to the Universal
Bridge for more information on the inverter parameters.

DC-Bus Capacitance
The DC bus capacitance (F).
Braking Chopper section: Resistance

The braking chopper resistance used to avoid bus over-voltage during motor
deceleration or when the load torque tends to accelerate the motor (£2).

Braking Chopper section: Frequency
The braking chopper frequency (Hz).
Braking Chopper section: Activation Voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band. The following figure illustrates the braking chopper hysteresis logic.

Braking Chopper section: Shutdown Voltage
The dynamic braking is shut down when the bus voltage reaches the lower limit of
the hysteresis band. The Chopper hysteresis logic is shown below:

A Normal operation

bus voltage
ON A <
— = - +—
&3 £z |ES
@ s g TR
5o V82 Tz
S Eh
OFF Bus vol
> pBus vo tage
Controller Tab

Regulation type

This parameter allows you to choose between speed and torque regulation.
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Schematic

When you press this button, a diagram illustrating the speed and current controllers
schematics appears.

Speed Controller section

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step.

Speed Ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter is
used in speed regulation mode only.

Speed Ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only.

PI Regulator — Proportional Gain

The speed controller proportional gain. This parameter is used in speed regulation
mode only.

PI Regulator — Integral Gain

The speed controller integral gain. This parameter is used in speed regulation mode
only.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m).

Torque output limits — Positive

The maximum positive demanded torque applied to the motor by the current
controller (N.m).

DTC Controller Section

Maximum switching frequency
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The maximum inverter switching frequency (Hz).
Initial machine flux
The desired initial stator flux established before the DTC drive module begins to

produce an electromagnetic torque. This flux is produced by applying a constant
voltage vector at the motor terminals (Wb).

DTC sampling time
The DTC controller sampling time (s). The sampling time must be a multiple of the
simulation time step.

Hysteresis bandwidth — Torque
The torque hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the torque set point (N.m). The following figure illustrates a

case where the torque set point is Te" and the torque hysteresis bandwidth is set to
dTe.

o Tors AT
dTe 2
dTe 2
Te*
, dTe
Te*- b

Hysteresis bandwidth — Flux

The stator flux hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the flux set point (Wb). The following figure illustrates a case

where the flux set point is ¢" and the torque hysteresis bandwidth is set to dy.
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Note This bandwidth can be exceeded because a fixed-step simulation is used. A rate
transition block is needed to transfer data between different sampling rates. This block
causes a delay in the gate signals, so the current may exceed the hysteresis band.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A, B, C
The three phase terminals of the motor drive.
Wm, Te or S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or

mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:
Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv

The three-phase converters measurement vector. This vector contains:

* The DC bus voltage
+ The rectifier output current
* The inverter input current

Note that all current and voltage values of the bridges can be visualized with the
Multimeter block.
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ctrl

The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 3 hp and a 200 hp drive parameter set. The specifications of these
two drives are shown in the following table.

Drive Specifications

3 HP Drive 200 HP Drive

Drive Input Voltage

Amplitude 220V 460 V

Frequency 60 Hz 60 Hz
Motor Nominal Values

Power 3 hp 200 hp

Speed 1705 rpm 1785 rpm

Voltage 220V 460 V

Example

The ac4_example example illustrates the simulation of an AC4 motor drive with
standard load condition.

1-201



1 Blocks — Alphabetical List

1-202
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Scope

At time t = 0 s, the speed set point is 500 rpm. As shown in the following figure, the speed
precisely follows the acceleration ramp. At t = 0.5 s, the nominal load torque is applied

to the motor. At t = 1 s, the speed set point is changed to 0 rpm. The speed decreases to 0
rpm. At t = 1.5 s., the mechanical load passes from 792 N.m to =792 N.m.
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Introduced in R2006a
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Edge Detector

Detect change in logical signal state

Library

Control and Measurements/Logic

A 4 p

Description

The Edge Detector block outputs a needle impulse when a change in the logical input is
detected.

The Edge Detector block can be programmed to detect a rising edge (when the input goes

from false to true), a falling edge (when the input goes from true to false), or either edge
(any change in input is detected).
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Dialog Box and Parameters

“& Function Block Parameters: Edge Detector @
Edge Detector (mask)

Compare present input value (Boolean 1/0) to previous value to
detect a change (signal edge).

The output is a needle impulse (boolean 1) signal when the specified
edge type (Rising, Falling, or Either) is detected.

Parameters

Edge detection: |Rising -

Initial condition of previous input:
0

Sample time (-1 for inherited):

0

[ 0K ]| Cancel || Help Apply

Edge detction
Select the detection criteria triggering the output impulse.
Initial condition of previous input

Specify the initial value of the previous input. The Edge Detector block can detect an
edge at t = 0 if the input is different from the specified value.

Sample time (-1 for inherited)

Specify the sample time of the block, in seconds. Set to O to implement a continuous
block.

Inputs and Outputs

The input signal must be a Boolean signal. The output is Boolean.

Characteristics

‘Direct Feedthrough Yes
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Sample Time Specified in the Sample Time parameter
Scalar Expansion Yes

Dimensionalized Yes

Zero-Crossing Detection Yes

Example

The power_Logic example shows the operation of the Edge Detector block.

The model sample time is parameterized with the variable Ts (default value Ts = 50e-3).
To simulate a continuous Edge Detector block, specify Ts = 0 in the MATLAB Command
Window.

Introduced in R2013a
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Excitation System

Provide excitation system for synchronous machine and regulate its terminal voltage in
generating mode

Library

Fundamental Blocks/Machines

‘e f

“Wietab

Description

The Excitation System block is a Simulink system implementing a DC exciter described
in [1], without the exciter's saturation function. The basic elements that form the
Excitation System block are the voltage regulator and the exciter.
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The exciter is represented by the following transfer function between the exciter voltage
Vfd and the regulator's output ef:
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Vie_ 1
ef Ke+sTe

Dialog Box and Parameters

“& Function Block Parameters: Excitation System @
Excitation System (mask)
Implements an IEEE type 1 synchronous machine voltage regulator

combined
to an exciter.

The output of the block is the field voltage vfd, in pu, to be applied to
the Vf
Simulink input of a Synchronous Machine block.

Connect the Vd and Vg measurements signals of the Synchronous
Machine block

(signals 9 and 10) to the Vd and Vq inputs of the Excitation System
block.

Parameters

Low-pass filter time constant Tr(s):

20e-3

Regulator gain and time constant [ Ka() Ta(s) 1:

[ 300, 0.001 ]

Exciter [ Ke() Te(s) I:

[1,0]

Transient gain reduction [ Th(s) Tc(s) 1:

[0,0]

Damping filter gain and time constant [ Kf() Tf(s) 1:
[0.001,0.1]

Regulator output limits and gain [ Efmin, Efmax (pu), Kp() 1:
[-11.5,11.5,0]

Initial values of terminal voltage and field voltage [ Vt0 (pu) Vfo(pu) ] :
[1.0 1.28]

[ 0K ]| Cancel || Help | Apply

Low-pass filter time constant

The time constant Tr, in seconds (s), of the first-order system that represents the
stator terminal voltage transducer.
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Regulator gain and time constant

The gain Ka and time constant Ta, in seconds (s), of the first-order system
representing the main regulator.

Exciter

The gain Ke and time constant Te, in seconds (s), of the first-order system
representing the exciter.

Transient gain reduction

The time constants Tb, in seconds (s), and T¢, in seconds (s), of the first-order system
representing a lead-lag compensator.

Damping filter gain and time constant

The gain Kf and time constant Tf, in seconds (s), of the first-order system
representing a derivative feedback.

Regulator output limits and gain

Limits Efmin and Efmax are imposed on the output of the voltage regulator. The
upper limit can be constant and equal to Efmax, or variable and equal to the rectified
stator terminal voltage Vtf times a proportional gain Kp. If Kp is set to 0, the former
applies. If Kp is set to a positive value, the latter applies.

Initial values of terminal voltage and field voltage

The initial values of terminal voltage Vt0 (pu) and field voltage V{0 (pu). When set
correctly, they allow you to start the simulation in steady state. Initial terminal
voltage should normally be set to 1 pu. Both Vt0 and V{0 values are automatically
updated by the load flow utility of the Powergui block.

Example

See the Hydraulic Turbine and Governor block.

Inputs and Outputs

vref

The desired value, in pu, of the stator terminal voltage.
vd

vq component, in pu, of the terminal voltage.
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vq
v, component, in pu, of the terminal voltage.
vstab

Connect this input to a power system stabilizer to provide additional stabilization of
power system oscillations.

VT
The field voltage, in pu, for the Synchronous Machine block.

References

[1] “Recommended Practice for Excitation System Models for Power System Stability
Studies,”IEEE Standard 421.5-1992, August, 1992.

See Also

Generic Power System Stabilizer, Hydraulic Turbine and Governor, Multiband Power
System Stabilizer, Steam Turbine and Governor, Synchronous Machine

Introduced before R2006a
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Field-Oriented Control Induction Motor Drive

Implement field-oriented control (FOC) induction motor drive model

Library

Electric Drives/AC drives

b s hdatar [k
}Tm
Con, [F
oA,
Ctrl b
olB ALC3
alc W'm [

Description

The high-level schematic shown below is built from six main blocks. The induction motor,
the three-phase inverter, and the three-phase diode rectifier models are from blocks
provided in the SimPowerSystems library. The speed controller, the braking chopper, and
the FOC models are from blocks provided in the Electric Drives library. It is possible to
use a simplified version of the drive containing an average-value model of the inverter
and allowing faster simulation.

Note In SimPowerSystems software, the Field-Oriented Control Induction Motor Drive
block is commonly called the AC3 motor drive.
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High-Level Schematic
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Speed Controller

The speed controller is based on a PI regulator, shown below. The outputs of this
regulator are set points for the torque and the flux applied to the FOC block.

Flux function
—\ Flux*
Torgue limiter
[N i— . Forque®
o BN SR [ F B
Speed Integral Limited
ramps gain  integrator
M
> L T
First order Proportional
low-pass gain
filter

Field Oriented Controller

The FOC block contains eleven main blocks. These blocks are described below in the
Indirect Vector Control Simulink Schematic.
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Magnetization

The w, calculation block is used to estimate the motor's rotor flux. This calculation is
based on motor equation synthesis.

The O, calculation block is used to find the phase angle of the rotor flux rotating field.

The abc-dq block performs the conversion of abc phase variables into dg components of
the rotor flux rotating field reference frame.

The dg-abc block performs the conversion of the dg component of the rotor flux rotating
field reference frame into abc phase variables.

The igs*calculation block uses the calculated rotor flux and the torque reference
to compute the stator current quadrature component required to produce the
electromagnetic torque on the motor's shaft.

The ids*calculation block uses the rotor flux reference to compute the stator current
direct component required to produce the rotor flux in the machine.
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The current regulator is a bang-bang current controller with adjustable hysteresis band
width.

The switching control block is used to limit the inverter commutation frequency to a
maximum value specified by the user.

The flux controller is used to control the flux dynamics and to reduce the steady-state
flux error.

The magnetization vector unit contains the vector used to create the motor initial flux.

The magnetization control unit contains the logic used to switch between the
magnetization and normal operation mode.

Braking Chopper

The braking chopper block contains the DC bus capacitor and the dynamic braking
chopper, which is used to absorb the energy produced by a motor deceleration.

Average-Value Inverter

The average-value inverter is shown in the following figure.
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It is composed of one controlled current source on the DC side and of two controlled
current sources and two controlled voltage sources on the AC side. The DC current source
allows the representation of the average DC bus current behavior following the next
equation:

Idc = Pout + Plosses) / ‘/iny

with P,,; being the output power and Py the losses in the power electronics devices and
Vin the DC bus voltage.

On the AC side, the current sources represent the average phase currents fed to

the motor. The regulation being fast, the current values are set equal to the current
references sent by the current regulator. A small current is injected to compensate the
current drawn by the three-phase load (needed because of the inverter current sources in
series with inductive motor).

During loss of current tracking due to insufficient inverter voltage, the currents are fed
by two controlled voltage sources. These voltage sources represent the square wave mode
and allow good representation of the phase currents during inverter saturation. Each
voltage source outputs either Vin or 0, depending on the values of the pulses (1 or 0) sent
by the current controller.

Remarks

The model is discrete. Good simulation results have been obtained with a 2 us time step.
To simulate a digital controller device, the control system has two different sampling
times:

* Speed controller sampling time

+ FOC sampling time

The speed controller sampling time has to be a multiple of the FOC sampling time. The
latter sampling time has to be a multiple of the simulation time step. The average-value
inverter allows the use of bigger simulation time steps since it does not generate small
time constants (due to the RC snubbers) inherent to the detailed converter. For an FOC
sampling time of 60 us, good simulation results have been obtained for a simulation time
step of 60 us. This time step can, of course, not be higher than the FOC time step.
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Dialog Box and Parameters

4\ Field-Oriented Control Induction Motor Drive EI =] @
Field-Oriented Control Induction Motor Drive
The AC motor parameters are specified in the AC Machine tab. The braking chopper, the diode rectifier and the
inverter switches parameters are specified in the Converter and DC bus tab. F.0.C. and speed controller
parameters are specified in the Controller Tab.
Asynchronous Machine Converters and DC bus Controller
r Electrical parameters r Mechanical parameters
Reference frame: Rotor Rotor values
Discretization method: Trapezoidal non iterative TEE LTS
0.089
Nominal values L
Power (WA} Voltage (Vrms): Frequency (Hz): Fndm? L=
2238 220 60 i
Equivalent circuit values Pole pairs:
Resistance Leakage Mutual -
{ohm): inductance (H): inductance (H):
Stator: | 0.435 2e-3 69.31e-3 Initial values
Rotor: | 0.816 2e-3
otor 2 Sip:
Initial currents. 1
Phase A: Phase B: Phase C: Py
Magnitude (A): 0 0 0 Ange (deg):
Phase (deg): 0 0 0 -
Output bus mode: | Multiple cutput buses Mechanical input: | Torgue Tm
Model detail level: | Detailed
Parameters file options.
OK | Cancel | | Help | Apply

+  “Asynchronous Machine Tab” on page 1-217
+ “Converters and DC Bus Tab” on page 1-218
* “Controller Tab” on page 1-220

Asynchronous Machine Tab

The Asynchronous Machine tab displays the parameters of the Asynchronous Machine
block of the Fundamental Blocks (powerlib) library.

Output bus mode
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Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Model detail level
Select between the detailed and the average-value inverter.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. If you select and apply a load torque, the output is the motor
speed according to the following differential equation that describes the mechanical
system dynamics:

d
T, :Jawr’LF“)r’LTm

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Converters and DC Bus Tab

Rectifier Section

The Rectifier section of the Converters and DC Bus tab displays the parameters of
the Universal Bridge block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the universal bridge parameters.

Inverter Section

The Inverter section of the Converters and DC Bus tab displays the parameters of
the Universal Bridge block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the universal bridge parameters.
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The average-value inverter uses the following parameters.

Source frequency
The frequency of the three-phase voltage source (Hz).
On-state resistance

The on-state resistance of the inverter switches (ohms).
DC Bus Field — Capacitance
The DC bus capacitance (F).

Braking Chopper section

Resistance

The braking chopper resistance used to avoid bus over-voltage during motor
deceleration or when the load torque tends to accelerate the motor (ohms).

Frequency
The braking chopper frequency (Hz).
Activation Voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of the
hysteresis band (V). The following figure illustrates the braking chopper hysteresis
logic.

Deactivation Voltage

The dynamic braking is shut down when the bus voltage reaches the lower limit of
the hysteresis band (V). The Chopper hysteresis logic is shown in the next figure.

A Normal operation

bus voltage
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Controller Tab

Regulation Type
This pop-up menu allows you to choose between speed and torque regulation.
Schematic Button

When you press this button, a diagram illustrating the speed and current controllers
schematics appears.

Speed Controller section

Speed cutoff frequency

The speed measurement first-order low-pass filter cutoff frequency (Hz). This
parameter is used in speed regulation mode only.

Speed controller sampling time

The speed controller sampling time (s). The sampling time must be a multiple of the
simulation time step.

Speed Ramps — Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). An
excessively large positive value can cause DC bus under-voltage. This parameter 1s
used in speed regulation mode only.

Speed Ramps — Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). An
excessively large negative value can cause DC bus overvoltage. This parameter is
used in speed regulation mode only.

PI Regulator — Proportional Gain

The speed controller proportional gain. This parameter is used in speed regulation
mode only.

PI Regulator — Integral Gain

The speed controller integral gain. This parameter is used in speed regulation mode
only.

Torque output limits — Negative

The maximum negative demanded torque applied to the motor by the current
controller (N.m).

Torque output limits — Positive

The maximum positive demanded torque applied to the motor by the current
controller (N.m).
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Field Oriented Control Section

Flux Controller — Proportional gain

The flux controller proportional gain.
Flux Controller — Integral gain

The flux controller integral gain.
Flux output limits — Positive

The flux controller maximum positive output (Wb).
Flux output limits — Negative

The flux controller maximum negative output (Wb).
Lowpass filter cutoff frequency

The flux estimation first-order filter cutoff frequency (Hz).
Sampling Time

The FOC controller sampling time (s). The sampling time must be a multiple of the
simulation time step.

Current controller hysteresis band

The current hysteresis bandwidth. This value is the total bandwidth distributed
symmetrically around the current set point Y. The following figure illustrates a case
where the current set point is Is‘and the current hysteresis bandwidth is set to dx.

This parameter is not used when using the average-value inverter.

. y 2
Is A 4
__________ Z___Y 2

Maximum Switching Frequency

The maximum inverter switching frequency (Hz). This parameter is not used when
using the average-value inverter.

Block Inputs and Outputs

SP
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The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A, B, C
The three phase terminals of the motor drive.

Wm, Te or S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:
Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv

The three-phase converters measurement vector. This vector contains:

*  The DC bus voltage
* The rectifier output current
* The inverter input current
Note that all current and voltage values of the bridges can be visualized with the
Multimeter block.
ctrl

The controller measurement vector. This vector contains:

* The torque reference
* The speed error (difference between the speed reference ramp and actual speed)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.
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Model Specifications

The library contains a 3 hp and a 200 hp drive parameter set. The specifications of these
two drives are shown in the following table.

3 HP and 200 HP Drive Specifications

Drive Input Voltage

Motor Nominal Values

Example

3 HP Drive
Amplitude 220V
Frequency 60 Hz
Power 3 hp
Speed 1705 rpm
Voltage 220V

200 HP Drive

460 V
60 Hz

200 hp
1785 rpm
460V

The ac3_example example illustrates an AC3 motor drive simulation with standard
load conditions for the detailed and average-value models.

Speed reference

—L

Load torque

L F—

Dizcrete,
Tz =2e-06 5.

hotor

@ o

Ctr
B AC3

im

i_a »

»|motor Stator current
speed »

| P— Rotor speed

Tem - >

Electromagnetic Torque

»{Cirl v_dc >

—1 DC busvoltage

, demux

Field-Criented Control
Induction Motor Drive

ACS3 - Field-Oriented Control Induction 200 HP Motor Drive

powergui

Scope
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At time t = 0 s, the speed set point is 500 rpm. As shown in the following figure, the speed
precisely follows the acceleration ramp. At t = 0.5 s, the nominal load torque is applied
to the motor. At t = 1 s, the speed set point is changed to 0 rpm. The speed decreases to
0 rpm. At t = 1.5 s, the mechanical load passes from 792 N.m to =792 N.m. Notice that
the results of the average-value model are similar to those of the detailed model except

that the higher frequency signal components are not represented with the average-value
converter.

AC3 Example Waveforms (Blue : Detailed Converter, Red : Average-Value Converter)

References
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Introduced in R2006a
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First-Order Filter

Implement first-order filter

Library

Control and Measurements/Filters

)‘\_>

Depending on the Filter type selected in the block menu, the First-Order Filter block
implements the following transfer function:

Description

Low-pass filter:

1

H =
(s) 1+Ts

High-pass filter:

Ts
1+Ts
s = Laplace operator

H(s) =

T = time constant

The key characteristics of the First-Order Filter block are:

+ Input accepts a vectorized input of N signals, thus implementing N filters. This
feature is particularly useful for designing controllers in three-phase systems (N = 3).
* You can initialize filter states for specified DC and AC inputs.

+ It enables you to compute and plot filter response.
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Dialog Box and Parameters

"4 Function Block Parameters: First-Order Filter @
First-Order Filter (mask)

Implement a first-order filter.

Filter type = Lowpass -> H(s) = 1/(1+T.s)
Filter type = Highpass -> H(s) = T.s/(1+T.5)

Parameters

Filter type: |L0wpass -

Time constant (s):

10e-3

Sample time:

0

| Initialize filter states

AC initial input [ Mag, Phase (degrees), Freq (Hz) ]:
[0, 0, 60]

DC initial input:

0

Plot filter response

[ 0K ]| Cancel || Help Apply

Filter type

Specify the type of filter: Lowpass or Highpass.

Time constant (s)

Specify the filter time constant, in seconds.

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous

block.

Initialize filter states

When this check box is selected, the filter states are initialized according to the AC

initial input and DC initial input parameters.
AC initial input: [ Mag, Phase (degrees), Freq (Hz) ]

Specify the magnitude of the initial AC component of the input signal, its phase, in

degrees, and its frequency, in hertz.
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When the input is vectorized (N signals), specify an N-by-3 matrix, where each row of
the matrix corresponds to a particular input.

The AC initial input parameter is visible only when the Initialize filter states
parameter is selected.
DC initial input

Specify the value of the initial DC component of the input signal. When the input
signal is vectorized, specify a 1-by-N vector, where each value corresponds to a
particular input.

The DC initial input parameter is visible only when the Initialize filter states
parameter is selected.

Plot filter response

When this check box is selected, the filter step response and its Bode diagram
(magnitude and phase of transfer function as a function of frequency) are plotted in a
figure.

Frequency range (Hz): [Start, End, Inc.]

The frequency range used for plotting the filter Bode diagram. Specify a vector
containing the starting frequency, the end frequency, and the incremental frequency,
in hertz.

The Frequency range parameter is visible only when the Plot filter response
parameter is selected.

Characteristics

Direct Feedthrough Yes

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

States One state per filter

Dimensionalized Yes




First-Order Filter

Example

The power_FirstOrderFilter example shows various uses of the First-Order Filter block
using two Filter type parameter settings (Lowpass and Highpass).

The model sample time is parameterized with variable Ts (default value T's = 50e-6). To
simulate continuous filters, specify Ts = 0 in the MATLAB Command Window before you

start.

Introduced in R2013a
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Five-Phase PM Synchronous Motor Drive

Implement five-phase permanent magnet synchronous motor vector control drive

Library

Electric Drives/AC drives

b s hdatar [k
}Tm
Con, [F
of A
Ctrl [y
olB ALCE
alc W'm [

Description

The Five-Phase PM Synchronous Motor Drive block implements an electric drive
controlling a five-phase permanent magnet synchronous motor with vector control
technique.

Note The Five-Phase PM Synchronous Motor Drive block is commonly called the AC8
motor drive.

High-Level Schematic

The high-level schematic is built from six main blocks. The five-phase PMSM motor,
the five-phase inverter, and the three-phase diode rectifier models are provided in
the SimPowerSystems library. The speed controller, the braking chopper, and the
vector controller models are specific to the drive library. You can alternatively use a
simplified version of the drive containing an average-value model of the inverter for
faster simulation.
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Three-phase
diode rectifier

Speed
reference

Speed Controller

Five-phase
inverter
Five-phase
I PMSM
| | Braking [
T I
chopper \
| I
I
1 | | ”
Vector [¢ | Position
controller[§ sensor
Speed f
« le
controller d/dt [«

The speed controller is based on a PI regulator. The output of this regulator is a torque
set point applied to the vector controller block.

Y b,
Speed
ramps

N | ~
—X

Ch,

First order
low-pass
filter

Vector Controller

Integral
gain

Torque

[F

Limited
integrator

Proportional
gain

The vector controller contains four main sections:

lirmiter
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The angle conversion section computes the electrical rotor angle from the mechanical
rotor angle. The dg-abcde section converts two dq current components in the rotor
reference frame into abcde phase variables. The current regulator section is a bang-bang
current controller with adjustable hysteresis bandwidth. The switching control section
limits the inverter commutation frequency to a maximum value you specify.

Braking Chopper

The braking chopper contains the DC bus capacitor and the dynamic braking chopper,
which is used to absorb the energy produced by the motor deceleration.

Average-Value Inverter

The average-value inverter is shown in the following figure.
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On the DC side of the inverter, a controlled current source represents the average DC

bus current behavior based on this equation:
Idc = Pout + Plosses) / ‘/Ln

Where

P,,; is the output power

P05 18 the losses in the power electronic devices,
V. 1s the DC bus voltage.

On the AC side, four controlled current sources represent the average phase currents
that fed the motor. Because the regulation is fast, the current values are set equal to the
current references of the current regulator. A small current is injected to compensate for
the current drawn by the five-phase resistive load connected in series with the motor.

During loss of current tracking, the currents are fed by four controlled voltage sources
that represent the square wave mode and allow good representation of the phase
currents during inverter saturation. Each voltage source outputs either Vin or 0,
depending on the values of the pulses sent by the current controller.
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Remarks

The control system has two different sampling times: the speed controller sampling time
and the vector controller sampling time.

The speed controller sampling time must be a multiple of the vector controller sampling
time and a multiple of the simulation time step. The average-value inverter model has
lower time constants, compared to the detailed converter model. Therefore, you can use
higher simulation time steps with this type of model. For a vector controller sampling
time of 30 ps, good simulation results have been obtained for a simulation time step of 30
us.

The simulation time step must be lower than the vector controller time step.

The stator currents 1d1*, 1q2*, and 1d2* are set to 0 inside the vector controller block
since only the iql current contributes to torque production.
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Dialog Box

=R Nl

4\ Five-Phase PM Synchronous Motor Drive

Five-Phase PM Synchronous Motor Drive
The PM synchronous motor parameters are specified in the PMSM tab. The braking chopper, the diode
rectifier and the inverter switches parameters are specified in the Converters and DC bus tab. Vector
controller and speed controller parameters are specified in the controller tab.

Controller

Permanent Magnet Synchronous Machine Converters and DC bus

r Electrical parameters r Mechanical parameters —
Rotor values
Back electromotive force: Sinusoidal -
Inertia (kg*m"2):
Equivalent circuit parameters e
Friction (N-m-s):
Resistance (ohm): 0.12 -
LLATES
Inductance (H): 1350e-6 Pole pairs:
Flux constant
Specify: | Flux linkage established by magnets (V.5 0.05 Tz IR
Speed (rad/s):
Initial currents. 0
Phase A (A). Phase B (A) PhaseC (A}  PhaseD [A) Angle (deg):

Output bus mode: | Multiple cutput buses Mechanical input: | Torgue Tm

Model detail level: | Detailed

Parameters file options.

+  “Permanent Magnet Synchronous Machine Tab” on page 1-235
+ “Converters and DC Bus Tab” on page 1-236
* “Controller Tab” on page 1-238

Permanent Magnet Synchronous Machine Tab

Electrical parameters, Mechanical parameters

The Electrical parameters and the Mechanical parameters sections display the
parameters of the Synchronous Machine block.
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Output bus mode

Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Model detail level
Select between Detai led and Average inverter models.
Mechanical input
Select between Torque Tm, Speed w, and the mechanical rotational port as

the mechanical input.

When you select Torque Tm, the block outputs the motor speed according to the
following differential equation, describing the mechanical system dynamics:

d
T, =Jamr+F(or+Tm

This mechanical system is modeled inside the Synchronous Machine block.

When you select Speed w as the mechanical input, the block outputs the
electromagnetic torque, allowing you to model the mechanical system dynamics
outside the Five-Phase PM Synchronous Motor Drive block. With this setting, the
inertia and viscous friction parameters do not appear in the mask of the block.

When you select mechanical rotational port, the block shows the connection
port S, which counts for the mechanical input and output. It allows a direct
connection to the Simscape environment. The mechanical system of the motor is
modeled inside the drive and is based on the same differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Converters and DC Bus Tab

Rectifier

The Rectifier section of the Converters and DC bus tab displays the parameters
of the Universal Bridge block.

Inverter
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The Inverter section of the Converters and DC bus tab displays the parameters
of the Universal Bridge block that is included in the Power Electronics library of the
Fundamental Blocks library.

DC bus - Capacitance
Specify the DC bus capacitance, in farads.
Source frequency

Specify the frequency of the voltage source, in hertz. The Source frequency
parameter is visible only when the Model detail level parameter is set to Average.

On-state resistance

Specify the on-state resistance of the inverter devices, in ohms. The On-state
resistance parameter is visible only when the Model detail level parameter is set
to Average.

Braking Chopper Section

Resistance

Specify the braking chopper resistance, in ohms. Use this resistance to avoid bus
overvoltage during motor deceleration or when the load torque tends to accelerate the
motor.

Chopper frequency
Specify the braking chopper frequency, in hertz.
Activation voltage

The dynamic braking is activated when the bus voltage reaches the upper limit of
the hysteresis band. The figure Chopper Hysteresis LogicChopper Hysteresis Logic
shows the braking chopper hysteresis logic.

Shutdown voltage

Specify the shutdown voltage, in volts. This value is the point at which the dynamic
braking shuts down when the bus voltage reaches the lower limit of the hysteresis
band. The chopper hysteresis logic is shown in the following figure.
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Controller Tab

Regulation type
Specify the type of regulation, Speed regulation or Torque regulation.
Schematic

Open a diagram showing the speed and vector controllers schematics.

Speed Controller Section

Acceleration

Specify the maximum acceleration allowed for the motor, in rpm/s. An excessively
large positive value can cause DC bus undervoltage. This parameter is used only in
speed regulation mode.

Deceleration

Specify the maximum change of speed allowed during motor deceleration, in rpm/s.
An excessively large negative value can cause DC bus overvoltage. This parameter is
used only in speed regulation mode.

Speed cutoff frequency

Specify the speed measurement first-order low-pass filter cutoff frequency, in hertz.
This parameter is used only in speed regulation mode.

Speed controller sampling time

Specify the speed controller sampling time, in seconds. The sampling time must be a
multiple of the simulation time step.
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Proportional gain

Specify the speed controller proportional gain. This parameter is used only in speed
regulation mode.

Integral gain

Specify the speed controller integral gain. This parameter is used only in speed
regulation mode.

Negative

Specify the maximum negative torque, in newton-meters, applied to the motor by the
vector controller (N.m).

Positive

Specify the maximum positive torque, in newton-meters, applied to the motor by the
vector controller.

Vector Controller Section

Sampling time

Specify the vector controller sampling time, in seconds. The sampling time must be a
multiple of the simulation time step.

Current controller hysteresis band

Specify the current hysteresis bandwidth, in amperes. This value is the total
bandwidth distributed symmetrically around the current set point. The following
figure shows a case where the current set point is Is* and the current hysteresis
bandwidth is set to dx.

This parameter is ignored when using the average-value inverter.

e e
_ motor current dx_
. y 2
dx

Is

Note A Rate Transition block is needed to transfer data between different sampling
rates. This block causes a delay in the gate signals, so the current might exceed the
hysteresis band.
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Maximum switching frequency

Specify the maximum inverter switching frequency, in hertz. This parameter is
ignored when using the average-value inverter.

Inputs and Outputs

SP

Outputs the speed or torque set point. The speed set point can be a step function, but
the speed change rate follows the acceleration and deceleration ramps. When the load
torque and the speed have opposite signs, the accelerating torque is the sum of the
electromagnetic and load torques.

Wm, Tm, or S

The mechanical input of the drive: motor speed (Wm), mechanical torque (Tm), or
mechanical rotational port (S).

A, B, C

The three phase terminals of the motor drive.
When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. This vector allows you to observe the motor's
variables using the Bus Selector block.

Conv

The five-phase converter measurement vector. This vector contains:

* The DC bus voltage
+ The rectifier output current

* The inverter input current

You can visualize all current and voltage values of the bridges using the Multimeter
block.

ctrl

The controller measurement vector. This vector contains:

* The torque reference
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* The speed error (difference between the speed reference ramp and actual speed)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 4.4 kW drive parameter set. The table shows the specifications of
the 4.4 kW drive.

Drive Input Voltage:

Amplitude 160 V (L-L)
Frequency 60 Hz
Motor Nominal Values:

Power 4.4 kW
Speed 900 rpm
Voltage 160 V (L.-N)
Example

The ac8_example model shows the simulation of the Five-Phase PM Synchronous Motor
Drive block under standard load condition. The ac8 example_simplified model
shows the simulation of the average-value model under the same load conditions.

The simulation of the two models shows that the motor speed follows precisely the
acceleration ramp reference signal.

+ At t=0.5s, the nominal load torque is applied to the motor.

+ At t=1s, the speed set point changes to O rpm and the speed decreases to 0 rpm.
+ Att=1.5s, the mechanical load passes from 11 N.m to =11 N.m.

The average voltage, current, torque, and speed values are identical for both models.

Notice that the higher frequency signal components are not represented with the
average-value converter.
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Related Examples

. ACS - Five-Phase PM Synchronous 4.4kW Motor Drive
. ACS8 - Comparison Between Detailed and Simplified Models

. Five-Phase PM Synchronous Motor Drive during speed regulation
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Fourier

Perform Fourier analysis of signal

Library

Control and Measurements/Measurements

Zup

Description

The Fourier block performs a Fourier analysis of the input signal over a running
window of one cycle of the fundamental frequency of the signal. The Fourier block
can be programmed to calculate the magnitude and phase of the DC component, the
fundamental, or any harmonic component of the input signal.

Recall that a signal f(¢) can be expressed by a Fourier series of the form

f) =20+ a, cos(nwt) +b, sin(nwt)
n=1

where n represents the rank of the harmonics. (n = 1 corresponds to the fundamental
component.) The magnitude and phase of the selected harmonic component are
calculated by these equations:

2 2
|H, |- \/an + b,

/H, =atan2 [b—”]

an

where

a, =

t
j £(t)cos(not)dt
t-T

2
T
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2 .
b = j £(Osin(not)dt
=T
r_ L
h

fi : Fundamental frequency

As this block uses a running average window, one cycle of simulation must complete
before the outputs give the correct magnitude and angle. For the first cycle of simulation,
the outputs are held to the values specified by the initial input parameter.

Dialog Box and Parameters

"4 Function Block Parameters: Fourier @
Fourier (mask)

Fourier analysis of the input signal over a running window of one
cycle of the fundamental frequency.

For the first cycle of simulation, the outputs are held to the value
specified in the Initial input parameter.

Parameters

Fundamental frequency (Hz):

60

Harmonic n (0=DC, 1=fundamental):
1

Initial input [ Mag, Phase (degrees) ]:
[0, 0]

Sample time:

0

[ 0K ]| Cancel || Help | Apply

Fundamental frequency (Hz)

Specify the fundamental frequency, in hertz, of the input signal.
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Harmonic n (0 = DC, 1 = fundamental)

Specify the harmonic component for the Fourier analysis. Enter 0 to analyze the
DC component. Enter 1 to analyze the fundamental frequency, or enter a number
corresponding to the desired harmonic.

Initial input [ Mag, Phase (degrees) ]
Specify the initial magnitude and phase in degrees of the output signal.
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block.

Inputs and Outputs

Input

Connect to the signal to be analyzed. Typical input signals are voltages or currents
measured by Current Measurement or Voltage Measurement blocks.

| u|Magnitude

The first output returns the magnitude of the harmonic component specified, in the
same units as the input signal.

Zu Phase
The second output returns the phase, in degrees, of the harmonic component
specified.

Characteristics

Sample Time Specified in the Sample Time parameter

Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

Dimensionalized Yes

Example

The power_Fourier model shows two applications of the Fourier measurement block.
The upper part of the model shows how to use the Fourier block to compute the DC
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component, fundamental value, and second and third harmonic content of the same
input signal. In the lower part of the model, the block computes the fundamental value
(magnitude and phase) of three different inputs. For this application, specify initial
values for the three output signals in the dialog box of the mask.

The model sample time is parameterized by the Ts variable set to a default value of 50e-6
s. Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Four-Quadrant Chopper DC Drive

Implement four-quadrant chopper DC drive

Library

Electric Drives/DC drives
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Description

The high-level schematic shown below is built from four main blocks. The DC motor

and the IGBT/Diode devices (within the Universal Bridge block) are provided with the
SimPowerSystems library. More details on these two blocks are available in the reference
sections of these blocks. The two other blocks are specific to the Electric Drives library.
These blocks are the speed controller and the current controller. They allow speed or
torque regulation. A “regulation switch” block allows you to toggle from one type of
regulation to the other. During torque regulation the speed controller is disabled.

Note In SimPowerSystems software, the Four-Quadrant Chopper DC Drive block is
commonly called the DC7 motor drive.
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High-Level Schematic
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Speed Controller

The speed regulator shown below uses a PI controller. The controller outputs the
armature current reference (in pu) used by the current controller in order to obtain the
electromagnetic torque needed to reach the desired speed. During torque regulation, the
speed controller is disabled.

The controller takes the speed reference (in rpm) and the rotor speed of the DC machine
as inputs. The speed reference change rate will follow user-defined acceleration and
deceleration ramps in order to avoid sudden reference changes that could cause armature
over-current and destabilize the system.

The speed measurement is filtered by a first-order low-pass filter.

The current reference output is limited between symmetrical lower and upper limits
defined by the user.

M* P ) ) la*{p.u.)
oD Do (71
Speed M Integral  Limited Reference
ramps = gain  integrator current
M nominal limiter

X b speed :ﬂ\)
First=order Fropaortional
low-pass gain
filter

Current Controller

The armature current regulator shown below is based on a second PI controller. The
regulator controls the armature current by computing the appropriate duty ratios of the
fixed frequency pulses of the four IGBT devices (Pulse Width Modulation). This generates
the average armature voltage needed to obtain the desired armature current and thus
the desired electromagnetic torque. For proper system behavior, the instantaneous pulse
values of IGBT devices 1 and 4 are the opposite of those of IGBT devices 2 and 3.

The controller takes the current reference (in pu) and the armature current flowing
through the motor as inputs. The current reference is either provided by the speed
controller during speed regulation or computed from the torque reference provided by
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the user during torque regulation. This is managed by the “regulation switch” block. The
armature current input is filtered by a first-order low-pass filter.

The pulse width modulation is obtained by comparison of the PI output and a fixed
frequency sawtooth carrier signal (as shown in the figure called Pulse Width Modulation

(PWM)).
Pulses
la*(p.u.) IGBT
- _i S>— / e b > 1&4
Integral Limited Limiter | Comparator
gain integrator Pulses
MV IGBT
2&3
la . Sawtooth
— ]—‘x generator Inverter

First-order In  Proportional

low-pass = gain
filter nominal
current

Average-Value Four-Quadrant Chopper

The average-value converter is shown in the following figure.

Duty Cycle (a) » -V, =Qa-1)V

ot in

+ o
Controlled

Vin current
source
- o

————» ;H: = (2{2 - 1)‘!9”:

+
Controlled
voltage Vout
source

It is composed of one controlled current source on the DC source side and one controlled
voltage source on the motor side. The current source allows the representation of the
average input current value according to the following equation :
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Iin = (2(1 - 1)Iout,

with a being the firing angle value and I, the armature current value. The voltage
source on the motor side represents the average voltage value according to the next
equation :

Vout = (2(1 - 1)‘/in,

with V,, being the input voltage.

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when
a simulation is started.

The armature voltage is provided by an IGBT converter controlled by two PI regulators.
The converter is fed by a constant DC voltage source. Armature current oscillations are
reduced by a smoothing inductance connected in series with the armature circuit.

The model is discrete. Good simulation results have been obtained with a 1 ps time step.
In order to simulate a digital controller device, the control system has two different
sampling times:

* The speed controller sampling time

* The current controller sampling time

The speed controller sampling time has to be a multiple of the current sampling time.
The latter sampling time has to be a multiple of the simulation time step.
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Pulse Width Modulation (PWM)
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Dialog Box and Parameters

4\ 4-Quadrant Chopper DC Motor Drive EI =] @
4-Quadrant Chopper DC Motor Drive
The DC motor parameters are specified in the DC Machine tab. The converter parameters, smoothing
inductance and field voltage values are specified in the Converter tab. The speed and current regulator
parameters are specified in the Controller tab.
DC Machine Converter Controller
r Electrical parameters r Mechanical parameters
Mutual inductance (Hy: | 1.234 '"e”'f‘ LT
Armature
Viscous friction
Resistance (ohm): | 0.72 EESIEETALE)
0.1
Inductance (H): 0.016
Coulomb friction
Field torgue (MN-m):
Resistance (ohm): 150
nductance (H):  112.5 Initial speed (rad/s):
Output bus mode: | Multiple cutput buses Mechanical input: | Torgue Tm
Model detail level: | Detailed
Parameters file options.
OK | Cancel | | Help A

“DC Machine Tab” on page 1-253
“Converter Tab” on page 1-254

“Controller Tab” on page 1-254
DC Machine Tab

The DC Machine tab displays the parameters of the DC Machine block of the
Fundamental Blocks (powerlib) library.

Output bus mode

Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller

variables. If you select Single output bus, all variables output on a single bus.
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Model detail level
Select between the detailed and the average-value inverter.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. If you select and apply a load torque, the output is the motor
speed according to the following differential equation that describes the mechanical
system dynamics:

d
T, =J$(or+F(or+Tm

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Converter Tab

IGBT/Diode Devices section

The IGBT/Diode section of the Converter tab displays the parameters of the
Universal Bridge block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the Universal Bridge block parameters.

Smoothing Inductance

The smoothing inductance value (H).
Field DC Source

The DC motor field voltage value (V).

Controller Tab

Schematic Button
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When you press this button, a diagram illustrating the speed and current controllers
schematics appears.

Regulation Type

This pop-up menu allows you to choose between speed and torque regulation.
Controller — Speed Controller Subtab

Nominal Speed

The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit).

Initial Speed Reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than 0 rpm.

Low-Pass Filter Cutoff Frequency

Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz).

Sampling Time

The speed controller sampling time (s). This sampling time has to be a multiple of the
current controller sampling time and of the simulation time step.

Proportional Gain

The proportional gain of the PI speed controller.
Integral Gain

The integral gain of the PI speed controller.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great
a value can cause armature over-current.

Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current.

Controller — Current Controller Subtab

Low-Pass Filter Cutoff Frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz).

Symmetrical Reference Limit
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Symmetrical current reference (pu) limit around O pu. 1.5 pu is a common value.
PWM Switching Frequency

The switching frequency of the four IGBT devices (Hz).
Sampling Time

The current controller sampling time (s). This sampling time has to be a submultiple
of the speed controller sampling time and a multiple of the simulation time step.

Power and Voltage nominal values

The DC motor nominal power (W) and voltage (V) values. These values are used to
convert armature current from amperes to pu (per unit).

Proportional Gain
The proportional gain of the PI current controller.
Integral Gain

The integral gain of the PI current controller.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (T'm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

Vce, Gnd

The DC voltage source electric connections. The voltage must be adequate for the
motor size.

Wm, Te or S
The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).

When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor
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The motor measurement vector. This vector is composed of two elements:

* The armature voltage

*  The DC motor measurement vector (containing the speed, armature current,
field current, and electromagnetic torque values). Note that the speed signal is

converted from rad/s to rpm before output.

Conv

The IGBT/Diode device measurement vector. This vector includes the converter
output voltage. The output current is not included since it is equal to the DC motor
armature current. Note that all current and voltage values of the converter can be

visualized with the Multimeter block.
ctrli

The controller measurement vector. This vector contains:

* The armature current reference
* The duty cycle of the PWM pulses

* The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups

the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 5 hp and a 200 hp drive parameter set. The specifications of these

two drives are shown in the following table.

5 HP and 200 HP Drive Specifications

5 HP Drive
Drive Input Voltage
Amplitude 280V
Motor Nominal Values
Power 5 hp
Speed 1750 rpm

200 HP Drive

500 V

200 hp
1184 rpm
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5 HP Drive 200 HP Drive

Drive Input Voltage
Voltage 240V 440V

Example

The dc7_example example illustrates the four-quadrant chopper drive used with
the 200 hp drive parameter set during speed regulation. A 5 hp parameter set is also
available in the library.

Duf cles |GBT 184
DCIGET 1&M v o

58 Mhotar »{Motar Duty cycles IGBT 283
DCIGET 1&n

Speedreference  _l- o wlcony. . Armature voltage
Armature current

¥

Yy vy

a—Ia

380V 50Hz ACtoDC
Converter

Wotor speed

¥
2

+

=
¥

Linear load tor que

Dizcrete,
Ts = 1008 5. DCY - Four-Quadrant Chopper 200 HP DC Drive .

Mare Info

The converter is fed by a 515 V DC bus obtained by rectification of a 380 V AC 50 Hz
voltage source. In order to limit the DC bus voltage during dynamic braking mode, a
braking chopper has been added between the diode rectifier and the DC7 block. The

IGBT switching frequency is 5 kHz.

The motor is coupled to a linear load, which means that the mechanical torque of the load
is proportional to the speed.

The speed reference is set at 500 rpm at t = 0 s. Observe that the motor speed follows the
reference ramp accurately (+400 rpm/s) and reaches steady state around t = 1.3 s.

The armature current follows the current reference very well, with fast response time
and small ripples. Notice that the current ripple frequency is 5 kHz.
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At t = 2 s, speed reference drops to —1184 rpm. The current reference decreases to reduce
the electromagnetic torque and causes the motor to decelerate with the help of the load
torque.

At t = 2.2 s, the current reverses in order to produce a braking electromagnetic torque
(dynamic braking mode). This causes the DC bus voltage to increase.

At t = 3.25 s, the motor reaches O rpm and the load torque reverses and becomes
negative. The negative current now produces an accelerating electromagnetic torque to
allow the motor to follow the negative speed ramp (—400 rpm/s). At t = 6.3 s, the speed
reaches —1184 rpm and stabilizes around its reference.

The following figure shows the DC bus voltage, armature current, and speed waveforms.

=

o 800 T T T T T T

g

S 600 h -------------------------------------------------------------------------------------------- -
s L — T

=

g 400 i i i i i i

Q "y 1 7 3 4 5 6 7

DC7 Example — DC Bus Voltage, Current, and Speed Waveforms (Blue: Detailed Converter,
Red: Average-Value Converter)

The next figure shows the duty cycles of the chopper pulses and the corresponding
armature voltage and current waveforms during a time interval of 2 ms.
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DC7 Example — Duty Cycles, Armature Voltage, and Current Waveforms (Blue: Detailed
Converter, Red: Average-Value Converter)
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Introduced in R2006a

1-261



1 Blocks — Alphabetical List

1-262

Four-Quadrant Single-Phase Rectifier DC Drive

Implement single-phase dual-converter DC drive with circulating current

Library

Electric Drives/DC drives

WsP hkatar [

ATm @ Cor. [

ol A Ctr [
LC2

o8 W'm }

Description

The high-level schematic shown below is built from six main blocks. The DC motor,

the two single-phase full converters, and the bridge firing unit are provided with the
SimPowerSystems library. More details on these blocks are available in the reference
sections of these blocks. The two other blocks are specific to the Electric Drives library.
These blocks are the speed controller and the current controller. They allow speed or
torque regulation. A “regulation switch” block allows you to toggle from one type of
regulation to the other. During torque regulation the speed controller is disabled. It is
possible to use a simplified version of the drive, which contains an average-value model
of the single-phase dual-converter and allows faster simulation.

Note In SimPowerSystems software, the Four-Quadrant Single-Phase Rectifier DC Drive
block is commonly called the DC2 motor drive.
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High-Level Schematic
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Speed Controller

The speed regulator shown below uses a PI controller. The controller outputs the
armature current reference (in pu) used by the current controller in order to obtain the
electromagnetic torque needed to reach the desired speed. During torque regulation, the
speed controller is disabled.

The controller takes the speed reference (in rpm) and the rotor speed of the DC machine
as inputs. The speed reference change rate will follow user-defined acceleration and
deceleration ramps in order to avoid sudden reference changes that could cause armature
over-current and destabilize the system. The speed measurement is filtered by a first-
order low-pass filter.

The current reference output is limited between symmetrical lower and upper limits
defined by the user.

: : la®(p.u.)
>—{/F F 8
Integral  Limited Reference
gain  integrator current
M nominal limiter
—X b speed }
First-order Proportional
low-pass gain

filter

Current Controller

The armature current regulator shown below is based on a second PI controller. The
regulator controls the armature current by computing the appropriate thyristor firing
angles of the two full converters. This generates the converter output voltages needed to
obtain the desired armature current and thus the desired electromagnetic torque.

The controller takes the current reference (in pu) and the armature current flowing
through the motor as inputs. The current reference is either provided by the speed
controller during speed regulation or computed from the torque reference provided by the
user during torque regulation. This is managed by the “regulation switch” block.
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The armature current input is filtered by a first-order low-pass filter. An arccosine
function is used to linearize the control system. The firing angle can vary between 0 and
180 degrees. You can limit the lower and upper limits to intermediate values.

Both converters operate simultaneously, and the two firing angles are controlled so

that the sum of their values stays equal to 180 degrees. This produces opposite average
voltages at the converter DC output terminals and thus identical average voltages at
the DC motor armature, the converters being connected in antiparallel. One converter is
working in rectifier mode while the other is in inverter mode.

" Alpha_1
la”(p.u.) , ,
— [FA F H o o —
Integral Limited Limniter Firing
gain integrator angle
limiter
la
—X AI];_, Alpha_2
First-order In  Proportional H A
low-pass = gain Firing
filter nominal angle
current limiter

Average-Value Single-Phase Rectifier

The average-value single-phase rectifier with circulating current is shown in the
following figure.
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It is composed of one controlled current source on the AC side and one controlled voltage
and current source on the DC side. The AC current source allows the representation of
the fundamental single-phase current behavior according to the following equation

I, =21, sin(2nft +a+ay),

with a being the firing angle value, a the phase angle of the AC side, f the AC
frequency, and I; the rectified output current value. The DC voltage source represents
the average voltage value of the rectified voltage waveform according to the next
equation

Vy =27r—\/§Vrms coso—4fLI,,

with V.., being the input RMS voltage value and L being the source inductance value.
The controlled current source represents the circulation current due to the instantaneous
voltage difference between both converter outputs of the dual-converter. This current is
equal to

V2

Tire = 2—Vnns(sina —ocosa),
T chim,tot

with L. tot being the total circulation inductance of the circulation current loop.
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Bridge Firing Unit

The bridge firing unit converts the firing angles, provided by the current controller, to
two series of four pulses applied respectively to the thyristor gates of each converter. The
bridge firing unit block contains a band-pass filter on voltage measurement to remove
voltage harmonics. Two discrete synchronized pulse generator blocks generate the pulses
of each converter. Their architecture is based on the Discrete Synchronized 6-Pulse
Generator block. Refer to the Synchronized 6-Pulse Generator for more information on
this block. When using the average-value converter, the bridge firing unit simply outputs
the firing angle value needed by the converter.

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when
a simulation is started.

The armature voltage is provided by two single-phase antiparallel-connected converters
controlled by two PI regulators. The circulating current produced by the instantaneous
voltage difference at the terminal of both converters is limited by inductors connected
between these terminals. Armature current oscillations are reduced by a smoothing
inductance connected in series with the armature circuit.

The average-value converter represents the average behavior of a single-phase rectifier
for continuous armature current in a dual-converter topology. This model is thus not
suitable for simulating DC drives under discontinuous armature current conditions. The
converter outputs a continuous voltage value equal to the average-value of the real-life
rectified voltage. The armature voltage, armature current and electromagnetic torque
ripples are thus not represented. The input currents have the frequency and amplitude of
the fundamental current component of the real-life input currents.

The model is discrete. Good simulation results have been obtained with a 4 ps time
step. The control system (speed and current controllers) samples data following a user-
defined sample time in order to simulate a digital controller device. Keep in mind that
this sampling time has to be a multiple of the simulation time step.

The average-value converter allows the use of bigger simulation time steps since it does
not generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a controller sampling time of 100 us good simulation results have been
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obtained for a simulation time step of 100 us. This time step cannot be higher than the
controller time step.

Dialog Box and Parameters

4\ 4-Quadrant Single-Phase Rectifier DC Motor Drive EI =] @
4-Quadrant Single-Phase Rectifier DC Motor Drive

The DC motor parameters are specified in the DC Machine tab. The converter parameters,
circulating current inductors, smoothing inductance and field voltage values are specified in the
Converter tab. The bridge firing unit, speed and current regulators parameters are specified in the
Controller tab.

DC Machine Converters Controller
r Electrical parameters r Mechanical parameters
Mutual inductance (H):  1.224 Inertia (kg*m"2):
Armature

Viscous friction
coefficient (N-m-s):

0.01

Resistance (ohm): 0.72

Inductance (H): 0.016
Coulomb friction
Field torgue (MN-m):
Resistance (ohm): 150 Initial speed (rad/s):
Inductance (H): 112.5 o
Output bus mode: | Multiple cutput buses Mechanical input: | Torgue Tm

Model detail level: | Detailed

Parameters file options.

OK | Cancel | | Help | Apply

+ “DC Machine Tab” on page 1-268
+ “Converter Tab” on page 1-269
* “Controller Tab” on page 1-270

DC Machine Tab

The DC Machine tab displays the parameters of the DC Machine block of the
Fundamental Blocks (powerlib) library.
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Output bus mode

Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Model detail level
Select between the detailed and the average-value inverter.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. If you select and apply a load torque, the output is the motor
speed according to the following differential equation that describes the mechanical
system dynamics:

d
T, =Jawr+Fmr+Tm

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

For the mechanical rotational port, the connection port S counts for the mechanical
input and output. It allows a direct connection to the Simscape environment. The
mechanical system of the motor is also included in the drive and is based on the same
differential equation.

See “Mechanical Coupling of Two Motor Drives”.

Converter Tab

Smoothing Inductance

The smoothing inductance value (H).
Field DC Source

The DC motor field voltage value (V).

Circulating Current Inductors
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The four circulating current inductors inductance value (H).
Converter sections

The Converter 1 and Converter 2 sections of the Converter tab display the parameters
of the Universal Bridge block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the Universal Bridge block parameters.

RMS Voltage

RMS voltage of the single-phase voltage source connected to the A+, A— terminals of
the drive (V). This parameter is not used when using the detailed rectifier.

Frequency
Frequency of the single-phase voltage source connected to the A+,A— terminals of the
drive (Hz). This parameter is not used when using the detailed rectifier.

Source Inductance

Source inductance of the single-phase voltage source connected to the A+,A—
terminals of the drive (H). This parameter is not used when using the detailed
rectifier.

Phase Angle

Phase angle of the single-phase voltage source connected to the A+, A— terminals of
the drive (deg.). This parameter is not used when using the detailed rectifier.

Controller Tab

Schematic Button

When you press this button, a diagram illustrating the speed and current controllers
schematics appears.

Regulation Type

This pop-up menu allows you to choose between speed and torque regulation.
Sampling Time

The controller (speed and current) sampling time (s). The sampling time has to be a

multiple of the simulation time step.

Controller — Speed Controller Subtab

Nominal Speed
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The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit).

Initial Speed Reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than 0 rpm.

Low-Pass Filter Cutoff Frequency

Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz).

Proportional Gain

The proportional gain of the PI speed controller.
Integral Gain

The integral gain of the PI speed controller.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great
a value can cause armature over-current.

Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current.

Controller — Current Controller Subtab

Power and Voltage nominal values

The DC motor nominal power (W) and voltage (V) values.

The nominal power and voltage values are used to convert armature current from
amperes to pu (per unit).

Proportional Gain

The proportional gain of the PI current controller.
Integral Gain

The integral gain of the PI current controller.
Low-Pass Filter Cutoff Frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz).
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Symmetrical Reference Limit

Symmetrical current reference (pu) limit around O pu. 1.5 pu is a common value.

Controller — Bridge Firing Unit Subtab
Alpha Min

Minimum firing angle value (deg.). 20 degrees is a common value.
Alpha Max

Maximum firing angle value (deg.). 160 degrees is a common value.
Frequency of Synchronization Voltages

Frequency of the synchronization voltages used by the discrete synchronized pulse
generator block (Hz). This frequency is equal to the line frequency of the single-phase
power line. This parameter is not used when using the average-value converter.

Pulse Width

The width of the pulses applied to the thyristor gates (deg.). This parameter is not
used when using the average-value converter.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm

The mechanical input: load torque (Tm) or motor speed (Wm). For the mechanical
rotational port (S), this input is deleted.

A+, A-
The single-phase electric connections. The applied voltage must be adequate for the
motor size.

Wm, Te or S

The mechanical output: motor speed (Wm), electromagnetic torque (Te) or
mechanical rotational port (S).
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When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:

Motor

The motor measurement vector. It is composed of two elements:

*  The armature voltage

*  The DC motor measurement vector (containing the speed, armature current,
field current, and electromagnetic torque values). Note that the speed signal is
converted from rad/s to rpm before output.

Conv

The single-phase converter measurement vector. This vector includes

* The output voltage of converter 1
*  The output voltage of converter 2
* The output current of converter 1
* The output current of converter 2
Note that all current and voltage values of the detailed bridges can be visualized with
the Multimeter block.
cerl

The controller measurement vector. This vector contains:

+ The armature current reference
* The firing angle computed by the current controller

* The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)

* The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 5 hp drive parameter set. The specifications of the 5 hp drive are
shown in the following table.
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5 HP Drive Specifications

Drive Input Voltage
Amplitude 320V
Frequency 60 Hz
Motor Nominal Values
Power 5 hp
Speed 1750 rpm
Voltage 240V

Example

The dc2_example example illustrates the single-phase dual-converter drive used with
the 5 hp drive parameter set during speed regulation. The converters are fed by a 230
V AC 60 Hz voltage source followed by a linear transformer to boost the voltage to a
sufficient value.

Firing angles

N Alpha »
sF Mator or Armature voltage
“a >
Speed reference ’_; m @ Conv. Armature current
la >
_@1, . . o LConv. . Motor speed |
bz >
% % | Converter average dcvoltages
i S o ’ (=
- el Converter output currents
Fow-Quadrant Single-Phase fl. | »
Rectifier DC Drive
[ —
Linear load torgue
Converter
signaks
Dizcrete, - - -
Ts = 18-05 =, DC2 - Four-Quadrant Single-Phase Rectifier 5 HP DC Drive
Mare Info

During this simulation, the motor is coupled to a linear load, which means that the
mechanical torque produced by the load is proportional to the speed.

The speed reference is set at 1200 rpm at t = 0 s. Observe that the firing angles are
symmetrical around 90 degrees and that the converter average output DC voltages are
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of opposite signs. The armature current is supplied by converter 1, and the total current
in this converter is the sum of load current and circulating current. Converter 2 simply
carries the circulating current.

Observe that the motor speed follows the reference ramp accurately (+250 rpm/s) and
reaches steady state after 5.5 s. The armature current follows the current reference very
well and stabilizes around 12 A.

At t = 6 s, speed reference drops to —600 rpm. The current reference decreases to

reduce the electromagnetic torque, and the load torque causes the motor to decelerate.
Around t = 8.5 s, the armature current becomes negative and the electromagnetic torque
reverses in order to brake the motor down to O rpm, the load torque being insufficient to
decelerate the motor. The armature current is now provided by converter 2, converter

1 only handling the circulating current. At t = 10.8 s, the motor reaches 0 rpm and the
load torque becomes negative. The electromagnetic torque now produces an accelerating
torque to allow the motor to follow the negative speed ramp (—250 rpm/s). The armature
current is now provided by converter 2, converter 1 only handling the circulating current.

At t = 14 s, speed stabilizes at —600 rpm.

§ 200 r r r : Converter 1
A R = | S ' Converter 2
o A ] ' : T T
= 100 (s i [k Fommmmmeeemnes e —— o b
< 50 | _—_—_—_I—_——_-—I— i

0

DC2 Example Waveforms (Blue/Green : Detailed Converter, Red : Average- Value Converter)
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[1] Sen, P.C., Thyristor DC Drives, J.Wiley and Sons, 1981.
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Four-Quadrant Three-Phase Rectifier DC Drive

Implement three-phase dual-converter DC drive with circulating current

Library

Electric Drives/DC drives

b s hdatar [k
}Tm
Con, [F
of A
Ctrl [y
olB Lcg
alc W'm [

Description

The high-level schematic shown below is built from six main blocks. The DC motor,

the two three-phase full converters, and the bridge firing unit are provided with the
SimPowerSystems library. More details on these blocks are available in the reference
pages for each block. The two other blocks are specific to the Electric Drives library.
These blocks are the speed controller and the current controller. They allow speed or
torque regulation. A “regulation switch” block allows you to toggle from one type of
regulation to the other. During torque regulation the speed controller is disabled. It is
possible to use a simplified version of the drive containing an average-value model of the
three-phase dual-converter and allowing faster simulation.

Note In SimPowerSystems software, the Four-Quadrant Three-Phase Rectifier DC Drive
block is commonly called the DC4 motor drive.
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High-Level Schematic

Three-phase
full converter

Circulating current
inductors and

Three-phase
full converter

smoothing inductance
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L — po| firing unit
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Simulink Schematic
e
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Bridge firing unit
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J ‘ Current controller
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Speed Controller

The speed regulator shown below uses a PI controller. The controller outputs the
armature current reference (in pu) used by the current controller in order to obtain the
electromagnetic torque needed to reach the desired speed. During torque regulation, the
speed controller is disabled.

The controller takes the speed reference (in rpm) and the rotor speed of the DC machine
as inputs. The speed reference change rate will follow user-defined acceleration and
deceleration ramps in order to avoid sudden reference changes that could cause armature
over-current and destabilize the system. The speed measurement is filtered by a first-
order low-pass filter.

The current reference output is limited between symmetrical lower and upper limits
defined by the user.

. : la*(p.w.)
>—{/F £ =5
Integral  Limited Reference
gain  integrator current
M nominal limiter
X b\“_ speed E
First-order Proportional
low-pass gain

filter

Current Controller

The armature current regulator shown below is based on a second PI controller. The
regulator controls the armature current by computing the appropriate thyristor firing
angles of the two full converters. This generates the converter output voltages needed to
obtain the desired armature current and thus the desired electromagnetic torque.

The controller takes the current reference (in pu) and the armature current flowing
through the motor as inputs. The current reference is either provided by the speed
controller during speed regulation or computed from the torque reference provided by the
user during torque regulation. This is managed by the “regulation switch” block.
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The armature current input is filtered by a first-order low-pass filter. An arccosine
function is used to linearize the control system. The firing angle can vary between 0 and
180 degrees. You can limit the lower and upper limits to intermediate values.

Both converters operate simultaneously, and the two firing angles are controlled so

that the sum of their values stays equal to 180 degrees. This produces opposite average
voltages at the converter DC output terminals and thus identical average voltages at
the DC motor armature, the converters being connected in antiparallel. One converter is
working in rectifier mode while the other is in inverter mode.

. Alpha_1
la®(p.u.) , ,
- [FReHA F He fHF F—
Integral Limited Lirniter Firing
gain  integrator angle
limiter
la
X h;_, Alpha_2
First-order In  Proportional 3l ol
low-pass = gain Firing
filter nominal angle
current limiter

Average-Value Three-phase Rectifier

The simplified converter is shown in the following figure.
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Average-Value Three-Phase Rectifier with Circulating Current

It is composed of two controlled current sources on the AC side and one controlled voltage
and current source on the DC side. The AC current sources allow the representation of
the fundamental three-phase current behaviors according to the following equations

2V3

I _—Id sin (27ft+ o+ o)

2J_

Ib :—Id Sln(Zﬂﬁ-Hx +0(0+2?J

with a being the firing angle value, a, the phase angle of phase A, f the AC frequency
and I; the rectified output current value. The DC voltage source represents the average
voltage value of the rectified voltage waveform according to the next equation:

3v6

Vy =7Vmls coso —61LI 4,
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with V., being the input phase-to-phase RMS voltage value and L being the source
inductance value. The controlled current source represents the circulation current due
to the instantaneous voltage difference between both converter outputs of the dual-
converter. This current is equal to

sina + 5~ [cosar

with Lec 1ot being the total circulation inductance of the circulation current loop.

3V2

T o 24
2r chirc,tot

Vd Vrms[l -

Bridge Firing Unit

The bridge firing unit converts the firing angles, provided by the current controller, to
two series of six pulses applied respectively to the thyristor gates of each converter. The
bridge firing unit block contains a band-pass filter on voltage measurement to remove
voltage harmonics. Two Discrete Synchronized 6-Pulse Generator blocks generate the
pulses. Refer to the Synchronized 6-Pulse Generator for more information on this block.
When using the average-value converter, the bridge firing unit simply outputs the firing
angle value needed by the converter.

Remarks

The machine is separately excited with a constant DC field voltage source. There is thus
no field voltage control. By default, the field current is set to its steady-state value when
a simulation is started.

The armature voltage is provided by two three-phase antiparallel-connected converters
controlled by two PI regulators. The circulating current produced by the instantaneous
voltage difference at the terminal of both converters is limited by inductors connected
between these terminals. No smoothing inductance is placed in series with the armature
circuit, the armature current oscillations being quite small due to the three-phase voltage
source.

The average-value converter represents the average behavior of a three-phase rectifier
for continuous armature current in a dual-converter topology. This model is thus not
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suitable for simulating DC drives under discontinuous armature current conditions. The
converter outputs a continuous voltage value equal to the average-value of the real-life
rectified voltage. The armature voltage, armature current and electromagnetic torque
ripples are thus not represented. The input currents have the frequency and amplitude of
the fundamental current component of the real-life input currents.

The model is discrete. Good simulation results have been obtained with a 10 ps time
step. The control system (speed and current controllers) samples data following a user-
defined sample time in order to simulate a digital controller device. Keep in mind that
this sampling time has to be a multiple of the simulation time step.

The average-value converter allows the use of bigger simulation time steps, since it does
not generate small time constants (due to the RC snubbers) inherent to the detailed
converter. For a controller sampling time of 100 us good simulation results have been
obtained for a simulation time step of 100 us. This time step cannot be higher than the
controller time step.
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Dialog Box and Parameters

4 4-Quadrant Three-Phase Rectifier DC Motor Drive EI =] @
4-Quadrant Three-Phase Rectifier DC Motor Drive
The DC motor parameters are specified in the DC Machine tab. The converter parameters, circulating

current inductors and field voltage values are specified in the Converter tab. The bridge firing unit,
speed and current regulators parameters are specified in the Controller tab.

DC Machine Converters Controller
r Electrical parameters r Mechanical parameters
Mutual inductance (H):  1.224 Inertia (kg*m"2):
Armature

Viscous friction
coefficient (N-m-s):

0.01

Resistance (ohm): 0.72

Inductance (H): 0.016
Coulomb friction
Field torgue (MN-m):
Resistance (ohm): 150 Initial speed (rad/s):
Inductance (H): 112.5 o
Output bus mode: | Multiple cutput buses Mechanical input: | Torgue Tm

Model detail level: | Detailed

Parameters file options.

OK | Cancel | | Help Apply

+ “DC Machine Tab” on page 1-284
+ “Converter Tab” on page 1-285
+ “Controller Tab” on page 1-286

DC Machine Tab

The DC Machine tab displays the parameters of the DC Machinre block of the
Fundamental Blocks (powerlib) library.

Output bus mode
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Select how the output variables are organized. If you select Multiple output buses,
the block has three separate output buses for motor, converter, and controller
variables. If you select Single output bus, all variables output on a single bus.

Model detail level
Select between the detailed and the average-value inverter.
Mechanical input

Select between the load torque, the motor speed and the mechanical rotational port
as mechanical input. If you select and apply a load torque, the output is the motor
speed according to the following differential equation that describes the mechanical
system dynamics:

d
T, :Jawr+Fmr+Tm

This mechanical system is included in the motor model.

If you select the motor speed as mechanical input, then you get the electromagnetic
torque as output, allowing you to represent externally the mechanical system
dynamics. The internal mechanical system is not used with this mechanical input
selection and the inertia and viscous friction parameters are not displayed.

See “Mechanical Coupling of Two Motor Drives”.

Converter Tab

Field DC Source
The DC motor field voltage value (V).
Circulating Current Inductors

The four circulating current inductors inductance value (H).
Converter sections
The Converter 1 and Converter 2 sections of the Converter tab display the parameters

of the Universal Bridge block of the Fundamental Blocks (powerlib) library. Refer to the
Universal Bridge for more information on the Universal Bridge block parameters.

Phase-to-Phase RMS Voltage
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Phase-to-phase rms voltage of the three-phase voltage source connected to the A,B,C
terminals of the drive (V). This parameter is not used when using the detailed
rectifier.

Frequency

Frequency of the three-phase voltage source connected to the A,B,C terminals of the
drive (Hz). This parameter is not used when using the detailed rectifier.

Source Inductance

Source inductance of the three-phase voltage source connected to the A,B,C terminals
of the drive (H). This parameter is not used when using the detailed rectifier.

Phase Angle of Phase A

Phase angle of phase A of the three-phase voltage source connected to the A,B,C
terminals of the drive (deg). This parameter is not used when using the detailed
rectifier.

Controller Tab

Schematic Button

When you press this button, a diagram illustrating the speed and current controllers
schematics appears.

Regulation Type
This pop-up menu allows you to choose between speed and torque regulation.
Sampling Time

The controller (speed and current) sampling time (s). The sampling time has to be a
multiple of the simulation time step.

Controller — Speed Controller Subtab

Nominal Speed

The nominal speed value of the DC motor (rpm). This value is used to convert motor
speed from rpm to pu (per unit).

Initial Speed Reference

The initial speed reference value (rpm). This value allows the user to start a
simulation with a speed reference other than 0 rpm.

Low-Pass Filter Cutoff Frequency
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Cutoff frequency of the low-pass filter used to filter the motor speed measurement
(Hz).

Proportional Gain

The proportional gain of the PI speed controller.
Integral Gain

The integral gain of the PI speed controller.
Acceleration

The maximum change of speed allowed during motor acceleration (rpm/s). Too great
a value can cause armature over-current.

Deceleration

The maximum change of speed allowed during motor deceleration (rpm/s). Too great
a value can cause armature over-current.

Controller — Current Controller Subtab

Power and Voltage nominal values

The DC motor nominal power (VA) and voltage (V) values. The nominal power and
voltage values are used to convert armature current from amperes to pu (per unit).

Proportional Gain

The proportional gain of the PI current controller.
Integral Gain

The integral gain of the PI current controller.
Low-Pass Filter Cutoff Frequency

Cutoff frequency of the low-pass filter used to filter the armature current
measurement (Hz).

Symmetrical Reference Limit

Symmetrical current reference (pu) limit around O pu. 1.5 pu is a common value.

Controller — Bridge Firing Unit Subtab
Alpha Min

Minimum firing angle value (deg). 20 degrees is a common value.
Alpha Max

Maximum firing angle value (deg). 160 degrees is a common value.
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Frequency of Synchronization Voltages

Frequency of the synchronization voltages used by the discrete synchronized 6-pulse
generator block (Hz). This frequency is equal to the line frequency of the three-phase
power line. This parameter is not used when using the average-value converter.

Pulse Width

The width of the pulses applied to the thyristor gates (deg.). This parameter is not
used when using the average-value converter.

Block Inputs and Outputs

SP

The speed or torque set point. The speed set point can be a step function, but the
speed change rate will follow the acceleration / deceleration ramps. If the load torque
and the speed have opposite signs, the accelerating torque will be the sum of the
electromagnetic and load torques.

Tm or Wm
The mechanical input: load torque (T'm) or motor speed (Wm).
A, B, C

The three-phase electric connections. The voltage must be adequate for the motor
size.

Wm or Te
The mechanical output: motor speed (Wm) or electromagnetic torque (Te).
When the Output bus mode parameter is set to Multiple output buses, the block has
the following three output buses:
Motor

The motor measurement vector. This vector is composed of two elements:

* The armature voltage

*  The DC motor measurement vector (containing the speed, armature current,
field current, and electromagnetic torque values). Note that the speed signal is
converted from rad/s to rpm before output.

Conv
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The three-phase converter measurement vector. It includes:

The output voltage of converter 1
The output voltage of converter 2
The output current of converter 1

The output current of converter 2

Note that all current and voltage values of the detailed bridges can be visualized with
the Multimeter block.

ctrl

The controller measurement vector. This vector contains:

The armature current reference
The firing angle computed by the current controller

The speed or torque error (difference between the speed reference ramp and
actual speed or between the torque reference and actual torque)

The speed reference ramp or torque reference

When the Output bus mode parameter is set to Single output bus, the block groups
the Motor, Conv, and Ctrl outputs into a single bus output.

Model Specifications

The library contains a 5 hp and a 200 hp drive parameter set. The specifications of these
two drives are shown in the following table.

5 HP and 200 HP Drive Specifications

5 HP Drive 200 HP Drive
Drive Input Voltage
Amplitude 230V 380V
Frequency 60 Hz 50 Hz
Motor Nominal Values
Power 5 hp 200 hp
Speed 1750 rpm 1184 rpm

1-289



1 Blocks — Alphabetical List

1-290

5 HP Drive 200 HP Drive

Drive Input Voltage
Voltage 240V 440V

Example

The dc4_example example illustrates the three-phase dual-converter drive used with
the 200 hp drive parameter set during torque regulation. A 5 hp parameter set is also
available in the library.

The converters are fed by a 380 V AC 50 Hz voltage source.

Firing angles

Armature voltage

O .

Torque reference |_> Tm Armature current
Con, la
AR A @ Electromagnetic torque
| Ctd Conv. Te
N—@-&M—qw\a s B [Pyt " Speed
[ | Wm

A

z

g
&

[ Comnverter average dcvoltages

Comnverter output currents

¥ ¥ ¥ ¥ ¥ ¥ ¥

380V 50 Hz Four-Quadrant ThreeFhase Cirl.
Rectifier OC Drive |

Linear load torque N

Comverter
signaks

et DC4 - Four-Quadrant Three-Phase Rectifier 200 HP DC Drive
Mare Info

The motor is coupled to a linear load, which means that the mechanical torque of the load
is proportional to the speed.

The initial torque reference is set to 0 N.m and the armature current is null. No
electromagnetic torque is produced and the motor stays still.

At t = 0.2 s, the torque reference jumps to 600 N.m. This causes the armature current
to rise to about 180 A. The armature current is supplied by converter 1, and the total
current in this converter is the sum of load current and circulating current. Converter
2 simply carries the circulating current. Notice that the armature current follows the
reference current quite accurately, with fast response time and small overshooting.
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Observe also that the firing angles are symmetrical around 90 degrees and that the
converter average output DC voltages are equal but of opposite signs.

The electromagnetic torque produced by the armature current flow causes the motor to
accelerate. The speed rises and starts to stabilize around t = 4 s at about 560 rpm, the
sum of the load and viscous friction torques beginning to equalize the electromagnetic

torque.

At t =4 s, the torque reference is set to 0 N.m and the load torque causes the motor to
decelerate. Notice that the four reactors keep the current oscillations quite small.

At t = 8 s, the torque reference is set to —300 N.m. The armature current jumps down to
=90 A and is now delivered by converter 2 while converter 1 only handles the circulating
current. Converter 2 is now working in rectifier mode and converter 1 in inverter mode.

The negative electromagnetic torque produced allows the motor to accelerate in the
negative speed plane.

At t =12 s, speed starts to stabilize around —290 rpm.
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DC4 Example Waveforms (Blue/Green : Detailed Converter, Red : Average- Value Converter)
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Fuel Cell Stack

Implement generic hydrogen fuel cell stack model

Library

Electric Drives/Extra Sources

-
a
7w
o

Description

The Fuel Cell Stack block implements a generic model parameterized to represent most
popular types of fuel cell stacks fed with hydrogen and air.

The block represents two versions of the stack model: a simplified model and a detailed
model. You can switch between the two models by selecting the level in the mask under
Model detail level in the block dialog box.

Simplified Model

This model is based on the equivalent circuit of a fuel cell stack shown below:
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The simplified model represents a particular fuel cell stack operating at nominal
conditions of temperature and pressure. The parameters of the equivalent circuit can

be modified based on the polarization curve obtained from the manufacturer datasheet.
You just have to input in the mask the value of the voltage at 0 and 1 A, the nominal and
the maximum operating points, for the parameters to be calculated. A diode is used to
prevent the flow of negative current into the stack. A typical polarization curve consists
of three regions:

Eoc Activation

region

Ohmic
region
Mass
transport
region

Fuel cell Vaoltage (V)

fuel cell current (A)
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The first region represents the activation voltage drop due to the slowness of the
chemical reactions taking place at electrode surfaces. Depending on the temperature and
operating pressure, type of electrode, and catalyst used, this region is more or less wide.
The second region represents the resistive losses due the internal resistance of the fuel
cell stack. Finally, the third region represents the mass transport losses resulting from
the change in concentration of reactants as the fuel is used.

Detailed Model

The detailed model represents a particular fuel cell stack when the parameters such as
pressures, temperature, compositions and flow rates of fuel and air vary. You can select
which parameters to vary on the Signal variation pane on the block dialog box. These
variations affect the open circuit voltage (E,.), the exchange current (iy) and the Tafel
slope (A). E,, iy and A are modified as follows:

EOC :KcEn
. ZFk(PH2 +P02) _ISL;‘;
p=—"--—-——""¢€
Rh
4 BT
2o F
where

R = 8.3145 J/(mol K)
F=96485 A s/mol
z = Number of moving electrons

E, = Nernst voltage, which is the thermodynamics voltage of the cells and depends on the
temperatures and partial pressures of reactants and products inside the stack (V)

a = Charge transfer coefficient, which depends on the type of electrodes and catalysts
used

Py = Partial pressure of hydrogen inside the stack (atm)

Pys = Partial pressure of oxygen inside the stack (atm)
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k = Boltzmann's constant = 1.38 x 10723 J/K

h = Planck's constant = 6.626 x 107 J s

AG = Size of the activation barrier which depends on the type of electrode and catalyst
used

T = Temperature of operation (K)
K. =Voltage constant at nominal condition of operation

The equivalent circuit is the same as for the simplified model, except that the parameters
E,., iy and A have to be updated on-line as shown below:

T—————————- e
:A Internal
= Resistance
Z VAVAYA Pl \ l —
g —
|

|
_V mi e ?/}?H‘F’.' L ",::“
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/
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Vo

1-296



Fuel Cell Stack

The rates of conversion (utilizations) of hydrogen (Usys) and oxygen (Uyps) are determined

in Block A as follows:
r .
U - "y, _ GOOOORTleC
H, ng  2FPruelVipm(tue) %
2
r .
UfO _ "o, _ 60000RTszC
: n10r12 2ZFPaierlpm(air)y%

where

Py; = Absolute supply pressure of fuel (atm)

P,;, = Absolute supply pressure of air (atm)

Vipmfue = Fuel flow rate (I/min)

Vipmeiry = Air flow rate (I/min)

x = Percentage of hydrogen in the fuel (%)

y = Percentage of oxygen in the oxidant (%)

N = Number of cells

The 60000 constant comes from the conversion from the liter/min flow rate used in the
model to m3/s (1 liter/min = 1/60000 m3/s).

The partial pressures and the Nernst voltage are determined in Block B as follows:

0Py

Wi

2

(1-Up,, )% Pruer
(w +2y%Uy, ) By

O
0 Fo, (1 -U fo ) Y% P,;,

and
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0 z V4
En =0 1/2 [|
H,
El 299 +(T -298) =43 BTy DP when T'> 100°C
2F 2F H Pyo g

where
Ppso = Partial pressure of water vapor inside the stack (atm)
w = Percentage of water vapor in the oxidant (%)

From the partial pressures of gases and the Nernst voltage, the new values of the open
circuit voltage (E,.) and the exchange current (iy) can be calculated.

Block C calculates the new value of the Tafel slope (A).

The parameters a, AG and K, are calculated based on the polarization curve at nominal
conditions of operation along with some additional parameters, such as the low heating
value (LHV) efficiency of the stack, composition of fuel and air, supply pressures and
temperatures. They can be easily obtained from the manufacturer datasheet.

The nominal rates of conversion of gases are calculated as follows:

U — nnomAho (HZO(gaS))N
T, ZFV,

60000RT,,,, NI,
foz 22FPy; air, | lem(alr) 021

nom

where

mom= Nominal LHV efficiency of the stack (%)

AR’(H,0(gas))=241.83 x 10° J/mol
V,om = Nominal voltage (V)

I,,,=Nominal current (A)
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Vipm(airmom= Nominal air flow rate (I/min)
P,irnom= Nominal absolute air supply pressure (Pa)
T,om= Nominal operating temperature (K)

From these rates of conversion, the nominal partial pressures of gases and the Nernst
voltage can be derived. With E,., iy and A known and assuming that the stack operates
at constant rates of conversion or utilizations at nominal condition, a, AG and K, can be
determined.

If there is no fuel or air at the stack input, it is assumed that the stack is operating at a
fixed rate of conversion of gases (nominal rate of conversion), that is, the supply of gases
is adjusted according to the current so that they are always supplied with just a bit more
than needed by the stack at any load.

The maximum current the stack can deliver is limited by the maximum flow rates of fuel
and air that can be reached. Beyond that maximum current, the voltage output by the
stack decreases abruptly as more current is drawn.

The dynamics of the fuel cell are represented if you specify the response time and the
parameters for flow dynamics (peak utilization and corresponding voltage undershoot) on
the Fuel Cell Dynamics pane on the dialog box.

The response time (Ty) @ 95% is used to model the "charge double layer" phenomenon
due to the build up of charges at electrode/electrolyte interface. This affects only the
activation voltage (INAIn(i;. /i) as shown on the equivalent circuits.

The peak utilization (Ufogpeak)) and the corresponding voltage undershoot (V,) are used to
model the effect of oxygen depletion (due to the air compressor delay) on the cell output
voltage. The Nernst voltage is modified due to this effect as follows:

g - En _K(UfOZ _UfOZ(nom)) Ufoz >Uf02(nom)
" |E U, <U
fo, = 1o,

n (nom)

where

K =voltage undershoot constant
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Urostmom) = nominal oxygen utilization

K is determined as follows:

K= Vi

Kc (Ufoz (peak) — UfOZ(nom) ) '

Current step and interrupt tests must be made on a real stack to represent with accuracy
its dynamics. The figure below shows the stack response from these tests and the
required parameters (T4, Ufogpear) and V).

voltage (V)
A
|
:
-
V
v\,
i N
Time (s)
O, utilization
Ufoz(peak)
S UfOZ(nom)
¥
Time (s)
Current (A)
A
Time (s)

The response time (7)) depends on the fuel cell stack itself and is usually given on the
datasheet. The parameters for flow dynamics (Ufogpear) and V,) depend on the dynamics
of external equipments (compressor, regulator and loads) and they are not provided by
manufacturers as their values vary with the user application. For simulation, the user
may assume values of Ufpspear) between 60% to 70% and V, between 2-5% of the stack
nominal voltage.
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Dialog Box and Parameters

"4 Block Parameters: Fuel Cell Stack @
Fuel Cell Stack (mask)
Implements a generic hydrogen fuel cell model which allows the
simulation for the following types of cells:
- Proton Exchange Membrane Fuel Cell (PEMFC)
- Solid Oxide Fuel Cell (SOFC)
- Alkaline Fuel Cell (AFC)
Parameters | Signal variation | Fuel Cell Dynamics |
Preset model: [No (User-Defined) ']
Model detail Level: [Detailed ']
Voltage at 0A and 1A [V_0(V), V_1(V)] [65 63]
Nominal operating point [Inom(A), Vnom(V)] [133.3 45]
Maximum operating point [Iend(A), Vend(V)] [225 37]
Number of cells 65
Nominal stack efficiency (%) 55
Operating temperature (Celsius) 65
Nominal Air flow rate (lpm) 300
Nominal supply pressure [Fuel (bar), Air (bar)] [1.5 1]
Nominal composition (%) [H2 02 H20(Air)] 99.95 21 1]
Plot V_I characteristic ] [ View Cell parameters
[ 0K ] [ Cancel ] [ Help ] Apply

+ “Parameters Tab” on page 1-301

+  “Signal Variation Tab (Detailed Model Only)” on page 1-304

+  “Fuel Cell Dynamics Tab” on page 1-304

Parameters Tab

Preset model

Provides a set of predetermined polarization curves and parameters for particular

fuel cell stacks found on the market:
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*  No (User-Defined)

+ PEMFC - 1.26 kW - 24 Vdc
+ PEMFC - 6 kW - 45 Vdc

+ PEMFC - 50 kW - 625 Vdc
+ AFC-2.4kW - 48 Vdc

Select one of these preset models to load the corresponding parameters in the entries
of the dialog box. Select No (User-Defined) if you do not want to use a preset
model.

Model detail level

Provide access to the two versions of the model:

+  Simplified
*  Detailed

When a simplified model is used, there is no variable under the signal variation
pane

Voltage at 0 Aand 1 A
The voltage at 0 A and 1 A of the stack (Volts). Assuming nominal and constant gases
utilizations.

Nominal operating point
The rated current (Ampere) and rated voltage (Volts) of the stack. Assuming nominal
and constant gases utilizations.

Maximum operating point
The current (Ampere) and voltage (Volts) of the stack at maximum power. Assuming
nominal and constant gases utilizations.

Number of cells
The number of cells in series in the stack. This parameter is available only for a
detailed model.

Nominal stack efficiency

The rated efficiency of the stack relative to the low heating value (LHV) of water.
This parameter is available only for a detailed model.

Operating temperature

The nominal temperature of operation in degrees Celsius. This parameter is
available only for a detailed model.
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Nominal air flow rate
The rated air flow rate (/min). This parameter is available only for a detailed model.
Nominal supply pressure

Rated supply pressure (absolute) of fuel and air in bars. This parameter is available
only for a detailed model.

Nominal composition

The rated percentage of hydrogen (x) in the fuel, oxygen (y) and water (w) in the
oxidant. This parameter is available only for a detailed model.

Plot V-I characteristic

Plots a figure containing two graphs. The first graph represents the stack voltage
(Volts) vs current (A) and the second graph represents the stack power (kW) vs
current (A). This button is available only for a detailed model.

View cell parameters

Presents the overall parameters of the stack. This button is available only for a
detailed model. The dialog box is shown below.

TFueI’CeI’I’parameters EI = @

Fuel cell nominal parameters:
Stack Power:
-Nominal = 5898.5 W
-Maximal = 8325 W
Fuel Cell Resistance = 0.07833 ohms
Nerst woltage of one cell [En] =1.1288 V
Nominal Utilization:
-Hydmogen (H2)= 99.56 %
-Oxidant (02)= 59.3 %
Nominal Consumption:
-Fuel = 60.38 slpm
-Air =143.7 slpm
Exchange cument [i0] = 0.29197 A
Exchange coefficient [alpha] = 0.60645

Fuel cell signal variation parameters:

Fuel compaosition [x_H2] = 99.95 %

Oxidant composition [y_02] = 21 %

Fuel flow rate [FuelFr] at nominal Hydrogen utilization:
-Nominal = 50.06 Ipm
Maximum = 84 .5 Ipm

Air flow rate [AirFr] at nominal Oxidant utilization:
-Nominal = 300 lpm
Maximum = 506.4 lpm

System Temperature [T] = 338 Kelvin

Fuel supply pressure [Pfuel] = 1.5 bar

Air supply pressure [PAir] = 1 bar
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Signal Variation Tab (Detailed Model Only)

The Signal variation pane provides a list of parameters that can be varied. Select a
checkbox for a variable to input a corresponding signal to the block. The following signals
can be input to the block:
Fuel composition
Percentage of hydrogen in the fuel.
Oxidant composition
Percentage of oxygen in the oxidant.
Fuel flow rate
Fuel flow rate in liter per minutes.
Air flow rate
Air flow rate in liter per minutes.
System Temperature
Temperature of operation in Kelvin.
Fuel supply pressure
Fuel supply pressure in bars.
Air supply pressure

Air supply pressure in bars.

Fuel Cell Dynamics Tab

Specify Fuel Cell Dynamics?

Asks whether you want to specify the fuel cell dynamics. Select the checkbox to enter
the fuel cell response time in seconds.

Fuel Cell response time (sec)

Enter the response time of the cell (at 95% of the final value). This parameter
becomes visible only when the Specify Fuel Cell Dynamics? checkbox is selected.

Peak O2 utilization (%)

Enter the peak oxygen utilization at nominal condition of operation. This parameter
becomes visible only when the Specify Fuel Cell Dynamics? checkbox is selected
and the Air flow rate checkbox is selected under the Signal variation pane.
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Voltage undershoot (V) @ peak O2 utilization

Enter the voltage undershoot (Volts) at peak oxygen utilization at nominal condition
of operation. This parameter becomes visible only when the Specify Fuel Cell
Dynamiecs? checkbox is selected and the Air flow rate checkbox is selected under
the Signal variation pane.

How to Extract Parameters from Data Sheet

Here is the procedure to extract parameters from fuel cell stack manufacturer's data
sheet. For this example, the NetStack PS6 data sheet from NetStack is used:

Type & kW sl csl

Performance | Net Rated Electr

Mat Rated E

Fuel

Air dolivery systom

Physical

Emissions Water collecied

Cooling system requirements

IV-curve MedStack PB/PSH

power —

1-305



1 Blocks — Alphabetical List

The rated power of the stack is 6 kW and the nominal voltage is 45 V. The following
detailed parameters are deduced from the datasheet.

+ Voltage at 0 A and 1 A [E,., V1] = [65, 63]

*  Nominal operating point [I,om, Viem]=[133.3, 45]
*  Maximum operating point [Ienq, Vena]=[225, 37]

*  Nominal stack efficiency (,0m)= 55%
Operating temperature = 65 °C

*  Nominal supply pressure [H2, Air]=[1.5 1]

If the pressure given is relative to the atmospheric pressure, add 1 bar to get the
absolute pressure.

*  Nominal composition (%)[H2, 02, H20(Air)]=[99.999, 21, 1]
If air is used as oxidant, assume 21% of O, and 1% of H,0 in case their percentages
are not specified.

*  Number of cells

If not specified, estimate it from the formulae below:

2-96485-V,

— nom

© 241.83.103

“Mnom

In this case,

N = 2:-96485-45 _ 65.28 =65 cells.

241.83-10%-0.55

* Nominal air flow rate

If the maximum air flow rate is given, the nominal flow rate can be calculated
assuming a constant oxygen utilization at any load. The current drawn by the cell is
linearly dependent on air flow rate and the nominal flow rate is given by:

Inom : lem (air)

max

Vh)m(air)nom = I
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In this case,

133.3- 500 . ,
Vipm(ain),, =~ ggz— = 207 liters/min.

In case no information is given, assume the rate of conversion of oxygen to be 50%
(as it 1s usually the case for most fuel cell stacks) and use the formulae below to
determine the nominal air flow rate.

60000RT, NI

nom nom

wn  22FPyy  -0.5-0.21

lem (air)

* Fuel cell response time = 10s

Note The parameters [Eqe, Vil, [Inom, Viom] and [Leng, Vend] are approximate and depend on
the precision of the points obtained from the polarization curve. The higher the accuracy
of theses parameters, the more closed will be the simulated stack voltage to the data
sheet curve. A tool, called ScanIt (from amsterchem) can be used to extract precise values
from data sheet curves.

With the above parameters, the polarization curve of the stack operating at fixed
nominal rate of conversion of gases is closed to the datasheet curves as shown below:
The blue dotted line shows the simulated stack voltage and green dotted line shows the
simulated stack power.
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Datasheet vs simulation results

=== simulation
60 \ = - gatasheet “’/E 18000
= / :
-~ 1
- 1
S i {6000
i
S 40+ -
5 1
E /’/ M
= i 44000
[¥]
= / i
@ 5 :
/ 1 12000
0 1 I 1
0 100 150 200 25%
Current (A)

Stack Power (W)

Above the maximum current, the flow rate of gases entering the stack is maximum and
the stack voltage decreases abruptly as more current is drawn.

Block Inputs and Outputs

m

The Simulink output of the block is a vector containing 11 signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink

library.
Model detail level
(Signal availability)
Signal |Definition Units Symbol |Detailed Simplified
1 Voltage \Y% Ve Yes Yes
2 Current I I Yes Yes
3 Stack Efficiency % n Yes No(Set to 0)
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4 Stack consumption [Air, Fuel] slpm Vetrom Yes No(Set to 0)
5 Flow Rate [Air, Fuel] Ilpm Fripm Yes No(Set to 0)
6 Stack consumption [Air, Fuel] Ipm Vipm Yes No(Set to 0)
7 Utilization [Oxygen, Hydrogen] % Us Yes No(Set to 0)
8 Slope of Tafel curve A Yes No(Set to 0)
9 Exchange current A 1o Yes No(Set to 0)
10 Nernst voltage A% E, Yes No(Set to 0)
11 Open circuit voltage VvV Eec Yes No(Set to 0)

Model Assumptions

The gases are ideal
The stack is fed with hydrogen and air

The stack is equipped with a cooling system which maintains the temperature at the
cathode and anode exits stable and equal to the stack temperature

The stack is equipped with a water management system to maintain the humidity
inside the cell at appropriate level at any load

The cell voltage drops are due to reaction kinetics and charge transport as most fuel
cells do not operate in the mass transport region

Pressure drops across flow channels are negligible

The cell resistance is constant at any condition of operation

Model Limitations

Chemical reaction dynamics caused by partial pressure changes of chemical species
inside the cell are not considered

The stack output power is limited by the fuel and air flow rates supplied

The effect of temperature and humidity of the membrane on the internal resistance is
not considered

The flow of gases or water through the membrane is not considered
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Example

The power_fuel_cell example illustrates a 6 kW, 45 volts Proton Exchange Membrane
(PEM) Fuel Cell Stack model feeding a 100Vdc DC/DC converter.

The converter is loaded by an RL element of 6kW with a time constant of 1 sec. During
the first 10 secs, the utilization of the hydrogen is constant to the nominal value (Uf_H2
=99.56%) using a fuel flow rate regulator. After 10 secs, the flow rate regulator is
bypassed and the rate of fuel is increased to the maximum value of 85 lpm in order to
observe the variation in the stack voltage. That will affect the stack efficiency, the fuel
consumption and the air consumption.

Note As the Air flow rate checkbox under Signal variation pane is not selected, the
stack will operate at fixed, nominal oxygen utilization (59.3%).

Fusl fow rate (ipm)

| {0
W <Usizstion (%) [0 {Velow), FEMagentalF >
| Seckoons: i} Par{velow), Fusi{Magens]l ~
N SackEfenoy (%5
Scopet

100Vdc Boost
DG/OG Converter
{sverage valus)

L’
FC - - OC bus witage é

6 KW 45 Vdc Fuel Cell Stack

powergui

The simulation produces the followings results:
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Fuel flow rate (lpm)

100 ! ! !
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Results for the Scopel
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<\oltage>
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Results for the Scope?2

At t=0s, the DC/DC converter applies 100Vdc to the RL load (the initial current of

the load is 0A). The fuel utilization is set to the nominal value of 99.56%. The current
increases until the value of 133A. The flow rate is automatically set in order to maintain
the nominal fuel utilization. Observe the DC bus voltage (Scope2) which is very

well regulated by the converter. The peak voltage of 122Vdc at the beginning of the

simulation is caused by the transient state of the voltage regulator.

At t =10 s, the fuel flow rate is increased from 50 liters per minute (Ipm) to 85 lpm
during 3.5 s reducing by doing so the hydrogen utilization. This causes an increasing of
the Nernst voltage so the fuel cell current will decrease. Therefore the stack consumption

and the efficiency will decrease (Scopel).
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References

[1] Njoya, S. M., O. Tremblay, and L. -A. Dessaint. A generic fuel cell model for the
simulation of fuel cell vehicles. Vehicle Power and Propulsion Conference, 2009,
VPPC 09, IEEE. Sept. 7-10, 2009, pp. 1722-29.

[2] Motapon, S.N., O. Tremblay, and L. -A. Dessaint. “Development of a generic fuel cell
model: application to a fuel cell vehicle simulation.” Int. J. of Power Electronics.
Vol. 4, No. 6, 2012, pp. 505-22.

Introduced in R2008a
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Fundamental (PLL-Driven)

Compute fundamental value of signal

Library

Control and Measurements/Measurements

MFreq u
St [ul B
Ain o syp

Description

The Fundamental (PLL-Driven) block computes the fundamental value of the input
3 over a running window of one cycle of fundamental frequency given by input 1. The
reference frame required for the computation is given by the input 2.

Based on the Fourier analysis of a periodic signal, the fundamental value of a signal f(t)
can be expressed as

Fundamental(f(t)) = acos(wyt) + bsin(wyt)
t
a= % [ Focostap)de

¢-T)
¢

b=2 | fosin@ndi
T
-7
T= fi fo : Fundamental frequency
0
ay =2xIIx f,

The magnitude and phase of the fundamental is calculated by

Magnitude = \Ja? +b%>  Phase =atan(b/ a)
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To resolve these equations, the block uses the input 1 (Freq) for fy and input 2 (wt) for
wot. These two input signals are normally connected to the outputs of a PLL block.

As this block uses a running average window, one cycle of simulation must complete
before the outputs give the correct magnitude and angle. For the first cycle of simulation,
the outputs are held to the values specified by the initial input parameter.

Dialog Box and Parameters

"& Function Block Parameters: Fundamental (PLL-Driven) @
Fundamental (PLL-Driven) (mask)

Compute the fundamental value of the input 3 over a running window
of one cycle of fundamental frequency given by input 1. The
reference frame required for the computation is given by the input 2.

The two outputs return respectively the magnitude (same units as the
input 3 signal) and phase (in degrees relative to the PLL phase) of the
fundamental.

For the first cycle of simulation, the outputs are held to the values
specified in the Initial input parameter.

Parameters
Initial frequency (Hz):
60

Minimum frequency (Hz):

45

Initial input [ Mag, Phase-relative-to-PLL (degrees) ]:
[1, 0]

Sample time:

0

[ 0K ]| Cancel || Help Apply

Initial frequency (Hz)
Specify the frequency of the first cycle of simulation.
Minimum frequency (Hz)

Specify the minimum frequency value that sets the buffer size of the Variable Time
Delay block used inside the block to compute the fundamental value.

Initial input [ Mag, Phase-relative-to-PLL (degrees) ]
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Specify the initial magnitude and phase in degrees of the input signal.
Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block.

Inputs and Outputs

Freq

Fundamental frequency (Hz) required by the computation. This input is normally
connected to the output Freq of a PLL block.

wt

Angle of the reference frame (rad/s) required for the computation. This input is
normally connected to the output wt of a PLL block.

In

Connects to the signal to be analyzed. Typical input signals are voltages or currents
measured by the Current Measurement or Voltage Measurement block.

| u|Magnitude
Returns the magnitude of the fundamental in the same unit as the input signal.
Zu Phase

Returns the phase of the fundamental, in degrees, relative to the reference frame wt
(input 2).

Characteristics

Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

Dimensionalized Yes, for Input 3 (In)

Example

The power_FundamentalPLLDriven model compares the Fourier block (with a specified
fundamental frequency of 60 Hz) output to the Fundamental (PLL-Driven) block output.
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The PLL-Driven block outputs accurate magnitude and phase even if the fundamental
frequency of the input signal varies during the simulation.

The model sample time is parameterized by the Ts variable set to a default value of 50e-6
s. Set Ts to 0 in the command window to simulate the model in continuous mode.

Introduced in R2013a
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Generic Power System Stabilizer

Implement generic power system stabilizer for synchronous machine

Library

Fundamental Blocks/Machines

In “etab

Description

Note This block requires that you have a Control System Toolbox™ license. Otherwise,
trying to simulate a model containing this block produces an error.

The Generic Power System Stabilizer (PSS) block can be used to add damping to

the rotor oscillations of the synchronous machine by controlling its excitation. The
disturbances occurring in a power system induce electromechanical oscillations of the
electrical generators. These oscillations, also called power swings, must be effectively
damped to maintain the system stability. The output signal of the PSS is used as an
additional input (vstab) to the Excitation System block. The PSS input signal can
be either the machine speed deviation, dw, or its acceleration power, Pa = Pm - Peo
(difference between the mechanical power and the electrical power).

The Generic Power System Stabilizer is modeled by the following nonlinear system:

Tin.s+1 T2n.5+1 T4
—
o N Tids+t T2ds+1 == vaah
Sensor Cverall Wash-out imiter
Lead-lag #1 Lead-lag #2

Gain

To ensure a robust damping, the PSS should provide a moderate phase advance at
frequencies of interest in order to compensate for the inherent lag between the field
excitation and the electrical torque induced by the PSS action.
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The model consists of a low-pass filter, a general gain, a washout high-pass filter, a
phase-compensation system, and an output limiter. The general gain K determines the
amount of damping produced by the stabilizer. The washout high-pass filter eliminates
low frequencies that are present in the dw signal and allows the PSS to respond only
to speed changes. The phase-compensation system is represented by a cascade of two
first-order lead-lag transfer functions used to compensate the phase lag between the
excitation voltage and the electrical torque of the synchronous machine.

Dialog Box and Parameters

=1 Function Block Parameters: Generic Power System Stabilizer, g|
Generic Power System Stabilizer [mazk)]

Thiz block implements a generic Power System Stabilizer [PSS). [t consists of a
lows-pass filker, a general gain, a washout high-pass filter, a phase-compensation
system, and an output limiter.

The input iz the synchronous machine speed deviation with rezpect to nominal
[dws in pu] or the acceleration power [Fa=Pm-Pe in pu).

The output iz the stabilization vaoltage, in pu.

Parameters

Sensor time constant:
30e-3

Gain:

20

W ash-out time constant:
2

Lead-lag #1 time constants: [ Trum Tden |
[50e-3 20e-3]

Leag-lag #2 time constants: [ Trum Tden |
[35.4]

Output limits: [ %Smin YSmax |
[-0.150.15]

Initial input:
a

[] Plat frequency respanse

[ QK l ’ Cancel ] E Help Apply

Sensor time constant

The time constant, in seconds (s), of the first-order low-pass filter used to filter the
block's input signal.

Gain
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The overall gain K of the generic power system stabilizer.
Wash-out time constant

The time constant, in seconds (s), of the first-order high-pass filter used by the
washout system of the model.

Lead-lag #1 time constants: [Tnum Tden]

The numerator time constant T1n and denominator time constant T'1d, in seconds (s),
of the first lead-lag transfer function.

Lead-lag #2 time constants: [Tnum Tden]

The numerator time constant T2n and denominator time constant T2d, in seconds (s),
of the second lead-lag transfer function.

Output limits: [Vsmin Vsmax]
The limits VSmin and VSmax, in pu, imposed on the output of the stabilizer.
Initial input

The initial DC voltage, in pu, of the block's input signal. Specification of this
parameter is required to initialize all states and start the simulation in steady state
with vstab set to zero.

Plot frequency response

If selected, a plot of the frequency response of the stabilizer is displayed when you
click the Apply button.

Magnitude in dB

The Magnitude in dB parameter is not visible if the Plot frequency response is
not selected. If selected, the magnitude of the frequency response is plotted in dB.

Frequency range

The Frequency range parameter is not visible in the dialog box if the Plot
frequency response is not selected. Specify the frequency range used to plot the
frequency response of the stabilizer.

Inputs and Outputs

In

Two types of signals can be used at the input In:

*  The synchronous machine speed deviation dw signal (in pu)
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* The synchronous machine acceleration power Pa = Pm - Peo (difference between
the machine mechanical power and output electrical power (in pu))

Vstab

The output is the stabilization voltage (in pu) to connect to the Vstab input of the
Excitation System block used to control the terminal voltage of the synchronous
machine.

Example

See the help text of the power_PSS example model.

References

[1] Kundur, P., Power System Stability and Control, McGraw-Hill, 1994, Section 12.5.

See Also

Multiband Power System Stabilizer

Introduced before R2006a
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Ground

Provide connection to ground

Library

Fundamental Blocks/Elements

Description=

The Ground block implements a connection to the ground.

Example

The power_ground example shows an application of the Ground block.

See Also

Neutral

Introduced before R2006a
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Grounding Transformer

Implement three-phase grounding transformer providing a neutral in three-wire system

Library

Fundamental Blocks/Elements

Description
Grounding transformers are used in utility distribution networks and in some power
electronic converters in order to provide a neutral point in a three-wire system. This

transformer is a three-phase two-winding transformer with winding 1 and winding 2
connected in zig zag as shown in the figure below.

1 $ i

T

The figure shows a single-phase load connected between phase C and ground in a three-
wire system. The current I absorbed by the load returns to the source through the ground

173
A 173
B a3
C
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and the neutral of the grounding transformer. Because of the zig zag connection and

the opposite winding polarities of upper and lower windings, the grounding transformer
offers a low impedance in zero-sequence while keeping a very high impedance to positive-
sequence. In other words, only a zero-sequence current can flow through the three
windings. By definition, a zero-sequence current is a set of three-phase currents having
same magnitude and phase. Therefore, the neutral current I shares into three equal
currents I/3. Because the three currents flowing in the grounding transformer are equal,
the neutral point stays fixed and the line-to-neutral voltages remain balanced.

The grounding transformer is modeled by three two-winding transformers having a 1:1
voltage ratio. Assume six identical windings with:

R = winding resistances
X = winding leakage reactances
Rmag, Xmag= parallel resistance and reactance of the magnetizing branch

The positive-sequence impedance Z; and the zero-sequence impedance Z; of the
grounding transformer are given by:

ijangag

(Rmag * Xmag )
Zy = Ry + jX = 2(R + jX).

The zero-sequence reactance Xy is the most important parameter of the grounding
transformer. In order to minimize voltage unbalance, reactance X, should be kept as low
as possible.
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Dialog Box and Parameters

=1 Block Parameters: Grounding Transformer
Grounding Transformer [maszk] [link]

Thiz block implements a transformer that is used to provide a neutral in a
three-phasze, three-wire system. The transformer consists of three two-winding

Wn/3.

specified zero-sequence impedance.

Click the Apply or the OK button after a change to the Units popup to confirm the
conversion of parameters,

Farameters

Units | pu

Mominal power and frequency [ Priva) fn[Hz) |

[100=6 &0

Mominal voltage YW Ph-Phlms)

28e3

Zero-zequence resistance and reactance [ Rolpu] o(pu] |
[0.025 0.75]

Magnetization branch [ Bm{pu] *mipu] ]
[500 500]

QK H Cancel H Help Apply

3

transformers connected in zig zag. The nominal voltage of each of the six windings is

The winding resistances and leak age reactances are adjusted in order to obtain the

Measurements|None -

Units

Specify the units used to enter the parameters of the Grounding Transformer block.
Select pu to use per unit. Select SI to use SI units. Changing the Units parameter
from pu to SI, or from S1 to pu, will automatically convert the parameters displayed
in the mask of the block. The per unit conversion is based on the transformer rated
power Pn in VA, nominal frequency fn in Hz, and nominal voltage Vn, in Vrms, of the

windings.

Nominal power and frequency

The nominal power rating, in volt-amperes (VA), and nominal frequency, in hertz
(Hz), of the transformer. Note that the nominal parameters have no impact on the

transformer model when the Units parameter is set to SI.

Nominal voltage

The nominal phase-to-phase voltage Vn of the Grounding Transformer, in volts RMS

(Vrms).
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Zero-sequence resistance and reactance

The zero-sequence resistance RO and the zero-sequence reactance X0 in pu or in
ohms.

Magnetization branch

The shunt resistance Rm modeling the transformer core losses and the magnetizing
reactance Xm modeling the magnetization current, in pu or ohms.

These values define the active power losses P and the reactive power losses Q
required for magnetizing the grounding transformer.

2
PZVn
Rm
g-Tn
Xm’

As the nominal voltage across each of the six windings is the nominal line-to-line
voltage divided by 3 (Vn/3), the three impedances effectively connected across one of
the two windings on each leg are Rmag=Rm/3 and Xmag=Xm/3.

Measurements

Select Vol tages to measure the line-to-neutral voltages at the terminals of the
Grounding Transformer block.

Select Currents to measure the currents flowing into the three terminals of the
Grounding Transformer block.

Select Al voltages and currents to measure voltages and currents.

Place a Multimeter block in your model to display the selected measurements during
the simulation. In the Available Measurements list box of the Multimeter block,
the measurements are identified by a label followed by the block name.

Measurement Label

line-to-neutral voltages Uan Ubn Ucn

currents lan 1bn lIcn
Limitations

Saturation of the grounding transformer is not modeled.



Grounding Transformer

See Also

Linear Transformer, Multimeter, Three-Phase Transformer (Two Windings), Three-
Phase Transformer (Three Windings)

Introduced in R2008a
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GTO

Implement gate turn off (GTO) thyristor model

Library

Fundamental Blocks/Power Electronics

q m
aﬂﬁﬂk

Description’

The gate turnoff (GTO) thyristor is a semiconductor device that can be turned on and off
via a gate signal. Like a conventional thyristor, the GTO thyristor can be turned on by a
positive gate signal (g > 0). However, unlike the thyristor, which can be turned off only at
a zero crossing of current, the GTO can be turned off at any time by the application of a
gate signal equal to O.

The GTO thyristor is simulated as a resistor Ron, an inductor Lon, and a DC voltage
source Vf connected in series with a switch. The switch is controlled by a logical signal
depending on the voltage Vak, the current Iak, and the gate signal g.

+ Vak -
lak  =w Ran  Lon :Jf_
A K A oMY oK
anode cathode
E
t
gate GTO Vak
Logic lak
g

The V£, Ron, and Lon parameters are the forward voltage drop while in conduction, the
forward conducting resistance, and the inductance of the device. The GTO block also
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contains a series Rs-Cs snubber circuit that can be connected in parallel with the GTO
device (between terminal ports A and K).

The GTO thyristor turns on when the anode-cathode voltage is greater than Vf and a
positive pulse signal is present at the gate input (g > 0). When the gate signal is set to 0,
the GTO thyristor starts to block but its current does not stop instantaneously.

Because the current extinction process of a GTO thyristor contributes significantly to the
turnoff losses, the turnoff characteristic is built into the model. The current decrease is
approximated by two segments. When the gate signal becomes 0, the current Iak first
decreases from the value Imax (value of Iak when the GTO thyristor starts to open) to
Imax/10, during the fall time (Tf), and then from Imax/10 to 0 during the tail time (Tt).
The GTO thyristor turns off when the current Iak becomes 0. The latching and holding
currents are not considered.

I g becomes 0
s

Ttail
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Dialog Box and Parameters

L] Block Parameters: Gio g|
Gt [mazk]

Implements a GTO thyristor in parallel with a series RC snubber circuit,

In on-gtate the GTO model has internal resistance [Fon) and inductance [Lon).
For most applications, Lon should be set to zero.

In off-gtate the model has infinite impedance.

Farameters

Fiesistance Fon [DOhms] :
0.001

Inductance Lon [H] :
a

Forward voltage Wi [V] :
1

Current 107 fall time TF (5]
10e-B

Current tail time Tt (2] :
20e-B

Initial current | [4) :
a

Snubber resistance Fg [Ohms] :
1e5

Snubber capacitance Csz [F]
inf

Show Measurement part

[ QK l ’ Cancel ] ’ Help Apply

Resistance Ron

The internal resistance Ron, in ohms (Q). The Resistance Ron parameter cannot be
set to O when the Inductance Lon parameter is set to 0.

Inductance Lon
The internal inductance Lon, in henries (H). The Inductance Lon parameter is
normally set to O except when the Resistance Ron parameter is set to O.
Forward voltage VI
The forward voltage of the GTO thyristor device, in volts (V).
Current 10% fall time

The current fall time Tf, in seconds (s). This parameter is not modeled when the
Enable use of ideal switching devices parameter of the Powergui block is

selected.



GTO

Current tail time

The current tail time Tt, in seconds (s). This parameter is not modeled when the
Enable use of ideal switching devices parameter of the Powergui block is
selected.

Initial current Ic

You can specify an initial current flowing in the GTO thyristor. It is usually set to 0
in order to start the simulation with the device blocked.

If the Initial Current IC parameter is set to a value greater than 0, the steady-state
calculation considers the initial status of the GTO as closed. Initializing all states of

a power electronic converter is a complex task. Therefore, this option is useful only
with simple circuits.

Snubber resistance Rs

The snubber resistance, in ochms (). Set the Snubber resistance Rs parameter to
inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance, in farads (F). Set the Snubber capacitance Cs parameter
to O to eliminate the snubber, or to inT to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the GTO current and
voltage.

Inputs and Outputs

g
Simulink signal to control the gate of the GTO.

The Simulink output of the block is a vector containing two signals. You can

demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 GTO current A
2 GTO voltage A%

1-331



1 Blocks — Alphabetical List

1-332

Assumptions and Limitations

The GTO block implements a macro model of a real GTO thyristor. It does not take into
account either the geometry of the device or the underlying physical processes of the
device [1].

The GTO block requires a continuous application of the gate signal (g > 0) in order to
be in the on state (with Iak > 0). The latching current and the holding current are not
considered. The critical value of the derivative of the reapplied anode-cathode voltage is
not considered.

Depending on the value of the inductance Lon, the GTO is modeled either as a current
source (Lon > 0) or as a variable topology circuit (Lon = 0). The GTO block cannot be
connected in series with an inductor, a current source, or an open circuit, unless its
snubber circuit is in use.

Use the Powergui block to specify either continuous simulation or discretization of your
electrical circuit containing GTO blocks. When using a continuous model, the ode23tb
solver with a relative tolerance of le-4 is recommended for best accuracy and simulation
speed.

The inductance Lon is forced to 0 if you choose to discretize your circuit.

Example

The power_buckconv example illustrates the use of the GTO block in a buck converter
topology. The basic polarized snubber circuit is connected across the GTO block. The
snubber circuit consists of a capacitor Cs, a resistor Rs, and a diode Ds. The parasitic
inductance Ls of the snubber circuit is also taken into consideration.

The parameters of the GTO block are those found in the dialog box section, except for the
internal snubber, which is not used (Rs = inf; Cs = 0). The switching frequency is 1000
Hz and the pulse width is 216 degrees (duty cycle: 60%).



GTO

Folarized snubber {Ds, Rs,Cs)
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powver g

R_Load
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GTO Buck Converter
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Load woltage

More Info

Run the simulation. Observe the GTO voltage and current as well as the load voltage and

current.
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References

[1] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

IGBT, MOSFET, Three-Level Bridge, Thyristor, Universal Bridge

Introduced before R2006a
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Hydraulic Turbine and Governor

Model hydraulic turbine and proportional-integral-derivative (PID) governor system

Library

Fundamental Blocks/Machines

Description

Pref
we
Pel

d

Pm

gate

The Hydraulic Turbine and Governor block implements a nonlinear hydraulic turbine
model, a PID governor system, and a servomotor [1].

@
cw
1
wref
3
we

Fref

Fe

+

FID

permanent
droop

Fip

FerY0—
rotar

hipcdranlic
o
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+

The hydraulic turbine is modeled by the following nonlinear system.

gate
opening

turbine
gain

¥

The gate servomotor is modeled by a second-order system.



Hydraulic Turbine and Governor

speed

it pasition

regulatar s
output

opening

Dialog Box and Parameters

=] Function Block Parameters: Hydraulic Turbine and Governor.
Hydraulic Turbine and Governor [mazk)]

Implements a hydraulic turbine combined to a PID governor system.

Farameters

Servo-motor [ Kal] Talzec)

[10/3 0.07 ]

Gate opening limits [ gmin,gmax(pu]  wagmin,vgmax(puds] |
[ 0.01 0.97518 -01 0.1

Permanent droop and regulator [ Bpl) Kpl(] Kil) Kd(] Td(s] I
[ 0.05 1163 0,105 0 0.01 ]

Hydraulic turbine [ betal] Twisec] |

[ 0267 ]

Droop reference [O=power eror, 1=gate opening]:

0

Initial mechanical power [pul:
0.7516

[ QK l ’ Cancel ] ’ Help Apply

X

Servo-motor

The gain Ka and time constant Ta, in seconds (s), of the first-order system

representing the servomotor.

Gate opening limits

The limits gmin and gmax (pu) imposed on the gate opening, and vgmin and vgmax

(pu/s) imposed on gate speed.

Permanent droop and regulator

The static gain of the governor is equal to the inverse of the permanent droop Rp in
the feedback loop. The PID regulator has a proportional gain Kp, an integral gain Ki,
and a derivative gain Kd. The high-frequency gain of the PID is limited by a first-

order low-pass filter with time constant Td (s).

Hydraulic turbine

The speed deviation damping coefficient B and water starting time Tw (s).
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Droop reference

Specifies the input of the feedback loop: gate position (set to 1) or electrical power
deviation (set to 0).

Initial mechanical power

The initial mechanical power PmO (pu) at the machine's shaft. This value is
automatically updated by the load flow utility of the Powergui block.

Inputs and Outputs

wref
Reference speed, in pu.
Pref

Reference mechanical power in pu. This input can be left unconnected if you want to
use the gate position as input to the feedback loop instead of the power deviation.

we
Machine actual speed, in pu.
PeO

Machine actual electrical power in pu. This input can be left unconnected if you want
to use the gate position as input to the feedback loop instead of the power deviation.

dw

Speed deviation, in pu.
Pm

Mechanical power Pm for the Synchronous Machine block, in pu.
gate

Gate opening, in pu.

Example

This power_turbine example illustrates the use of the Synchronous Machine associated
with the Hydraulic Turbine and Governor (HTG) and Excitation System blocks. It

also demonstrates the use of the Machine Initialization tool of the Powergui block to
initialize machine currents and initial mechanical power of the HT'G block. A three-phase
generator rated 200 MVA, 13.8 kV, 112.5 rpm is connected to a 230 kV network through
a Delta-Y 210 MVA transformer. The system starts in steady state with the generator



Hydraulic Turbine and Governor

supplying 150 MW of active power. At t = 0.1 s, a three-phase to ground fault occurs on
the 230 kV bus of the transformer. The fault is cleared after six cycles (t = 0.2 s).

In order to start the simulation in steady state, you must initialize the Synchronous
Machine block for the desired load flow. Open the Powergui and select Machine
Initialization. The machine Bus type should be already initialized as PV generator,
indicating that the load flow is performed with the machine controlling the active power
and its terminal voltage. Specify the desired values by entering the following parameters:

+ Terminal voltage U AB (Vrms) = 13800
+ Active power (watts) = 150e6

Then click the Compute and Apply button. The line-to-line machine voltages as well
as the phase currents flowing out of the machine are displayed in the tool dialog. The
machine reactive power, mechanical power, and field voltage requested to supply the
electrical power should also be displayed:

* Q=3.4Mvar
* Pmec=150.32 MW (0.7516 pu)
+  Field voltage Vf=1.291 pu

The Machine Initialization tool also initializes the HTG and Excitation System blocks.
Open the HTG block dialog and notice that the initial mechanical power is set to
0.751606 pu. Then open the Excitation System block dialog and note that the initial
terminal voltage and field voltage are set respectively to 1.0 and 1.291 pu. Open the four
scopes and start the simulation. The simulation starts in steady state.

‘\

ARAANRAO M P‘W\ ‘u'u'%wﬁw" I

i
1.2 14 2

Nl

“o 0,2 4 0 E 0.5

VE (pu)

1 1 i 1 1
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speed (pu)
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0.2 04 086 0.8 1 1.2 1.4 18 18 2
Time ()
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Observe that the terminal voltage Va is 1.0 pu at the beginning of the simulation. It
falls to about 0.4 pu during the fault and returns to nominal quickly after the fault is
cleared. This quick response in terminal voltage is due to the fact that the Excitation
System output Vf can go as high as 11.5 pu, which it does during the fault. The speed of
the machine increases to 1.01 pu during the fault, then it oscillates around 1 pu as the
governor system regulates it. The speed takes much longer than the terminal voltage

to stabilize, mainly because the rate of valve opening/closing in the governor system is
limited to 0.1 pu/s.

References

[1] IEEE Working Group on Prime Mover and Energy Supply Models for System
Dynamic Performance Studies, “Hydraulic Turbine and Turbine Control Models
for Dynamic Studies,” IEEE Transactions on Power Systems, Vol.7, No.1,
February, 1992, pp. 167-179.

See Also

Excitation System, Steam Turbine and Governor, Synchronous Machine

Introduced before R2006a
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Ideal Switch

Implement ideal switch device

Library

Fundamental Blocks/Power Electronics

q m
T,

Description’

The Ideal Switch block does not correspond to a particular physical device. When used
with appropriate switching logic, it can be used to model simplified semiconductor
devices such as a GTO or a MOSFET, or even a power circuit breaker with current
chopping. The switch is simulated as a resistor Ron in series with a switch controlled by
a logical gate signal g.

¥ Va2 -
-~ 1z sw Ran
1 o—o 2 1

o AWW—o0 2
Terminal Terminal
E

Gate Switch
Logic

g

The Ideal Switch block is fully controlled by the gate signal (g > 0 or g = 0). It has the
following characteristics:

+ Blocks any forward or reverse applied voltage with O current flow when g =0
*  Conducts any bidirectional current with quasi-zero voltage drop when g >0

+  Switches instantaneously between on and off states when triggered
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The Ideal Switch block turns on when a positive signal is present at the gate input (g >

0). It turns off when the gate signal equals 0 (g = 0).

The Ideal Switch block also contains a series Rs-Cs snubber circuit that can be connected

in parallel with the ideal switch (between nodes 1 and 2).

12/ On state
T e
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™ ™
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i to Un slope=1/Ran Y
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—
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Dialog Box and Parameters

I=] Block Parameters: Ideal Switch g|
|deal Switch [mask]

Switch controlled by a gate signal in parallel with a seriez RC snubber circuit.
In on-gtate the Switch model has an internal resistance [FRon).

In off-state thiz internal resistance is infinite.

The internal resistance must be greater than zero.

The switch model iz on-state when the gate signal [g] iz set to 1.

Farameters

Internal resistance Ron [Ohme] :
0.001

Initial state [0 for ‘'open’, 1 for 'closed] :
a

Snubber resistance Fg [Ohms] :
1e5

Snubber capacitance Csz [F]
inf

Show measurement part

QK l ’ Cancel ] ’ Help Apply

Internal resistance Ron

The internal resistance of the switch device, in ohms (). The Internal resistance
Ron parameter cannot be set to 0.

Initial state

The initial state of the Ideal Switch block. The initial status of the Ideal Switch block
is taken into account in the steady-state calculation.

Snubber resistance Rs

The snubber resistance, in ohms (). Set the Snubber resistance Rs parameter to
inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Set the Snubber capacitance Cs parameter
to O to eliminate the snubber, or to InT to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the ideal switch current and
voltage.
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Inputs and Outputs

g

Simulink signal to control the opening and closing of the switch.

The Simulink output of the block is a vector containing two signals. You can
demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 Ideal switch current A
2 Ideal switch voltage A%

Assumptions and Limitations

The Ideal Switch block is modeled as a current source. It cannot be connected in series
with an inductor, a current source, or an open circuit, unless its snubber circuit is in use.

Use the Powergui block to specify either continuous simulation or discretization of your
electrical circuit containing ideal switches. When using a continuous model, the ode23tb
solver with a relative tolerance of le-4 is recommended for best accuracy and simulation
speed.

Example

The power_switch example uses the Ideal Switch block to switch an RLC circuit on an
AC source (60 Hz). The switch, which is initially closed, is first opened at t = 50 ms (3
cycles) and then reclosed at t = 138 ms (8.25 cycles). The Ideal Switch block has 0.01
ohms resistance and no snubber is used.
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Run the simulation and observe the inductor current, the switch current, and the
capacitor voltage. Notice the high-frequency overvoltage produced by inductive current
chopping. Note also the high switch current spike when the switch is reclosed on the
capacitor at maximum source voltage.
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References

[1] Mohan, N., T.M. Undeland, and W.P. Robbins, Power Electronics: Converters,
Applications, and Design, John Wiley & Sons, Inc., New York, 1995.

See Also

Breaker

Introduced before R2006a
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IGBT

Implement insulated gate bipolar transistor (IGBT)

Library

Fundamental Blocks/Power Electronics

g | m
C—E—En

Description

The IGBT block implements a semiconductor device controllable by the gate signal. The
IGBT is simulated as a series combination of a resistor Ron, inductor Lon, and a DC
voltage source Vf in series with a switch controlled by a logical signal (g > 0 or g = 0)

+ Vee -
lc SW Ran Lan :Jf_
c Y, E C G—M—m—h—u E
Collector ;‘ Emitter T"‘
K 1GBT A
ate c:gn:: L vCE

=]

The IGBT turns on when the collector-emitter voltage is positive and greater than Vf
and a positive signal is applied at the gate input (g > 0). It turns off when the collector-
emitter voltage is positive and a 0 signal is applied at the gate input (g = 0).

The IGBT device is in the off state when the collector-emitter voltage is negative. Note

that many commercial IGBTs do not have the reverse blocking capability. Therefore, they
are usually used with an antiparallel diode.

1-347



Blocks — Alphabetical List

1

The IGBT block contains a series Rs-Cs snubber circuit, which is connected in parallel

with the IGBT device (between terminals C and E).

Off state

I

/

On state

ot Turnoff
=0
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- b
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The turnoff characteristic of the IGBT model is approximated by two segments. When the
gate signal falls to 0, the collector current decreases from Imax to 0.1 Imax during the

fall time (Tf), and then from 0.1 Imax to O during the tail time (Tt).
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Dialog Box and Parameters

L] Block Parameters: IGBT g|
IGET [mask]

Implements an IGBT device in parallel with a series RC snubber circuit.

In on-gtate the IGBT model has internal resistance [Fon) and inductance [Lon).
For most applications, Lon should be set to zero.

In off-gtate the IGBT model has infinite impedance.

Farameters

Fiesistance Fon [DOhms] :
0.001

Inductance Lon [H] :
a

Forward voltage Wi [V] :
1

Current 107 fall time TF (5]
1e-B

Current tail time Tt [z):

2e-B

Initial current | [4) :

a

Snubber resistance Fg [Ohms] :
1e5

Snubber capacitance Csz [F]
inf

Show measurement part

[ QK l ’ Cancel ] ’ Help Apply

Resistance Ron

The internal resistance Ron, in ohms (Q). The Resistance Ron parameter cannot be
set to O when the Inductance Lon parameter is set to 0.

Inductance Lon
The internal inductance Lon, in henries (H). The Inductance Lon parameter is
normally set to O except when the Resistance Ron parameter is set to O.
Forward voltage VI
The forward voltage of the IGBT device, in volts (V).
Current 10% fall time

The current fall time Tf, in seconds (s). This parameter is not modeled when the

Enable use of ideal switching devices parameter of the Powergui block is
selected.
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Current tail time

The current tail time Tt, in seconds (s). This parameter is not modeled when the
Enable use of ideal switching devices parameter of the Powergui block is
selected.

Initial current Ic

You can specify an initial current flowing in the IGBT. It is usually set to 0 in order
to start the simulation with the device blocked.

If the Initial Current IC parameter is set to a value greater than 0, the steady-state
calculation considers the initial status of the IGBT as closed. Initializing all states of
a power electronic converter is a complex task. Therefore, this option is useful only
with simple circuits.

Snubber resistance Rs

The snubber resistance, in ochms (). Set the Snubber resistance Rs parameter to
inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Set the Snubber capacitance Cs parameter
to O to eliminate the snubber, or to inT to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the diode IGBT current and
voltage.

Inputs and Outputs

g
Simulink signal to control the opening and closing of the IGBT.

The Simulink output of the block is a vector containing two signals. You can

demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 IGBT current A
2 IGBT voltage \Y



IGBT

Assumptions and Limitations

The IGBT block implements a macro model of the real IGBT device. It does not take into
account either the geometry of the device or the complex physical processes [1].

Depending on the value of the inductance Lon, the IGBT is modeled either as a current
source (Lon > 0) or as a variable topology circuit (Lon = 0). The IGBT block cannot be
connected in series with an inductor, a current source, or an open circuit, unless its
snubber circuit is in use.

Use the Powergui block to specify either continuous simulation or discretization of your

electrical circuit containing IGBT blocks. When using a continuous model, the ode23tb

solver with a relative tolerance of le-4 is recommended for best accuracy and simulation
speed.

The inductance Lon is forced to 0 if you choose to discretize your circuit.

Example

The power_igbtconv example illustrates the use of the IGBT block in a boost DC-DC
converter. The IGBT is switched on and off at a frequency of 10 kHz to transfer energy
from the DC source to the load (RC). The average output voltage (Vg) is a function of the
duty cycle (a) of the IGBT switch:

1
Vp=—V
R 1-a de
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Fulse E LI-I
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In our example, a = 0.5 so that the theoretical value of Vg is 200 V, assuming no voltage
drop across the diode and the IGBT.

Run the simulation and observe the inductor current (I;), the IGBT collector current
(Ic), the diode current (Ip), the IGBT device collector-emitter voltage (Vcg), and the load

voltage (V).

The load voltage (197 V) is slightly lower than the theoretical value (200 V) mainly
because of the forward voltage (V;) of the diode (0.8 V) and of the IGBT (V;=1V).
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See Also

GTO, MOSFET, Three-Level Bridge, Thyristor
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IGBT/Diode

Implements ideal IGBT, GTO, or MOSFET and antiparallel diode

Library

Fundamental Blocks/Power Electronics
Description

E—|En

The IGBT/Diode block is a simplified mode of an IGBT (or GTO or MOSFET)/Diode pair
where the forward voltages of the forced-commutated device and diode are ignored.

Dialog Box and Parameters

“i Block Parameters: IGBT/Diode @
IGBT/Diode (mask) (link)

Implements an ideal IGBT, Gto, or Mosfet and antiparallel diode.
FParameters

Internal resistance Ron (Ohms) :

1e-3|

Snubber resistance Rs (Ohms) :
le5

Snubber capacitance Cs (F) :
inf

V| Show measurement port

oK ]| Cancel || Help Apply
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Internal resistance Ron
The internal resistance Ron of the IGBT device, in ochms ().
Snubber resistance Rs

The snubber resistance, in ohms (Q). Set the Snubber resistance Rs parameter to
inf to eliminate the snubber from the model.

Snubber capacitance Cs

The snubber capacitance in farads (F). Set the Snubber capacitance Cs parameter
to O to eliminate the snubber, or to inf to get a resistive snubber.

Show measurement port

If selected, add a Simulink output to the block returning the diode IGBT current and
voltage.

Inputs and Outputs

g
Simulink signal to control the opening and closing of the IGBT.

The Simulink output of the block is a vector containing two signals. You can

demultiplex these signals by using the Bus Selector block provided in the Simulink
library.

Signal Definition Units
1 IGBT/Diode current A
2 IGBT/diode voltage \Y

Assumptions and Limitations

The IGBT/Diode block implements a macro model of the real IGBT and Diode devices.

It does not take into account either the geometry of the devices or the complex physical
processes [1].

The IGBT/Diode block cannot be connected in series with an inductor, a current source,
or an open circuit, unless its snubber circuit is in use.



IGBT/Diode

Use the Powergui block to specify either continuous simulation or discretization of your
electrical circuit containing IGBT/Diode blocks. When using a continuous model, the
ode23tb solver with a relative tolerance of le-4 is recommended for best accuracy and
simulation speed.

Example

The power_1phPWM_IGBT example illustrates use of the IGBT/Diode block in voltage-
sourced converters. The system consists of two independent circuits illustrating single-
phase PWM voltage-sourced converters (VSC):

1 Half-bridge converter

2  Full-bridge converter

The converters are built with the IGBT/Diode block which is the basic building block of
all VSCs. You may replace these blocks by individual IGBT and diode blocks for a more
detailed representation.

VSCs are controlled in open loop with the PWM Generator (2—Level) block available in
the Control and Measurements/Pulse & Signal Generators library.

The two circuits use the same DC voltage of 400 Volts, carrier frequency of 1080 Hz and
modulation index of 0.8.
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DCIAC Half-Bridge Inverter
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Run the simulation and observe the current into the load (trace 1) and the voltage
generated by the PWM inverter (trace 2) on the Scope blocks.

See Also

IGBT, Diode

Introduced in R2006a
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Impedance Measurement

Measure impedance of circuit as function of frequency

Library

Fundamental Blocks/Measurements

Description =]

The Impedance Measurement block measures the impedance between two nodes of a
linear circuit as a function of the frequency. It consists of a current source Iz, connected
between inputs one and two of the Impedance Measurement block, and a voltage
measurement Vz, connected across the terminals of the current source. The network
impedance is calculated as the transfer function H(s) from the current input to the
voltage output of the state-space model.

V. (s)
I(s)

H(s) =

The impedance (magnitude and phase) as function of frequency is displayed by using the
Impedance vs Frequency Measurement tool of the Powergui block.

The measurement takes into account the initial states of the Breaker and Ideal Switch
blocks. It also allows impedance measurements with Distributed Parameter Line blocks
in your circuit.

The source impedances are taken into account in the impedance calculations. By
definition, the impedance of voltage sources is 0 (voltage source blocks are considered as
short-circuit) and the impedance of current sources is infinite (current source blocks are
considered as open-circuit).

In some applications, you may need to manually delete current or voltage source blocks
in order to ignore their impact on impedance calculations.
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Dialog Box and Parameter

=1 Block Parameters: Impedance Measurement g|
Impedance Meazurement [mask)

Meazure the impedance between bwo nodes of a circuit az a function of the
frequency. Uze the Powergui block to display the impedance calculation.

Farameters

Multiplication factor
1

[ QK l ’ Cancel ] ’ Help Apply

Multiplication factor

If you use the Impedance Measurement block in a three-phase circuit, you can use
the Multiplication factor parameter to rescale the measured impedance. For
example, measuring the impedance between two phases of a three-phase circuit
gives two times the positive-sequence impedance. Therefore you must apply a
multiplication factor of 1/2 to the impedance in order to obtain the correct positive-
sequence impedance value.

Similarly, to measure the zero-sequence impedance of a balanced three-phase circuit,
you can connect the Impedance Measurement block between ground or neutral and
the three phases connected together.

In that case, you are measuring one third of the zero-sequence impedance and you
must apply a multiplication factor of 3 to obtain the correct zero-sequence value.

Limitations

The only nonlinear blocks that are taken into account during the impedance
measurement are the Breaker, Three-Phase Breaker, Three-Phase Fault, Ideal Switch,
and Distributed Parameter Line blocks. All other nonlinear blocks, such as machines
and power electronic devices, are not considered, and they are disconnected during the
measurement.

If you plan to connect the Impedance Measurement block in series with an inductance,
a current source, or any nonlinear element, you must add a large resistor across the
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terminals of the block, because the Impedance Measurement block is simulated as a
current source block.

See Also

power_zmeter

Introduced before R2006a

1-361



1 Blocks — Alphabetical List

1-362

Lead-Lag Filter

Implement first-order lead-lag filter

Library

Control and Measurements/Filters

1+T1s
AT+ P

Description

The Lead-Lag Filter block implements the following transfer function:

1+T18

H =
(S) 1+T23

where

s = Laplace operator
T:,T; = time constants

This type of filter is used mainly for implementing lead-lag compensation in control
systems. The key characteristics of the Lead-Lag Filter block are:

+ Input accepts a vectorized input of N signals, thus implementing N filters. This
feature is particularly useful for designing controllers in three-phase systems (N=3).

+  The same block is used for continuous or discrete model. Changing the sample time Ts
from O to a positive value automatically discretizes the filter, and vice-versa.

+ Filter states can be initialized for specified DC inputs and outputs.



Lead-Lag Filter

Dialog Box and Parameters

Function Block Parameters: Lead-Lag Filter,
Lead-Lag Filker {mask)

Implement a first-order lead-lag Filker.
His)= {1+ T1.5) [ {1 + T2.5)

Parameters

Time constant T1 (s):

|5e-3 |

Time constant T2 (s):

| 20e-3 |

[oC initial input and oukput:
[ |

Sample time:

0 |

[ O, H Cancel ][ Help Bpply

Time constant T1 (s)

Specify the filter time constant(s) T; in seconds.
Time constant T2 (s)

Specify the filter time constant(s) Ty in seconds.
DC initial input and output

Specify the DC initial value of input and output signals. If the input signal is
vectorized, specify a 1-by-N vector, where each value corresponds to a particular
input.

Sample time

Specify the sample time of the block, in seconds. Set to 0 to implement a continuous
block.

Characteristics

‘Direct Feedthrough ‘Yes
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Sample Time Specified in the Sample Time parameter
Continuous if Sample Time = 0

Scalar Expansion Yes, of the parameters

States One state per filter

Dimensionalized Yes

Example

The power_LeadLagFilter example shows two uses of a vectorized Lead-Lag Filter.

The model sample time is parameterized with variable Ts (default value Ts = 50e-6). To
simulate continuous filters, specify Ts = 0 in the MATLAB Command Window before

simulating the model.
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Linear Transformer

Implement two- or three-winding linear transformer

Library

Fundamental Blocks/Elements

Description % g

The Linear Transformer block model shown consists of three coupled windings wound on
the same core.

L2 B2
Rl L1
o—AM— T .
.
i}
Lm BEm %
L3 R3
o
L}

The model takes into account the winding resistances (R1 R2 R3) and the leakage
inductances (L1 L2 L3), as well as the magnetizing characteristics of the core, which is
modeled by a linear (Rm Lm) branch.

The Per Unit Conversion

In order to comply with industry, the block allows you to specify the resistance and
inductance of the windings in per unit (pu). The values are based on the transformer
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rated power Pn, in VA, nominal frequency fn, in Hz, and nominal voltage Vn, in Vrms, of
the corresponding winding. For each winding, the per unit resistance and inductance are

defined as
R(Q
R(pu)=R( )
base
L(H
base

The base impedance, base resistance, base reactance, and base inductance used for each
winding are

2
(Vn)
Zbase = Rbase = Xbase = W
base = X base
ase
2nfn

For the magnetization resistance Rm and inductance Lm, the pu values are based on the
transformer rated power and on the nominal voltage of winding 1.

For example, the default parameters of winding 1 specified in the dialog box section give
the following bases:

_ (135e3)° 21610
base = o506
2161
=220 _5732H
base = 9160

Suppose that the winding 1 parameters are R1 =4.32 Q and L1 = 0.4586 H; the
corresponding values to be entered in the dialog box are

_ 4.32Q
2161Q

1 =0.002pu

1-366



Linear Transformer

_ 0.4586H

L= 5.732H

=0.08pu

To specify a magnetizing current of 0.2% (resistive and inductive) based on nominal
current, you must enter per unit values of 1/0.002 = 500 pu for the resistance and the
inductance of the magnetizing branch. Using the base values calculated previously, these

per unit values correspond to Rm = 1.08e6 ohms and Lm = 2866 henries.

Modeling an Ideal Transformer

To implement an ideal transformer model, set the winding resistances and inductances to

0, and the magnetization resistance and inductance (Rm Lm) to inT.

Dialog Box and Parameters

=1 Block Parameters: Linear, Transformer
Linear Transformer {mask) {link)

Implements a three windings linear transformer,

Click the Apply or the OF button after a change to the Units popup to confirm the
conversion of parameters,

Parameters

Mominal power and frequency [Pniva) FrfHz)]:
[ 25086 60 ]

‘Winding 1 parameters [Y1{¥rms) R1{pu) L1{pu)]:
[ 735e3 0,002 0.05 ]

‘Winding 2 parameters [Y2{¥rms) R2{pu) L2{pu)]:
[ 315e3 0,002 0.05]

Three windings transformer

‘Winding 3 parameters [Y3{¥rms) R3(pu) L3{pu)]:
[ 315e3 0,002 0,05 ]

Magnetization resistance and inductance [Rmipu) Ln{pu]:
[ 500500 ]

Use 51 units

OF H Cancel ][ Help Apply

Units |pu L2

Measurements |Mone A

Units
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Specify the units used to enter the parameters of the Linear Transformer block.
Select pu to use per unit. Select SI to use SI units. Changing the Units parameter
from pu to SI, or from S1 to pu, will automatically convert the parameters displayed
in the mask of the block. The per unit conversion is based on the transformer rated
power Pn in VA, nominal frequency fn in Hz, and nominal voltage Vn, in Vrms, of the
windings.

Nominal power and frequency

The nominal power rating Pn in volt-amperes (VA) and frequency fn, in hertz
(Hz), of the transformer. Note that the nominal parameters have no impact on the
transformer model when the Units parameter is set to SI.

Winding 1 parameters

The nominal voltage V, in volts RMS, resistance, in pu or ohms, and leakage
inductance, in pu or henries. The pu values are based on the nominal power Pn
and on V1. Set the winding resistances and inductances to 0 to implement an ideal
winding.

Winding 2 parameters

The nominal voltage V2 in volts RMS, resistance, in pu or ohms, and leakage
inductance, in pu or henries. The pu values are based on the nominal power Pn
and on V2. Set the winding resistances and inductances to 0 to implement an ideal
winding.

Three windings transformer

If selected, implements a linear transformer with three windings; otherwise, it
implements a two-windings transformer.

Winding 3 parameters

The Winding 3 parameters parameter is not available if the Three windings
transformer parameter is not selected.

The nominal voltage in volts RMS (Vrms), resistance, in pu or ohms, and leakage
inductance in pu or henries. The pu values are based on the nominal power Pn
and on V3. Set the winding resistances and inductances to 0 to implement an ideal
winding.

Magnetization resistance and inductance

The resistance and inductance simulating the core active and reactive losses. When
selected, the pu values are based on the nominal power Pn and on V1. For example,
to specify 0.2% of active and reactive core losses, at nominal voltage, use Rm = 500 pu
and Lm = 500 pu.

1-368



Linear Transformer

Rm must have a finite value when the inductance of winding 1 is greater that zero.

Measurements
Select Winding voltages to measure the voltage across the winding terminals of
the Linear Transformer block.

Select Winding currents to measure the current flowing through the windings of
the Linear Transformer block.

Select Magnetization current to measure the magnetization current of the
Linear Transformer block.

Select All voltages and currents to measure the winding voltages and currents
plus the magnetization current.

Place a Multimeter block in your model to display the selected measurements during
the simulation.

In the Available Measurements list box of the Multimeter block, the
measurements are identified by a label followed by the block name.

Measurement Label

Winding voltages Uwl:, Uw2:, Uw3:

Winding currents Iwlz, Iw2:, Iw3:

Magnetization current Imag:
Limitations

Windings can be left floating (that is, not connected to the rest of the circuit). However,
an internal resistor is automatically added between the floating winding and the main
circuit. This internal connection does not affect voltage and current measurements.

Due to limitations inherent to graph theory and its application to electric network theory
as implemented in SimPowerSystems software, the following topologies are unsolvable:

+ Loops containing only ideal transformer secondary windings (for example, delta-
connected ideal secondary windings of three-phase transformer). To solve this
topology issue, you can add a small impedance in series with the loop.
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*  Loops containing only ideal transformer secondary windings and ideal voltage
sources. To solve this topology issue, you can add a small impedance in series with the

loop.

+ Loops containing only ideal transformer secondary windings and capacitors. To solve
this topology issue, you can add a small impedance in series with the loop.

+ All topologies where an ideal transformer primary has at least one of its nodes that
is connected to elements consisting only of ideal transformer primary windings or
current sources (for example, wye-connected three-phase primary windings with
floating common point). To resolve this circuit topology, you connect a small resistance

to problematic node.

Example

The power_transformer example shows a typical residential distribution transformer
network feeding line-to-neutral and line-to-line loads.

input
current

J Linear Transfarmer

_L TEkM A

See Also

wvoltage

240w
30 ki 20 borar

nc-de 50

120w
20k 10 barars

120w
2010 A0 kvars

Mutual Inductance, Saturable Transformer, Three-Phase Transformer (Two Windings),
Three-Phase Transformer (Three Windings)
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Load Flow Bus

Identify and parameterize load flow bus

Library

Measurements

‘ Load Flow Bus
BUS 1
25e3
1pu

Description ~ °**

The Load Flow Bus block is used in three-phase models to specify the bus locations and
parameters in order to solve a load flow. The load flow is solved by the Powergui Load
Flow tool. You normally connect this block on any phase (A, B, or C) of a three-phase load
flow block. Load flow blocks are SimPowerSystems blocks where power and voltage can

be specified. They are:

* Asynchronous Machine

+ Simplified Synchronous Machine
+  Synchronous Machine

* Three-Phase Dynamic Load

* Three-Phase Parallel RLC Load

* Three-Phase Programmable Voltage Source

* Three-Phase Series RLC Load

* Three-Phase Source

Once the load flow is solved, the bus voltage magnitude and phase angle are displayed
below the Load Flow Bus blocks as block annotations. The Load Flow tool lists, for each

bus, the active and reactive power transferred to other buses.

When several load flow blocks are connected together at the same bus, only one Load
Flow Bus block is required. You can also connect the Load Flow Bus block at a location
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where you are interested in monitoring the load flow, even if no load flow blocks are
connected at that location. In such a case, the Load Flow Bus block must be connected
to any phase of a three-phase block (Three-Phase Breaker, Three-Phase PI Section Line,
Three-Phase Transformer, and so on).

Implicit Buses

If you omit to connect a Load Flow Bus block to a load flow block, the Load Flow tool
will automatically define an implicit (internal) load flow bus for that block. The bus base
voltage of this implicit bus is set to the same value as the nominal voltage of the load
flow block. When several load flow blocks are connected together, one nominal voltage is
arbitrarily selected among the blocks.

Although the Load Flow tool can perform load flow on a model with no Load Flow Bus

block in the model (working only with implicit buses), the recommended practice is to
connect a Load Flow Bus block everywhere a load flow block exists.

Dialog Box and Parameters

The Load Flow Bus parameters are used for model initialization only. They have no
impact on the simulation performance.

The block dialog box contains two tabs:

+ “Parameters Tab” on page 1-373
* “Load Flow Tab” on page 1-374
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Parameters Tab

E! Block Parameters: Load Flow Bus

Load Flow Bus {mask)

Identify and parameterize a load Flow bus node.

Parameters | Load Flow

Bus Identification

BUS_L |

Base volkage (Yrms phase-phase)

| 2563 |

Swing bus or PY bus voltage {pu)
£ |

Swing bus vaolkage angle (degrees)

0 |

Ik H Zancel H Help apply

Bus Identification

Enter a meaningful alphanumeric string. The Bus Identification string appears
below the block as a block annotation.

Base voltage (Vrms phase-phase)

The base voltage is usually the same as the nominal voltage of the load flow blocks
connected to the Load flow Bus block. The Base voltage values appears below the
block as a block annotation.

Swing bus or PV bus voltage (pu)

Specify the required bus voltage magnitude, in pu. Depending on the bus type of
the load flow blocks connected at that bus, this voltage corresponds to the swing bus
voltage or the PV bus voltage.

Swing bus voltage angle (degrees)

1-373



1 Blocks — Alphabetical List

The swing bus voltage angle is used as a reference to compute voltage angles of all
other buses in the model.

Note The bus type (PV, PQ, or swing) is not defined in the mask of the Load Flow Bus
block. The reason is that you may have several machines and voltage source blocks with
different generator type parameters connected at the same bus. The Load Flow tool
determines the resulting bus type.

Load Flow Tab

E! Block Parameters: Load Flow Bus

Load Flow Bus (mask)

Identify and parameterize a load Flow bus node.

Parameters | Load Flow |

Load flow solution: bus waolkage ¥ _LF (pu)
E |

Load flow solution: bus valkage Yanadle_LF (degrees)

o |

Ik H Zancel H Help ] apply

Load flow solution: bus voltage V_LF (pu)

Displays the resulting bus voltage, in pu, once the load flow is solved. This parameter
is intentionally grayed out because it is updated automatically by the Load Flow tool.
The parameter value appears below the block as a block annotation.
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Load flow solution: bus voltage Vangle_LF (degrees)

Displays the resulting bus voltage angle, in degrees, once the load flow is solved. This
parameter is intentionally grayed out because it is updated automatically by the
Load Flow tool. The parameter value appears below the block as a block annotation.

Example

The power_turbine example contains two Load Flow Bus blocks. The B1 block is
connected to the 5 MW Three-Phase Parallel RLC Load and to the Synchronous Machine
load flow blocks. The B2 block is connected to the 10 MW Three-Phase Parallel RLC Load
and to the Three-Phase Source load flow blocks.

The two blocks display the bus voltages and angles resulting from a load flow solution
previously saved with the model. The bus voltage at bus B1 displays 1 pu, -23.67

deg. Start the simulation, verify it starts in steady state, then zoom on the initial value
of the measured voltage Va. You should read an initial voltage of about -0.4015 pu. At the
MATLAB Command line, compute the angle of the measured voltage:

asin(-0.4015)*180/pi

ans =
-23.672

You can also take a look at the power_LFnetwork_5bus model. In this model five Load
Flow Bus blocks are used. The block labeled B120 is the swing bus.

See Also

power_loadflow
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Machine Measurement Demux

Split measurement signal of machine models into separate signals

Library

Fundamental Blocks/Machines

Description

Note This block is now obsolete. We strongly recommend to use the Bus Selector block
from Simulink library to demux the measurement signals of the machine blocks.
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Mean

Compute mean value of signal

Library

Control and Measurements/Measurements

) Xp

Description

The Mean block computes the mean value of the input signal. The mean value is
computed over a running average window of one cycle of the specified fundamental
frequency:

t
1
Mean(f(t)) = T J. o) - dt
t-T)
f(#) : input signal, T = 1/fundamental frequency

As this block uses a running average window, one cycle of simulation must complete
before the output gives the correct value. For the first cycle of simulation, the output is
held constant to the specified initial input value.
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Dialog Box and Parameters

Function Block Parameters: Mean E|
Mean {mask)
Compute the mean v