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1 Getting Started

Product Overview

The Aerospace Blockset™ product lets you model aerospace systems in the
Simulink® and MATLAB® environments. The Aerospace Blockset product
brings the full power of Simulink to aerospace system design, integration,
and simulation by providing key aerospace subsystems and components

in the adaptable Simulink block format. From environmental models to
equations of motion, from gain scheduling to animation, the blockset gives
you the core components to assemble a broad range of large aerospace system
architectures rapidly and efficiently.

You can use the Aerospace Blockset and Simulink products to develop
your aerospace system concepts and to efficiently revise and test your
models throughout the life cycle of your design. Animate your aerospace
motion simulations with MATLAB Graphics or the optional Simulink® 3D
Animation™ viewer.

Simulink Coder Code Generation Support

Use the Aerospace Blockset software with the Simulink® Coder™ software
to automatically generate code for real-time execution in rapid prototyping
and for hardware-in-the-loop systems.

MATLAB Support

The Aerospace Blockset product supports the following Aerospace Toolbox
quaternion functions in the MATLAB Function block:

quatconj
quatinv
quatmod
quatmultiply
quatdivide
quatnorm
quatnormalize

For further information on using the MATLAB Function block, see:

e “Using the MATLAB Function Block” in Simulink User’s Guide
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® asbQuatEML demo, which demonstrates quaternions and models the
equations
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Related Products

In this section...

“Requirements for the Aerospace Blockset Product” on page 1-4

“Other Related Products” on page 1-4

Requirements for the Aerospace Blockset Product

In particular, the Aerospace Blockset product requires current versions of
these products:

e MATLAB

e Aerospace Toolbox

e Simulink

Other Related Products

The related products listed on the Aerospace Blockset product page at

the MathWorks Web site include toolboxes and blocksets that extend the
capabilities of the MATLAB and Simulink products. These products will
enhance your use of the Aerospace Blockset product in various applications.

For More Information About MathWorks Products
For more information about any MathWorks® software products, see either

® The online documentation for that product if it is installed

® The MathWorks Web site at www.mathworks.com; see the “Products” section


http://www.mathworks.com/products/matlab/
http://www.mathworks.com/products/aerotb/
http://www.mathworks.com/products/simulink/
http://www.mathworks.com/products/aeroblks/related.html
http://www.mathworks.com

Running a Demo Model

Running a Demo Model

In this section...

“Introduction” on page 1-5

“What This Demo Illustrates” on page 1-5
“Opening the Model” on page 1-6

“Key Subsystems” on page 1-8

“Running the Demo” on page 1-9

“Modifying the Model” on page 1-11

Introduction

This section introduces a NASA HL-20 lifting body airframe model that uses
blocks from the Aerospace Blockset software to simulate the airframe of a
NASA HL-20 lifting body, in conjunction with other Simulink blocks.

The model simulates the NASA HL-20 lifting body airframe approach and
landing flight phases using an automatic-landing controller.

For more information on this model, see Chapter 3, “Case Studies”.

What This Demo lllustrates

The NASA HL-20 lifting body airframe demo illustrates the following features
of the blockset:

® Representing bodies and degrees of freedom with the Equations of Motion
library blocks
¢ Using the Aerospace Blockset blocks with other Simulink blocks

¢ Feeding in and feeding out Simulink signals to and from Aerospace
Blockset blocks with Actuator and Sensor blocks

¢ Encapsulating groups of blocks into subsystems

® Visualizing an aircraft with Simulink 3D Animation and Gauges Blockset™
library blocks.

1-5



1 Getting Started

Opening the Model

To open the NASA HL-20 airframe demo, type the demo name, aeroblk HL20,
at the MATLAB command line. The model opens.
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Key Subsystems

The model implements the airframe using the following subsystems:

® The 6DoF (Euler Angles) subsystem implements the 6DoF (Euler Angles)
block along with other Simulink blocks.

¢ The Environment Models subsystem implements the WGS84 Gravity
Model and COESA Atmosphere Model blocks. It also contains a Wind
Models subsystem that implements a number of wind blocks.

¢ The Alpha, Beta, Mach subsystem implements the Incidence, Sideslip &
Airspeed, Mach Number, and Dynamic Pressure blocks. These blocks
calculate aerodynamic coefficient values and lookup functionality.



Running a Demo Model

® The Forces and Moments subsystem implements the Aerodynamic Forces
and Moments block. This subsystem calculates body forces and body
moments.

® The Aerodynamic Coefficients subsystem implements several subsystems
to calculate six aerodynamic coefficients.

Running the Demo

Running a demo lets you observe the model simulation in real time. After you
run the demo, you can examine the resulting data in plots, graphs, and other
visualization tools. To run this model, follow these steps:

1 If it is not already open, open the aeroblk HL20 demo.

2 From the Simulation menu, select Start. On Microsoft® Windows®
systems, you can also click the start button in the model window toolbar.

The simulation proceeds until the aircraft lands:

RT=IE
-

File View Viewpoints Mavigation Rendering Simulation Recording Help

Pos:[-744 78 1545 -31.68] Dir:[1.00 0.00

View of the landed airframe
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) Guidance Performance

Plot that Measures Guidance Performance
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Plot that Measures Inertial Position
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Plot that Measures Demand Data Against Achieved Data

Modifying the Model

You can adjust the airframe model settings and examine the effects on
simulation performance. Here is one modification that you can try. It changes
the camera point of view for the landing animation.
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Changing the Animation Point of View
By default, the airframe animation viewpoint is Rear position, which means
the view tracks with the airframe flight path from the rear. You can change

the animation point of view by selecting another viewpoint from the Simulink
3D Animation viewer:

1 Open the aeroblk_HL20 model, and click the Simulink 3D Animation
viewer.

2 From the list of existing viewpoints, change the viewpoint to Fixed
Position.

—inixg
He View \ﬁeuponts Mavigation Rendering Simulation Recording Help
IRearPos... IFly _IJ P|,§, D| |.||ﬁ|} .

Rear Pos
Cockpit View

WI[E | E %

Pos:[-12200.00 3063.00 -10.00] Dir:[1.00

The airframe view changes to a fixed position.

3 Start the model again. Notice the different airframe viewpoint when the
airframe lands.
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BTN N -0l
File WView Viewpoints Mavigation Rendering Simulation Recording N
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You can experiment with different viewpoints to watch the animation from
different perspectives.
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In this section...

“Using the MATLAB Help System for Documentation and Demos” on page
1-14

“Finding Aerospace Blockset Help” on page 1-14

Using the MATLAB Help System for Documentation
and Demos

The MATLAB Help browser allows you to access the documentation and demo
models for all the MathWorks products that you have installed. The online
help includes an online search system.

Consult the Help for Using MATLAB section of the MATLAB Desktop Tools
and Development Environment documentation for more about the MATLAB
help system.

Opening Aerospace Demos

To open an Aerospace Blockset demo from the Help browser, open the
MATLAB Command Window and select Aerospace Blockset > Demos.

You can also open the Aerospace Blockset demos from the Start button of
the MATLAB desktop:

1 Click the Start button.
2 Select Simulink > Aerospace Blockset > Demos..

This opens the Help browser with Demos selected in the Help Navigator
pane.

Alternatively, you can open the Demos window by entering demos at the
MATLAB command line.

Finding Aerospace Blockset Help

This user’s guide also includes a reference chapter.



Learning More

® Appendix A, “Aerospace Units” explains the unit systems used by the
blockset.
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Using the Aerospace
Blockset Software

® “Introducing the Aerospace Blockset Libraries” on page 2-2
e “Creating Aerospace Models” on page 2-8

e “Building a Simple Actuator System” on page 2-10

® “About Aerospace Coordinate Systems” on page 2-16

¢ “Introducing the Flight Simulator Interface” on page 2-26

* “Working with the Flight Simulator Interface” on page 2-32
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Introducing the Aerospace Blockset Libraries

In this section...

“Introduction” on page 2-2

“Opening the Aerospace Blockset Library” on page 2-2

“Summary of Aerospace Blockset Libraries” on page 2-4

Introduction

Constructing a simple Aerospace Blockset model is easy to learn if you know
how to create Simulink models. If you are not familiar with the Simulink
product, please see the Simulink documentation. The Aerospace Blockset
library is organized into hierarchical libraries of closely related blocks for
use in the Simulink library.

Opening the Aerospace Blockset Library

You can open the Aerospace Blockset library from the Simulink Library
Browser. The procedure is the same on Windows and UNIX® platforms.

Opening the Simulink Library Browser

To start the Simulink Library Browser, click the @ button in the MATLAB
toolbar, or enter

simulink

at the command line.

Simulink Libraries

The libraries in the Simulink library Browser contain all the basic elements
you need to construct a model. Look here for basic math operations, switches,
connectors, simulation control elements, and other items that do not have a
specific aerospace orientation.
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Opening the Aerospace Blockset Library
The Simulink Library Browser opens when you type simulink in the MATLAB

Command Window or click the gh button. The left pane contains a list of
all the blocksets that you currently have installed.

) simulink Library Browser 10l =|
File Edit View Help

JJ | = » JJIEntersearchterm VI“

Libraries ibrary: Aerospace Blockset [ 4| P
- T Simulink - : -
=} erospace Blockset i Actuators

- Actuators
- Agrodynamics

Agrodynamics
[+ Animation
[#-Environment o
[#-Equations of Motion Animation
- Flight Parameters
[#-GNC

- Mass Properties

Envircnment

Equaticns ai Mati '1
3

Block Description =

- Propulzion
(- Utilities x|

Aerospace Blockset/Actuators

Showing: Aerospace Blockset &

The first item in the list is the Simulink library itself, which is already
expanded to show the available Simulink libraries. Click the # symbol to the
left of any blockset name to expand the hierarchical list and display that
blockset’s libraries within the browser.

To open the Aerospace Blockset window from the MATLAB command line,
enter

aerolib

Double-click any library in the window to display its contents. The following
figure shows the Aerospace Blockset library window.
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For a complete list of all the blocks in the Aerospace Blockset library, see
“Summary of Aerospace Blockset Libraries” on page 2-4.

See the Simulink documentation for a complete description of the Simulink
Library Browser.

Summary of Aerospace Blockset Libraries
The blocks of the Aerospace Blockset library are organized into these libraries.

Actuators Library

The Actuators library provides blocks for representing linear and nonlinear
actuators with saturation and rate limits.

Aerodynamics Library

The Aerodynamics library provides the Aerodynamic Forces and Moments
block using the aerodynamic coefficients, dynamic pressure, center of gravity,
and center of pressure.

Animation Library

The Animation library provides the animation blocks for visualizing flight
paths and trajectories and for working with a flight simulator interface. The
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Animation library contains the MATLAB-Based Animation, Flight Simulator
Interfaces, and Animation Support Utilities sublibraries.

MATLAB-Based Animation Sublibrary. The MATLAB-Based Animation
sublibrary provides the 3DoF Animation block and the 6DoF Animation block.
Using the animation blocks, you can visualize flight paths and trajectories.

Flight Simulator Interfaces Sublibrary. The Flight Simulator Interfaces
sublibrary provides the interface blocks to connect the Aerospace Blockset
product to the third-party FlightGear flight simulator.

Animation Support Utilities Sublibrary. The Animation Support Utilities
sublibrary provides additional blocks for running the FlightGear flight
simulator. It contains a joystick interface for Windows platform and a block
that lets you set the simulation pace.

Environment Library

The Environment library provides blocks that simulate aspects of an aircraft
and spacecraft environment, such as atmospheric conditions, gravity,
magnetic fields, and wind. The Environment library contains the Atmosphere,
Gravity, and Wind sublibraries.

Atmosphere Sublibrary. The Atmosphere sublibrary provides general
atmospheric models, such as ISA and COESA, and other blocks, including
nonstandard day simulations, lapse rate atmosphere, and pressure altitude.

Gravity Sublibrary. The Gravity sublibrary provides blocks that calculate
the gravity and magnetic fields for any point on the Earth.

Wind Sublibrary. The Wind sublibrary provides blocks for wind-related
simulations, including turbulence, gust, shear, and horizontal wind.

Equations of Motion Library

The Equations of Motion library provides blocks for implementing the
equations of motion to determine body position, velocity, attitude, and related
values. The Equations of Motion library contains the 3DoF, 6DoF, and Point
Mass sublibraries.
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3DoF Sublibrary. The 3DoF sublibrary provides blocks for implementing
three-degrees-of-freedom equations of motion in your simulations, including
custom variable mass models.

6DoF Sublibrary. The 6DoF sublibrary provides blocks for implementing
six-degrees-of-freedom equations of motion in your simulations, using Euler
angles and quaternion representations.

Point Mass Sublibrary. The Point Mass sublibrary provides blocks for
implementing point mass equations of motion in your simulations.

Flight Parameters Library

The Flight Parameters library provides blocks for various parameters,
including ideal airspeed correction, Mach number, and dynamic pressure.

GNC Library

The GNC library provides blocks for creating control and guidance systems,
including various controller models. The GNC library contains the Control,
Guidance, and Navigation sublibraries.

Control Sublibrary. The Control sublibrary provides blocks for simulating
various control types, such as one-dimensional, two-dimensional, and
three-dimensional models.

Guidance Sublibrary. The Guidance sublibrary provides the Calculate
Range block, which computes the range between two vehicles.

Navigation Sublibrary. The Navigation sublibrary provides blocks for
three-axis measurement of accelerations, angular rates, and inertias.

Mass Properties Library

The Mass Properties library provides blocks for simulating the center of
gravity and inertia tensors.

Propulsion Library

The Propulsion library provides the Turbofan Engine System block, which
simulates an engine system and controller.
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Utilities Library

The Utilities library contains miscellaneous blocks useful in building models.
The library contains the Axes Transformations, Math Operations, and Unit
Conversions sublibraries.

Axes Transformations Sublibrary. The Axes Transformations sublibrary
provides blocks for transforming axes of coordinate systems to different types,
such as Euler angles to quaternions and vice versa.

Math Operations Sublibrary. The Math Operations sublibrary provides
blocks for common mathematical and matrix operations, including sine and
cosine generation and various 3-by-3 matrix operations.

Unit Conversions Sublibrary. The Unit Conversions sublibrary provides
blocks for converting common measurement units from one system to another,
such as converting velocity from feet per second to meters per second and
vice versa.

2-7
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Creating Aerospace Models

Basic Steps

Regardless of the model’s complexity, you use the same essential steps for
creating an aerospace model as you would for creating any other Simulink
model. For general model-building rules, see the Simulink documentation.

1 Select and position the blocks. You must first select the blocks that you
need to build your model, and then position the blocks in the model window.
For the majority of Simulink models, you select one or more blocks from
each of the following categories:

a Source blocks generate or import signals into the model, such as a sine
wave, a clock, or limited-band white noise.

b Simulation blocks can consist of almost any type of block that performs
an action in the simulation. A simulation block represents a part of
the model functionality to be simulated, such as an actuator block, a
mathematical operation, a block from the Aerospace Blockset library,
and so on.

¢ Signal Routing blocks route signals from one point in a model to another.
If you need to combine or redirect two or more signals in your model,
you will probably use a Simulink Signal Routing block, such as Mux
and Demux.

As an alternative to the Mux block, you can use the Vector option of
the Concatenate block Mode parameter (also known as the Vector
Concatenate block). This block provides a more general way for you to
route signals from one point in the a model to another. The Vector mode
takes as input a vector of signals of the same data type and creates a
contiguous output signal. Depending on the input, this block outputs a
row or column vector if any of the inputs are row or column vectors,
respectively.

d Sink blocks display, write, or save model output. To see the results of
the simulation, you must use a Sink block.

2 Configure the blocks. Most blocks feature configuration options that let
you customize block functionality to specific simulation parameters. For
example, the ISA Atmosphere Model block provides configuration options

2-8
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for setting the height of the troposphere, tropopause, and air density at
sea level.

3 Connect the blocks. To create signal pathways between blocks, you connect
the blocks to each other. You can do this manually by clicking and
dragging, or you can connect blocks automatically.

4 Encapsulate subsystems. Systems made with Aerospace Blockset blocks can

function as subsystems of larger, more complex models, like subsystems in
any Simulink model.
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Building a Simple Actuator System

In this section...
“Building the Model” on page 2-10

“Running the Simulation” on page 2-14

Building the Model

The Simulink product is a software environment for modeling, simulating,
and analyzing dynamic systems. Try building a simple model that drives an
actuator with a sine wave and displays the actuator’s position superimposed
on the sine wave.

Note If you prefer to open the complete model shown below instead of
building it, enter aeroblktutorial at the MATLAB command line.

E!aerohlktutorial e M= E3

File Edit WYiew Simulation Format Tools Help

M N

-
% % l L [t Azetral |§|
Scope

Sine Wave Second Order Linear Actuator

hd

¥

|

R [100% [ [ |odets v

The following section (“Creating a Model” on page 2-11) explains how to build
a model on Windows platforms. You can use this same procedure to build a
model on UNIX platforms.

The section describes how to build the model. It does not describe how to set
the configuration parameters for the model. See “Configuration Parameters
Dialog Box” in the Simulink Graphical User Interface documentation. That
section describes setting configuration parameters for models. If you do not set
any configuration parameters, simulating models might cause warnings like:

Warning: Using a default value of 0.2 for maximum step size.
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The simulation step size will be equal to or less than this
value. You can disable this diagnostic by setting
'"Automatic solver parameter selection' diagnostic to 'none’
in the Diagnostics page of the configuration parameters
dialog

Creating a Model

1 Click the u button in the MATLAB toolbar or enter simulink at the
MATLAB command line. The Simulink library browser appears.

] simulink Library Browser I =1
File Edit View Help
” 0= » ﬂ Enter search term ~| @
Libraries Library: Simulink | Sear 1P
B E Aerospace Blocksst Commanly Used
~Actuators
- Aerodynamics Centinuous e
Animation
Environment . .
-Equations of Motion H Dizeantinuitiss
Flight Parameters
BI-GNC Disoete
~-Mass Properties
~Propulsion i Logicand Bit Op ™
- Utities: =1al | 3
Block Description X
Simulink/Commonly Used Blocks
Showing: Simulink v

2 Select New > Model from the File menu in the Library Browser. A new
model window appears on your screen.

3 Add a Sine Wave block to the model.

a Click Sources in the Library Browser to view the blocks in the Simulink
Sources library.

b Drag the Sine Wave block from the Sources library into the new model
window.

4 Add a Second Order Linear Actuator to the model.

2-11



2 Using the Aerospace Blockset™ Software

a Click the = symbol next to Aerospace Blockset in the Library Browser
to expand the hierarchical list of the aerospace blocks.

b In the expanded list, click Actuators to view the blocks in the Actuator
library.

¢ Drag the Second Order Linear Actuator block into the model window.

5 Add a Mux block to the model.

a Click Signal Routing in the Library Browser to view the blocks in the
Simulink Signals & Systems library.

b Drag the Mux block from the Signal Routing library into the model
window.

6 Add a Scope block to the model.

a Click Sinks in the Library Browser to view the blocks in the Simulink
Sinks library.

b Drag the Scope block from the Sinks library into the model window.

7 Resize the Mux block in the model.
a Click the Mux block to select the block.
b Hold down the mouse button and drag a corner of the Mux block to
change the size of the block.
8 Connect the blocks.

a Position the pointer near the output port of the Sine Wave block. Hold
down the mouse button and drag the line that appears until it touches
the input port of the Second Order Linear Actuator block. Release the
mouse button.

b Using the same technique, connect the output of the Second Order
Linear Actuator block to the second input port of the Mux block.

¢ Using the same technique, connect the output of the Mux block to the
input port of the Scope block.

d Position the pointer near the first input port of the Mux block. Hold
down the mouse button and drag the line that appears over the line
from the output port of the Sine Wave block until double crosshairs
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appear. Release the mouse button. The lines are connected when a knot
is present at their intersection.

9 Set the block parameters.
a Double-click the Sine Wave block. The dialog box that appears allows

you to set the block’s parameters.

For this example, configure the block to generate a 10 rad/s sine wave
by entering 10 for the Frequency parameter. The sinusoid has the
default amplitude of 1 and phase of 0 specified by the Amplitude and
Phase offset parameters.

b Click OK.

Block Parameters: Sine Wave x|

—Sine Wave

Output a sine wave:

0] = Amp*Sin[2 pi*Freq t+Phase] + Bias

Sine type determines the computational technique used. The parameters in the bwo
types are related through:

Samples per period = 2°pi / [Frequency * 5 ample time)
Mumber of offset zamples = Phaze * Samples per period £ [2pi]

Uze the zample-based sine type if numernical problems due ta mnning for large times
[e.g. overflow in absolute time] ocour.

=
F

Sine type:

Time [t]: | Use simulation time j
Amplitude:

Jh

Bias:

Jo

Frequency [rad/zec]:
Jio

Fhase [rad):

Jo

Sample time:

Jo

V' Interpret vector parameters as 1-D

Ok I Lancel | Help |

¢ Double-click the Second Order Linear Actuator block.
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In this example, the actuator has the default natural frequency of 150
rad/s, a damping ratio of 0.7, and an initial position of 0 radians
specified by the Natural frequency, Damping ratio, and Initial
position parameters.

d Click OK.

Block Parameters: Second Order Linear Act |

— Second Order Linear Actuator [mask)] [link]

Implement a second-order actuator model

=
F

Matural frequency:
150

[ramping ratio:
jo7

Initial position:
jo

QK I Cancel | Help | Apply

Running the Simulation

You can now run the model that you built to see how the system behaves
in time:

1 Double-click the Scope block if the Scope window is not already open on
your screen. The Scope window appears.

2 Select Start from the Simulation menu in the model window. The signal
containing the 10 rad/s sinusoid and the signal containing the actuator
position are plotted on the scope.

3 Adjust the Scope block’s display. While the simulation is running,
right-click the y-axis of the scope and select Autoscale. The vertical range
of the scope is adjusted to better fit the signal.

4 Vary the Sine Wave block parameters.

a While the simulation is running, double-click the Sine Wave block to
open its parameter dialog box. This causes the simulation to pause.

b You can then change the frequency of the sinusoid. Try entering 1 or
20 in the Frequency field. Close the Sine Wave dialog box to enter
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your change and allow the simulation to continue. You can then observe
the changes on the scope.

5 Select Stop from the Simulation menu to stop the simulation.

Many parameters cannot be changed while a simulation is running. This is
usually the case for parameters that directly or indirectly alter a signal’s
dimensions or sample rate. However, there are some parameters, like the
Sine Wave Frequency parameter, that you can tune without stopping the
simulation.

Note Opening a dialog box for a source block causes Simulink to pause. While
Simulink is paused, you can edit the parameter values. You must close the
dialog box to have the changes take effect and allow Simulink to continue.

Running a Simulation from a Script

You can also modify and run a Simulink simulation from a script. By doing
this, you can automate the variation of model parameters to explore a large
number of simulation conditions rapidly and efficiently. For information on

how to do this, see “Running a Simulation Programmatically” in the Simulink
User’s Guide.
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About Aerospace Coordinate Systems

In this section...

“Fundamental Coordinate System Concepts” on page 2-16
“Coordinate Systems for Modeling” on page 2-18
“Coordinate Systems for Navigation” on page 2-20

“Coordinate Systems for Display” on page 2-23

“References” on page 2-24

Fundamental Coordinate System Concepts

Coordinate systems allow you to keep track of an aircraft or spacecraft’s
position and orientation in space. The Aerospace Blockset coordinate systems
are based on these underlying concepts from geodesy, astronomy, and physics.

Definitions

The blockset uses right-handed (RH) Cartesian coordinate systems. The
right-hand rule establishes the x-y-z sequence of coordinate axes.

An inertial frame is a nonaccelerating motion reference frame. In an inertial
frame, Newton’s second law holds: force = masseacceleration. Loosely
speaking, acceleration is defined with respect to the distant cosmos, and an
inertial frame is often said to be nonaccelerated with respect to the “fixed
stars.” Because the Earth and stars move so slowly with respect to one
another, this assumption is a very accurate approximation.

Strictly defined, an inertial frame is a member of the set of all frames not
accelerating relative to one another. A noninertial frame is any frame
accelerating relative to an inertial frame. Its acceleration, in general, includes
both translational and rotational components, resulting in pseudoforces
(pseudogravity, as well as Coriolis and centrifugal forces).

The blockset models the Earth’s shape (the geoid) as an oblate spheroid, a
special type of ellipsoid with two longer axes equal (defining the equatorial
plane) and a third, slightly shorter (geopolar) axis of symmetry. The equator
is the intersection of the equatorial plane and the Earth’s surface. The
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geographic poles are the intersection of the Earth’s surface and the geopolar
axis. In general, the Earth’s geopolar and rotation axes are not identical.

Latitudes parallel the equator. Longitudes parallel the geopolar axis. The
zero longitude or prime meridian passes through Greenwich, England.

Approximations

The blockset makes three standard approximations in defining coordinate
systems relative to the Earth.

¢ The Earth’s surface or geoid is an oblate spheroid, defined by its longer
equatorial and shorter geopolar axes. In reality, the Earth is slightly
deformed with respect to the standard geoid.

¢ The Earth’s rotation axis and equatorial plane are perpendicular, so that
the rotation and geopolar axes are identical. In reality, these axes are
slightly misaligned, and the equatorial plane wobbles as the Earth rotates.
This effect is negligible in most applications.

¢ The only noninertial effect in Earth-fixed coordinates is due to the Earth’s
rotation about its axis. This is a rotating, geocentric system. The blockset
ignores the Earth’s acceleration around the Sun, the Sun’s acceleration in
the Galaxy, and the Galaxy’s acceleration through the cosmos. In most
applications, only the Earth’s rotation matters.

This approximation must be changed for spacecraft sent into deep space,
1.e., outside the Earth-Moon system, and a heliocentric system is preferred.

Motion with Respect to Other Planets

The blockset uses the standard WGS-84 geoid to model the Earth. You can
change the equatorial axis length, the flattening, and the rotation rate.

You can represent the motion of spacecraft with respect to any celestial body
that is well approximated by an oblate spheroid by changing the spheroid
size, flattening, and rotation rate. If the celestial body is rotating westward
(retrogradely), make the rotation rate negative.

2-17



2 Using the Aerospace Blockset™ Software

2-18

Coordinate Systems for Modeling

Modeling aircraft and spacecraft is simplest if you use a coordinate system
fixed in the body itself. In the case of aircraft, the forward direction is
modified by the presence of wind, and the craft’s motion through the air is
not the same as its motion relative to the ground.

See the “Equations of Motion” on page 4-7 for further details on how the
Aerospace Blockset product implements body and wind coordinates.

Body Coordinates

The noninertial body coordinate system is fixed in both origin and orientation
to the moving craft. The craft is assumed to be rigid.

The orientation of the body coordinate axes is fixed in the shape of body.

® The x-axis points through the nose of the craft.

® The y-axis points to the right of the x-axis (facing in the pilot’s direction of
view), perpendicular to the x-axis.

® The z-axis points down through the bottom the craft, perpendicular to the
xy plane and satisfying the RH rule.

Translational Degrees of Freedom. Translations are defined by moving
along these axes by distances x, y, and z from the origin.

Rotational Degrees of Freedom. Rotations are defined by the Euler angles
P, Q, Ror @, 0, WP. They are:

Por ® Roll about the x-axis
Qor ® Pitch about the y-axis
RorW®Y Yaw about the z-axis
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Wind Coordinates

The noninertial wind coordinate system has its origin fixed in the rigid
aircraft. The coordinate system orientation is defined relative to the craft’s
velocity V.

The orientation of the wind coordinate axes is fixed by the velocity V.

® The x-axis points in the direction of V.

® The y-axis points to the right of the x-axis (facing in the direction of V),
perpendicular to the x-axis.

® The z-axis points perpendicular to the xy plane in whatever way needed to
satisfy the RH rule with respect to the x- and yaxes.

Translational Degrees of Freedom. Translations are defined by moving
along these axes by distances x, y, and z from the origin.

Rotational Degrees of Freedom. Rotations are defined by the Euler
angles @, y, x. They are:

(O] Bank angle about the x-axis
Y Flight path about the y-axis
X Heading angle about the z-axis
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Coordinate Systems for Navigation

Modeling aerospace trajectories requires positioning and orienting the aircraft
or spacecraft with respect to the rotating Earth. Navigation coordinates are
defined with respect to the center and surface of the Earth.

Geocentric and Geodetic Latitudes

The geocentric latitude A on the Earth’s surface is defined by the angle
subtended by the radius vector from the Earth’s center to the surface point
with the equatorial plane.

The geodetic latitude u on the Earth’s surface is defined by the angle
subtended by the surface normal vector n and the equatorial plane.

n
-lp
Equatorial
plane*
Polar
axis *Oblateness exaggerated
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NED Coordinates
The north-east-down (NED) system is a noninertial system with its origin

fixed at the aircraft or spacecraft’s center of gravity. Its axes are oriented
along the geodetic directions defined by the Earth’s surface.
¢ The x-axis points north parallel to the geoid surface, in the polar direction.

¢ The y-axis points east parallel to the geoid surface, along a latitude curve.

¢ The z-axis points downward, toward the Earth’s surface, antiparallel to the
surface’s outward normal n.

Flying at a constant altitude means flying at a constant z above the Earth’s
surface.

ECI Coordinates

The Earth-centered inertial (ECI) system is a mixed inertial system. It is
oriented with respect to the Sun. Its origin is fixed at the center of the Earth.
(See figure following.)

® The z-axis points northward along the Earth’s rotation axis.

e The x-axis points outward in the Earth’s equatorial plane exactly at the
Sun. (This rule ignores the Sun’s oblique angle to the equator, which varies
with season. The actual Sun always remains in the xz plane.)
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® The y-axis points into the eastward quadrant, perpendicular to the xz plane
so as to satisfy the RH rule.

AN
zz — ECI{x v, 2)
— — — ECEFx' vy Z)
Earth \ Q =2=/{1 day)

Prime \ E

meridian \
Zero longitude,
Zero latitude

w

S Sun

Earth-Centered Coordinates

ECEF Coordinates

The Earth-center, Earth-fixed (ECEF) system is a noninertial system that
rotates with the Earth. Its origin is fixed at the center of the Earth. (See
figure preceding.)

e The z'-axis points northward along the Earth’s rotation axis.

¢ The x'-axis points outward along the intersection of the Earth’s equatorial
plane and prime meridian.

® The y'-axis points into the eastward quadrant, perpendicular to the x-z
plane so as to satisfy the RH rule.
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Coordinate Systems for Display

Several display tools are available for use with the Aerospace Blockset
product. Each has a specific coordinate system for rendering motion.

MATLAB Graphics Coordinates

See the MATLAB 3-D Visualization documentation for more information
about the MATLAB Graphics coordinate axes.

MATLAB Graphics uses this default coordinate axis orientation:

® The x-axis points out of the screen.
¢ The y-axis points to the right.

® The z-axis points up.

FlightGear Coordinates

FlightGear is an open-source, third-party flight simulator with an interface
supported by the blockset.

¢ “Working with the Flight Simulator Interface” on page 2-32 discusses the
blockset interface to FlightGear.

¢ See the FlightGear documentation at www.flightgear.org for complete
information about this flight simulator.

The FlightGear coordinates form a special body-fixed system, rotated from the
standard body coordinate system about the y-axis by -180 degrees:

¢ The x-axis is positive toward the back of the vehicle.
¢ The y-axis is positive toward the right of the vehicle.

® The z-axis is positive upward, e.g., wheels typically have the lowest z values.
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AC3D Coordinates

AC3D is a low-cost, widely used, geometry editor available from
www.ac3d.org. Its body-fixed coordinates are formed by inverting the three
standard body coordinate axes:

¢ The x-axis is positive toward the back of the vehicle.

® The y-axis is positive upward, e.g., wheels typically have the lowest y
values.

¢ The z-axis is positive to the left of the vehicle.
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Introducing the Flight Simulator Interface

In this section...
“About the FlightGear Interface” on page 2-26
“Obtaining FlightGear” on page 2-26

“Configuring Your Computer for FlightGear” on page 2-27

“Installing and Starting FlightGear” on page 2-30

About the FlightGear Interface

The Aerospace Blockset product supports an interface to the third-party
FlightGear flight simulator, an open source software package available
through a GNU General Public License (GPL). The FlightGear flight
simulator interface included with the blockset is a unidirectional transmission
link from the Simulink interface to FlightGear using FlightGear’s published
net_fdm binary data exchange protocol. Data is transmitted via UDP network
packets to a running instance of FlightGear. The blockset supports multiple
standard binary distributions of FlightGear. See “Running FlightGear with
the Simulink Models” on page 2-38 for interface details.

FlightGear is a separate software entity neither created, owned, nor
maintained by MathWorks.

® To report bugs in or request enhancements to the
Aerospace Blockset FlightGear interface, use this form
http://www.mathworks.com/contact_TS.html.

¢ To report bugs or request enhancements to FlightGear itself, visit
www.flightgear.org and use the contact page.

Obtaining FlightGear

You can obtain FlightGear from www.flightgear.org in the download area
or by ordering CDs from FlightGear. The download area contains extensive
documentation for installation and configuration. Because FlightGear is an
open source project, source downloads are also available for customization
and porting to custom environments.
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Configuring Your Computer for FlightGear

You must have a high performance graphics card with stable drivers to use
FlightGear. For more information, see the FlightGear CD distribution or the
hardware requirements and documentation areas of the FlightGear Web
site, www.flightgear.org.

MathWorks tests of FlightGear performance and stability indicate significant
sensitivity to computer video cards, driver versions, and driver settings. You
need OpenGL® support with hardware acceleration activated. The OpenGL
settings are particularly important. Without proper setup, performance can
drop from about a 30 frames-per-second (fps) update rate to less than 1 fps.

Graphics Recommendations for Windows
MathWorks recommends the following for Windows users:

® Choose a graphics card with good OpenGL performance.

* Always use the latest tested and stable driver release for your video card.
Test the driver thoroughly on a few computers before deploying to others.

For Microsoft Windows XP systems running on x86 (32-bit) or
AMD-64/EM64T chip architectures, the graphics card operates in the
unprotected kernel space known as Ring Zero. This means that glitches
in the driver can cause Windows to lock or crash. Before buying a large
number of computers for 3-D applications, test, with your vendor, one
or two computers to find a combination of hardware, operating system,
drivers, and settings that are stable for your applications.

Setting Up OpenGL Graphics on Windows

For complete information on OpenGL settings, refer to the documentation at
the OpenGL Web site: www.opengl.org.

Follow these steps to optimize your video card settings. Your driver’s panes
might look different.

1 Ensure that you have activated the OpenGL hardware acceleration on
your video card. On Windows, access this configuration through Start >
Settings > Control Panel > Display, which opens the following dialog
box. Select the Settings tab.
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Display Properties 7l x|
Background| SaeenSmrlAppemnce]Web EEffel:te Sefttings |

Display:
(Multiple Monitors) on ATI MOBILITY RADEON 3000

-Screen area

Less _)_ More

1280 by 1024 pixels

Troubleshoot... | Advanced... |

| 0K I Cancel | Anply |

2 Click the Advanced button in the lower right of the dialog box, which
brings up the graphics card’s custom configuration dialog box, and go to the
OpenGL tab. For an ATI Mobility Radeon 9000 video card, the OpenGL
pane looks like this:
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| B On Sereen Display
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3 For best performance, move the Main Settings slider near the top of the
dialog box to the Performance end of the slider.

4 If stability is a problem, try other screen resolutions, other color depths in
the Displays pane, and other OpenGL acceleration modes.

Many cards perform much better at 16 bits-per-pixel color depth (also known
as 65536 color mode, 16-bit color). For example, on an ATI Mobility Radeon

9000 running a given model, 30 fps are achieved in 16-bit color mode, while 2
fps are achieved in 32-bit color mode.

Setup on Linux, Macintosh, and Other Platforms

FlightGear distributions are available for Linux®, Macintosh®, and other
UNIX platforms from the FlightGear Web site, www.flightgear.org.
Installation on these platforms, like Windows, requires careful configuration
of graphics cards and drivers. Consult the documentation and hardware
requirements sections at the FlightGear Web site.
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Using MATLAB Graphics Controls to Configure Your OpenGL
Settings

You can also control your OpenGL rendering from the MATLAB command
line with the MATLAB Graphics opengl command. Consult the opengl
command reference for more information.

Installing and Starting FlightGear

The extensive FlightGear documentation guides you through the installation
in detail. Consult the documentation section of the FlightGear Web site for
complete installation instructions: www.flightgear.org.

Keep the following points in mind:

® Generous central processor speed, system and video RAM, and virtual
memory are essential for good flight simulator performance.

MathWorks recommends a minimum of 512 megabytes of system RAM and
128 megabytes of video RAM for reasonable performance.

¢ Be sure to have sufficient disk space for the FlightGear download and
installation.

® MathWorks recommends configuring your computer’s graphics card before
you install FlightGear. See the preceding section, “Configuring Your
Computer for FlightGear” on page 2-27.

e Shutting down all running applications (including the MATLAB interface)
before installing FlightGear is recommended.

o MathWorks tests indicate that the operational stability of FlightGear
is especially sensitive during startup. It is best to not move, resize,
mouse over, overlap, or cover up the FlightGear window until the initial
simulation scene appears after the startup splash screen fades out.

® The current releases of FlightGear are optimized for flight visualization at
altitudes below 100,000 feet. FlightGear does work not well or at all with
very high altitude and orbital views.

Aerospace Toolbox supports FlightGear on a number of platforms
(http://www.mathworks.com/products/aerotb/requirements.html). The
following table lists the properties you should be aware of before you start to
use FlightGear.


http://www.flightgear.org
http://www.mathworks.com/products/aerotb/requirements.html

Introducing the Flight Simulator Interface

FlightGear Folder Description | Platforms Typical Location
Property
FlightGearBase- FlightGear Windows C:\Program Files\FlightGear
Directory installation folder. (default)
Solaris™ or | Folder into which you installed
Linux FlightGear
Mac® /Applications
(directory to which you dragged
the FlightGear icon)
GeometryModelName | Model geometry Windows C:\Program Files\-
folder FlightGear\data\ -
Aircraft\HL20
(default)
Solaris or $FlightGearBaseDirectory/ -
Linux data/Aircraft/HL20
Mac $FlightGearBaseDirectory/ -

FlightGear.app/Contents/-
Resources/data/Aircraft/HL20
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In this section...

“Introduction” on page 2-32

“About Aircraft Geometry Models” on page 2-33

“Working with Aircraft Geometry Models” on page 2-35
“Running FlightGear with the Simulink Models” on page 2-38

“Running the NASA HL-20 Demo with FlightGear” on page 2-48

Introduction

Use this section to learn how to use the FlightGear flight simulator and the
Aerospace Blockset software to visualize your Simulink aircraft models. If
you have not yet installed FlightGear, see “Introducing the Flight Simulator
Interface” on page 2-26 first.

e L ke

Simulink® Driven HL-20 Model in a Landing Flare at KSFC
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About Aircraft Geometry Models

Before you can visualize your aircraft’s dynamics, you need to create or obtain
an aircraft model file compatible with FlightGear. This section explains how
to do this.

Aircraft Geometry Editors and Formats

You have a competitive choice of over twelve 3-D geometry file formats
supported by FlightGear.

Currently, the most popular 3-D geometry file format is the AC3D format,
which has the suffix *.ac. AC3D is a low-cost geometry editor available from
www.ac3d.org. Another popular 3-D editor for aircraft models is Flight Sim
Design Studio, distributed by Abacus Publications at www.abacuspub.com.

Aircraft Model Structure and Requirements

Aircraft models are contained in the F1ightGearRoot/data/Aircraft/ folder
and subfolders. A complete aircraft model must contain a folder linked
through the required aircraft master file named model-set.xml.

All other model elements are optional. This is a partial list of the optional
elements you can put in an aircraft data folder:

® Vehicle objects and their shapes and colors

e Vehicle objects’ surface bitmaps

e Variable geometry descriptions

¢ Cockpit instrument 3-D models

® Vehicle sounds to tie to events (e.g., engine, gear, wind noise)

¢ Flight dynamics model

® Simulator views

¢ Submodels (independently movable items) associated with the vehicle

Model behavior reverts to defaults when these elements are not used. For
example,

e Default sound: no vehicle-related sounds are emitted.
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® Default instrument panel: no instruments are shown.

Models can contain some, all, or even none of the above elements. If you
always run FlightGear from the cockpit view, the aircraft geometry is often
secondary to the instrument geometries.

A how-to document for including optional elements is included in the
FlightGear documentation at:

http://www.flightgear.org/Docs/fgfs-model-howto.html

Required Flight Dynamics Model Specification

The flight dynamics model (FDM) specification is a required element for

an aircraft model. To set the Simulink software as the source of the flight
dynamics model data stream for a given geometry model, you put this line in
data/Aircraft/model/model-set.xml:

<flight-model>network</flight-model>

Obtaining and Modifying Existing Aircraft Models

You can quickly build models from scratch by referencing instruments,
sounds, and other optional elements from existing FlightGear models. Such
models provide examples of geometry, dynamics, instruments, views, and
sounds. It is simple to copy an aircraft folder to a new name, rename the
model-set.xml file, modify it for network flight dynamics, and then run
FlightGear with the aircraft flag set to the name in model-set.xml.

Many existing 3-D aircraft geometry models are available for use with
FlightGear. Visit the download area of www.flightgear.org to see some of
the aircraft models available. Additional models can be obtained via Web
search. Search key words such as “flight gear aircraft model” are a good
starting point. Be sure to comply with copyrights when distributing these files.

Hardware Requirements for Aircraft Geometry Rendering
When creating your own geometry files, keep in mind that your graphics card
can efficiently render a limited number of surfaces. Some cards can efficiently
render fewer than 1000 surfaces with bitmaps and specular reflections at
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the nominal rate of 30 frames per second. Other cards can easily render on
the order of 10,000 surfaces.

If your performance slows while using a particular geometry, gauge the effect
of geometric complexity on graphics performance by varying the number

of aircraft model surfaces. An easy way to check this is to replace the full
aircraft geometry file with a simple shape, such as a single triangle, then test
FlightGear with this simpler geometry. If a geometry file is too complex for
smooth display, use a 3-D geometry editor to simplify your model by reducing
the number of surfaces in the geometry.

Working with Aircraft Geometry Models

Once you have obtained, modified, or created an aircraft data file, you need to
put it in the correct folder for FlightGear to access it.

Importing Aircraft Models into FlightGear

To install a compatible model into FlightGear, use one of the following
procedures. Choose the one appropriate for your platform. This section

assumes that you have read “Installing and Starting FlightGear” on page 2-30.

If your platform is Windows:

1 Go to your installed FlightGear folder. Open the data folder, then the
Aircraft folder: \FlightGear\data\Aircraft\.

2 Make a subfolder model\ here for your aircraft data.
3 Put model-set.xml in that subfolder, plus any other files needed.

It is common practice to make subdirectories for the vehicle geometry files
(\model\), instruments (\instruments\), and sounds (\sounds\).

If your platform is UNIX or Linux:

1 Go to your installed FlightGear directory. Open the data directory, then
the Aircraft directory: $F1ightGearBaseDirectory/data/Aircraft/.

2 Make a subdirectory model/ here for your aircraft data.
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3 Put model-set.xml in that subdirectory, plus any other files needed.

It is common practice to make subdirectories for the vehicle geometry files
(/model/), instruments (/instruments/), and sounds (/sounds/).

If your platform is Mac:

1 Open a terminal.

2 Go to your installed FlightGear folder. Open the data folder, then the
Aircraft folder:

$FlightGearBaseDirectory/FlightGear.app/Contents/Resources/data/Aircraft/

3 Make a subfolder model/ here for your aircraft data.
4 Put model-set.xml in that subfolder, plus any other files needed.

It is common practice to make subdirectories for the vehicle geometry files
(/model/), instruments (/instruments/), and sounds (/sounds/).

Example: Animating Vehicle Geometries

This example illustrates how to prepare hinge line definitions for animated
elements such as vehicle control surfaces and landing gear. To enable
animation, each element must be a named entity in a geometry file. The
resulting code forms part of the HL20 lifting body model presented in
“Running the NASA HL-20 Demo with FlightGear” on page 2-48.

1 The standard body coordinates used in FlightGear geometry models form a
right-handed system, rotated from the standard body coordinate system
in Y by -180 degrees:

® X = positive toward the back of the vehicle
® Y = positive toward the right of the vehicle

e 7 = positive is up, e.g., wheels typically have the lowest Z values.

See “About Aerospace Coordinate Systems” on page 2-16 for more details.
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2 Find two points that lie on the desired named-object hinge line in body
coordinates and write them down as XYZ triplets or put them into a
MATLAB calculation like this:

a
b

[2.98, 1.89, 0.53];
[3.54, 2.75, 1.46];

3 Calculate the difference between the points:

pdiff
pdiff =
0.5600  0.8600  0.9300

b - a

4 The hinge point is either of the points in step 2 (or the midpoint as shown
here):

mid
mid =
3.2600 2.3200 0.9950

a + pdiff/2

5 Put the hinge point into the animation scope in model-set.xml:

<center>
<X-m>3.26</x-m>
<y-m>2.32</y-m>
<z-m>1.00</z-m>

</center>

6 Use the difference from step 3 to define the relative motion vector in the
animation axis:

<axis>
<x>0.56</x>
<y>0.86</y>
<z>0.93</z>

</axis>

7 Put these steps together to obtain the complete hinge line animation used
in the HLL20 demo model:

<animation>
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<type>rotate</type>
<object-name>RightAileron</object-name>
<property>/surface-positions/right-aileron-pos-norm</property>
<factor>30</factor>
<offset-deg>0</offset-deg>
<center>

<x-m>3.26</x-m>

<y-m>2.32</y-m>

<z-m>1.00</z-m>
</center>
<axis>

<x>0.56</x>

<y>0.86</y>

<z>0.93</z>
</axis>

</animation>

Running FlightGear with the Simulink Models

To run a Simulink model of your aircraft and simultaneously animate it in
FlightGear with an aircraft data file model-set.xml, you need to configure
the aircraft data file and modify your Simulink model with some new blocks.

These are the main steps to connecting and using FlightGear with the
Simulink software:

e “Setting the Flight Dynamics Model to Network in the Aircraft Data File”
on page 2-39 explains how to create the network connection you need.

¢ “Obtaining the Destination IP Address” on page 2-39 starts by determining
the IP address of the computer running FlightGear.

¢ “Adding and Connecting Interface Blocks” on page 2-40 shows how to add
and connect interface and pace blocks to your Simulink model.

e “Creating a FlightGear Run Script” on page 2-43 shows how to write a
FlightGear run script compatible with your Simulink model.

e “Starting FlightGear” on page 2-45 guides you through the final steps to
making the Simulink software work with FlightGear.

¢ “‘Improving Performance” on page 2-47 helps you speed your model up.
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¢ “Running FlightGear and Simulink Software on Different Computers” on
page 2-47 explains how to connect a simulation from the Simulink software
running on one computer to FlightGear running on another computer.

Setting the Flight Dynamics Model to Network in the Aircraft
Data File

Be sure to

® Remove any pre-existing flight dynamics model (FDM) data from the
aircraft data file.

¢ Indicate in the aircraft data file that its FDM is streaming from the
network by adding this line:

<flight-model>network</flight-model>

Obtaining the Destination IP Address

You need the destination IP address for your Simulink model to stream its
flight data to FlightGear.

¢ [f you know your computer’s name, enter at the MATLAB command line:

java.net.InetAddress.getByName ('www.mathworks.com')

¢ If you are running FlightGear and the Simulink software on the same
computer, get your computer’s name by entering at the MATLAB command
line:

java.net.InetAddress.getLocalHost

¢ [fyou are working in Windows, get your computer’s IP address by entering
at the DOS prompt:

ipconfig /all

Examine the IP address entry in the resulting output. There is one entry
per Ethernet device.
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Adding and Connecting Interface Blocks
The easiest way to connect your model to FlightGear with the blockset is to
use the FlightGear Preconfigured 6DoF Animation block:

FlightGear Preconfigured 6DoF Animation Block

E!Librar\r: aerolibfitsims =10l x|

File Egit Wiew Formatb Help

Flight Simulator Interfaces

I
i i a
\ h Send
Lu.h$.8w padkst | Net_fdm padet
E " o FlightGear FG
L] RUN
w Send Generate
FlightGear net_fdm Padet Fun Sipt
Preconfigured Pad to FlightGear
net_fdm Padet

8DoF Animstion

Version Selected: v2.0 for FlightGear

Version Selected: v2.0

Copyright 1990-2010 The MathWorks, Inc.

The FlightGear Preconfigured 6DoF Animation block is a subsystem
containing the Pack net_fdm Packet for FlightGear and Send net_fdm Packet

to FlightGear blocks:
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Send net_fdm Packet to FlightGear
Pack net_fdm Packet to FlightGear

=] Library: aerolibfitsims o ] 1|

File Edit View Formab Nelp

\Flig ht Simulator Interfaces

\

L

|
u
h Send
Luh 8w padkst | net_fdm padeet
K e FlightGear FG
L] RUN
v Send Generate
FlightGear Fa nc—t_fc!m Padiet Run Swipt
Preconfigursd net_fdm Padket ta FlightGear
S0oF Animation f:}r_FIightE:—ar

Wersion Salected: v2.0 \arsion Sslectzd: vI.0

Copyright 1920-2010 The MathWedks, Inc.

These blocks transmit data to a FlightGear session. The blocks are separate
for maximum flexibility and compatibility.

¢ The Pack net_fdm Packet for FlightGear block formats a binary
structure compatible with FlightGear from model inputs. In the default
configuration, the block displays only the 6DoF ports, but you can configure
the full FlightGear interface supporting more than 50 distinct signals from

the block dialog box:
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Aelevator
»elevator_trim_tab
l=ft_flap
right_flap
|=ft_szileron
right_sileron
rudder
nose_whesl
speedbraks
spoilers
num_engines
eng_state
rpm
fuel_flow
fuel_px

t

padet

VA
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mp_osi
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oil_temp

oil_px

num_tanks
fuel_guantity
num_wheels

wow

gesr_pos
gear_steer
gear_compression

visibility
Padk
net_fdm Padet
for FlightGear
Version Belected: v2.0

The Send net_fdm Packet to FlightGear block transmits this packet via
UDP to the specified IP address and port where a FlightGear session awaits
an incoming datastream. Use the IP address you found in “Obtaining the
Destination IP Address” on page 2-39.

The Simulation Pace block, available in the “Animation Support Utilities
Sublibrary” on page 2-5, slows the simulation so that its aggregate run rate
1s 1 second of simulation time per second of clock time. You can also use it
to specify other ratios of simulation time to clock time.
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Simulation Pace

=] Library: aerolibanimutils -0l x|

File Edit View Formatb Help

Animation Support Utilities

J

roll analog
pitch buttens Set
vaw Face
throttle Fov
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Filot Joystide Filat Joystick All 1 se0izen

Copyright 1980-2010 The MathWorks, Inc.

Creating a FlightGear Run Script

To start FlightGear with the desired initial conditions (location, date, time,
weather, operating modes), it is best to create a run script by “Using the
Generate Run Script Block” on page 2-43 or “Using the Interface Provided
with FlightGear” on page 2-45.

If you make separate run scripts for each model you intend to link to
FlightGear and place them in separate directories, run the appropriate script
from the MATLAB interface just before starting your Simulink model.

Using the Generate Run Script Block. The easiest way to create a run
script is by using the Generate Run Script block. Use the following procedure:

1 Open the “Flight Simulator Interfaces Sublibrary” on page 2-5.
2 Create a new Simulink model or open an existing model.
3 Drag a Generate Run Script block into the Simulink diagram.

4 Double-click the Generate Run Script block. Its dialog opens.
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) Block Parameters: Generate Run Script x|

—Generate FlightGear Run Script

Generate a custom FlightGear run script file on the current platform.

To generate the run script, fill in the information then press Generate Script. Items
marked with an asterisk (*) are evaluated as MATLAB expressions, the rest of the
fields are literal text.

—Parameters

Generate Scriptl

Qutput file name:
Irunfg.bat
FlightGear base directory:

I C:'Program Files\FlightGear
FlightGear geometry model name:

|HL20

Destination port:
| 5502

Airport ID:
|ksFo

Runway ID:

| 100

Initial altitude {ft)=:
|7224

Initial heading (deg)*:
|113

Offset distance (miles)*:
|472

Offset azimuth (deg)™®:
Jo

OK I Cancel | Help | Apply

5 In the Output file name field, type the name of the output file. This name

should be the name of the command, with the .bat extension, you want to
use to start FlightGear with these initial parameters.

For example, if your file name is runfg.bat
execute the run script and start FlightGear.

FlightGear installation folder.

, use the runfg command to

6 In the FlightGear base directory field, specify the name of your
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7 In the FlightGear geometry model name field, specify the name of
the subfolder, in the F1ightGear/data/Aircraft folder, containing the
desired model geometry.

8 Specify the initial conditions as needed.
9 Click the Generate Script button at the top of the Parameters area.

The Aerospace Blockset software generates the run script, and saves it in
your MATLAB working folder under the file name that you specified in
the Output file name field.

10 Repeat steps 5 through 9 to generate other run scripts, if needed.

11 Click OK to close the dialog box. You do not need to save the Generate Run
Script block with the Simulink model.

The Generate Run Script block saves the run script as a text file in your
working folder. This is an example of the contents of a run script file:

>> cd D:\Applications\FlightGear-2.0

>> SET FG_ROOT=D:\Applications\FlightGear-2.0\data

>> cd \bin\Win32\

>> fgfs --aircraft=HL20 --fdm=network,localhost,5501,5502,5503
--fog-fastest --disable-clouds --start-date-1at=2004:06:01:09:00:00
--disable-sound --in-air --enable-freeze --airport=KSFO --runway=10L
--altitude=7224 --heading=113 --offset-distance=4.72 --offset-azimuth=0

Using the Interface Provided with FlightGear. The FlightGear launcher
GUI (part of FlightGear, not the Aerospace Blockset product) lets you build
simple and advanced options into a visible FlightGear run command.

Starting FlightGear

If your computer has enough computational power to run both the Simulink
software and FlightGear at the same time, a simple way to start FlightGear
on a Windows system is to create a MATLAB desktop button containing the
following command to execute a run script like the one created above:

system('runfg &')

To create a desktop button:
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1 From the Start button on your MATLAB desktop, click Shortcuts > New
Shortcut. The Shortcut Editor dialog opens.

2 Set the Label, Callback, Category, and Icon fields as shown in the
following figure.

) Shortcut Editor . =lolx|

Label: |FIightG ear

Calback:
dos('runfg &');

Category: |Too|harShorlcuts [ ]

loon: Iﬁ Sirmulink icon LJ J

Saves shortcut to Start button. Selecting "Toolbar Shortcuts® category also saves
to Shortcuts toolbar.

Save Cancel | Help |

3 Click Save.

The FlightGear toolbar button appears in your MATLAB desktop. If you
click it, the runfg.bat file runs in the current folder.

FlightGear button

File Edit Debug Parallel Deskl:u:upl'-.-'-.-'indcuw Help
B | L§| £ B B9 |h (= | (7] |Current¢irectnry:

. Shortcuts (2] How to add (2] What's Mew | #] Add DeyvLkls ﬁ Flightzear

Once you have completed the setup, start FlightGear and run your model:

1 Make sure your model is in a writable folder. Open the model, and update
the diagram. This step ensures that any referenced block code is compiled
and that the block diagram is compiled before running. Once you start
FlightGear, it uses all available processor power while it is running.

2 Click the FlightGear button or run the FlightGear run script manually.
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3 When FlightGear starts, it displays the initial view at the initial
coordinates specified in the run script. If you are running the Simulink
software and FlightGear on different computers, arrange to view the two
displays at the same time.

4 Now begin the simulation and view the animation in FlightGear.

Improving Performance

If your Simulink model is complex and cannot run at the aggregate rate
needed for the visualization, you might need to

e Use the Accelerator mode in Simulink (“Accelerating Models” in Simulink
User’s Guide) to speed up your model execution.

® Free up processor power by running the Simulink model on one computer
and FlightGear on another computer. Use the Destination IP Address
parameter of the Send net_fdm Packet to FlightGear block to specify the
network address of the computer where FlightGear is running.

¢ Simulate the Simulink model first, then save the resulting translations
(x-axis, y-axis, z-axis) and positions (latitude, longitude, altitude), and use
the FlightGear Animation object in Aerospace Toolbox to visualize this
data.

Running FlightGear and Simulink Software on Different
Computers

It 1s possible to simulate an aerospace system in the Simulink environment
on one computer (the source) and use its simulation output to animate
FlightGear on another computer (the target). The steps are similar to those
already explained, with certain modifications.

1 Obtain the IP address of the computer running FlightGear. See “Obtaining
the Destination IP Address” on page 2-39.

2 Enter this target computer’s IP address in the Send net_fdm Packet to
FlightGear block. See “Adding and Connecting Interface Blocks” on page
2-40.
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3 Update the Generate Run Script block in your model with the target
computer’s FlightGear base folder. Regenerate the run script to reflect the
target computer’s separate identity.

See “Creating a FlightGear Run Script” on page 2-43.

4 Copy the generated run script to the target computer. Start FlightGear
there. See “Starting FlightGear” on page 2-45.

5 Start your Simulink model on the source computer. FlightGear running on
the target displays the simulation motion.

Installing Additional FlightGear Scenery

When you install the FlightGear software, the installation provides a basic
level of scenery files. The FlightGear documentation guides you through
installing scenery as part the general FlightGear installation.

If you need to install more FlightGear scenery files, see the instructions at
http://www.flightgear.org. The instructions describe how to install the
additional scenery in a default location. MathWorks recommends that you
follow those instructions.

If you must install additional scenery in a nonstandard location, try setting
the FG_SCENERY environment variable in the script output from the Generate
Run Script block. See the documentation at http://www.flightgear.org for
a description of the FG_SCENERY variable.

Note Each time you click the Generate Script button, the Generate Run
Script block creates a new script and overwrites any edits you have added.

Running the NASA HL-20 Demo with FlightGear

The Aerospace Blockset software contains a demo model of the NASA HL-20
lifting body that uses the FlightGear interface.

You need to have FlightGear installed and configured before attempting to
simulate this model. See “Introducing the Flight Simulator Interface” on
page 2-26. This section assumes that you have read “Installing and Starting
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FlightGear” on page 2-30. Before you start, perform the following, depending
on your platform.

Windows
Copy the HL20 folder from matlabroot\toolbox\aeroblks\aerodemos\
folder to F1ightGear\data\Aircraft\ folder. This
folder contains the preconfigured geometries for
the HL-20 simulation and HL20-set.xml. The file
matlabroot\toolbox\aeroblks\aerodemos\HL20\models\HL20.xml
defines the geometry.

For more about this step, see “Importing Aircraft Models into
FlightGear” on page 2-35.

UNIX/Linux
Copy the HL20 directory from
matlabroot/toolbox/aeroblks/aerodemos/ directory to
$FlightGearBaseDirectory/data/Aircraft/ directory.
This directory contains the preconfigured geometries
for the HL-20 simulation and HL20-set.xml. The file
matlabroot/toolbox/aeroblks/aerodemos/HL20/models/HL20.xml
defines the geometry.

For more about this step, see “Importing Aircraft Models into
FlightGear” on page 2-35.

Mac
Copy the HL20 folder from
matlabroot/toolbox/aeroblks/aerodemos/ folder to
$FlightGearBaseDirectory/FlightGear.app/Contents/Resources/ -
data/Aircraft/ folder. This folder contains the preconfigured
geometries for the HL-20 simulation and HL20-set.xml. The file
matlabroot\toolbox\aeroblks\aerodemos\HL20\models\HL20.xml
defines the geometry.

For more about this step, see “Importing Aircraft Models into
FlightGear” on page 2-35.

1 Start the MATLAB interface. Open the demo either by entering asbh120

in the MATLAB Command Window or by finding the demo entry (NASA
HL-20 with FlightGear Interface) in Start > Simulink > Aerospace
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Blockset > Demos and clicking Open this model on its demo page. The
model opens.

i

File Edit Wew Simulation Format Tools Help
D& +ER|(e=4 =22 o Normal N BeBEs pRE R

How to run the HL20 model
1. Seethe Aerospace Blockset User's Guide forinstructions to set up FlightGear,

2 Install the HL20 geometry model from toolbox/aemblkstaerodemos to

Fliahtears datafAircratt directory,
3, To start FlightGear, generate run seript and run generated batch fils by typing

dosCrunfg.bat &) at the MATLAB command line

|»

By
- _data GEN
F&
RUNH

Filot

- airframe data

- Generate Run Seript
toFlightGear (if F& is installed)

»{En RFEnv
RF Signals HL-20 demonstration model,
. version 2.0.72
- Agradynamic modal from
* vEle Jackson E. B, Cruz G L.,

"Preliminary Subsonic Aerodynamic
hiodel for Simulation Studies of the
HL.20 Lifting Body",

Enviranment

HL-20 Vehicle Systems Model
NASA TME302, August 1992,
Copyright 1000-2002 The MathWors, Ine, -
Kl I»
Ready [100% [ [ lode3 7

2 If this is your first time running FlightGear for this model, double-click the
Generate Run Script block to create a run script. Make sure to specify your
FlightGear installation folder in the FlightGear base directory field. For
more information, see “Creating a FlightGear Run Script” on page 2-43.

3 Execute the script you just created manually by entering the following at
the MATLAB command line:

dos('runfg &')

If you created a FlightGear desktop button, you can click it instead to
start the run script and start FlightGear. For more information, see
“Starting FlightGear” on page 2-45.

4 Now start the simulation and view the animation in FlightGear.

Note With the FlightGear window in focus, press the V key to alternate
between the different aircraft views: cockpit view, helicopter view, chase

view, and so on.
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¢ “Ideal Airspeed Correction” on page 3-2
® “1903 Wright Flyer” on page 3-10
e “NASA HL-20 Lifting Body Airframe” on page 3-20
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Ideal Airspeed Correction

In this section...

“Introduction” on page 3-2

“Airspeed Correction Models” on page 3-2
“Measuring Airspeed” on page 3-3
“Modeling Airspeed Correction” on page 3-5

“Simulating Airspeed Correction” on page 3-7

Introduction

This case study simulates indicated and true airspeed. It constitutes a
fragment of a complete aerodynamics problem, including only measurement
and calibration.

Airspeed Correction Models

To view the airspeed correction models, enter the following at the MATLAB
command line:

aeroblk_indicated
aeroblk_calibrated




Ideal Airspeed Correction
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aeroblk_calibrated Model

Measuring Airspeed

To measure airspeed, most light aircraft designs implement pitot-static
airspeed indicators based on Bernoulli’s principle. Pitot-static airspeed
indicators measure airspeed by an expandable capsule that expands and
contracts with increasing and decreasing dynamic pressure. This is known as
calibrated airspeed (CAS). It is what a pilot sees in the cockpit of an aircraft.
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To compensate for measurement errors, it helps to distinguish three types of
airspeed. These types are explained more completely in the following.

Airspeed Type Description

Calibrated Indicated airspeed corrected for calibration
error

Equivalent Calibrated airspeed corrected for
compressibility error

True Equivalent airspeed corrected for density
error

Calibration Error

An airspeed sensor features a static vent to maintain its internal pressure
equal to atmospheric pressure. Position and placement of the static vent
with respect to the angle of attack and velocity of the aircraft determines the
pressure inside the airspeed sensor and therefore the calibration error. Thus,
a calibration error is specific to an aircraft’s design.

An airspeed calibration table, which is usually included in the pilot operating
handbook or other aircraft documentation, helps pilots convert the indicated
airspeed to the calibrated airspeed.

Compressibility Error

The density of air is not constant, and the compressibility of air increases with
altitude and airspeed, or when contained in a restricted volume. A pitot-static
airspeed sensor contains a restricted volume of air. At high altitudes and high
airspeeds, calibrated airspeed is always higher than equivalent airspeed.
Equivalent airspeed can be derived by adjusting the calibrated airspeed for
compressibility error.

Density Error

At high altitudes, airspeed indicators read lower than true airspeed because
the air density is lower. True airspeed represents the compensation of
equivalent airspeed for the density error, the difference in air density at
altitude from the air density at sea level, in a standard atmosphere.
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Modeling Airspeed Correction

The aeroblk_indicated and aeroblk_calibrated models show how to take
true airspeed and correct it to indicated airspeed for instrument display in

a Cessna 150M Commuter light aircraft. The aeroblk_indicated model
implements a conversion to indicated airspeed. The aeroblk calibrated
model implements a conversion to true airspeed.

Each model consists of two main components:

® “COESA Atmosphere Model Block” on page 3-5 calculates the change in
atmospheric conditions with changing altitude.

e “Ideal Airspeed Correction Block” on page 3-5 transforms true airspeed to
calibrated airspeed and vice versa.

COESA Atmosphere Model Block

The COESA Atmosphere Model block is a mathematical representation

of the U.S. 1976 COESA (Committee on Extension to the Standard
Atmosphere) standard lower atmospheric values for absolute temperature,
pressure, density, and speed of sound for input geopotential altitude. Below
32,000 meters (104,987 feet), the U.S. Standard Atmosphere is identical
with the Standard Atmosphere of the ICAO (International Civil Aviation
Organization).

The aeroblk_indicated and aeroblk_calibrated models use the COESA
Atmosphere Model block to supply the speed of sound and air pressure inputs
for the Ideal Airspeed Correction block in each model.

Ideal Airspeed Correction Block

The Ideal Airspeed Correction block compensates for airspeed measurement
errors to convert airspeed from one type to another type. The following table
contains the Ideal Airspeed Correction block’s inputs and outputs.

Airspeed Input Airspeed Output
True Airspeed Equivalent airspeed

Calibrated airspeed
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Airspeed Input Airspeed Output

Equivalent Airspeed True airspeed
Calibrated airspeed

Calibrated Airspeed True airspeed

Equivalent airspeed

In the aeroblk_indicated model, the Ideal Airspeed Correction block
transforms true to calibrated airspeed. In the aeroblk_calibrated model,
the Ideal Airspeed Correction block transforms calibrated to true airspeed.

The following sections explain how the Ideal Airspeed Correction block
mathematically represents airspeed transformations:

® “True Airspeed Implementation” on page 3-6

e “Calibrated Airspeed Implementation” on page 3-6

¢ “Equivalent Airspeed Implementation” on page 3-7

True Airspeed Implementation. True airspeed (TAS) is implemented as an
input and as a function of equivalent airspeed (EAS), expressible as

TAS = EASxa
a()\/g
where
a Speed of sound at altitude in m/s
6 Relative pressure ratio at altitude
a, Speed of sound at mean sea level in m/s

Calibrated Airspeed Implementation. Calibrated airspeed (CAS), derived
using the compressible form of Bernoulli’s equation and assuming isentropic
conditions, can be expressed as



Ideal Airspeed Correction

(r=1)1y
CAS = B (iH] 1

(r=1)po | B
where
[N Air density at mean sea level in kg/m?
P, Static pressure at mean sea level in N/m?
Y Ratio of specific heats
q Dynamic pressure at mean sea level in N/m?

Equivalent Airspeed Implementation. Equivalent airspeed (EAS) is the
same as CAS, except static pressure at sea level is replaced by static pressure
at altitude.

(y=1)/y
EAS = ﬂ{(in) —1}

(y=1)po |\ P

The symbols are defined as follows:

Qo Air density at mean sea level in kg/m?

P Static pressure at altitude in N/m?

Y Ratio of specific heats

q Dynamic pressure at mean sea level in N/m?

Simulating Airspeed Correction

In the aeroblk_indicated model, the aircraft is defined to be traveling at
a constant speed of 72 knots (true airspeed) and altitude of 500 feet. The
flaps are set to 40 degrees. The COESA Atmosphere Model block takes the
altitude as input and outputs the speed of sound and air pressure. Taking
the speed of sound, air pressure, and airspeed as inputs, the Ideal Airspeed
Correction block converts true airspeed to calibrated airspeed. Finally, the
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Calculate IAS subsystem uses the flap setting and calibrated airspeed to
calculate indicated airspeed.

The model’s Display block shows both indicated and calibrated airspeeds.
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In the aeroblk_calibrated model, the aircraft is defined to be traveling at
a constant speed of 70 knots (indicated airspeed) and altitude of 500 feet.
The flaps are set to 10 degrees. The COESA Atmosphere Model block takes
the altitude as input and outputs the speed of sound and air pressure. The
Calculate CAS subsystem uses the flap setting and indicated airspeed

to calculate the calibrated airspeed. Finally, using the speed of sound,

air pressure, and true calibrated airspeed as inputs, the Ideal Airspeed
Correction block converts calibrated airspeed back to true airspeed.

The model’s Display block shows both calibrated and true airspeeds.
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1903 Wright Flyer
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In this section...

“Introduction” on page 3-10

“Wright Flyer Model” on page 3-11
“Airframe Subsystem” on page 3-11
“Environment Subsystem” on page 3-15
“Pilot Subsystem” on page 3-16

“Running the Simulation” on page 3-17

“References” on page 3-18

Introduction

Note The final section of this study requires the Simulink 3D Animation
software.

This case study describes a model of the 1903 Wright Flyer. Built by Orville
and Wilbur Wright, the Wright Flyer took to the skies in December 1903
and opened the age of controlled flight. The Wright brothers’ flying machine
achieved the following goals:

® Left the ground under its own power
e Moved forward and maintained its speed

¢ Landed at an elevation no lower than where it started

This model is based on an earlier simulation [1] that explored the longitudinal
stability of the Wright Flyer and therefore modeled only forward and vertical
motion along with the pitch angle. The Wright Flyer suffered from numerous
engineering challenges, including dynamic and static instability. Laterally,
the Flyer tended to overturn in crosswinds and gusts, and longitudinally,

its pitch angle would undulate [2].


http://www.mathworks.com/products/3d-animation/

1903 Wright Flyer

Under these constraints, the model recreates the longitudinal flight dynamics
that pilots of the Wright Flyer would have experienced. Because they were
able to control lateral motion, Orville and Wilbur Wright were able to
maintain a relatively straight flight path.

Note, running this model generates assertion messages in the MATLAB
Command Window. This is because the model illustrates the use of the
Assertion block to indicate that the flyer is hitting the ground when landing.

Wright Flyer Model

Open the Wright Flyer model by entering aeroblk wf 3dof at the MATLAB
command line.
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Airframe Subsystem

The Airframe subsystem simulates the rigid body dynamics of the Wright
Flyer airframe, including elevator angle of attack, aerodynamic coefficients,
forces and moments, and three-degrees-of-freedom equations of motion.
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The Airframe subsystem consists of the following parts:

e “Elevator Angle of Attack Subsystem” on page 3-12
e “Aerodynamic Coefficients Subsystem” on page 3-13
® “Forces and Moments Subsystem” on page 3-13

* “3DoF (Body Axes) Block” on page 3-14

Elevator Angle of Attack Subsystem

The Elevator Angle of Attack subsystem calculates the effective elevator angle
for the Wright Flyer airframe and feeds its output to the Pilot subsystem.
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Aerodynamic Coefficients Subsystem

The Aerodynamic Coefficients subsystem contains aerodynamic data and
equations for calculating the aerodynamic coefficients, which are summed
and passed to the Forces and Moments subsystem. Stored in data sets, the

aerodynamic coefficients are determined by interpolation using Prelookup
blocks.
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Forces and Moments Subsystem

The aerodynamic forces and moments acting on the airframe are generated
from aerodynamic coefficients. The Forces and Moments subsystem calculates
the body forces and body moments acting on the airframe about the center of
gravity. These forces and moments depend on the aerodynamic coefficients,
thrust, dynamic pressure, and reference airframe parameters.
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3DoF (Body Axes) Block

The 3DoF (Body Axes) block use equations of motion to define the linear and
angular motion of the Wright Flyer airframe. It also performs conversions
from the original model’s axis system and the body axes.
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Environment Subsystem

The first and final flights of the Wright Flyer occurred on December 17, 1903.
Orville and Wilbur Wright chose an area near Kitty Hawk, North Carolina,
situated near the Atlantic coast. Wind gusts of more than 25 miles per hour
were recorded that day. After the final flight on that blustery December day,
a wind gust caught and overturned the Wright Flyer, damaging it beyond

repair.

The Environment subsystem of the Wright Flyer model contains a variety of
blocks from the Environment sublibrary of the Aerospace Blockset software,
including wind, atmosphere, and gravity, and calculates airspeed and
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dynamic pressure. The Discrete Wind Gust Model block provides wind gusts
to the simulated environment. The other blocks are

® The Incidence & Airspeed block calculates the angle of attack and airspeed.
® The COESA Atmosphere Model block calculates the air density.

® The Dynamic Pressure block computes the dynamic pressure from the air
density and velocity.

® The WGS84 Gravity Model block produces the gravity at the Wright Flyer’s
latitude, longitude, and height.
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Pilot Subsystem

The Pilot subsystem controls the aircraft by responding to both pitch angle
(attitude) and angle of attack. If the angle of attack differs from the set angle
of attack by more than one degree, the Pilot subsystem responds with a
correction of the elevator (canard) angle. When the angular velocity exceeds
+/- 0.02 rad/s, angular velocity and angular acceleration are also taken into
consideration with additional corrections to the elevator angle.

Pilot reaction time largely determined the success of the flights [1]. Without
an automatic controller, a reaction time of 0.06 seconds is optimal for
successful flight. The Delay of Pilot (Variable Time Delay) block recreates this
effect by producing a delay of no more than 0.08 second.
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Running the Simulation

The default values for this simulation allow the Wright Flyer model to take off
and land successfully. The pilot reaction time (wf_B3) is set to 0.06 seconds,
the desired angle of attack (wf_alphaa) is constant, and the altitude attained
is low. The Wright Flyer model reacts similarly to the actual Wright Flyer. It
leaves the ground, moves forward, and lands on a point as high as that from
which it started. This model exhibits the longitudinal undulation in attitude
of the original aircraft.

~ioix]
SEPLL ABRB DA F

Attitude Scope (Measured in Radians)

A pilot with quick reaction times and ideal flight conditions makes it possible
to fly the Wright Flyer successfully. The Wright Flyer model confirms that
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controlling its longitudinal motion was a serious challenge. The longest
recorded flight on that day lasted a mere 59 seconds and covered 852 feet.

Virtual Redlity Visualization of the Wright Flyer

Note This section requires the Simulink 3D Animation.

The Wright Flyer model also provides a virtual world visualization, coded in
Virtual Reality Modeling Language (VRML) [3]. The VR Sink block in the
main model allows you to view the flight motion in three dimensions.

T 1903 wright Flyer =1oix|

File View Viewpoints MNavigation Rendering Simulstion Recording Hslp

[SideRearview | M| Bfwak 0| d | e [E» =

[side-Rzar Views [r=0.00 [walk. |Pos:[10.00 3.00 -7.00] Dir:(-0.86 -0.15.0.48] 7

1903 Wright Flyer Virtual Reality World
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In this section...

“Introduction” on page 3-20
“NASA HL-20 Lifting Body” on page 3-20
“The HL-20 Airframe and Controller Model” on page 3-21

“References” on page 3-33

Introduction

This case study models the airframe of a NASA HL-20 lifting body, a low-cost
complement to the Space Shuttle orbiter. The HL-20 is unpowered, but the
model includes both airframe and controller.

For most flight control designs, the airframe, or plant model, needs to be
modeled, simulated, and analyzed. Ideally, this airframe should be modeled
quickly, reusing blocks or model structure to reduce validation time and leave
more time available for control design. In this study, the Aerospace Blockset
software efficiently models portions of the HL-20 airframe. The remaining
portions, including calculation of the aerodynamic coefficients, are modeled
with the Simulink software. This case study examines the HL-20 airframe
model and touches on how the aerodynamic data are used in the model.

NASA HL-20 Lifting Body

The HL-20, also known as the Personnel Launch System (PLS), is a lifting
body reentry vehicle designed to complement the Space Shuttle orbiter. It was
developed originally as a low-cost solution for getting to and from low Earth
orbit. It can carry up to 10 people and a limited cargo [1].

The HL-20 lifting body can be placed in orbit either by launching it vertically
with booster rockets or by transporting it in the payload bay of the Space
Shuttle orbiter. The HL-20 lifting body deorbits using a small onboard
propulsion system. Its reentry profile is nose first, horizontal, and unpowered.



NASA HL-20 Lifting Body Airframe

[ FTii=k—-r . e S FEL

Top-Front View of the HL-20 Lifting Body (Photo: NASA Langley)
The HL-20 design has a number of benefits:

¢ Rapid turnaround between landing and launch reduces operating costs.
¢ The HL-20 has exceptional flight safety.

¢ [t can land conventionally on aircraft runways.
Potential uses for the HL-20 include

¢ Orbital rescue of stranded astronauts

¢ International Space Station crew exchanges
¢ Observation missions

e Satellite servicing missions

Although the HL-20 program is not currently active, the aerodynamic data
from HL-20 tests are being used in current NASA projects [2].

The HL-20 Airframe and Controller Model

You can open the HL-20 airframe and controller model by entering
aeroblk HL20 at the MATLAB command line.
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Modeling Assumptions and Limitations

Preliminary aerodynamic data for the HL-20 lifting body are taken from
NASA document TM4302 [1].

The airframe model incorporates several key assumptions and limitations:

¢ The airframe is assumed to be rigid and have constant mass, center of
gravity, and inertia, since the model represents only the unpowered reentry
portion of a mission.

e HL-20 is assumed to be a laterally symmetric vehicle.
¢ Compressibility (Mach) effects are assumed to be negligible.

¢ Control effectiveness is assumed to vary nonlinearly with angle of attack
and linearly with angle of deflection. Control effectiveness is not dependent
on sideslip angle.

¢ The nonlinear six-degrees-of-freedom aerodynamic model is a
representation of an early version of the HL-20. Therefore, the model is not
intended for realistic performance simulation of later versions of the HL-20.



NASA HL-20 Lifting Body Airframe

The typical airframe model consists of a number of components, such as

* Equations of motion

¢ Environmental models

e (Calculation of aerodynamic coefficients, forces, and moments

The airframe subsystem of the HL-20 model contains five subsystems, which
model the typical airframe components:

e “6DoF (Euler Angles) Subsystem” on page 3-24

e “Environmental Models Subsystem” on page 3-25

e “Alpha, Beta, Mach Subsystem” on page 3-27

® “Aerodynamic Coefficients Subsystem” on page 3-28

* “Forces and Moments Subsystem” on page 3-32
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HL-20 Airframe Subsystem

6DoF (Euler Angles) Subsystem

The 6DoF (Euler Angles) subsystem contains the six-degrees-of-freedom
equations of motion for the airframe. In the 6DoF (Euler Angles) subsystem,
the body attitude is propagated in time using an Euler angle representation.
This subsystem is one of the equations of motion blocks from the Aerospace
Blockset library. A quaternion representation is also available. See the
6DoF (Euler Angles) and 6DoF (Quaternion) block reference pages for more
information on these blocks.
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Environmental Models Subsystem

The Environmental Models subsystem contains the following subsystems
and blocks:

¢ The WGS84 Gravity Model block implements the mathematical
representation of the geocentric equipotential ellipsoid of the World
Geodetic System (WGS84).

See the WGS84 Gravity Model block reference page for more information
on this block.

¢ The COESA Atmosphere Model block implements the mathematical
representation of the 1976 Committee on Extension to the Standard
Atmosphere (COESA) standard lower atmospheric values for absolute
temperature, pressure, density, and speed of sound, given the input
geopotential altitude.

See the COESA Atmosphere Model block reference page for more
information on this block.

¢ The Wind Models subsystem contains the following blocks:
= The Wind Shear Model block adds wind shear to the model.

See the Wind Shear Model block reference page for more information
on this block.

= The Discrete Wind Gust Model block implements a wind gust of the
standard “1 - cosine” shape.

See the Discrete Wind Gust Model block reference page for more
information on this block.

= The Dryden Wind Turbulence Model (Continuous) block uses the Dryden
spectral representation to add turbulence to the aerospace model by
passing band-limited white noise through appropriate forming filters.

See the Dryden Wind Turbulence Model (Continuous) block reference
page for more information on this block.

The environmental models implement mathematical representations within
standard references, such as U.S. Standard Atmosphere, 1976.
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Environmental Models in HL-20 Airframe Model
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Wind Models in HL-20 Airframe Model

Alpha, Beta, Mach Subsystem

The Alpha, Beta, Mach subsystem calculates additional parameters needed
for the aerodynamic coefficient computation and lookup. These additional

parameters include

e Mach number
¢ Incidence angles (- B)
® Airspeed

® Dynamic pressure

The Alpha, Beta, Mach subsystem corrects the body velocity for wind velocity
and corrects the body rates for wind angular acceleration.
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Additional Computed Parameters for HL-20 Airframe Model (Alpha, Beta,
Mach Subsystem)

Aerodynamic Coefficients Subsystem

The Aerodynamic Coefficients subsystem contains aerodynamic data
and equations for calculating the six aerodynamic coefficients, which are
implemented as in reference [1]. The six aerodynamic coefficients follow.

C, Axial-force coefficient

C, Side-force coefficient

C, Normal-force coefficient

C Rolling-moment coefficient

C, Pitching-moment coefficient
C, Yawing-moment coefficient

Ground and landing gear effects are not included in this model.
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NASA HL-20 Lifting Body Airframe

The contribution of each of these coefficients is calculated in the subsystems
(body rate, actuator increment, and datum), and then summed and passed to
the Forces and Moments subsystem.

E!Link: aeroblk_HL20/HL20 Airframe/Aerodynamic Coefficients - |EI il
File Edit View Simulation Formst Tools  Help
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Aerodynamic Coefficients in HL-20 Airframe Model

The aerodynamic data was gathered from wind tunnel tests, mainly on scaled
models of a preliminary subsonic aerodynamic model of the HL-20. The data
was curve fitted, and most of the aerodynamic coefficients are described

by polynomial functions of angle of attack and sideslip angle. In-depth

details about the aerodynamic data and the data reduction can be found in
reference [1].

The polynomial functions contained in the aeroblk_init_h120.m file are
used to calculate lookup tables used by the model’s preload function. Lookup
tables substitute for polynomial functions. Depending on the order and
implementation of the function, using lookup tables can be more efficient
than recalculating values at each time step with functions. To further
improve efficiency, most tables are implemented as PreLook-up Index Search
and Interpolation (n-D) using PreLook-up blocks. These blocks improve
performance most when the model has a number of tables with identical
breakpoints. These blocks reduce the number of times the model has to search
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3-30

for a breakpoint in a given time step. Once the tables are populated by the
preload function, the aerodynamic coefficient can be computed.

The equations for calculating the six aerodynamic coefficients are divided
among three subsystems:

e “Datum Coefficients Subsystem” on page 3-30

¢ “Body Rate Damping Subsystem” on page 3-31

e “Actuator Increment Subsystem” on page 3-31

Summing the Datum Coefficients, Body Rate Damping, and Actuator

Increments subsystem outputs generates the six aerodynamic coefficients
used to calculate the airframe forces and moments [1].

Datum Coefficients Subsystem. The Datum Coefficients subsystem
calculates coefficients for the basic configuration without control surface

deflection. These datum coefficients depend only on the incidence angles
of the body.

[=iLink: aeroblk_HL20;.../Aerodynamic Coefficients/Datum Coefl oy [ o3}
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NASA HL-20 Lifting Body Airframe

Body Rate Damping Subsystem. Dynamic motion derivatives are
computed in the Body Rate Damping subsystem.

E!Link: aeroblk_HL20/.../Aerodynamic Coefficients /Body Rate Damping - E||5|
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Actuator Increment Subsystem. Lookup tables determine the incremental
changes to the coefficients due to the control surface deflections in the
Actuator Increment subsystem. Available control surfaces include symmetric
wing flaps (elevator), differential wing flaps (ailerons), positive body flaps,
negative body flaps, differential body flaps, and an all-movable rudder.
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Forces and Moments Subsystem. The Forces and Moments subsystem
calculates the body forces and body moments acting on the airframe about
the center of gravity. These forces and moments depend on the aerodynamic
coefficients, thrust, dynamic pressure, and reference airframe parameters.
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NASA HL-20 Lifting Body Airframe

Completing the Model

These subsystems that you have examined complete the HL-20 airframe. The
next step in the flight control design process is to analyze, trim, and linearize
the HL-20 airframe so that a flight control system can be designed for it. You
can see an example of an auto-land flight control for the HL-20 airframe

in the aeroblk_HL20 demo.

References

[1] Jackson, E. B., and C. L. Cruz, “Preliminary Subsonic Aerodynamic Model
for Simulation Studies of the HL-20 Lifting Body,” NASA TM4302 (August
1992).

This document is included in the HL-20 Lifting Body . zip file available from
MATLAB Central.

[2] Morring, F., Jr., “ISS ‘Lifeboat’ Study Includes ELVs,” Aviation Week
& Space Technology (May 20, 2002).

Additional Information About the HL-20 Lifting Body
http://www.astronautix.com/craft/h120.htm

http://www.aviationnow.com/content/publication/awst/20020520/aw46.htm

(requires subscription)
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Block Reference

Actuators (p. 4-2)
Aerodynamics (p. 4-2)
Animation (p. 4-2)
Environment (p. 4-4)

Flight Parameters (p. 4-6)
Equations of Motion (p. 4-7)

Guidance, Navigation, and Control
(p. 4-10)

Mass Properties (p. 4-13)
Propulsion (p. 4-13)
Utilities (p. 4-13)

Impose motions

Aerodynamic forces and moments
Display aerospace motion

Flight environment

Aerospace parameters

Vehicle dynamics

Aerospace guidance, navigation, and
control

Mass and moment distributions
Engines

Miscellaneous useful blocks



4 Biock Reference

Actuators
Second Order Linear Actuator
Second Order Nonlinear Actuator
Aerodynamics
Aerodynamic Forces and Moments
Digital DATCOM Forces and
Moments
Animation

MATLAB-Based Animation (p. 4-3)

Flight Simulator Interfaces (p. 4-3)

Animation Support Utilities (p. 4-3)

Implement second-order linear
actuator

Implement second-order actuator
with rate and deflection limits

Compute aerodynamic forces

and moments using aerodynamic
coefficients, dynamic pressure,
center of gravity, center of pressure,
and velocity

Compute aerodynamic forces and
moments using Digital DATCOM
static and dynamic stability
derivatives

Display aerospace motion with
MATLAB Graphics

Display aerospace motion with flight
simulators

Additional animation support



Animation

MATLAB-Based Animation

3DoF Animation
6DoF Animation

MATLAB Animation

Flight Simulator Interfaces

FlightGear Preconfigured 6DoF
Animation
Generate Run Script

Pack net_fdm Packet for FlightGear

Send net_fdm Packet to FlightGear

Animation Support Utilities

Pilot Joystick
Pilot Joystick All

Simulation Pace

Create 3-D MATLAB
Graphics animation of
three-degrees-of-freedom object

Create 3-D MATLAB Graphics
animation of six-degrees-of-freedom
object

Create six—degrees-of-freedom
multibody custom geometry block

Connect model to FlightGear flight
simulator

Generate FlightGear run script on
current computer

Generate net_fdm packet for
FlightGear

Transmit net_fdm packet to
destination IP address and port for
FlightGear session

Provide joystick interface on
Windows platform

Provide joystick interface on
Windows platform

Set simulation rate for improved
animation viewing
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4-4

Environment

Atmosphere (p. 4-4)
Gravity & Magnetism (p. 4-5)
Wind (p. 4-6)

Atmosphere

CIRA-86 Atmosphere Model

COESA Atmosphere Model
ISA Atmosphere Model
Lapse Rate Model
Non-Standard Day 210C
Non-Standard Day 310

NRLMSISE-00 Atmosphere Model

Pressure Altitude

Atmospheric profiles
Gravity and magnetic fields

Atmospheric winds

Implement mathematical
representation of 1986 CIRA
atmosphere

Implement 1976 COESA lower
atmosphere

Implement International Standard
Atmosphere (ISA)

Implement lapse rate model for
atmosphere

Implement MIL-STD-210C climatic
data

Implement MIL-HDBK-310 climatic
data

Implement mathematical
representation of 2001 United
States Naval Research Laboratory
Mass Spectrometer and Incoherent
Scatter Radar Exosphere

Calculate pressure altitude based on
ambient pressure



Environment

Gravity & Magnetism

Centrifugal Effect Model

EGM96 Geoid

Geoid Height

International Geomagnetic
Reference Field 11

Spherical Harmonic Gravity Model

WGS84 Gravity Model

World Magnetic Model 2000

World Magnetic Model 2005

World Magnetic Model 2010

Zonal Harmonic Gravity Model

Implement mathematical
representation of centrifugal
effect for planetary gravity

Calculate geoid height as determined
from EGM96 Geopotential Model

Calculate undulations/height

Calculate Earth’s magnetic field
and secular variation using
11th generation of International
Geomagnetic Reference Field

Implement spherical harmonic
representation of planetary gravity

Implement 1984 World Geodetic
System (WGS84) representation of
Earth’s gravity

Calculate Earth’s magnetic field
at specific location and time
using World Magnetic Model 2000
(WMM2000)

Calculate Earth’s magnetic field
at specific location and time
using World Magnetic Model 2005
(WMM2005)

Calculate Earth’s magnetic field
at specific location and time
using World Magnetic Model 2010
(WMMZ2010)

Calculate zonal harmonic
representation of planetary gravity
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Wind

Discrete Wind Gust Model

Dryden Wind Turbulence Model
(Continuous)

Dryden Wind Turbulence Model

(Discrete)
Horizontal Wind Model

Von Karman Wind Turbulence
Model (Continuous)

Wind Shear Model

Flight Parameters

Dynamic Pressure

Ideal Airspeed Correction

Incidence & Airspeed

Incidence, Sideslip & Airspeed

Mach Number

Radius at Geocentric Latitude

Generate discrete wind gust

Generate continuous wind
turbulence with Dryden velocity
spectra

Generate discrete wind turbulence
with Dryden velocity spectra

Transform horizontal wind into
body-axes coordinates

Generate continuous wind
turbulence with Von Karmaéan
velocity spectra

Calculate wind shear conditions

Compute dynamic pressure using
velocity and air density

Calculate equivalent airspeed (EAS),
calibrated airspeed (CAS), or true
airspeed (TAS) from each other

Calculate incidence and airspeed

Calculate incidence, sideslip, and
airspeed

Compute Mach number using
velocity and speed of sound

Estimate radius of ellipsoid planet
at geocentric latitude



Equations of Motion

Relative Ratio
Wind Angular Rates

Equations of Motion

Three DoFs (p. 4-7)
Six DoF's (p. 4-8)

Point Masses (p. 4-10)

Three DoFs

3DoF (Body Axes)

3DoF (Wind Axes)

Custom Variable Mass 3DoF (Body
Axes)

Custom Variable Mass 3DoF (Wind
Axes)

Calculate relative atmospheric ratios

Calculate wind angular rates from
body angular rates, angle of attack,
sideslip angle, rate of change of
angle of attack, and rate of change
of sideslip

Dynamics with one rotation and two
translation axes

Dynamics with three rotation and
three translation axes

Dynamics of point masses

Implement three-degrees-of-freedom
equations of motion with respect to
body axes

Implement three-degrees-of-freedom
equations of motion with respect to
wind axes

Implement three-degrees-of-freedom
equations of motion of custom
variable mass with respect to body
axes

Implement three-degrees-of-freedom
equations of motion of custom
variable mass with respect to wind
axes



4 Biock Reference

Simple Variable Mass 3DoF (Body
Axes)

Simple Variable Mass 3DoF (Wind
Axes)

Six DoFs

6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

Implement three-degrees-of-freedom
equations of motion of simple
variable mass with respect to body
axes

Implement three-degrees-of-freedom
equations of motion of simple
variable mass with respect to wind
axes

Implement Euler

angle representation of
six-degrees-of-freedom equations of
motion

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion with respect to body axes

Implement quaternion
representation of
six-degrees-of-freedom equations
of motion in Earth-centered
Earth-fixed (ECEF) coordinates

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion with respect to wind axes

Implement wind angle
representation of
six-degrees-of-freedom equations of
motion



Equations of Motion

Custom Variable Mass 6DoF (Euler
Angles)

Custom Variable Mass 6DoF
(Quaternion)

Custom Variable Mass 6DoF ECEF
(Quaternion)

Custom Variable Mass 6DoF Wind
(Quaternion)

Custom Variable Mass 6DoF Wind
(Wind Angles)

Simple Variable Mass 6DoF (Euler
Angles)

Simple Variable Mass 6DoF
(Quaternion)

Implement Euler

angle representation of
six-degrees-of-freedom equations of
motion of custom variable mass

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion of custom variable mass with
respect to body axes

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion of custom variable mass in
Earth-centered Earth-fixed (ECEF)
coordinates

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion of custom variable mass with
respect to wind axes

Implement wind angle
representation of
six-degrees-of-freedom equations of
motion of custom variable mass

Implement Euler

angle representation of
six-degrees-of-freedom equations of
motion of simple variable mass

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion of simple variable mass with
respect to body axes
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Guidance, Navigation, and Control

4-10

Simple Variable Mass 6DoF ECEF
(Quaternion)

Simple Variable Mass 6DoF Wind
(Quaternion)

Simple Variable Mass 6DoF Wind
(Wind Angles)

Point Masses

4th Order Point Mass (Longitudinal)

4th Order Point Mass Forces
(Longitudinal)

6th Order Point Mass (Coordinated
Flight)

6th Order Point Mass Forces
(Coordinated Flight)

Control (p. 4-11)
Guidance (p. 4-12)
Navigation (p. 4-12)

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion of simple variable mass in
Earth-centered Earth-fixed (ECEF)
coordinates

Implement quaternion
representation of
six-degrees-of-freedom equations of
motion of simple variable mass with
respect to wind axes

Implement wind angle
representation of
six-degrees-of-freedom equations of
motion of simple variable mass

Calculate fourth-order point mass

Calculate forces used by fourth-order
point mass

Calculate sixth-order point mass in
coordinated flight

Calculate forces used by sixth-order
point mass in coordinated flight

Controlling vehicles
Guiding motion

Navigating in space



Guidance, Navigation, and Control

Control
1D Controller Blend Implement 1-D vector of state-space
u=(1-L).K1.y+L.K2.y controllers by linear interpolation of

their outputs

1D Controller [A(v),B(v),C(v),D(v)] Implement gain-scheduled
state-space controller depending on
one scheduling parameter

1D Observer Form Implement gain-scheduled

[A(V),B(v),C(v),F(v),H(v)] state-space controller in observer
form depending on one scheduling
parameter

1D Self-Conditioned Implement gain-scheduled

[A(V),B(v),C(v),D(V)] state-space controller in

self-conditioned form depending on
one scheduling parameter

2D Controller Blend Implement 2-D vector of state-space
controllers by linear interpolation of
their outputs

2D Controller [A(v),B(v),C(v),D(v)] Implement gain-scheduled
state-space controller depending on
two scheduling parameters

2D Observer Form Implement gain-scheduled

[A(),B(v),C(v),F(v),H(")] state-space controller in observer
form depending on two scheduling
parameters

2D Self-Conditioned Implement gain-scheduled

[A(),B(v),C(v),D(V)] state-space controller in

self-conditioned form depending on
two scheduling parameters

3D Controller [A(v),B(v),C(v),D(v)] Implement gain-scheduled
state-space controller depending on
three scheduling parameters
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4-12

3D Observer Form
[A(v),B(v),C(v),F(v),H(v)]

3D Self-Conditioned
[A(v),B(v),C(v),D(v)]

Gain Scheduled Lead-Lag
Interpolate Matrix(x)
Interpolate Matrix(x,y)
Interpolate Matrix(x,y,z)

Self-Conditioned [A,B,C,D]

Guidance

Calculate Range

Navigation

Three-Axis Accelerometer
Three-Axis Gyroscope

Three-Axis Inertial Measurement
Unit

Implement gain-scheduled
state-space controller in observer
form depending on three scheduling
parameters

Implement gain-scheduled
state-space controller in
self-conditioned form depending on
two scheduling parameters

Implement first-order lead-lag with
gain-scheduled coefficients

Return interpolated matrix for given
input

Return interpolated matrix for given
inputs

Return interpolated matrix for given
inputs

Implement state-space controller in
self-conditioned form

Calculate range between two crafts
given their respective positions

Implement three-axis accelerometer
Implement three-axis gyroscope

Implement three-axis inertial
measurement unit (IMU)



Mass Properties

Mass Properties

Propulsion

Utilities

Estimate Center of Gravity
Estimate Inertia Tensor

Moments About CG Due to Forces

Symmetric Inertia Tensor

Turbofan Engine System

Axes Transformations (p. 4-13)

Math Operations (p. 4-15)
Unit Conversions (p. 4-16)

Axes Transformations

Besselian Epoch to Julian Epoch

Direction Cosine Matrix Body to
Wind

Calculate center of gravity location
Calculate inertia tensor

Compute moments about center of
gravity due to forces applied at a
point, not center of gravity

Create inertia tensor from moments
and products of inertia

Implement first-order representation
of turbofan engine with controller

Geometric and kinematic
transformations

Additional mathematical functions

Changing units

Transform position and velocity
components from discontinued
Standard Besselian Epoch (B1950)
to Standard Julian Epoch (J2000)

Convert angle of attack and sideslip
angle to direction cosine matrix
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4-14

Direction Cosine Matrix Body to
Wind to Alpha and Beta

Direction Cosine Matrix ECEF to
NED

Direction Cosine Matrix ECEF to
NED to Latitude and Longitude

Direction Cosine Matrix to
Quaternions

Direction Cosine Matrix to Rotation
Angles

Direction Cosine Matrix to Wind
Angles

ECEF Position to LLA

Flat Earth to LLA

Geocentric to Geodetic Latitude

Geodetic to Geocentric Latitude

Julian Epoch to Besselian Epoch

LLA to ECEF Position

Convert direction cosine matrix to
angle of attack and sideslip angle

Convert geodetic latitude and
longitude to direction cosine matrix

Convert direction cosine matrix to
geodetic latitude and longitude

Convert direction cosine matrix to
quaternion vector

Convert direction cosine matrix to
rotation angles

Convert direction cosine matrix to
wind angles

Calculate geodetic latitude,
longitude, and altitude above
planetary ellipsoid from
Earth-centered Earth-fixed (ECEF)
position

Estimate geodetic latitude,
longitude, and altitude from
flat Earth position

Convert geocentric latitude to
geodetic latitude

Convert geodetic latitude to
geocentric latitude

Transform position and velocity
components from Standard Julian
Epoch (J2000) to discontinued
Standard Besselian Epoch (B1950)

Calculate Earth-centered
Earth-fixed (ECEF) position from
geodetic latitude, longitude, and
altitude above planetary ellipsoid



Utilities

LLA to Flat Earth

Quaternions to Direction Cosine
Matrix

Quaternions to Rotation Angles

Rotation Angles to Direction Cosine
Matrix

Rotation Angles to Quaternions

Wind Angles to Direction Cosine
Matrix

Math Operations

3x3 Cross Product

Adjoint of 3x3 Matrix
Create 3x3 Matrix

Determinant of 3x3 Matrix
Invert 3x3 Matrix

Quaternion Division

Quaternion Inverse
Quaternion Modulus
Quaternion Multiplication
Quaternion Norm

Quaternion Normalize

Estimate flat Earth position from
geodetic latitude, longitude, and
altitude

Convert quaternion vector to
direction cosine matrix

Determine rotation vector from
quaternion

Convert rotation angles to direction
cosine matrix

Calculate quaternion from rotation
angles

Convert wind angles to direction
cosine matrix

Calculate cross product of two 3-by-1
vectors

Compute adjoint of matrix

Create 3-by-3 matrix from nine input
values

Compute determinant of matrix
Compute inverse of 3-by-3 matrix

Divide quaternion by another
quaternion

Calculate inverse of quaternion
Calculate modulus of quaternion
Calculate product of two quaternions
Calculate norm of quaternion

Normalize quaternion
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4-16

Quaternion Rotation
SinCos

Unit Conversions

Acceleration Conversion
Angle Conversion

Angular Acceleration Conversion

Angular Velocity Conversion
Density Conversion

Force Conversion

Length Conversion

Mass Conversion

Pressure Conversion
Temperature Conversion

Velocity Conversion

Rotate vector by quaternion

Compute sine and cosine of angle

Convert from acceleration units to
desired acceleration units

Convert from angle units to desired
angle units

Convert from angular acceleration
units to desired angular acceleration
units

Convert from angular velocity units
to desired angular velocity units

Convert from density units to desired
density units

Convert from force units to desired
force units

Convert from length units to desired
length units

Convert from mass units to desired
mass units

Convert from pressure units to
desired pressure units

Convert from temperature units to
desired temperature units

Convert from velocity units to
desired velocity units
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1D Controller [A(v),B(v),C(v),D(Vv)]

Purpose

Library

Description

v
W

Dialog
Box

5-2

Implement gain-scheduled state-space controller depending on one
scheduling parameter

GNC/Controls

The 1D Controller [A(v),B(v),C(v),D(v)] block implements a
gain-scheduled state-space controller as defined by the equations

x=A@)x+ By
u=Cw)x+ D)y

where v is a parameter over which A, B, C, and D are defined. This
type of controller scheduling assumes that the matrices A, B, C, and D
vary smoothly as a function of v, which is often the case in aerospace
applications.

Block Parameters: 1D Controller [A(¥),B(¥),Ci A
— StateSpacesBCD-10 [mask) (link)

Implement a state-space controller [4,B.C.0] where &, B, C. and D
depend on one scheduling parameter, .

— Parameter
Aematrifv]):
Ja

B-matrixf]:
I

C-rnatrizf+]:
|

Dr-matrix():
Jo1

Scheduling wariable break points:

Iv_vec

Initial state, %_initial:
|0

ak. I Cancel Help Apply




1D Controller [A(v),B(v),C(v),D(v)]

A-matrix(v)
A-matrix of the state-space implementation. In the case of 1-D
scheduling, the A-matrix should have three dimensions, the
last one corresponding to the scheduling variable v. Hence, for
example, if the A-matrix corresponding to the first entry of v is
the identity matrix, then A(:,:,1) = [1 0;0 11];.

B-matrix(v)
B-matrix of the state-space implementation. In the case of 1-D
scheduling, the B-matrix should have three dimensions, the
last one corresponding to the scheduling variable v. Hence, for
example, if the B-matrix corresponding to the first entry of v is
the identity matrix, then B(:,:,1) = [1 0;0 11];.

C-matrix(v)
C-matrix of the state-space implementation. In the case of 1-D
scheduling, the C-matrix should have three dimensions, the
last one corresponding to the scheduling variable v. Hence, for
example, if the C-matrix corresponding to the first entry of v is
the identity matrix, then C(:,:,1) = [1 0;0 11];.

D-matrix(v)
D-matrix of the state-space implementation. In the case of 1-D
scheduling, the D-matrix should have three dimensions, the
last one corresponding to the scheduling variable v. Hence, for
example, if the D-matrix corresponding to the first entry of v is
the identity matrix, then D(:,:,1) = [1 0;0 11];.

Scheduling variable breakpoints

Vector of the breakpoints for the scheduling variable. The length

of v should be same as the size of the third dimension of A, B,
C, and D.

Initial state, x_initial
Vector of initial states for the controller, 1.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.
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1D Controller [A(v),B(v),C(v),D(Vv)]

5-4

Inputs and
Outputs

Assumptions
and
Limitations

Examples

See Also

Input Dimension Type Description
First Any Contains the measurements.
Second Contains the scheduling variable

conforming to the dimensions of the
state-space matrices.

Output Dimension Type Description

First Any Contains the actuator demands.

If the scheduling parameter inputs to the block go out of range, then
they are clipped; i.e., the state-space matrices are not interpolated out
of range.

See H-Infinity Controller (1 Dimensional Scheduling) in the
aeroblk lib HL20 demo library for an example of this block.
1D Controller Blend u=(1-L).K1.y+L.K2.y

1D Observer Form [A(v),B(v),C(v),F(v),H(v)]

1D Self-Conditioned [A(v),B(v),C(v),D(v)]

2D Controller [A(v),B(v),C(v),D(v)]

3D Controller [A(v),B(v),C(v),D(¥)]



1D Controller Blend u=(1-L).K1.y+L.K2.y
|

Purpose Implement 1-D vector of state-space controllers by linear interpolation
of their outputs
Librclry GNC/Controls
Description The 1D Controller Blend u=(1-L).K1.y+L.K2.y block implements an
array of state-space controller designs. The controllers are run in
¥ b parallel, and their outputs interpolated according to the current flight
i condition or operating point. The advantage of this implementation

approach is that the state-space matrices A, B, C, and D for the
individual controller designs do not need to vary smoothly from one
design point to the next.

For example, suppose two controllers are designed at two operating
points v=v_; and v=v ... The 1D Controller Blend block implements

%) = Ayxy + By
up =Cyxy + Dy
X9 = Agxg + Byy
ug = Coxg + Dyy
u=~0-DNu; +Auy

min
U—Un;i
_ min .
A= o Umin SV < Umax
max — Umin

max

For longer arrays of design points, the blocks only implement nearest
neighbor designs. For the 1D Controller Blend block, at any given
instant in time, three controller designs are being updated. This
reduces computational requirements.

As the value of the scheduling parameter varies and the index of the
controllers that need to be run changes, the states of the oncoming

5-5



1D Controller Blend u=(1-L).K1.y+L.K2.y

controller are initialized by using the self-conditioned form as defined
for the Self-Conditioned [A,B,C,D] block.

. "
DICI Iog Block Parameters: 1D Controller Blend: u={1-L |
Box — Blend-1D [mazk] [link)

Blend between outputs of a 1-0 vector of state-zpace controllers. Al
cantrallers must have the same state dimension.

— Parameters
A-matrizfv]:

|m

B -matris]:
I

C-matrisfs]:
|c1

D-matri[«]:

|D1

Scheduling wariable breakpaints:
|[1 152

Initial state, »_initial:
jo
Foles of Alv]-H[+)"Clv] = [wl ... wn]:
f15-21

(u] I Cancel | Help | Apply |

A-matrix(v)
A-matrix of the state-space implementation. In the case of 1-D
blending, the A-matrix should have three dimensions, the last one
corresponding to scheduling variable v. Hence, for example, if
the A-matrix corresponding to the first entry of v is the identity
matrix, then A(:,:,1) = [1 0;0 1];.

B-matrix(v)
B-matrix of the state-space implementation.
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1D Controller Blend u=(1-L).K1.y+L.K2.y

Inputs and
Outputs

C-matrix(v)
C-matrix of the state-space implementation.

D-matrix(v)
D-matrix of the state-space implementation.

Scheduling variable breakpoints
Vector of the breakpoints for the scheduling variable. The length
of v should be same as the size of the third dimension of A, B,
C, and D.

Initial state, x_initial
Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.

Poles of A(v)-H(v)*C(v)
For oncoming controllers, an observer-like structure is used
to ensure that the controller output tracks the current block
output, u. The poles of the observer are defined in this dialog box
as a vector, the number of poles being equal to the dimension
of the A-matrix. Poles that are too fast result in sensor noise
propagation, and poles that are too slow result in the failure of
the controller output to track wu.

Input Dimension Type Description
First Any Contains the measurements.
Second Contains the scheduling variable,

conforming to the dimensions of the
state-space matrices.

Output Dimension Type Description

First Any Contains the actuator demands.
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1D Controller Blend u=(1-L).K1.y+L.K2.y
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Assumptions
and
Limitations

Reference

See Also

Note This block requires the Control System Toolbox™ product.

Hyde, R. A., “H-infinity Aerospace Control Design - A VSTOL Flight
Application,” Springer Verlag, Advances in Industrial Control Series,
1995. ISBN 3-540-19960-8. See Chapter 5.

1D Controller [A(v),B(v),C(v),D(v)]
1D Observer Form [A(v),B(v),C(v),F(v),H(¥)]

1D Self-Conditioned [A(v),B(v),C(v),D(V)]
2D Controller Blend



1D Observer Form [A(v),B(v),C(v),F(v),H(v)]

Purpose

Library

Description

yy_dem
W u_dem

u_meas

Implement gain-scheduled state-space controller in observer form
depending on one scheduling parameter

GNC/Controls

The 1D Observer Form [A(v),B(v),C(v),F(v),H(v)] block implements a
gain-scheduled state-space controller defined in the following observer
form:

% =AW+ Hu)C)x + Bt p0s + HOXY — Yiom)
Ugom = F0)x
The main application of this block is to implement a controller designed

using H-infinity loop-shaping, one of the design methods supported
by Robust Control Toolbox.
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1D Observer Form [A(v),B(v),C(v),F(v),H(v)]

L]
Dia |og Block Parameters: 1D Dbserver Form [A(v),B( E|
Box — StateSpaceABCFH-1D (mask] (link)

Implerment a state-space contraller [4,B,.C.F H] in abzerver o where &,
B.C.F, and H depend on one echeduling parameter.

r— Parameters
A-matrif]:
&

B -matrix+]:
|B

C-matrizl+]:

Ic

F-ratriss]:
|F

H-matrixw]:
H

Scheduling wariable breakpoints:

Iv_vec:
Initial ztate, «_initial:
o

0K I Cancel | Help | Apply |

A-matrix(v)
A-matrix of the state-space implementation. The A-matrix
should have three dimensions, the last one corresponding to
the scheduling variable v. Hence, for example, if the A-matrix
corresponding to the first entry of v is the identity matrix, then
A(:,:,1) = [1 0;0 1];.

B-matrix(v)
B-matrix of the state-space implementation. The B-matrix
should have three dimensions, the last one corresponding to
the scheduling variable v. Hence, for example, if the B-matrix
corresponding to the first entry of v is the identity matrix, then
B(:,:,1) = [1 0;0 1];.
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1D Observer Form [A(v),B(v),C(v),F(v),H(v)]

Inputs and
Outputs

C-matrix(v)

C-matrix of the state-space implementation. The C-matrix
should have three dimensions, the last one corresponding to
the scheduling variable v. Hence, for example, if the C-matrix
corresponding to the first entry of v is the identity matrix, then
C(:,:,1) = [1 0;0 1];.

F-matrix(v)

State-feedback matrix. The F-matrix should have three
dimensions, the last one corresponding to the scheduling variable
v. Hence, for example, if the F-matrix corresponding to the first
entry of v is the identity matrix, then F(:,:,1) = [1 0;0 1];.

H-matrix(v)

Observer (output injection) matrix. The H-matrix should have
three dimensions, the last one corresponding to the scheduling
variable v. Hence, for example, if the H-matrix corresponding to
the first entry of v is the identity matrix, then H(:,:,1) = [1
0;0 11;.

Scheduling variable breakpoints

Vector of the breakpoints for the scheduling variable. The length
of v should be same as the size of the third dimension of A, B, C,
F, and H.

Initial state, x_initial

Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.

Input Dimension Type Description

First Contains the set-point error.

Second Contains the scheduling variable.

Third Contains the measured actuator
position.
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1D Observer Form [A(v),B(v),C(v),F(v),H(v)]
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Assumptions
and
Limitations

Examples

Reference

See Also

Output Dimension Type Description

First Contains the actuator demands.

If the scheduling parameter inputs to the block go out of range, then
they are clipped; i.e., the state-space matrices are not interpolated out
of range.

See H-Infinity Controller (1 Dimensional Scheduling) in the
aeroblk _lib HL20 demo library for an example of this block.

Hyde, R. A., “H-infinity Aerospace Control Design - A VSTOL Flight
Application,” Springer Verlag, Advances in Industrial Control Series,
1995. ISBN 3-540-19960-8. See Chapter 6.

1D Controller [A(v),B(v),C(v),D(v)]

1D Controller Blend u=(1-L).K1.y+L.K2.y

1D Self-Conditioned [A(v),B(v),C(v),D(V)]

2D Observer Form [A(v),B(v),C(v),F(v),H(v)]

3D Observer Form [A(v),B(v),C(v),F(v),H(v)]



1D Self-Conditioned [A(v),B(v),C(v),D(v)]

Purpose

Library

Description

W
W u_dem

u_meas

Implement gain-scheduled state-space controller in self-conditioned
form depending on one scheduling parameter

GNC/Controls

The 1D Self-Conditioned [A(v),B(v),C(v),D(v)] block implements a
gain-scheduled state-space controller as defined by the equations

x=A@)x+ By
u=Cw)x+ D)y

in the self-conditioned form

z2=(A)-Hw)CW)z +(B()-H@Ww)D(\V))e+ H{)u
Ugem =CW)z+ D(v)e

meas

For the rationale behind this self-conditioned implementation, refer to
the Self-Conditioned [A,B,C,D] block reference. This block implements
a gain-scheduled version of the Self-Conditioned [A,B,C,D] block, v
being the parameter over which A, B, C, and D are defined. This type
of controller scheduling assumes that the matrices A, B, C, and D
vary smoothly as a function of v, which is often the case in aerospace
applications.
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1D Self-Conditioned [A(v),B(v),C(v),D(v)]

Dialog
Box

5-14

Block Parameters: 1D Self-Conditioned [A(%);

— StateSpaceSelfCond-10 [maszk] [link]

Implemert a state-space controller [ BlvL.Clv DIV in 2
zelf-conditioned form. If u_meas = u_dem, then the implemented controller
iz [&B.C.0] If u_meas iz imited, .q.. rate limitihg, then the poles of the
controller become thosze defined in the mask dialog box. Uzes call to
Control Systems Toolbox funchion place.m when intializing. &, B, C, and D
should be 3-D matrices. the last dimenzsion comesponding to the
scheduling parameter, and the first two comesponding to the matrix for a
given et of scheduling parameter values.

— Parameters
A-rnatris]:
o

B -matrix+]:
|B

C-matrisfs]:
Ic

Dr-matri[+]:
|

Scheduling wariable breakpoints:

Iv_vec:

Initial state, =_initial:

o

Foles of Alv]-H[w]"Clv] = [wl ... wn]
f15-21

0K I Cancel | Help | Apply |

A-matrix(v)

A-matrix of the state-space implementation. The A-matrix
should have three dimensions, the last one corresponding to
the scheduling variable v. Hence, for example, if the A-matrix
the identity matrix, then

corresponding to the first entry of v is
A(:,:,1) = [1 0;0 17;.

B-matrix(v)

B-matrix of the state-space implementation. The B-matrix
should have three dimensions, the last one corresponding to




1D Self-Conditioned [A(v),B(v),C(v),D(v)]

the scheduling variable v. Hence, for example, if the B-matrix
corresponding to the first entry of v is the identity matrix, then
B(:,:,1) = [1 0;0 17];.

C-matrix(v)
C-matrix of the state-space implementation. The C-matrix
should have three dimensions, the last one corresponding to
the scheduling variable v. Hence, for example, if the C-matrix
corresponding to the first entry of v is the identity matrix, then
C(:,:,1) = [1 0;0 1];.

D-matrix(v)
D-matrix of the state-space implementation. The D-matrix
should have three dimensions, the last one corresponding to
the scheduling variable v. Hence, for example, if the D-matrix
corresponding to the first entry of v is the identity matrix, then
D(:y:,1) = [1 0;0 17;.

Scheduling variable breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of v should be same as the size of the third dimension of
A, B, C, and D.

Initial state, x_initial
Vector of initial states for the controller, 1.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.

Poles of A(v)-H(v)*C(v)
Vector of the desired poles of A-HC. Note that the poles are
assigned to the same locations for all values of the scheduling
parameter v. Hence the number of pole locations defined should
be equal to the length of the first dimension of the A-matrix.
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1D Self-Conditioned [A(v),B(v),C(v),D(v)]

Inputs and Input Dimension Type Description

Outputs ) :
First Any Contains the measurements.
Second Contains the scheduling variable,

conforming to the dimensions of the
state-space matrices.

Third Contains the measured actuator
position.

Output Dimension Type Description

First Any Contains the actuator demands.

Assumptions If the scheduling parameter inputs to the block go out of range, then
and they are clipped; i.e., the state-space matrices are not interpolated out

Limitations of range.

Note This block requires the Control System Toolbox product.

Reference The algorithm used to determine the matrix H is defined in Kautsky,
Nichols, and Van Dooren, “Robust Pole Assignment in Linear State
Feedback,” International Journal of Control, Vol. 41, No. 5, pages
1129-1155, 1985.

See Also 1D Controller [A(v),B(v),C(v),D(¥)]
1D Controller Blend u=(1-L).K1.y+L.K2.y
1D Observer Form [A(v),B(v),C(v),F(v),H(v)]
2D Self-Conditioned [A(v),B(v),C(v),D(v)]
3D Self-Conditioned [A(v),B(v),C(v),D(v)]
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2D Controller [A(v),B(v),C(v),D(v)]
|

Purpose Implement gain-scheduled state-space controller depending on two
scheduling parameters

Libra ry GNC/Controls

Description The 2D Controller [A(v),B(v),C(v),D(v)] block implements a
gain-scheduled state-space controller as defined by the equations

¥
vl up x=A@Wx+ B)y
Ve u=Cw)x+ D)y

where v is a vector of parameters over which A, B, C, and D are defined.
This type of controller scheduling assumes that the matrices A, B,

C, and D vary smoothly as a function of v, which is often the case in
aerospace applications.
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2D Controller [A(v),B(v),C(v),D(V)]

L] .
Dla |og Block Parameters: 2D Controller [A(x),B(¥),C0 |
Box — StateSpacesBCD-2D [maszk] (link)

Implerment a state-space contraller [4,B.C.0] where &, B, C, and D
depend on two scheduling parameters, v1 and +2.

r— Parameters
A-mnatrinlv1 2]
&

B-matris[+1 42):
|B
C-matrizl+1 42):
Ic
D-rnatrix(v1 2]
|0

First scheduling wariable [+1) breakpaints:

Iv'l_vec

Second scheduling vanable [+2) breakpoints:

|v2_vec

Initial ztate, «_initial:
o

0K I Cancel | Help | Apply |

A-matrix(vl,v2)
A-matrix of the state-space implementation. In the case of 2-D
scheduling, the A-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the A-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then A(:,:,1,1)
= [10;0 1];.

B-matrix(vl,v2)
B-matrix of the state-space implementation. In the case of 2-D
scheduling, the B-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the B-matrix corresponding to the first entry of
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2D Controller [A(v),B(v),C(v),D(v)]

vl and first entry of v2 is the identity matrix, then B(:,:,1,1)
= [10;0 1];.

C-matrix(vl,v2)
C-matrix of the state-space implementation. In the case of 2-D
scheduling, the C-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the C-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then C(:,:,1,1)
= [1 050 11;.

D-matrix(vl,v2)
D-matrix of the state-space implementation. In the case of 2-D
scheduling, the D-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the D-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then D(:,:,1,1)
= [1 0;0 1];.

First scheduling variable (v1) breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of vl should be same as the size of the third dimension
of A, B, C, and D.

Second scheduling variable (v2) breakpoints
Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension
of A, B, C, and D.

Initial state, x_initial
Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.
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2D Controller [A(v),B(v),C(v),D(V)]

Inputs and Input Dimension Type Description

Outputs ) :
First Any Contains the measurements.
Second Contains the scheduling variable,

conforming to the dimensions of the
state-space matrices.

Third Contains the scheduling variable,
conforming to the dimensions of the
state-space matrices.

Output Dimension Type Description

First Any Contains the actuator demands.

Assumptions If the scheduling parameter inputs to the block go out of range, then

and they are clipped; i.e., the state-space matrices are not interpolated out
Limitations of range.
Examples See H-Infinity Controller (Two Dimensional Scheduling) in the

aeroblk_lib_HL20 demo library for an example of this block.

See Also 1D Controller [A(v),B(v),C(v),D(¥)]
2D Controller Blend
2D Observer Form [A(v),B(v),C(v),F(v),H(v)]
2D Self-Conditioned [A(v),B(v),C(v),D(v)]
3D Controller [A(v),B(v),C(v),D(v)]
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2D Controller Blend

Purpose

Library

Description

v
wl u

w2

Implement 2-D vector of state-space controllers by linear interpolation
of their outputs

GNC/Controls

The 2D Controller Blend block implements an array of state-space
controller designs. The controllers are run in parallel, and their outputs
interpolated according to the current flight condition or operating point.
The advantage of this implementation approach is that the state-space
matrices A, B, C, and D for the individual controller designs do not need
to vary smoothly from one design point to the next.

For the 2D Controller Blend block, at any given instant in time, nine
controller designs are updated.

As the value of the scheduling parameter varies and the index of the
controllers that need to be run changes, the states of the oncoming
controller are initialized by using the self-conditioned form as defined
for the Self-Conditioned [A,B,C,D] block.
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2D Controller Blend

Dialog
Box

5-22

Block Parameters: 2D Controller Blend

— Blend-2D [mazk] [link)

Blend between outputs of a 2-0 vector of state-zpace controllers. All
cantrallers must have the same state dimension.

— Parameters
A-matrizlv1 2]

2

B-matrisfv1 2]

E

C-ratrizls1,52);

|c

D-matrisfw1 2]

|D

First scheduling wariable [+1] breakpoints:

Iv'l_vec

Second scheduling vanable [+2) breakpoints:

|v2_vec

Initial state, =_initial:

o
Fales of Alv]-H1Clv] = [wl ... wnl:

fr5-21

(u] I Cancel | Help | Apply

A-matrix(vl,v2)
A-matrix of the state-space implementation. In the case of 2-D
blending, the A-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the A-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then A(:,:,1,1)

= [1 050 11;.

B-matrix(v1,v2)
B-matrix of the state-space implementation.




2D Controller Blend

C-matrix(vl,v2)
C-matrix of the state-space implementation.

D-matrix(vl,v2)
D-matrix of the state-space implementation.

First scheduling variable (v1) breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of vl should be same as the size of the third dimension
of A, B, C, and D.

Second scheduling variable (v2) breakpoints
Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension
of A, B, C, and D.

Initial state, x_initial
Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.

Poles of A(v)-H(v)*C(v)
For oncoming controllers, an observer-like structure is used
to ensure that the controller output tracks the current block
output, u. The poles of the observer are defined in this dialog box
as a vector, the number of poles being equal to the dimension
of the A-matrix. Poles that are too fast result in sensor noise
propagation, and poles that are too slow result in the failure of
the controller output to track wu.
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2D Controller Blend

Inputs and Input Dimension Type Description

Outputs ) :
First Any Contains the measurements.
Second Contains the scheduling variable,

conforming to the dimensions of the
state-space matrices.

Third Contains the scheduling variable,
conforming to the dimensions of the
state-space matrices.

Output Dimension Type Description

First Any Contains the actuator demands.
Assumptions
and Note This block requires the Control System Toolbox product.
Limitations
Reference Hyde, R. A., “H-infinity Aerospace Control Design - A VSTOL Flight
Application,” Springer Verlag, Advances in Industrial Control Series,
1995. ISBN 3-540-19960-8. See Chapter 5.
See Also 1D Controller Blend u=(1-L).K1.y+L.K2.y

2D Controller [A(v),B(v),C(v),D(v)]
2D Observer Form [A(v),B(v),C(v),F(v),H(v)]
2D Self-Conditioned [A(v),B(v),C(v),D(v)]
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2D Observer Form [A(v),B(v),C(v),F(v),H(v)]
|

Purpose Implement gain-scheduled state-space controller in observer form
depending on two scheduling parameters

Libra ry GNC/Controls

Description The 2D Observer Form [A(v),B(v),C(v),F(v),H(v)] block implements a
gain-scheduled state-space controller defined in the following observer

y-y_dem form:

wl
W2 u_dem [

x = (A@W)+ Hw)CW)x + B0 peqs + HO) (Y = Ydom )
Ugern = F)x

u_meas

The main application of these blocks is to implement a controller
designed using H-infinity loop-shaping, one of the design methods
supported by Robust Control Toolbox.
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2D Observer Form [A(v),B(v),C(v),F(v),H(v)]

L]
Dla |og Block Parameters: 2D Dbserver Form [A(¥),B( |
Box — StateSpacesBCFH-2D (mask] (link)

Implement & state-space controller [4.B.C.F.H] in observer farm where &,
E.LC.F, and H depend on bwo scheduling parameters.

— Parameters
A-matrizlv1 2]
2
B-matrisfv1 2]

E

C-ratrizls1,52);
Ic
F-rnatris[s1 w2]:
|F
H-matrix[w1 2]

H

First scheduling wariable [+1) breakpoints:

Iv'l_vec

Second scheduling vanable [+2) breakpoints:

|v2_vec

Initial ztate, «_initial:
o

(u] I Cancel | Help | Apply |

A-matrix(vl,v2)
A-matrix of the state-space implementation. In the case of 2-D
scheduling, the A-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the A-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then A(:,:,1,1)
= [1 0;0 1];.

B-matrix(v1,v2)
B-matrix of the state-space implementation. In the case of 2-D

scheduling, the B-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
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2D Observer Form [A(v),B(v),C(v),F(v),H(v)]

for example, if the B-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then B(:,:,1,1)
= [1 0;0 1];.

C-matrix(vl,v2)
C-matrix of the state-space implementation. In the case of 2-D
scheduling, the C-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the C-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then C(:,:,1,1)
= [1 050 11;.

F-matrix(v1l,v2)
State-feedback matrix. In the case of 2-D scheduling, the
F-matrix should have four dimensions, the last two corresponding
to scheduling variables vl and v2. Hence, for example, if the
F-matrix corresponding to the first entry of vl and first entry of
v2 1s the identity matrix, then F(:,:,1,1) = [1 0;0 1];.

H-matrix(vl,v2)
Observer (output injection) matrix. In the case of 2-D scheduling,
the H-matrix should have four dimensions, the last two
corresponding to scheduling variables vl and v2. Hence, for
example, if the H-matrix corresponding to the first entry of vl
and first entry of v2 is the identity matrix, then H(:,:,1,1) =
[1 0;0 171;.

First scheduling variable (v1) breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of v1 should be same as the size of the third dimension of
A, B, C, F, and H.

Second scheduling variable (v2) breakpoints
Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension of
A, B, C, F, and H.
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2D Observer Form [A(v),B(v),C(v),F(v),H(v)]

Inputs and
Outputs

Assumptions
and
Limitations

Examples

Reference

See Also

5-28

Initial state, x_initial

Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the

first dimension of A.

Input Dimension Type
First

Second

Third

Fourth

Description
Contains the set-point error.

Contains the scheduling variable,
conforming to the dimensions of the
state-space matrices.

Contains the scheduling variable,
conforming to the dimensions of the
state-space matrices.

Contains the measured actuator
position.

Output Dimension Type
First

Description

Contains the actuator demands.

If the scheduling parameter inputs to the block go out of range, then
they are clipped; i.e., the state-space matrices are not interpolated out

of range.

See H-Infinity Controller (Two Dimensional Scheduling) in the
aeroblk_lib HL20 demo library for an example of this block.

Hyde, R. A., “H-infinity Aerospace Control Design - A VSTOL Flight
Application,” Springer Verlag, Advances in Industrial Control Series,
1995. ISBN 3-540-19960-8. See Chapter 6.

1D Controller [A(v),B(v),C(v),D(¥)]



2D Observer Form [A(v),B(v),C(v),F(v),H(v)]

2D Controller [A(v),B(v),C(v),D(V)]

2D Controller Blend

2D Self-Conditioned [A(v),B(v),C(v),D(v)]
3D Observer Form [A(v),B(v),C(v),F(v),H(V)]
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2D Self-Conditioned [A(v),B(v),C(v),D(v)]

5-30

Purpose

Library

Description

W

E; u_dem

u_meaz

Implement gain-scheduled state-space controller in self-conditioned
form depending on two scheduling parameters

GNC/Controls

The 2D Self-Conditioned [A(v),B(v),C(v),D(v)] block implements a
gain-scheduled state-space controller as defined by the equations

x=A@)x+ By
u=Cw)x+ D)y

in the self-conditioned form

2=(AW)-HW)CW))z +(B) - Hw)DW))e + HW)tppqs
Ugem =CW)z+ D(v)e

For the rationale behind this self-conditioned implementation, refer to
the Self-Conditioned [A,B,C,D] block reference. This block implements
a gain-scheduled version of the Self-Conditioned [A,B,C,D] block, v
being the vector of parameters over which A, B, C, and D are defined.
This type of controller scheduling assumes that the matrices A, B,

C, and D vary smoothly as a function of v, which is often the case in
aerospace applications.



2D Self-Conditioned [A(v),B(v),C(v),D(v)]

Dialog
Box

Block Parameters: 2D Self-Conditioned [A{¥]

— StateSpaceSelfCond-20 [maszk] [link]

given et of zcheduling parameter values.

Implement a state-space contraller [Aw1 2] BT 2)C0 T 2201 42]]
in a self-conditioned form. If u_meas = u_dem. then the implemented
contraller is [&.B.C.0] If u_meas iz limited, e.g., rate limiting, then the poles
of the controller became thoze defined in the mask dialog box. Uses cal
ta Contral Systems Toalbox function place.m when initizlizing, &, B, C, and
[ should be 4-D matrices, the last bwo dimenzions cormesponding to the
zcheduling parameters, and the first two comesponding to the matnx for a

r— Parameters
A-matrizlv1 2]

2

B-matrizl1 v2):

E

C-matrizl1 v2):

Ic

D-matriz[v1 2]

|

First scheduling wariable [+1) breakpoints:

Iv'l_vec

Second scheduling vanable [+2) breakpoints:

|v2_vec

Initial state, =_initial:

o
Foles of Alv]-H[+)"Clv] = [wl ... wn]:

[15-2]

0Ok I Cancel | Help

Apply

A-matrix(vl,v2)

A-matrix of the state-space implementation. In the case of 2-D
scheduling, the A-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,

for example, if the A-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then A(:,:,1,1)

= [1 0;0 1];.
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B-matrix(v1,v2)
B-matrix of the state-space implementation. In the case of 2-D
scheduling, the B-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the B-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then B(:,:,1,1)
= [1 0;0 1];.

C-matrix(vl,v2)
C-matrix of the state-space implementation. In the case of 2-D
scheduling, the C-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the C-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then C(:,:,1,1)
= [1 050 11;.

D-matrix(vl,v2)
D-matrix of the state-space implementation. In the case of 2-D
scheduling, the D-matrix should have four dimensions, the last
two corresponding to scheduling variables vl and v2. Hence,
for example, if the D-matrix corresponding to the first entry of
vl and first entry of v2 is the identity matrix, then D(:,:,1,1)
= [1 050 11;.

First scheduling variable (v1) breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of v1 should be same as the size of the third dimension
of A, B, C, and D.

Second scheduling variable (v2) breakpoints
Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension
of A, B, C, and D.

Initial state, x_initial
Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.
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Inputs and
Outputs

Assumptions
and
Limitations

Reference

Poles of A(v)-H(v)*C(v)

Vector of the desired poles of A-HC. Note that the poles are
assigned to the same locations for all values of the scheduling
parameter, v. Hence, the number of pole locations defined should
be equal to the length of the first dimension of the A-matrix.

Input Dimension Type Description

First Contains the measurements.

Second Contains the scheduling variable,
conforming to the dimensions of the
state-space matrices.

Third Contains the scheduling variable,
conforming to the dimensions of the
state-space matrices.

Fourth Contains the measured actuator
position.

Output Dimension Type Description

First

Contains the actuator demands.

If the scheduling parameter inputs to the block go out of range, then
they are clipped; i.e., the state-space matrices are not interpolated out

of range.

Note This block requires the Control System Toolbox product.

The algorithm used to determine the matrix H is defined in Kautsky,
Nichols, and Van Dooren, “Robust Pole Assignment in Linear State
Feedback,” International Journal of Control, Vol. 41, No. 5, pages

1129-1155, 1985.
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See Also

5-34

1D Self-Conditioned [A(v),B(v),C(v),D(v)]
2D Controller [A(v),B(v),C(v),D(¥)]

2D Controller Blend

2D Observer Form [A(v),B(v),C(v),F(v),H(v)]
3D Self-Conditioned [A(v),B(v),C(v),D(v)]



3D Controller [A(v),B(v),C(v),D(V)]
|

Purpose Implement gain-scheduled state-space controller depending on three
scheduling parameters

Libra ry GNC/Controls

Description The 3D Controller [A(v),B(v),C(v),D(v)] block implements a
gain-scheduled state-space controller as defined by the equations

W
2 Wb %= A@W)x + B)y
v u=Cw)x+ D)y

where v is a vector of parameters over which A, B, C, and D are defined.
This type of controller scheduling assumes that the matrices A, B,

C, and D vary smoothly as a function of v, which is often the case in
aerospace applications.
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4 o
Dia |og Block Parameters: 3D Controller [A{¥),B(x),C{ E|
Box — StateSpaceABCD-3D [mask] (link)

Implement & state-space controller [4.B.C.0] where 4. B, C, and D
depend on three zcheduling parameters, w1, w2, and »3.

— Parameters
A-matrizf1 w2, w3):

2
B-matriafy1,v2 03]
E
C-matrisly1 w2 w3
Ic
D-matrinfw] w2 w3):
|

First scheduling wariable [+1] breakpoints:

Iv'l_vec

Second scheduling vanable [+2) breakpoints:

|v2_vec

Third scheduling variable [+3) breakpoints:

|v3_vec

Initial ztate, «_initial:
o

(u] I Cancel | Help | Apply |

A-matrix(vl,v2,v3)
A-matrix of the state-space implementation. In the case of 3-D
scheduling, the A-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the A-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, then A(:,:,1,1,1) = [1 0;0 1];.

B-matrix(vl,v2,v3)
B-matrix of the state-space implementation. In the case of 3-D
scheduling, the B-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
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for example, if the B-matrix corresponding to the first entry of
v1, the first entry of v2, and the first entry of v3 is the identity
matrix, then B(:,:,1,1,1) = [1 0;0 1];.

C-matrix(vl,v2,v3)
C-matrix of the state-space implementation. In the case of 3-D
scheduling, the C-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the C-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, then C(:,:,1,1,1) = [1 0;0 11];.

D-matrix(vl,v2,v3)
D-matrix of the state-space implementation. In the case of 3-D
scheduling, the D-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the D-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, thenD(:,:,1,1,1) = [1 0;0 11];.

First scheduling variable (v1) breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of v1 should be same as the size of the third dimension
of A, B, C, and D.

Second scheduling variable (v2) breakpoints
Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension
of A, B, C, and D.

Third scheduling variable (v3) breakpoints
Vector of the breakpoints for the third scheduling variable. The
length of v3 should be same as the size of the fifth dimension of
A, B, C, and D.

Initial state, x_initial
Vector of initial states for the controller, 1.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.
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Inputs and
Outputs

Assumptions
and
Limitations

See Also

Input Dimension Type Description
First Contains the measurements.
Second Contains the scheduling variable,

ordered conforming to the dimensions
of the state-space matrices.

Third Contains the scheduling variable,
ordered conforming to the dimensions
of the state-space matrices.

Fourth Contains the scheduling variable,
ordered conforming to the dimensions
of the state-space matrices.

Output Dimension Type Description

First Contains the actuator demands.

If the scheduling parameter input to the block go out of range, then
they are clipped; i.e., the state-space matrices are not interpolated out
of range.

1D Controller [A(v),B(v),C(v),D(v)]

2D Controller [A(v),B(v),C(v),D(¥)]

3D Observer Form [A(v),B(v),C(v),F(v),H(V)]
3D Self-Conditioned [A(v),B(v),C(v),D(v)]



3D Observer Form [A(v),B(v),C(v),F(v),H(v)]

Purpose

Library

Description

wy_dem

wl

W u_dem
w3

U_meas

Implement gain-scheduled state-space controller in observer form
depending on three scheduling parameters

GNC/Controls

The 3D Observer Form [A(v),B(v),C(v),F(v),H(v)] block implements a
gain-scheduled state-space controller defined in the following observer
form:

% =AW+ Hu)C)x + Bt p0s + HOXY — Yiom)

Ugom = F0)x
The main application of this block is to implement a controller designed

using H-infinity loop-shaping, one of the design methods supported
by Robust Control Toolbox.
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3D Observer Form [A(v),B(v),C(v),F(v),H(v)]

L]
Dia |og Block Parameters: 3D Observer Form [A{v},B(! E|
Box — StateSpacesBCFH-3D (mask] (link]

Implement & state-space controller [4.B.C.F.H] in observer farm whera &,
B.C.F. and H depend an three scheduling parameters.

— Parameters
A-matrinfa] w2 w3

o
B-matris[+1 w2, w3)
|B
C-matrisl+1 2 %3]
Ic
F-matriafs1 w2 %3]
|F
H-matrix[+1 w2 %3]
H

First scheduling wariable [+1) breakpoints:

Iv'l_vec

Second scheduling vanable [+2) breakpoints:

|v2_vec

Third scheduling waniable [+3) breakpoints:

|v3_vec

Initial state, =_initial:
jo

0Ok I Cancel | Help | Apply |

A-matrix(vl,v2,v3)
A-matrix of the state-space implementation. In the case of 3-D
scheduling, the A-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the A-matrix corresponding to the first entry of
v1, the first entry of v2, and the first entry of v3 is the identity
matrix, then A(:,:,1,1,1) = [1 0;0 1];.
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B-matrix(vl,v2,v3)
B-matrix of the state-space implementation. In the case of 3-D
scheduling, the B-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the B-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, thenB(:,:,1,1,1) = [1 0;0 11];.

C-matrix(vl,v2,v3)
C-matrix of the state-space implementation. In the case of 3-D
scheduling, the C-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the C-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, then C(:,:,1,1,1) = [1 0;0 11];.

F-matrix(vl,v2,v3)
State-feedback matrix. In the case of 3-D scheduling, the F-matrix
should have five dimensions, the last three corresponding to
scheduling variables v1, v2, and v3. Hence, for example, if
the F-matrix corresponding to the first entry of vl, the first
entry of v2, and the first entry of v3 is the identity matrix, then
F(:,:,1,1,1) = [1 0;0 1];.

H-matrix(vl,v2,v3)
Observer (output injection) matrix. In the case of 3-D scheduling,
the H-matrix should have five dimensions, the last three
corresponding to scheduling variables vl, v2, and v3. Hence, for
example, if the H-matrix corresponding to the first entry of v1, the
first entry of v2, and the first entry of v3 is the identity matrix,
then H(:,:,1,1,1) = [1 0;0 11;.

First scheduling variable (v1) breakpoints
Vector of the breakpoints for the first scheduling variable. The
length of v1 should be same as the size of the third dimension of
A, B, C, F,and H.
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Second scheduling variable (v2) breakpoints
Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension of
A, B, C, F, and H.

Third scheduling variable (v3) breakpoints
Vector of the breakpoints for the third scheduling variable. The
length of v3 should be same as the size of the fifth dimension of
A, B, C, F, and H.

Initial state, x_initial
Vector of initial states for the controller, 1.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.

:';PU"S and Input Dimension Type Description
utputs First Contains the set-point error.
Second Contains the scheduling variable,

ordered conforming to the dimensions
of the state-space matrices.

Third Contains the scheduling variable,
ordered conforming to the dimensions
of the state-space matrices.

Fourth Contains the scheduling variable,
ordered conforming to the dimensions
of the state-space matrices.

Fifth Contains the measured actuator
position.

Output Dimension Type Description

First Contains the actuator demands.
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|

Assumptions If the scheduling parameter inputs to the block go out of range, then

and they are clipped; i.e., the state-space matrices are not interpolated out
Limitations of range.
Reference Hyde, R. A., “H-infinity Aerospace Control Design - A VSTOL Flight

Application,” Springer Verlag, Advances in Industrial Control Series,
1995. ISBN 3-540-19960-8. See Chapter 6.
See Also 1D Controller [A(v),B(v),C(v),D(v)]
2D Observer Form [A(v),B(v),C(v),F(v),H(v)]
3D Controller [A(v),B(v),C(v),D(v)]
3D Self-Conditioned [A(v),B(v),C(v),D(v)]
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Purpose Implement gain-scheduled state-space controller in self-conditioned
form depending on two scheduling parameters

Libra ry GNC/Controls

Description The 3D Self-Conditioned [A(v),B(v),C(v),D(v)] block implements a
gain-scheduled state-space controller as defined by the equations

W
Eé e b &= Aw)x+ BO)y
H_meag u= C(v)x + D(v)y

in the self-conditioned form

2=(AW)-HW)CW))z +(B) - Hw)DW))e + HW)tppqs
Ugem =CW)z+ D(v)e

For the rationale behind this self-conditioned implementation, refer to
the Self-Conditioned [A,B,C,D] block reference. These blocks implement
a gain-scheduled version of the Self-Conditioned [A,B,C,D] block, v
being the vector of parameters over which A, B, C, and D are defined.
This type of controller scheduling assumes that the matrices A, B,

C, and D vary smoothly as a function of v, which is often the case in
aerospace applications.
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Dialog
Box

Block Parameters: 3D Self-Conditioned [a{¥),

— StateSpaceSelfCond-30 [maszk] [link]

Implement a state-space contraller

given set of zcheduling parameter values.

[0 w2 w31 B w1 w283 w2 31D 1 23] in & self-conditioned
form. If u_meas = u_dem, then the implemented controller is [4,8.C.0]. If
u_meas iz limited, e.q., rate limiting, then the poles of the controller
become thoze defined in the mask dialog box. Usez call to Control
Systems Toolbox function place.m when intializing. 4, B, C, and D should
be 5-0 matrices, the last three dimensions cormesponding to the
scheduling parameters, and the first two comesponding to the matrix for a

r— Parameters
A-mnatrizfvl w2, w3

&

B-matrislt1 w2 03]

E

C-ratrisly1 w2, 3]

Ic

D-matrisfv] w203):

|

First scheduling wariable (1) breakpaints:

Iv'l_vec

Second scheduling variable [v2) breakpaints:

|v2_vec

Third scheduling wanable [+3) breakpaints:

|v3_vec

Initial state, »_initial:

jo
Fales of Alv]-H[w]*Clw] = [wl ... wn]:

[15-21

o]

Cancel | Help

Apply

A-matrix(vl,v2,v3)

A-matrix of the state-space implementation. In the case of 3-D
scheduling, the A-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the A-matrix corresponding to the first entry of
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5-46

vl, the first entry of v2, and the first entry of v3 is the identity
matrix, then A(:,:,1,1,1) = [1 0;0 1];.

B-matrix(vl,v2,v3)

B-matrix of the state-space implementation. In the case of 3-D
scheduling, the B-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the B-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, thenB(:,:,1,1,1) = [1 0;0 11];.

C-matrix(vl,v2,v3)

C-matrix of the state-space implementation. In the case of 3-D
scheduling, the C-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the C-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, thenC(:,:,1,1,1) = [1 0;0 11];.

D-matrix(vl,v2,v3)

D-matrix of the state-space implementation. In the case of 3-D
scheduling, the D-matrix should have five dimensions, the last
three corresponding to scheduling variables v1, v2, and v3. Hence,
for example, if the D-matrix corresponding to the first entry of
vl, the first entry of v2, and the first entry of v3 is the identity
matrix, thenD(:,:,1,1,1) = [1 0;0 11];.

First scheduling variable (v1) breakpoints

Vector of the breakpoints for the first scheduling variable. The
length of v1 should be same as the size of the third dimension
of A, B, C, and D.

Second scheduling variable (v2) breakpoints

Vector of the breakpoints for the second scheduling variable. The
length of v2 should be same as the size of the fourth dimension
of A, B, C, and D.



3D Self-Conditioned [A(v),B(v),C(v),D(v)]
|

Third scheduling variable (v3) breakpoints
Vector of the breakpoints for the third scheduling variable. The
length of v3 should be same as the size of the fifth dimension of
A, B, C, and D.

Initial state, x_initial
Vector of initial states for the controller, i.e., initial values for
the state vector, x. It should have length equal to the size of the
first dimension of A.

Poles of A(v)-H(v)*C(v)
Vector of the desired poles of A-HC. Note that the poles are
assigned to the same locations for all values of the scheduling
parameter v. Hence the number of pole locations defined should
be equal to the length of the first dimension of the A-matrix.

:';PU"S and Input Dimension Type Description
utputs First Contains the measurements.
Second Contains the scheduling variable,

ordered conforming to the dimensions
of the state-space matrices.

Third Contains the scheduling variable,
ordered conforming to the dimensions
of the state-space matrices.

Fourth Contains the scheduling variable,
ordered conforming to the dimensions
of the state-space matrices.

Fifth Contains the measured actuator
position.
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Output Dimension Type Description

First Contains the measured actuator
position.

The first input 1s the measurements.

The second, third, and fourth inputs are the scheduling variables
ordered conforming to the dimensions of the state-space matrices.

The fifth input is the measured actuator position.

The output is the actuator demands.

Assumptions If the scheduling parameter inputs to the block go out of range, then
and they are clipped; i.e., the state-space matrices are not interpolated out

Limitations of range.

Note This block requires the Control System Toolbox product.

Reference The algorithm used to determine the matrix H is defined in Kautsky,
Nichols, and Van Dooren, “Robust Pole Assignment in Linear State

Feedback,” International Journal of Control, Vol. 41, No. 5, pages
1129-1155, 1985.

See Also 1D Self-Conditioned [A(v),B(v),C(v),D(v)]
2D Self-Conditioned [A(v),B(v),C(v),D(v)]
3D Controller [A(v),B(v),C(v),D(V)]
3D Observer Form [A(v),B(v),C(v),F(v),H(v)]
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3DoF Animation

Purpose Create 3-D MATLAB Graphics animation of three-degrees-of-freedom
object
Librclry Animation
Description The 3DoF Animation block displays a 3-D animated view of a
three-degrees-of-freedom (3DoF) craft, its trajectory, and its target
Ty using MATLAB Graphics.
xe'zeﬁ‘ The 3DoF Animation block uses the input values and the dialog
parameters to create and display the animation.
8 This block does not produce deployable code, but can be used with

Simulink Coder external mode as a SimViewingDevice.
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Dialog
Box

5-50

Block Parameters: 3DoF Animation E|
— 3D oF_Animation [maszk] [link)

Create a 3-D animated view of & three-degrees-of-freedom craft and itz
target, where = and £ target position [T argetPos], % and £ craft pogition
[¥eZe). and craft attitude are inputs.

Dizplay parameters are in the zame units of length as the input parameters.

— Parameters
Axes limits [smin smax ymin ymas zmin zmas];

|[EI 5000 -2000 2000 -5050 -3050]

Time interval between updates:
joos

Size of craft dizplayed:
1.0

Enter view: I Fived paszition j

Fosition of camera [sc yo zcf

|[2DDEI 500 -3150]

Yiew ahgle:
1o

¥ Enable animation

(u] I Cancel | Help | Apply |

Axes limits [xmin xmax ymin ymax zmin zmax]
Specifies the three-dimensional space to be viewed.

Time interval between updates
Specifies the time interval at which the animation is redrawn.

Size of craft displayed
Scale factor to adjust the size of the craft and target.

Enter view
Selects preset MATLAB Graphics parameters CameraTarget
and CameraUpVector for the figure axes. The dialog parameters
Position of camera and View angle are used to customize the
position and field of view for the selected view. Possible views are



3DoF Animation

¢ Fixed position

¢ Cockpit

¢ Fly alongside
Position of camera [xc yc zc]

Specifies the MATLAB Graphics parameter CameraPosition for
the figure axes. Used in all cases except for the Cockpit view.

View angle
Specifies the MATLAB Graphics parameter CameraViewAngle
for the figure axes in degrees.

Enable animation
When selected, the animation is displayed during the simulation.
If not selected, the animation is not displayed.

Inputs Input Dimension  Description
Type
First  Vector Contains the altitude and the downrange

position of the target in Earth coordinates.

Second Vector Contains the altitude and the downrange
position of the craft in Earth coordinates.
Third Contains the attitude of the craft.
Examples See the aero_guidance demo for an example of this block.
See Also 6DoF Animation

FlightGear Preconfigured 6DoF Animation

The figure axes properties CameraPosition and CameraViewAngle
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3DoF (Body Axes)

Purpose Implement three-degrees-of-freedom equations of motion with respect
to body axes
Library Equations of Motion/3DoF
Description The 3DoF (Body Axes) block considers the rotation in the vertical plane
of a body-fixed coordinate frame about an Earth-fixed reference frame.
B {=d)
F i
* &, (i) .
xb,U\q
den et i)
F, () T—o
X, Z, {m)
Body fixed . "
 {hl-rr) e s cootdinate Incidence = ¢
"y - : frame’

Earth fixed
reference frame’

- Xe zb,w

Ze

The equations of motion are

F
u=-"%—qw-gsin0
m

F
w=-"2+qu+gcos
m

s
Iyy
6=q
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Dialog
Box

Block Parameters: 3DoF (Body Axes)

2|

where the applied forces are assumed to act at the center of gravity
of the body.

—3DoF Eokd [mask] [link]

Integrate the three-degrees-of-freedom equations of motion to determine body posi
velocity, attitude, and related values.

itian,

el

Units: [ Metric (MKS) =

Initial welocity:

Mazs type: | Fined LI

J100

Initial body attitude:

Jo

Initial incidence:

Jo

Initial body ratation rate:

Jo

Initial position [« 2]:

o

Initial mass:

1.0

Inertia:

1.0

Gravity source: | External

Ok Lancel Help | Apply

Units

Specifies the input and output units:
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Units Forces = Moment Acceleration Velocity Position Mass Inertia
Metric Newton Newton- Meters Meters Meters Kilogram Kilogram
(MKS) meter per second  per meter

squared second squared
English  Pound Foot- Feet per Feet per Feet Slug Slug foot
(Velocity pound second second squared
in squared
ft/s)
English  Pound Foot- Feet per Knots Feet Slug Slug foot
(Velocity pound second squared
in kts) squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Fixed selection conforms to the previously described
equations of motion.

Initial velocity
A scalar value for the initial velocity of the body, (V).

Initial body attitude
A scalar value for the initial pitch attitude of the body, (6,).

Initial incidence

A scalar value for the initial angle between the velocity vector
and the body, (a,).



3DoF (Body Axes)

Inputs and
Outputs

Initial body rotation rate
A scalar value for the initial body rotation rate, (q,).

Initial position (x,z)
A two-element vector containing the initial location of the body in
the Earth-fixed reference frame.

Initial Mass
A scalar value for the mass of the body.

Inertia
A scalar value for the inertia of the body.

Gravity Source
Specify source of gravity:
External Variable gravity input to block
Internal Constant gravity specified in mask
Acceleration due to gravity
A scalar value for the acceleration due to gravity used if internal

gravity source is selected. If gravity is to be neglected in the
simulation, this value can be set to 0.

Input Dimension Type Description

First Contains the force acting along the
body x-axis, ().

Second Contains the force acting along the
body z-axis, (F)).

Third Contains the applied pitch
moment, (M).

Fourth Contains the block is gravity in the

(Optional) selected units.
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Examples

See Also

Output

First

Second

Third

Fourth

Fifth

Sixth

Dimension Type

Two-element
vector

Two-element
vector

Two-element
vector

Description

Contains the pitch attitude, in
radians (6).

Contains the pitch angular rate, in
radians per second (q).

Contains the pitch angular
acceleration, in radians per second

squared (q).

Contains the location of the body,
in the Earth-fixed reference frame,
(Xe, Ze).

Contains the velocity of the
body resolved into the body-fixed
coordinate frame, (u, w).

Contains the acceleration of the
body resolved into the body-fixed
coordinate frame, (Ax, Az).

See the aero_guidance demo for an example of this block.

3DoF (Wind Axes)
4th Order Point Mass (Longitudinal)
Custom Variable Mass 3DoF (Body Axes)
Custom Variable Mass 3DoF (Wind Axes)
Simple Variable Mass 3DoF (Body Axes)
Simple Variable Mass 3DoF (Wind Axes)



3DoF (Wind Axes)

Purpose

Library

Description

F )

Implement three-degrees-of-freedom equations of motion with respect
to wind axes

Equations of Motion/3DoF

The 3DoF (Wind Axes) block considers the rotation in the vertical plane
of a wind-fixed coordinate frame about an Earth-fixed reference frame.

Wind-Fixed
Reference Frame

Earth-Fixed .
Reference Fran}_e_;_ o

Z

(=

The equations of motion are

V — wind g sin ,J/
m

Y — Zwind g
a = q+ cosy
mV cos 8 Vecos 8
q' — 9. — —ybl)dy
Iy,
y=q-a
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where the applied forces are assumed to act at the center of gravity
of the body.

Ll
DICI Iog =] Function Block Parameters: 3DoF (Wind Axes) x|

Box — D0 wind EoM [mask) (ink)

Integrate the three-degrees-of-freedon equations of matian in wind axes o determine
pozition, velocity, attitude, and related values.

—Parameters

Units: | Metric: [MKS)

|
|

I aes t_l,lpe:l Fixed

Imitial airzpeed:
{100

Initial flight path angle:
fo

Initial incidence:

[0

Imitial body ratation rate:
i

Imitial position [= 2):

{10 0]

Initial mass:
[1.0

Inertia body axes:
[1.0

Gravity source: | External LI

il | Cancel | Spply |

Units
Specifies the input and output units:
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Units Forces = Moment Acceleration Velocity Position Mass Inertia
Metric Newton Newton  Meters Meters Meters Kilogram Kilogram
(MKS) meter per second  per meter

squared second squared
English  Pound Foot Feet per Feet per Feet Slug Slug foot
(Velocity pound second second squared
in squared
ft/s)
English  Pound Foot Feet per Knots Feet Slug Slug foot
(Velocity pound second squared
in kts) squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the simulation.
Simple Mass and inertia vary linearly as a function
Variable of mass rate.

Custom Mass and inertia variations are

Variable customizable.

The Fixed selection conforms to the previously described
equations of motion.

Initial airspeed
A scalar value for the initial velocity of the body, (V).

Initial flight path angle
A scalar value for the initial flight path angle of the body, (y,).

Initial incidence

A scalar value for the initial angle between the velocity vector
and the body, (a,).

Initial body rotation rate
A scalar value for the initial body rotation rate, (q,).
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Inputs and
Outputs

Initial position (x,z)
A two-element vector containing the initial location of the body in
the Earth-fixed reference frame.

Initial Mass
A scalar value for the mass of the body.

Inertia body axes
A scalar value for the inertia of the body.

Gravity Source
Specify source of gravity:
External Variable gravity input to block
Internal Constant gravity specified in mask
Acceleration due to gravity
A scalar value for the acceleration due to gravity used if internal

gravity source is selected. If gravity is to be neglected in the
simulation, this value can be set to 0.

Input Dimension Type Description

First Contains the force acting along the
wind x-axis, (F).

Second Contains the force acting along the
wind z-axis, (F)).

Third Contains the applied pitch moment
in body axes, (M).

Fourth Contains the block is gravity in the

(Optional) selected units.




3DoF (Wind Axes)

Assumptions
and
Limitations

Reference

See Also

Output

First
Second

Third

Fourth

Fifth

Sixth

Seventh

Dimension Type

Two-element
vector

Two-element
vector

Two-element
vector

Scalar

Description

Contains the flight path angle, in
radians (y).

Contains the pitch angular rate, in
radians per second (@ y).

Contains the pitch angular
acceleration, in radians per second
squared (da)y/dt).

Contains the location of the body,
in the Earth-fixed reference frame,
(Xe, Ze).

Contains the velocity of the body
resolved into the wind-fixed
coordinate frame, (V, 0).

Contains the acceleration of the
body resolved into the body-fixed
coordinate frame, (Ax, Az).

Contains the angle of attack, (a).

The block assumes that the applied forces are acting at the center of
gravity of the body, and that the mass and inertia are constant.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John

Wiley & Sons, New York, 1992.

3DoF (Body Axes)
4th Order Point Mass (Longitudinal)

Custom Variable Mass 3DoF (Body Axes)
Custom Variable Mass 3DoF (Wind Axes)
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Simple Variable Mass 3DoF (Body Axes)
Simple Variable Mass 3DoF (Wind Axes)
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3x3 Cross Product

Purpose
Library

Description

A Smss

Frodust &
B C=AxBE

T

Dialog
Box

Inputs and
Outputs

Calculate cross product of two 3-by-1 vectors
Utilities/Math Operations

The 3x3 Cross Product block computes cross (or vector) product of two
vectors, A and B, by generating a third vector, C, in a direction normal
to the plane containing A and B, and with magnitude equal to the
product of the lengths of A and B multiplied by the sine of the angle
between them. The direction of C is that in which a right-handed screw
would move in turning from A to B.

A:a1i+a2j+a3k
B=b1i+b2j+b3k

i j k
CZAXBZCtl a9 ag
by by bg

= (agbs — agby)i +(agby —a1b3)j +(a1by —agby )k

« ): Block Parameters: 3u3 Cross Product e |

Caloulate the crozs product of bwa 3-by-1 wectors.

"CrossProduct [mazk] (link]

LCancel | Help Apply

Input Dimension Type Description
First 3-by-1 vector
Second 3-by-1 vector

Output Dimension Type Description

First 3-by-1 vector
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Purpose

Library

Description

F, ()

F )

dth Order
Pojnt Mass

Langitudinal

1 (r=d)
W ()

Ky )

()

Calculate fourth-order point mass
Equations of Motion/Point Mass
The 4th Order Point Mass (Longitudinal) block performs the

calculations for the translational motion of a single point mass or
multiple point masses.

The translational motions of the point mass [X, XU]D]T are functions of
airspeed (V) and flight path angle (y),

F,=mV
E,=mVy
X g = Veosy
XUp =Vsiny



4th Order Point Mass (Longitudinal)

Dialog
Box

where the applied forces [F, F_]" are in a system defined as follows:
x-axis is in the direction of vehicle velocity relative to air, z-axis is

upward, and y-axis completes the right-handed frame. The mass of
the body m is assumed constant.

[Z)Function Block Parameters: 4th Drder Poink Mass { x|
—Ath Order Point Mass [Longitudinal) [mask) (link)
Calculate fourth-order point mass.
—Parameters
Units: | Metric: [MKS) |
Imitial flight path angle:
fo
Initial airzpeed:
{100
Imitial downrange [East):
fo
Initial altitude [Up]:
fo
Imitial mazs:
1.0
oK | Cancel | Lpply
Units
Specifies the input and output units:
Units Forces Velocity
Metric (MKS) Newton Meters per
second
English (Velocity Pound Feet per second
in ft/s)
English (Velocity Pound Knots

in kts)

Position
Meters

Feet

Feet
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Initial flight path angle
The scalar or vector containing the initial flight path angle of
the point mass(es).

Initial airspeed
The scalar or vector containing the initial airspeed of the point
mass(es).

Initial downrange
The scalar or vector containing the initial downrange of the point
mass(es).

Initial altitude
The scalar or vector containing the initial altitude of the point
mass(es).

Initial mass
The scalar or vector containing the mass of the point mass(es).

Inputs and Input Dimension  Description

Outputs Type
First Contains the force in x-axis in selected units.
Second Contains the force in z-axis in selected units.

Output Dimension  Description

Type
First Contains the flight path angle in radians.
Second Contains the airspeed in selected units.
Third Contains the downrange or amount traveled
East in selected units.
Fourth Contains the altitude or amount traveled Up

in selected units.
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4th Order Point Mass (Longitudinal)
|

Assumptions The flat Earth reference frame is considered inertial, an excellent

and approximation that allows the forces due to the Earth’s motion relative
Limitations to the “fixed stars” to be neglected.
See Also 4th Order Point Mass Forces (Longitudinal)

3DoF (Body Axes)

3DoF (Wind Axes)

6th Order Point Mass (Coordinated Flight)

6th Order Point Mass Forces (Coordinated Flight)
Custom Variable Mass 3DoF (Body Axes)

Custom Variable Mass 3DoF (Wind Axes)

Simple Variable Mass 3DoF (Body Axes)

Simple Variable Mass 3DoF (Wind Axes)
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4th Order Point Mass Forces (Longitudinal)

Purpose Calculate forces used by fourth-order point mass
Librclry Equations of Motion/Point Mass
Description The 4th Order Point Mass Forces (Longitudinal) block calculates the
= applied forces for a single point mass or multiple point masses.
Cr=g e
Wieight *
Thrust
¥
.
N 2

# Fast

The applied forces [F, F ]T are in a system defined as follows: x-axis is
in the direction of vehicle velocity relative to air, z-axis is upward, and
y-axis completes the right-handed frame. They are functions of lift (L),
drag (D), thrust (T), weight (W), flight path angle (y), angle of attack (a),
and bank angle (u).

F,=(L+Tsina)cosu—Wcosy
F, =Tcoso—D-Wsiny
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4th Order Point Mass Forces (Longitudinal)
|

Dialog |

Box dth Ordler Paint Mass Forces [Longitudinal) (mask] (ink)
’7 Calculate forces used by fourth-order point mass.

Cancel Help fpply

Inputs and Input Dimension  Description

Outputs Type
First Contains the lift in units of force.
Second Contains the drag in units of force.
Third Contains the weight in units of force.
Fourth Contains the thrust in units of force.
Fifth Contains the flight path angle in radians.
Sixth Contains the bank angle in radians.
Seventh Contains the angle of attack in radians.

Output Dimension  Description
Type
First Contains the force in x-axis in units of force.

Second Contains the force in z-axis in units of force.

Assumptions The flat Earth reference frame is considered inertial, an excellent

and approximation that allows the forces due to the Earth’s motion relative
Limitations to the “fixed stars” to be neglected.
See Also 4th Order Point Mass (Longitudinal)

6th Order Point Mass (Coordinated Flight)
6th Order Point Mass Forces (Coordinated Flight)
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Purpose

Library

Description

R

8y

Create 3-D MATLAB Graphics animation of six-degrees-of-freedom
object

Animation

The 6DoF Animation block displays a 3-D animated view of a
six-degrees-of-freedom (6DoF) craft, its trajectory, and its target using
MATLAB Graphics.

The 6DoF Animation block uses the input values and the dialog
parameters to create and display the animation.

This block does not produce deployable code, but can be used with
Simulink Coder external mode as a SimViewingDevice.



6DoF Animation

L]
Dla |og Block Parameters: 6DoF Animation #
Box — B0 oF_Animation [maszk] [link)

Create a 3-0 animated view of a six-degrees-of-freedom craft, where 3, Y,
and £ craft position [Pozition] and craft Euler angles [Euler] are inputs.

Dizplay parameters are in the zame units of length as the input parameters.

— Parameters
Axes limits [smin 2mas ymin ymas zmin zmas];

I[D 4000 -2000 2000 -5000 -3000]

Time interval between updates:
jn1

Size of craft displayed:
1.0

Static object position [#p vp 2p]
|[4DDD 0-5000]

Enter view: IFixed pasition j
Fosition of camera [xc yc zcf
|[2DDD 500 -3150]

Yiew angle:
j1n

¥ Enable animation

0K I Cancel | Help | Apply |

Axes limits [xmin xmax ymin ymax zmin zmax]
Specifies the three-dimensional space to be viewed.

Time interval between updates
Specifies the time interval at which the animation is redrawn.

Size of craft displayed
Scale factor to adjust the size of the craft and target.

Static object position
Specifies the altitude, the crossrange position, and the downrange
position of the target.
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Enter view
Selects preset MATLAB Graphics parameters CameraTarget
and CameraUpVector for the figure axes. The dialog parameters
Position of camera and View angle are used to customize the
position and field of view for the selected view. Possible views are

® Fixed position
® Cockpit
® Fly alongside

Position of camera [xc yc zc]
Specifies the MATLAB Graphics parameter CameraPosition for
the figure axes. Used in all cases except for the Cockpit view.

View angle
Specifies the MATLAB Graphics parameter CameraViewAngle
for the figure axes in degrees.

Enable animation

When selected, the animation is displayed during the simulation.
If not selected, the animation is not displayed.

Inputs

Input Dimension Type Description
First Vector Contains the altitude, the crossrange
position, and the downrange position
of the craft in Earth coordinates.
Second Vector Contains the Euler angles of the
craft.
See Also 3DoF Animation

FlightGear Preconfigured 6DoF Animation

The figure axes properties CameraPosition and CameraViewAngle


../../techdoc/ref/axes_props.html#CameraPosition
../../techdoc/ref/axes_props.html#CameraViewAngle
../../techdoc/ref/axes_props.html#CameraPosition
../../techdoc/ref/axes_props.html#CameraViewAngle

6DoF (Euler Angles)

Purpose

Library

Description

e 1)

M, tH-m)

EukrAngks

Frmed
Niass

W, ims)
*_m)
8y i=d)
o

W, (s
o (mdrs)
deaictt

A, (i)

Ye

Implement Euler angle representation of six-degrees-of-freedom
equations of motion

Equations of Motion/6DoF

The 6DoF (Euler Angles) block considers the rotation of a body-fixed
coordinate frame (X,, Y,, Z,) about a flat Earth reference frame (X,, Y,,
Z,). The origin of the body-fixed coordinate frame is the center of gravity
of the body, and the body is assumed to be rigid, an assumption that
eliminates the need to consider the forces acting between individual
elements of mass. The flat Earth reference frame is considered inertial,
an excellent approximation that allows the forces due to the Earth’s
motion relative to the “fixed stars” to be neglected.

Center of
gravity Xb

Ze

Flat Earth reference frame

The translational motion of the body-fixed coordinate frame is given

below, where the applied forces [F, F, F_]" are in the body-fixed frame,

and the mass of the body m is assumed constant.
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p
q
r

ol 1
0[+]0
0 0

Fb =|F, =m(‘7b +a_)><\7b)

p
Vbz Uy ,C(_)Z q
r

The rotational dynamics of the body-fixed frame are given below, where
the applied moments are [L M N]T, and the inertia tensor I is with
respect to the origin O.

L
Mp=|M|=I1&+dx(Id)
N
Ixx Ixy _Ixz
I=\-1,, I, -I,
_sz _Izy Izz

The relationship between the body-fixed angular velocity vector, [p g ],

and the rate of change of the Euler angles, [¢ 6 l/i]T , can be determined
by resolving the Euler rates into the body-fixed coordinate frame.

0 o J[o] [1 o 0 J[cos6 0 —sin6][0 s
cos¢p sing|[0|+]|0 cos¢p sing|l 0 1 0 0l=J71|6
—sing cos¢ || 0 0 —sing cos¢|[sin@ 0O cosf ||y "



6DoF (Euler Angles)

Dialog
Box

Inverting J then gives the required relationship to determine the Euler
rate vector.

o p 1 (singtan®) (cos¢tan®)|| p

6|=J|ql|=|0 cos¢ —sing q

Y r 0 sin ¢ cos¢ r
cosf cosf

x

— BDaF Eob [Body Axiz) [mask] (link)

Integrate the six-degrees-of-freedom equations of mation in body axis.

— Parameter

Units: |Metric [MK.S)

Mass type: IFixed

Ll L L«

Reprezentation; |E uler Angles

Initial position in inertial axes [$eYe Za]:
Jlooo

Initial velocity in body axes [ wv.w]:
Jlooo

Initial Euler arientation [roll, pitch, paw]:
Jlomon

Initial body rotation rates [pog.rk
Jlooo

Initial mazs:
o

Inertia:
[evel

QK. I Cancel | Help Anply

Units
Specifies the input and output units:
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6DoF (Euler Angles)

Units Forces = Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the simulation.
Simple Mass and inertia vary linearly as a function
Variable of mass rate.

Custom Mass and inertia variations are

Variable customizable.

The Fixed selection conforms to the previously described
equations of motion.

Representation

Select the representation to use:

Euler Use Euler angles within equations of motion.
Angles

Quaternion Use quaternions within equations of motion.

The Euler Angles selection conforms to the previously described
equations of motion.
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6DoF (Euler Angles)

Inputs and
Outputs

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial velocity in body axes
The three-element vector for the initial velocity in the body-fixed

coordinate frame.

Initial Euler rotation

The three-element vector for the initial Euler rotation angles [roll,

pitch, yaw], in radians.

Initial body rotation rates

The three-element vector for the initial body-fixed angular rates,

in radians per second.

Initial Mass

The mass of the rigid body.

Inertia

The 3-by-3 inertia tensor matrix 1.

Input Dimension Type Description
First Vector Contains the three applied forces in
body-fixed coordinate frame.
Second Vector Contains the three applied moments
in body-fixed coordinate frame.
Output Dimension Type Description
First Three-element Contains the velocity in the flat
vector Earth reference frame.
Second Three-element Contains the position in the flat
vector Earth reference frame.
Third Three-element Contains the Euler rotation angles

vector

[roll, pitch, yaw], in radians.
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6DoF (Euler Angles)

Output Dimension Type Description

Fourth 3-by-3 matrix Contains the coordinate
transformation from flat Earth
axes to body-fixed axes.

Fifth Three-element Contains the velocity in the
vector body-fixed frame.
Sixth Three-element Contains the angular rates in
vector body-fixed axes, in radians per
second.
Seventh  Three-element Contains the angular accelerations
vector in body-fixed axes, in radians per
second.
Eighth Three-element Contains the accelerations in
vector body-fixed axes.

Assumptions The block assumes that the applied forces are acting at the center of

and gravity of the body, and that the mass and inertia are constant.
Limitations
Examples See the aeroblk _six_dof airframe in the aeroblk HL20 demo and the

asbh120 demo for examples of this block.

Reference Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB
Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.

See Also 6DoF (Quaternion)
6DoF ECEF (Quaternion)
6DoF Wind (Quaternion)
6DoF Wind (Wind Angles)
6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
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6DoF (Euler Angles)

Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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6DoF (Quaternion)

5-80

Purpose
.
Library
o L
Description
W, (s
Fo _ %, ()
Quatemion $8 )
=]
Wy, (s
F“::; @ {rmdfis)
Mg om0 dealdt
A, (i)

Implement quaternion representation of six-degrees-of-freedom
equations of motion with respect to body axes

Equations of Motion/6DoF

For a description of the coordinate system and the translational
dynamics, see the block description for the 6DoF (Euler Angles) block.

The integration of the rate of change of the quaternion vector is given
below. The gain K drives the norm of the quaternion state vector to

1.0 should & become nonzero. You must choose the value of this gain
with care, because a large value improves the decay rate of the error
in the norm, but also slows the simulation because fast dynamics are
introduced. An error in the magnitude in one element of the quaternion
vector is spread equally among all the elements, potentially increasing
the error in the state vector.

do 0 -p —q -r||lq 90
) 0 r -

?1 _ /2 p q 1|l q1 +Ke 91
qo q - 0 plla 9
qs3 r q -p 0]lgs qs3

2, 2., 2., 2
e=1-(q" +q1” +q2" +q3”)



6DoF (Quaternion)

Dialog
Box

E!Function Block Parameters: bDoF (Quaternion)

— EDoF Eob [Body Axiz) [mazk] (link)

Integrate the sis-degrees-of-freedom equations of mation in body axis.

— Parameter

Units: [Metric [MKS)

b azs type: IFi:-:ed

Representation: IGuatemion

Initial position in inerthial axes [£e e Ze]:

Lol L Lel

Jlooo

Initial velocity in body axes [ wv.w]:

Jlnoa]

Initial Euler arientation [roll, pitch, paw]:

Jlnoa]

Initial body rotation rates [p,q.r):

Jlooo

Initial mags:

o

Inertia:

Ie_l,le[3]

Gain for quaternion normalization:

o

Cancel | Help

Apply

Units

Specifies the input and output units:
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6DoF (Quaternion)

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton  Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a function
of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Fixed selection conforms to the previously described
equations of motion.

Representation
Select the representation to use:

Euler Angles Use Euler angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.
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6DoF (Quaternion)
|

The Quaternion selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial velocity in body axes
The three-element vector for the initial velocity in the body-fixed
coordinate frame.

Initial Euler rotation
The three-element vector for the initial Euler rotation angles [roll,
pitch, yaw], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Initial Mass
The mass of the rigid body.

Inertia matrix
The 3-by-3 inertia tensor matrix 1.

Gain for quaternion normalization
The gain to maintain the norm of the quaternion vector equal

to 1.0.
Inputs and Input Dimension Type Description
OUtPUts First Vector Contains the three applied forces.
Second Vector Contains the three applied moments.
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Dimension Type

Three-element
vector

Three-element
vector

Three-element
vector

3-by-3 matrix

Three-element
vector

Three-element
vector

Three-element
vector

Three-element
vector

Description

Contains the velocity in the flat
Earth reference frame.

Contains the position in the flat
Earth reference frame.

Contains the Euler rotation angles
[roll, pitch, yaw], in radians.

Contains the coordinate
transformation from flat Earth
axes to body-fixed axes.

Contains the velocity in the
body-fixed frame.

Contains the angular rates in
body-fixed axes, in radians per
second.

Contains the angular accelerations
in body-fixed axes, in radians per
second.

Contains the accelerations in
body-fixed axes.

The block assumes that the applied forces are acting at the center of
gravity of the body, and that the mass and inertia are constant.

Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB

Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.

Output
First
Second
Third
Fourth
Fifth
Sixth
Seventh
Eight

Assumptions

and

Limitations

Reference

See Also

6DoF (Euler Angles)

6DoF ECEF (Quaternion)
6DoF Wind (Quaternion)
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6DoF (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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6DoF ECEF (Quaternion)

5-86

Purpose

Library

Description

F, ECEF
e 0 CQustericn

Ficed
MW, e Mass
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g )
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 (rdis)
ot

Ay e

Implement quaternion representation of six-degrees-of-freedom
equations of motion in Earth-centered Earth-fixed (ECEF) coordinates

Equations of Motion/6DoF

The 6DoF ECEF (Quaternion) block considers the rotation of a
Earth-centered Earth-fixed (ECEF) coordinate frame (Xyoppm Ygcpm
Zycpp) @bout an Earth-centered inertial (ECI) reference frame (X,
Yiop Zgeop- The origin of the ECEF coordinate frame is the center of
the Earth, additionally the body of interest is assumed to be rigid,

an assumption that eliminates the need to consider the forces acting
between individual elements of mass. The representation of the rotation
of ECEF frame from ECI frame is simplified to consider only the
constant rotation of the ellipsoid Earth (®,) including an initial celestial
longitude (L;(0)). This excellent approximation allows the forces due to
the Earth’s complex motion relative to the “fixed stars” to be neglected.



6DoF ECEF (Quaternion)

ZE:EB? ZEGI

Horth

Greervwich
meridian

The translational motion of the ECEF coordinate frame is given below,
where the applied forces [F, F, F]" are in the body frame, and the mass
of the body m is assumed constant.

Fx

F‘bz Fy :m(vb +cT)b><Vb +DCbeCl_)eXVb)+DCbe((l_)eX(CT)QXX}(‘))

FZ
where the change of position in ECEF 3;cf is calculated by
xXr = DCM gV,

and the velocity of the body with respect to ECEF frame, expressed in
body frame (Vb), angular rates of the body with respect to ECI frame,
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6DoF ECEF (Quaternion)

expressed in body frame (@,). Earth rotation rate (@,), and relative
angular rates of the body with respect to north-east-down (NED) frame,

expressed in body frame (@,,;) are defined as

u p 0
_b =|lv ’CT)rel =|q ,(1_)6 =0 ,Cl_)b = a_)rel + DCbeCT)e + DCMbe@ned
w T w,
[cosp | Vg /(N +h)
Bpeq = —-n = _VN/(M+h)
“isinu| |Vg etanyt/(N +h)

The rotational dynamics of the body defined in body-fixed frame are
given below, where the applied moments are [L M N]T, and the inertia
tensor [ is with respect to the origin O.

L
My, =| M | = Iay, + @, x(I1@,)
N
Ixx _Ixy _Ixz
I=\-1,, 1, -I,
_sz _Izy Izz

The integration of the rate of change of the quaternion vector is given

below.
do 0 (1) @(2) o(3) | a0
i .y —0p(1) 0 -0,(3) ®(2) || &
d2 -0 (2) @ (3) 0 -wp(1)flge
d3 —0y(3) -0(2) (1) 0 |lag3
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6DoF ECEF (Quaternion)

Dialog
Box

E! Function Block Parameters: 6DoF ECEF {Quaternion) 5[

EDof Eatd [ECEF) [mask] [link]

Integrate the six-degrees-of-freedom equations of motion using a guaternion
representation for the orientation of the bady in space.

b ain IPIanet |

Urits: | Metric [MKS)

Ll Lo

Mass type:l Fized

Initial position in geodetic latitude, langitude, altitude [mu,Lh]:
Jlooo)

Initial velocity in body axes [Lw.w]:

Jioo

Initial Euler orientation [rall, pitch, paw]:

Jlooo)

Initial bady ratation rates [p.aq.r:

Jlooo)

Initial mass:
1.0

Inertia:
Jevel3)

0K Cancel Apply
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E! Function Block Parameters: 6DoF ECEF (Quaternion)

6DoF EoM (ECEF) (mask) {link)

Integrate the six-degrees-of-freedom equations of motion using a quaternion
representation for the orientation of the body in space.

Main Flanet |

Planet model: IEariﬁ (wGsa4)

Celestial longitude of Greenwich source: IInhernaI

Celestial longitude of Greenwich [deg]:

|0

0K I Cancel Help Apply

Units
Specifies the input and output units:
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6DoF ECEF (Quaternion)

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a

function of mass rate (see Simple Variable
Mass 6DoF ECEF (Quaternion)).

Custom Variable Mass and inertia variations are

customizable (see Simple Variable Mass
6DoF (Quaternion)).

The Fixed selection conforms to the previously described
equations of motion.

Initial position in geodetic latitude, longitude and altitude
The three-element vector for the initial location of the body in the
geodetic reference frame, in degrees.

Initial velocity in body axes
The three-element vector containing the initial velocity of the
body with respect to ECEF frame, expressed in body frame..
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6DoF ECEF (Quaternion)

Initial Euler orientation
The three-element vector containing the initial Euler rotation
angles [roll, pitch, yaw], in radians. Euler rotation angles are
those between the body and north-east-down (NED) coordinate
systems.

Initial body rotation rates
The three-element vector for the initial angular rates of the body
with respect to NED frame, expressed in body frame, in radians
per second.

Initial mass
The mass of the rigid body.

Inertia
The 3-by-3 inertia tensor matrix I, in body-fixed axes.

Planet model
Specifies the planet model to use: Custom or Earth (WGS84).

Flattening
Specifies the flattening of the planet. This option is only available
when Planet model is set to Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
ECEF position. This option is only available when Planet model
is set to Custom.

Rotational rate
Specifies the scalar rotational rate of the planet in rad/s. This
option is only available when Planet model is set to Custom.

Celestial longitude of Greenwich source
Specifies the source of Greenwich meridian’s initial celestial
longitude:
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6DoF ECEF (Quaternion)

Inputs and
Outputs

Internal

External

Use celestial longitude value from mask

dialog.

Use external input for celestial longitude

value.

Celestial longitude of Greenwich
The initial angle between Greenwich meridian and the x-axis of
the ECI frame.

Input  Dimension Description
Type
First Vector Contains the three applied forces in
body-fixed axes.
Second Vector Contains the three applied moments in
body-fixed axes.
Output Dimension Description
Type
First Vector Contains the velocity of the body with
respect to ECEF frame, expressed in
ECEF frame.
Second  Three-element Contains the position in ECEF reference
vector frame.
Third Three-element Contains the position in geodetic latitude,

vector

longitude and altitude, in degrees,
degrees and selected units of length
respectively.
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6DoF ECEF (Quaternion)

5-94

Output

Fourth

Fifth
Sixth
Seventh

Eighth

Ninth

Tenth

Eleventh

Twelfth

Dimension
Type
Three-element
vector

3-by-3 matrix
3-by-3 matrix
3-by-3 matrix

Three-element
vector

Three-element
vector

Three-element
vector

Three-element
vector

Three-element
vector

Description

Contains the body rotation angles [roll,
pitch, yaw], in radians. Euler rotation
angles are those between the body
and north-east-down (NED) coordinate
systems.

Applies to the coordinate transformation
from ECI axes to body-fixed axes

Applies to the coordinate transformation
from NED axes to body-fixed axes.

Applies to the coordinate transformation
from ECEF axes to NED axes.

Contains the velocity of the body with
respect to ECEF frame, expressed in the
body frame.

Contains the relative angular rates of
the body with respect to NED frame,
expressed in the body frame, in radians
per second.

Contains the angular rates of the body
with respect to the ECI frame, expressed
in body frame, in radians per second.

Contains the angular accelerations of the
body with respect to ECI frame, expressed
in the body frame, in radians per second.

Contains the accelerations in body-fixed
axes.




6DoF ECEF (Quaternion)

Assumptions
and
Limitations

References

See Also

This implementation assumes that the applied forces are acting at the
center of gravity of the body, and that the mass and inertia are constant.

This implementation generates a geodetic latitude that lies between +90
degrees, and longitude that lies between +£180 degrees. Additionally,
the MSL altitude is approximate.

The Earth is assumed to be ellipsoidal. By setting flattening to 0.0, a
spherical planet can be achieved. The Earth’s precession, nutation,
and polar motion are neglected. The celestial longitude of Greenwich
1s Greenwich Mean Sidereal Time (GMST) and provides a rough
approximation to the sidereal time.

The implementation of the ECEF coordinate system assumes that the

origin is at the center of the planet, the x-axis intersects the Greenwich
meridian and the equator, the z-axis is the mean spin axis of the planet,
positive to the north, and the y-axis completes the right-handed system.

The implementation of the ECI coordinate system assumes that the
origin is at the center of the planet, the x-axis is the continuation of
the line from the center of the Earth through the center of the Sun
toward the vernal equinox, the z-axis points in the direction of the
mean equatorial plane’s north pole, positive to the north, and the y-axis
completes the right-handed system.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, Second
Edition, John Wiley & Sons, New York, 2003.

McFarland, Richard E., A Standard Kinematic Model for Flight
simulation at NASA-Ames, NASA CR-2497.

“Supplement to Department of Defense World Geodetic System 1984
Technical Report: Part I - Methods, Techniques and Data Used in
WGS84 Development,” DMA TR8350.2-A.

6DoF (Euler Angles)
6DoF (Quaternion)
6DoF Wind (Quaternion)
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6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)



6DoF Wind (Quaternion)

Purpose
.
Library
Description
v, s
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Implement quaternion representation of six-degrees-of-freedom
equations of motion with respect to wind axes

Equations of Motion/6DoF

The 6DoF Wind (Quaternion) block considers the rotation of a
wind-fixed coordinate frame (X, Y, , Z,) about an flat Earth reference
frame (X,, Y,, Z,). The origin of the wind-fixed coordinate frame is

the center of gravity of the body, and the body is assumed to be rigid,
an assumption that eliminates the need to consider the forces acting
between individual elements of mass. The flat Earth reference frame is
considered inertial, an excellent approximation that allows the forces
due to the Earth’s motion relative to the “fixed stars” to be neglected.

Center of
gravity

Xw, V

- Wind-fixed
reference frame

Xe Yw
Zw

Flat Earth reference frame

The translational motion of the wind-fixed coordinate frame is given
below, where the applied forces [F, F, y F " are in the wind-fixed frame,
and the mass of the body m is assumed constant.
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6DoF Wind (Quaternion)

—Fx
F,=|F, |=m(V,+@,xV,)

_FZ

vV Py Py~ Psina Py
V,=10|,@,=|q,|=DMC,,| qp-0 |, @p=|a

| 0 T, 1, + Beoso n,

The rotational dynamics of the body-fixed frame are given below, where
the applied moments are [L M N]T, and the inertia tensor I is with
respect to the origin O. Inertia tensor I is much easier to define in
body-fixed frame.

L
Mb =M =I[(;)b+(l_)bX(ICT)b)
N
Ixx _Ixy _Ixz
I= —Iyx Iyy —Iyz
_sz _Izy Izz

The integration of the rate of change of the quaternion vector is given

below.
4o 0 p qg 1|9
Q| / -» 0 - q||an
W | /2| = 0 -
q2 q T D || 92
g3 -r =q p 0 ||g3
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Dialog
Box

Imitial pogition in inertial axes [<ev'e Ze]:

x
— BDoF Eoh [wfind Axiz) [mazk] [link)
Integrate the sis-degrees-of-freedom equations of motion in wind agis.
— Parameter:
Units: [Metric: [MK5) |
M &gz t_l,lpe:lFiHed ;I
Fiepresentation: Iﬂuatemion LI

jiooo

Initial airspeed, angle of attack, and sideslip angle [V .alphabeta]:

jimoo

Imitial wind crientation [bank angle Hight path angle heading angle]:

jiooo

Imitial body rotation rates [p.q.rl:

jiooo

Initial mazs:

1.0

Imertia in body axis:

Ie_l,le[3]

Cancel | Help

Apply

Units
Specifies the input and output units:
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6DoF Wind (Quaternion)

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Fixed selection conforms to the previously described
equations of motion.

Representation
Select the representation to use:

Wind Angles Use wind angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.
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Inputs and
Outputs

The Quaternion selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial airspeed, angle of attack, and sideslip angle
The three-element vector containing the initial airspeed, initial
angle of attack and initial sideslip angle.

Initial wind orientation

The three-element vector containing the initial wind angles [bank,

flight path, and heading], in radians.

Initial body rotation rates

The three-element vector for the initial body-fixed angular rates,

in radians per second.

Initial mass

The mass of the rigid body.

Inertia matrix
The 3-by-3 inertia tensor matrix I, in body-fixed axes.

Input Dimension Type Description

First Vector Contains the three applied forces in
wind-fixed axes.

Second Vector Contains the three applied moments
in body-fixed axes.

Output Dimension Type Description

First Three-element Contains the velocity in the flat

vector Earth reference frame.
Second Three-element Contains the position in the flat

vector

Earth reference frame.
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6DoF Wind (Quaternion)

Assumptions
and
Limitations

Reference

See Also

5-102

Output
Third

Fourth

Fifth
Sixth

Seventh

Eight

Ninth

Tenth

Dimension Type

Three-element
vector

3-by-3 matrix

Three-element
vector

Two-element
vector

Two-element
vector

Three-element
vector

Three-element
vector

Three-element
vector

Description

Contains the wind rotation angles
[bank, flight path, heading], in
radians.

Contains the coordinate
transformation from flat Earth
axes to wind-fixed axes.

Contains the velocity in the
wind-fixed frame.

Contains the angle of attack and
sideslip angle, in radians.

Contains the rate of change of angle
of attack and rate of change of
sideslip angle, in radians per second.

Contains the angular rates in
body-fixed axes, in radians per
second.

Contains the angular accelerations
in body-fixed axes, in radians per
second.

Contains the accelerations in
body-fixed axes.

The block assumes that the applied forces are acting at the center of
gravity of the body, and that the mass and inertia are constant.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John

Wiley & Sons, New York, 1992.

6DoF (Euler Angles)
6DoF (Quaternion)



6DoF Wind (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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6DoF Wind (Wind Angles)

Purpose
Library
Description
V;(ﬂ'r\fofoj
FaeM mru:lmnrrd\gs I-'-)I’)'KOE"C:Q
¥, és)
af jrac)
e ot it
O g
Ay, pvd
Py H
9, |=10[+|0
T, 0
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Implement wind angle representation of six-degrees-of-freedom
equations of motion

Equations of Motion/6DoF

For a description of the coordinate system employed and the
translational dynamics, see the block description for the 6DoF Wind
(Quaternion) block.

The relationship between the wind angles, [u }/;(]T , can be determined
by resolving the wind rates into the wind-fixed coordinate frame.

0 0 |0 1 0 0 |{cosy O —siny||O u
cosu sinu||y|+|0 cosuy sinufl 0 1 0 0|=J7! 4
—siny cospu |0 0 —sinpu cosullsiny 0 cosy || x X

Inverting J then gives the required relationship to determine the wind
rate vector.

u Py 1 (sinutany) (cosptany)|| p,

y|=J|q, =0 cos i —sin u 9

4 "wl o sinp cosp Tw
cosy cosy

The body-fixed angular rates are related to the wind-fixed angular rate
by the following equation.

Pw pp — Bsina
qw = DMCwb qb -a
Iy r, + Beosa



6DoF Wind (Wind Angles)

Using this relationship in the wind rate vector equations, gives the
relationship between the wind rate vector and the body-fixed angular

rates.
u Py 1 (sinutany) (cosutanty) Py — Bsina
yl=J|q, =0 cos i —sinpg  |DMC,,| qp-0
V4 Ty 0 sin u cos r, + Bcoso
cosy cosy
ial
Dla og [Z]Function Block Parameters: 6DoF Wind (Wind &ngl |
Box — BDoF Eabd [wind Awiz) [mask] (link)
Integrate the sis-degrees-of-freedom equations of motion in wind agis.
r— Parameter.

Units: [Metric: [MK5) |

I ass bype: IFiHBd ;I

Fiepresentation: IWind Angles LI

Imitial pogition in inertial axes [<ev'e Ze]:

jiooo

Initial airspeed, angle of attack, and sideslip angle [V .alphabeta]:

jimoo

Imitial wind crientation [bank angle Hight path angle heading angle]:

jiooo

Imitial body rotation rates [p.q.rl:

jiooo

Initial mazs:

1.0

Imertia in body axis:

Ie_l,le[3]

DK Cancel Help Apply
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6DoF Wind (Wind Angles)

Units
Specifies the input and output units:

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton  Newton  Meters per Meters Meters Kilogram Kilogram

(MKS) meter second squared per meter
second squared

English  Pound Foot Feet per second Feet Feet Slug Slug

(Velocity pound squared per foot

in second squared

ft/s)

English  Pound Foot Feet per second Knots Feet Slug Slug

(Velocity pound squared foot

in kts) squared

Mass type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Fixed selection conforms to the previously described
equations of motion.

Representation
Select the representation to use:
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6DoF Wind (Wind Angles)

Inputs and
Outputs

Wind Angles Use wind angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.

The Wind Angles selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial airspeed, angle of attack, and sideslip angle
The three-element vector containing the initial airspeed, initial
angle of attack and initial sideslip angle.

Initial wind orientation
The three-element vector containing the initial wind angles [bank,
flight path, and heading], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Initial mass
The mass of the rigid body.

Inertia
The 3-by-3 inertia tensor matrix I, in body-fixed axes.

Input Dimension Type Description

First Vector Contains the three applied forces in
wind-fixed axes.

Second Vector Contains the three applied moments
in body-fixed axes.
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6DoF Wind (Wind Angles)

Assumptions
and
Limitations

5-108

Output
First

Second

Third

Fourth

Fifth
Sixth

Seventh

Eighth

Ninth

Tenth

Dimension Type

Three-element
vector

Three-element
vector

Three-element
vector

3-by-3 matrix

Three-element
vector

Two-element
vector

Two-element
vector

Three-element
vector

Three-element
vector

Three-element
vector

Description

Contains the velocity in the flat
Earth reference frame.

Contains the position in the flat
Earth reference frame.

Contains the wind rotation angles
[bank, flight path, heading], in
radians.

Contains the coordinate
transformation from flat Earth
axes to wind-fixed axes.

Contains the velocity in the
wind-fixed frame.

Contains the angle of attack and
sideslip angle, in radians.

Contains the rate of change of angle
of attack and rate of change of
sideslip angle, in radians per second.

Contains the angular rates in
body-fixed axes, in radians per
second.

Contains the angular accelerations
in body-fixed axes, in radians per
second.

Contains the accelerations in
body-fixed axes.

The block assumes that the applied forces are acting at the center of
gravity of the body, and that the mass and inertia are constant.



6DoF Wind (Wind Angles)

Reference

See Also

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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6th Order Point Mass (Coordinated Flight)

Purpose Calculate sixth-order point mass in coordinated flight
Librclry Equations of Motion/Point Mass

Description The 6th Order Point Mass (Coordinated Flight) block performs the
calculations for the translational motion of a single point mass or

F M) ¥ (r=d) . .
- ahome ) multiple point masses.
A {rés)
F M -
Cm;?gi:?md Fhteet, i
F, i) Xy ) Up
F 3
Z
Morth
aFs
;
v ) i
v ¥ ;J}} _
¥ East |~

The translational motion of the point mass [Xj, ., Xy, Xy p]T are
functions of airspeed (V), flight path angle (y), and heading angle (y),

F . =mV
F, =(mVcosy)y
E,=mVy

Xgas = Vcos y cosy
X North = Vsin y cosy
XUp =Vsiny

where the applied forces [F, F, F,]" are in a system is defined by x-axis
in the direction of vehicle velocity relative to air, z-axis is upward, and
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6th Order Point Mass (Coordinated Flight)

y-axis completes the right-handed frame, and the mass of the body m is
assumed constant.

Dialog
Box

E! Function Block Parameters: 6th Order Poinkt Mass (L

x|

—Bth Order Paint Mazs [Coordinated Flight] [mazk) [link]

Calculate sixth-order point magz in coordinated flight.

—Parameters

Units: | Metric [MK5]
Imitial flight path ahgle:

i

Imitial heading angle:

fo

Initial airzpeed;

f100

Initial downrange [East]:

i

Imitial crossrange [Morth]:

fo
Initial altitude [Up]:

fo

Initial mazs:

1.0

1] | Cancel |

Apply

Units

Units
Metric (MKS)

English (Velocity
in ft/s)
English (Velocity
in kts)

Specifies the input and output units:

Forces Velocity

Newton Meters per second

Pound Feet per second

Pound Knots

Position
Meters
Feet

Feet
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6th Order Point Mass (Coordinated Flight)

Initial flight path angle
The scalar or vector containing initial flight path angle of the
point mass(es).

Initial heading angle
The scalar or vector containing initial heading angle of the point
mass(es).

Initial airspeed
The scalar or vector containing initial airspeed of the point
mass(es).

Initial downrange [East]
The scalar or vector containing initial downrange of the point
mass(es).

Initial crossrange [North]
The scalar or vector containing initial crossrange of the point
mass(es).

Initial altitude [Up]
The scalar or vector containing initial altitude of the point
mass(es).

Initial mass
The scalar or vector containing mass of the point mass(es).

Inputs and Input Dimension  Description

Outputs Type
First Contains the force in x-axis in selected units.
Second Contains the force in y-axis in selected units.
Third Contains the force in z-axis in selected units.
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6th Order Point Mass (Coordinated Flight)
|

Output Dimension  Description

Type

First Contains the flight path angle in radians.

Second Contains the heading angle in radians.

Third Contains the airspeed in selected units.

Fourth Contains the downrange or amount traveled
East in selected units.

Fifth Contains the crossrange or amount traveled
North in selected units.

Sixth Contains the altitude or amount traveled Up

in selected units.

Assumptions The block assumes that there is fully coordinated flight, i.e., there is no
and side force (wind axes) and sideslip is always zero.

Limitations The flat flat Earth reference frame is considered inertial, an excellent
approximation that allows the forces due to the Earth’s motion relative
to the “fixed stars” to be neglected.

See Also 4th Order Point Mass (Longitudinal)
4th Order Point Mass Forces (Longitudinal)
6DoF (Euler Angles)
6DoF (Quaternion)
6DoF ECEF (Quaternion)
6DoF Wind (Wind Angles)
6th Order Point Mass Forces (Coordinated Flight)

Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
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5-114

Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)



6th Order Point Mass Forces (Coordinated Flight)

Purpose

Library

Calculate forces used by sixth-order point mass in coordinated flight

Equations of Motion/Point Mass

Description The 6th Order Point Mass Forces (Coordinated Flight) block calculates

Lift
Dr=g
Waight

Thrust

the applied forces for a single point mass or multiple point masses.

The applied forces [F, Fy F,]" are in a system is defined by x-axis in the
direction of vehicle velocity relative to air, z-axis is upwards and y-axis
completes the right-handed frame and are functions of lift (L), drag
(D), thrust (7), weight (W), flight path angle (y), angle of attack (a),
and bank angle ().

FE, =Tcosoao—D-Wsiny
Fy =(L+Tsina)sin u
F,=(L+Tsina)cosu—Wecosy
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6th Order Point Mass Forces (Coordinated Flight)

L]
Dia Iog =] Function Block Parameters: 6th Drder Poink Ma |

Box Eth Order Point Mass Forces [Coordinated Flight] imask) flink]

’7 Calculate fores used by sisth-order paint mass in coardinated fight
Cancel Help Lpply

Inputs and Input Dimension  Description

Outputs Type
First Contains the lift in units of force.
Second Contains the drag in units of force.
Third Contains the weight in units of force.
Fourth Contains the thrust in units of force.
Fifth Contains the flight path angle in radians.
Sixth Contains the bank angle in radians.
Seventh Contains the angle of attack in radians.

Output Dimension  Description

Type
First Contains the force in x-axis in units of force.
Second Contains the force in y-axis in units of force.
Third Contains the force in z-axis in units of force.

Assumptions The block assumes that there is fully coordinated flight, i.e., there is no
and side force (wind axes) and sideslip is always zero.

Limitations The flat Earth reference frame is considered inertial, an excellent
approximation that allows the forces due to the Earth’s motion relative
to the “fixed stars” to be neglected.

See Also 4th Order Point Mass (Longitudinal)

5-116
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4th Order Point Mass Forces (Longitudinal)
6th Order Point Mass (Coordinated Flight)
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Acceleration Conversion

Purpose
Library

Description

T

e S

Dialog
Box

5-118

Convert from acceleration units to desired acceleration units
Utilities/Unit Conversions

The Acceleration Conversion block computes the conversion factor from
specified input acceleration units to specified output acceleration units
and applies the conversion factor to the input signal.

The Acceleration Conversion block icon displays the input and output
units selected from the Initial units and Final units lists.

Block Parameters: Acceleration Conversion |

—Acceleration Conversion [maszk] (link)

Convert units of input signal to desired output units.

— Parameters
Initial units: Iﬂ,-'s"2 j
Final itz Im,-'s"2 j

0K | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

m/s? Meters per second squared
ft/s? Feet per second squared

km/s? Kilometers per second squared
in/s? Inches per second squared
km/h-s Kilometers per hour per second



Acceleration Conversion

Inputs and
Outputs

See Also

mph-s Miles per hour per second

G's g-units

Input Dimension
Type
First

Description

Contains the acceleration in initial
acceleration units.

Output Dimension
Type
First

Description

Contains the acceleration in final acceleration
units.

Angle Conversion

Angular Acceleration Conversion

Angular Velocity Conversion

Density Conversion
Force Conversion
Length Conversion
Mass Conversion
Pressure Conversion
Temperature Conversion

Velocity Conversion
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Adjoint of 3x3 Matrix

Purpose Compute adjoint of matrix
Librclry Utilities/Math Operations
Description The Adjoint of 3x3 Matrix block computes the adjoint matrix for the
input matrix.
aditad | . .
{33 The input matrix has the form of
Ay Ay Agg
A= A21 A22 A23
A3y Agy Agg
The adjoint of the matrix has the form of
My, My Mg
adj(A)=| Mgy Mgy Moy
Mgz, Mgze Msg
where
.
Mlj = (—1)l J
Dialog A
Box Adjoint of 383 matrix [mazk] [link)
(Compute the adjoint matrix for the input matris.
0K I Cancel | Help | Apply
Inputs and Input Dimension Description
Outputs Type

First Contains the acceleration in initial
acceleration units.
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Adjoint of 3x3 Matrix
|

Output Dimension  Description
Type
First Contains the acceleration in final acceleration
units.

See Also Create 3x3 Matrix
Determinant of 3x3 Matrix

Invert 3x3 Matrix

5-121



Aerodynamic Forces and Moments

Purpose

Library

Description

5-122

Compute aerodynamic forces and moments using aerodynamic
coefficients, dynamic pressure, center of gravity, center of pressure,
and velocity

Aerodynamics

The Aerodynamic Forces and Moments block computes the aerodynamic
forces and moments about the center of gravity. By default, the inputs

':':'Efsu:.

Tar

Ci

CP 1

Yo

and outputs are represented in the body axes.

b
Let a be the angle of attack and B the sideslip. The rotation from body
to stability axes:

cos(or) O sin(o)

Cip = 0 1 0
—sin(ar) 0 cos(o)

can be combined with the rotation from stability to wind axes:

cos(B) sin(@) O
Cpes =|—sin(B) cos(B O
0 0 1

to yield the net rotation from body to wind axes:

cos(a)cos(B) sin(B)  sin(a)cos(B)
Cep =|—cos(a)sin(B) cos(B) —sin(o)sin(P)
—sin(o) 0 cos(or)

Moment coefficients have the same notation in all systems. Force
coefficients are given below. Note there are no specific symbols for
stability-axes force components. However, the stability axes have two
components that are unchanged from the other axes.



Aerodynamic Forces and Moments

Dialog
Box

D X4
Fy =|-C |=Cpep | Ya |=Cues Fh
L ZA
Components/Axes | X y z
Wind a, C, c,
Stability Cy C,
Body G- C, C, Cy

Given these definitions, to account for the standard definitions of D,
C, Y (where Y = -C), and L, force coefficients in the wind axes are
multiplied by the negative identity diag(-1, -1, -1). Forces coefficients
in the stability axes are multiplied by diag(-1, 1, -1). Cy and Cx are,
respectively, the normal and axial force coefficients (Cy = -C,).

Z3Function Block Parameters: Aero

—Aerodynamic Forces and Moments [maslk)

x|

Compute the aerodynamic forces and moments applied at the center of gravity using
the asrodynamic coefficients, dynamic pressure, center of gravity and center of
pressure.

Input axas:l Body

Farce axes'l Body

[RNQIEANER

Moment axes:l Bady
Reference area:

n
Reference spar:
J1
Reference length:

1

oK I Cancel Help Apply

Input Axes

Specifies coordinate system for input coefficients: Body (default),

Stability, or Wind.
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Aerodynamic Forces and Moments

Inputs and
Outputs

5-124

Force Axes
Specifies coordinate system for aerodynamic force: Body (default),
Stability, or Wind.

Moment Axes
Specifies coordinate system for aerodynamic moment: Body
(default), Stability, or Wind.

Reference area
Specifies the reference area for calculating aerodynamic forces
and moments.

Reference span
Specifies the reference span for calculating aerodynamic moments
in x-axes and z-axes.

Reference length
Specifies the reference length for calculating aerodynamic
moment in the y-axes.

The first input consists of aerodynamic coefficients (in the chosen input
axes) for forces and moments. These coefficients are ordered into a
vector depending on the choice of axes:

Input Input Vector
Axes

Body (axial force C_, side force C’y, normal force C,, rolling
moment C), pitching moment C,_, yawing moment C,)

Stability (drag force Cp ., side force Cy, lift force C;, rolling
moment C), pitching moment C_, yawing moment C)

Wind (drag force Cj, cross-wind force C,, lift force C}, rolling
moment C), pitching moment C,_, yawing moment C,)




Aerodynamic Forces and Moments

Assumptions
and
Limitations

Input Dimension
Type
Second

Third
Fourth

Fifth  Three-element
(For vector

inputs

or

outputs

in

stability

or

wind

axes)

Description

Contains the dynamic pressure.
Contains the center of gravity.

Contains the center of pressure. This can also
be taken as any general moment reference
point as long as the rest of the model reflects
the use of the moment reference point.

Contains the velocity in the body axes.

Output Dimension
Type
First

Second

Description

Contains the aerodynamic forces (in the
chosen output axes) at the center of gravity
n x-, y-, and z-axes.

Contains the aerodynamic moments (in the
chosen output axes) at the center of gravity
in x-, y-, and z-axes.

The default state of the block hides the V; input port and assumes that
the transformation is body-body.

The center of gravity and the center of pressure are assumed to be in

body axes.
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Aerodynamic Forces and Moments

Examples

Reference

See Also

5-126

While this block has the ability to output forces and/or moments in
the stability axes, the blocks in the Equations of Motion library are
currently designed to accept forces and moments in either the body or
wind axes only.

See Airframe in the aeroblk_HL20 demo for an example of this block.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992

Digital DATCOM Forces and Moments

Dynamic Pressure

Estimate Center of Gravity

Moments About CG Due to Forces



Angle Conversion

Purpose
Library

Description

dig —* =d

Dialog
Box

Convert from angle units to desired angle units
Utilities/Unit Conversions

The Angle Conversion block computes the conversion factor from
specified input angle units to specified output angle units and applies
the conversion factor to the input signal.

The Angle Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

Block Parameters: Angle Conversion E|

—Angle Conversion [mazk) [link)

Convert units of input signal to desired output units.

— Parameters
Initial units: Ideg j
Final units: I;ad j

0K | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

deg Degrees
rad Radians
rev Revolutions
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Angle Conversion

Inputs and
Outputs

See Also

5-128

Input Dimension
Type
First

Description

Contains the angle in initial angle units.

Output Dimension
Type
First

Description

Contains the angle in final angle units.

Acceleration Conversion

Angular Acceleration Conversion

Angular Velocity Conversion

Density Conversion
Force Conversion
Length Conversion
Mass Conversion
Pressure Conversion
Temperature Conversion

Velocity Conversion



Angular Acceleration Conversion

Purpose

Library

Description

degis® —+ mdis

T

Dialog
Box

Convert from angular acceleration units to desired angular acceleration
units

Utilities/Unit Conversions

The Angular Acceleration Conversion block computes the conversion
factor from specified input angular acceleration units to specified
output angular acceleration units and applies the conversion factor
to the input signal.

The Angular Acceleration Conversion block icon displays the input and
output units selected from the Initial units and the Final units lists.

Block Parameters: Angular Acceleration Eu:f |

—Angular Acceleration Conversion [mask) (link)

Convert units of input signal to desired output units.

— Parameters
Initial units: Ideg,’s“z j
Final units: I;ad,ﬁg“2 j

0K | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

deg/s? Degrees per second squared
rad/s? Radians per second squared
rpm/s Revolutions per minute per second
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Angular Acceleration Conversion

Inputs and
Outputs

See Also
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Input Dimension
Type
First

Description

Contains the angular acceleration in initial
angular acceleration units.

Output Dimension
Type
First

Description

Contains the angular acceleration in final
angular acceleration units.

Acceleration Conversion

Angle Conversion

Angular Velocity Conversion

Density Conversion
Force Conversion
Length Conversion
Mass Conversion
Pressure Conversion
Temperature Conversion

Velocity Conversion



Angular Velocity Conversion

Purpose
Library

Description

deglfz —* m@dis

Dialog
Box

Convert from angular velocity units to desired angular velocity units
Utilities/Unit Conversions

The Angular Velocity Conversion block computes the conversion factor
from specified input angular velocity units to specified output angular
velocity units and applies the conversion factor to the input signal.

The Angular Velocity Conversion block icon displays the input and
output units selected from the Initial units and the Final units lists.

Block Parameters: Angular ¥Yelocity Conversi |

—Angular Velocity Conversion [mask] (link)

Convert units of input signal to desired output units.

— Parameters
Initial urits: | deg/s [~
Final units: | rad/s =l

0K | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

deg/s Degrees per second
rad/s Radians per second
rpm Revolutions per minute
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Angular Velocity Conversion

Inputs and
Outputs

See Also

5-132

Input Dimension Description
Type
First Contains the angular acceleration in initial
angular acceleration units.

Output Dimension  Description
Type
First Contains the angular acceleration in final
angular acceleration units.

Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Density Conversion

Force Conversion

Length Conversion

Mass Conversion

Pressure Conversion
Temperature Conversion

Velocity Conversion



Besselian Epoch to Julian Epoch

Purpose

Library

Description

B0 Ceom

Yetean e P

Transform position and velocity components from discontinued
Standard Besselian Epoch (B1950) to Standard Julian Epoch (J2000)

Utilities/Axes Transformations

The Besselian Epoch to Julian Epoch block transforms two 3-by-1
vectors of Besselian Epoch position (rg1950), and Besselian Epoch
velocity (Ug1950) into Julian Epoch position (779¢g) , and Julian Epoch

velocity (Uy9000). The transformation is calculated using:

|:’7J2000 } _ [M M Ur:||:F31950 }
Ug2000 | My My, |[UB1950

(Mrr ’ Mvr ’ MI‘U ’ Ml)l))

where are defined as:

0.9999256782 —0.0111820611 —0.0048579477
0.0111820610 0.9999374784 —0.0000271765
0.0048579479 —0.0000271474 0.9999881997

M

rr

[0.00000242395018 —0.00000002710663 —0.00000001177656
M,, =|0.00000002710663 0.00000242397878 —0.00000000006587
| 0.00000001177656 —0.00000000006582 0.00000242410173

[-0.000551 —0.238565 0.435739
M, =| 0.238514 -0.002667 —0.008541
-0.435623 0.012254 0.002117

0.99994704 -0.01118251 —0.00485767
M,, =|0.01118251 0.99995883 —0.00002718
| 0.00485767 —-0.00002714 1.00000956
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Besselian Epoch to Julian Epoch

Dialog
Box

Inputs and
Outputs

Reference

See Also
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=] Function Block Parameters: Besselian Epoch ko x|

Transform pozition and velocity components from the dizcontinued Standard Besselian
Epach [B1950] ta the Standard Julian Epach [J2000).

lfBesselian to Julian [magk) [link)

Cancel Help Apply

Input Dimension
Type
First  3-by-1 vector

Second 3-by-1 vector

Description

Contains the position in Standard Besselian
Epoch (B1950).

Contains the velocity in Standard Besselian
Epoch (B1950).

Output Dimension
Type
First  3-by-1 vector

Second 3-by-1 vector

Description

Contains the position in Standard Julian
Epoch (J2000).

Contains the velocity in Standard Julian
Epoch (J2000).

“Supplement to Department of Defense World Geodetic System 1984
Technical Report: Part I - Methods, Techniques and Data Used in
WGS84 Development,” DMA TR8350.2-A.

Julian Epoch to Besselian Epoch



Calculate Range

Purpose Calculate range between two crafts given their respective positions
Library GNC/Guidance
Description The Calculate Range block computes the range between two crafts. The
equation used for the range calculation is
1
R, F
¥ 21
2 Range=\/(xl—x2)2+(y1—y2)2+(21—22)2
Dialog E
Box Calculate Range [maszk] (link]
’;alculate range between craft 2 and craft 1 given their respective
positions. Range iz alway: positive.
0K I Cancel Help Apply
Inputs and Input Dimension  Description
Outputs Type
First Contains the (%, y and z) position of craft 1.
Second Contains the (x, y and z) position of craft 2.
Output Dimension  Description
Type
First Contains the range from craft 2 and craft 1.
Limitation The calculated range is the magnitude of the distance, but not the

direction. Therefore it is always positive or zero.

Craft positions are real values.
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Centrifugal Effect Model

Purpose Implement mathematical representation of centrifugal effect for
planetary gravity

Library Environment/Gravity

Description

xe:e' C.Entr:T:: ::, :IEffEC! uner

Centrifugal Effect Model

The Centrifugal Effect Model block implements the mathematical
representation of centrifugal effect for planetary gravity. The gravity
centrifugal effect is the acceleration portion of centrifugal force

effects due to the rotation of a planet. This block implements this
representation using planetary rotation rates. You use centrifugal force
values in rotating or non-inertial coordinate systems.

Dialog |
Box —Centrifugal Effect Model (mask) (ink)

Implements the mathematical representation of centrifugal effect for
planetary gravity based on planetary rotation rate.

—Parameters

Planet model: IEarih LI

Cancel | Help | Apply |

Planet model
Specify the planetary model. From the list, select Mercury, Venus,
Earth, Moon, Mars, Jupiter, Saturn, Uranus, Neptune, or Custom.
The block uses the rotation of the selected planet to implement
the mathematical representation of the centrifugal effect.
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Centrifugal Effect Model

References

Selecting Custom enables you to specify your own planetary
model. This option enables the Planetary rotational rate
(rad/sec) and Input planetary rotation rate parameters.

Planetary rotational rate (rad/sec)
Specify the planetary rotational rate in radians per second.

If you want to specify the planetary rotational rate as an input to
the block, see the Input planetary rotation rate parameter.

Selecting the Input planetary rotation rate check box disables
the Planetary rotational rate (rad/sec) parameter.

Input planetary rotation rate
Select this check box to enable a block input. You can then input
a planetary rotation rate as a block input. When you select this
check box, the block mask updates to display an input port for
the rotation rate.

Selecting the Input planetary rotation rate check box disables
the Planetary rotational rate (rad/sec) parameter.

Vallado, D. A., Fundamentals of Astrodynamics and Applications,
McGraw-Hill, New York, 1997.

NIMA TR8350.2: Department of Defense World Geodetic System 1984,
Its Definition and Relationship with Local Geodetic Systems.
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CIRA-86 Atmosphere Model

Purpose

Library

Description

w(deg)

h{m}

T

=% PiPa)

CIRABE

wind (mis)

5-138

Implement mathematical representation of 1986 CIRA atmosphere

Environment/Atmosphere

The CIRA-86 Atmosphere Model block implements the mathematical
representation of the 1986 Committee on Space Research (COSPAR)
International Reference Atmosphere (CIRA). The block provides values
for absolute temperature, pressure, density, and speed of sound for the
input geopotential altitude.

The CIRA-86 Atmosphere Model block icon displays the input and
output units selected from the Units list.



CIRA-86 Atmosphere Model
|

Dlalog E! Function Block Parameters: CIRA-86 Atmosphere El

Box — CIR&-86 Model [maszk] (link]

Calculate COSPAR Intermational Feference Atmozphere 1936, This block
implements the mathematical reprezentation of the Committee on Space Reszearch
[COSPAR] Intemational Reference Atmosphere [CIRA] from 1986, The CIRA 1386
model provides a mean climatalogy of temperature, zonal wind, and geopotential
height or prezsure with nearly pole-to-pole coverage [0 degrees 5-80 degreez M for
0 ta 120 kilometers, encompazsing the troposphere, middle atmozphere, and lawer
thermozphere.

— Parameter

Units: |Metric [MKS]

Coordinate type; IEF‘H eight

tean value type: IMDnthI_I,I

kel akh: IJ anary

Ll Led e L] L

Auction For out of range input; I"-.-'-.-"arning

Canicel Help | Apply

Units
Specifies the input and output units:
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CIRA-86 Atmosphere Model

Speed of Air
Units Height Temperature Sound Pressure Air Density
Metric Meters Kelvin Meters per Pascal Kilograms
(MKS) second per cubic

meter

English Feet Degrees Feet per Pound-force  Slug per
(Velocity Rankine second per square cubic foot
in ft/s) inch
English Feet Degrees Knots Pound-force  Slug per
(Velocity Rankine per square cubic foot
in kts) inch

Coordinate type

Specify the representation of the coordinate type. The default is
GPHeight.

® Pressure
Indicates pressure in pascal.
® GPHeight
Indicates geopotential height in meters.

Mean value type
Specify mean value types. The default is Monthly.

® Monthly

Indicates monthly values. If you select Monthly, you must also
set the Month parameter.

® Annual

Indicates annual values. Valid when Coordinate type has a
value of Pressure.
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CIRA-86 Atmosphere Model
|

Month
Indicates the month in which the mean values are taken. From
the list, select the desired month. This parameter applies only
when Mean value type has a value of Monthly.

Action for out or range input
Specify if out-of-range input invokes a warning, error, or no action.

Inputs and Input Dimension Type Description
Outputs

First Array Contains the latitude in degrees
(limited to +/-80 degrees).

Second Array Contains an m array of either:

® Geopotential heights in selected
length units (Coordinate type is
GPHeight)

® Pressures in selected pressure
units (Coordinate type is
Pressure)

Output Dimension Type Description

First Array Contains mean temperature in
selected units.

Second Array Contains geopotential heights in
selected units.

Third Array Contains mean zonal windows in
selected units.

Assumptions  This function uses a corrected version of the CIRA data files provided
and by J. Barnett in July 1990 in ASCII format.

Limitations This function has the limitations of the CIRA 1986 model. The values
for the CIRA 1986 model are limited to the regions of 80 degrees S
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CIRA-86 Atmosphere Model

Reference

See Also
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to 80 degrees N on the Earth and geopotential heights of 0 to 120
kilometers. In each monthly mean data set, values at 80 degrees S

for 101,300 pascal or 0 meters were omitted because these levels are
within the Antarctic land mass. For zonal mean pressure in constant
altitude coordinates, pressure data is not available below 20 kilometers.
Therefore, this is the bottom level of the CIRA climatology.

Fleming, E. L., Chandra, S., Shoeberl, M. R., Barnett, J. J., Monthly
Mean Global Climatology of Temperature, Wind, Geopotential Height
and Pressure for 0-120 km, NASA TM100697, February 1988

http://modelweb.gsfc.nasa.gov/atmos/cospari.html

COESA Atmosphere Model
ISA Atmosphere Model


http://modelweb.gsfc.nasa.gov/atmos/cospar1.html

COESA Atmosphere Model

Purpose
Library

Description

TiK)
a (m'=s)
b irn)
GOESA
p tlarry

PPzl

Dialog
Box

Implement 1976 COESA lower atmosphere
Environment/Atmosphere

The COESA Atmosphere Model block implements the mathematical
representation of the 1976 Committee on Extension to the Standard
Atmosphere (COESA) United States standard lower atmospheric values
for absolute temperature, pressure, density, and speed of sound for the
input geopotential altitude.

Below 32,000 meters (approximately 104,987 feet), the U.S. Standard
Atmosphere is identical with the Standard Atmosphere of the
International Civil Aviation Organization (ICAQO).

The COESA Atmosphere Model block icon displays the input and output
units selected from the Units list.

Block Parameters: COESA Atmosphere Mo #

—Atmosphere Model [mazk) (link]

Calculate various atmosphere models including 1976 COESA-extended
.5, Standard Atmosphere, MIL-HDEK-310, and MIL-STD-210C. Given
geopotential altitude, calculate absolute temperature, pressure and density
uzing standard interpolation formulas.

The COESA model extrapolates temperature linearly and pressure/density
lagarithmically beyond the range

0 <= altitude <= 84852 meters [geopatential]

The MIL specifications are not extrapolated beyond their defined altitudes
which are typically

0 <= altitude <= 80000 meters [geometric]

Depending on the given information either density or pressure is
calculated using a perfect gas relationship.

The unit spstem zelected applies to both input and outputs.

=
F

Uriits: | Metric (MKS) j

Specification: |1976 COESA-sstended LS. Standard Atmosphere 7 |

Action for out of range input: I\.\.-'aming j

QK | Cancel | Help I Apply |
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COESA Atmosphere Model

Units
Specifies the input and output units:

Speed of Air
Units Height Temperature Sound Pressure Air Density
Metric Meters Kelvin Meters per Pascal Kilograms
(MKS) second per cubic

meter
English Feet Degrees Feet per Pound-force  Slug per
(Velocity Rankine second per square cubic foot
in ft/s) inch
English Feet Degrees Knots Pound-force  Slug per
(Velocity Rankine per square cubic foot
in kts) inch
Specification

Specify the atmosphere model type from one of the following
atmosphere models. The default is 1976 COESA-extended U.S.
Standard Atmosphere.

MIL-HDBK-310

This selection is linked to the Non-Standard Day 310 block. See
the block reference for more information.

MIL-STD-210C

This selection is linked to the Non-Standard Day 210C block.
See the block reference for more information.

Action for out of range input
Specify if out-of-range input invokes a warning, error, or no action.
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COESA Atmosphere Model

Inputs and
Outputs

Assumptions
and
Limitations

Examples
Reference

See Also

Input Dimension Description
Type
First Contains the geopotential height.

Output Dimension  Description

Type
First Contains the temperature.
Second Contains the speed of sound.
Third Contains the air pressure.
Fourth Contains the air density.

Below the geopotential altitude of 0 m (0 feet) and above the geopotential
altitude of 84,852 m (approximately 278,386 feet), temperature

values are extrapolated linearly and pressure values are extrapolated
logarithmically. Density and speed of sound are calculated using a
perfect gas relationship.

See the aeroblk calibrated model, the aeroblk indicated model,
and the airframe in the aeroblk_HL20 demo for examples of this block.

U.S. Standard Atmosphere, 1976, U.S. Government Printing Office,
Washington, D.C.

CIRA-86 Atmosphere Model, ISA Atmosphere Model
Non-Standard Day 210C
Non-Standard Day 310
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Create 3x3 Matrix

Purpose
Library

Description

o
BREEREasZ

Dialog
Box

Inputs and
Outputs

5-146

Create 3-by-3 matrix from nine input values

Utilities/Math Operations

The Create 3x3 Matrix block creates a 3-by-3 matrix from nine input
values where each input corresponds to an element of the matrix.

The output matrix has the form of

Al A Agg
A=Ay Agy Ay
Ag1 Ay Ass

Block Parameters: Create 33 Matrix |

Create 3x3 Matrix [mazk] [link]

Create a 3-by-3 matriz from nine input values. Each input comesponds to

an element of the matris,

For example. the input labeled 421 is the entry in the second row and first

column of the matris.

(0] I Cancel

Help Apply

Input Dimension
Type

First

Second

Third

Fourth

Description

Contains the first row and first column of the
matrix.

Contains the first row and second column of
the matrix.

Contains the first row and third column of
the matrix.

Contains the second row and first column of
the matrix.



Create 3x3 Matrix

See Also

Input Dimension
Type

Fifth

Sixth

Seventh

Eight

Ninth

Description

Contains the second row and second column
of the matrix.

Contains the second row and third column
of the matrix.

Contains the third row and first column of
the matrix.

Contains the third row and second column
of the matrix.

Contains the third row and third column of
the matrix.

Output Dimension
Type
First  3-by-3 matrix

Description

Contains the matrix.

Adjoint of 3x3 Matrix

Determinant of 3x3 Matrix

Invert 3x3 Matrix

Symmetric Inertia Tensor
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Custom Variable Mass 3DoF (Body Axes)

Purpose Implement three-degrees-of-freedom equations of motion of custom
variable mass with respect to body axes

Librar Equations of Motion/3DoF
Y

Description The Custom Variable Mass 3DoF (Body Axes) block considers the
rotation in the vertical plane of a body-fixed coordinate frame about
an Earth-fixed reference frame.

F ()

e 8 iradl)

W Gustomyarsbie ©r =

A (hyis) e it

m (kg} X_Z_ () A
dlielt (g ©

|u«g(-r(:§:m D Mos Ui Xb,U\q
g (i) A A iy

Body fixed
coordinate

Incidence = o
frame

Earth fixed |
reference frame’

Xe ?

Ze

The equations of motion are

Fo
=—x—m—U—qw—gsin9
m m
Foo
w:—z—@+qu+gcos9
m m
. M_Iyyq
e
¥y
6=q
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Custom Variable Mass 3DoF (Body Axes)

where the applied forces are assumed to act at the center of gravity
of the body.

.
Dla Iog « ): Block Parameters: Custom Yariable Mass 3DoF {B: 2=l
Box —3DoF Eob (mask] (ink]

Integrate the three-degrees-of-freedom equations of motion to determine body position,
velooity, attitude, and related values.

mal

Units: [ etz MKS) =]
Mass type: I Custom Y ariable LI
Initial velocity:

J100

Initial body attitude:
Jo

Initial incidence:
Jo

Initial body ratation rate:

Jo
Initial position [x z]:
jioo
Gravity sounce: I Extemal LI
Ok LCancel Help | Apply |
Units

Specifies the input and output units:
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Custom Variable Mass 3DoF (Body Axes)

Units Forces = Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton  Meters per Meters Meters Kilogram Kilogram

(MKS) meter second squared per meter
second squared

English  Pound Foot Feet per second Feet Feet Slug Slug

(Velocity pound squared per foot

in second squared

ft/s)

English  Pound Foot Feet per second Knots Feet Slug Slug

(Velocity pound squared foot

in kts) squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Custom Variable selection conforms to the previously
described equations of motion.

Initial velocity
A scalar value for the initial velocity of the body, (V).

Initial body attitude
A scalar value for the initial pitch attitude of the body, (6,).

Initial incidence

A scalar value for the initial angle between the velocity vector
and the body, (a,).
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Custom Variable Mass 3DoF (Body Axes)

Inputs and
Outputs

Initial body rotation rate
A scalar value for the initial body rotation rate, (q,).

Initial position (x,z)

A two-element vector containing the initial location of the body in

the Earth-fixed reference frame.

Gravity Source

Specify source of gravity:

External

Internal

Variable gravity input to block

Constant gravity specified in mask

Acceleration due to gravity
A scalar value for the acceleration due to gravity used if internal
gravity source is selected. If gravity is to be neglected in the
simulation, this value can be set to 0.

Input Dimension
Type
First

Second

Third
Fourth

Fifth
Sixth

Seventh

Eighth
(Optional)

Description

Contains the force acting along the body
x-axis, (F).

Contains the force acting along the body
z-axis, (F)).

Contains the applied pitch moment, (M).

Contains the rate of change of mass, (m )
Contains the mass, (m).

Contains the rate of change of inertia tensor
matrix, (I yy) .
Contains the inertia tensor matrix, (Iyy).

Contains the gravity in the selected units.
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Custom Variable Mass 3DoF (Body Axes)

See Also

5-152

Output Dimension
Type
First

Second

Third

Fourth Two-element
vector

Fifth  Two-element
vector

Sixth

Description

Contains the pitch attitude, in radians (6).

Contains the pitch angular rate, in radians
per second (q).

Contains the pitch angular acceleration, in
radians per second squared (q) .

Contains the location of the body, in the
Earth-fixed reference frame, (Xe, Ze).

Contains the velocity of the body resolved into
the body-fixed coordinate frame, (u, w).

Contains the acceleration of the body resolved
into the body-fixed coordinate frame, (Ax, Az).

3DoF (Body Axes)
Incidence & Airspeed

Simple Variable Mass 3DoF (Body Axes)



Custom Variable Mass 3DoF (Wind Axes)

Purpose

Library

Description

F ) ¥ ()
«

F_in e [rRdfs,
=M ind 1‘( !
M N Gustomyaiable  de ddt
drrvelt ikgss) ¥

m o) X7 tm

dlfdt (g -riis) W, (mis)

1 thg-::J A (i
o

9 (=% ol

Implement three-degrees-of-freedom equations of motion of custom
variable mass with respect to wind axes

Equations of Motion/3DoF
The Custom Variable Mass 3DoF (Wind Axes) block considers the

rotation in the vertical plane of a wind-fixed coordinate frame about
an Earth-fixed reference frame.

Wind-Fixed
Reference Frame

Earth-Fixed .
Reference Frame..- '

Z

(=

The equations of motion are

V — xwind _ mV _gsin,y
m m
FZ
) - g
o =—""9 4+ qg+=>cos
my 4Ty %Y
g=6 =—Myb°d>’ ~Iwa
Iy,
y=q-a
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Custom Variable Mass 3DoF (Wind Axes)

where the applied forces are assumed to act at the center of gravity
of the body.

.
Dla Iog E! Function Block Parameters: Custom Yariable Mass x|

Box — D0 wind EoM [mask) (ink)

Integrate the three-degrees-of-freedon equations of matian in wind axes o determine
poszition, velacity, attitude, and related values.

—Parameters

Units: | Metric: [MKS)

|
=l

I ass type: I Cugtom Yariable

Initial airzpeed;
{100

Imitial flight path angle:
[0

Initial incidence:

i

Imitial body rotation rate:
fo

Imitial position [ 2):

[CI]

Gravity source: I External LI

Apply |

Units
Specifies the input and output units:
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Custom Variable Mass 3DoF (Wind Axes)

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton  Newton  Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Custom Variable selection conforms to the previously
described equations of motion.

Initial airspeed
A scalar value for the initial velocity of the body, (V).

Initial flight path angle
A scalar value for the initial pitch attitude of the body, (y,).
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Custom Variable Mass 3DoF (Wind Axes)

Inputs and
Outputs

5-156

Initial incidence
A scalar value for the initial angle between the velocity vector
and the body, (a,).

Initial body rotation rate
A scalar value for the initial body rotation rate, (q,).

Initial position (x,z)
A two-element vector containing the initial location of the body in
the Earth-fixed reference frame.

Gravity Source
Specify source of gravity:

External Variable gravity input to block
Internal Constant gravity specified in mask
Acceleration due to gravity
A scalar value for the acceleration due to gravity used if internal

gravity source is selected. If gravity is to be neglected in the
simulation, this value can be set to 0.

Input Dimension Description

Type

First Contains the force acting along the wind
x-axis, (F).

Second Contains the force acting along the wind
z-axis, (F)).

Third Contains the applied pitch moment in body
axes, (M).

Fourth . .

our Contains the rate of change of mass, (m) .
Fifth Contains the mass, (m).



Custom Variable Mass 3DoF (Wind Axes)

Reference

See Also

Dimension
Type

Input

Sixth

Seventh

Eighth
(Optional)

Description

Contains the rate of change of inertia tensor

matrix, (Iyy) .
Contains the inertia tensor matrix, (Iyy).

Contains the gravity in the selected units.

Output Dimension
Type
First

Second
Third

Fourth Two-element

vector

Fifth  Two-element
vector

Sixth Two-element
vector

Seventh Scalar

Description

Contains the flight path angle, in radians (y).

Contains the pitch angular rate, in radians
per second (@ y).

Contains the pitch angular acceleration, in
radians per second squared (dwy/dt).

Contains the location of the body, in the
Earth-fixed reference frame, (Xe, Ze).

Contains the velocity of the body resolved into
the wind-fixed coordinate frame, (V, 0).

Contains the acceleration of the body resolved
into the body-fixed coordinate frame, (Ax, Az).

Contains the angle of attack, (a).

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

3DoF (Body Axes)
3DoF (Wind Axes)

4th Order Point Mass (Longitudinal)
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Custom Variable Mass 3DoF (Wind Axes)

Custom Variable Mass 3DoF (Body Axes)
Simple Variable Mass 3DoF (Body Axes)
Simple Variable Mass 3DoF (Wind Axes)

5-158



Custom Variable Mass 6DoF (Euler Angles)

Purpose Implement Euler angle representation of six-degrees-of-freedom
equations of motion of custom variable mass

Libra ry Equations of Motion/6DoF

Description The Custom Variable Mass 6DoF (Euler Angles) block considers the
— rotation of a body-fixed coordinate frame (X,, Y,, Z,) about a flat Earth
m v;"?m: reference frame (X,, Y,, Z). The origin of the body-fixed coordinate
R povind frame is the center of gravity of the body, and the body is assumed to

¥, ) be rigid, an assumption that eliminates the need to consider the forces
acting between individual elements of mass. The flat Earth reference

M__ ibl-m)
o Eukringks

i fkg)
Gusom Varsble o (o

vt sy " deatdt
el ,mat  frame is considered inertial, an excellent approximation that allows
the forces due to the Earth’s motion relative to the “fixed stars” to be
neglected.
Center of
gravity Xb

Ye
Ze

Flat Earth reference frame

The translational motion of the body-fixed coordinate frame is given
below, where the applied forces [F, F, F]" are in the body-fixed frame.
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Custom Variable Mass 6DoF (Euler Angles)

5-160

sz F =m(‘7b+cT)><Vb)+me

p
Vbz Uy ,C(_)Z q
r

The rotational dynamics of the body-fixed frame are given below, where
the applied moments are [L M N]T, and the inertia tensor I is with
respect to the origin O.

L
Mg =|M|=1d+ax(Id)+1d
N
Ixx _Ixy _Ixz
I=\-1,, I1,, -I,
__sz _Izy Izz i
jxx _Ixy _Ixz
I=\-Iy I, -l
__sz _Izy Izz )

The relationship between the body-fixed angular velocity vector, [p g r]7,

and the rate of change of the Euler angles, [¢ 6 l/]]T , can be determined
by resolving the Euler rates into the body-fixed coordinate frame.



Custom Variable Mass

6DoF (Euler Angles)

p
q =
r

Dialog
Box

ol 1
0[+]0
0 0

0 0 0 1 0 0 |fcosO
cos¢p sing|[0|+]|0 cos¢ sing|l 0
—sing cos¢ || O 0 -sin¢g cos¢|[sin6 O

0
1

—sin6 || 0 ¢
0 |[o]|=J76
cosfO ||y W

0] p 1 (singtanB) (cos¢tan®) || p
0(=J|q|=]0 cos¢ —sin¢ q
4 r 0 sin ¢ cos¢ r
cos@ cos@
[)Function Block Parameters: Custom Yariable Mas x|
— BDaF Eob [Body Axiz) [mazk] (link)
Integrate the six-degrees-of-freedom equations of mation in body axis.
— Parameter
Units: |Metric [MK.S) |
Mass type: |Eustom Wariable LI
Reprezentation: IE uler Angles LI
Initial position in inertial azes [©e e Ze]:
Jlooo
Initial welocity in body axes [ wv.w]:
Jlooo
Initial Evler arientation [rall, pitch, paw]:
Jlooo
Initial body rotation rates [poa.rl:
Jlnoa]
oK Carncel Help Spply

Inverting J then gives the required relationship to determine the Euler
rate vector.
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Custom Variable Mass 6DoF (Euler Angles)

Units
Specifies the input and output units:

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton  Newton  Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Custom Variable selection conforms to the previously
described equations of motion.

Representation
Select the representation to use:
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Custom Variable Mass 6DoF (Euler Angles)
|

Euler Angles Use Euler angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.

The Euler Angles selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial velocity in body axes
The three-element vector for the initial velocity in the body-fixed
coordinate frame.

Initial Euler rotation
The three-element vector for the initial Euler rotation angles [roll,
pitch, yaw], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Inputs and Input Dimension  Description
Outputs Type
First  Vector Contains the three applied forces.
Second Vector Contains the three applied moments.
Third Scalar Contains the rate of change of mass.
Fourth Scalar Contains the mass.
Fifth  3-by-3 Contains the rate of change of inertia tensor
matrix matrix.
Sixth  3-by-3 Contains the inertia tensor matrix.
matrix
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Custom Variable Mass 6DoF (Euler Angles)

Output Dimension  Description

Type
First  Three-element Contains the velocity in the flat Earth
vector reference frame.

Second Three-element Contains the position in the flat Earth
vector reference frame.

Third Three-element Contains the Euler rotation angles [roll,

vector pitch, yaw], in radians.
Fourth 3-by-3 Contains the coordinate transformation from
matrix flat Earth axes to body-fixed axes.

Fifth  Three-element Contains the velocity in the body-fixed frame.
vector

Sixth  Three-element Contains the angular rates in body-fixed axes,
vector in radians per second.

Seventh Three-element Contains the angular accelerations in
vector body-fixed axes, in radians per second.

Eight Three-element Contains the accelerations in body-fixed axes.
vector

Assumptions The block assumes that the applied forces are acting at the center of

and gravity of the body.
Limitations
Reference Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB

Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.

See Also 6DoF (Euler Angles)
6DoF (Quaternion)
6DoF ECEF (Quaternion)
6DoF Wind (Quaternion)
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Custom Variable Mass 6DoF (Euler Angles)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Custom Variable Mass 6DoF (Quaternion)

Purpose

Library

Description

Foe 1)
)
vt (i)
m (ka)

dlfdt (kg -miis)

1 flg-m)

Quatemion

Cus‘uanamE @ (rmais)

W (mis)
;g ()
$8y (=)
Do

¥, imis)

deasdt
ENUTES]
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Implement quaternion representation of six-degrees-of-freedom
equations of motion of custom variable mass with respect to body axes

Equations of Motion/6DoF

For a description of the coordinate system and the translational
dynamics, see the block description for the Custom Variable Mass 6DoF
(Euler Angles) block.

The integration of the rate of change of the quaternion vector is given
below. The gain K drives the norm of the quaternion state vector to

1.0 should & become nonzero. You must choose the value of this gain
with care, because a large value improves the decay rate of the error
in the norm, but also slows the simulation because fast dynamics are
introduced. An error in the magnitude in one element of the quaternion
vector is spread equally among all the elements, potentially increasing
the error in the state vector.

do 0 -p —q¢ -r|lq 90
) 0 ro -

Clll _ % P q || 91 +Ke a1
qo qg - 0 plla 99
qs3 r q -p 0]lgs qs3

2, 2., 2., 2
e=1-(q" +q1” +q2" +q3”)



Custom Variable Mass 6DoF (Quaternion)

Dialog
Box

Units Forces

Metric Newton
(MKS)

English  Pound
(Velocity

in
ft/s)

English  Pound
(Velocity
in kts)

E!Function Block Parameters: Custom Yariable Mas

— BDoF Eokd [Body Axis] [maszk)] (link)

Integrate the siv-degrees-of-freedom equations of motion in body axis.

— Parameter

Units: [Metric [MKS)

Mass type: ICustom Wariable

Reprezentation: IE!uatemion

Initial pozition in inertial axes [<ev'e Za]:

Ll Lef Lol

Jlooo

Initial welocity in body axes [ w,w]:

Jlooo

Initial Euler orientation [rall, pitch, yaw]:

Jlooo

Initial body rotation rates [pog.rk

Jlooo

Gain for quaternion normalization:

o

Cancel | Help

Ay

Units

Specifies the input and output units:

Moment Acceleration  Velocity Position Mass

Newton  Meters per Meters
meter second squared per

second
Foot Feet per second Feet
pound squared per

second
Foot Feet per second Knots
pound squared

Meters
Feet Slug
Feet Slug

Kilogram

Inertia

Kilogram
meter
squared

Slug
foot
squared

Slug
foot
squared
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Custom Variable Mass 6DoF (Quaternion)

Mass Type
Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a function
of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Custom Variable selection conforms to the previously
described equations of motion.

Representation
Select the representation to use:

Euler Angles Use Euler angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.

The Quaternion selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial velocity in body axes
The three-element vector for the initial velocity in the body-fixed
coordinate frame.

Initial Euler rotation
The three-element vector for the initial Euler rotation angles [roll,
pitch, yaw], in radians.
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Custom Variable Mass 6DoF (Quaternion)

Inputs and
Outputs

Initial body rotation rates

The three-element vector for the initial body-fixed angular rates,

in radians per second.

Gain for quaternion normalization
The gain to maintain the norm of the quaternion vector equal

to 1.0.
Input Dimension Description
Type
First  Vector Contains the three applied forces.
Second Vector Contains the three applied moments.
Third Scalar Contains the rate of change of mass.
Fourth Scalar Contains the mass.
Fifth  3-by-3 Contains the rate of change of inertia tensor
matrix matrix.
Sixth  3-by-3 Contains the inertia tensor matrix.
matrix

Output Dimension

First

Second

Third

Fourth

Type
Three-element
vector

Three-element
vector

Three-element
vector

3-by-3
matrix

Description

Contains the velocity in the flat Earth
reference frame.

Contains the position in the flat Earth
reference frame.

Contains the Euler rotation angles [roll,
pitch, yaw], in radians.

Contains the coordinate transformation from
flat Earth axes to body-fixed axes.
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Custom Variable Mass 6DoF (Quaternion)

Assumptions
and
Limitations

Reference

See Also

5-170

Output Dimension  Description
Type

Fifth  Three-element Contains the velocity in the body-fixed frame.
vector

Sixth  Three-element Contains the angular rates in body-fixed axes,
vector in radians per second.

Seventh Three-element Contains the angular accelerations in
vector body-fixed axes, in radians per second.

Eight Three-element Contains the accelerations in body-fixed axes.
vector

The block assumes that the applied forces are acting at the center of
gravity of the body.

Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB
Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.
6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)

Custom Variable Mass 6DoF (Euler Angles)

Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)



Custom Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Custom Variable Mass 6DoF ECEF (Quaternion)

Purpose
.
Library
o L
Description
VT
Fonl T
Ih
Mt B eevind
DM,
et thgs) oom,,
DOM, |
R WAL
Mass g ()
i fegrefis) @ pdis)
e Fiett]
| gt} 4
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Implement quaternion representation of six-degrees-of-freedom
equations of motion of custom variable mass in Earth-centered
Earth-fixed (ECEF) coordinates

Equations of Motion/6DoF

The Custom Variable Mass 6DoF ECEF (Quaternion) block considers
the rotation of a Earth-centered Earth-fixed (ECEF) coordinate frame
Xgcrr Yoepr Zgpcpp) about an Earth-centered inertial (ECI) reference
frame (X, Yuep Zgep- The origin of the ECEF coordinate frame is the
center of the Earth, additionally the body of interest is assumed to be
rigid, an assumption that eliminates the need to consider the forces
acting between individual elements of mass. The representation of the
rotation of ECEF frame from ECI frame is simplified to consider only the
constant rotation of the ellipsoid Earth (®,) including an initial celestial
longitude (L;(0)). This excellent approximation allows the forces due to
the Earth’s complex motion relative to the “fixed stars” to be neglected.



Custom Variable Mass 6DoF ECEF (Quaternion)

ZE:EB? ZEGI

Horth

Greervwich
meridian

The translational motion of the ECEF coordinate frame is given below,
where the applied forces [F, I ) F]" are in the body frame.

Fb = = m(Vb +(1_)b XVb +DCbeCT)e va)-i-DCbe ((x_)e X(CT)e X)_(f))

NSRS IS

+112(Viy + DCMipp (@, x X))

where the change of position in ECEF o?f is calculated by

xXr = DCMyV,
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Custom Variable Mass 6DoF ECEF (Quaternion)

and the velocity of the body with respect to ECEF frame, expressed in
body frame (Vb) , angular rates of the body with respect to ECI frame,

expressed in body frame (@) . Earth rotation rate (®,), and relative
angular rates of the body with respect to north-east-down (NED) frame,

expressed in body frame (@,,;) are defined as

u p 0
b=V [ @ =|q |0 =| 0 |0 =g +DCbeCT)e + DCM o 0y,0q
w K o,
[cosu | Vg /(N +h)
Opeq = —i = _VN/(M+h)
—isinyu| | Vg etan /(N +h)

The rotational dynamics of the body defined in body-fixed frame are
given below, where the applied moments are [L M N]T, and the inertia
tensor I is with respect to the origin O.

L
My =| M | =1y +ayxTay)+ Iy,
N
Ixx _Ixy _Ixz
I=\-1,, I, -I,
_sz _Izy Izz

The rate of change of the inertia tensor is defined by the following
equation.
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Dialog
Box

Ixx _jxy _j&z
I=(-1I yx I o -1 yz
-1 zx -1 zy I zz

The integration of the rate of change of the quaternion vector is given
below.

do 0 w(1) @(2) @(3) |[a0
] —-1Y —0p(1) 0 -0,(3) @(2) || ot
do 2wy (2) @(3) 0 -o(1)|
ds3 ~0p(3) —wy(2) (1) 0 Jlas

E! Function Block Parameters: Custom Variable Mz |
’—GD::F EoM (ECEF) {mask) {ink)

Integrate the six-degrees-of-freedom equations of motion using a quaternion
representation for the orientation of the body in space.

Main | Planetl

Mass type: ICusbom Variable ;I

Initial position in geodetic latitude, longitude, altitude [mu,l,h]:
oo

Initial velodity in body axes [U,v,w]:

oo

Initial Euler orientation [roll, pitch, yaw]:
oo

Initial body rotation rates [p,q,r]:
lod

CK I Cancel Help Apply
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E! Function Block Parameters: Custom Variable x|
’—GDOF EoM (ECEF) {mask) {ink)

Integrate the six-degrees-of-freedom equations of motion using a quaternion
representation for the orientation of the body in space.

Main Planet

Planet model: |ZEERNIICE0

Celestial longitude of Greenwich source: IInternaI LI

Celestial longitude of Greenwich [deg]:
Jo

oK I Cancel | Help Apply

Units
Specifies the input and output units:

Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton  Newton  Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared
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Mass type
Select the type of mass to use:

Fixed Mass is constant throughout
the simulation (see 6DoF ECEF
(Quaternion)).

Simple Variable Mass and inertia vary linearly

as a function of mass rate (see
Simple Variable Mass 6DoF ECEF
(Quaternion)).

Custom Variable Mass and inertia variations are
customizable.

The Simple Variable selection conforms to the previously
described equations of motion.

Initial position in geodetic latitude, longitude and altitude
The three-element vector for the initial location of the body in
the geodetic reference frame.

Initial velocity in body-axis
The three-element vector containing the initial velocity of the
body with respect to ECEF frame, expressed in body frame.

Initial Euler orientation
The three-element vector containing the initial Euler rotation
angles [roll, pitch, yaw], in radians. Euler rotation angles are
those between the body and north-east-down (NED) coordinate
systems.

Initial body rotation rates
The three-element vector for the initial angular rates of the body
with respect to NED frame, expressed in body frame, in radians
per second.

Planet model
Specifies the planet model to use, Custom or Earth (WGS84).
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Flattening
Specifies the flattening of the planet. This option is only available
when Planet model is set to Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
ECEF position. This option is only available when Planet model
is set to Custom.

Rotational rate
Specifies the scalar rotational rate of the planet in rad/s. This
option is only available when Planet model is set to Custom.

Celestial longitude of Greenwich source
Specifies the source of Greenwich meridian’s initial celestial

longitude:
Internal Use celestial longitude value from
mask dialog.
External Use external input for celestial

longitude value.

Celestial longitude of Greenwich
The initial angle between Greenwich meridian and the x-axis of
the ECI frame.

:';PU"S and Input Dimension Type Description
utputs First Vector Contains the three applied forces in
body-fixed axes.
Second Vector Contains the three applied moments
in body-fixed axes.
Third Scalar Contains the rate of change of mass.
Fourth Scalar Contains the mass.
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Input Dimension Type Description
Fifth 3-by-3 matrix Applies to the rate of change of
inertia tensor matrix.
Sixth 3-by-3 matrix Applies to the inertia tensor matrix.
Output Dimension Type Description
First Three-element Contains the velocity of the body with
vector respect to ECEF frame, expressed in
ECEF frame.
Second Three-element Contains the position in the ECEF
vector reference frame.
Third Three-element Contains the position in geodetic
vector latitude, longitude and altitude, in
degrees, degrees and selected units
of length respectively.
Fourth Three-element Contains the body rotation angles
vector [roll, pitch, yaw], in radians. Euler
rotation angles are those between the
body and NED coordinate systems.
Fifth 3-by-3 matrix Applies to the coordinate
transformation from ECI axes
to body-fixed axes.
Sixth 3-by-3 matrix Applies to the coordinate
transformation from NED axes
to body-fixed axes.
Seventh  3-by-3 matrix Applies to the coordinate
transformation from ECEF axes to
NED axes.
Eighth Three-element Contains the velocity of the body with

vector

respect to ECEF frame, expressed in
body frame.
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Assumptions
and
Limitations

5-180

Output Dimension Type Description

Ninth Three-element Contains the relative angular rates
vector of the body with respect to NED
frame, expressed in body frame, in
radians per second.

Tenth Three-element Contains the angular rates of the
vector body with respect to ECI frame,
expressed in body frame, in radians
per second.
Eleventh Three-element Contains the angular accelerations of
vector the body with respect to ECI frame,
expressed in body frame, in radians
per second.
Twelfth  Three-element Contains the accelerations in
vector body-fixed axes.

This implementation assumes that the applied forces are acting at the
center of gravity of the body.

This implementation generates a geodetic latitude that lies between +90
degrees, and longitude that lies between £180 degrees. Additionally,
the MSL altitude is approximate.

The Earth is assumed to be ellipsoidal. By setting flattening to 0.0, a
spherical planet can be achieved. The Earth’s precession, nutation,
and polar motion are neglected. The celestial longitude of Greenwich
is Greenwich Mean Sidereal Time (GMST) and provides a rough
approximation to the sidereal time.

The implementation of the ECEF coordinate system assumes that the

origin is at the center of the planet, the x-axis intersects the Greenwich
meridian and the equator, the z-axis is the mean spin axis of the planet,
positive to the north, and the y-axis completes the right-handed system.

The implementation of the ECI coordinate system assumes that the
origin is at the center of the planet, the x-axis is the continuation of
the line from the center of the Earth through the center of the Sun
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References

See Also

toward the vernal equinox, the z-axis points in the direction of the
mean equatorial plane’s north pole, positive to the north, and the y-axis
completes the right-handed system.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, Second
Edition, John Wiley & Sons, New York, 2003.

McFarland, Richard E., A Standard Kinematic Model for Flight
simulation at NASA-Ames, NASA CR-2497.

“Supplement to Department of Defense World Geodetic System 1984
Technical Report: Part I - Methods, Techniques and Data Used in
WGS84 Development,” DMA TR8350.2-A.

6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Purpose
.
Library
o L
Description
Foyz M )
Wird #,
My femt Cmtemion wyy (ad
[
dric fegis) W, )
- wp (md)
Custom Vanable it it
Wass & (R
diédtt fugnis) e it
s
| kg e
Ye
Ze

Implement quaternion representation of six-degrees-of-freedom
equations of motion of custom variable mass with respect to wind axes

Equations of Motion/6DoF

The Custom Variable Mass 6DoF Wind (Quaternion) block considers the
rotation of a wind-fixed coordinate frame (X,,Y,, Z ) about an flat Earth
reference frame (X,,Y,, Z,). The origin of the wind-fixed coordinate frame
is the center of gravity of the body, and the body is assumed to be rigid,
an assumption that eliminates the need to consider the forces acting
between individual elements of mass. The flat Earth reference frame is
considered inertial, an excellent approximation that allows the forces
due to the Earth’s motion relative to the “fixed stars” to be neglected.

Center of
gravity

Xw, V

- Wind-fixed
reference frame

Xe Yw
Zw

Flat Earth reference frame
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The translational motion of the wind-fixed coordinate frame is given
below, where the applied forces [F, F L F]"are in the wind-fixed frame.
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Fx
F,=|F, |=mV, +@,xV,)+mV,
L F;
4 Pw Py — Bsina Py
Vw= 0 (,o,=|q, |=DMC,, Qy—a |, Wy =|qp
10 Tw 1, + B cosa Ty

The rotational dynamics of the body-fixed frame are given below, where
the applied moments are [L M N]T, and the inertia tensor I is with
respect to the origin O. Inertia tensor I is much easier to define in
body-fixed frame.

L

sz M ZI(f)b-l-@bX(I@b)-i-I'@b
N
Ixx _Ixy _Ixz

I=\-1, I, -I,

_sz _Izy Izz
The integration of the rate of change of the quaternion vector is given
below.
90 0 p g |
Qu|__1-p 0 -1 q ||l&
o 2l-g v 0 -pflg
g3 -r—q p 0 |[q3
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Dialog
Box
Units Forces
Metric Newton
(MKS)
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English  Pound
(Velocity

in
ft/s)

English  Pound
(Velocity
in kts)

[Z]Function Block Parameters: Custom ¥ariable Mas |
— BDoF Eoh Mwfind Axiz) (mazk] [link)
Integrate the sik-degrees-of-freedom equations of motion in wind axis.
— Parameter
Units: [Metric [MK5) =|
I ass type: ICustUm Wariable ;I
Fepresentation: Iﬂuatemion LI
|nitial pozition in inertial axes [Hev'e Zel:
oo
Initial airzpeed, angle of attack, and zideslip angle [V .alpha.betal:
oo
Imitial wind crientation [bank angle Hight path angle heading angle]:
jimon
Imitial body ratation rates [p.q.rl
jimon
Cancel | Help Apply
Units
Specifies the input and output units:
Moment Acceleration Velocity Position Mass
Newton  Meters Meters Meters  Kilogram
meter per second per
squared second
Foot Feet per Feet per Feet Slug
pound second second
squared
Foot Feet per Knots Feet Slug
pound second
squared

Inertia

Kilogram
meter
squared

Slug
foot
squared

Slug
foot
squared
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Mass Type
Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and 1inertia variations are
customizable.

The Custom Variable selection conforms to the previously
described equations of motion.

Representation
Select the representation to use:

Wind Angles Use wind angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.

The Quaternion selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial airspeed, sideslip angle, and angle of attack
The three-element vector containing the initial airspeed, initial
sideslip angle and initial angle of attack.

Initial wind orientation
The three-element vector containing the initial wind angles [bank,
flight path, and heading], in radians.
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Inputs and
Outputs

5-186

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Input Dimension Type Description

First Vector Contains the three applied forces in
wind-fixed axes.

Second Vector Contains the three applied moments
in body-fixed axes.

Third Scalar Contains the rate of change of mass.

Fourth Scalar Contains the mass.

Fifth 3-by-3 matrix Applies to the rate of change of
inertia tensor matrix in body-fixed
axes.

Sixth 3-by-3 matrix Applies to the inertia tensor matrix
in body-fixed axes.

Output Dimension Type Description

First Three-element Contains the velocity in the flat

vector Earth reference frame

Second Three-element Contains the position in the flat

vector Earth reference frame.

Third Three-element Contains the wind rotation angles

vector [bank, flight path, heading], in
radians.

Fourth 3-by-3 matrix Applies to the coordinate
transformation from flat Earth
axes to wind-fixed axes.

Fifth Three-element Contains to the velocity in the

vector

wind-fixed frame.
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Output Dimension Type Description

Sixth Two-element Contains the angle of attack and
vector sideslip angle, in radians.
Seventh  Two-element Contains the rate of change of angle
vector of attack and rate of change of
sideslip angle, in radians per second.
Eighth Three-element Contains the angular rates in
vector body-fixed axes, in radians per
second.
Ninth Three-element Contains the angular accelerations
vector in body-fixed axes, in radians per
second.
Tenth Three-element Contains the accelerations in
vector body-fixed axes.

Assumptions The block assumes that the applied forces are acting at the center of
and gravity of the body.

Limitations

References Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB
Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.
Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

See Also 6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)

5-187



Custom Variable Mass 6DoF Wind (Quaternion)

Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Purpose
L]
Library
L L
Description
Fiya M W i)
ik Wird X° fmi
Mo M Wird Anges wgtmcn
it fegis) W, )
b b i)
Customn Vanable daddt cpidt
Mass o (mdiE)
dlict fegrris) da it
i
| gy %

Implement wind angle representation of six-degrees-of-freedom
equations of motion of custom variable mass

Equations of Motion/6DoF

For a description of the coordinate system employed and the
translational dynamics, see the block description for the Custom
Variable Mass 6DoF Wind (Quaternion) block.

The relationship between the wind angles, [i y x]T, can be determined
by resolving the wind rates into the wind-fixed coordinate frame.

Pw il 10 0 0 1 0 0 cosy 0 —siny (|0 i
9y |=|0|+|0 cospy sinu|[y|+]0 cosy sinp||0 1 0 0l=J! y
Ty 0 0 —sinpy cosul|l0O 0 —sinpg cosul|lsiny O cosy ||z x

Inverting J then gives the required relationship to determine the wind
rate vector.

i Pw 1 (sinutany) (cosutany) || p,

vy [=J|q, |=|0 cosu —sin u 9w

X Tw 0 sinp cosp Tw
cosy cosy

The body-fixed angular rates are related to the wind-fixed angular rate
by the following equation.

Pw pp—Bsina
qw = DMCwb qb —a
Tw + ,B cosa

Using this relationship in the wind rate vector equations, gives the
relationship between the wind rate vector and the body-fixed angular
rates.
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Dialog
Box

5-190

i Pu 1 (sinutany) (cosutany)
v [=J|q, |=|0 cosu —sinu
X o 0 sin u cos

cosy cosy

=] Function Block Parametets: Custom ¥ariable Mass

DMC,,,

— BDoF Eobd [wind Axis) [mask] (link)

Integrate the sit-degrees-of-freedom equations of mation in wind axis.

— Parameter:

Units: [Metric: [MK5)

I ass type: ICustUm “ariable

Representation: |Wind Angles

Initial position in inertial anes [FeYele]

Ll L Lo

jiooo

Initial sirzpeed, angle of attack, and zidezlip angle [, alpha betal:

jimoo

Initial wind arientation [bank angle fight path angle heading angle]:

jimoo

Imitial body ratation rates [p.q.rl

jlmoo

Cancel | Help

Apply

pp — Bsina
Q-
1, + B cosa

Units
Specifies the input and output units:
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Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout the
simulation.

Simple Variable Mass and inertia vary linearly as a
function of mass rate.

Custom Variable Mass and inertia variations are
customizable.

The Custom Variable selection conforms to the previously
described equations of motion.

Representation
Select the representation to use:

Wind Angles Use wind angles within equations of
motion.

Quaternion Use quaternions within equations of
motion.
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The Wind Angles selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial airspeed, sideslip angle, and angle of attack
The three-element vector containing the initial airspeed, initial
sideslip angle and initial angle of attack.

Initial wind orientation
The three-element vector containing the initial wind angles [bank,
flight path, and heading], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

:';PU"S and Input Dimension Type Description
utputs First Vector Contains the three applied forces in
wind-fixed axes.

Second Vector Contains the three applied moments
in body-fixed axes.

Third Scalar Contains the rate of change of mass.

Fourth Scalar Contains the mass.

Fifth 3-by-3 matrix Applies to the rate of change of
inertia tensor matrix in body-fixed
axes.

Sixth 3-by-3 matrix Applies to the inertia tensor matrix

in body-fixed axes.
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Output
First

Second

Third

Fourth

Fifth
Sixth

Seventh

Eighth

Ninth

Tenth

Dimension Type

Three-element
vector

Three-element
vector

Three-element
vector

3-by-3 matrix

Three-element
vector

Two-element
vector

Two-element
vector

Three-element
vector

Three-element
vector

Three-element
vector

Description

Contains the velocity in the flat
Earth reference frame.

Contains the position in the flat
Earth reference frame.

Contains the wind rotation angles
[bank, flight path, heading], in
radians.

Applies to the coordinate
transformation from flat Earth
axes to wind-fixed axes.

Contains the velocity in the
wind-fixed frame.

Contains the angle of attack and
sideslip angle, in radians.

Contains the rate of change of angle
of attack and rate of change of
sideslip angle, in radians per second.

Contains the angular rates in
body-fixed axes, in radians per
second.

Contains the angular accelerations
in body-fixed axes, in radians per
second.

Contains the accelerations in
body-fixed axes.

Assumptions The block assumes that the applied forces are acting at the center of
and gravity of the body.

Limitations
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References Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB
Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

See Also 6DoF (Euler Angles)
6DoF (Quaternion)
6DoF ECEF (Quaternion)
6DoF Wind (Quaternion)
6DoF Wind (Wind Angles)
6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Density Conversion

Purpose
Library

Description

bt —* lgim® F

Dialog
Box

Convert from density units to desired density units

Utilities/Unit Conversions

The Density Conversion block computes the

conversion factor from

specified input density units to specified output density units and
applies the conversion factor to the input signal.

The Density Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

Block Parameters: Density Conversion |
— Density Correersion [maszk] [link)
Convert units of input signal to desired output units.
— Parameters
Initial units: ||bm,.!ﬂ"3 j
Final units: Ikg;m“3 j
0K | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

lbm/ft3 Pound mass per cub
kg/m3 Kilograms per cubic
slug/ft? Slugs per cubic foot
lbm/in3 Pound mass per cub

ic foot

meter

ic inch
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Inputs and
Outputs

See Also

5-196

Input Dimension Type
First

Description

Contains the density, in initial
density units.

Output Dimension Type
First

Description

Contains the density, in final density
units.

Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Force Conversion

Length Conversion

Mass Conversion

Pressure Conversion
Temperature Conversion

Velocity Conversion



Determinant of 3x3 Matrix

Purpose
Library

Description

detia)
(=3

T

Dialog
Box

Inputs and
Outputs

See Also

Compute determinant of matrix
Utilities/Math Operations

The Determinant of 3x3 Matrix block computes the determinant for
the input matrix.

The input matrix has the form of

A A Agg
A=|Ay Ay Ay
Agy Agg Agg

The determinant of the matrix has the form of

det(A) = AII(A22A33 - A23A32) - A12 (A21A33 - A23A31) + A13 (A21A32 - A22A31)

Block Parameters: Determinant of 3%3 M3 |

" Determinant of 313 Matrix [mazk] [ink)

Compute the determinant of 343 matris.

0K I Cancel | Help | Apply

Input Dimension Type Description

First 3-by-3 matrix

Output Dimension Type Description

First Contains the determinant of input
matrix.

Adjoint of 3x3 Matrix
Create 3x3 Matrix
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Invert 3x3 Matrix
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Digital DATCOM Forces and Moments

Purpose

Library

Description

o (rad)

fi (rad) F ooy M
Mach

h (m)

Ty (P Mg (H-m)
\fm(m.l’s)

Compute aerodynamic forces and moments using Digital DATCOM
static and dynamic stability derivatives

Aerodynamics

The Digital DATCOM Forces and Moments block computes the
aerodynamic forces and moments about the center of gravity using
aerodynamic coefficients from Digital DATCOM.

Algorithms for calculating forces and moments build up the overall
aerodynamic forces and moments (F and M) from data contained in the
Digital DATCOM structure parameter:

F= Fstatic + den
M= Mstatic + Mdyn
F ... and M_ . are the static contribution, and F  and M,  the

dynamic contribution, to the aerodynamic coefficients. If the dynamic
characteristics are not contained in the Digital DATCOM structure
parameter, their contribution is set to zero.

Static Stability Characteristics

Static stability characteristics include the following.

Coefficient Meaning

Cp Matrix of drag coefficients. These coefficients are
defined positive for an aft-acting load.

C, Matrix of lift coefficients. These coefficients are defined
positive for an up-acting load.

C, Matrix of pitching-moment coefficients. These

coefficients are defined positive for a nose-up rotation.

Cys Matrix of derivatives of side-force coefficients with
respect to sideslip angle



Digital DATCOM Forces and Moments

5-200

Coefficient
CnB

CIB

Meaning

Matrix of derivatives of yawing-moment coefficients
with respect to sideslip angle

Matrix of derivatives of rolling-moment coefficients
with respect to sideslip angle

These are the static contributions to the aerodynamic coefficients in

stability axes.

C’D static = CVD
C’y static = CYBB
C’L static = CVL
C static = CieB
Cm static = CVM
Cn static = CnBB

Dynamic Stability Characteristics

Dynamic stability characteristics include the following.

Coefficient
Clq

C

mq
CLdu/dt
Cmdu/dt

G

p

Meaning
Matrix of rolling-moment derivatives due to pitch rate

Matrix of pitching-moment derivatives due to pitch
rate

Matrix of lift force derivatives due to rate of angle of
attack

Matrix of pitching-moment derivatives due to rate of
angle of attack

Matrix of rolling-moment derivatives due to roll rate
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Coefficient Meaning

Cy, Matrix of lateral force derivatives due to roll rate

Cpp Matrix of yawing-moment derivatives due to roll rate
C,. Matrix of yawing-moment derivatives due to yaw rate
C, Matrix of rolling-moment derivatives due to yaw rate

These are the dynamic contributions to the aerodynamic coefficients
in stability axes.

Cp gyn =0

Cy dyn = CypPlbres /2V)

CL dyn = CLgG(Chay / 2V)

C) gyn = Cipp+C1qq +Cpyr)byeg / 2V)
Cin dyn = Cingq +Cing@)(Cay / 2V)
Ch dyn = Copp +Crpy ) byer 1 2V)
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.
Dialog [E1Function Block Parameters: Digite X|
Box —Digital DATCOM Forces and Moments [mask)
Compute the aerodynamic forces and moments wsing Digital DATCOM static and
dynamic stability denvatives.
—Parameters
Units: | Metric: [ME5) =]
Diigital DATCOM structure:
Idigdatstruct
Force a:-tes:l Body ;I
|rterpalation methnd:l Lirear ;I
E strapolation method:l Linear ;I
Process out of range input:l Linear Extrapolation ;I
Action far out of range input:l Maohe ;I

ok I Cancel | Help | Apply |

Units
Specifies the input and output units:

Units Force Moment Length  Velocity Pressure

Metric (MKS) Newton Newton- Meters Meters per Pascal
meter second

English Pound Foot-pound  Feet Feet per second Pound per

(Velocity in square inch

ft/s)

English Pound Foot-pound  Feet Knots Pound per

(Velocity in square inch

kts)

Digital DATCOM structure
Specifies the MATLAB structure containing the digital DATCOM
data. This structure is generated by the Aerospace Toolbox
function datcomimport.
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Digital DATCOM Forces and Moments

Inputs and
Outputs

Force axes

Specifies coordinate system for aerodynamic force: Body or Wind.

Interpolation method
None (flat) or Linear

Extrapolation method
None (clip) or Linear

Process out of range input

Specifies how to handle out-of-range input: Linear
Extrapolation or Clip to Range.

Action for out of range input

Specifies if out-of-range input invokes a warning, an error, or

no action.

Input Dimension Type Description

First 3-by-3 matrix Contains the angle of attack.

Second Contains the sideslip angle, in
radians.

Third Contains the Mach number.

Fourth Contains the altitude, in selected
length units.

Fifth Contains the dynamic pressure, in
selected pressure units.

Sixth Contains the velocity, selected
velocity units and selected force axes.

Seventh Contains the angle of attack rate, in

(Optional) radians per second.

Eight Contains the body angular rates, in

(Optional) radians per second.
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Digital DATCOM Forces and Moments

Assumptions
and
Limitations

References

5-204

Input Dimension Type Description

Ninth Contains the ground height, in select
(Optional) units of length

Tenth Contains the control surface
(Optional) deflections, radians.

Output Dimension Type Description

First Contains the aerodynamic forces
at the center of gravity in selected
coordinate system: Body (F,, Fy, and
F), or Wind (I}, Fy, and I}).

Second Contains the aerodynamic moments
at the center of gravity in body
coordinates (M,, M, and M).

The operational limitations of Digital DATCOM apply to the data
contained in the Digital DATCOM structure parameter. For more
information on Digital DATCOM limitations, see Section 2.4.5 of
reference [1].

The Digital DATCOM structure parameters alpha, mach, alt,
grndht, and delta must be strictly monotonically increasing to be used
with the Digital DATCOM Forces and Moments block.

The Digital DATCOM structure coefficients must correspond to the
dimensions of the breakpoints (alpha, mach, alt, grndht, and delta) to
be used with the Digital DATCOM Forces and Moments block.

[1] The USAF Stability and Control Digital Datcom,
AFFDL-TR-79-3032, 1979.

[2] Etkin, B., and L. D. Reid, Dynamics of Flight Stability and Conirol,
John Wiley & Sons, New York, 1996.



Digital DATCOM Forces and Moments

[3] Roskam, dJ., “Airplane Design Part VI: Preliminary Calculation of
Aerodynamic, Thrust and Power Characteristics,” Roskam Aviation and
Engineering Corporation, Ottawa, Kansas, 1987.

[4] Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation,
John Wiley & Sons, New York, 1992.

See Also Aerodynamic Forces and Moments
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Direction Cosine Matrix Body to Wind

Purpose

Library

Description

5-206

. fi D-Gh.ﬂ“b

Convert angle of attack and sideslip angle to direction cosine matrix

Utilities/Axes Transformations

The Direction Cosine Matrix Body to Wind block converts angle of
attack and sideslip angle into a 3-by-3 direction cosine matrix (DCM).
The DCM matrix performs the coordinate transformation of a vector in
body axes (o0x,, 0y,, 0z,) into a vector in wind axes (0x,, 0y,, 02,). The
order of the axis rotations required to bring this about is:

1 A rotation about oy, through the angle of attack (a) to axes (ox,, oy,

0z;)

2 A rotation about oz, through the sideslip angle (8) to axes (ox,, 0y,

02,)

0x9

0y9
029

0Y9

0X9 |

0%3 |

O.?CO
=DCM | 0y
OZO

cosf sinfB 0]|| cosa 0 sin af|ox
=|-sinf8 cosff O 0 1 0 0Yo
0 0 1||-sina 0 cos cf|oz

Combining the two axis transformation matrices defines the following

DCM.

cosacosfB  sinf8 sinacosf

DCM,,, =|—cosasinf8 cosf8 —sinosinf

—sina 0 coso



Direction Cosine Matrix Body to Wind

Dialog
Box

Inputs and
Outputs

Reference

See Also

ﬂ Function Block Parameters: Direction Cosine il
DCM Body to'wind [mazk]

Determing the 3-by-3 direction cosine matriz [DCK] from sideslip angle and angle of
attack [beta and alpha). The output DCM transforms vectors from body axes to wind
SNEE.

Cancel Help Apply
Input Dimension Type Description
First 2-by-1 vector Contains the angle of attack and

sideslip angle, in radians.

Output Dimension Type Description

First 3-by-3 direction Transforms body-fixed vectors to
cosine matrix wind-fixed vectors.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

Direction Cosine Matrix Body to Wind to Alpha and Beta
Direction Cosine Matrix to Rotation Angles

Direction Cosine Matrix to Wind Angles

Rotation Angles to Direction Cosine Matrix

Wind Angles to Direction Cosine Matrix
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Direction Cosine Matrix Body to Wind to Alpha and Beta
|

Purpose Convert direction cosine matrix to angle of attack and sideslip angle
Librclry Utilities/Axes Transformations
Description The Direction Cosine Matrix Body to Wind to Alpha and Beta block

converts a 3-by-3 direction cosine matrix (DCM) into angle of attack and
sideslip angle. The DCM matrix performs the coordinate transformation
of a vector in body axes (ox,, 0y,, 02,) into a vector in wind axes (ox,, 0y,
0z,). The order of the axis rotations required to bring this about is:

D-Gh.ﬂ“b T

1 A rotation about oy, through the angle of attack (a) to axes (ox,, oy,
0z,)

2 A rotation about oz, through the sideslip angle (8) to axes (ox,, 0y,

02,)
[0xs | 0xg
oyg | = DCMyp | 0y
‘_022 ] OZO
[ox5| [ cosB sinB O] cose 0 sina|fox
0yy |=|—-sinf8 cosfB O 0 1 0 |loy
| 029 | 0 0 1||-sina 0 cosc || oz

Combining the two axis transformation matrices defines the following
DCM.

cosacosfB  sinf8 sinacosf
DCM,,, =|—cosasinf8 cosf8 —sinosinf
—sino 0 cosa

To determine angles from the DCM, the following equations are used:
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Direction Cosine Matrix Body to Wind to Alpha and
Beta

Dialog
Box

Inputs and
Outputs

Assumptions
and
Limitations

Reference

See Also

o = asin(-DCM(3,1))

B =asin(DCM(1,2))

ﬂ Function Block Parameters: Direction Cosine il
DCM24E [mask] (link]

Determine a zidezlip angle and an angle of attack (beta and alpha) from the 3-by-3
direction cosine matrix (DCM) The input DCM transforms wectars from body axes to

wind ases.
Cancel Help Spply
Input Dimension Type Description
First 3-by-3 direction Transforms body-fixed vectors to
cosine matrix wind-fixed vectors.

Output Dimension Type Description

First 2-by-1 vector Contains angle of attack and sideslip
angle, in radians.

This implementation generates angles that lie between 90 degrees.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

Direction Cosine Matrix Body to Wind

Direction Cosine Matrix to Rotation Angles

Direction Cosine Matrix to Wind Angles

5-209



Direction Cosine Matrix Body to Wind to Alpha and Beta
|

Rotation Angles to Direction Cosine Matrix

Wind Angles to Direction Cosine Matrix
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Direction Cosine Matrix ECEF to NED

Purpose Convert geodetic latitude and longitude to direction cosine matrix
Librclry Utilities/Axes Transformations
Description The Direction Cosine Matrix ECEF to NED block converts geodetic

latitude and longitude into a 3-by-3 direction cosine matrix (DCM).
The DCM matrix performs the coordinate transformation of a vector in
pl  DOM 5 Earth-centered Earth-fixed (ECEF) axes (ox,, 0y,, 0z,) into a vector

in north-east-down (NED) axes (ox,, 0y,, 0z,). The order of the axis
rotations required to bring this about is:

1 A rotation about oz, through the longitude (2) to axes (ox;, 0y;, 0z;)

2 A rotation about oy, through the geodetic latitude () to axes (ox,,

0y, 02,)

[0xy | 0xg
oy | = DCMef Yo

‘_022 ] OZO

[oxy | [-sing O cospu |[ cost sint 0]foxg
oys | = 0 1 0 —-sint cost 0 || oy
|0z9 | |-cosu O —sinu 0 0 1joz

Combining the two axis transformation matrices defines the following
DCM.

—sinycost —sinusint cosu
DCMyr =| —sint cost 0
—cosucost —cosusint —sinyu
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Direction Cosine Matrix ECEF to NED

(]
Dialog x
Box DCM ECEF to NED (mask] (lirk)

Determing the 3-by-3 direction cosine matris [DCM) from geodetic latitude and
longitude [mu and I). The output DCM transforms vectaors from E arth Centered E arth
Fixed [ECEF] axes to geodetic earth or north-east-down [MED] axes.

Cancel Help Spply
IOnPU"s and Input Dimension Type Description
utputs First 2-by-1 vector Contains the geodetic latitude and

longitude, in degrees.

Output Dimension Type Description

First 3-by-3 direction Transforms ECEF vectors to NED
cosine matrix vectors.

Assumptions The implementation of the ECEF coordinate system assumes that the
origin is at the center of the planet, the x-axis intersects the Greenwich
meridian and the equator, the z-axis is the mean spin axis of the planet,
positive to the north, and the y-axis completes the right-hand system.

References Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

Zipfel, P. H., Modeling and Simulation of Aerospace Vehicle Dynamics,
ATIAA Education Series, Reston, Virginia, 2000.

“Atmospheric and Space Flight Vehicle Coordinate Systems,”
ANSI/ATAA R-004-1992.

See Also Direction Cosine Matrix ECEF to NED to Latitude and Longitude

Direction Cosine Matrix to Rotation Angles
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Direction Cosine Matrix ECEF to NED

Direction Cosine Matrix to Wind Angles
ECEF Position to LLA

Rotation Angles to Direction Cosine Matrix
LLA to ECEF Position

Wind Angles to Direction Cosine Matrix
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Direction Cosine Matrix ECEF to NED to Latitude and

Longitude

Purpose
Library

Description

Dcl“l.ﬂtf |.l.|-'='

5-214

Convert direction cosine matrix to geodetic latitude and longitude
Utilities/Axes Transformations

The Direction Cosine Matrix ECEF to NED to Latitude and Longitude
block converts a 3-by-3 direction cosine matrix (DCM) into geodetic
latitude and longitude. The DCM matrix performs the coordinate
transformation of a vector in Earth-centered Earth-fixed (ECEF) axes
(ox, 0y, 02,) into a vector in north-east-down (NED) axes (ox,, 0y,, 02,).
The order of the axis rotations required to bring this about is:

1 A rotation about oz, through the longitude (2) to axes (ox;, 0y;, 0z;)

2 A rotation about oy, through the geodetic latitude () to axes (ox,,
0y, 0Z,)

[0x | 0xg
0y | = DCM ¢ | 0yg
| 02, | 02
[oxy | [-sing O cospu |[ cost sint 0]foxg
oys | = 0 1 0 —-sint cost 0 || oy
029 | |-cosu O —sinu 0 0 1joz

Combining the two axis transformation matrices defines the following
DCM.

—sinycost —sinusint cosu
DCMy =| —sint cost 0
—cosucost —cosusint —sinyu

To determine geodetic latitude and longitude from the DCM, the
following equations are used:



Direction Cosine Matrix ECEF to NED to Latitude and
Longitude

u = asin(—-DCM(3,3))

[—DCM(Z, 1)]
1 =atan| —————

DCM(2,2)
Dialog x
Box DICHM to LATLOM [mask] [link]

Determine a geodetic latitude and longitude [rmu and 1) from the 3-bp-3 direction cozsine
matrix [DCK]. The input DCH tranzsforms vectors from Earth Centered Earth
Fized(ECEF] ares to geodetic earth or north-east-doven [MED] ares.

Cancel Help Apply

Inputs and Input

Dimension Type Description
Outputs

First 3-by-3 direction Transforms ECEF vectors to NED
cosine matrix vectors.

Output Dimension Type Description

First 2-by-1 vector Contains the geodetic latitude and
longitude, in degrees.

Assumptions This implementation generates a geodetic latitude that lies between £90
and degrees, and longitude that lies between +180 degrees.

Limitations The implementation of the ECEF coordinate system assumes that the
origin is at the center of the planet, the x-axis intersects the Greenwich
meridian and the equator, the z-axis is the mean spin axis of the planet,
positive to the north, and the y-axis completes the right-hand system.

References Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.
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Direction Cosine Matrix ECEF to NED to Latitude and
Longitude

Zipfel, P. H., Modeling and Simulation of Aerospace Vehicle Dynamics,
AIAA Education Series, Reston, Virginia, 2000.

“Atmospheric and Space Flight Vehicle Coordinate Systems,”
ANSI/ATAA R-004-1992.

See Also Direction Cosine Matrix ECEF to NED

Direction Cosine Matrix to Rotation Angles

Direction Cosine Matrix to Wind Angles
ECEF Position to LLA

Rotation Angles to Direction Cosine Matrix
LLA to ECEF Position

Wind Angles to Direction Cosine Matrix
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Direction Cosine Matrix to Quaternions

Purpose
Library

Description

LDCMZ2Quat |

Dialog
Box

Convert direction cosine matrix to quaternion vector
Utilities/Axes Transformations

The Direction Cosine Matrix to Quaternions block transforms a 3-by-3
direction cosine matrix (DCM) into a four-element unit quaternion
vector (qy, 4;, 45 q5)- The DCM performs the coordinate transformation
of a vector in inertial axes to a vector in body axes.

The DCM is defined as a function of a unit quaternion vector by the
following:

(@5 +af -5 -a3)  2q19 +qogs3) 2(q193 — 9092)
DCM =| 2(g199 —90q3) (Qg - (I12 + q% - q%) 2(q293 +9091)
9 2 9. 9
2(q193 +9092) 2(q293 —9091) (@0 —91 —92 +q3)

Using this representation of the DCM, there are a number of
calculations to arrive at the correct quaternion. The first of these is to
calculate the trace of the DCM to determine which algorithms are used.
If the trace is greater that zero, the quaternion can be automatically
calculated. When the trace is less than or equal to zero, the major
diagonal element of the DCM with the greatest value must be identified
to determine the final algorithm used to calculate the quaternion. Once
the major diagonal element is identified, the quaternion is calculated.
For a detailed view of these algorithms, look under the mask of this
block.

Block Parameters: Direction Cosine Matri A
DCM20uaternion [mazk) (link]

Dietermine the 4x1 quaternion onentation vector from a 3-by-3 direction
cozine matrix [DCk]. The input DCk transforms vectors from inertial axes
to body axes.

0K I Cancel Help Apply
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Direction Cosine Matrix to Quaternions

5-218

Inputs and
Outputs

See Also

Input Dimension Type Description

First 3-by-3 direction
cosine matrix

Output Dimension Type Description

First 4-by-1 quaternion
vector

Direction Cosine Matrix to Rotation Angles
Rotation Angles to Direction Cosine Matrix
Rotation Angles to Quaternions
Quaternions to Direction Cosine Matrix

Quaternions to Rotation Angles



Direction Cosine Matrix to Rotation Angles

Purpose

Library

Description

DCM,,

[F,.RoFa

T

Convert direction cosine matrix to rotation angles
Utilities/Axes Transformations

The Direction Cosine Matrix to Rotation Angles block converts a 3-by-3
direction cosine matrix (DCM) into three rotation angles R1, R2, and
R3, respectively the first, second, and third rotation angles. The DCM
matrix performs the coordinate transformation of a vector in inertial
axes into a vector in body axes. The block Rotation Order parameter
specifies the order of the block output rotations. For example, if
Rotation Order has a value of ZYX, the block outputs are in the
rotation order z-y-x (psi theta phi).
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Direction Cosine Matrix to Rotation Angles

Dlalog m Function Block Parameters: Direckion Cosine ﬂ

Box — DCM24ng [mazk] [link]

D etermine rotation wectar from the 3-by-3 direction cozine matris [DCk].

The 'Default’ limitations for the 27", ™, e, g, Wre, and »"
implementations generate an B2 angle that ies between +/- 90 degrees, and R1 and
R 3 angles that lie between +/- 180 degrees.

The 'Default’ limitations for the 27", 22", e, 2", W, and W2
implementations generate an B2 angle that liez between 0 and 180 degrees, and R
and A3 angles that lie between +/- 180 degrees.

The EeroR 3 limitations for the 27, 248, W, W2, BvE, and =2
implementations generate an B2 angle that liez between +/- 90 dearees, and B1 and
R 3 angles that lie between +7/- 180 dearees. However, when B2 iz +4- 90 degrees, B3
iz get to [ degrees.

The EeroR 3 limitations for the 272", S0, e, 2", B, and 2!
implementations generate an B2 angle that liez between 0 and 180 degrees, and R
and B3 angles that lie between +/- 180 degrees. However, when B2 iz 0 or +/- 180
degrees, B3 iz set to 0 degrees.

— Parameter
Faotation Order; IZYX ;I
Limitatior: ID efault ;I

Cancel Help | Apply

Rotation Order
Specifies the output rotation order for three rotation angles. From
the list, select ZYX, ZYZ, ZXY, ZXZ, YXZ, YXY, YZX, YZY, XYZ, XYX,
XZY, or XZX. The default is ZYX.
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Direction Cosine Matrix to Rotation Angles

Inputs and
Outputs

See Also

Limitation

The 'Default' limitations for the 'ZYX', 'ZXY', 'YXZ', 'YZX',
'XYZ', and 'XZY' implementations generate an R2 angle that
lies between +90 degrees, and R1 and R3 angles that lie between
+180 degrees.

The 'Default' limitations for the 'ZYZ', 'ZXZ', 'YXY', 'YZY',
'XYX', and 'XZX' implementations generate an R2 angle that
lies between 0 and 180 degrees, and R1 and R3 angles that lie
between +180 degrees.

The 'ZeroR3' limitations for the 'ZYX', 'ZXY', 'YXZ', 'YZX',

'XYZ', and 'XZY' implementations generate an R2 angle that lies
between £90 degrees, and R1 and R3 angles that lie between +180
degrees. However, when R2 is +90 degrees, R3 is set to 0 degrees.

The 'ZeroR3' limitations for the 'zZYZ', 'ZXZ', 'YXY', 'YZY',
'XYX', and 'XZX' implementations generate an R2 angle that
lies between 0 and 180 degrees, and R1 and R3 angles that lie
between £180 degrees. However, when R2 is 0 or £180 degrees, R3
1s set to O degrees.

Input Dimension Type Description

First 3-by-3 matrix Contains the direction cosine matrix.

Output Dimension Type Description

First 3-by-1 vector Contains the rotation angles, in

radians.

Direction Cosine Matrix to Quaternions
Quaternions to Direction Cosine Matrix

Rotation Angles to Direction Cosine Matrix
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Direction Cosine Matrix to Wind Angles

Purpose Convert direction cosine matrix to wind angles
Librclry Utilities/Axes Transformations
Description The Direction Cosine Matrix to Wind Angles block converts a 3-by-3

direction cosine matrix (DCM) into three wind rotation angles. The
DCM matrix performs the coordinate transformation of a vector in earth
axes (ox,, 0Y,, 0Z,) into a vector in wind axes (ox;, 0y,, 0z;). The order of
the axis rotations required to bring this about is:

I

DO, wy g

1 A rotation about oz, through the heading angle (y) to axes (ox;, 0y;,
0z,)

2 A rotation about oy, through the flight path angle (y) to axes (ox,,
0y, 02,)

3 A rotation about ox, through the bank angle () to axes (ox,, 0y,, 02;)

O.?C3 OxO
oys |=DCM,,,| oy
‘_023 ] OZO
[oxs] [T O 0 |[cosy 0 =-siny][ cosy siny 0]fox,
oy3|=|0 cosu sinu|[ 0 1 0 —siny cosy O oy
|0z3| |0 —sing cosu||siny 0 cosy 0 0 1]oz

Combining the three axis transformation matrices defines the following
DCM.

cosycosy cosysiny —siny
DCM,,, =|(sinusinycos y —cosusiny) (sinusinysiny+cospcosy) sinpcosy
(cospusinycosy +sinpusiny) (cosusinysiny —sinucosy) cospcosy

To determine wind angles from the DCM, the following equations are
used:
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Direction Cosine Matrix to Wind Angles

Dialog
Box

Inputs and
Outputs

Assumptions
and
Limitations

See Also

DCM(2,3)
u=atan| ——
( DCM(3,3) J

y =asin(-DCM(1,3))

[DCM(I, 2))
x =atan| ————
DCM(1,1)

E! Function Block Parameters: Direction Cosine il

DCM 2wind [miask) (link)

Determine & wind arientation [muw, gamma, chi] from the 3-by-3 direchiocozsine matris
[DCH). The input DCk transforms wectors from geodetic earth or northt&ast-down
[MED] axes to wind axes.

Cancel Help Apply
Input Dimension Type Description
First 3-by-3 direction Transforms earth vectors to wind
cosine matrix vectors.

Output Dimension Type Description

First 3-by-1 vector Contains the wind angles, in radians.

This implementation generates a flight path angle that lies between +90
degrees, and bank and heading angles that lie between +180 degrees.

Direction Cosine Matrix Body to Wind
Direction Cosine Matrix Body to Wind to Alpha and Beta
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Direction Cosine Matrix to Wind Angles

Direction Cosine Matrix to Rotation Angles
Rotation Angles to Direction Cosine Matrix

Wind Angles to Direction Cosine Matrix
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Discrete Wind Gust Model
|

Purpose Generate discrete wind gust
Libra ry Environment/Wind
Description

W irmis) . Vg ST

Discete Gust

The Discrete Wind Gust Model block implements a wind gust of the
standard “l-cosine” shape. This block implements the mathematical
representation in the Military Specification MIL-F-8785C [1]. The gust
is applied to each axis individually, or to all three axes at once. You
specify the gust amplitude (the increase in wind speed generated by the
gust), the gust length (length, in meters, over which the gust builds
up) and the gust start time.

The Discrete Wind Gust Model block can represent the wind speed in
units of feet per second, meters per second, or knots.

The following figure shows the shape of the gust with a start time of
zero. The parameters that govern the gust shape are indicated on the
diagram.
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Discrete Wind Gust Model
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The discrete gust can be used singly or in multiples to assess airplane
response to large wind disturbances.

The mathematical representation of the discrete gust is

0 x<0
\% X
V. =dmiqy_ = ||l 0<x<d
wind 2[ Cos(dm]J x m
Vo x>d,

where V_ is the gust amplitude, d is the gust length, x is the distance
traveled, and V_, , is the resultant wind velocity in the body axis frame.
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Discrete Wind Gust Model

Dialog
Box

Block Parameters: Discrete Wind Gust Model

— Dizcrete Wind Gust Model [mask] [link]

Generate a dizcrete wind gust. The gust profile takes the "1-cozing' farm.

r— Parameters

[ Guist in u-axis
[ Guist i v-axis
v Gusztin w-axis

Gust start time [sec):

Urits: IMetric [MES] =

|5
Gzt length [dx dv dz] [m]:

|[12n 120 80

Gust amplitude [ug vg wa] [mez]:

|[3.5 3530

QK | Cancel | Help I Apply

Units

Define the units of wind gust.

Units Wind Altitude
Metric (MKS) Meters/second Meters
English (Velocity in Feet/second Feet
ft/s)

English (Velocity in Knots Feet
kts)

Gust in u-axis

Select to apply the wind gust to the u-axis in the body frame.

Gust in v-axis

Select to apply the wind gust to the v-axis in the body frame.

Gust in w-axis

Select to apply the wind gust to the w-axis in the body frame.
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Discrete Wind Gust Model

Gust start time (sec)
The model time, in seconds, at which the gust begins.

Gust length [dx dy dz] (m or f)
The length, in meters or feet (depending on the choice of units),
over which the gust builds up in each axis. These values must
be positive.

Gust amplitude [ug vg wg] (m/s, f/s, or knots)
The magnitude of the increase in wind speed caused by the gust
in each axis. These values may be positive or negative.

Inputs and Input Dimension Type Description
Outputs : : : o
First Contains the airspeed in units
selected.

Output Dimension Type Description

First Contains the wind speed in units
selected.
Examples See Discrete Wind Gust Model in the aeroblk_HL20 demo for an
example of this block.
Reference U.S. Military Specification MIL-F-8785C, 5 November 1980.
See Also Dryden Wind Turbulence Model (Continuous)

Dryden Wind Turbulence Model (Discrete)
Von Karman Wind Turbulence Model (Continuous)

Wind Shear Model
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Dryden Wind Turbulence Model (Continuous)

Purpose Generate continuous wind turbulence with Dryden velocity spectra
Libra ry Environment/Wind
Desc ription The Dryden Wind Turbulence Model (Continuous) block uses the Dryden
o spectral representation to add turbulence to the aerospace model by
n —/ w9  passing band-limited white noise through appropriate forming filters.
DC(MSJ ?T,;e; o,y i) This block implements the mathematical representation in the Military
Specification MIL-F-8785C and Military Handbook MIL-HDBK-1797.

According to the military references, turbulence is a stochastic process
defined by velocity spectra. For an aircraft flying at a speed V through
a frozen turbulence field with a spatial frequency of Q radians per
meter, the circular frequency w is calculated by multiplying V by Q. The
following table displays the component spectra functions:

MIL-F-8785C MIL-HDBK-1797
Longitudinal
P, (0) 2L, 1 20.L, 1
2 2
v 1+(Lu%) W 1+(Lu%)
®p, (@) rL, " oL, Y3
s 0.8 =% , 0.8
Ow 4b Ow 4b
VL, (4ba) )2 2VL, (4ba) )2
1+ — 1+ —
zV A%
Lateral
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Dryden Wind Turbulence Model (Continuous)
|

MIL-F-8785C MIL-HDBK-1797
P, () o} o}
1 L — 1+12| L —
O'ELU +3( ”V) ZO'ELU. M ( ”V)
a4 272 A% 972
1+(Lv‘“/’ ] 1+4(Lv‘°”

D, (0)
2 v 2
1+[3bw) 1+(3bw)
T A%
Vertical
D, (@) o ¢ o B
1+3| L, — 1+12| L, —
o2L, ( wv) 200 Ly ( ”’V)
A% o2 2 A% o2 2
1+[Lw) 1+4(Lw)

2 ) 2
1 4bw 1 4bw
nV A%
The variable b represents the aircraft wingspan. The variables L ,

L, L, represent the turbulence scale lengths. The variables g, 0,, 0,

represent the turbulence intensities.
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Dryden Wind Turbulence Model (Continuous)

The spectral density definitions of turbulence angular rates are defined
in the specifications as three variations, which are displayed in the
following table:

ow ow ov
-8 - _8 -__8
Pg ay g ox " ox
ow ow ov
Pg = dy %= " '8 " o
ow owg g
— g =——9° =_5
bg =- dy s ox e ox

The variations affect only the vertical (qg) and lateral (rg) turbulence
angular rates.

Keep in mind that the longitudinal turbulence angular rate spectrum

@, ()

g

is a rational function. The rational function is derived from curve-fitting
a complex algebraic function, not the vertical turbulence velocity
spectrum, @, (), multiplied by a scale factor. Because the turbulence
angular rate spectra contribute less to the aircraft gust response than
the turbulence velocity spectra, it may explain the variations in their
definitions.

The variations lead to the following combinations of vertical and lateral
turbulence angular rate spectra:
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Dryden Wind Turbulence Model (Continuous)

Vertical
(] q(a))

D (w)
D (@)

Lateral
D (@)
D (@)

D (@)

To generate a signal with the correct characteristics, a unit variance,
band-limited white noise signal is passed through forming filters.
The forming filters are derived from the spectral square roots of the
spectrum equations.

The following table displays the transfer functions:

MIL-F-8785C MIL-HDBK-1797
Longitudinal
u u
1 + t 1+ Ly s
H,® . Vi . V6
o /0 8 4b o 0.8 4b
w 1 w
Lw5(1 ( b)s] V' (er,)s 1+(4b)8)
T
Lateral
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MIL-F-8785C MIL-HDBK-1797
H, (s) \/§LU 2\/§LU
I 1+ s oL 1+ S
.V v \%
"Nrv L 2 % VA% 9L 2
(1+”s) (1+”s)
Vv Vv
H,(s) <5 -5
— V. Hs — V. Hs
3b 3b
1+ —|s 1+ — |Is
A% A%
Vertical
H,,(s) V3L, 2/3L
L, 1+ sz oL, 1+7sz
Tw ﬁ L 2 Tw TV . 9 2
1+ 1+ —%s
Vv vV
H,(s) +5 + S
Zb “H,,(s) —4Vb “H,,(s)
1+ —|s 1+ — |Is
A% A%

Divided into two distinct regions, the turbulence scale lengths and

intensities are functions of altitude.
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Dryden Wind Turbulence Model (Continuous)

Note The military specifications result in the same transfer function
after evaluating the turbulence scale lengths. The differences in
turbulence scale lengths and turbulence transfer functions balance
offset.

Low-Altitude Model (Altitude < 1000 feet)

According to the military references, the turbulence scale lengths at
low altitudes, where & is the altitude in feet, are represented in the
following table:

MIL-F-8785C MIL-HDBK-1797
L,=h oL, =h
L,=L,= h = L,=2L, = h =
(0.177+0.000823h)" (0.177+0.000823k)"
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The turbulence intensities are given below, where W, is the wind speed
at 20 feet (6 m). Typically for light turbulence, the wind speed at 20 feet
is 15 knots; for moderate turbulence, the wind speed is 30 knots; and for
severe turbulence, the wind speed is 45 knots.

O'w = 01W20
Ou _%u _ 1
%% Ow (0.177+0.000823%)"*

The turbulence axes orientation in this region is defined as follows:

® Longitudinal turbulence velocity, Uy, aligned along the horizontal
relative mean wind vector

® Vertical turbulence velocity, w = aligned with vertical



Dryden Wind Turbulence Model (Continuous)

At this altitude range, the output of the block is transformed into body
coordinates.

Medium/High Altitudes (Altitude > 2000 feet)

For medium to high altitudes the turbulence scale lengths and
intensities are based on the assumption that the turbulence is isotropic.
In the military references, the scale lengths are represented by the
following equations:

MIL-F-8785C MIL-HDBK-1797
L,=L,=L,=1750 ft L, =2L,=2L,= 1750 ft

The turbulence intensities are determined from a lookup table that
provides the turbulence intensity as a function of altitude and the
probability of the turbulence intensity being exceeded. The relationship
of the turbulence intensities is represented in the following equation:
0,=0,=0,.

The turbulence axes orientation in this region is defined as being
aligned with the body coordinates.
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Medium/High Altitude Turbulence Intensities (Probability of Exceedance)
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Between Low and Medium/High Altitudes (1000 feet <
Altitude < 2000 feet)

At altitudes between 1000 feet and 2000 feet, the turbulence velocities
and turbulence angular rates are determined by linearly interpolating
between the value from the low altitude model at 1000 feet transformed
from mean horizontal wind coordinates to body coordinates and the
value from the high altitude model at 2000 feet in body coordinates.



Dryden Wind Turbulence Model (Continuous)

.
Dla Iog ) Block Parameters; Dryden Wind Turbulence Model {Continuous {+q +r}}

Box

—wind Turbulence Model [mask] [link]

Generate atmosphenc turbulence. White noise is paszed through a filker ko give the tuibulence the specified welocity spectra.

2

Medium/high altitude scale lengths from the specifications are FE2 m (2500 f) for Yon K.aman tubulence and 533.4 m (1750 i) for Diyden tubulence.

P

Urits: | Metiic (MKS)

Specification: | MILF-8785C

Model type: I Continuous Dryden (+g +1)

Wind speed at B m defines the low-altitude intensity [m/s):

|15

‘Wind direction at & m [degrees clockwise from narth]:

Jo

Probability of exceedance of high-altitude intenzity: I 10™-2 - Light

Scale length at medium/high altitudes [m]

[533.4

\Wingspan (m]:

J10

Band limited noise sample time [sec):

Jo1

Moise seeds [ug vg wg pal:

|[23341 23342 23343 23344]

v Turbulence on

Ok LCancel

Help Apply

Units
Define the units of wind speed due to the turbulence.

Units

Metric (MKS)

English (Velocity in
ft/s)

English (Velocity in
kts)

Wind Velocity
Meters/second

Feet/second

Knots

Altitude
Meters
Feet

Feet

Airspeed
Meters/second

Feet/second

Knots
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Dryden Wind Turbulence Model (Continuous)

5-238

Specification

Define which military reference to use. This affects the application
of turbulence scale lengths in the lateral and vertical directions.

Model type

Select the wind turbulence model to use.

Continuous Von Karman (+q
_r\)

Continuous Von Karman (+q
+r)

Continuous Von Karman (-q
+r)

Continuous Dryden (+q -r)

Continuous Dryden (+q +r)

Continuous Dryden (-q +r)

Use continuous representation
of Von Karman velocity
spectra with positive vertical
and negative lateral angular
rates spectra.

Use continuous representation
of Von Karmén velocity
spectra with positive vertical
and lateral angular rates
spectra.

Use continuous representation
of Von Karmén velocity
spectra with negative vertical
and positive lateral angular
rates spectra.

Use continuous representation
of Dryden velocity spectra with
positive vertical and negative
lateral angular rates spectra.

Use continuous representation
of Dryden velocity spectra with
positive vertical and lateral
angular rates spectra.

Use continuous representation
of Dryden velocity spectra with
negative vertical and positive
lateral angular rates spectra.



Dryden Wind Turbulence Model (Continuous)

Discrete Dryden (+q -r)

Discrete Dryden (+q +r)

Discrete Dryden (-q +r)

Use discrete representation of
Dryden velocity spectra with
positive vertical and negative
lateral angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
positive vertical and lateral
angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
negative vertical and positive
lateral angular rates spectra.

The Continuous Dryden selections conform to the transfer

function descriptions.

Wind speed at 6 m defines the low altitude intensity
The measured wind speed at a height of 6 meters (20 feet)
provides the intensity for the low-altitude turbulence model.

Wind direction at 6 m (degrees clockwise from north)
The measured wind direction at a height of 6 meters (20 feet) is

an angle to aid in transforming the low-altitude turbulence model

into a body coordinates.

Probability of exceedance of high-altitude intensity
Above 2000 feet, the turbulence intensity is determined from a
lookup table that gives the turbulence intensity as a function of
altitude and the probability of the turbulence intensity’s being

exceeded.

Scale length at medium/high altitudes (m)

The turbulence scale length above 2000 feet is assumed constant,

and from the military references, a figure of 1750 feet is
recommended for the longitudinal turbulence scale length of the

Dryden spectra.
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Dryden Wind Turbulence Model (Continuous)

Note An alternate scale length value changes the power spectral
density asymptote and gust load.

Wingspan
The wingspan is required in the calculation of the turbulence on
the angular rates.

Band-limited noise sample time (sec)
The sample time at which the unit variance white noise signal is
generated.

Noise seeds
There are four random numbers required to generate the
turbulence signals, one for each of the three velocity components
and one for the roll rate. The turbulences on the pitch and yaw
angular rates are based on further shaping of the outputs from
the shaping filters for the vertical and lateral velocities.

Turbulence on
Selecting the check box generates the turbulence signals.

Inputs and Input Dimension Type Description
Outputs : : : o
First Contains the altitude, in units
selected.
Second Contains the aircraft speed, in units
selected.
Third Contains the direction cosine matrix.

Output Dimension Type Description

First Three-element Contains the turbulence velocities,
signal in the selected units.

Second Three-element Contains the turbulence angular
signal rates, in radians per second.
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Dryden Wind Turbulence Model (Continuous)

Assumptions
and
Limitations

Examples

References

The frozen turbulence field assumption is valid for the cases of
mean-wind velocity and the root-mean-square turbulence velocity, or
intensity, is small relative to the aircraft’s ground speed.

The turbulence model describes an average of all conditions for clear
air turbulence because the following factors are not incorporated into
the model:

® Terrain roughness

® Lapse rate

® Wind shears

¢ Mean wind magnitude

¢ Other meteorological factions (except altitude)

See Airframe/Environment Models/Wind Models in the aeroblk_HL20
demo for an example of this block.

U.S. Military Handbook MIL-HDBK-1797, 19 December 1997.
U.S. Military Specification MIL-F-8785C, 5 November 1980.

Chalk, C., Neal, P., Harris, T., Pritchard, F., Woodcock, R., “Background
Information and User Guide for MIL-F-8785B(ASG), ‘Military
Specification-Flying Qualities of Piloted Airplanes’,” AD869856, Cornell
Aeronautical Laboratory, August 1969.

Hoblit, F., Gust Loads on Aircraft: Concepts and Applications, AIAA
Education Series, 1988.

Ly, U., Chan, Y., “Time-Domain Computation of Aircraft Gust
Covariance Matrices,” AIAA Paper 80-1615, Atmospheric Flight
Mechanics Conference, Danvers, Massachusetts, August 11-13, 1980.

McRuer, D., Ashkenas, 1., Graham, D., Aircraft Dynamics and
Automatic Control, Princeton University Press, July 1990.
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See Also

5-242

Moorhouse, D., Woodcock, R., “Background Information and User Guide
for MIL-F-8785C, ‘Military Specification-Flying Qualities of Piloted
Airplanes’,” ADA119421, Flight Dynamic Laboratory, July 1982.

McFarland, R., “A Standard Kinematic Model for Flight Simulation
at NASA-Ames,” NASA CR-2497, Computer Sciences Corporation,
January 1975.

Tatom, F., Smith, R., Fichtl, G., “Simulation of Atmospheric Turbulent
Gusts and Gust Gradients,” AIAA Paper 81-0300, Aerospace Sciences
Meeting, St. Louis, Missouri, January 12-15, 1981.

Yeager, J., “Implementation and Testing of Turbulence Models for the
F18-HARYV Simulation,” NASA CR-1998-206937, Lockheed Martin
Engineering & Sciences, March 1998.

Dryden Wind Turbulence Model (Discrete)
Discrete Wind Gust Model
Wind Shear Model

Von Karman Wind Turbulence Model (Continuous)



Dryden Wind Turbulence Model (Discrete)

Purpose

Library

Description

Dk 3=}
) e

W (mis)

Dhvden o imdis)

o faen

Generate discrete wind turbulence with Dryden velocity spectra

Environment/Wind

The Dryden Wind Turbulence Model (Discrete) block uses the Dryden
spectral representation to add turbulence to the aerospace model

by using band-limited white noise with appropriate digital filter
finite difference equations. This block implements the mathematical
representation in the Military Specification MIL-F-8785C and Military
Handbook MIL-HDBK-1797.

According to the military references, turbulence is a stochastic process
defined by velocity spectra. For an aircraft flying at a speed V through
a frozen turbulence field with a spatial frequency of Q radians per
meter, the circular frequency o is calculated by multiplying V by Q. The
following table displays the component spectra functions:

MIL-F-8785C MIL-HDBK-1797
Longitudinal
P, (0) 2L, 1 2L, 1
v 2 VA% 2
1+( L, “ 1+| L, ©
\%4 \%
@, (0)

1 1
3 3
, 08w , 0.8 Lw
Ow 4b Ow 4b
VL, 4bo P 2VL, 4bo ¥
1+[ 299 14209
Vv nVvV
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Dryden Wind Turbulence Model (Discrete)

MIL-F-8785C MIL-HDBK-1797
Lateral
D, () o2 o2
2 1+3[L ) 2 1+12(L )
ULU vV 2()-UIJU . UV
A% 272 A% 972
1+(va ] 1+4(LU‘"”
14
D, () o X o ¥
Tr! v ' 1! v l
9 ~CI)v (CO) 92 'ch (CO)
3bw 3bw
1+ — 1+ —
A% A%
Vertical
D, () o o
1+3| L, — 1+12( L, —
s I N s 33
A% o 272 A% o 972
(] eal
@, (w)
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Dryden Wind Turbulence Model (Discrete)

The variable b represents the aircraft wingspan. The variables L,
L,, L, represent the turbulence scale lengths. The variables g, 0,, 0,
represent the turbulence intensities.

The spectral density definitions of turbulence angular rates are defined
in the references as three variations, which are displayed in the
following table:

ow ow ov
_ g __"8 —-__8
Pg ay g ox " ox
ow ow ov
__g -_ 8 -_8
Pg = dy g ox '8 " o
__dw, _ Owg g
Pg dy g ox £

The variations affect only the vertical (qg) and lateral (rg) turbulence
angular rates.

Keep in mind that the longitudinal turbulence angular rate spectrum,
<Dp(a)), is a rational function. The rational function is derived from
curve-fitting a complex algebraic function, not the vertical turbulence
velocity spectrum, @ (@), multiplied by a scale factor. Because the
turbulence angular rate spectra contribute less to the aircraft gust
response than the turbulence velocity spectra, it may explain the
variations in their definitions.

The variations lead to the following combinations of vertical and lateral
turbulence angular rate spectra:
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Dryden Wind Turbulence Model (Discrete)

Vertical
(] q(a))

D (w)
-0 q(a))

Lateral
P (w)
D ()

D ()

To generate a signal with the correct characteristics, a unit variance,
band-limited white noise signal is used in the digital filter finite

difference equations.

The following table displays the digital filter finite difference equations:

MIL-F-8785C MIL-HDBK-1797
Longitudinal
Ug \%4 vV .o, \% vV ..o,
1-—7T ju, + [2—T —*n, 1-—7T Ju, + [2—T 14
L, Jg \j L, oy, L, f \/ L, o,
p
g 1- 2.6 T |pg + 26 T |,
L,b 2L,,b
0.95 o 1.9 o
= P“w
2.6 . \2Lyb° 26, V2Lub
2 T N4 2———T" Ny
L,b On J2L,b n
Lateral
v
s 1-Yp vg + /21Tﬁn2 -V vy + Y %y,
u Lu Gn u Lu 671
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Dryden Wind Turbulence Model (Discrete)

MIL-F-8785C MIL-HDBK-1797
Tg Vo 2 E (. Vo 2 (-
1 o T ry +3b(vg vgpm) 1 = T rg+3b(vg ngm)
Vertical
w
£ 1-Yp wg + 2V %y, 1-Vp g + oV 1%y,
Ly L, oy L, u  Op
g _v LA _mv + 7 (. -
1 4b T)qg t 4b (wg wgpast) 1 4b T)qg - 4b(wg wgpast)
Divided into two distinct regions, the turbulence scale lengths and
intensities are functions of altitude.
Low-Altitude Model (Altitude < 1000 feet)
According to the military references, the turbulence scale lengths at
low altitudes, where A is the altitude in feet, are represented in the
following table:
MIL-F-8785C MIL-HDBK-1797
L,=h 2L, =h
L,=L,= h L,=2L, = L

(0.177 +0.000823%) "

(0.177+0.0008234)"2

The turbulence intensities are given below, where W, is the wind speed
at 20 feet (6 m). Typically for light turbulence, the wind speed at 20 feet
is 15 knots; for moderate turbulence, the wind speed is 30 knots, and for

severe turbulence, the wind speed is 45 knots.
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5-248

Oy = 0.1W20
Ou _ % _ 1
% Ow (0.177+0.000823%)"*

The turbulence axes orientation in this region is defined as follows:

¢ Longitudinal turbulence velocity, u o aligned along the horizontal
relative mean wind vector

e Vertical turbulence velocity, w ” aligned with vertical.

At this altitude range, the output of the block is transformed into body
coordinates.

Medium/High Altitudes (Altitude > 2000 feet)

For medium to high altitudes the turbulence scale lengths and
intensities are based on the assumption that the turbulence is isotropic.
In the military references, the scale lengths are represented by the
following equations:

MIL-F-8785C MIL-HDBK-1797

L,=L,=L,=1750 ft L,=2L,=2L,=1750 ft

The turbulence intensities are determined from a lookup table that
provides the turbulence intensity as a function of altitude and the
probability of the turbulence intensity being exceeded. The relationship
of the turbulence intensities is represented in the following equation:
0,=0,=0,.

The turbulence axes orientation in this region is defined as being
aligned with the body coordinates.



Dryden Wind Turbulence Model (Discrete)

Medium/High Altitude Turbulence Intensities (Probability of Exceedance)
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RMS Turbulence Amplitude [ft/sec]

Between Low and Medium/High Altitudes (1000 feet <
Altitude < 2000 feet)

At altitudes between 1000 feet and 2000 feet, the turbulence velocities
and turbulence angular rates are determined by linearly interpolating
between the value from the low altitude model at 1000 feet transformed
from mean horizontal wind coordinates to body coordinates and the
value from the high altitude model at 2000 feet in body coordinates.
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Dryden Wind Turbulence Model (Discrete)

Dialog
Box

5-250

=) Block Parameters: Dryden Wind Turbulence Model {Discrete {+q +r}}

2l

—wind Turbulence Model [mask) (link]

Generate atmaspheric turbulence. White noise is passed through a filter ta give the turbulence the specified velocity spectra.

Medium/high altitude: scale lengths from the specifications are 762 m [2500 ft] for Van Karman tutbulence and 533.4 m (1750 ft) for Dryden tubulence

o

Units: | Metric [MKS)

Specification: I MIL-F-3785C

Madel type: | Discrete Dpden [+ +)

wind speed at B m defines the low-altitude intensity [m/z]

[1s

wind direction at B m [dearees clockwise fram north]:

Jo

Frobability of exceedance of high-altitude intensity: I 107-2 - Light

Scale length at medium/high alitudes [m);

[533.4

Wingspan [m]

J10

Band limited noize and discrete filker sample time (sec):

Joa

Moize seeds [ug vg wg pal

|[23341 23342 23343 23344]

™ Tubulence on

LCancel Help

4pply

Units
Define the units of wind speed due to the turbulence.

Units Wind Velocity

Metric (MKS) Meters/second
English Feet/second
(Velocity in

ft/s)

English Knots

(Velocity in
kts)

Altitude
Meters
Feet

Feet

Airspeed
Meters/second

Feet/second

Knots



Dryden Wind Turbulence Model (Discrete)

Specification
Define which military reference to use. This affects the application
of turbulence scale lengths in the lateral and vertical directions

Model type

Select the wind turbulence model to use:

Continuous Von Karman Use continuous representation

(+q -r) of Von Karman velocity spectra
with positive vertical and
negative lateral angular rates
spectra.

Continuous Von Karman Use continuous representation

(+q +r) of Von Karman velocity spectra
with positive vertical and
lateral angular rates spectra.

Continuous Von Karman Use continuous representation

(-q +r) of Von Karman velocity spectra
with negative vertical and
positive lateral angular rates
spectra.

Continuous Dryden (+q Use continuous representation

-r) of Dryden velocity spectra with
positive vertical and negative
lateral angular rates spectra.

Continuous Dryden (+q Use continuous representation

+r) of Dryden velocity spectra with
positive vertical and lateral
angular rates spectra.

Continuous Dryden (-q Use continuous representation

+r) of Dryden velocity spectra with

negative vertical and positive
lateral angular rates spectra.
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Dryden Wind Turbulence Model (Discrete)

Discrete Dryden (+q -r)

Discrete Dryden (+q +r)

Discrete Dryden (-q +r)

Use discrete representation of
Dryden velocity spectra with
positive vertical and negative
lateral angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
positive vertical and lateral
angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
negative vertical and positive
lateral angular rates spectra.

The Discrete Dryden selections conform to the transfer function

descriptions.

Wind speed at 6 m defines the low altitude intensity
The measured wind speed at a height of 6 meters (20 feet)
provides the intensity for the low-altitude turbulence model.

Wind direction at 6 m (degrees clockwise from north)
The measured wind direction at a height of 6 meters (20 feet) 1s
an angle to aid in transforming the low-altitude turbulence model

into a body coordinates.

Probability of exceedance of high-altitude intensity
Above 2000 feet, the turbulence intensity is determined from a
lookup table that gives the turbulence intensity as a function of
altitude and the probability of the turbulence intensity’s being

exceeded.

Scale length at medium/high altitudes
The turbulence scale length above 2000 feet is assumed constant,
and from the military references, a figure of 1750 feet is
recommended for the longitudinal turbulence scale length of the

Dryden spectra.
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Dryden Wind Turbulence Model (Discrete)
|

Note An alternate scale length value changes the power spectral
density asymptote and gust load.

Wingspan
The wingspan is required in the calculation of the turbulence on
the angular rates.

Band-limited noise and discrete filter sample time (sec)
The sample time at which the unit variance white noise signal is
generated and at which the discrete filters are updated.

Noise seeds
There are four random numbers required to generate the
turbulence signals, one for each of the three velocity components
and one for the roll rate. The turbulences on the pitch and yaw
angular rates are based on further shaping of the outputs from
the shaping filters for the vertical and lateral velocities.

Turbulence on
Selecting the check box generates the turbulence signals.

Inputs and Input Dimension Type Description
Outputs : : : o
First Contains the altitude, in units
selected.
Second Contains the aircraft speed, in units
selected.
Third Contains the NED direction cosine
matrix.
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Dryden Wind Turbulence Model (Discrete)

Assumptions
and
Limitations

References

5-254

Output Dimension Type Description

First Three-element Contains the turbulence velocities,
signal in the selected units.

Second Three-element Contains the turbulence angular
signal rates, in radians per second.

The “frozen turbulence field” assumption is valid for the cases of
mean-wind velocity and the root-mean-square turbulence velocity, or
intensity, is small relative to the aircraft’s ground speed.

The turbulence model describes an average of all conditions for clear
air turbulence because the following factors are not incorporated into
the model:

® Terrain roughness

® Lapse rate

®* Wind shears

® Mean wind magnitude

¢ Other meteorological factions (except altitude)

U.S. Military Handbook MIL-HDBK-1797, 19 December 1997.
U.S. Military Specification MIL-F-8785C, 5 November 1980.

Chalk, C., Neal, P., Harris, T., Pritchard, F., Woodcock, R., “Background
Information and User Guide for MIL-F-8785B(ASG), ‘Military
Specification-Flying Qualities of Piloted Airplanes’,” AD869856, Cornell
Aeronautical Laboratory, August 1969.

Hoblit, F., Gust Loads on Aircraft: Concepts and Applications, AIAA
Education Series, 1988.

Ly, U., Chan, Y., “Time-Domain Computation of Aircraft Gust
Covariance Matrices,” AIAA Paper 80-1615, Atmospheric Flight
Mechanics Conference, Danvers, Massachusetts, August 11-13, 1980.
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See Also
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McFarland, R., “A Standard Kinematic Model for Flight Simulation
at NASA-Ames,” NASA CR-2497, Computer Sciences Corporation,
January 1975.
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Dryden Wind Turbulence Model (Continuous)

Von Karman Wind Turbulence Model (Continuous)
Discrete Wind Gust Model

Wind Shear Model
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Dynamic Pressure

Purpose
Library

Description

W
1 2
by qk

3

Dialog
Box

Inputs and
Outputs

Examples

See Also
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Compute dynamic pressure using velocity and air density
Flight Parameters

The Dynamic Pressure block computes dynamic pressure.

Dynamic pressure is defined as

where P is air density and V is velocity.

Block Parameters: Dynamic Pressure #

" Dwnamic Pressure [mask)] [link]

Compute dynamic pressure uzing velocity and air density.

QK I Cancel | Help | Apply

Input Dimension Type Description
First Vector Contains the velocity.
Second Contains the air density.

Output Dimension Type Description

First Contains the dynamic pressure.

See the Airframe subsystem in the aeroblk_HL20 demo for an example
of this block.

Aerodynamic Forces and Moments

Mach Number



ECEF Position to LLA

Purpose

Library

Description

Ml

4

h

Calculate geodetic latitude, longitude, and altitude above planetary
ellipsoid from Earth-centered Earth-fixed (ECEF) position

Utilities/Axes Transformations

The ECEF Position to LLA block converts a 3-by-1 vector of ECEF
position (p) into geodetic latitude (f), longitude (7), and altitude

(E ) above the planetary ellipsoid.
The ECEF position is defined as

Py
Py
p;

ksl
I

Longitude is calculated from the ECEF position by

p
{ =atan| —~
Dy

Geodetic latitude (f) is calculated from the ECEF position using
Bowring’s method, which typically converges after two or three

iterations. The method begins with an initial guess for geodetic latitude

() and reduced latitude (B) . An initial guess takes the form:
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5-258

B = _P:
B =atan a_ps ]
2
e #R(sin B°
I =atan (1—e”)
s—e?R(cos §)°

where R is the equatorial radius, f the flattening of the planet, e =
1-(1-f)?, the square of first eccentricity, and

s=\p;+p}

After the initial guesses are calculated, the reduced latitude ( B ) is
recalculated using

B = atan[—(l_ fsinp ]

cos U

and geodetic latitude ([ ) is reevaluated. This last step is repeated

until I converges.
The altitude (E ) above the planetary ellipsoid is calculated with

h:scos,u+(pz+e2Nsinu)sin,u—N

where the radius of curvature in the vertical prime (ZV ) is given by

R

J1-e?(sin )2

N =



ECEF Position to LLA

Dialog
Box

=] Function Block Parameters: ECEF Position to LLA x|

—ECEF to LLA (mask) (ink)

Calculate geodetic latitude, longitude, and altitude from Earth Centered Earth
Fixed (ECEF) position.

—Parameters
Units: [Metric (MKS) =|
Planet model: |Earﬁ1 (WEs34) LI

Apply |

=] Function Block Parameters: ECEF Position to LLA x|

—ECEF to LLA (mask) {ink)

Calculate geodetic latitude, longitude, and altitude from Earth Centered Earth
Fixed (ECEF) position.

—Parameters

Planet model: |Cusb3m ;I

Flattening:
I 1/298,257223563

Equatorial radius of planet:
6378137

’TI cancel || Hep | apply

Units
Specifies the parameter and output units:

5-259



ECEF Position to LLA

Equatorial
Units Position Radius Altitude
Metric (MKS) Meters Meters Meters
English Feet Feet Feet

This option is only available when Planet model is set to Earth
(WGS84).

Planet model
Specifies the planet model to use, Custom or Earth (WGS84).

Flattening
Specifies the flattening of the planet.

This option is available only with Planet model set to Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The equatorial

radius units should be the same as the desired units for ECEF
position.

This option is available only with Planet model set to Custom.

Inputs and Input

Dimension Type Description
Outputs

First 3-by-1 vector Contains the position in ECEF
frame.

Output  Dimension Type Description

First 2-by-1 vector Contains the geodetic latitude and
longitude, in degrees.
Second Scalar Contains the altitude above the

planetary ellipsoid, in the same units
as the ECEF position.
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Assumptions
and
Limitations

References

See Also

This implementation generates a geodetic latitude that lies between
+90 degrees, and longitude that lies between =180 degrees. The planet
1s assumed to be ellipsoidal. By setting the flattening to 0, you model
a spherical planet.

The implementation of the ECEF coordinate system assumes that its
origin lies at the center of the planet, the x-axis intersects the prime
(Greenwich) meridian and the equator, the z-axis is the mean spin
axis of the planet (positive to the north), and the y-axis completes the
right-handed system.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

Zipfel, P. H., Modeling and Simulation of Aerospace Vehicle Dynamics,
ATAA Education Series, Reston, Virginia, 2000.

“Atmospheric and Space Flight Vehicle Coordinate Systems,”
ANSI/ATAA R-004-1992.

See “About Aerospace Coordinate Systems” on page 2-16.
Direction Cosine Matrix ECEF to NED

Direction Cosine Matrix ECEF to NED to Latitude and Longitude
Geocentric to Geodetic Latitude

LLA to ECEF Position

Radius at Geocentric Latitude
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Purpose Calculate geoid height as determined from EGM96 Geopotential Model

Note EGM96 Geoid will be removed in a future version. Use Geoid
Height instead.

Libra ry Environment/Gravity

Description The EGM96 Geoid block calculates the geoid height as determined
from the EGM96 Geopotential Model. The block interpolates the geoid

(dem heights from a 15 minute grid of point values in the tide-free system. It
Himip  uses the EGM96 Geopotential Model to degree and order 360. The geoid
I (deg) undulations are with respect to the WGS84 ellipsoid.

The interpolation scheme wraps over the poles to allow for geoid height
calculations at and near these locations.

Dialog

E! Function Block Parameters: EGM96 Geoid
Box

— EGMIE Geoid [mask) [ink]

Calculates the geoid height az determined from the EGM3E Geopotential Model.
[Genid heights are interpaolated from a 15-minute arid of point values in the tide-free
gyztem, uzing the EGRMIE Geopatential Model to dearee and arder 360,

Gencentric latitude and longitude are entered in degrees.

— Parameter

Units: |Metric [MKS]

L] L

Drata type: Iu:h:uul:ule

Cancel Help Apply
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|

Units
Specifies the parameter and output units:

Units Height

Metric (MKS) Meters

English Feet
Data type

Specify the data type of the input and output signals. From the
list, select double or single.

Inputs and Input Dimension Type Description
Outputs

First Scalar Contains geocentric latitude in
degrees, where north latitude is
positive, and south latitude is
negative. Input latitude must be of
type single or double. If latitude is
not in the range from -90 to 90, the
block wraps it to be within the range.

Second Scalar Contains geocentric longitude in
degrees, where east longitude is
positive in the range from 0 to 360.
Input longitude must be of type
single or double. If longitude is not
in the range from 0 to 360, the block
wraps it to be within the range.

Output Dimension Type Description

First Scalar Contains the geoid height, in meters.
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|

Limitations This block has the limitations of the 1996 Earth
Geopotential Model. For more information, see
http://www.ngdc.noaa.gov/mgg/gravity/1999/document/html/egm96.html.

The WGS84 EGM96 geoid undulations have an error range of +/-0.5 to
+/-1.0 meters worldwide.

References “Department of Defense World Geodetic System 1984, Its Definition
and Relationship with Local Geodetic Systems”, NIMA TR8350.2.

“The Development of the Joint NASA GSFC and NIMA Geopotential
Model EGM96”, NASA/TP-1998-206861.

National Geospatial-Intelligence Agency Web site:
http://earth-info.nga.mil/GandG/wgs84/gravitymod/egm96/egm96.html

See Also WGS84 Gravity Model

5-264


http://www.ngdc.noaa.gov/mgg/gravity/1999/document/html/egm96.html
http://earth-info.nga.mil/GandG/wgs84/gravitymod/egm96/egm96.html

Estimate Center of Gravity

Purpose
Library

Description

mass S

dmidt dGGEd

T

Dialog
Box

Calculate center of gravity location
Mass Properties
The Estimate Center of Gravity block calculates the center of gravity

location and the rate of change of the center of gravity.

Linear interpolation is used to estimate the location of center of gravity
as a function of mass. The rate of change of center of gravity is a linear
function of rate of change of mass.

«): Block Parameters: Estimate Center of Gravity ﬂﬂ

—Estimate CG [mazk] [link]

Calculate the center of gravity location. Linear interpolation is uged to determine center
of gravity az a function of mazs.

=
F

Full mass:

|2

Emply mazs:

Jh

Full center of gravity:
o1y

Empty center of gravity:

Jinso505r

Qg Lancel Help Apply

Full mass
Specifies the gross mass of the craft.

Empty mass
Specifies the empty mass of the craft.

Full center of gravity
Specifies the center of gravity at gross mass of the craft.
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Empty center of gravity
Specifies the center of gravity at empty mass of the craft.

:";PU"S and Input Dimension Type Description
utputs First Contains the mass.
Second Contains the rate of change of mass.

Output Dimension Type Description

First Contains the center of gravity
location.
Second Contains the rate of change of center

of gravity location.

See Also Aerodynamic Forces and Moments
Estimate Inertia Tensor

Moments About CG Due to Forces
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Estimate Inertia Tensor

Purpose
Library

Description

MASS =— =

dmidt dlfdt

T

Dialog
Box

Calculate inertia tensor
Mass Properties

The Estimate Inertia Tensor block calculates the inertia tensor and the
rate of change of the inertia tensor.

Linear interpolation is used to estimate the inertia tensor as a function
of mass. The rate of change of the inertia tensor is a linear function
of rate of change of mass.

«,): Block Parameters: Estimate Inertia Tensor ﬂﬂ

r—E stimate Inertia [mask] [link]

Calculate the inertia tensor. Linear interpolation iz used to determine inertia tensor
as a function of mass.

Full mass:

|2

Emply mazs:
Jh
Full inertia ratrix:

|ey8[3]

Empty inertia matriz:

Jeyelaiz

Qg Lancel Help Apply

Full mass
Specifies the gross mass of the craft.

Empty mass
Specifies the empty mass of the craft.

Full inertia matrix
Specifies the inertia tensor at gross mass of the craft.
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Empty inertia matrix

Specifies the inertia tensor at empty mass of the craft.

:";PU"S and Input Dimension Type Description
utputs First Contains the mass.
Second Contains the rate of change of mass.

Output Dimension Type

Description

First Contains the inertia tensor.
Second Contains the rate of change of inertia
tensor.
See Also Estimate Center of Gravity

Symmetric Inertia Tensor
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Flat Earth to LLA

Purpose

Library

Description

X

=

|-lrn:'f

i

h

Estimate geodetic latitude, longitude, and altitude from flat Earth
position

Utilities/Axes Transformations

The Flat Earth to LLA block converts a 3-by-1 vector of Flat Earth

position (p) into geodetic latitude (i), longitude (7), and altitude
(h). The flat Earth coordinate system assumes the z-axis is downward
positive. The estimation begins by transforming the flat Earth x and
y coordinates to North and East coordinates. The transformation has
the form of

N| [cosy —siny || Py
E| siny  cosy || Py

where () is the angle in degrees clockwise between the x-axis and
north.

To convert the North and East coordinates to geodetic latitude and
longitude, the radius of curvature in the prime vertical (R,) and the
radius of curvature in the meridian (&,,) are used. (R,) and (R,) are
defined by the following relationships:

R
By = 2, .2
J1-@f - f2)sin? g
2
Ry — Ry 1= =D

N1 @f - sin? g

where (R) is the equatorial radius of the planet and ( 7 ) is the flattening

of the planet.

Small changes in the in latitude and longitude are approximated from
small changes in the North and East positions by
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du= a‘can(L )dN
Ry

di= atan[; }dE
Ry cosp

The output latitude and longitude are simply the initial latitude and
longitude plus the small changes in latitude and longitude.

p=pg+du

1= +di

The altitude is the negative flat Earth z-axis value minus the reference
height (h,,).

h=-p,- href
Dialog x
Box —Flat Earth to LLA (mask)

Estimate geodetic latitude, longitude, and altitude from flat Earth position. The flat
Earth coordinate system assumes the z-axis is positive downwards.

—Parameters

Planet model: |Earﬁ1 (WEsa4) ;I

Initial geodetic latitude and longitude [dea]:
| [0 10]

Direction of flat Earth x-axis (degrees dockwise from north):

o

oK I Cancel Help Apply
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=] Function Block Parameters: Flat Earth to LLA x|

—Flat Earth to LLA (mask)

Estimate geodetic latitude, longitude, and altitude from flat Earth position. The flat
Earth coordinate system assumes the z-axis is positive downwards.

—Parameters

Planet model:

Flattening:
I 1/298,257223563

Equatorial radius of planet:
|6373137

Initial geodetic latitude and longitude [deg]:
f [0 10]

Direction of flat Earth x-axis (degrees dockwise from north):
o

oK I Cancel | Help Apply

Units
Specifies the parameter and output units:

Equatorial
Units Position Radius Altitude
Metric (MKS) Meters Meters Meters
English Feet Feet Feet

This option is only available when Planet model is set to Earth
(WGS84).

Planet model
Specifies the planet model to use: Custom or Earth (WGS84).
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Flattening
Specifies the flattening of the planet. This option is only available
with Planet model Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
flat Earth position. This option is only available with Planet
model Custom.

Initial geodetic latitude and longitude
Specifies the reference location, in degrees of latitude and
longitude, for the origin of the estimation and the origin of the
flat Earth coordinate system.

Direction of flat Earth x-axis (degrees clockwise from north)
Specifies angle used for converting flat Earth x and y coordinates
to North and East coordinates.

:";PU"S and Input Dimension Type Description
utputs First 3-by-1 vector Contains the position in flat Earth
frame.
Second Scalar Contains the reference height from

surface of Earth to flat Earth frame
with regard to Earth frame, in same
units as flat Earth position.

Output  Dimension Type Description

First 2-by-1 vector Contains the geodetic latitude and
longitude, in degrees.

Second Scalar Contains the altitude above the
input reference altitude, in same
units as flat Earth position.
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Assumptions
and
Limitations

References

See Also

This estimation method assumes the flight path and bank angle are
Zero.

This estimation method assumes the flat Earth z-axis is normal to the
Earth at the initial geodetic latitude and longitude only. This method
has higher accuracy over small distances from the initial geodetic
latitude and longitude, and nearer to the equator. The longitude

will have higher accuracy the smaller the variations in latitude.
Additionally, longitude is singular at the poles.

Etkin, B., Dynamics of Atmospheric Flight, John Wiley & Sons, New
York, 1972.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, Second
Edition, John Wiley & Sons, New York, 2003.

Direction Cosine Matrix ECEF to NED

Direction Cosine Matrix ECEF to NED to Latitude and Longitude
ECEF Position to LLA

Geocentric to Geodetic Latitude

LLA to ECEF Position

Radius at Geocentric Latitude
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FlightGear Preconfigured 6DoF Animation

Purpose

Library

Description

5-274

|, b By

%

Connect model to FlightGear flight simulator
Animation/Flight Simulator Interfaces

The FlightGear Preconfigured 6DoF Animation block lets you drive
position and attitude values to a FlightGear flight simulator vehicle
given double-precision values for longitude (1), latitude (z), altitude (h),
roll (@), pitch (0), and yaw (), respectively.

The block is a masked subsystem containing principally a Pack net_fdm
Packet for FlightGear block set for 6DoF inputs, a Send net_fdm Packet
to FlightGear block, and a Simulation Pace block. To access the full
capabilities of these blocks, use the individual corresponding blocks
from the Aerospace Blockset library.

The block is additionally configured as a SimViewingDevice, so that if
you generate code for your model using the Simulink Coder product and
connect to the running target code using theSimulink Coder External
Mode available from the model toolbar, then the Simulink software can
obtain the data from the target on the fly and transmit position and
attitude data to FlightGear. For more information, see “Sim Viewing
Devices in External Mode” in the Developing S-Functions guide.

This block does not produce deployable code, but it can be used with
Simulink Coder external mode as a SimViewingDevice.



FlightGear Preconfigured 6DoF Animation

Dialog
Box

ﬂ Sink Block Parameters: FlightGear Preconfigured 6 il

—FlightGearQuickeDoFAnimation {mask) (link)

Drrive position and attitude values to a FlightGear Flight Simulator vehicle given
double precision values for longitude, latitude, altitude, roll, pitch, and yaw
respectively. Units are degrees west/north for longitude and latitude, meters
above mean sea level for altitude, and radians for attitude values.

This block is a masked subsystem containing principally a FlightGear Pack Met FDOM
block set for DoF inputs, a FlightGear Send Net FDM black, and a Simulation Pace
block. To access the full capabilities of these blocks, use the individual
corresponding blocks from the Aerospace Blockset library.

Use "Look under mask™ from this blodk's context menu to see the blocks under the
mask.

—Parameters

FlightGear version: |v2.0 LI

Destination IF address:

[127.0.0.1

Destination port:
[ 5502

Sample time (-1 for inherited):
1/30

Cancel | Help Apply

FlightGear version
Select your FlightGear software version.

Supported versions: v0.9.3,v0.9.8/0.9.8a, v0.9.9, v0.9.10,
v1.0,v1.9.1, v2.0.

Destination IP address
Specify your destination IP address.

Destination port
Specify your destination port.
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Inputs and
Outputs

Reference

See Also

5-276

Sample time
Specify the sample time (-1 for inherited).

Input Dimension Type Description

First Vector Contains the longitude, latitude,
altitude, roll, pitch, and yaw, in
double-precision. Units are degrees
west/north for longitude and latitude,
meters above mean sea level for
altitude, and radians for attitude
values.

Bowditch, N., American Practical Navigator, An Epitome of Navigation,
US Navy Hydrographic Office, 1802.

Generate Run Script
Pack net_fdm Packet for FlightGear
Send net_fdm Packet to FlightGear

Simulation Pace



Force Conversion

Purpose Convert from force units to desired force units
Library Utilities/Unit Conversions
Description The Force Conversion block computes the conversion factor from
specified input force units to specified output force units and applies the
bt — m E conversion factor to the input signal.

The Force Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

. =
D|a Iog Block Parameters: Force Conyersion k|
r Force Conversion [mask)] [link
Box s ( . ) llink) . .
Conwert units of input signal to desired autput units.
— Parameters
Initial units: ||bf j
Final units: IN j

Ok, | Cancel | Help I pply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:
1bf Pound force

N Newtons
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Inputs and
Outputs

See Also

5-278

Input Dimension Type
First

Description

Contains the force in initial force
units.

Output Dimension Type
First

Description

Contains the force in final force
units.

Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Density Conversion

Length Conversion

Mass Conversion

Pressure Conversion
Temperature Conversion

Velocity Conversion



Gain Scheduled Lead-Lag
|

Purpose Implement first-order lead-lag with gain-scheduled coefficients
Librclry GNC/Controls
Description The Gain Scheduled Lead-Lag block implements a first-order lag of
the form
? (1+a=1+b=)  up 1+as
u= e
1+bs

where e is the filter input, and u the filter output.

The coefficients a and b are inputs to the block, and hence can be made
dependent on flight condition or operating point. For example, they
could be produced from the Lookup Table (n-D) Simulink block.

. f—
Dla Iog Block Parameters: Gain Scheduled Lead-Lag |
Box — Gain Scheduled Lead-Lag [mask] (link]

Implement gain-scheduled first-order lead-lag of the form [1+a.5]/1+b.2].
Initial output iz given by [«_initial+a.2)/b where «_initial is the initial state
defined in the mask dialog box. Maote that b should never be allowed to be
zero.

— Parameters
Imitial state, #_initial:

|n

Ok, I Cancel | Help Apply

Initial state, x_initial
The initial internal state for the filter x_initial. Given this
initial state, the initial output is given by

_ x_initial +ae
u|t:0 - b
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Inputs and Input

Dimension Type Description
OUTPUTS First Contains the filter input.
Second Contains the numerator coefficient.
Third Contains the denominator coefficient.

Output Dimension Type
First

Description

Contains the filter output.
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Generate Run Script

Purpose
Library

Description

GEM
FG
RUR

Generate FlightGear run script on current computer
Animation/Flight Simulator Interfaces

The Generate Run Script block generates a customized FlightGear run
script on the current platform.

To generate the run script, fill the required information into the dialog’s
fields, then click Generate Script.

Fields in the dialog marked with an asterisk (*) are evaluated as
MATLAB expressions. The other fields are treated as literal text.

For More Information About FlightGear

See “Creating a FlightGear Run Script” on page 2-43 for more about
FlightGear.
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Dialog
Box

5-282

=] Block Parameters: Generate Run Script x|

—Generate FlightGear Run Script

Generate a custom FlightGear run script file on the current platform.

To generate the run script, fill in the information then press Generate Script. Items
marked with an asterisk {*) are evaluated as MATLAB expressions, the rest of the
fields are literal text.

—Parameters
Generate Scri|:|t|

Cutput file name:
|runfg.bat
FlightGear base directory:

IC: \Program Files\FlightGear
FlightGear geometry model name:

JHL20

Destination port:
|ss02

Airport ID:
|ksFo

Runway ID:

|

Initial altitude (ft)*:

| 7224

Initial heading (deg)™:
|113

Offset distance (miles)™:
472

Offset azimuth {deg)™:
Jo

oK I Cancel Help Apply




Generate Run Script

Examples

Generate Script
Click to generate a run script for FlightGear. Do not click this
button until you have entered the correct information in the
dialog fields.

Output file name
Specify the name of the output file. The file name is the name of
the command you will use to start FlightGear with these initial
parameters. The file must have the .bat extension.

FlightGear base directory
Specify the name of your FlightGear installation folder.

FlightGear geometry model name
Specify the name of the folder containing the desired model
geometry in the F1ightGear\data\Aircraft folder.

Destination port
Specify your network flight dynamics model (fdm) port. For more
information, see the Send net_fdm Packet to FlightGear block
reference.

Airport ID
Specify the airport ID. The list of supported airports is available
in the FlightGear interface, under Location.

Runway ID
Specify the runway ID.

Initial altitude
Specify the initial altitude of the aircraft, in feet.

Initial heading
Specify the initial heading of the aircraft, in degrees.

Offset distance
Specify the offset distance of the aircraft from the airport, in miles.

Offset azimuth
Specify the offset azimuth of the aircraft, in degrees.

See the asbh120 demo for an example of this block.
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See Also FlightGear Preconfigured 6DoF Animation
Pack net_fdm Packet for FlightGear
Send net_fdm Packet to FlightGear
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Geocentric to Geodetic Latitude

Purpose Convert geocentric latitude to geodetic latitude
Librclry Utilities/Axes Transformations
Description The Geocentric to Geodetic Latitude block converts a geocentric
latitude (1) into geodetic latitude (). There are a number of geometric
A relationships that are used to calculate the geodetic latitude in this
. wF noniterative method. A number of angles and points are involved in the

calculation, which are shown in following figure.
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5-286

Given geocentric latitude (1) and the radius (r) from the center of the
planet (O) to the center of gravity (P), this noniterative method starts
by computing values for the point of r that intercepts the surface of the
planet (S). By rearranging the equation for an ellipse, the horizontal

coordinate, (x,) is determined. When equatorial radius (R), polar
radius ((1-/)R) and x,tanl, are substituted for semi-major axis,

semi-minor axis and vertical coordinate (y, ), the resulting equation for

x, has the following form:

_ 4-pR
¢ Jtan?a+ -2

To determine the geodetic latitude at Sy, , the equation for an ellipse

with equatorial radius (R), polar radius ((1-f)R)is used again. This

time it is used to define y, in terms of x, .

Ya = \/R2_x3(1_f)

Additionally, the relationship between geocentric latitude at the
planet’s surface and geodetic latitude is used.

4, =atan tan A
¢ 1-1)?

Using the relationship tani =y, / x, and the two equations above, the

resulting equation for u, is obtained.

R?—x 2
1-7x,

U, =atan



Geocentric to Geodetic Latitude

The correct sign of p, is determined by testing A and if 1 is less than
zero u, changes sign accordingly.

In order to calculate the geodetic latitude of P, a number of geometric
relationships are required to be calculated. These calculations follow.

The radius (ra) from the center of the planet (O) to the surface of the
planet (S) is calculated by using trigonometric relationship.

— xa
T, =
cos A

The distance from S to P is defined by:

l=r-r,

The angular difference between geocentric latitude and geodetic
latitude at S(61) is defined by:

Sh = 1y — A

Using [ and 6\, the segment TP or the mean sea-level altitude () is
estimated.

h=1[lcosoA
The equation for the radius of curvature in the Meridian (p,) at y, is

R(-f)
Pa = g . 5 132
(1—(2f—f’)mn ua)

Using [, 61, h, and p, , the angular difference between geodetic latitude
at S (u)and geodetic latitude at P (pu,)is defined as:
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5-288

Dialog
Box

[sindA
pPgt+h

ou =atan

Subtracting 6 from p, then gives p.

M= g — O

E! Function Block Parameters: Geocentric to Geodeti
—Geocentric to Geodetic Latitude {mask)

x|

Convert geocentric latitude to geodetic latitude, Geodetic latitude is computed
using geocentric latitude and the radius from the center of the planet to the center

of gravity.
—Parameters
Units: [Metric (MKS) =|
Planet model: |Earﬁ1 (WGE584) LI
DK Cancel Help | Apply |




Geocentric to Geodetic Latitude

mFunction Block Parameters: Geocentric to Geodeti x|

—Geocentric to Geodetic Latitude {mask)

Conwvert geocentric latitude to geodetic latitude, Geodetic latitude is computed
using geocentric latitude and the radius from the center of the planet to the center
of gravity.

—Parameters

Planet model: |Cust:-m |

Flattening:

I 1/298,257223563

Equatorial radius of planet:

[6373137

’TI cancel | " Hep ] epoly

Units
Specifies the parameter and output units:

Radius from CG to

Units Center of Planet

Metric (MKS) Meters
English Feet

Equatorial Radius

Meters

Feet

This option is only available when Planet model is set to Earth

(WGS84).

Planet model

Specifies the planet model to use: Custom or Earth (WGS84).

Flattening

Specifies the flattening of the planet. This option is only available

with Planet model set to Custom.
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Geocentric to Geodetic Latitude

Inputs and
Outputs

Assumptions
and
Limitations

References
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Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
radius. This option is only available with Planet model set to

Custom.
Input Dimension Type Description
First Scalar Contains the geocentric latitude, in
degrees.
Second Scalar Contains the radius from center of

the planet to the center of gravity.

Output  Dimension Type Description

First Scalar Contains the geodetic latitude, in
degrees.

This implementation generates a geodetic latitude that lies between
+90 degrees.

Jackson, E. B., Manual for a Workstation-based Generic Flight
Simulation Program (LaRCsim) Version 1.4, NASA TM 110164, April,
1995.

Hedgley, D. R., Jr., “An Exact Transformation from Geocentric to
Geodetic Coordinates for Nonzero Altitudes,” NASA TR R-458, March,
1976.

Clynch, J. R., “Radius of the Earth - Radii Used
in Geodesy,” Naval Postgraduate School, 2002,
http://www.oc.nps.navy.mil/oc2902w/geodesy/radiigeo.pdf.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.


http://www.oc.nps.navy.mil/oc2902w/geodesy/radiigeo.pdf

Geocentric to Geodetic Latitude

Edwards, C. H., and D. E. Penny, Calculus and Analytical Geometry
2nd Edition, Prentice-Hall, Englewood Cliffs, New Jersey, 1986.

See Also ECEF Position to LLA
Flat Earth to LLA
Geodetic to Geocentric Latitude

LLA to ECEF Position
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Geodetic to Geocentric Latitude

Purpose
Library

Description

L

h

Dialog
Box

5-292

Convert geodetic latitude to geocentric latitude
Utilities/Axes Transformations

The Geodetic to Geocentric Latitude block converts a geodetic latitude
(1) into geocentric latitude (1). Geocentric latitude at the planet surface
(A¢) is defined by flattening (f), and geodetic latitude in the following
relationship.

Ag =atan((1 - f)2 tan u)
Geocentric latitude is defined by mean sea-level altitude (h), geodetic

latitude, radius of the planet (r,) and geocentric latitude at the planet
surface in the following relationship.

) = atan hsin p+rgsing
hcos p+rgcosig

=] Function Block Parameters: Geodetic to Geocent x|

—Geodetic to Geocentric Latitude {mask)

Convert geodetic latitude to geocentric latitude. Setting mean sea-evel altitude to
zero will give the geocentric latitude at the surface of the planet.

—Parameters
Units: [Metric (MKS) |
Planet model; IEarH1 (WEsa4) LI

Apply

oK I Cancel




Geodetic to Geocentric Latitude

=] Function Block Parameters: Geodetic to Geocent x|

—Geodetic to Geocentric Latitude {mask)

Convert geodetic latitude to geocentric latitude, Setting mean seaJevel altitude to
zero will give the geocentric latitude at the surface of the planet.

—Parameters

Planet model: |Custom LI

Flattening:
I 1/298.257223563

Equatorial radius of planet:
6378137

Cancel | Help Apply

Units
Specifies the parameter and output units:

Units Altitude Equatorial Radius
Metric (MKS) Meters Meters
English Feet Feet

This option is only available when Planet model is set to Earth
(WGS84).

Planet model
Specifies the planet model to use: Custom or Earth (WGS84).

Flattening
Specifies the flattening of the planet. This option is only available
with Planet model set to Custom.
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Geodetic to Geocentric Latitude

Inputs and
Outputs

Assumptions
and
Limitations

Reference

See Also

5-294

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
altitude. This option is only available with Planet model set

to Custom.
Input Dimension Type Description
First Scalar Contains the geocentric latitude, in
degrees.
Second Scalar Contains the mean sea-level altitude
(MSL).

Output  Dimension Type Description

First Scalar Contains the geodetic latitude, in
degrees.

This implementation generates a geocentric latitude that lies between
+90 degrees.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

ECEF Position to LLA

Flat Earth to LLA

Geocentric to Geodetic Latitude

LLA to ECEF Position

Radius at Geocentric Latitude



Geoid Height
|

Purpose Calculate undulations/height
Librclry Environment/Gravity
Description

) (deg)

hiasa Gecid Height -

[EGMSE) iy
| {deg)
Geoid Height

The Geoid Height block calculates the geoid height using the
Geopotential model parameter. The block interpolates the geoid
heights from a grid of point values in the tide-free system. It uses
the specified geopotential model to degree and order 360. The geoid
undulations are relative to the WGS84 ellipsoid.

The interpolation scheme wraps over the poles to allow for geoid height
calculations at and near these locations.
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Geoid Height

Dlalog E! Function Block Parameters: Geoid Height El

Box —Geoid Height (mask) {ink)

Calculates the geoid height as determined from a geopotential model. Geoid
heights are interpolated from a arid of point values in the tide-free system, using
the selected geopotential model.

EGM36 uses a 15-minute grid of point values, using EGM36 Geopotential Model to
degree and order 360.

EGM2008 uses a 2. 5-minute grid of point values, using the EGM2008 Geopotential
Model to degree and order 2159,

Geocentric latitude and longitude are entered in degrees.

—Parameters

Units: |Metric (MKS)

Geopotential model: IEGMEIE

Data type: Iu:h:uul:ule

L] L Lo L

Action for out of range input: I'n.f'.n'arning

Cancel Help | Apply

Units
Specifies the parameter and output units:

Units Height
Metric (MKS) Meters
English Feet
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Geoid Height

Geopotential model

From the list, select the geopotential model.

Geopotential | Description

Model

EGM96 Default. EGM96 Geopotential Model to degree

(Earth) and order 360. This model uses a 15-minute
grid of point values in the tide-free system. This
block calculates geoid heights to an accuracy of
0.01 m for this model.

EGM2008 EGM2008 Geopotential Model to degree and

(Earth) order 2159. This model uses a 2.5-minute grid
of point values in the tide-free system. This
block calculates geoid heights to an accuracy of
0.001 m for this model.

Custom Custom geopotential model that you define in
datafile. This block calculates geoid heights
to an accuracy of 0.01 m for custom models.

Data type

Specifies the data type of the input and output signals. From the
list, select double or single.

Action

String that defines action for out-of-range input. Specify one:

"Error'

'Warning' (default)

"None'
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Geoid Height

Inputs and Input Dimension Type Description
Outputs

First Scalar Contains geocentric latitude in
degrees, where north latitude is
positive, and south latitude is
negative. Input latitude must be of
type single or double. If latitude is
not in the range from —90 to 90, the
block wraps it to be within the range.

Second Scalar Contains geocentric longitude in
degrees, where east longitude is
positive in the range from 0 to 360.
Input longitude must be of type
single or double. If longitude is not
in the range from 0 to 360, the block
wraps it to be within the range.

Output Dimension Type Description

N Scalar Contains the geoid height in selected
length units. The data type is the
same as the latitude in the first

input.
Limitations This block has the limitations of the selected geopotential model.
References Vallado, D. A. “Fundamentals of Astrodynamics and Applications.”

McGraw-Hill, New York, 1997.

NIMA TR8350.2: "Department of Defense World Geodetic System 1984,
Its Definition and Relationship with Local Geodetic Systems."

National Geospatial-Intelligence Agency Web site:
http://earth-info.nga.mil/GandG/publications/vertdatum.html

See Also WGS84 Gravity Model, Spherical Harmonic Gravity Model
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Horizontal Wind Model
|

Purpose Transform horizontal wind into body-axes coordinates
Libra ry Environment/Wind
Description The Horizontal Wind Model block computes the wind velocity in

body-axes coordinates.

—
—
—

pew =/ Ve The wind is specified by wind speed and wind direction in Earth axes.
e The speed and direction can be constant or variable over time. The
direction of the wind is in degrees clockwise from the direction of the
Earth x-axis (north). The wind direction is defined as the direction from
which the wind is coming. Using the direction cosine matrix (DCM), the
wind velocities are transformed into body-axes coordinates.

Dia Iog Block Parameters: Horizontal Wind Model ]
— Horizontal “wind kModel [mazk] (link]
Box

Tranzform horizontal wind [north and east components] into body
coordinates given wind speed, wind direction and direction cosine matris
[DCH).

)
F

Urits: | Metric (MKS)

[
[

‘Wwind speed source: IIntemaI
‘Wwind speed at altitude [m/z):
i

‘wind direction source: IIntemaI j

‘Wwind direction at altitude [degrees clockwize from north]:
Jo

QK I Cancel Help Apply

Units
Specifies the input and output units:
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Horizontal Wind Model

Units Wind Speed Wind Velocity

Metric (MKS) Meters per Meters per second
second

English (Velocity Feet per Feet per second

in ft/s) second

English (Velocity Knots Knots

in kts)

Wind speed source
Specify source of wind speed:

External Variable wind speed input to
block

Internal Constant wind speed specified
in mask

Wind speed at altitude (m/s)
Constant wind speed used if internal wind speed source is
selected.

Wind direction source
Specify source of wind direction:

External Variable wind direction input
to block
Internal Constant wind direction

specified in mask

Wind direction at altitude (degrees clockwise from north)
Constant wind direction used if internal wind direction source is
selected. The direction of the wind is in degrees clockwise from
the direction of the Earth x-axis (north). The wind direction is
defined as the direction from which the wind is coming.
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Horizontal Wind Model
|

Inputs and Input Dimension Type Description

Outputs ) : o : :
First Contains the direction cosine matrix.
Second Contains the wind speed in selected
(Optional) units.
Third Contains the wind direction in
(Optional) degrees.

Output Dimension Type Description

First Contains the wind velocity in
body-axes, in selected units.

See Also Dryden Wind Turbulence Model (Continuous)
Dryden Wind Turbulence Model (Discrete)
Discrete Wind Gust Model
Von Karman Wind Turbulence Model (Continuous)

Wind Shear Model
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Ideal Airspeed Correction

Purpose

Library

Description

5-302

TAS (ms)
a (m's)
P (Pa)

CAS (mis)

W

Calculate equivalent airspeed (EAS), calibrated airspeed (CAS), or true
airspeed (TAS) from each other

Flight Parameters

The Ideal Airspeed Correction block calculates one of the following
airspeeds: equivalent airspeed (EAS), calibrated airspeed (CAS), or true
airspeed (TAS), from one of the other two airspeeds.

Three equations are used to implement the Ideal Airspeed Correction
block. The first equation shows TAS as a function of EAS, relative
pressure ratio at altitude (6), and speed of sound at altitude (a).

EAS xa
ao\/g
Using the compressible form of Bernoulli’s equation and assuming

isentropic conditions, the last two equations for EAS and CAS are
derived.

(y-D/y
EAS = _ P 1+1) 1
(y=1)po |\ P

(y=D/y
cas= |-2h (a4 -1
(r=1)po |\ Po

TAS =

In order to generate a correction table and its approximate inverse,
these two equations were solved for dynamic pressure (q). Having
values of ¢ by a function of EAS and ambient pressure at altitude (P) or
by a function of CAS, allows the two equations to be solved using the
other’s solution for g, thus creating a solution for EAS that depends on
P and CAS and a solution for CAS that depends on P and EAS.



Ideal Airspeed Correction

Block Parameters: Ideal Airspeed Correction

r— |deal Airspeed Corection [mazk)] (link]

airzpeed [TAS] from one of the other two airspeeds.

with constant specific heat ratio [gamma).

Calculate equivalent airspeed [EAS), calibrated airspeed [CAS), or true

Bazed on assumption of compressible, isentropic [subsonic flow], dry air

.
F

Urits: | Metric (MKS) =l

Airspeed input: ITAS j

Airspeed output: ICAS j

Action for out of range input: IE”D[ j
Diq Iog ak. | Cancel | ’Tlpl Apply |
Box

Units

Specifies the input and output units:

Airspeed
Units Input
Metric (MKS) Meters per
second
English Feet per
(Velocity in second
ft/s)
English Knots
(Velocity in
kts)

Airspeed input

Specify the airspeed input type:

Speed of
Sound

Meters per
second

Feet per
second

Knots

Air Airspeed
Pressure Output

Pascal Meters
per
second

Pound Feet per
force second
per

square

inch

Pound Knots
force

per

square

inch

5-303



Ideal Airspeed Correction

TAS True airspeed
EAS Equivalent airspeed
CAS Calibrated airspeed

Airspeed output
Specify the airspeed output type:

Velocity Input Velocity Output

TAS EAS (equivalent airspeed)
CAS (calibrated airspeed)
EAS TAS (true airspeed)
CAS (calibrated airspeed)
CAS TAS (true airspeed)

EAS (equivalent airspeed)

Action for out of range input
Specify if an out-of-range input (supersonic airspeeds) invokes a
warning, an error, or no action.

Inputs and Input Dimension Type Description
Outputs

First Contains the selected airspeed in the
selected units.

Second Contains the speed of sound in the
selected units.

Third Contains the static pressure in the
selected units.
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Ideal Airspeed Correction

Output Dimension Type Description

First Contains the selected airspeed in the
selected units.

Assumptions This block assumes that the air flow is compressible, isentropic

and (subsonic flow), dry air with constant specific heat ratio, y.
Limitations
Examples See the aeroblk indicated model and the aeroblk calibrated model

for examples of this block.

References Lowry, J. T., Performance of Light Aircraft, AIAA Education Series,
Washington, DC, 1999.

Aeronautical Vestpocket Handbook, United Technologies Pratt &
Whitney, August, 1986.
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Incidence & Airspeed

Purpose
Library

Description

Dialog
Box

Inputs and
Outputs

Examples
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Calculate incidence and airspeed
Flight Parameters

The Incidence & Airspeed block supports the 3DoF equations of motion
model by calculating the angle between the velocity vector and the
body, and also the total airspeed from the velocity components in the
body-fixed coordinate frame.

o= atan(ﬂJ
u

2

V=i +w

Block Parameters: Incidence & Airspeedé@ #

Calculate the angle between the body and the velocity vector [incidence]

Incidencetiirzpeed [mask] (link]
’iand the velocity magnitude from the components in body axes [U.w).

QK I Cancel Help Apply

Input Dimension Type Description
First Two-element Contains the velocity of the
vector body resolved into the body-fixed

coordinate frame.

Output Dimension Type Description

First Contains the incidence angle, in
radians.
Second Contains the airspeed of the body.

See the Aerodynamics & Equations of Motion subsystem of the
aeroblk_guidance_airframe model for examples of this block.



Incidence & Airspeed

See Also Incidence, Sideslip & Airspeed
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Incidence, Sideslip & Airspeed

Purpose
Library

Description

Dialog
Box

5-308

Calculate incidence, sideslip, and airspeed

Flight Parameters

The Incidence, Sideslip & Airspeed block supports the 6DoF (Euler
Angles) and 6DoF (Quaternion) models by calculating the angles
between the velocity vector and the body, and also the total airspeed
from the velocity components in the body-fixed coordinate frame.

a= atan(ﬂ)
u

. (v
p =asin| —
\%
V =vu? +v? +w?
w
o= atan(—]
i
|3=asi:u(5]
7
2 2
V = §u +ulrw
[Block Parameters: Incidence, Sideslip & Air E|

Calculate the angles between the body and the velocity vector (incidence
and sideslip], and the velocity magnitude from the components in body
anes Vb

"Incidence,Sideslip&&irspeed [maszk] [link]

QK I Cancel Help Apply




Incidence, Sideslip & Airspeed
|

Inputs and Input

Dimension Type Description
Outputs

First Three-element Contains the velocity of the
vector body resolved into the body-fixed
coordinate frame.

Output Dimension Type Description

First Contains the incidence angle in
radians.
Second Contains the sideslip angle in
radians.
Third Contains the airspeed of the body.
Examples See Airframe in the aeroblk_HL20 model for an example of this block.
See Also Incidence & Airspeed
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International Geomagnetic Reference Field 11

Purpose Calculate Earth’s magnetic field and secular variation using 11th
generation of International Geomagnetic Reference Field
Librclry Environment/Gravity
Description
h {mj} Magnetic Field (nT)

Horizontal Intensity (nT)

Declination (deg)

u {deg) Inclination {deg)
Total Intensity (nT)

SW Magnetic Field {nT/yr)

| (deg) SV Horizontal Intensity (nT:
SV Declination {min

SV Indlination {mindyr)

Decimal Year 5V Total Intensity {nTir)

International Geomagnetic Reference Field 11

The International Geomagnetic Reference Field 11 block calculates the
Earth’s magnetic field and secular variation using the 11th generation
of the International Geomagnetic Reference Field. It calculates these
values at a location and time that you define.
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International Geomagnetic Reference Field 11

Dialog
Box

E! Function Block Parameters: International Geo x|

—International Geomagnetic Reference Field 11 (mask) (link)

Calculate the Earth's magnetic field and the secular variation at a
specific location and time using the 11th geneneration of International
Geomagnetic Reference Field (IGRF-11). This model is valid for the
year 1900 through the year 2015.

The IGRF-11 can be found on the web at
http://wwnw.ngdc.noaa.gov/IAGA vmod/igrf.html.

Height is entered in length units of selected unit system. Latitude and
longitude are entered in degrees.

—FParameters

L

Units: | Metric (MKS)

¥ Input decimal year

Month: IJanuar}.r

Day: |1

Year: [2010

[ 8 I K B

Action for out of range input: |Error

¥ Output secular variation

Cancel | Help | Apply |

Units
Specifies the parameter and output units:

Units Height
Metric (MKS) Meters
English Feet
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International Geomagnetic Reference Field 11

5-312

Input decimal year
When selected, the decimal year is an input for the International
Geomagnetic Reference Field 11 block. Otherwise, specify a date
using the dialog parameters Month, Day, and Year.

Month
Specifies the month to calculate decimal year.

Day
Specifies the day to calculate decimal year.

Year
Specifies the year to calculate decimal year. In the list, select
from 1900 to 2015.

Action for out of range input
Specifies whether out-of-range input invokes a warning, error, or
no action.

Output secular variance
Select this check box to enable the output of secular variances
(annual rate of change) with nonsecular variances:

Secular Variance Description

Magnetic Field Magnetic field vector, in
nanotesla (nT). Z is the vertical
component (+ve down).

Horizontal Intensity Horizontal intensity, in
nanotesla (nT).

Declination Declination, in degrees (+ve
east).

Inclination Inclination, in degrees (+ve
down).

Total Intensity Total intensity, in nanotesla
(nT).




International Geomagnetic Reference Field 11

Secular Variance

Description

SV Magnetic Field

Secular variation of magnetic
field.

SV Horizontal Intensity

Secular variation of horizontal
intensity.

SV Declination

Secular variation of
declination, the angle between
true north and the magnetic
field vector (positive eastward).

SV Inclination

Secular variation of
inclination, the angle between
the horizontal plane and the
magnetic field vector (positive
downward).

SV Total Intensity

Secular variation of total
intensity.

Clear this check box to enable just the nonsecular variances:

¢ Magnetic Field

¢ Horizontal Intensity
¢ Declination

¢ Inclination

¢ Total Intensity

:';PU"S and Input Dimension Type Description
utputs First Scalar Contains the height, in selected
units.
Second Scalar Contains the latitude, in degrees.
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International Geomagnetic Reference Field 11

Input Dimension Type Description

Third Scalar Contains the longitude, in degrees.
Fourth Scalar Contains the desired year in a
(Optional) decimal format to include any

fraction of the year that has already
passed. The value is the current
year plus the number of days that
have passed in this year divided by
365.The following code illustrates
how to calculate the decimal year,
dyear, for March 21, 2005:

%%%BEGIN CODE%%%
dyear=decyear('21-March-2005", 'dd-mmm-yyyy')
%%%END CODE%%%

Output Dimension Type Description

First Contains the magnetic field vector,
in selected units.

Second Contains the horizontal intensity, in
selected units.

Third Contains the declination, in degrees.

Fourth Contains the inclination, in degrees.

Fifth Contains the total intensity, in
selected units.

Sixth Contains the secular variation of

(Optional) magnetic field vector, in selected
units per years.

Seventh Contains the secular variation of

(Optional) horizontal intensity, in selected

units per year.
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International Geomagnetic Reference Field 11

Output Dimension Type Description

Eight Contains the secular variation of
(Optional) declination, in minutes per year.
Ninth Contains the secular variation of
(Optional) inclination, in minutes per year.
Tenth Contains the secular variation of
(Optional) total intensity, in selected units per
year.
Limitations This block is valid between the heights of -1000 m and 600000 m.

This block is valid between the years of 1900 and 2015.
The following site has additional limitations:

http://www.ngdc.noaa.gov/IAGA/vmod/igrfhw.html

References International Association of Geomagnetism and Aeronomy.
11th Generation International Geomagnetic Reference Field:
http://www.ngdc.noaa.gov/IAGA/vmod/igrf.html

Blakely, R. J., Potential Theory in Gravity & Magnetic Applications.
Cambridge, UK: Cambridge University Press, 1996.
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Interpolate Matrix(x)

Purpose
Library

Description

Ax k
Matrixix)

5-316

Return interpolated matrix for given input
GNC/Controls

The Interpolate Matrix(x) block interpolates a one-dimensional array
of matrices.

This one-dimensional case assumes a matrix M is defined at a discrete
number of values of an independent variable

X=[2 %y %y o0 X Xy e X ]

Then for x; < x < x,,,, the block output is given by

+1°
A-VM(x;)+ AM(x;,1)

where the interpolation fraction is defined as
A=(x—2x;)/ (%41 — ;)

The matrix to be interpolated should be three dimensional, the first two
dimensions corresponding to the matrix at each value of x. For example,
if you have three matrices A, B, and C defined at x = 0, x = 0.5, and
X = 1.0, then the input matrix is given by

matrix(:,:,1) = Aj
matrix(:,:,2) = B;

matrix(:,:,3) = C;



Interpolate Matrix(x)

Dialog
Box

Inputs and
Outputs

Assumptions
and
Limitations

Examples

See Also

21 Function Block Parameters: Inte x|
—Schedulebatriz-10 [mask)

Fieturn an interpolated matrix for given input 2_k and #_f. Inputs must be from the
Simulink Prelookup block.

=
F

M atrix to interpolate:

tatriz

QK I Cancel | Help Apply

Matrix to interpolate
Matrix to be interpolated, with three indices and the third index
labeling the interpolating values of x.

Input Dimension Type Description
First Contains the interpolation index i.
Second Contains the interpolation fraction A.

Output Dimension Type Description

First Contains the interpolated matrix.

This block must be driven from the Simulink Prelookup block.

See the following block reference pages: 1D Controller
[A(v),B(v),C(v),D(¥)], 1D Observer Form [A(v),B(v),C(v),F(v),H(v)], and
1D Self-Conditioned [A(v),B(v),C(v),D(v)].

Interpolate Matrix(x,y)

Interpolate Matrix(x,y,z)
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Interpolate Matrix(x,y)

Purpose Return interpolated matrix for given inputs
Librclry GNC/Controls
Description The Interpolate Matrix(x,y) block interpolates a two-dimensional array

of matrices.

This two-dimensional case assumes the matrix is defined as a function of
two independent V.ariables, X =[ 2] Xg Xgeer X, Xpyq oo chn] and y= [Y1 Y9 Y5 -
Y; ¥i+1 -+ Yml- For given values of x and y, four matrices are interpolated.

Then for x; <x < x,,, and ¥ <Y <Y the output matrix is given by

o

k
L Matrix(x,v)
f

LYETEYRT]
e

(1—Ay)[(l—lx)M(xi,yj)+),xM(xi+1,yJ~)]+
2yl =2 )M (¥ 1) + A M (%41, j41)]

where the two interpolation fractions are denoted by
Ay = (=) /(2,1 — ;)

and
Ay ==y (¥ -y))

In the two-dimensional case, the interpolation is carried out first on x
and then y.

The matrix to be interpolated should be four dimensional, the first

two dimensions corresponding to the matrix at each value of x and

y. For example, if you have four matrices A, B, C, and D defined at
(x = 0.0,y = 1.0), (x = 0.0,y = 3.0), (x = 1.0,y = 1.0) and
(x 1.0,y = 3.0), then the input matrix is given by

matrix(:,:,1,1) = A;

matrix(:,:,1,2) ;

B
C;
D

matrix(:,:,2,1)

matrix(:,:,2,2)

bl
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Interpolate Matrix(x,y)

Dialog 31 Function Block Parameters: Inte

Box —Scheduleb atris-20 [mask)

fram Simulink. Prelookup block.

Fieturn an interpolated matrix for given inputs #_k, 2_f, y_k and »_f Inputs must be

=
F

M atrix to interpolate:

tatriz

()8 I Cancel |

Help Apply

Matrix to interpolate

Matrix to be interpolated, with four indices and the third and
fourth indices labeling the interpolating values of x and y.

Inputs and Input Dimension Type Description
Outputs : : . .
First Contains the first interpolation index
.
Second Contains the first interpolation
fraction A._.
Third Contains the second interpolation
index j.
Fourth Contains the second interpolation

fraction )»y.

Output Dimension Type
First

Description

Contains the interpolated matrix.

Assumptions This block must be driven from the Simulink Prelookup block.

and
Limitations
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Interpolate Matrix(x,y)

Examples See the following block reference pages: 2D Controller
[A(V),B(v),C(v),D()], 2D Observer Form [A(v),B(v),C(v),F(v),H(v)], and
2D Self-Conditioned [A(v),B(v),C(v),D(v)].

See Also Interpolate Matrix(x)
Interpolate Matrix(x,y,z)
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Interpolate Matrix(x,y,z)

Purpose Return interpolated matrix for given inputs
Librclry GNC/Controls
Description The Interpolate Matrix(x,y,z) block interpolates a three-dimensional

array of matrices.

Xk . . . .. . .
oA This three-dimensional case assumes the matrix is defined as a function
; v r Matrixix,y 7] pr of three independent variables:
y
Az k
b F X =[x Xy Xg oo X Xpyq e X ]

Y= Y Vg ¥y Yiug e Yl
2= (2 2 2 e 2 2y o 2]
For given values of x, y, and z, eight matrices are interpolated. Then for
X <x <,
¥ <Y < Y
2, <z<z.,
the output matrix is given by
(1—%){(1_%)[(1—%)M(xi,yjazk)+lxM(xi+1’yjaZk )]
+ Ay [(l—lx)M(xi,yju,Zk)+7LxM(xi+1,yj+1a2k )]}
+ 2, {(1—7Ly)[(1—/1x)M(xi,yj,zkﬂ)+/1xM(xi+1,yj,Zk+1)]
+4, [(1 — D )M (23,5 152351 ) + M (%141, 4152041 )]}

where the three interpolation fractions are denoted by
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A = (x=26;) /(2741 — %)

by ==/ (1 -9j)

A, =(2-2)/ (241~ 22)
In the three-dimensional case, the interpolation is carried out first on x,
then y, and finally z.

The matrix to be interpolated should be five dimensional, the first two
dimensions corresponding to the matrix at each value of x, y, and z. For
example, if you have eight matrices A, B, C, D, E, F, GG, and H defined at
the following values of x, y, and z, then the corresponding input matrix

is given by
(x = 0.0,y =1.0,z = 0.1) matrix(:,:,1,1,1) = A;
(x = 0.0,y =1.0,z = 0.5) matrix(:,:,1,1,2) = B;
(x = 0.0,y = 3.0,z =0.1) matrix(:,:,1,2,1) = C;
(x = 0.0,y = 3.0,z = 0.5) matrix(:,:,1,2,2) = D;
(x = 1.0,y =1.0,z = 0.1) matrix(:,:,2,1,1) = E;
(x = 1.0,y =1.0,z = 0.5) matrix(:,:,2,1,2) = F;
(x = 1.0,y = 3.0,z = 0.1) matrix(:,:,2,2,1) = G;
(x = 1.0,y = 3.0,z = 0.5) matrix(:,:,2,2,2) = H;
Dialog x|
Box

must be from Simulink. Prelookup block.

=
F

M atrix to interpolate:

tatriz

QK I Cancel Help Apply
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Inputs and
Outputs

Assumptions
and
Limitations

Examples

Matrix to interpolate

Matrix to be interpolated, with five indices and the third, fourth,
and fifth indices labeling the interpolating values of x, y, and z.

Input Dimension Type
First

Second
Third
Fourth
Fifth

Sixth

Description

Contains the first interpolation index
i.

Contains the first interpolation
fraction A,.

Contains the second interpolation
index j.

Contains the second interpolation
fraction A,.

Contains the third interpolation
index k.

Contains the third interpolation
fraction A..

Output Dimension Type
First

Description

Contains the interpolated matrix.

This block must be driven from the Simulink Prelookup block.

See the following block reference pages: 3D Controller
[A(V),B(v),C(v),D(V)], 3D Observer Form [A(v),B(v),C(v),F(v),H(v)], and
3D Self-Conditioned [A(v),B(v),C(v),D(v)].
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See Also Interpolate Matrix(x)
Interpolate Matrix(x,y)
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Invert 3x3 Matrix

Purpose
Library

Description

at L
[3x3)

Dialog
Box

Inputs and
Outputs

See Also

Compute inverse of 3-by-3 matrix

Utilities/Math Operations

The Invert 3x3 Matrix block computes the inverse of 3-by-3 matrix.

If det(A) = 0, an error occurs and the simulation stops.

x

’rlnvert 3x3 Matrix {mask) (link)

Compute the inverse of 3-by-3 matrix.

OK. I Cancel Help Apply

Input Dimension Type Description
First 3-by-3 matrix

Output Dimension Type Description

First 3-by-3 matrix Contains the matrix inverse of input
matrix.

Adjoint of 3x3 Matrix
Create 3x3 Matrix

Determinant of 3x3 Matrix
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ISA Atmosphere Model

Purpose
Library

Description

Tkl
a irs)

him S
1SA F iFa)

p thaim®)

Dialog
Box

Inputs and
Outputs

5-326

Implement International Standard Atmosphere (ISA)
Environment/Atmosphere

The ISA Atmosphere Model block implements the mathematical
representation of the international standard atmosphere values for
ambient temperature, pressure, density, and speed of sound for the
input geopotential altitude.

The ISA Atmosphere Model block icon displays the input and output
metric units.

Block Parameters: ISA Atmosphere Model |
International Standard Atmozphere Model [mask] [link)

Compute International Standard Atmozphere [|54) model for altitudes
between O Km and 20 Km uzing a lapze rate method.

Select change atmospheric parameters to create custom atmozphere.

=
F

lrl_ Change atmospheric parameters ‘

QK I Cancel | Help | Apply |

Change atmospheric parameters
Select to customize various atmospheric parameters to be
different from the ISA values.

Input Dimension Type Description

First Contains the geopotential height.




ISA Atmosphere Model
|

Output Dimension Type Description

First Contains the temperature.
Second Contains the speed of sound.
Third Contains the air pressure.
Fourth Contains the air density.

Assumptions Below the geopotential altitude of 0 km and above the geopotential

and altitude of 20 km, temperature and pressure values are held. Density

Limitations and speed of sound are calculated using a perfect gas relationship.

Reference [1] U.S. Standard Atmosphere, 1976, U.S. Government Printing Office,
Washington, D.C.

See Also COESA Atmosphere Model, CIRA-86 Atmosphere Model, Lapse Rate
Model
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Julian Epoch to Besselian Epoch

Purpose

Library

Description

Teom  Brsso P

Yo Vs P

5-328

Transform position and velocity components from Standard Julian
Epoch (J2000) to discontinued Standard Besselian Epoch (B1950)

Utilities/Axes Transformations

The Julian Epoch to Besselian Epoch block transforms two 3-by-1
vectors of Julian Epoch position (779000 ), and Julian Epoch velocity
(079000 ) into Besselian Epoch position (71950 ), and Besselian Epoch

velocity (Up1950). The transformation is calculated using:

_ .
|:"B1950}:[ rr Mvr:| |:rJ2000:|
UB1950 ro My | 072000

where

=

(8,,,M,,,M,,,1,,)

rr» vr» rv’ vv

are defined as:

[0.9999256782 -0.0111820611 -0.0048579477
Mrr =10.0111820610 0.9999374784 -0.0000271765
10.0048579479 -0.0000271474  0.9999881997

[0.00000242395018 —0.00000002710663 —0.00000001177656
o =10.00000002710663 0.00000242397878 —0.00000000006587
0.00000001177656 —0.00000000006582 0.00000242410173

=
I

[-0.000551 -0.238565 0.435739
]l_lrv =| 0.238514 -0.002667 -0.008541
| —0.435623 0.012254  0.002117




Julian Epoch to Besselian Epoch

Dialog
Box

Inputs and

Outputs

Reference

See Also

0.99994704 -0.01118251 -0.00485767
ZVIUU =10.01118251 0.99995883 —0.00002718
0.00485767 -0.00002714 1.00000956

E! Function Block Parameters: Julian Epoch to Be |

’rJ ulian to Beszelian [mazk) [link]

Transform pozition and velocity components from the Standard Julian Epoch [J2000] to
the dizcontinued Standard Besselian Epoch [B1350).

Cancel Help Spply
Input Dimension Type Description
First 3-by-1 vector Contains the position in Standard
Julian Epoch (J2000).
Second 3-by-1 vector Contains the velocity in Standard

Julian Epoch (J2000).

Output Dimension Type Description

First 3-by-1 vector Contains the position in Standard
Besselian Epoch (B1950).

Second 3-by-1 vector Contains the velocity in Standard
Besselian Epoch (B1950).

“Supplement to Department of Defense World Geodetic System 1984
Technical Report: Part I - Methods, Techniques and Data Used in
WGS84 Development,” DMA TR8350.2-A.

Besselian Epoch to Julian Epoch
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Lapse Rate Model

Purpose Implement lapse rate model for atmosphere
Librclry Environment/Atmosphere
Description The Lapse Rate Model block implements the mathematical
representation of the lapse rate atmospheric equations for ambient
(Tn-ErK: temperature, pressure, density, and speed of sound for the input
h () Laﬁ'i% P iPa) geopotential altitude. You can customize this atmospheric model,
P i) described below, by specifying atmospheric properties in the block
dialog.

The following equations define the troposphere

T=T,-Lh
8
LR
Ty

The following equations define the tropopause (lower stratosphere)

T =Ty — Lhts
o (hts—h)
P:PO[EJLRQRT .
Ty
g
T LR %(hts—h)
P =Po Fo e
a=+yRT
where:
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hts

= B~ e veo

8

The Lapse Rate Model block icon displays the input and output metric

units.

Absolute temperature at mean sea level in kelvin (K)
Air density at mean sea level in kg/m?

Static pressure at mean sea level in N/m?
Altitude in m

Height of the troposphere in m

Absolute temperature at altitude A in kelvin (K)
Air density at altitude A in kg/m?

Static pressure at altitude A in N/m?

Speed of sound at altitude 4 in m/s?

Lapse rate in K/m

Characteristic gas constant J/kg-K

Specific heat ratio

Acceleration due to gravity in m/s?
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L]
Dla Iog Block Parameters: Lapse Rate Model |
— International Standard Atmosphere Model [mask] (link]—————
Box

Compute International Standard Atmozphere [|54) model for altitudes
between O Km and 20 Km uzing a lapze rate method.

Select change atmospheric parameters to create custom atmozphere.

=) |
F

[¥ Change atmospheric parameters
Acceleration due ta gravity [mds"2):
|9.50885

Fiatio of specific heats:
1.4

Characteristic gas constant [J/Kg/k]:
|287.0531

Lapse rate [K./m]:
|0.0085

Height of troposphere [m]:
|11000

Height of ropopause [m]:
| 20000

Air density at mean sea level [Ka/m™3):
|1.225

Ambient pressure at mean sea level [N/m™2):
[101325

Ambient temperature at mean sea level (K]
28815

QK I Cancel | Help | Apply |

Change atmospheric parameters
When selected, the following atmospheric parameters can be
customized to be different from the ISA values.

Acceleration due to gravity
Specify the acceleration due to gravity (g).

Ratio of specific heats
Specify the ratio of specific heats y.

Characteristic gas constant
Specify the characteristic gas constant (R).
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|

Lapse rate
Specify the lapse rate of the troposphere (L).

Height of troposphere
Specify the upper altitude of the troposphere, a range of
decreasing temperature.

Height of tropopause
Specify the upper altitude of the tropopause, a range of constant
temperature.

Air density at mean sea level
Specify the air density at sea level (o).

Ambient pressure at mean sea level
Specify the ambient pressure at sea level (P,).

Ambient temperature at mean sea level
Specify the ambient temperature at sea level (7).

Inputs and Input

Dimension Type Description
Outputs

First Contains the geopotential height.

Output Dimension Type Description

First Contains the temperature.

Second Contains the speed of sound.
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Output Dimension Type Description

Third Contains the air pressure.

Fourth Contains the air density.

Assumptions Below the geopotential altitude of 0 km and above the geopotential

and altitude of the tropopause, temperature and pressure values are

Limitations held. Density and speed of sound are calculated using a perfect gas
relationship.

Reference [1] U.S. Standard Atmosphere, 1976, U.S. Government Printing Office,
Washington, D.C.

See Also COESA Atmosphere Model
ISA Atmosphere Model
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Length Conversion

Purpose
Library

Description

ft

—

Dialog

Box

Convert from length units to desired length units
Utilities/Unit Conversions

The Length Conversion block computes the conversion factor from
specified input length units to specified output length units and applies
the conversion factor to the input signal.

The Length Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

Block Parameters: Length Conversion E |

i~ Length Conversion [mask] [link]

Convert unitz of input signal to desired output units,

o 0
Initial units: I t j
=

Final units: I m

QK | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

m Meters

ft Feet

km Kilometers

in Inches

mi Miles

naut mi Nautical miles
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Inputs and
Outputs

See Also

5-336

Input Dimension Type
First

Description

Contains the length in initial length
units.

Output Dimension Type
First

Description

Contains the length in final length
units.

Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Density Conversion

Force Conversion

Mass Conversion

Pressure Conversion
Temperature Conversion

Velocity Conversion



LLA to ECEF Position

Purpose

Library

Description

i

h

Calculate Earth-centered Earth-fixed (ECEF) position from geodetic
latitude, longitude, and altitude above planetary ellipsoid

Utilities/Axes Transformations

The LLA to ECEF Position block converts geodetic latitude (f),

longitude (l_), and altitude (E ) above the planetary ellipsoid into a

3-by-1 vector of ECEF position (p). The ECEF position is calculated
from geocentric latitude at mean sea-level (A,) and longitude using:

Dy 1, oS A cost + A cos [ cost
P =|Dy |=|rscosAssint + hcos usini
D rysinAg +hsinu

where geocentric latitude at mean sea-level and the radius at a surface

point (r,) are defined by flattening (}?), and equatorial radius (}_3) in
the following relationships.

Ag = atan((1- f)2 tan u)

R2
1+(1/(1—f)2—1)sin2 A,
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Dialog
Box

[=] Function Block Parameters: LLA to ECEF Position x|

—LLA to ECEF (mask)

Calculate Earth Centered Earth Fixed (ECEF) position from geodetic latitude,
longitude, and altitude.

—Parameters

Units: [Metric (MKS) =|

Planet model: |Earﬁ1 (WE584) LI

E! Function Block Parameters: LLA to ECEF Position x|

—LLA to ECEF (mask)

Calculate Earth Centered Earth Fixed (ECEF) position from geodetic latitude,
longitude, and altitude.

—Parameters

Planet model: |Custom LI

Flattening:

I 1/298,257223563

Equatorial radius of planet:

[6373137

Apply

Units
Specifies the parameter and output units:



LLA to ECEF Position
|

Equatorial
Units Altitude Radius Position
Metric Meters Meters Meters
(MKS)
English Feet Feet Feet

This option is only available when Planet model is set to Earth
(WGS84).

Planet model
Specifies the planet model to use: Custom or Earth (WGS84).

Flattening

Specifies the flattening of the planet. This option is only available
with Planet model set to Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for

altitude. This option is only available with Planet model set
to Custom.

Inputs and Input

Dimension Type Description
Outputs

First 2-by-1 vector Contains the geodetic latitude and
longitude, in degrees.

Second Scalar Contains the altitude above the
planetary ellipsoid.

Output Dimension Type Description

First 3-by-1 vector Contains the position in ECEF
frame, in same units as altitude.
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Assumptions
and
Limitations

References

See Also

5-340

The planet 1s assumed to be ellipsoidal by setting flattening to 0.0 a
spherical planet can be achieved.

The implementation of the ECEF coordinate system assumes that the
origin is at the center of the planet, the x-axis intersects the Greenwich
meridian and the equator, the z-axis being the mean spin axis of the
planet, positive to the north, and the y-axis completes the right-handed
system.

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

Zipfel, P. H., Modeling and Simulation of Aerospace Vehicle Dynamics,
ATAA Education Series, Reston, Virginia, 2000.

“Atmospheric and Space Flight Vehicle Coordinate Systems,”
ANSI/ATAA R-004-1992.

See “About Aerospace Coordinate Systems” on page 2-16.
Direction Cosine Matrix ECEF to NED

Direction Cosine Matrix ECEF to NED to Latitude and Longitude
ECEF Position to LLA

Flat Earth to LLA

Radius at Geocentric Latitude



LLA to Flat Earth

Purpose

Library

Description

ul

LLA to Flat Earth

Estimate flat Earth position from geodetic latitude, longitude, and
altitude

Utilities/Axes Transformations

The LLA to Flat Earth block converts a geodetic latitude (), longitude

(7), and altitude (k) into a 3-by-1 vector of Flat Earth position (p). The
flat Earth coordinate system assumes the z-axis is downward positive.
The estimation begins by finding the small changes in latitude and
longitude from the output latitude and longitude minus the initial
latitude and longitude.

dp=p— o
d=1—y

To convert geodetic latitude and longitude to the North and East
coordinates, the estimation uses the radius of curvature in the prime
vertical (I2y) and the radius of curvature in the meridian (%,). R, and
R,, are defined by the following relationships:

R
Ry = 2\ 2
\/1—(2f—f )sin® g
2
Ry = 1-@Qf -f7)

N 1—@f - sin? 4y

where (R) is the equatorial radius of the planet and [ 1is the flattening
of the planet.

Small changes in the North (dN) and East (dE) positions are
approximated from small changes in the North and East positions by
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du

atan [1 )
Ry

di

1
atan| ———
[RN €OS L ]

With the conversion of the North and East coordinates to the flat Earth
x and y coordinates, the transformation has the form of

Py | | cosy siny ||N
Dy B —siny cosy || E

where

(v)

is the angle in degrees clockwise between the x-axis and north.

dN =

dE =

The flat Earth z-axis value is the negative altitude minus the reference
height (h,,).

p;=—h- href
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|

L]
Dia Iog =] Function Block Parameters: LLA to Flat Earth x|
BOX —LLA to Flat Earth (mask)

Estimate flat Earth position from geodetic latitude, longitude, and altitude. The flat
Earth coordinate system assumes the z-axis is positive downwards.

—Parameters

Planet model: |Earﬁ1 (WGES84) LI

Initial geodetic latitude and longitude [deq]:
| [0 10]

Direction of flat Earth x-axis (degrees dockwise from north):
o

QK I Cancel Help Apply
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=] Function Block Parameters: LLA to Flat Earth x|

—LLA to Flat Earth (mask)

Estimate flat Earth position from geodetic latitude, longitude, and altitude. The flat
Earth coordinate system assumes the z-axis is positive downwards.

—Parameters

Planet model: |[8F] -

Flattening:
I 1/298,257223563

Equatorial radius of planet:
|6373137

Initial geodetic latitude and longitude [deg]:
f [0 10]

Direction of flat Earth x-axis (degrees dockwise from north):
o

oK I Cancel | Help Apply

Units
Specifies the parameter and output units:

Equatorial
Units Position Radius Altitude
Metric (MKS) Meters Meters Meters
English Feet Feet Feet

This option is available only when Planet model is set to Earth
(WGS84).

Planet model
Specifies the planet model to use: Custom or Earth (WGS84).



LLA to Flat Earth

Flattening
Specifies the flattening of the planet. This option is available only
with Planet model Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
flat Earth position. This option is available only with Planet
model Custom.

Initial geodetic latitude and longitude
Specifies the reference location, in degrees of latitude and
longitude, for the origin of the estimation and the origin of the
flat Earth coordinate system.

Direction of flat Earth x-axis
Specifies angle for converting flat Earth x and y coordinates to
North and East coordinates.

Inputs and Output Dimension Type Description

OUtPUts First 2-by-1 vector Contains the geodetic latitude and

longitude, in degrees.

Second Scalar Contains the altitude above the
input reference altitude, in same
units as flat Earth position.

Third Scalar Contains the reference height from
the surface of the Earth to the flat
Earth frame, in same units as flat
Earth position. The reference height
is estimated with regard to Earth

frame.

Input Dimension Type Description

First 3-by-1 vector Contains the position in flat Earth
frame.
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Assumptions
and
Limitations

References

See Also

5-346

This estimation method assumes the flight path and bank angle are
Zero.

This estimation method assumes the flat Earth z-axis is normal to the
Earth at the initial geodetic latitude and longitude only. This method
has higher accuracy over small distances from the initial geodetic
latitude and longitude, and nearer to the equator. The longitude has
higher accuracy with smaller variations in latitude. Additionally,
longitude is singular at the poles.

Etkin, B. Dynamics of Atmospheric Flight New York: John Wiley &
Sons, 1972.

Stevens, B. L., and F. L. Lewis. Aircraft Control and Simulation, 2nd
ed. New York: John Wiley & Sons, 2003.

Direction Cosine Matrix ECEF to NED

Direction Cosine Matrix ECEF to NED to Latitude and Longitude
ECEF Position to LLA

Flat Earth to LLA

Geocentric to Geodetic Latitude

LLA to ECEF Position

Radius at Geocentric Latitude



Mach Number
|

Purpose Compute Mach number using velocity and speed of sound
Librclry Flight Parameters
Description The Mach Number block computes Mach number.
Mach number is defined as
W
hizch f
NV-V
= Mach =
a
where a is speed of sound and V is velocity vector.
Diqlog k|
B Mach Mumber [mazk] [link]
oX ’7E0mpute Mach number using velocity and speed of sound.
QK I Cancel | Help | Apply
IonPUts and Input Dimension Type Description
utputs . . .
P First Contains the velocity vector.
Second Contains the speed of sound.
Output Dimension Type Description
First 3-by-1 vector Contains the Mach number.
Examples See Airframe in the aeroblk HL20 model for an example of this block.
See Also Aerodynamic Forces and Moments

Dynamic Pressure
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Mass Conversion

Purpose
Library

Description

I

—

kg

Dialog

Box

5-348

Convert from mass units to desired mass units
Utilities/Unit Conversions

The Mass Conversion block computes the conversion factor from
specified input mass units to specified output mass units and applies
the conversion factor to the input signal.

The Mass Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

Block Parameters: Mass Conversion #

— Mass Conversion [mask] [link]

Convert unitz of input signal to desired output units,

P "
Initial urits: I lbr j
=

Final units: I ka

QK | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

lbm Pound mass
kg Kilograms
slug Slugs



Mass Conversion

Inputs and Input

Dimension Type Description
Outputs

First Contains the mass in initial mass
units.

Output Dimension Type Description

First 3-by-1 vector Contains the mass in final mass
units.

See Also Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Density Conversion

Force Conversion

Length Conversion

Pressure Conversion
Temperature Conversion

Velocity Conversion
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Purpose
Library

Description

5-350

1 .Xe

18y

Create six—degrees-of-freedom multibody custom geometry block
Animation/MATLAB-Based Animation

The MATLAB Animation block creates a six-degrees-of-freedom
multibody custom geometry block based on the Aero.Animation object.
This block animates one or more vehicle geometries with x-y -z position
and Euler angles through the specified bounding box, camera offset,
and field of view. This block expects the rotation order z-y-x (psi,
theta, phi).

To update the camera parameters in the animation, first set the
parameters then close and double-click the block to reopen the MATLAB
Animation window.

To access the dialog box for this block, right-click the block, then select
Mask Parameters. Alternatively, double-click the block to display the
MATLAB Animation window, then click the Block Parameters icon.

Note The underlying graphics system stores values in single precision.
As a result, you might notice that motion at coordinate positions
greater than approximately 1e6 appear unstable. This is because a
single-precision number has approximately six digits of precision. The
instability is due to quantization at the local value of the eps MATLAB
function. To visualize more stable motion for coordinates beyond 1e6,
either offset the input data to a local zero, or scale down the coordinate
values feeding the visualization.




MATLAB Animation

Dialog
Box

=] 5ink Block Parameters: MATLAB Animation |

—Aerobd AT LABAnimation [mazk] [link]

Animate one or more vehicle geometries with Y2 position and euler angles through
the specified bounding box, camera offset, and field of view. Eu default, the camera
aim point is the position of the first body lagged dynamically to indicate motion. The
camera offset represents the distance from the camera aim point to the camera itzelf.
Tao update the camera parameters in the animation, first 2et the parameters then cloze
and reopen the animation window,

Yehicle geometriez can be zpecified uzing a wanable name, a cell amay of variable
names, a filename string with quates ‘mugeom.mat’, or a miked cell amay of variable
names and stiings. e.g.. {'filel.mat', file2 mat’, 'file3.ac’, geomiar §. Currently,
geometies specified in varables must exist in the MATLAB workspace and file names
izt exizt in the current directory or be on the MATLAR path.

—Parameters

Vehicles:l 1 |

Geometries [usge 'quates’ on filenames]:

I'astredwedge. rnat'

Bounding box coordinates:

|[-50,50.-50,50,-50,50]
Camera offzet:
f-150,-50,0)
Camera view angle:
3
Sample time:
02
Ok, I Cancel | Help | Apply |
Vehicles
Specifies the vehicle to animate. From the list, select from 1 to 10.
The block mask inputs change to reflect the number of vehicles
you select. Each vehicle has its own set of inputs, denoted by the
number at the beginning of the input label.
Geometries

Specifies the vehicle geometries. You can specify these geometries

using one of the following:
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Variable name, for example geomvar

Cell array of variable names, for example {geomVar,
AltGeomVar}

String with single quotes, for example, 'astredwedge.mat'

Mixed cell array of variable names and strings, for example
{'filel.mat', 'file2.mat', 'file3.ac', geomVar}

Note All specified geometries specified must exist in the
MATLAB workspace and file names must exist in the current
folder or be on the MATLAB path.

Bounding box coordinates
Specifies the boundary coordinates for the vehicle.

This parameter is not tunable during simulation. A change to this
parameter takes effect after simulation stops.

Camera offset
Specifies the distance from the camera aim point to the camera
itself.

This parameter is not tunable during simulation. A change to this
parameter takes effect after simulation stops.

Camera view angle
Specifies the camera view angle. By default, the camera aim point
1s the position of the first body lagged dynamically to indicate
motion.

This parameter is not tunable during simulation. A change to this
parameter takes effect after simulation stops.

Sample time
Specify the sample time (-1 for inherited).
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Inputs and Input

Dimension Type Description
Outputs

First Vector Contains the altitude, the crossrange
position, and the downrange position
of the vehicle in Earth coordinates.

Output Dimension Type Description

First Vectors Contains the Euler angles (roll,
pitch, and yaw) of the vehicle.

See Also Aero.Animation in the Aerospace Toolbox documentation
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Moments About CG Due to Forces

Purpose

Library

Description

'GG("C;’3 Tl

GF

Dialog
Box

Inputs and
Outputs

See Also

5-354

Compute moments about center of gravity due to forces applied at a
point, not center of gravity

Mass Properties

The Moments about CG Due to Forces block computes moments about
center of gravity due to forces that are applied at point CP, not at the
center of gravity.

Block Parameters: Moments about CG d |
"Moments About CG Due To Force [maszk] (link]

Compute moments about center of gravity due to forces which are applied
at point CF nat the center of gravity.

QK I Cancel Help Apply

Input Dimension Type Description

First Contains the forces applied at point
CP.

Second Contains the center of gravity.

Third Contains the application point of
forces.

Output Dimension Type Description

First Contains the moments at the center
of gravity in x-axes, y-axes and
z-axes.

Aerodynamic Forces and Moments



Moments About CG Due to Forces

Estimate Center of Gravity
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Purpose

Library

Description
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Implement MIL-STD-210C climatic data
Environment/Atmosphere

The Non-Standard Day 210C block implements a portion of the
climatic data of the MIL-STD-210C worldwide air environment to 80
km (geometric or approximately 262,000 feet geometric) for absolute
temperature, pressure, density, and speed of sound for the input
geopotential altitude.

The Non-Standard Day 210C block icon displays the input and output
units selected from the Units list.

Block Parameters: Non-Standard Day 2

—Atmosphere Model [mazk) (link]

Calculate various atmosphere models including 1976 COESA-extended
.5, Standard Atmosphere, MIL-HDEK-310, and MIL-STD-210C. Given
geopotential altitude, calculate absolute temperature, pressure and density
uzing standard interpolation formulas.

The COESA model extrapolates temperature linearly and pressure/density
logarithmic:ally beyond the range

0 <= altitude <= 84852 meters [geopatential]

The MIL specifications are not extrapolated beyond their defined altitudes
which are typically

0 <= altitude <= 80000 meters [geometric]

Depending on the given information either density or pressure is
calculated using a perfect gas relationship.

The unit spstem zelected applies to both input and outputs.

=) |
F

Urits: | Metric (MKS)

4

Specification: I MIL-STD-210C

Atmozpheric model type: Imeile

Extreme parameter: IHigh temperature

Frequency of occurmence: |1°/°

4

Altitude of extreme value: |5 km (16404 ft)

4

Lef Lel Lo Lef e L] e

Action for out of range input: I\.\.-'aming

QK | Cancel | Help I Apply |
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Units

Metric
(MKS)

English
(Velocity
in ft/s)

English
(Velocity
in kts)

Units

Specifies the input and output units:

Height Temperature
Meters Kelvin
Feet Degrees
Rankine
Feet Degrees
Rankine
Specification

Speed of
Sound

Meters per
second

Feet per second

Knots

Air
Pressure

Pascal

Pound force
per square
inch

Pound force
per square
inch

Air Density

Kilograms
per cubic
meter

Slug per cubic

foot

Slug per cubic

foot

Specify the atmosphere model type from one of the following

atmosphere models. The default is MIL-STD-210C.

1976 COESA-extended U.S. Standard Atmosphere

This selection is linked to the COESA Atmosphere Model block.

See the block reference for more information.

MIL-HDBK-310

This selection is linked to the Non-Standard Day 310 block. See

the block reference for more information.

MIL-STD-210C

This selection is linked to the Non-Standard Day 210C block.
See the block reference for more information.

Atmospheric model type

Select the representation of the atmospheric data.
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Profile Realistic atmospheric profiles associated with
extremes at specified altitudes. Recommended
for simulation of vehicles vertically traversing
the atmosphere or when the total influence of the
atmosphere is needed.

Envelope Uses extreme atmospheric values at each altitude.
Recommended for vehicles only horizontally
traversing the atmosphere without much change
in altitude.

Extreme parameter
Select the atmospheric parameter that is the extreme value.

High temperature  Option always available

Low temperature Option always available

High density Option always available

Low density Option always available

High pressure This option is available only when
Envelope is selected for Atmospheric
model type

Low pressure This option is available only when
Envelope is selected for Atmospheric
model type

Frequency of occurrence
Select percent of time the values would occur.

Extreme This option is available only when Envelope is
values selected for Atmospheric model type.

1
5

o°

Option always available

o°

This option is available only when Envelope is
selected for Atmospheric model type.
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Inputs and
Outputs

Assumptions
and
Limitations

10% Option always available

20% This option is available only when Envelope is
selected for Atmospheric model type.

Altitude of extreme value
Select geometric altitude at which the extreme values occur.
Applies to the profile atmospheric model only.

5 km (16404 ft)

10 km (32808 ft)
20 km (65617 ft)
30 km (98425 ft)
40 km (131234 ft)

Action for out of range input

Specify if out-of-range input invokes a warning, error, or no action.

Input Dimension Type Description

First Contains the geopotential height.

Output Dimension Type Description

First Contains the temperature.
Second Contains the speed of sound.
Third Contains the air pressure.
Fourth Contains the air density.

All values are held below the geometric altitude of 0 m (0 feet) and above
the geometric altitude of 80,000 meters (approximately 262,000 feet).
The envelope atmospheric model has a few exceptions where values are
held below the geometric altitude of 1 kilometer (approximately 3,281
feet) and above the geometric altitude of 30,000 meters (approximately
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98,425 feet). These exceptions arise from lack of data in MIL-STD-210C
for these conditions.

In general, temperature values are interpolated linearly, and density
values are interpolated logarithmically. Pressure and speed of sound
are calculated using a perfect gas law. The envelope atmospheric model
has a few exceptions where the extreme value 1s the only value provided
as an output. Pressure in these cases is interpolated logarithmically.
These envelope atmospheric model exceptions apply to all cases of high
and low pressure, high and low temperature, and high and low density,
excluding the extreme values and 1% frequency of occurrence. These
exceptions arise from lack of data in MIL-STD-210C for these conditions.

Another limitation is that climatic data for the region south of 60°S
latitude is excluded from consideration in MIL-STD-210C.

This block uses the metric version of data from the MIL-STD-210C
specifications. Certain data within the envelope are inconsistent
between metric and English versions for low density, low temperature,
high temperature, low pressure, and high pressure. The most
significant differences occur in the following values:

® For low density envelope data with 5% frequency, the density values
In metric units are inconsistent at 4 km and 18 km and the density
values in English units are inconsistent at 14 km.

® For low density envelope data with 10% frequency,
= The density values in metric units are inconsistent at 18 km.
= The density values in English units are inconsistent at 14 km.

® For low density envelope data with 20% frequency, the density values
in English units are inconsistent at 14 km.

® For low temperature envelope data with 20% frequency, the
temperature values at 20 km are inconsistent.

® For high pressure envelope data with 10% frequency, the pressure
values in metric units at 8 km are inconsistent.
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Reference Global Climatic Data for Developing Military Products (MIL-STD-210C),
9 January 1987, Department of Defense, Washington, D.C.

See Also COESA Atmosphere Model
ISA Atmosphere Model
Non-Standard Day 310
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Purpose
Library

Description
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Implement MIL-HDBK-310 climatic data

Environment/Atmosphere

The Non-Standard Day 310 block implements a portion of the climatic
data of the MIL-HDBK-310 worldwide air environment to 80 km
(geometric or approximately 262,000 feet geometric) for absolute
temperature, pressure, density, and speed of sound for the input

geopotential altitude.

The Non-Standard Day 310 block icon displays the input and output

units selected from the Units list.

Block Parameters: Non-Standard Day 310

—Atmosphere Model [mazk) (link]

Calculate various atmosphere models including 1976 COESA-extended
.5, Standard Atmosphere, MIL-HDEK-310, and MIL-STD-210C. Given
geopotential altitude, calculate absolute temperature, pressure and density
uzing standard interpolation formulas.

The COESA model extrapolates temperature linearly and pressure/density
logarithmic:ally beyond the range

0 <= altitude <= 84852 meters [geopatential]

The MIL specifications are not extrapolated beyond their defined altitudes
which are typically

0 <= altitude <= 80000 meters [geometric]

Depending on the given information either density or pressure is
calculated using a perfect gas relationship.

The unit spstem zelected applies to both input and outputs.

=) |

Urits: | Metric (MKS)

4

Specification: I MIL-HDEK-310

Atmozpheric model type: Imeile

Extreme parameter: IHigh temperature

Frequency of occurmence: |1°/°

4

Altitude of extreme value: |5 km (16404 ft)

4

Lef Lel Lo Lef e L] e

Action for out of range input: I\.\.-'aming

QK | Cancel | Help I Apply |
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Units

Metric
(MKS)

English
(Velocity
in ft/s)

English
(Velocity
in kts)

Units

Specifies the input and output units:

Height  Temperature
Meters Kelvin
Feet Degrees
Rankine
Feet Degrees
Rankine
Specification

Speed of
Sound

Meters per
second

Feet per second

Knots

Air
Pressure

Pascal

Pound force
per square
inch

Pound force
per square
inch

Air Density

Kilograms
per cubic
meter

Slug per
cubic foot

Slug per
cubic foot

Specify the atmosphere model type from one of the following

atmosphere models. The default is MIL-HDBK-310.

1976 COESA-extended U.S. Standard Atmosphere

This selection is linked to the COESA Atmosphere Model block.
See the block reference for more information.

MIL-HDBK-310

This selection is linked to the Non-Standard Day 310 block. See
the block reference for more information.

MIL-STD-210C

This selection is linked to the Non-Standard Day 210C block.
See the block reference for more information.

Atmospheric model type
Select the representation of the atmospheric data.

5-363



Non-Standard Day 310

Profile Realistic atmospheric profiles associated with
extremes at specified altitudes. Recommended
for simulation of vehicles vertically traversing
the atmosphere or when the total influence of
the atmosphere is needed.

Envelope Uses extreme atmospheric values at each
altitude. Recommended for vehicles only
horizontally traversing the atmosphere without
much change in altitude.

Extreme parameter
Select the atmospheric parameter which is the extreme value.

High temperature Option always available
Low temperature Option always available
High density Option always available
Low density Option always available
High pressure This option is available only

when Envelope is selected for
Atmospheric model type.

Low pressure This option is available only
when Envelope is selected for
Atmospheric model type.

Frequency of occurrence
Select percent of time the values would occur.

Extreme This option is available only when Envelope is
values selected for Atmospheric model type.

1
5

o°

Option always available

o°

This option is available only when Envelope is
selected for Atmospheric model type.
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Inputs and
Outputs

Assumptions
and
Limitations

10% Option always available
20% This option is available only when Envelope is
selected for Atmospheric model type.

Altitude of extreme value
Select geometric altitude at which the extreme values occur.
Applies to the profile atmospheric model only.
5 km (16404 ft)
10 km (32808 ft)
20 km (65617 ft)
30 km (98425 ft)
40 km (131234 ft)

Action for out of range input
Specify if out-of-range input invokes a warning, error, or no action.

Input Dimension Type Description

First Contains the geopotential height.

Output Dimension Type Description

First Contains the temperature.
Second Contains the speed of sound.
Third Contains the air pressure.
Fourth Contains the air density.

All values are held below the geometric altitude of 0 m (0 feet) and above
the geometric altitude of 80,000 meters (approximately 262,000 feet).
The envelope atmospheric model has a few exceptions where values are
held below the geometric altitude of 1 kilometer (approximately 3,281
feet) and above the geometric altitude of 30,000 meters (approximately
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98,425 feet). These exceptions arise from lack of data in MIL-HDBK-310
for these conditions.

In general, temperature values are interpolated linearly, and density
values are interpolated logarithmically. Pressure and speed of sound
are calculated using a perfect gas law. The envelope atmospheric model
has a few exceptions where the extreme value 1s the only value provided
as an output. Pressure in these cases is interpolated logarithmically.
These envelope atmospheric model exceptions apply to all cases of
high and low pressure, high and low temperature, and high and low
density, excluding the extreme values and 1% frequency of occurrence.
These exceptions arise from lack of data in MIL-HDBK-310 for these
conditions.

Another limitation is that climatic data for the region south of 60°S
latitude is excluded from consideration in MIL-HDBK-310.

This block uses the metric version of data from the MIL-STD-310
specifications. Certain data within the envelope are inconsistent
between metric and English versions for low density, low temperature,
high temperature, low pressure, and high pressure. The most
significant differences occur in the following values:

® For low density envelope data with 5% frequency, the density values
In metric units are inconsistent at 4 km and 18 km and the density
values in English units are inconsistent at 14 km.

® For low density envelope data with 10% frequency,
= The density values in metric units are inconsistent at 18 km.
= The density values in English units are inconsistent at 14 km.

® For low density envelope data with 20% frequency, the density values
in English units are inconsistent at 14 km.

® For low temperature envelope data with 20% frequency, the
temperature values at 20 km are inconsistent.

® For high pressure envelope data with 10% frequency, the pressure
values in metric units at 8 km are inconsistent.
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Reference Global Climatic Data for Developing Military Products
(MIL-HDBK-310), 23 June 1997, Department of Defense, Washington,
D.C.

See Also COESA Atmosphere Model

ISA Atmosphere Model
Non-Standard Day 210C
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Atmosphere Model

Purpose

Library

Description

Implement mathematical representation of 2001 United States Naval
Research Laboratory Mass Spectrometer and Incoherent Scatter Radar
Exosphere

Environment/Atmosphere

The NRLMSISE-00 Atmosphere Model block implements the
mathematical representation of the 2001 United States Naval

! hm)
“Fedr o Tk

Lo MRLMEISE 3
p egém
UT (sec)

Research Laboratory Mass Spectrometer and Incoherent Scatter
FRadar Exosphere (NRLMSISE-00). This block calculates the neutral
atmosphere empirical model from the surface to lower exosphere (0 to
#1,000,000 meters). When configuring the block for this calculation, you

NRLMSISE-00
Atmosphere Maodel

5-368

can also take into account the anomalous oxygen, which can affect the
satellite drag above 500,000 meters.

Note This block is valid only for altitudes between 0 and 1,000,000
meters (1,000 kilometers).




NRLMSISE-00 Atmosphere Model

Dialog
Box

E Function Block Parameters: MRLMSISE-00 Atmosphere Model @
NRLMSISE-00 Model (mask) (link)

Implement the mathematical representation of the 2001 United States
Naval Research Laboratory Mass Spectrometer and Incoherent
Scatter Radar Exosphere (NRLMSISE-00). NRLMSISE-00 calculates the
neutral atmosphere empirical model from the surface to lower
exosphere (0 to 1,000,000 meters) with the option of including
contributions from anomalous oxygen which can affect satellite drag
above 500,000 meters.

Parameters

Units: | Metric (MKS) -

Input local apparent solar time

Input flux and magnetic index information

Source for flags: |I.nterna| -

Flags:
ones(1,23)

Include anomalous oxygen number density in total mass density

Action for out of range input: |Warning -

[ OK H Cancel || Help Apply

Units
Specifies the input and output units:

Units Temperature Height
Metric Kelvin Meters
(MKS)

English Rankine Feet

Density

kg/m?, some
density
outputs 1/m?

Ibm/ft3,
some
density
outputs 1/ft?
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Input local apparent solar time
Select this check box to input the local apparent solar time, in
hours. Otherwise, the block inputs the default value.

Input flux and magnetic index information
Select this check box to input the 81-day average of F10.7, the
daily F10.7 flux for the previous day, and the array of 7 magnetic
index information (see the aph argument in the atmosnrlmsise00
function of the Aerospace Toolbox User’s Guide). Otherwise, the
block inputs the default value.

Source for flags
Specify the variation flag source. If you specify External, you
must enter the variation flag as an array of 23. If you specify
Internal, the flag source is internal to the block.

Flags
Specify the variation flag as an array of 23. This parameter
applies only when Source for flags has a value of Internal. You
can specify one of the following values for a field. The default
value for each field is 1.

e 0.0
Removes that value’s effect on the output.
e 1.0

Applies the main and the cross-term effects of that value on
the output.

e 20

Applies only the cross-term effect of that value on the output.
The array has the following fields.

Field Description
Flags(1) F10.7 effect on mean
Flags(2) Independent of time
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Field Description

Flags(3) Symmetrical annual

Flags(4) Symmetrical semiannual

Flags(5) Asymmetrical annual

Flags(6) Asymmetrical semiannual

Flags(7) Diurnal

Flags(8) Semidiurnal

Flags(9) Daily AP. If you set this field to -1, the block uses

the entire matrix of magnetic index information
(APH) instead of APH(:,1)

Flags(10) All UT, longitudinal effects

Flags(11) Longitudinal

Flags(12) UT and mixed UT, longitudinal

Flags(13) Mixed AP, UT, longitudinal

Flags(14) Terdiurnal

Flags(15) Departures from diffusive equilibrium

Flags(16) All exospheric temperature variations

Flags(17) All variations from 120,000 meter temperature
(TLB)

Flags(18) All lower thermosphere (TN1) temperature
variations

Flags(19) All 120,000 meter gradient (S) variations

Flags(20) All upper stratosphere (TN2) temperature
variations

Flags(21) All variations from 120,000 meter values (ZLB)
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Field Description

Flags(22) All lower mesosphere temperature (TN3)
variations

Flags(23) Turbopause scale height variations

Include anomalous oxygen number density in total mass density
Select this check box to take into account the anomalous oxygen
when calculating the neutral atmosphere empirical model from
the surface to lower exosphere (0 to 1,000,000 meters). Taking
into account this number can affect the satellite drag above
500,000 meters.

Action for out of range input
Specify if out-of-range input invokes a warning, error, or no action.

Inputs and Input Dimension  Description
Outputs Type
First Three-element Contains latitudes, in degrees, longitude,
matrix in degrees, and altitude, in selected
length units.
Second Array Contains N years.
Third Array Contains N days of a year (1 to 365 (or
366)).
Fourth Array Contains N seconds in a day, in universal
time (UT).
Fifth Array Contains N local apparent solar time, in
(Optional) hours.
Sixth Array Contains N 81-day average of F'10.7 flux,
(Optional) centered on day of year (doy).
Seventh  Array Contains N daily F10.7 flux for previous
(Optional) day.
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Input Dimension Description

Type
Eight N-by-7 array =~ Contains N-by-7 of magnetic index
(Optional) information.

Ninth Array of 23 Contains flags to enable or disable
(Optional) particular variations for the outputs. See
following table.

These flags, associated with the ninth input, enable or disable particular
variations for the outputs.

Field Description

Flags(1) F10.7 effect on mean

Flags(2) Independent of time

Flags(3) Symmetrical annual

Flags(4) Symmetrical semiannual

Flags(5) Asymmetrical annual

Flags(6) Asymmetrical semiannual

Flags(7) Diurnal

Flags(8) Semidiurnal

Flags(9) Daily AP. If you set this field to -1, the block uses the
entire matrix of magnetic index information (APH)
instead of APH(:,1)

Flags(10) All UT, longitudinal effects

Flags(11) Longitudinal

Flags(12) UT and mixed UT, longitudinal

Flags(13) Mixed AP, UT, longitudinal

Flags(14) Terdiurnal
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Field Description

Flags(15) Departures from diffusive equilibrium

Flags(16) All exospheric temperature variations

Flags(17) All variations from 120,000 meter temperature (TLB)
Flags(18) All lower thermosphere (TN1) temperature variations
Flags(19) All 120,000 meter gradient (S) variations

Flags(20) All upper stratosphere (TN2) temperature variations
Flags(21) All variations from 120,000 meter values (ZLB)
Flags(22) All lower mesosphere temperature (TN3) variations
Flags(23) Turbopause scale height variations

The outputs are:

Output  Dimension Type Description

First Array Contains N-by-2 values of
temperature, in selected
temperature units. The first
column is exospheric temperature,
the second column is temperature
at altitude.

Second Array Contains N-by-9 values of densities
in selected density units. See the
following table:

These densities are associated with the second output.

Density Description
Density(1) | Density of He

Density(2) | Density of O

Density(3) | Density of N2
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Assumptions
and
Limitations

Density Description

Density(4) | Density of O2

Density(5) | Density of Ar

Density(6) | Total mass density
Density(6), total mass density, is defined as the sum
of the mass densities of He, O, N2, O2, Ar, H, and N.
Optionally, Density(6) can include the mass density
of anomalous oxygen making Density (6), the effective
total mass density for drag.

Density(7) | Density of H

Density(8) | Density of N

Density(9) | Anomalous oxygen number density

The F107 and F107A values that are used to generate the model
correspond to the 10.7 cm radio flux at the actual distance of the Earth
from the Sun rather than the radio flux at 1 AU. The following site
provides both classes of values:

ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SOLAR_RADIO/FLUX/
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Pack net_fdm Packet for FlightGear

Purpose

Library

Description

5-376
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Generate net_fdm packet for FlightGear
Animation/Flight Simulator Interfaces

The Pack net_fdm Packet for FlightGear block creates, from separate
inputs, a FlightGear net_fdm data packet compatible with a particular
version of FlightGear flight simulator. All the signals supported by
the FlightGear net_fdm data packet are supported by this block. The
signals are arranged into six groups. Any group can be turned on or off.
Zeros are inserted for packet values that are part of inactive signal
groups.

See “Inputs and Outputs” on page 5-378 for details on signals and
signal groups.

Supported FlightGear versions: v0.9.3, v0.9.8/0.9.8a, v0.9.9, v0.9.10,
v1.0, v1.9.1, v2.0.



Pack net_fdm Packet for FlightGear

Dialog
Box

=] Function Block Parameters: Pack net_fdm Packet x|

—FlightGearPackMetFdm (mask) (link)

Create a FlightGear net_fdm data packet compatible with a particular version of
FlightGear Flight Simulator,

Zeros are inserted for packet values that are part of inactive signal groups. Press
the help button for details on signals and signal aroups.

—Parameters

FlightGear version: IVZ.U LI
v show position f attitude inputs

™ Show velocity f acceleration inputs

[~ Show contral surface position inputs

[~ show engine / fuel inputs

[~ Show landing gear inputs

[ show enviranment inputs

Sample time {-1 for inherited):

{1/30

Cancel | Help Apply

FlightGear version
Select your FlightGear software version.

Supported FlightGear versions: v0.9.3,v0.9.8/0.9.8a, v0.9.9,
v0.9.10,v1.0, v1.9.1, v2.0.

Show position/altitude inputs
Select this check box to include the position and altitude inputs
(signal group 1) into the FlightGear net_fdm data packet.

Show velocity/acceleration inputs
Select this check box to include the velocity and acceleration
inputs (signal group 2) into the FlightGear net_fdm data packet.

5-377



Pack net_fdm Packet for FlightGear

Show control surface position inputs
Select this check box to include the control surface position inputs
(signal group 3) into the FlightGear net_fdm data packet.

Show engine/fuel inputs
Select this check box to include the engine and fuel inputs (signal
group 4) into the FlightGear net_fdm data packet.

Show landing gear inputs
Select this check box to include the landing gear inputs (signal
group 5) into the FlightGear net_fdm data packet.

Show environment inputs
Select this check box to include the environment inputs (signal
group 6) into the FlightGear net_fdm data packet.

Sample time
Specify the sample time (-1 for inherited).

Inputs and Input Signals Supported for FlightGear 0.9.3

Outputs This table lists all the input signals supported for Version 0.9.3:

Name Units Type Width  Description

Signal Group 1: ShowPositionAttitudeInputs

1 rad double 1 Geodetic longitude

B rad double 1 Geodetic altitude

h m double 1 Altitude above sea
level

(O] rad single 1 Roll

(€] rad single 1 Pitch

Wy rad single 1 Yaw or true heading

Signal Group 2: ShowVelocityAccelerationInputs
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Name
dd/dt
dd/dt
dw/dt

vcas
climb_rate

v_north

v_east

v_down

v_wind_body_north

v_wind_body_east

v_wind_body_down

stall_warning

A_X_pilot

A_Y_pilot

Units
rad/sec
rad/sec

rad/sec

kts
ft/sec
ft/sec

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec?

ft/sec?

Type

single
single
single
single
single

single
single

single

single

single

single

single
single

single

Width

e S

Description

Roll rate

Pitch rate

Yaw rate
Calibrated airspeed
Climb rate

North velocity in
local/body frame

East velocity in
local/body frame

Down/vertical
velocity in local/body
frame

Body north velocity
relative to local
airmass

Body east velocity
relative to local
airmass

Body down/vertical
velocity relative to
local airmass

0.0-1.0, indicating
the amount of stall

X acceleration in
body frame

Y acceleration in
body frame
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Name Units Type Width  Description
A_7_pilot ft/sec? single 1 7 acceleration in
body frame

Signal Group 3: ShowControlSurfacePositionInputs

elevator geometry- single 1 Elevator position
specific units

flaps geometry- single 1 Flaps position
specific units

left_aileron geometry- single 1 Left aileron position
specific units

right_aileron geometry- single 1 Right aileron
specific units position

rudder geometry- single 1 Rudder position

specific units

speedbrake geometry- single 1 Speed brake position
specific units

spoilers geometry- single 1 Spoilers position
specific units

Signal Group 4: ShowEngineFuellnputs

num_engines — int32 1 Number of valid
engines
eng_state enum int32 4 Engine state

(O=off, 1=cranking,
2=running)

rpm rev/min single 4 Engine RPM
fuel_flow gal/hr single 4 Fuel flow

EGT °F single 4 Exhaust gas temp
oil_temp °F single 4 Oil temp
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Name Units
oil_px 1bf/in?

num_tanks —

fuel_quantity —

Type
single

nt32

single

Signal Group 5: ShowLandingGearInputs

num_wheels —

WOoOwW —

gear_pos —

gear_steer —

gear_compression —

int32

boolean

single

single

single

Signal Group 6: ShowEnvironmentInputs

agl m
cur_time sec
warp sec
visibility m

single

int32
int32

single

Width

Description
Oil pressure

Max number of fuel
tanks

Amount of fuel in
tanks (0—1 fraction)

Maximum number of
wheels

Weight on wheels
signal (1=wheel is on
ground)

Landing gear
position (0-1,
indicating amount
deployed)

Landing gear
steering angle

Landing gear
compression

Above ground level

Current UNIX time

Offset in seconds to
UNIX time

Visibility in meters
(for visual effects)
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Input Signals Supported for FlightGear 0.9.8/0.9.8a
This table lists all the input signals supported for Versions 0.9.8/0.9.8a:

Name Units Type Width Description
Signal Group 1: ShowPositionAttitudeInputs

1 rad double 1 Geodetic longitude
rad double 1 Geodetic altitude
h m double 1 Altitude above sea
level
(O] rad single 1 Roll
0 rad single 1 Pitch
W rad single 1 Yaw or true heading

Signal Group 2: ShowVelocityAccelerationInputs

a rad single 1 Angle of attack

B rad single 1 sideslip angle

d®d/dt rad/sec single 1 Roll rate

dd/dt rad/sec single 1 Pitch rate

dy/dt rad/sec single 1 Yaw rate

vcas kts single 1 Calibrated airspeed

climb_rate ft/sec single 1 Climb rate

v_north ft/sec single 1 North velocity in
local/body frame

v_east ft/sec single 1 East velocity in
local/body frame
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Name

v_down

v_wind_body_north

v_wind_body_east

v_wind_body_down

A_X_pilot

A_Y_pilot

A_7_pilot

stall_warning

slip_deg

Signal Group 3: ShowControlSurfacePositionInputs

elevator

elevator_trim_tab

Units
ft/sec

ft/sec

ft/sec

ft/sec

ft/sec?

ft/sec?

ft/sec?

deg

geometry-
specific
units
geometry-
specific
units

Type

single

single

single

single

single
single
single
single

single

single

single

Width

1

1

Description
Down/vertical
velocity in
local/body frame
Body north velocity

relative to local
airmass

Body east velocity
relative to local
airmass

Body down/vertical
velocity relative to
local airmass

X acceleration in
body frame

Y acceleration in
body frame

7 acceleration in
body frame

0.0-1.0, indicating
the amount of stall

Slip ball deflection

Elevator position

Elevator trim
position
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Name Units Type Width Description

left_flap geometry- single 1 Left flap position
specific
units

right_flap geometry- single 1 Right flap position
specific
units

left_aileron geometry- single 1 Left aileron position
specific
units

right_aileron geometry- single 1 Right aileron
specific position
units

rudder geometry- single 1 Rudder position
specific
units

nose_wheel geometry- single 1 Nose wheel position
specific
units

speedbrake geometry- single 1 Speed brake
specific position
units

spoilers geometry- single 1 Spoilers position
specific
units

Signal Group 4: ShowEngineFuellnputs

num_engines — int32 1 Number of valid
engines
eng_state enum int32 4 Engine state

(0=off, 1=cranking,
2=running)
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Name
rpm

fuel flow
EGT

cht

mp_osi

tit

oil_temp

oil_px

num_tanks

fuel_quantity

Units
rev/min
gal/hr
°F

°F

psi
°F

°F
Ibf/in?

Type

single
single
single

single

single

single

single

single

int32

single

Signal Group 5: ShowLandingGearInputs

num_wheels

WOwW

gear_pos

gear_steer

1nt32

boolean

single

single

Width

IS

S

Description
Engine RPM
Fuel flow
Exhaust gas temp

Cylinder head
temperature

Manifold pressure

Turbine inlet
temperature

Oil temp

il pressure

Max number of fuel
tanks

Amount of fuel in
tanks (0-1 fraction)

Maximum number
of wheels

Weight on wheels
signal (1=wheel is
on ground)
Landing gear
position (0-1,
indicating amount
deployed)

Landing gear
steering angle
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Name

gear_compression

Units

Type

single

Signal Group 6: ShowEnvironmentInputs

agl
cur_time

warp

visibility

Name

1

n
h

[
C)
w

Signal Group 2: ShowVelocityAccelerationInputs

a
B

dd/dt
dd/dt

5-386

m

sec

sec

Units

rad
rad

m

rad
rad

rad

rad
rad
rad/sec

rad/sec

Type

double
double
double

single
single

single

single
single
single

single

single
int32
int32

single

Width
Signal Group 1: ShowPositionAttitudeInputs

1
1

1

1
1
1

Width

Description

Landing gear
compression

Above ground level
Current UNIX time

Offset in seconds to
UNIX time
Visibility in meters
(for visual effects)

Input Signals Supported for FlightGear 0.9.9
This table lists all the input signals supported for Version 0.9.9:

Description

Geodetic longitude
Geodetic latitude

Altitude above sea
level

Roll
Pitch

Yaw or true heading

Angle of attack
sideslip angle
Roll rate

Pitch rate
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Name Units Type Width Description

dy/dt rad/sec single 1 Yaw rate

veas kts single 1 Calibrated airspeed

climb_rate ft/sec single 1 Climb rate

v_north ft/sec single 1 North velocity in
local/body frame

v_east ft/sec single 1 East velocity in
local/body frame

v_down ft/sec single 1 Down/vertical velocity
in local/body frame

v_wind_body_north ft/sec single 1 Body north velocity
relative to local
airmass

v_wind_body_east  ft/sec single 1 Body east velocity
relative to local
airmass

v_wind_body_down ft/sec single 1 Body down/vertical
velocity relative to
local airmass

A_X_pilot ft/sec? single 1 X acceleration in body
frame

A_Y_pilot ft/sec? single 1 Y acceleration in body
frame

A_Z_pilot ft/sec? single 1 7 acceleration in body
frame

stall_warning — single 1 0.0-1.0, indicating the
amount of stall

slip_deg deg single 1 Slip ball deflection

Signal Group 3: ShowControlSurfacePositionInputs
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Name Units Type Width Description

elevator geometry-  single 1 Elevator position
specific
units

elevator_trim_tab geometry-  single 1 Elevator trim position
specific
units

left_flap geometry-  single 1 Left flap position
specific
units

right_flap geometry- single 1 Right flap position
specific
units

left_aileron geometry-  single 1 Left aileron position
specific
units

right_aileron geometry-  single 1 Right aileron position
specific
units

rudder geometry-  single 1 Rudder position
specific
units

nose_wheel geometry-  single 1 Nose wheel position
specific
units

speedbrake geometry- single 1 Speed brake position
specific
units

spoilers geometry-  single 1 Spoilers position
specific
units

Signal Group 4: ShowEngineFuellnputs
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Name

num_engines

eng_state

rpm
fuel_flow
EGT

cht

mp_osi

tit

oil_temp
oil_px

num_tanks

fuel_quantity

Units

enum

rev/min
gal/hr
°F

°F

psi

°F

°F
1bf/in?

Type
uint32

uint32

single
single
single

single

single

single

single
single

uint32

single

Signal Group 5: ShowLandingGearInputs

num_wheels

WOwW

gear_pos

uint32

uint32

single

Width

NN O NN

N

Description

Number of valid
engines

Engine state
(O=off, 1=cranking,
2=running)

Engine RPM
Fuel flow
Exhaust gas temp

Cylinder head
temperature

Manifold pressure

Turbine inlet
temperature

0Oil temp
Oil pressure

Max number of fuel
tanks

Amount of fuel in
tanks (0—1 fraction)

Maximum number of
wheels

Weight on wheels
signal (1=wheel is on
ground)

Landing gear position
(0-1, indicating
amount deployed)
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Name Units Type Width Description

gear_steer — single 3 Landing gear steering
angle

gear_compression — single 3 Landing gear
compression

Signal Group 6: ShowEnvironmentInputs

agl m single 1 Above ground level
cur_time sec uint32 1 Current UNIX time
warp sec int32 1 Offset in seconds to
UNIX time
visibility m single 1 Visibility in meters

(for visual effects)

Input Signals Supported for FlightGear 0.9.10/1.0/1.9.1/2.0
This table lists all the input signals supported for Version 0.9.10, 1.0,

1.9.1, and 2.0:

Name Units Type Width Description

Signal Group 1: ShowPositionAttitudeInputs

1 rad double 1 Geodetic longitude

B rad double 1 Geodetic latitude

h m double 1 Altitude above sea
level

(O] rad single 1 Roll

(C] rad single 1 Pitch

Wy rad single 1 Yaw or true heading

Signal Group 2: ShowVelocityAccelerationInputs
a rad single 1 Angle of attack
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Name

B

dd/dt
dd/dt
dw/dt

veas
climb_rate

v_north

v_east

v_down

v_wind_body_north

v_wind_body_east

v_wind_body_down

A_X pilot

A_Y_pilot

A_7Z_pilot

Units
rad
rad/sec
rad/sec
rad/sec
kts
ft/sec
ft/sec

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec?

ft/sec?

ft/sec?

Type

single
single
single
single
single
single

single
single
single

single

single

single

single
single

single

Width

= e e T e T

Description
sideslip angle

Roll rate

Pitch rate

Yaw rate
Calibrated airspeed
Climb rate

North velocity in
local/body frame

East velocity in
local/body frame

Down/vertical velocity
in local/body frame

Body north velocity
relative to local
airmass

Body east velocity
relative to local
airmass

Body down/vertical
velocity relative to
local airmass

X acceleration in body
frame

Y acceleration in body
frame

7 acceleration in body
frame

5-391



Pack net_fdm Packet for FlightGear

Name Units Type Width Description

stall_warning — single 1 0.0-1.0, indicating the
amount of stall

slip_deg deg single 1 Slip ball deflection
Signal Group 3: ShowControlSurfacePositionInputs

elevator geometry- single 1 Elevator position
specific
units

elevator_trim_tab geometry- single 1 Elevator trim position
specific
units

left_flap geometry- single 1 Left flap position
specific
units

right_flap geometry- single 1 Right flap position
specific
units

left_aileron geometry- single 1 Left aileron position
specific
units

right_aileron geometry- single 1 Right aileron position
specific
units

rudder geometry- single 1 Rudder position
specific
units

nose_wheel geometry- single 1 Nose wheel position
specific
units
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Name Units Type Width Description
speedbrake geometry-  single 1 Speed brake position
specific
units
spoilers geometry- single 1 Spoilers position
specific
units

Signal Group 4: ShowEngineFuellnputs

num_engines — uint32 1 Number of valid
engines
eng_state enum uint32 4 Engine state

(O=off, 1=cranking,
2=running)

rpm rev/min single 4 Engine RPM
fuel_flow gal/hr single 4 Fuel flow
fuel_px psi single 4 Fuel pressure
EGT °F single 4 Exhaust gas temp
cht °F single 4 Cylinder head
temperature
mp_osi psi single 4 Manifold pressure
tit °F single 4 Turbine inlet
temperature
oil_temp °F single 4 0Oil temp
oil_px Ibf/in? single 4 Oil pressure
num_tanks — uint32 1 Max number of fuel
tanks
fuel_quantity — single 4 Amount of fuel in

tanks (0—1 fraction)
Signal Group 5: ShowLandingGearInputs
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Packet for FlightGear

Name

num_wheels

WOoOwW

gear_pos

gear_steer

gear_compression

Units

Type
uint32

uint32

single

single

single

Signal Group 6: ShowEnvironmentInputs

agl
cur_time

warp

visibility

Examples

See Also

5-394

m

sec

sec

single
uint32
int32

single

Ovutput Signal

Width

Description

Maximum number of
wheels

Weight on wheels
signal (1=wheel is on
ground)

Landing gear position
(0-1, indicating
amount deployed)

Landing gear steering
angle

Landing gear
compression

Above ground level
Current UNIX time

Offset in seconds to
UNIX time
Visibility in meters
(for visual effects)

The output signal is the FlightGear net_fdm data packet.

See the asbh120 demo for an example of this block.

FlightGear Preconfigured 6DoF Animation

Generate Run Script

Send net_fdm Packet to FlightGear



Pilot Joystick

Purpose
Library

Description

mll
pitch
s
thmottle

AT T T A

Dialog
Box

Provide joystick interface on Windows platform

Animation/Animation Support Utilities

The Pilot Joystick block provides a pilot joystick interface for a Windows

platform. Roll, pitch, yaw, and throttle are mapped
Y, R, and Z channels respectively.

to the joystick X,

You can also configure the block to output all channels by setting the

Output configuration parameter to AL1Outputs.

This block does not produce deployable code.

=] 50urce Block Parameters: Pilok Joystick

— Pilat)opztick [maszk] [link]

Joystick interface for Windows platform. Outputs walues are [-1,1] for centered
values, [0,1] for non-centered values, and uint32 for the buttons in All Outputs mode.
Output senze is pozitive for right-hand rule rotations on centered walues [roll, pitch,
and yaw).

Riall, pitch, paw, and throttle are mapped ta the jopstick =, . R, and 2 channelz

paw output iz set to zero. Outputs are of type double except for the buttans output in
All Qutputs mode. On non-windows platforms, thiz block currently outputs zeros.
Mate: pitch value has the opposite sense as that delivered by FlightGear's jopstick
interface.

Ir the Al utputs configuration, B analog channels are output from the first port,
buttons are output from the second port a2 an unsigned 32-bit flag word, and the
POY [point of wiew) indication iz output fram the third part in degrees az a scalar
double. Different joystick devices can map individual charnels in different waps,
Buttons can be mapped differently as well. While the POY iz being pressed, the
output walues range from O to 315 in increments of 45 degrees (360 iz the zame as
0]. \when the POV buttan iz HOT being pressed. the operating system typically
returns 655.35 degrees, so plan your logic accordingly.

rezepectively. [f the jopstick does not support an B [a.k.a. mudder or "twist") channel,

—Parameters

Jopstick ID:| Jaoystick1

Lol Lo

COutput configuration: | Fourdsis

Sample time [-1 for inherited]:
[1./20

ak I Cancel | Help
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Pilot Joystick

Joystick ID
Specify the joystick ID: Joystick 1, Joystick 2, or None.

Output configuration
Specify the output configuration: FourAxis or A110utputs (see
Pilot Joystick All). FourAxis is the default.

Sample time
Specify the sample time (-1 for inherited).

Inputs and The block has the following outputs.
Outputs

Four Axis Mode (All Double Precision Values)

Port Number Output Range Joystick Description

1 [-1, 1] [left, right] Roll command

2 [-1, 1] [forward/down, Pitch command
back/up]

3 [-1, 1] [left, right] Yaw command

4 [0, 1] [min, max] Throttle command

All Outputs Mode (All Values Double Precision, Except for Buttons)

Port Array Output

Number Number Channel Range Joystick Description

1 1 X [-1, 1] [left, right] Roll command

1 2 Y [-1, 1] [forward/down, Pitch command
back/up]

1 3 Y/ [0, 1] [min, max] Throttle

command
1 4 R [-1, 1] [left, right] Yaw command

5-396



Pilot Joystick

All Outputs Mode (All Values Double Precision, Except for Buttons) (Continued)

Port Array Output
Number Number Channel Range Joystick Description
1 5 U [0, 1] [min, max] U channel value
1 6 \% [0, 1] [min, max] V channel value
2 buttons uint32 flagword
containing up
to 32 button
states. Bit 0 is
button 1, etc.
3 POV Point-of-view
hat value in
degrees as a
double. Zero
degrees is
straight ahead,
90 is to the left,
etc.
Output values are [-1,1] for centered values, [0,1] for noncentered
values, and uint32 for the buttons in All Outputs mode. Output sense
1s positive for right-hand rule rotations on centered values (roll, pitch,
and yaw).
Assumptions If the joystick does not support an R (rudder or “twist”) channel, yaw
and output is set to zero. Outputs are of type double except for the buttons
Limitations output in A110utputs mode, which is a uint32 flagword of bits. On

non-Windows platforms, this block currently outputs zeros.

Note Pitch value has the opposite sense as that delivered by
FlightGear’s joystick interface.
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See Also Pilot Joystick All, Simulation Pace
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Pilot Joystick All

Purpose
Library

Description

analog
buttons

FOWE

Dialog
Box

Provide joystick interface on Windows platform

Animation/Animation Support Utilities

The Pilot Joystick block provides a pilot joystick interface for a Windows
platform. Roll, pitch, yaw, and throttle are mapped to the joystick X,

Y, R, and Z channels respectively.

You can also configure the block to output four axes by setting the

Output configuration parameter to FourAxis.

This block does not produce deployable code.

[=]50urce Block Parameters: Pilot Joystick all

— Pilat)opztick [maszk] [link]

Joystick interface for Windows platform. Outputs walues are [-1,1] for centered
values, [0,1] for non-centered values, and uint32 for the buttons in All Outputs mode.
Output senze is pozitive for right-hand rule rotations on centered walues [roll, pitch,
and yaw).

Riall, pitch, paw, and throttle are mapped ta the jopstick =, . R, and 2 channelz

paw output iz set to zero. Outputs are of type double except for the buttans output in
All Qutputs mode. On non-windows platforms, thiz block currently outputs zeros.
Mate: pitch value has the opposite sense as that delivered by FlightGear's jopstick
interface.

Ir the Al utputs configuration, B analog channels are output from the first port,
buttons are output from the second port a2 an unsigned 32-bit flag word, and the
POY [point of wiew) indication iz output fram the third part in degrees az a scalar
double. Different joystick devices can map individual charnels in different waps,
Buttons can be mapped differently as well. While the POY iz being pressed, the
output walues range from O to 315 in increments of 45 degrees (360 iz the zame as
0]. \when the POV buttan iz HOT being pressed. the operating system typically
returns 655.35 degrees, so plan your logic accordingly.

rezepectively. [f the jopstick does not support an B [a.k.a. mudder or "twist") channel,

—Parameters

Jopstick ID:| Jaoystick1

Lol Lo

COutput configuration: | AllQutputs

Sample time [-1 for inherited]:
[1/30

ak I Cancel | Help
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Joystick ID
Specify the joystick ID: Joystick 1, Joystick 2, or None.

Output configuration

Specify the output configuration: FourAxis (see Pilot Joystick) or
AllOQutputs. AllOutputs is the default.

Sample time
Specify the sample time (-1 for inherited).

Inputs and The block has the following outputs.
Outputs

Four Axis Mode (All Double Precision Values)

Port Number Output Range  Joystick Description

1 [-1, 1] [left, right] Roll command

2 [-1, 1] [forward/down, Pitch command
back/up]

3 [-1, 1] [left, right] Yaw command

4 [0, 1] [min, max] Throttle command

All Outputs Mode (All Values Double Precision, Except for Buttons)

Port Array Output

Number Number Channel Range Joystick Description

1 1 X [-1, 1] [left, right] Roll command

1 2 Y [-1, 1] [forward/down, Pitch command
back/up]

1 3 Z [0, 1] [min, max] Throttle

command
1 4 R [-1, 1] [left, right] Yaw command
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All Outputs Mode (All Values Double Precision, Except for Buttons) (Continued)

Port Array Output

Number Number Channel Range Joystick Description

1 5 U [0, 1] [min, max] U channel value

1 6 \Y [0, 1] [min, max] V channel value

2 buttons uint32 flagword
containing up to
32 button states.
Bit 0 is button 1,
etc.

3 POV Point-of-view hat
value in degrees
as a double.
Zero degrees 1s
straight ahead,
90 is to the left,
etc.

Output values are [-1,1] for centered values, [0,1] for noncentered
values, and uint32 for the buttons in All Outputs mode. Output sense
is positive for right-hand rule rotations on centered values (roll, pitch,
and yaw).
Assumptions If the joystick does not support an R (rudder or “twist”) channel, yaw
and output is set to zero. Outputs are of type double except for the buttons
Limitations output in A110utputs mode, which is a uint32 flagword of bits. On
non-Windows platforms, this block currently outputs zeros.
Note Pitch value has the opposite sense as that delivered by
FlightGear’s joystick interface.
ilot Joystick, Simulation Pace
See Also Pilot Joystick, Simulation P
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Pressure Altitude

Purpose Calculate pressure altitude based on ambient pressure
Librclry Environment/Atmosphere
Description The Pressure Altitude block computes the pressure altitude based

on ambient pressure. Pressure altitude is the altitude in the 1976
Committee on the Extension of the Standard Atmosphere (COESA)
" United States with specified ambient pressure.

P, P2 Al im

pres

Pressure altitude is also known as the mean sea level (MSL) altitude.
The Pressure Altitude block icon displays the input and output units
selected from the Units list.

Dia Iog Block Parameters: Pressure Altitude |
r— Pressure Altitude [mask] [link]
Box

Calculate prezzure altitude based on ambient pressure.

Pressure altitude is the altitude in the 1976 COESA-extended LS.
Standard Atmosphere with specified ambient pressure. Pressure altitude is
alzo known as the mean sea level alitude [MSL).

=

Urits: | Metric (MKS) |
Action for out of range input: I\.\.-'aming j
QK | Cancel | Help I Apply |
Units
Specifies the input units:
Units Pstatic Alt p
Metric (MKS) Pascal Meters
English Pound force per square inch Feet

Action for out of range input
Specify if out-of-range input invokes a warning, error, or no action.
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Pressure Altitude

Inputs and
Outputs

Assumptions
and
Limitations

Reference

See Also

Input Dimension Type Description

First Contains the static pressure.

Output Dimension Type Description

First Contains the pressure altitude.

Below the pressure of 0.3961 Pa (approximately 0.00006 psi) and above
the pressure of 101325 Pa (approximately 14.7 psi), altitude values
are extrapolated logarithmically.

Air is assumed to be dry and an ideal gas.

U.S. Standard Atmosphere, 1976, U.S. Government Printing Office,
Washington, D.C.

COESA Atmosphere Model
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Pressure Conversion

Purpose
Library

Description

psi —* Fap

Dialog
Box

5-404

Convert from pressure units to desired pressure units

Utilities/Unit Conversions

The Pressure Conversion block computes the conversion factor from
specified input pressure units to specified output pressure units and
applies the conversion factor to the input signal.

The Pressure Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

Block Parameters: Pressure Conversion |

r— Prezsure Convergion [mazk] [link]

Convert unitz of input signal to desired output units,

=

Iitial units: I psi

Final units: I Pa

[
|

()3 | Cancel

| Help I Apply |

Initial units

Specifies the input units.

Final units

Specifies the output units.

The following conversion units are available:

psi
Pa
psf

atm

Pound mass per square inch
Pascals
Pound mass per square foot

Atmospheres



Pressure Conversion

Inputs and Input Dimension Type Description
Outputs

First Contains the pressure in initial
pressure units.

Output Dimension Type Description

First Contains the pressure in final
pressure units.

See Also Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Density Conversion

Force Conversion

Length Conversion

Mass Conversion

Temperature Conversion

Velocity Conversion
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Quaternion Conjugate

Purpose
Library

Description

q T

Dialog
Box

Inputs and
Outputs

See Also

5-406

Calculate conjugate of quaternion
Utilities/MathOperations

The Quaternion Conjugate block calculates the conjugate for a given
quaternion.

The quaternion has the form of
q=q0+iq; +Jq + kg3
The quaternion conjugate has the form of

q' =qp —iq1 — jgz2 —kqs

m Function Block Parameters: Quaternion Conjug il

(Guaternion Canjugate [mazk] [link)

Calculate the conjugate of a quaternion.

Cancel Help Apply
F.
Input Dimension Type Description
First Quaternion or Contains quaternions in the form of
vector [Qg Tgr oo > Q1> 715 oe 5 Doy Tgs ov 5 Gy,
N

Output  Dimension Type Description

First Quaternion Contains quaternion conjugates in
conjugate or vector the form of [q, , ... , ¢;', /s ... , @5,
[N T S

Quaternion Division



Quaternion Conjugate

Quaternion Inverse
Quaternion Modulus
Quaternion Multiplication
Quaternion Norm
Quaternion Normalize

Quaternion Rotation
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Quaternion Division

Purpose
Library

Description

q
Qi

)

5-408

Divide quaternion by another quaternion
Utilities/Math Operations

The Quaternion Division block divides a given quaternion by another.

The quaternions have the form of

q=qo +ig1 +Jqo + kg3
and
r=ry+in+ jrp +kry

The resulting quaternion from the division has the form of
_q N .
t———tO +lt1 +.]t2 +kt3
r

where

_ (r0g0 + 7191 + 1999 +1393)

Lo
e+ +rd +rd
= (roq1 — 1190 — 7293 + 1392)
2

r02+r12+r2 +r32

t:JM%+ﬁ%—&%—%%)
2 2, 2 2 2

7"0 +r1 +7"2 +7"3
_ (093 — 1199 + 1541 —1390)

g g

i3




Quaternion Division

L]
Dla Iog E! Function Block Parameters: Quaternion Division il
Box Quaternion Division [mask)] [link)
Divide a quaternion by another quatermion.

Cancel Help Apply

g‘PUts and Input Dimension Type Description
utputs . : . N
P First Quaternion or Contains quaternions in the form of
VeCtOI' [qO’ p()’ ceey qu pl’ cee q27 pzy cee q37
Pgy o
Second Quaternion or Contains quaternions in the form of
vector Sip Fap 000n S Prip o0 9 Sgp Pogp 000 o B g

.

Output Dimension Type Description

First Quaternion or Contains resulting quaternion or
vector vector of resulting quaternions from
division.

The output is the resulting quaternion from the division or vector of
resulting quaternions from division.

See Also Quaternion Conjugate
Quaternion Inverse
Quaternion Modulus
Quaternion Multiplication
Quaternion Norm
Quaternion Normalize

Quaternion Rotation
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Quaternion Inverse

Purpose Calculate inverse of quaternion
Librclry Utilities/Math Operations
Description The Quaternion Inverse block calculates the inverse for a given
quaternion.
q  Imigp The quaternion has the form of

q=q0+iq +Jqo + kg3

The quaternion inverse has the form of

—1_CIo—iQ1—jCI2—k%
9 =735 9 9. o
90 +q1 +q92 +q3

o
qu Iog ﬂ Function Block Parameters: Quaternion Invers il
Box Quaternion Inverse [mask)] [link]
Calculate inverse of a quaternion.

Cancel Help Apply

Inputs and Input

Dimension Type Description
Outputs

First Quaternion or Contains quaternions in the form of
vector [Qo> Tos o> @ps Ty oo 5 Qgy Ty eoe 5 Qg Ty

]

Output Dimension Type Description

First Quaternion Contains quaternion inverse or
inverse or vector vector of quaternion inverses.
See Also Quaternion Conjugate
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Quaternion Inverse

Quaternion Division
Quaternion Modulus
Quaternion Multiplication
Quaternion Norm
Quaternion Normalize

Quaternion Rotation
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Quaternion Modulus

Purpose Calculate modulus of quaternion
Librclry Utilities/Math Operations
Description The Quaternion Modulus block calculates the magnitude for a given
quaternion.
q g The quaternion has the form of

q=qo +iqy +Jjqg +kqg

The quaternion modulus has the form of

g =@+ +d+q2

L]
DICI |Og =] Function Block Parameters: Quaternion Modul x|
Box Guaternion Moduluz [mazk] (link)
Calculate the moduluz of & quaternion.

Cancel Help | {\gply |

Inputs and Input

Dimension Type Description
Outputs

First Quaternion or Contains quaternions in the form of
vector Qg T +or @y Ty5 v > Qo Tgy ovv 5 Qg T,

]

Output  Dimension Type Description

First Quaternion Contains quaternion modulus or
modulus or vector  vector of quaternion modulus in the
form of [ ql, 7], ...].

See Also Quaternion Conjugate
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Quaternion Modulus

Quaternion Division
Quaternion Inverse
Quaternion Multiplication
Quaternion Norm
Quaternion Normalize

Quaternion Rotation
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Quaternion Multiplication

Purpose Calculate product of two quaternions
Librclry Utilities/Math Operations

Description The Quaternion Multiplication block calculates the product for two
given quaternions.

9 .
Irp The quaternions have the form of
r

q=qy +iq + jqo + kqs
and

r=ry+in + jry +kry

The quaternion product has the form of
t=gxr=ty+it] + jtg + kig

where

to =(roqo — 1191 — 1292 —13G3)
ty = (roqy + 1190 — 7293 +1392)
ty = (r0q2 + 1193 + 240 — 1391)
tg = (r9q3 — 1192 + 1291 +713q0)

.
DICI |Og ﬂ Function Block Parameters: Quaternion Multiplica il
Box ’—Quatemion Fultiplication [magk] (link)

Calculate the product of bwo quaterions.

Cancel Help Apply
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Quaternion Multiplication

Inputs and
Outputs

See Also

Input Dimension Type Description
First Quaternion or Contains quaternions in the form of
VeCtor [q07 p()’ et qu pp s q2, pzy s Q3,
Pgy o
Second Quaternion or Contains quaternions in the form of
vector [Sgs Tgs woor 815 715 wv 5 Sgs Ty wue S35 Ty,
]
Output Dimension Type Description

First Quaternion
product or vector

Contains quaternion product or
vector of quaternion products.

Quaternion Conjugate
Quaternion Division
Quaternion Inverse
Quaternion Modulus
Quaternion Norm
Quaternion Normalize

Quaternion Rotation
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Quaternion Norm

Purpose Calculate norm of quaternion
Librclry Utilities/Math Operations
Description The Quaternion Norm block calculates the norm for a given quaternion.

The quaternion has the form of
q  ramig

q=q0+iq +Jqo + kg3

The quaternion norm has the form of

norm(q) = q§ + 4% +45 +q3

.
DICI Iog m Function Block Parameters: Quaternion Norm il
Box Quaternion Marm [mask] (link]
’7 Calculate the norm of a quaternion.

Cancel Help Apply

Inputs and Input

Dimension Type Description
Outputs

First Quaternion or Contains quaternions in the form of
vector @lsp Fap coon @ng Prp 000 o Tlegp Pap oo o Clep T

]

Output Dimension Type Description

First Quaternion norm  Contains quaternion norm or vector
or vector of quaternion norms in the form of
[norm(q), norm(r), ...].

See Also Quaternion Conjugate

Quaternion Division
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Quaternion Norm

Quaternion Inverse
Quaternion Modulus
Quaternion Multiplication
Quaternion Normalize

Quaternion Rotation

5-417



Quaternion Normalize

Purpose
Library

Description

q ol i)

T

Dialog
Box

Inputs and
Outputs

5-418

Normalize quaternion
Utilities/Math Operations

The Quaternion Normalize block calculates a normalized quaternion for
a given quaternion.

The quaternion has the form of
q=qo +iqy +Jjqz + ka3
The normalized quaternion has the form of

qo +iq1 +Jqo + kqs

2, 2, 2. 2
\/QO+Q1+Q2+Q3

normal(q) =

E! Function Block Parameters: Quaternion Normal il

"Duaternion Maormalize [mazk) (link]

Marmalize a quaternion.

Cancel Help Spply
Input Dimension Type Description
First Quaternion or Contains quaternions in the form of
vector @lsp Pap coon @ng Pap 000 o Tlep Pap oo o Clep T

..

Output Dimension Type Description

First Normalized Contains normalized quaternion or
quaternion or vector of normalized quaternions.
vector




Quaternion

Normalize

See Also

Quaternion Conjugate
Quaternion Division
Quaternion Inverse
Quaternion Modulus
Quaternion Multiplication
Quaternion Norm

Quaternion Rotation
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Quaternion Rotation

Purpose
Library

Description

q
ves_iot b
=

Dialog
Box

5-420

Rotate vector by quaternion
Utilities/Math Operations

The Quaternion Rotation block rotates a vector by a quaternion.

The quaternion has the form of
q=4qo +iq +Jqz + kg3
The vector has the form of
v =1iv; + jug + kug
The rotated vector has the form of
v | |(1-203 -2¢3) 2@1a5 +a0q3) 2@1a3 — qoq2) vy

v =|vy [=| 2q195 —q0g3) (1-20F -243) 2(gaqs3 +q0a1) || v2
4 2 2
U3 2(q193 +9092)  2(q2q3 —q0q1) (1-2q7 —2q3) |LV3

m Function Block Parameters: Quaternion Rotation il

(Guaternion Ratation [mazk] (link]

Rotate a vector by a quatermion.

Cancel Help Apply




Quaternion Rotation

Inputs and
Outputs

See Also

Input Dimension Type
First Quaternion or
vector

Second Vector

Description

Contains quaternions in the form of
[qo; 7‘0, oo0p qu rly SECI) q2, r2’ cco g Q3, r37
Contains vector or vector of vectors
in the form of [v}, uy, ... , Uy, Uy, ... ,
Bep Bap cool):

Output Dimension Type

First Rotated
quaternion or
vector

Description

Contains rotated vector or vector of
rotated vectors.

Quaternion Conjugate
Quaternion Division
Quaternion Inverse
Quaternion Modulus
Quaternion Multiplication
Quaternion Norm

Quaternion Normalize
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Quaternions to Direction Cosine Matrix

Purpose Convert quaternion vector to direction cosine matrix
Librclry Utilities/Axes Transformations
Description The Quaternions to Direction Cosine Matrix block transforms the

four-element unit quaternion vector (q,, q,, g5, ;) into a 3-by-3 direction
cosine matrix (DCM). The outputted DCM performs the coordinate
QuatzDCh transformation of a vector in inertial axes to a vector in body axes.

Using quaternion algebra, if a point P is subject to the rotation described
by a quaternion g, it changes to P’ given by the following relationship:

P’ =qPq°

q=qp+iq +jqo +kqs
q° =qo —1iq1 — Jq2 — kqs
P=0+ix+ jy+kz

Expanding P’ and collecting terms in x, y, and z gives the following for
P’ in terms of P in the vector quaternion format:

0

o

, 2. 92 9 9
| (g0 + a1 — a2 —q3)x +2(q192 — q0q3)y + 20193 + q092)Z
2(qoqs + 0192)% + (5 — a7 +q5 —a3)y + 2(qq3 — 9oq1)2
2(q193 — 90q2)% + 2(qogqy +293)y + (G —af — a5 +q3)z

P =

~

N e R

Since individual terms in P’ are linear combinations of terms in x, y,
and z, a matrix relationship to rotate the vector (x, y, z) to (x', ¥', 2) can
be extracted from the preceding. This matrix rotates a vector in inertial
axes, and hence is transposed to generate the DCM that performs the
coordinate transformation of a vector in inertial axes into body axes.
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Quaternions to Direction Cosine Matrix

Dialog
Box

Inputs and
Outputs

See Also

@5+t -5 -a3) 2q192+q093)  2(a195 —q0q2)
2 2 2 2
DCM =|2(q192 — q093) (@0 —aq1 +92 —a3) 2(q293 +q0q1)
2q1a3 +q092)  2a9q3—-q0q1) (@ —df -5 +a3)
4

Quatemion2DCM [maszk] [link]

Dretermine the 3-by-3 direction cozine matrix [DCH) from a 4-by-1
quaternion orientation vector. The output DT transforms vectars from
inertial axes to body axes.

QK I Cancel Help Apply

Input Dimension Type Description
First 4-by-1 quaternion  Contains the quaternion vector.
vector

Output Dimension Type Description

First 3-by-3 direction Contains the direction cosine matrix.
cosine matrix.

Direction Cosine Matrix to Rotation Angles
Direction Cosine Matrix to Quaternions
Rotation Angles to Direction Cosine Matrix

Rotation Angles to Quaternions
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Quaternions to Rotation Angles

Purpose Determine rotation vector from quaternion
Librclry Utilities/Axes Transformations
Description The Quaternions to Rotation Angles block converts the four-element

quaternion vector (q,, q;, g5, q5) into the rotation described by the three
rotation angles (R1, R2, R3). The block generates the conversion by
comparing elements in the direction cosine matrix (DCM) as a function
of the rotation angles. The elements in the DCM are functions of a
unit quaternion vector. For example, for the rotation order z-y-x, the
DCM is defined as:

T

] Ry Ry

cos 6 cosy cosfsiny —sin6
DCM =|(sin¢sinf cosy —cos@siny) (singsinfsiny + cosdcosy) singcosh
(cos¢sinOcosy +singsiny) (cos¢sinfsiny —singcosy) cospcosd

The DCM defined by a unit quaternion vector is:

2. 9 9 9
(90 +91 —92 —a3) 2(q192 +qpq3) 2(¢193 — 9092)

DCM =| 2(q192 — q093) (@6 — a7 +a3 —43) 2(q2q3 +qoq1)
2Aq1q3+9002)  20a9q3-qoq) (a5 —af —d3 +a3)

From the preceding equation, you can derive the following relationships
between DCM elements and individual rotation angles for a ZYX
rotation order:

¢ = atan(DCM (2,3), DCM (3,3))

= atan(2(gaq3 + 9091), (g8 — 9% — a5 +43))
0 = asin(-DCM(1,3))

= asin(-2(¢193 — 90g2))
v =atan(DCM(1,2),DCM(1,1))

= atan(2(q;qs + 9093), (@2 + &% — 4% - ¢3))
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Quaternions to Rotation Angles

where W is R1, © is R2, and ® is R3.

DIGIOg E! Function Block Parameters: Quaternions to Rota El

Box —Quat2Ang (mask) ink)

Determine ratation vector (R 1,R2,R3) from quaternion (q0,91,92,43).

The limitations for the 'ZYX', 'ZXY, "WXZ', "WZX', K¥Z', and "XZY" implementations
generate an B2 angle that lies between +/- 20 degrees, and R.1 and R.3 angles
that lie between +/- 180 degrees.

The limitations for the 'Z¥Z', 'Z6Z, "X, "YZY', KX, and "XZX' implementations
generate an B2 angle that lies between 0 and 180 degrees, and R1 and R.3 angles
that lie between +/- 180 dearees.

—Parameters

Rotation Order: |ZYX j

Cancel Help Apply

Rotation Order
Specifies the output rotation order for three rotation angles. From
the list, select ZYX, ZYZ, ZXY, ZXZ, YXZ, YXY, YZX, YZY, XYZ, XYX,
XZY, or XZX. The default is ZYX.

Inputs and Input Dimension Type Description
Outputs

First 4-by-1 quaternion  Contains the quaternion vector.
vector
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Quaternions to Rotation Angles

Assumptions
and
Limitations

See Also

5-426

Output Dimension Type Description

First 3-by-3 vector Contains the rotation angles, in
radians.

The limitations for the 'ZYX"', 'ZXY', 'YXZ', 'YZX', 'XYZ', and 'XZY'
implementations generate an R2 angle that is between +90 degrees, and
R1 and R3 angles that are between +£180 degrees.

The limitations for the 'ZYZ', 'ZXZ"', 'YXY', 'YZY', 'XYX', and 'XZX'
implementations generate an R2 angle that is between 0 and 180
degrees, and R1 and R3 angles that are between £180 degrees.
Direction Cosine Matrix to Rotation Angles

Direction Cosine Matrix to Quaternions

Quaternions to Direction Cosine Matrix

Rotation Angles to Direction Cosine Matrix

Rotation Angles to Quaternions



Radius at Geocentric Latitude

Purpose Estimate radius of ellipsoid planet at geocentric latitude
Librclry Flight Parameters
Description The Radius at Geocentric Latitude block estimates the radius (r;) of an
ellipsoid planet at a particular geocentric latitude (4,).
.'-".s rs .
P
s
r‘rh

¥
5,
/ {& 79
!/

The following equation estimates the ellipsoid radius (r;) using

flattening (f), geocentric latitude (/Ts) , and equatorial radius (R).

R2
rs =
1+[1/(1—f)2—1]sin2 A
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Radius at Geocentric Latitude

Dialog
Box

5-428

=] Function Block Parameters: Radius at Geocentric La x|
—Radius at Geocentric Latitude (mask) (Jink)
Estimate radius of elipsoid planet at geocentric latitude.
—Parameters
Units: [Metric (MKS) |
Planet model: |Earﬁ1 (WGEsa4) ;I
Cancel | Help | Apply |
=] Function Block Parameters: Radius at Geocentric Lz x|
—Radius at Geocentric Latitude (mask) (ink)
Estimate radius of elipsoid planet at geocentric latitude.,
—Parameters
Planet model: |Custom ;I
Flattening:
I 1/298,257223563
Equatorial radius of planet:
6373173
Cancel | Help Apply
Units

Specifies the parameter and output units:

Equatorial
Units Radius
Metric (MKS) Meters
English Feet

Radius at Geocentric
Latitude

Meters

Feet



Radius at Geocentric Latitude

This option is only available when Planet model is set to Earth
(WGS84).

Planet model
Specifies the planet model to use:

Custom

Earth (WGS84)

Flattening
Specifies the flattening of the planet. This option is only available
with Planet model set to Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. This option 1s
only available with Planet model set to Custom.

Inputs and Input Dimension Type Description
Outputs : : o :
First Contains the geocentric latitude, in
degrees.

Output Dimension Type Description

First Contains the radius of planet at
geocentric latitude, in the same as
the units as flattening.

References Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.

Zipfel, P. H., Modeling and Simulation of Aerospace Vehicle Dynamics,
AIAA Education Series, Reston, Virginia, 2000.

See Also ECEF Position to LLA
Direction Cosine Matrix ECEF to NED
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Radius at Geocentric Latitude

Direction Cosine Matrix ECEF to NED to Latitude and Longitude
Geocentric to Geodetic Latitude
Geodetic to Geocentric Latitude

LLA to ECEF Position
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Relative Ratio

Purpose
Library

Description

hizizh ]

¥
T 0 sqn@)
P, iPa) 4

p, thg/ri’] -

Calculate relative atmospheric ratios
Flight Parameters

The Relative Ratio block computes the relative atmospheric ratios,

including relative temperature ratio (6), Jo , relative pressure ratio
(6), and relative density ratio (o).

6 represents the ratio of the air stream temperature at a chosen
reference station relative to sea level standard atmospheric conditions.

T

0=—
T

6 represents the ratio of the air stream pressure at a chosen reference
station relative to sea level standard atmospheric conditions.

P

s=1
Fy

o represents the ratio of the air stream density at a chosen reference
station relative to sea level standard atmospheric conditions.

The Relative Ratio block icon displays the input units selected from
the Units list.
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Relative Ratio

.

Di a Iog Block Parameters: Relative Ratio E
~ Relative R atia (mask) (link]

Box Calculate the relative atmospheric ratios including relative temperature

ratio [theta). square oot of theta, relative pressure ratio [delta), and
relative density ratio (sigma).

Theta represents the ratio of the air stream temperature at a chosen
reference station relative to sea level standard atmospheric conditions.

[Drelta represents the ratio of the air stream pressure at a chosen eference
station relative to sea level standard atmospheric conditions.

Sigma represents the ratio of the air stream density at a chosen reference
station relative to sea level standard atmospheric conditions.

P
F

Units: [etic (MK3) =l
W Theta

¥ Square oot of theta:

¥ Deka

¥ Sigma:

Ok I Cancel | Help I Apply

Units
Specifies the input units:

Units Tstatic Pstatic rho_static
Metric Kelvin Pascal Kilograms per
(MKS) cubic meter
English Degrees Pound force Slug per cubic
Rankine per square foot
inch

Theta

When selected, the 6 is calculated and static temperature is a
required input.

Square root of theta

When selected, the JO is calculated and static temperature is
a required input.

Delta

When selected, the § is calculated and static pressure is a required
input.
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Relative Ratio

Inputs and
Outputs

Assumptions

Reference

Sigma
When selected, the o is calculated and static density is a required
input.
Input Dimension Type Description
First Contains the Mach number.
Second Contains the static temperature.
Third Contains the static pressure.
Fourth Contains the static density.
Output Dimension Type Description
First Contains the 6.
Second
Contains the V6 .
Third Contains the 6.
Fourth Contains the o.

For cases in which total temperature, total pressure, or total density
ratio is desired (Mach number is nonzero), the total temperature,
total pressure, and total densities are calculated assuming perfect gas
(with constant molecular weight, constant pressure specific heat, and
constant specific heat ratio) and dry air.

Aeronautical Vestpocket Handbook, United Technologies Pratt &

Whitney, August, 1986.
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Rotation Angles to Direction Cosine Matrix

Purpose
Library

Description

[R,.F..R] DCM,,

Dialog
Box

Inputs and
Outputs

5-434

Convert rotation angles to direction cosine matrix
Utilities/Axes Transformations

The Rotation Angles to Direction Cosine Matrix block determines the
direction cosine matrix (DCM) from a given set of rotation angles, R1,
R2, and R3, respectively the first, second, and third rotation angles.
The output is a 3-by-3 DCM that performs coordinate transformations
based on rotation angles.

=1 Function Block Parameters: Rotation Angles to D x|

— Ang2DCM [mazk] [link]

Determine the 3-by-3 direction cozine matns [DCK] from a given set of rotation
andles.

— Parameter

Fiatation Order: IEYX ;I

Cancel Help | Apply

Rotation Order
Specifies the input rotation order for three rotation angles. From
the list, select ZYX, ZYZ, ZXY, ZXZ, YXZ, YXY, YZX, YZY, XYZ, XYX,
XZY, or XZX. The default is ZYX.

Input Dimension Type Description
First 3-by-1 vector Contains the rotation angles, in
radians.




Rotation Angles to Direction Cosine Matrix

Output Dimension Type Description

First 3-by-3 matrix Contains the direction cosine matrix.

See Also Direction Cosine Matrix to Quaternions
Direction Cosine Matrix to Rotation Angles

Quaternions to Direction Cosine Matrix
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Rotation Angles to Quaternions

Purpose Calculate quaternion from rotation angles
Librclry Utilities/Axes Transformations
Description The Rotation Angles to Quaternions block converts the rotation
described by the three rotation angles (R1, R2, R3) into the four-element
[R Ry R ab quaternion vector (q,, q;, g5 q5)- A quaternion vector represents a

rotation about a unit vector ( s Hys /,tz) through an angle 6. A unit
quaternion itself has unit magnitude, and can be written in the
following vector format.

9 cos(6/2)

ol sin(6 / 2)p,,
1= Q9 | sin(0/ 2p,

qs sin(6 / 2)p,

An alternative representation of a quaternion is as a complex number,
q=qo +iq +Jjgz + ka3
where, for the purposes of multiplication,

iZ=j?=k*=11

ij=-ji=k
jk=—kj=i
ki=—ik=j

The benefit of representing the quaternion in this way is the ease
with which the quaternion product can represent the resulting
transformation after two or more rotations.
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Rotation Angles to Quaternions

Dlalog E! Function Block Parameters: Rotation Angles ta El

Box — Ang20uat [mask] [link]

Calculate quaternion [gl,q1,.92.q3] from rotation angles [R1,R2.R3].

— Parameter

R aotation Order: IZYX ;I

Cancel Help Apply

Rotation Order
Specifies the output rotation order for three wind rotation angles.
From the list, select ZYX, ZYZ, ZXY, ZXZ, YXZ, YXY, YZX, YZY, XYZ,
XYX, XZY, or XZX. The default is ZYX.

Inputs and Input Dimension Type Description
Outputs

First 3-by-1 vector Contains the rotation angles, in
radians.

Output  Dimension Type Description

First 4-by-1 matrix Contains the quaternion vector.

Assumptions The limitations for the 'ZYX"', 'ZXY', 'YXZ', 'YZX', 'XYZ', and 'XZY'
and implementations generate an R2 angle that is between +£90 degrees, and
Limitations R1 and R3 angles that are between £180 degrees.

The limitations for the 'zYZ"', 'ZXZ"', 'YXY', 'YZY', 'XYX', and 'XZX'
implementations generate an R2 angle that is between 0 and 180
degrees, and R1 and R3 angles that are between £180 degrees.
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Rotation Angles to Quaternions

5-438

See Also

Direction Cosine Matrix to Quaternions
Quaternions to Direction Cosine Matrix
Quaternions to Rotation Angles

Rotation Angles to Direction Cosine Matrix



Second Order Linear Actuator

Purpose Implement second-order linear actuator
Librclry Actuators
Description The Second Order Linear Actuator block outputs the actual actuator

position using the input demanded actuator position and other dialog

A 4 parameters that define the system.
e ared wond [
Dialog k|
B — Second Order Linear Actuator [mask)] [link]
ox Implement a second-order actuator model
I Matural frequency:
|150
[ramping ratio:
jo7
Initial position:
jo
QK I Cancel | Help Apply
Natural frequency
The natural frequency of the actuator. The units of natural
frequency are radians per second.
Damping ratio
The damping ratio of the actuator. A dimensionless parameter.
Initial position
The initial position of the actuator. The units of initial position
should be the same as the units of demanded actuator position.
Inputs and Input Dimension Type Description
Outputs : :
First Contains the demanded actuator
position.
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Second Order Linear Actuator

Output Dimension Type Description

First Contains the actual actuator
position.

See Also Second Order Nonlinear Actuator
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Second Order Nonlinear Actuator

Purpose
Library

Description

Dialog
Box

Implement second-order actuator with rate and deflection limits
Actuators

The Second Order Nonlinear Actuator block outputs the actual actuator
position using the input demanded actuator position and other dialog
parameters that define the system.

Block Parameters: Second Order Nonlinear ' #

—Second Order Monlinear Actuator [mazk] [link]

Implement a second-order actuator model with zaturation and rate limits.

.
F

Matural frequency:
|150

[ramping ratio:
jo7

I awirum deflection:
EGED

Minirum deflection:
|-20pi180

I awirnum rate:
|5007pi 180

Initial position:
jo

QK I Cancel | Help Apply

Natural frequency
The natural frequency of the actuator. The units of natural
frequency are radians per second.

Damping ratio
The damping ratio of the actuator. A dimensionless parameter.
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Second Order Nonlinear Actuator

Inputs and
Outputs

Examples

See Also

5-442

Maximum deflection
The largest actuator position allowable. The units of maximum
deflection should be the same as the units of demanded actuator
position.

Minimum deflection
The smallest actuator position allowable. The units of minimum
deflection should be the same as the units of demanded actuator
position.

Maximum rate
The fastest speed allowable for actuator motion. The units of
maximum rate should be the units of demanded actuator position
per second.

Initial position

The initial position of the actuator. The units of initial position
should be the same as the units of demanded actuator position.

Input Dimension Type Description
First Contains the demanded actuator
position.

Output Dimension Type Description

First Contains the actual actuator
position.

See the Airframe & Autopilot subsystem in the aero_guidance model
and the Actuators subsystem in the aeroblk HL20 model for an
example of this block.

Second Order Linear Actuator



Self-Conditioned [A,B,C,D]

Purpose
Library

Description

]
u_dem

u_meas

Implement state-space controller in self-conditioned form
GNC/Controls

The Self-Conditioned [A,B,C,D] block can be used to implement the
state-space controller defined by

x = Ax+ Be
u=Cx+ De

in the self-conditioned form

2=(A-HC)z+(B-HD)e+ Hu,,,,,
Ugem =Cz+ De

The input u is a vector of the achieved actuator positions, and the

meas
output ug,,, is the vector of controller actuator demands. In the case

that the actuators are not limited, then u,,,,; =%, and substituting
the output equation into the state equation returns the nominal
controller. In the case that they are not equal, the dynamics of the
controller are set by the poles of A-HC.

Hence H must be chosen to make the poles sufficiently fast to track
Umeqs DUt at the same time not so fast that noise on e is propagated to

Ugem - The matrix H is designed by a callback to the Control System
Toolbox command place to place the poles at defined locations.
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Dia Iog Block Parameters: Self-Conditioned [A,B,E,Ds #
r— Self-Conditioned [mazk] [link]
Box

Implement a state-space controller [4,B.C.0] in a self-conditioned form. [f
u_meaz = u_dem, then the implemented controller iz [4,B,C.0]. If u_meas
is limited, e.q., rate limiting, then the poles of the controller become thosze
defined in the mazk dialog box. Uses call to Control Systems Toolbox
function place.m when initializing.

=
F

A-matriz:
Ji1-0.20-3

B-rnatrix:
Ji
C-mnatrix:
jiro
D-matrix:
Jooz

Initial state, =_initial:
jo
Poles of A-H*C = [wl ... wn]:
f15-21

QK I Cancel Help Apply

A-matrix
A-matrix of the state-space implementation.
B-matrix
B-matrix of the state-space implementation.
C-matrix
C-matrix of the state-space implementation.
D-matrix
D-matrix of the state-space implementation.
Initial state, x_initial
This is a vector of initial states for the controller, i.e., initial

values for the state vector, z. It should have length equal to the
size of the first dimension of A.
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Inputs and
Outputs

Assumptions
and
Limitations

Examples

Poles of A-H*C
This is a vector of the desired poles of A-H*C. Hence the number
of pole locations defined should be equal to the dimension of the

A-matrix.
Input Dimension Type Description
First Contains the control error.
Second Contains the measured actuator

position.

Output Dimension Type Description

First Contains the actuator demands.

Note This block requires the Control System Toolbox product.

This Simulink model shows a state-space controller implemented in
both self-conditioned and standard state-space forms. The actuator
authority limits of +0.5 units are modeled by the saturation block.
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5-446

E!aerohlk_self_cond_cntr
File Edit WYiew Simulation Format Tools Help

DSE&| BR[| r = Nom || g &

State-Space
[Same contmlier, no
salf conditioning]

II,_

Step att=1son
tracking emrssnt Self-Conditioned Satumtion:
to the contmlier [A,B,C,00 hodel of actuator
autharty limits
[40.5,0.8]

=

Actuztor
demand

Ready [1o02 [ [ |odets v

Notice that the A-matrix has a zero in the 1,1 element, indicating
integral action.

-} Actuator demand

The top trace shows the conventional state-space implementation. The
output of the controller winds up well past the actuator upper authority
limit of +0.5. The lower trace shows that the self-conditioned form



Self-Conditioned [A,B,C,D]
|

results in an actuator demand that tracks the upper authority limit,
which means that when the sign of the control error, e, is reversed, the
actuator demand responds immediately.

Reference The algorithm used to determine the matrix H is defined in Kautsky,
Nichols, and Van Dooren, “Robust Pole Assignment in Linear State
Feedback,” International Journal of Control, Vol. 41, No. 5, pages
1129-1155, 1985.

See Also 1D Self-Conditioned [A(v),B(v),C(v),D(V)]
2D Self-Conditioned [A(v),B(v),C(v),D(v)]
3D Self-Conditioned [A(v),B(v),C(v),D(v)]
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Send net_fdm Packet to FlightGear

Purpose

Library

Description

5-448

Send
net_fdrn pachket
to Flight Gear

Transmit net_fdm packet to destination IP address and port for
FlightGear session

Animation/Flight Simulator Interfaces

The Send net_fdm Packet to FlightGear block transmits the net_fdm
packet to FlightGear on the current computer, or a remote computer
on the network. The packet is constructed using the Pack net_fdm
Packet for FlightGear block. The destination port should be an unused
port that you can use when you launch FlightGear with the FlightGear
command line flag:

- -fdm=network,localhost,5501,5502,5503

The second port in the list, 5502, is the network flight dynamics model
(fdm) port.

This block does not product deployable code.

Determining the Destination IP Address

You can use one of several techniques to determine the destination
IP address, such as:

e Use 127.0.0.1 for “this” computer

® Ping another computer from a Windows cmd.exe (or UNIX shell)
prompt:

C:\> ping andyspc

Pinging andyspc [144.213.175.92] with 32 bytes of data:
Reply from 144.213.175.92: bytes=32 time=30ms TTL=253
Reply from 144.213.175.92: bytes=32 time=20ms TTL=253
Reply from 144.213.175.92: bytes=32 time=20ms TTL=253
Reply from 144.213.175.92: bytes=32 time=20ms TTL=253

Ping statistics for 144.213.175.92:



Send net_fdm Packet to FlightGear
|

Packets: Sent = 4, Received = 4, Lost = 0 (0% loss),
Approximate round trip times in milli-seconds:
Minimum = 20ms, Maximum = 30ms, Average = 22ms

¢ On a Windows machine, type ipconfig and use the returned IP
Address:

H:\>ipconfig
Windows IP Configuration
Ethernet adapter Local Area Connection:

Connection-specific DNS Suffix

IP Address. . . . . . . . . . . . ! 192.168.42.178
Subnet Mask . . . . . . . . . . . : 255.255.255.0
Default Gateway . . . . . . . . . : 192.168.42.254
L
DICI |Og 2] sink Block Parameters: Send net_fdm Packet ko F x|
Box —FlightGearS endM etFdri [mask] [link]

Trarzmit & network flight dwnarics model [het_fdm] packet to FlightGear Flight
Simulator via UDF at the specified IP Address and UDP port,

—Parameters

Destination 1P address:
[127.001]

Diestination part:
{5502

Sample time [-1 for inherited]:
f1730

(1] I Cancel | Help | Apply

Destination IP address
Specify your destination IP address.
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Inputs and
Outputs

Examples

See Also

5-450

Destination port
Specify your destination port.

Sample time
Specify the sample time (-1 for inherited).

The input signal is the FlightGear net_fdm data packet.

See the asbh120 for an example of this block.

FlightGear Preconfigured 6DoF Animation
Generate Run Script

Pack net_fdm Packet for FlightGear



Simple Variable Mass 3DoF (Body Axes)

Purpose

Library

Description

B r=d)
car {radfis)

F, ()

FZ i Simple Wariable dwrfdt

1 {h-r =, 2, im)
U w (mifs)
A A (i)

dmvidt fhgés)

g iy

Fuel

Implement three-degrees-of-freedom equations of motion of simple
variable mass with respect to body axes

Equations of Motion/3DoF
The Simple Variable Mass 3DoF (Body Axes) block considers the

rotation in the vertical plane of a body-fixed coordinate frame about
an Earth-fixed reference frame.

xb,U\q

Body fixed
coordinate

.
Incidence = ¢
frame :

Earth fixed
reference frame’

e

Ze

The equations of motion are
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F, n .
u=—x—m—U—qw—gsm9
m m
F oo
w="2-"24 qu+gcosd
m m
. M_Iyyq
=
yy
6=q

i = 1 yyfull — Iyyempty m
vy~
M1l — Mempty

where the applied forces are assumed to act at the center of gravity
of the body.
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Dialog
Box

Block Parameters: Simple ¥ariable Mass 3DoF (

—30oF Eokd [mask] [link]

Integrate the three-degrees-of-freedom equations of motion to determine
body position, velocity, attitude, and related values.

=) |

Urits: | Metric (MKS)

[
[

Mass type: I Simple Variable

Initial welocity:
100

Initial body attitude:
Jo

Initial incidence:
jo

Initial body ratation rate:
jo

Initial position [« 2]:
jioo)

Initial mass:
j1.0

Emply mazs:
jos

Full mass:
E

Empty inertia:
jos

Full inertia:
E

Gravity source: IExtema| j

QK I Cancel Help Apply |

Units

Specifies the input and output units:
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Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton  Meters Meters  Meters Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout
the simulation.

Simple Variable Mass and inertia vary linearly
as a function of mass rate.

Custom Variable Mass and inertia variations
are customizable.

The Simple Variable selection conforms to the previously
described equations of motion.

Initial velocity
A scalar value for the initial velocity of the body, (V).

Initial body attitude
A scalar value for the initial pitch attitude of the body, (6,).

Initial incidence
A scalar value for the initial angle between the velocity vector

and the body, (ag) .
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Initial body rotation rate

A scalar value for the initial body rotation rate, (q,).

Initial position (x,z)

A two-element vector containing the initial location of the body in
the Earth-fixed reference frame.

Initial mass

A scalar value for the initial mass of the body.

Empty mass

A scalar value for the empty mass of the body.

Full mass

A scalar value for the full mass of the body.

Empty inertia

A scalar value for the empty inertia of the body.

Full inertia

A scalar value for the full inertia of the body.

Gravity source

Specify source of gravity:

External Variable gravity input to block
Internal Constant gravity specified in
mask

Acceleration due to gravity

A scalar value for the acceleration due to gravity used if internal
gravity source is selected. If gravity is to be neglected in the
simulation, this value can be set to 0.
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Inputs and Input Dimension Type Description
Outputs : : :
First Contains the force acting along the
body x-axis, (F).
Second Contains the force acting along the
body z-axis, (F).
Third Contains the applied pitch moment,
).
Fourth Contains the rate of change of mass,
(m).
Fifth Contains the gravity in the selected
(Optional) units.

Output Dimension Type

First

Second

Third

Fourth Two-element
vector

Fifth Two-element
vector

5-456

Description

Contains the pitch attitude, in
radians (6).

Contains the pitch angular rate, in
radians per second (q).

Contains the pitch angular
acceleration, in radians per second

squared (q) .

Contains the location of the body, in
the Earth-fixed reference frame, (Xe,
Ze).

Contains the velocity of the
body resolved into the body-fixed
coordinate frame, (u, w).



Simple Variable Mass 3DoF (Body Axes)
|

Output Dimension Type Description

Sixth Two-element Contains the acceleration of the
vector body resolved into the body-fixed
coordinate frame, (Ax,Az).
Seventh  Scalar element Contains a flag for fuel tank status,
(Fuel):

e 1 indicates that the tank is full.

® (0 indicates that the integral is
neither full nor empty.

¢ .1 indicates that the tank is
empty.

See Also 3DoF (Body Axes)
3DoF (Wind Axes)
Custom Variable Mass 3DoF (Body Axes)
Custom Variable Mass 3DoF (Wind Axes)
Simple Variable Mass 3DoF (Wind Axes)
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Purpose

Library

Description

F, if)

Wind
B (M-
drmidt his) s

a imi)

F2 M simpie varabie

¥ ir=d)

@ (mdis)

dea fdlt
¥

% _Z,tm)
e fe

W, (nés)

A (i)

o {r=d)
Fus|

Earth-Fixed

Reference Frame .

Implement three-degrees-of-freedom equations of motion of simple
variable mass with respect to wind axes

Equations of Motion/3DoF
The Simple Variable Mass 3DoF (Wind Axes) block considers the

rotation in the vertical plane of a wind-fixed coordinate frame about
an Earth-fixed reference frame.

Wind-Fixed
Reference Frame

5-458

The equations of motion are
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V Xwind _ g Sin y
m
G = Zwind +q+=cosy
mV
q = 9 = Mybody _ Iyyq
Iyy
y=q-a

I‘ _ Iyyfull - Iyyempty .
= m
Mme1l = Mempty

where the applied forces are assumed to act at the center of gravity
of the body.
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L]
Dla |Og ﬂ Function Block Parameters: Simple ¥ariable Mass 3Dao

Box —aloF “wind Eobd [masgk) (link)

position, velocity, attitude, and related walues.

Integrate the three-degrees-of-freedom equations of motion in wind axes o determine

—Parameters

Units: | Metric [MKS)

I ass type: I Simple ¥ ariable

Initial airzpeed;

|
=l

f100

Imitial flight path angle:
[0

Initial incidence:

[0

Imitial body ratation rate:
i

Imitial position [= 2):
[CI]

Initial mass:

[1.0

Empty mass:

05

Full mass:

{30

Erpty inertia body axes:

[

Full inertia body axes:

{30

Gravity zource: | External

Apply

Units
Specifies the input and output units:
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Units Forces
Metric Newton
(MKS)

English  Pound
(Velocity

in

ft/s)

English  Pound
(Velocity

in kts)

Moment Acceleration Velocity Position Mass Inertia
Newton  Meters Meters  Meters  Kilogram Kilogram
meter per second per meter

squared second squared
Foot Feet per Feet per Feet Slug Slug
pound second second foot

squared squared
Foot Feet per Knots Feet Slug Slug
pound second foot

squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout
the simulation.

Simple Variable Mass and inertia vary linearly
as a function of mass rate.

Custom Variable Mass and inertia variations
are customizable.

The Simple Variable selection conforms to the previously
described equations of motion.

Initial airspeed
A scalar value for the initial velocity of the body, (V).

Initial flight path angle
A scalar value for the initial flight path angle of the body, (y,).

Initial incidence

A scalar value for the initial angle between the velocity vector
and the body, (o).
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5-462

Initial body rotation rate
A scalar value for the initial body rotation rate, (q,).

Initial position (x,z)
A two-element vector containing the initial location of the body in
the Earth-fixed reference frame.

Initial mass
A scalar value for the initial mass of the body.

Empty mass
A scalar value for the empty mass of the body.

Full mass

A scalar value for the full mass of the body.
Empty inertia

A scalar value for the empty inertia of the body.

Full inertia
A scalar value for the full inertia of the body.

Gravity source
Specify source of gravity:

External Variable gravity input to block
Internal Constant gravity specified in
mask

Acceleration due to gravity
A scalar value for the acceleration due to gravity used if internal
gravity source is selected. If gravity is to be neglected in the
simulation, this value can be set to 0.
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Inputs and
Outputs

Dimension
Type

Input
First
Second
Third

Fourth

Fifth
(Optional)

Description

Contains the force acting along the wind
x-axis, (F).

Contains the force acting along the wind
z-axis, (I').

Contains the applied pitch moment in body
axes, (M).
Contains the rate of change of mass, (m).

Contains the gravity in the selected units.

Output Dimension
Type
First

Second
Third

Fourth Two-element

vector

Fifth  Two-element
vector

Sixth Two-element

vector

Description

Contains the flight path angle, in radians (y).

Contains the pitch angular rate, in radians
per second (a)y).

Contains the pitch angular acceleration, in
radians per second squared (da)y/dt).

Contains the location of the body, in the
Earth-fixed reference frame, (Xe, Ze).

Contains the velocity of the body resolved into
the wind-fixed coordinate frame, (V, 0).

Contains the acceleration of the body resolved
into the body-fixed coordinate frame, (Ax, Az).
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Output Dimension  Description

Type
Seventh Scalar )
Contain the angle of attack, (ag).
Eight Scalar Contains a flag for fuel tank status, (Fuel):
element
¢ 1 indicates that the tank is full.
¢ 0 indicates that the integral is neither full
nor empty.
e .1 indicates that the tank is empty.
Reference Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John

Wiley & Sons, New York, 1992.

See Also 3DoF (Body Axes)
3DoF (Wind Axes)
Custom Variable Mass 3DoF (Body Axes)
Custom Variable Mass 3DoF (Wind Axes)
Simple Variable Mass 3DoF (Body Axes)
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Purpose

Library

Description

Fpe ]

M, -

et (kgds)

Euker Angles

Simple Varable
Mass

V(=)
x_(m)
8w imd)
]

Y fmis)
@ (rdis)
deaidt

A, imi)

Fuel

Ye

Ze

Implement Euler angle representation of six-degrees-of-freedom
equations of motion of simple variable mass

Equations of Motion/6DoF

The Simple Variable Mass 6DoF (Euler Angles) block considers the
rotation of a body-fixed coordinate frame (X, Y,, Z,) about a flat Earth
reference frame (X,, Y,, Z). The origin of the body-fixed coordinate
frame is the center of gravity of the body, and the body is assumed to
be rigid, an assumption that eliminates the need to consider the forces
acting between individual elements of mass. The flat Earth reference
frame is considered inertial, an excellent approximation that allows
the forces due to the Earth’s motion relative to the “fixed stars” to be
neglected.

Center of
gravity Xb

Flat Earth reference frame

The translational motion of the body-fixed coordinate frame is given
below, where the applied forces [F, F, F,]Tare in the body-fixed frame.
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5-466

Fb= F =m(‘7b+5><‘7’b)+m‘7b

3 p
Vb: Up ,52 q
r

The rotational dynamics of the body-fixed frame are given below, where
the applied moments are [L. M N]7, and the inertia tensor I is with
respect to the origin O.

L
Mg=\M|=Io+ox(Id)+1d
N
Ixx _Ixy _Ixz
I'=|-Iy Iy, -1,
_sz _Izy Izz

The inertia tensor is determined using a table lookup which linearly

interpolates between Ifull an(.i Iempt_y based on mass (m). While the rate of

change of the inertia tensor is estimated by the following equation.

Ifull - Iempty i

M1l — Mempty

j:

The relationship between the body-fixed angular velocity vector, [p q r]7,

and the rate of change of the Euler angles, [¢0 v ]”, can be determined
by resolving the Euler rates into the body-fixed coordinate frame.
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SN Qo

6] 1o o 0] [0 0 TJlcosd 0 -sind][0 ¢
=|0|+|0 cos¢ sing||6|+|0 cos¢ sing||0 10 =J 16
0 0 —sin¢g cos¢ || 0 0 —sin¢ cos¢ || sin6 0 cosf j ;

Y Y
Inverting J then gives the required relationship to determine the Euler
rate vector.

p 1 (sin¢tan®) (cos¢tan®) || p

Jlq |=]0 cos¢ —sin¢ q
r 0 sing cos¢
cosf cos6

¢
0
v

r
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Dialog
Box

5-468

Specifies the input and output units:

x
— EDoF Eob [Body Axiz) [mazk] (link)
Integrate the sis-degrees-of-freedom equations of mation in body axis.
- Parameter.
Units: |Metric [MK.S) =l
M azs type: IS imple % ariable LI
Reprezentation: IE uler Angles LI
Initial pozition in inertial axes [<eYe Ze]:
Jlomon
Initial velocity in body axes [ wv.w]:
Jlooo
Initial Euler arigntation [rall, pitch, paw]:
Jlooo
Initial body rotation rates [poa.rl:
Jlnoa]
Initial mazs:
o
Empty mazs:
[
Full mass:
|20
Empty inertia matrix:
Jeyel3)
Full inertia matrix:
|27epe(3)
Cancel | Help Apply
Units
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Units Forces

Metric Newton
(MKS)

English  Pound
(Velocity

in

ft/s)

English  Pound
(Velocity

in kts)

Moment Acceleration Velocity Position Mass Inertia

Newton  Meters Meters
meter per second per
squared second
Foot Feet per Feet per
pound second second
squared
Foot Feet per Knots
pound second
squared
Mass Type

Select the type of mass to use:

Fixed

Simple Variable

Custom Variable

Meters  Kilogram Kilogram
meter
squared

Feet Slug Slug
foot
squared

Feet Slug Slug
foot
squared

Mass is constant throughout
the simulation.

Mass and inertia vary linearly
as a function of mass rate.

Mass and inertia variations
are customizable.

The Simple Variable selection conforms to the previously

described equations of motion.

Representation
Select the representation to use:

Euler Angles

Quaternion

Use Euler angles within
equations of motion.

Use quaternions within
equations of motion.
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Inputs and
Outputs

5-470

The Euler Angles selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial velocity in body axes
The three-element vector for the initial velocity in the body-fixed
coordinate frame.

Initial Euler rotation
The three-element vector for the initial Euler rotation angles [roll,
pitch, yaw], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Initial mass
The initial mass of the rigid body.

Empty mass
A scalar value for the empty mass of the body.

Full mass
A scalar value for the full mass of the body.

Empty inertia matrix
A 3-by-3 inertia tensor matrix for the empty inertia of the body.

Full inertia matrix
A 3-by-3 inertia tensor matrix for the full inertia of the body.

Input Dimension Description

Type
First  Vector Contains the three applied forces.
Second Vector Contains the three applied moments.
Third Scalar Contains the rate of change of mass.




Simple Variable Mass 6DoF (Euler Angles)
|

Output Dimension  Description

Type
First  Three-element Contains the velocity in the flat Earth
vector reference frame.

Second Three-element Contains the position in the flat Earth
vector reference frame.

Third Three-element Contains the Euler rotation angles [roll,
vector pitch, yaw], in radians.

Fourth 3-by-3 matrix Applies to the coordinate transformation from
flat Earth axes to body-fixed axes.

Fifth  Three-element Contains the velocity in the body-fixed frame.
vector

Sixth  Three-element Contains the angular rates in body-fixed axes,
vector in radians per second.

Seventh Three-element Contains the angular accelerations in
vector body-fixed axes, in radians per second.

Eight Three-element Contains the accelerations in body-fixed axes.

vector
Ninth Scalar Contains a flag for fuel tank status:
element ¢ 1 indicates that the tank is full.

¢ 0 indicates that the integral is neither full
nor empty.

e .1 indicates that the tank is empty.

Assumptions The block assumes that the applied forces are acting at the center of
and gravity of the body.

Limitations

Reference Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB
Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.
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See Also

5-472

6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Purpose

Library

Description

o, (mis)
Pl ) H {m)
Quatemin 48y (=d]
]
M (- W, (is)
& (rmdis)
Simple Varable
hiass dealdt
drvvidt flgrs) I

Fuel

Implement quaternion representation of six-degrees-of-freedom
equations of motion of simple variable mass with respect to body axes

Equations of Motion/6DoF

For a description of the coordinate system and the translational
dynamics, see the block description for the Simple Variable Mass 6DoF
(Euler Angles) block.

The integration of the rate of change of the quaternion vector is given
below. The gain K drives the norm of the quaternion state vector to

1.0 should & become nonzero. You must choose the value of this gain
with care, because a large value improves the decay rate of the error

in the norm, but also slows the simulation because fast dynamics are
introduced. An error in the magnitude in one element of the quaternion
vector is spread equally among all the elements, potentially increasing
the error in the state vector.

o 0 -p -9 —r|q 90
) 0 r -

?1 _ /2 p q 1|l q1 +Ke 91
qo q -t 0 plla 9
qs3 r q -p 0]l[gs qs3

€ =1—(QO2+CI12+Q32+CI42)
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Dialog
Box
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E!Function Block Parameters: Simple Yariable Mass 6D

— EDoF Eobd [Body Axiz) [mask] (link)

Integrate the siz-degrees-of-freedom equations of mation in body axis.

— Parameter

Units: [Metric [MKS)

M ass type: ISimpIe “Yariable

Representation: IGuaternion

Initial pozition in inertial axes [$e¥e Za]:

Lel Lef Lol

Jlooo

Initial velocity in body axes [ wv.w]:

Jlooo

Initial Evler arientation [rall, pitch, paw]:

Jlnoa]

Initial body rotation rates [p.q.r:

Jlnoa

Initial mazs:

o

Empty mazs:

[

Full mass:

|20

Ermnpty inertia matrix:

|e_l,le[3]

Full inertia matriz:

|2epel)

Gain for quaternion normalization:

10

Cancel | Help

Apply

Units
Specifies the input and output units:




Simple Variable Mass 6DoF (Quaternion)
|

Units Forces Moment Acceleration  Velocity Position Mass  Inertia

Metric Newton  Newton  Meters per Meters Meters Kilogram Kilogram

(MKS) meter second squared per meter
second squared

English  Pound Foot Feet per second Feet Feet Slug Slug

(Velocity pound squared per foot

in second squared

ft/s)

English  Pound Foot Feet per second Knots Feet Slug Slug

(Velocity pound squared foot

in kts) squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout
the simulation.

Simple Variable Mass and inertia vary linearly
as a function of mass rate.

Custom Variable Mass and inertia variations

are customizable.

The Simple Variable selection conforms to the previously
described equations of motion.

Representation
Select the representation to use:
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5-476

Euler Angles Use Euler angles within
equations of motion.

Quaternion Use quaternions within
equations of motion.

The Quaternion selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial velocity in body axes
The three-element vector for the initial velocity in the body-fixed
coordinate frame.

Initial Euler rotation
The three-element vector for the initial Euler rotation angles [roll,
pitch, yaw], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Initial mass
The initial mass of the rigid body.

Empty mass
A scalar value for the empty mass of the body.

Full mass
A scalar value for the full mass of the body.

Empty inertia matrix
A 3-by-3 inertia tensor matrix for the empty inertia of the body.

Full inertia matrix
A 3-by-3 inertia tensor matrix for the full inertia of the body.



Simple Variable Mass 6DoF (Quaternion)

Inputs and
Outputs

Gain for quaternion normalization
The gain to maintain the norm of the quaternion vector equal
to 1.0.

Input Dimension Description

Type
First  Vector Contains the three applied forces.
Second Vector Contains the three applied moments.
Third Scalar Contains the rate of change of mass.

Output Dimension  Description

Type
First  Three-element Contains the velocity in the flat Earth
vector reference frame.

Second Three-element Contains the position in the flat Earth
vector reference frame.

Third Three-element Contains the Euler rotation angles [roll,
vector pitch, yaw], in radians.

Fourth 3-by-3 matrix Applies to the coordinate transformation from
flat Earth axes to body-fixed axes.

Fifth  Three-element Contains the velocity in the body-fixed frame.
vector

Sixth  Three-element Contains the angular rates in body-fixed axes,
vector in radians per second.

Seventh Three-element Contains the angular accelerations in
vector body-fixed axes, in radians per second.
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Assumptions
and
Limitations

Reference

See Also

5-478

Output Dimension  Description

Type

Eight Three-element Contains the accelerations in body-fixed axes.
vector

Ninth Scalar Contains a flag for fuel tank status:
element ¢ 1 indicates that the tank is full.

¢ 0 indicates that the integral is neither full
nor empty.

® -1 indicates that the tank is empty.

The block assumes that the applied forces are acting at the center of
gravity of the body.

Mangiacasale, L., Flight Mechanics of a p-Airplane with a MATLAB
Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.
6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)

Custom Variable Mass 6DoF (Euler Angles)

Custom Variable Mass 6DoF (Quaternion)

Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)



Simple Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Purpose
.
Library
o L
Description
Fya 0 v?:wmvs
o 48 A
M, (e D@%ﬂ?‘
’ Zirrple Tarable "-;?:?5
it iy
it fegs) H P
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Implement quaternion representation of six-degrees-of-freedom
equations of motion of simple variable mass in Earth-centered
Earth-fixed (ECEF) coordinates

Equations of Motion/6DoF

The Simple Variable Mass 6DoF ECEF (Quaternion) block considers
the rotation of a Earth-centered Earth-fixed (ECEF) coordinate frame
Xicrp Yecrp Zgpopp about an Earth-centered inertial (ECI) reference
frame (Xjop Ypop Zpep- The origin of the ECEF coordinate frame is the
center of the Earth, additionally the body of interest is assumed to be
rigid, an assumption that eliminates the need to consider the forces
acting between individual elements of mass. The representation of the
rotation of ECEF frame from ECI frame is simplified to consider only the
constant rotation of the ellipsoid Earth (®,) including an initial celestial
longitude (L;(0)). This excellent approximation allows the forces due to
the Earth’s complex motion relative to the “fixed stars” to be neglected.



Simple Variable Mass 6DoF ECEF (Quaternion)

ZE:EB? ZEGI

Horth

Greervwich
meridian

The translational motion of the ECEF coordinate frame is given below,
where the applied forces [F, I ) F]" are in the body frame.

Fb = :m(f/b +5b XVb +DCbe(T)e><Vb)+DCbe (@x(@ex)?f))

NS IS

+11(V, + DCMyp (@, x X 1))
where the change of position in ECEF 3;cf (3;ci) is calculated by
xXr = DCM gV,

and the velocity of the body with respect to ECEF frame, expressed in
body frame (Vb) , angular rates of the body with respect to ECI frame,
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Simple Variable Mass 6DoF ECEF (Quaternion)

expressed in body frame (@) . Earth rotation rate (@,), and relative
angular rates of the body with respect to north-east-down (NED) frame,

expressed in body frame (@,,;) are defined as
p 0

VbZU a_)rel:q Cl_)ez 0
r ,

(T)b = a_)rel + DCbe(T)e + DCMbea_)ned

[cospu Ve /(N +h)
Bpeq = —i = _VN/(M +h)
—1Sin[1 VE tan/.t/(N+h)
The rotational dynamics of the body defined in body-fixed frame are

given below, where the applied moments are [L M N]T, and the inertia
tensor I is with respect to the origin O.

L
Mb: M ZTCT)b-f-CT)bX(Ta_)b)-FI.(T)b
N
Ixx _Ixy _Ixz
1= —Iyx Iyy —Iyz
_sz _Izy Izz

The inertia tensor is determined using a table lookup which linearly
interpolates between I ) and I, . based on mass (m). The rate of
change of the inertia tensor is estimated by the following equation.
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_ Ifull _Iempty i

Mg, — Mempty

The integration of the rate of change of the quaternion vector is given

below.
do 0 w(l) w(2) @(3) |[a0
a1 .Y —0p(1) 0 -0(3) @(2) || &
do -0 (2) @ (3) 0 -—wy(1)| ge
ds3 —0p(3) -y (2) (1) 0 |las
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L
Dla |Og E!Function Block Parameters: Simple ¥ariable Mass 6E x|

Box EDoF EcM (ECEF] (mask] (link)

Integrate the six-degrees-of-freedom equations of maotion using a quaternion
reprezentation for the orientation of the body in space.

Main IPIanet |

Lirits: | Metric [MES)

L] Lo

Mazs type: I Simple Yariable

Initial position in geodetic latitude, longitude, altitude [mu,]h]:
Jiooa]

Initial velocity in body axes [ v w]:

Jlnno

Initial Euler orientation [roll, pitch, yaw]:

Jlnoo

Initial body ratation rates [p.g.r):

Jlnoo

Initial mass:

1o

Empty mass:

|05

Full mags:

|20

Ermipty inertia matris:
Ie_l,le[3]

Full inertia matrix:
|Zepe(3)

ak Cancel Aoply
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] Function Block Parameters: Simple Variable Mass € |

’rﬁDoF EoM (ECEF) (mask) (link)

Integrate the six-degrees-of-freedom equations of motion using a quaternion
representation for the orientation of the body in space.

Main Planet I

Planet model: IEariﬁ (WGSe4) LI

Celestial longitude of Greenwich source: IInhernaI LI

Celestial longitude of Greenwich [deg]:

i}

Ok I Cancel | Help Apply

Units
Specifies the input and output units:
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Units Forces Moment Acceleration Velocity Position Mass Inertia

Metric Newton Newton Meters Meters Meters  Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet per Feet Slug Slug

(Velocity pound second second foot

in squared squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass type

Select the type of mass to use:

Fixed Mass is constant throughout
the simulation (see 6DoF
ECEF (Quaternion)).

Simple Variable Mass and inertia vary linearly
as a function of mass rate.

Custom Variable Mass and inertia variations
are customizable (see Custom
Variable Mass 6DoF ECEF
(Quaternion)).

The Simple Variable selection conforms to the previously
described equations of motion.

Initial position in geodetic latitude, longitude and altitude
The three-element vector for the initial location of the body in
the geodetic reference frame.

Initial velocity in body axes
The three-element vector containing the initial velocity of the body
with respect to the ECEF frame, expressed in the body frame.
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Initial Euler orientation
The three-element vector containing the initial Euler rotation
angles [roll, pitch, yaw], in radians. Euler rotation angles are
those between the body and NED coordinate systems.

Initial body rotation rates
The three-element vector for the initial angular rates of the body
with respect to the NED frame, expressed the body frame, in
radians per second.

Initial mass
The mass of the rigid body.

Empty mass
A scalar value for the empty mass of the body.

Full mass
A scalar value for the full mass of the body.

Empty inertia matrix
A 3-by-3 inertia tensor matrix for the empty inertia of the body.

Full inertia matrix
A 3-by-3 inertia tensor matrix for the full inertia of the body.

Planet model
Specifies the planet model to use: Custom or Earth (WGS84).

Flattening
Specifies the flattening of the planet. This option is only available
when Planet model is set to Custom.

Equatorial radius of planet
Specifies the radius of the planet at its equator. The units of the
equatorial radius parameter should be the same as the units for
ECEF position. This option is only available when Planet model
is set to Custom.

Rotational rate
Specifies the scalar rotational rate of the planet in rad/s. This
option is only available when Planet model is set to Custom.

5-487



Simple Variable Mass 6DoF ECEF (Quaternion)

Celestial longitude of Greenwich source
Specifies the source of Greenwich meridian’s initial celestial
longitude:

Internal

External

Use celestial longitude value
from mask dialog.

Use external input for celestial
longitude value.

Celestial longitude of Greenwich
The initial angle between Greenwich meridian and the x-axis of

the ECI frame.

Inputs and
Outputs

Input
First

Second

Third

Dimension Type

Vector
Vector

Scalar

Description

Contains the three applied forces
in body-fixed axes.

Contains the three applied
moments in body-fixed axes.

Contains the rate of change of
mass.

Output

First

Second

Third
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Dimension Type

Three-element
vector

Three-element
vector

Three-element
vector

Description

Contains the velocity of body
respect to ECEF frame, expressed
in ECEF frame.

Contains the position in the ECEF
reference frame.

Contains the position in geodetic
latitude, longitude and altitude, in
degrees, degrees and selected units
of length respectively.



Simple Variable Mass 6DoF ECEF (Quaternion)

Output

Fourth

Fifth

Sixth

Seventh

Eighth

Ninth

Tenth

Eleventh

Dimension Type

Three-element
vector

3-by-3 matrix
3-by-3 matrix
3-by-3 matrix
Three-element
vector
Three-element

vector

Three-element
vector

Three-element
vector

Description

Contains the body rotation angles
[roll, pitch, yaw], in radians. Euler
rotation angles are those between
body and NED coordinate systems.

Applies to the coordinate
transformation from ECI axes
to body-fixed axes.

Applies to the coordinate
transformation from NED axes to
body-fixed axes.

Applies to the coordinate
transformation from ECEF
axes to NED axes.

Contains the velocity of body with
respect to ECEF frame, expressed
in body frame.

Contains the relative angular rates
of body with respect to NED frame,
expressed in body frame, in radians
per second.

Contains the angular rates of the
body with respect to ECI frame,
expressed in body frame, in radians
per second.

Contains the angular accelerations
of the body with respect to ECI
frame, expressed in body frame, in
radians per second.
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Assumptions
and
Limitations

5-490

Output Dimension Type Description

Twelfth Three-element Contains the accelerations in
vector body-fixed axes.

Thirteenth Scalar Is an element containing a flag for

fuel tank status:

¢ 1 indicates that the tank is full.

¢ (0 indicates that the integral is
neither full nor empty.

¢ .1 indicates that the tank is
empty.

This implementation assumes that the applied forces are acting at the
center of gravity of the body.

This implementation generates a geodetic latitude that lies between +90
degrees, and longitude that lies between £180 degrees. Additionally,
the MSL altitude is approximate.

The Earth is assumed to be ellipsoidal. By setting flattening to 0.0, a
spherical planet can be achieved. The Earth’s precession, nutation,
and polar motion are neglected. The celestial longitude of Greenwich
is Greenwich Mean Sidereal Time (GMST) and provides a rough
approximation to the sidereal time.

The implementation of the ECEF coordinate system assumes that the
origin is at the center of the planet, the x-axis intersects the Greenwich
meridian and the equator, the z-axis is the mean spin axis of the planet,
positive to the north, and the y-axis completes the right-hand system.

The implementation of the ECI coordinate system assumes that the
origin is at the center of the planet, the x-axis is the continuation of
the line from the center of the Earth through the center of the Sun
toward the vernal equinox, the z-axis points in the direction of the
mean equatorial plane’s north pole, positive to the north, and the y-axis
completes the right-hand system.
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References

See Also

Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, Second

Edition, John Wiley & Sons, New York, 2003.

McFarland, Richard E., A Standard Kinematic Model for Flight

simulation at NASA-Ames, NASA CR-2497.

“Supplement to Department of Defense World Geodetic System 1984
Technical Report: Part I - Methods, Techniques and Data Used in

WGS84 Development,” DMA TR8350.2-A.

6DoF (Euler Angles)

6DoF (Quaternion)

6DoF ECEF (Quaternion)

6DoF Wind (Quaternion)

6DoF Wind (Wind Angles)

6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Simple Variable Mass 6DoF Wind (Quaternion)

Purpose
.
Library
o L
Description
W, i)
Fe M % m
Wird oy (ad
Cumtemion [
i)
Mg e af (ad
et it
Simple Variable 4 jadi)
Mass e ictt
drnic fig's) Ay, s
Fusd
Ye
Ze

Implement quaternion representation of six-degrees-of-freedom
equations of motion of simple variable mass with respect to wind axes

Equations of Motion/6DoF

The Simple Variable Mass 6DoF Wind (Quaternion) block considers
the rotation of a wind-fixed coordinate frame (X, Y,, Z ) about an

flat Earth reference frame (X, Y,, Z). The origin of the wind-fixed
coordinate frame is the center of gravity of the body, and the body is
assumed to be rigid, an assumption that eliminates the need to consider
the forces acting between individual elements of mass. The flat Earth
reference frame is considered inertial, an excellent approximation that
allows the forces due to the Earth’s motion relative to the “fixed stars”
to be neglected.

Center of
gravity

Xw, V

_ - Wind-fixed
reference frame

Xe Yw
Zw

Flat Earth reference frame
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The translational motion of the wind-fixed coordinate frame is given
below, where the applied forces [F, F, F T are in the wind-fixed frame.



Simple Variable Mass 6DoF Wind (Quaternion)

FJC
F, =|F, =m(V,, + @y xV,,)+mV,
,FZ
(v Puw Py — Bsina Db
Vw= 0 (,o,=|q, |=DMC,, qp—a , W0 | Qp
10 Tw 1, + B cosa Ty

The rotational dynamics of the body-fixed frame are given below, where
the applied moments are [L. M N]7, and the inertia tensor I is with
respect to the origin O. Inertia tensor I is much easier to define in
body-fixed frame.

L
sz M ZI(T)b-i'@bX(I@b)-i‘I.a_)b
N
Ixx _Ixy _Ixz

I=\-1, 1, -I,

_sz _Izy Izz

The inertia tensor is determined using a table lookup which linearly
interpolates between Ifull and Iempty based on mass (m). While the rate of
change of the inertia tensor is estimated by the following equation.

j= Ifull - Iempty m

Mme 1 — Mempty

The integration of the rate of change of the quaternion vector is given
below.
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Simple Variable Mass 6DoF Wind (Quaternion)

?O 0 p qg r ]9
q -p0 -r q
Tl=-1/2|7P (e
do —qr 0 -pligy
. -r - 0
q3 ap q3
Dla |09 =] Function Block Parameters: Simple Yariable Mass x|
Box — BDoF Eobd fwind Awxiz) (mask] (ink)
Integrate the sit-degrees-of-freedom equations of mation in wind axis.
r— Parameter.
Units: |Metric [MKS) |
M azz type: |S imple % ariable ;I
Reprezentation: IQuatemion LI

Initial pozition in inertial ases [$e'v'e Ze]:

jiooo

Initial airzpeed, angle of attack, and zideslip angle [V .alpha.betal:

jimon

Imitial wind orientation [bank angle fight path angle heading angle]:

jiooo

Imitial body rotation rates [p.q.rl:

jiooo

Initial mazs:

1.0

Empty mazs:

5

Full mass:

|20

Ernpty inertia matris in body axis:

|eye[3]

Full inertia matrix in body awis:

|2ewe(3]

ok Cancel Help

Apply
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Units

Metric
(MKS)

English
(Velocity
in

ft/s)
English
(Velocity
in kts)

Units

Specifies the input and output units:

Moment Acceleration Velocity Position Mass Inertia

Meters  Kilogram Kilogram

meter
squared

Feet Slug Slug
foot
squared

Feet Slug Slug
foot
squared

Mass is constant throughout
the simulation.

Mass and inertia vary linearly
as a function of mass rate.

Mass and inertia variations
are customizable.

The Simple Variable selection conforms to the previously

Forces
Newton Newton Meters Meters
meter per second per
squared second
Pound Foot Feet per Feet
pound second per
squared second
Pound Foot Feet per Knots
pound second
squared
Mass Type
Select the type of mass to use:
Fixed
Simple Variable
Custom Variable
described equations of motion.
Representation

Select the representation to use:
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5-496

wind Angles Use wind angles within
equations of motion.

Quaternion Use quaternions within
equations of motion.

The Quaternion selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial airspeed, sideslip angle, and angle of attack
The three-element vector containing the initial airspeed, initial
sideslip angle and initial angle of attack.

Initial wind orientation
The three-element vector containing the initial wind angles [bank,
flight path, and heading], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Initial mass
The initial mass of the rigid body.

Empty mass
A scalar value for the empty mass of the body.

Full mass
A scalar value for the full mass of the body.

Empty inertia matrix
A 3-by-3 inertia tensor matrix for the empty inertia of the body,
in body-fixed axes.

Full inertia matrix
A 3-by-3 inertia tensor matrix for the full inertia of the body, in
body-fixed axes.



Simple Variable Mass 6DoF Wind (Quaternion)

Inputs and
Outputs

Input Dimension Description
Type
First  Vector Contains the three applied forces in
wind-fixed axes.
Second Vector Contains the three applied moments in
body-fixed axes.

Third Scalar Contains the rate of change of mass.

Output Dimension Description
Type

First Three-element Contains the velocity in the flat Earth
vector reference frame.

Second  Three-element Contains the position in the flat Earth
vector reference frame.

Third Three-element Contains the wind rotation angles [bank,
vector flight path, heading], in radians.

Fourth  3-by-3 Applies to the coordinate transformation
matrix from flat Earth axes to wind-fixed axes.

Fifth Three-element Contains the velocity in the wind-fixed
vector frame.

Sixth Two-element Contains the angle of attack and sideslip
vector angle, in radians.

Seventh Two-element Contains the rate of change of angle of
vector attack and rate of change of sideslip angle,

in radians per second.

Eighth  Three-element Contains the angular rates in body-fixed
vector axes, in radians per second.

Ninth Three-element Contains the angular accelerations in

vector body-fixed axes, in radians per second.
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Output Dimension Description

Type

Tenth Three-element Contains the accelerations in body-fixed
vector axes.

Eleventh Scalar Contains a flag for fuel tank status:
element ¢ 1 indicates that the tank is full.

® ( indicates that the integral is neither
full nor empty.

¢ .1 indicates that the tank is empty.

Assumptions The block assumes that the applied forces are acting at the center of

and gravity of the body.
Limitations
References Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB

Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.
Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.
See Also 6DoF (Euler Angles)
6DoF (Quaternion)
6DoF ECEF (Quaternion)
6DoF Wind (Quaternion)
6DoF Wind (Wind Angles)
6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
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Simple Variable Mass 6DoF Wind (Quaternion)

Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Simple Variable Mass 6DoF Wind (Wind Angles)

Purpose
.
Library
o L
Description
¥ i)
Fiye M kS L]
Wird
Wird Arges F&R’C:n
o, fs)
My (e wf fRd)
et st
Sirple Varable 4 (mds)
Mass daich
kit fegis) Ay, i)
Fued
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Implement wind angle representation of six-degrees-of-freedom
equations of motion of simple variable mass

Equations of Motion/6DoF

For a description of the coordinate system employed and the
translational dynamics, see the block description for the Simple
Variable Mass 6DoF (Quaternion) block.

The relationship between the wind angles, [ uyyx ]", can be determined
by resolving the wind rates into the wind-fixed coordinate frame.

Pw i) 10 0 0
9w |=[0|+]|0 cosu
T 0 0 —sinu cosu || O

sing ||y [+|0 cosu

10 0

0 —sinyu cosp

sinu || 0

cosy 0 —siny || 0
10 0
siny 0 cosy || x

Inverting J then gives the required relationship to determine the wind

rate vector.

il Dy 1 (sinutany)
v |=J|q, |=|0 cosu
X Tw o Snu

cosy

(cosutany) || py

—sin u i)
cos u r,

cosy

The body-fixed angular rates are related to the wind-fixed angular rate
by the following equation.

by
q, |=DMC,,

Tw

pp — Bsina
Q-
1, + B cosa

L
~1 .
J |y
z



Simple Variable Mass 6DoF Wind (Wind Angles)

Using this relationship in the wind rate vector equations, gives the
relationship between the wind rate vector and the body-fixed angular

rates.
i Pu 1 (sinutany) (cosutany) pp — Bsina
v [=J|q, |=|0 cosu —sin u bMcC,, qp—a
X Tw 0 sin cos i n, + ﬂ coso

cosy cosy
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Simple Variable Mass 6DoF Wind (Wind Angles)

L]
Dla |Og ﬂ Function Block Parameters: Simple ¥ariable Mass 6D il

Box — BDoF Eob [wind Axis) (mask] (link)

Integrate the sis-degrees-of-freedom equations of motion in wind agis.

r— Parameter.

Units: [Metric [MKS)

M azz type: |Sim|:|le Yariablz

Led Lef Lo

Representation: |Wind Angles

|nitial pozition in inertial axes [Fev'e Zel:

jimon

Imitial airzpeed, angle of attack, and zidezlip angle [ alpha betal:
jiooo

Initial wind orientation [bank angle fight path angle. heading angle]:
jiooo

Imitial body ratation rates [p.q.rl
oo

Initial mass:
o

Empty mass:
[

Full mazs:

j20

Ernpty inertia matrix in body awis:
Jevel3]

Full inertia matri= in body axis:
|zeye(3]

Cancel | Help Apply

Units
Specifies the input and output units:
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Units Forces = Moment Acceleration Velocity Position Mass  Inertia

Metric Newton Newton Meters Meters Meters Kilogram Kilogram

(MKS) meter per second per meter
squared second squared

English  Pound Foot Feet per Feet Feet Slug Slug

(Velocity pound second per foot

in squared second squared

ft/s)

English  Pound Foot Feet per Knots Feet Slug Slug

(Velocity pound second foot

in kts) squared squared

Mass Type

Select the type of mass to use:

Fixed Mass is constant throughout
the simulation.

Simple Variable Mass and inertia vary linearly
as a function of mass rate.

Custom Variable Mass and inertia variations
are customizable.

The Simple Variable selection conforms to the previously
described equations of motion.

Representation
Select the representation to use:

Wind Angles Use wind angles within
equations of motion.

Quaternion Use quaternions within
equations of motion.
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The Wind Angles selection conforms to the previously described
equations of motion.

Initial position in inertial axes
The three-element vector for the initial location of the body in
the flat Earth reference frame.

Initial airspeed, sideslip angle, and angle of attack
The three-element vector containing the initial airspeed, initial
sideslip angle and initial angle of attack.

Initial wind orientation
The three-element vector containing the initial wind angles [bank,
flight path, and heading], in radians.

Initial body rotation rates
The three-element vector for the initial body-fixed angular rates,
in radians per second.

Initial mass
The initial mass of the rigid body.

Empty mass
A scalar value for the empty mass of the body.

Full mass
A scalar value for the full mass of the body.

Empty inertia matrix
A 3-by-3 inertia tensor matrix for the empty inertia of the body,
in body-fixed axes.

Full inertia matrix
A 3-by-3 inertia tensor matrix for the full inertia of the body, in
body-fixed axes.



Simple Variable Mass 6DoF Wind (Wind Angles)

Inputs and
Outputs

Input Dimension Description
Type
First  Vector Contains the three applied forces in
wind-fixed axes.
Second Vector Contains the three applied moments in
body-fixed axes.

Third Scalar Contains the rate of change of mass.

Output Dimension Description
Type

First Three-element Contains the velocity in the fixed Earth
vector reference frame.

Second  Three-element Contains the position in the flat Earth
vector reference frame.

Third Three-element Contains the wind rotation angles [bank,
vector flight path, heading], in radians.

Fourth  3-by-3 Applies to the coordinate transformation
matrix from flat Earth axes to wind-fixed axes.

Fifth Three-element Contains the velocity in the wind-fixed
vector frame.

Sixth Two-element Contains the angle of attack and sideslip
vector angle, in radians.

Seventh Two-element Contains the rate of change of angle of
vector attack and rate of change of sideslip angle,

in radians per second.

Eighth  Three-element Contains the angular rates in body-fixed
vector axes, in radians per second.

Ninth Three-element Contain the angular accelerations in

vector body-fixed axes, in radians per second.
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Output Dimension Description

Type

Tenth Three-element Contains the accelerations in body-fixed
vector axes.

Eleventh Scalar Contains a flag for fuel tank status:
element ¢ 1 indicates that the tank is full.

® ( indicates that the integral is neither
full nor empty.

¢ .1 indicates that the tank is empty.

Assumptions The block assumes that the applied forces are acting at the center of

and gravity of the body.
Limitations
References Mangiacasale, L., Flight Mechanics of a u-Airplane with a MATLAB

Simulink Helper, Edizioni Libreria CLUP, Milan, 1998.
Stevens, B. L., and F. L. Lewis, Aircraft Control and Simulation, John
Wiley & Sons, New York, 1992.
See Also 6DoF (Euler Angles)
6DoF (Quaternion)
6DoF ECEF (Quaternion)
6DoF Wind (Quaternion)
6DoF Wind (Wind Angles)
6th Order Point Mass (Coordinated Flight)
Custom Variable Mass 6DoF (Euler Angles)
Custom Variable Mass 6DoF (Quaternion)
Custom Variable Mass 6DoF ECEF (Quaternion)
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Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 6DoF (Euler Angles)
Simple Variable Mass 6DoF (Quaternion)

Simple Variable Mass 6DoF ECEF (Quaternion)
Simple Variable Mass 6DoF Wind (Quaternion)
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Simulation Pace

Purpose Set simulation rate for improved animation viewing
Librclry Animation/Animation Support Utilities
Description The Simulation Pace block lets you run the simulation at the specified

pace so that connected animations appear aesthetically pleasing.

v This block does not produce deployable code.

Use the Sample time parameter to set how often the Simulink
interface synchronizes with the wall clock.

The sample time of this block should be considered for human
interaction with visualizations. The default is 1/30th of a second, chosen
to correspond to a 30 frames-per-second visualization rate (typical for
desktop computers).

Caution

Choose as slow of a sample time as needed for smooth animation, since
oversampling has little benefit and undersampling can cause animation
“jumpiness” and potentially block the MATLAB main thread on your
computer.
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Simulation Pace

Dialog
Box

E Block Parameters: Simulation Pace
Simulation Pace (mask)
Run the simulation at the specified pace so that connected animations appear

aesthetically pleasing.

The pace is the ratio: simulation seconds / clock seconds, such as 1 sim second
clock second, 86400 sec/sec, 0.001 sec/sec, etc. You can optionally output the

"pace error" value from the block (simulationTime - ClockTime), in seconds. Th
means that the pace error is positive if the simulation is running faster than the
specified pace and negative if slower than the specified pace. When Simulink is
ahead of the pace, this block puts all MATLAB/Simulink computations to sleep so
that other processes on the computer can run.

NOTE: This block does NOT make the simulation run in real-time, it merely
attempts to make the aggregate simulation pace match the specified clock pace.

Farameters
Simulation pace (sim sec per clock sec):
1
Sleep mode: | MATLAB Thread
Output pace error (sec)
Sample time (-1 for inherited):
1/30

=5

per

is

oK H Cancel || Help Apply

Simulation pace
Specifies the ratio of simulation time to clock time. The default is

1 second of simulation time per second of clock time.

Sleep mode
Setting the Sleep mode parameter to off lets you disable the

pace functionality and run as fast as possible.

5-509



Simulation Pace

Output pace error
If you select this check box, the block outputs the “pace error”
value (simulationTime minus ClockTime), in seconds. The pace
error is positive if the simulation is running faster than the
specified pace and negative if slower than the specified pace.

Sample time
Specify the sample time (-1 for inherited). Larger sample times
result in more efficient simulations, but less smooth in output
pace when there are multiple Simulink time steps between pacer
block samples. If the Sample time is too large, the MATLAB
interface may become less responsive as MATLAB and Simulink
calculations are blocked from running when the block puts the
MATLAB interface to sleep.

Inputs and The block optionally outputs the “pace error” value (simulationTime

OUprfS minus ClockTime), in seconds. The pace error is positive if the
simulation is running faster than the specified pace and negative if
slower than the specified pace.

Outputting the pace error from the block lets you record the overall pace
achieved during the simulation or routing the signal to other blocks to
make decisions about the simulation if the simulation is too slow to
keep up with the specified pace.

Assumptions The simulation pace is implemented by putting the entire MATLAB

and thread to sleep until it needs to run again to keep up the pace. The
Limitations Simulink software is single threaded and runs on the one MATLAB
thread, so only one Simulation Pace block can be active at a time.
Examples See the asbh120 demo for an example of this block.
ee SO 1lot Joystic
See Al Pilot Joystick
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SinCos

Purpose

Library

Description

=infu) f

cosu)

Dialog
Box

Inputs and
Outputs

Compute sine and cosine of angle

Note SinCos will be removed in a future release. Use the Simulink
Trigonometric Function block instead.

Utilities/Math Operations

The SinCos block computes the sine and cosine of the input angle, theta.

Block Parameters: SinCos |

" SinCos [mask] [link]

Compute the sine and cosine of input, u. u is in radians.

QK I Cancel | Help | Apply |

The first input is an angle, in radians.
The first output is the sine of the input angle.

The second output is the cosine of the input angle.
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Spherical Harmonic Gravity Model

Purpose Implement spherical harmonic representation of planetary gravity
Libra ry Environment/Gravity
Description
Spherical .
Xe:&'““:' Harmonic - {mis")
[EGM2008)

5-512

Spherical Harmonic Gravity Model

The Spherical Harmonic Gravity Model block implements the
mathematical representation of spherical harmonic planetary gravity
based on planetary gravitational potential. It provides a convenient
way to describe a planet gravitational field outside of its surface in
spherical harmonic expansion.

You can use spherical harmonics to modify the magnitude and direction
of spherical gravity (-GM/r?). The most significant or largest spherical
harmonic term 1s the second degree zonal harmonic, J2, which accounts
for oblateness of a planet.

Use this block if you want more accurate gravity values than spherical
gravity models. For example, nonatmospheric flight applications might
require higher accuracy.



Spherical Harmonic Gravity Model
|

(]
Dialog x

Box — Spherical Harmonic Gravity Model (mask) (link)

Calculate a spherical harmonic representation of planetary gravity at a
specific location based on planetary gravitational potential.

The maximum degree available depends upon the planet model
selected. For EGM2008, the maximum degree and order is 2159.

For EGM96, the maximum degree and order is 360. For LP100K, the
maximum degree and order is 100. For LP165F, the maximum degree
and order is 165. For GMM2B, the maximum degree and order is 80.
For EIGENGLO4C, the maximum degree and order is 360.

Position is entered in length units of selected unit system.

Main | PIanet'

Units: |Metric (MKS) =
Degree:

{120

Action for out of range input: I‘u"u"arning j

oK I Cancel Help | Apply |

5-513



Spherical Harmonic Gravity Model

=] Function Block Parameters: Spherical Harmonic x|

— Spherical Harmonic Gravity Model (mask) (link)

Calculate a spherical harmonic representation of planetary gravity at a
specific location based on planetary gravitational potential.

The maximum degree available depends upon the planet model
selected. For EGM2008, the maximum degree and order is 2159.

For EGM96, the maximum degree and order is 360. For LP100K, the
maximum degree and order is 100. For LP165F, the maximum degree
and order is 165. For GMM2B, the maximum degree and order is 80.
For EIGENGLO4C, the maximum degree and order is 360.

Position is entered in length units of selected unit system.

Main Planet |

Planet model: [EGM2008 =

oK I Cancel Help Apply

Units
Specifies the parameter and output units:

Units Height

Metric (MKS) Meters

English Feet
Degree

Specify the degree of harmonic model. Recommended degrees are:
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Planet Degree
Model

EGM2008 120
EGM96 70
LP100K 60
LP165P 60
GMM2B 60
EIGENGLO4C | 70

Action for out of range input

Specify if out-of-range input invokes a warning, error, or no action.

Planet model

Specify the planetary model. From the list, select:

Planet Model

Notes

EGM2008

Earth — Is the latest Earth spherical
harmonic gravitational model from
National Geospatial-Intelligence Agency
(NGA). This block provides the WGS-84
version of this gravitational model. You
can use the EGM96 planetary model if you
need to use the older standard for Earth.

EGM96

Earth

LP100K

Moon — Is best for lunar orbit
determination based upon computational
time required to compute orbits. This
planet model was created in approximately
the same year as LP165P with similar data.
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Planet Model Notes

LP165P Moon — Is best for extended lunar mission
orbit accuracy. This planet model was
created in approximately the same year as
LP165P with similar data.

GMM2B Mars

Custom Enables you to specify your own planetary
model. This option enables the Planet
mat-file parameter.

EIGENGLO4C Earth — Supports the gravity

field model, EIGEN-GL04C
(http://icgem.gfz-potsdam.de/ICGEM/).
This model is an upgrade to EIGEN-CGO03C.

When defining your own planetary model, the Degree parameter
is limited to the maximum value for int16. When inputting a
large degree, you might receive an out-of-memory error. For more
information about avoiding out-of-memory errors in the MATLAB
environment, see:

http://www.mathworks.com/support/tech-notes/1100/1107.html

http://www.mathworks.com/support/tech-notes/1100/1110.html

Planet mat-file
Specify a MAT-file that contains definitions for a custom planetary
model. The aerogmm2b.mat file in the Aerospace Toolbox is the
default MAT-file for a custom planetary model.

This file must contain:


http://icgem.gfz-potsdam.de/ICGEM/
http://www.mathworks.com/support/tech-notes/1100/1107.html
http://www.mathworks.com/support/tech-notes/1100/1110.html

Spherical Harmonic Gravity Model
|

Variable | Description

Re Scalar of planet equatorial radius in meters (m).

GM Scalar of planetary gravitational parameter in
meters cubed per second squared (m?/s?)

degree Scalar of maximum degree.

C (degree+1)-by-(degree+1) matrix containing
normalized spherical harmonic coefficients matrix,
C.

S (degree+1)-by-(degree+1) matrix containing
normalized spherical harmonic coefficients matrix,
S.

When using a large value for Degree, you might receive an
out-of-memory error. For more information about avoiding
out-of-memory errors in the MATLAB environment, see:

http://www.mathworks.com/support/tech-notes/1100/1107.html

http://www.mathworks.com/support/tech-notes/1100/1110.html

References Vallado, D. A., Fundamentals of Astrodynamics and Applications,
McGraw-Hill, New York, 1997.

“NIMA TR8350.2: Department of Defense World Geodetic System 1984,
“Its Definition and Relationship with Local Geodetic Systems”.

Konopliv, A. S., S. W. Asmar, E. Carranza, W. L. Sjogen, D. N. Yuan.,
“Recent Gravity Models as a Result of the Lunar Prospector Mission,
Icarus”, Vol. 150, no. 1, pp 1-18, 2001.

Lemoine, F. G., D. E. Smith, D.D. Rowlands, M.T. Zuber, G. A.
Neumann, and D. S. Chinn, “An improved solution of the gravity field of
Mars (GMM-2B) from Mars Global Surveyor”, J. Geophys. Res., Vol.
106, No. E10, pp 23359-23376, October 25, 2001.
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Kenyon S., J. Factor, N. Pavlis, and S. Holmes, “Towards the Next
Earth Gravitational Model”, Society of Exploration Geophysicists 77th
Annual Meeting, San Antonio, Texas, September 23-28, 2007.

Pavlis, N.K., S.A. Holmes, S.C. Kenyon, and J.K. Factor, “An Earth
Gravitational Model to Degree 2160: EGM2008”, presented at the
2008 General Assembly of the European Geosciences Union, Vienna,
Austria, April 13-18, 2008.

Grueber, T., and A. Kohl, “Validation of the EGM2008 Gravity Field
with GPS-Leveling and Oceanographic Analyses”, presented at the IAG
International Symposium on Gravity, Geoid & Earth Observation 2008,
Chania, Greece, June 23-27, 2008.

Forste, C., Flechtner, F., Schmidt, R., Konig, R., Meyer, U., Stubenvoll,
R., Rothacher, M., Barthelmes, F., Neumayer, H., Biancale, R.,
Bruinsma, S., Lemoine, J.M., Loyer, S., "A Mean Global Gravity
Field Model From the Combination of Satellite Mission and
Altimetry/Gravmetry Surface Data - EIGEN-GL04C", Geophysical
Research Abstracts, Vol. 8, 03462, 2006.



Symmetric Inertia Tensor

Purpose
Library

Description

T

RS a3 8

Dialog
Box

Inputs and
Outputs

Create inertia tensor from moments and products of inertia
Mass Properties

The Symmetric Inertia Tensor block creates an inertia tensor from
moments and products of inertia. Each input corresponds to an element
of the tensor.

The inertia tensor has the form of

I -1, -1

xx xy yz

Inertia=|-1,, I,, -I,

_Iyz _Ixz Izz

Block Parameters: Symmetric Inertia Tei #

" Symmetric Inertia Tengor [mazk] (link]

Create an inertia tenzor from moments and products of inertia. Each input
cormesponds to an element of the tensor,

QK I Cancel Help Apply

Input Dimension Type Description

First Contains the moment of inertia
about the x-axis.

Second Contains the product of inertia in the
xy plane.

Third Contains the product of inertia in the
xz plane.

Fourth Contains the moment of inertia

about the y-axis.
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Symmetric Inertia Tensor

Input Dimension Type
Fifth

Sixth

Description

Contains the product of inertia in the
yz plane.

Contains the moment of inertia
about the z-axis.

Output Dimension Type
First

Description

Contains a symmetric 3-by-3 inertia
tensor.

See Also Create 3x3 Matrix
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Temperature Conversion

Purpose
Library

Description

R —* KB

Dialog
Box

Convert from temperature units to desired temperature units
Utilities/Unit Conversions

The Temperature Conversion block computes the conversion factor from
specified input temperature units to specified output temperature units
and applies the conversion factor to the input signal.

The Temperature Conversion block icon displays the input and output
units selected from the Initial units and the Final units lists.

Block Parameters: Temperature Conversiol ': |

— Temperature Conversion [mask)] [link]

Convert unitz of input signal to desired output units,

P "
Initial units: I =1 j
=

Final units: I K

QK | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

Kelvin

K

F Degrees Fahrenheit
C Degrees Celsius

R

Degrees Rankine
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Temperature Conversion

Inputs and
Outputs

See Also

5-522

Input Dimension Type
First

Description

Contains the temperature in initial
temperature units.

Output Dimension Type
First

Description

Contains the temperature in final
temperature units.

Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Density Conversion

Force Conversion

Length Conversion

Mass Conversion

Pressure Conversion

Velocity Conversion



Three-Axis Accelerometer

Purpose
Library
Description
A, (i)
0 (mdris)
deaidt A 100
GG ()
g s

Implement three-axis accelerometer
GNC/Navigation

The Three-Axis Accelerometer block implements an accelerometer on

each of the three axes. The ideal measured accelerations (A;,,,4s )

include the acceleration in body axes at the center of gravity (Ab ), lever

arm effects due to the accelerometer not being at the center of gravity,
and, optionally, gravity in body axes can be removed.

A

imeas =Ab+5b x (cop, XC?)"‘CO;[) x&—g

where @, are body-fixed angular rates, @, are body-fixed angular

accelerations and d is the lever arm. The lever arm (d ) is defined as
the distances that the accelerometer group is forward, right and below
the center of gravity.

B dx _(xacc - xCG)
d= dy = Yace ~Yca
dz _(Zacc - ZCG)

The orientation of the axes used to determine the location of the
accelerometer group (x,.., YV ..o 240 and center of gravity (., Yoo 206
is from the zero datum (typically the nose) to aft, to the right of the
vertical centerline and above the horizontal centerline. The x-axis
and z-axis of this measurement axes are opposite the body-fixed axes
producing the negative signs in the lever arms for x-axis and z-axis.

Measured accelerations (A,,,,s) output by this block contain error
sources and are defined as

Aeas = Aimeas X ASFCC + Apias +noise
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5-524

Dialog
Box

where Agpcc is a 3-by-3 matrix of scaling factors on the diagonal and
misalignment terms in the nondiagonal, and Ay, are the biases.

Optionally discretizations can be applied to the block inputs and

dynamics along with nonlinearizations of the measured accelerations
via a Saturation block.

[ZJFunction Block Parameters: Three-axis Accelerome |
’—Three-axis Accelerometer [mazk] [link]

Implement a three-axis accelerometer.

M air INoise |

Urits: | Metric [MKS) =l

Accelerometer location:

jlnon
¥ Subtract gravity:

¥ Second-order dynarmics

Matural frequency [1ad/zec]:
J130

Damping ratio:
joro7

Scale factors and crozs-coupling:
jiroooto:001]

Measurement bias:
jloon

Update rate [sec]:
jn02s

oK Cancel

Apply |




Three-Axis Accelerometer

E! Function Block Parameters: Three-axis Acceleron
’—Three-axis Accelerometer [mazk] (link]

Implement a three-axis accelerometer.

Main | MNaoize |
¥ Moise on

Moise seeds:
|[23093 23094 230395]

Moize power:
|[D.DD1 0.001 0.001]

Lowwer and upper output limits:

I[-inf Anf inf inf inf inf]

Ok Cancel

Apply

Units

Specifies the input and output units:

Units Acceleration
Metric (MKS)

Length

Meters per second squared  Meters
English Feet per second squared Feet

Accelerometer location

The location of the accelerometer group is measured from the
zero datum (typically the nose) to aft, to the right of the vertical
centerline and above the horizontal centerline. This measurement

reference is the same for the center of gravity input. The units are
in selected length units.
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Subtract gravity
Select to subtract gravity from acceleration readings.

Second order dynamics
Select to apply second-order dynamics to acceleration readings.

Natural frequency (rad/sec)
The natural frequency of the accelerometer. The units of natural
frequency are radians per second.

Damping ratio
The damping ratio of the accelerometer. A dimensionless
parameter.

Scale factors and cross-coupling
The 3-by-3 matrix used to skew the accelerometer from body axes
and to scale accelerations along body axes.

Measurement bias
The three-element vector containing long-term biases along the
accelerometer axes. The units are in selected acceleration units.

Update rate (sec)
Specify the update rate of the accelerometer. An update rate of
0 will create a continuous accelerometer. If noise is selected and
the update rate is 0, then the noise will be updated at the rate of
0.1. The units of update rate are seconds.

Noise on
Select to apply white noise to acceleration readings.

Noise seeds
The scalar seeds for the Gaussian noise generator for each axis of
the accelerometer.

Noise power
The height of the PSD of the white noise for each axis of the
accelerometer.
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Inputs and
Outputs

Assumptions
and
Limitations

Lower and upper output limits
The six-element vector containing three minimum values and
three maximum values of acceleration in each of the accelerometer
axes. The units are in selected acceleration units.

Input Dimension Type
First Three-element
vector

Second Three-element
vector

Third Three-element

Description

Contains the actual accelerations in
body-fixed axes, in selected units.

Contains the angular rates in
body-fixed axes, in radians per
second.

Contains the angular accelerations

vector in body-fixed axes, in radians per
second squared.
Fourth Three-element Contains the location of the center of
vector gravity, in selected units.
Fifth Three-element Contains the gravity, in selected
(Optional) vector units.
Output Dimension Type Description

First Three-element
vector

Contains the measured accelerations
from the accelerometer, in selected
units.

Vibropendulous error and hysteresis effects are not accounted for in
this block. Additionally, this block is not intended to model the internal
dynamics of different forms of the instrument.

Note This block requires the Control System Toolbox product for
discrete operation (nonzero sample time).
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Reference Rogers, R. M., Applied Mathematics in Integrated Navigation Systems,
ATAA Education Series, 2000.

See Also Three-Axis Gyroscope

Three-Axis Inertial Measurement Unit
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Three-Axis Gyroscope

Purpose
Library

Description

e (rmdis) ® i)

G's

Implement three-axis gyroscope
GNC/Navigation

The Three-Axis Gyroscope block implements a gyroscope on each of
the three axes. The measured body angular rates (@,,,,;) include the
body angular rates (@), errors, and optionally discretizations and

nonlinearizations of the signals.

a_)meas = C(_)b X a_)SFCC + C(_)bias +Gsx cﬁgsens + noise

where @gpcc is a 3-by-3 matrix of scaling factors on the diagonal and
misalignment terms in the nondiagonal, @;,, are the biases, (Gs) are
the Gs on the gyroscope, and @g,,, are the g-sensitive biases.

Optionally discretizations can be applied to the block inputs and
dynamics along with nonlinearizations of the measured body angular
rates via a Saturation block.
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Dialog
Box

E! Function Block Parameters: Three-axis Gyroscope

’rThree—a)cis Gyroscope (mask)

Implement a three-axis gyroscope.,

Main | Moise I
[V second-order dynamics

Matural frequency (rad/sec):

| 150

Damping ratio:

Jo.707

Scale factors and cross-coupling:

J[100;010;0071]

Measurement bias:

|looq]

G-sensitive bias:

|looq]

Update rate (sec):

Jo

CK. I Cancel Help

Apply




Three-Axis Gyroscope

=] Function Block Parameters: Three-axis Gyrosco x|
’rThree—a)cis Gyroscope (mask)

Implement a three-axis gyroscope.,

Main Moise |
¥ Moise on

Moise seeds:

I [23093 23094 23095]

Moise power:

| [0.0001 0.0001 0.0001]

Lower and upper output limits:
| Ginf -nf -inf infinf inf]

oK I Cancel Help Apply

Second order dynamics
Select to apply second-order dynamics to gyroscope readings.
Natural frequency (rad/sec)

The natural frequency of the gyroscope. The units of natural
frequency are radians per second.

Damping ratio
The damping ratio of the gyroscope. A dimensionless parameter.
Scale factors and cross-coupling

The 3-by-3 matrix used to skew the gyroscope from body axes and
to scale angular rates along body axes.

Measurement bias

The three-element vector containing long-term biases along the
gyroscope axes. The units are in radians per second.
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Inputs and
Outputs

5-532

G-sensitive bias
The three-element vector contains the maximum change in rates
due to linear acceleration. The units are in radians per second
per g-unit.

Update rate (sec)
Specify the update rate of the gyroscope. An update rate of 0 will
create a continuous gyroscope. If noise is selected and the update
rate 1s 0, then the noise will be updated at the rate of 0.1. The
units of update rate are seconds.

Noise on
Select to apply white noise to gyroscope readings.

Noise seeds
The scalar seeds for the Gaussian noise generator for each axis of
the gyroscope.

Noise power
The height of the PSD of the white noise for each axis of the
gyroscope.

Lower and upper output limits
The six-element vector containing three minimum values and
three maximum values of angular rates in each of the gyroscope
axes. The units are in radians per second.

Input Dimension Type Description
First Three-element Contains the angular rates in
vector body-fixed axes, in radians per
second.
Second Three-element Contains the accelerations in
vector body-fixed axes, in Gs.




Three-Axis Gyroscope

Assumptions
and
Limitations

Reference

See Also

Output Dimension Type Description

First Three-element Contains the measured angular
vector rates from the gyroscope, in radians
per second.

Anisoelastic bias and anisoinertial bias effects are not accounted for in
this block. Additionally, this block is not intended to model the internal
dynamics of different forms of the instrument.

Note This block requires the Control System Toolbox product for
discrete operation (nonzero sample time).

Rogers, R. M., Applied Mathematics in Integrated Navigation Systems,
ATAA Education Series, 2000.

Three-Axis Accelerometer

Three-Axis Inertial Measurement Unit
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Purpose Implement three-axis inertial measurement unit (IMU)
Librclry GNC/Navigation
Description The Three-Axis Inertial Measurement Unit block implements an
> inertial measurement unit (IMU) containing a three-axis accelerometer
oimdi e ) and a three-axis gyroscope.
deaddt
CG( :::2; 9oy (P} For a description of the equations and application of errors, see the
a

Three-Axis Accelerometer block and the Three-Axis Gyroscope block
reference pages.

L]
Dla Iog E1Function Block Parameters: Three-axis Inertial Me x|
Box Three-asiz Inertial Measurement Unit [mask)] [link)
Implement a three-axis inertial meazurement unit [IMU).
Main I Accelerometer | Gyroscope | Moize I
Unis: | Metric (MKS) =l
IMU location:
[CEL]
Update rate:
jno2s

Ok Cancel

Apply
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Three-Axis Inertial Measurement Unit

CIFunction Block Parameters: Three-axis Inertial Meas

’rThree-axis Inertial Meazurement Unit [mazk) [link]

Implement a three-awiz inertial measurement unit (1ML,

Main | Accelerometer IGyroscope | Moise |
¥ Second-order dynamics for accelerometer

Accelerometer natural frequency [rad/zec):

J150

Accelerometer damping ratio:

Jo7o7

Accelerometer scale factor and cross-coupling:

oot o]

Accelerometer measurement bias:

Jlooo)

Accelerometer upper and lower limits:

|[-inf Ainf-inf - inf inf inf]

oK | Cancel

=] Function Block Parameters: Three-axis Inertial Meas:

Three-aziz Inertial Measurement Unit [mazk] [link]
’V Implement a three-axis inertial measurement unit [IMLI).

Main |Accelerometer Gyroscope INDise |
¥ Second-order dynamics far gyra

Giyro natural frequency [rad/zec):

J1a0

Giyro damping ratic:

Jo.707

Gyro scale factors and cross-coupling:

jrooo1oo01]

Gyro measurement bias:

Jlooo)

G-sensitive bias:

Jlooo)

Giyro upper and lower liits:

|[-inf Ainf-inf - inf inf inf]

il Cancel

Apply
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E! Function Block Parameters: Three-axis Inerkial Me
’—Three-axis Inertial Meazurement Unit [mask] [link)

Implement a three-axis inertial meazurement unit [IMU).

Iain | Accelerometer | Gyroscope | Moize |
¥ Moise on
Moise seeds:
|[23E|93 23094 23055 23036 23097 23038]
Moize power:
I[D.DU1 0.001 0.007 0.0007 0.0001 0.00071]

Ok Cancel

Apply

Units

Specifies the input and output units:

Units Acceleration Length

Meters per second Meters
squared

Metric (MKS)

English Feet per second squared Feet

IMU location

The location of the IMU, which is also the accelerometer group
location, is measured from the zero datum (typically the nose) to
aft, to the right of the vertical centerline and above the horizontal
centerline. This measurement reference is the same for the center
of gravity input. The units are in selected length units.
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Update rate (sec)

Specify the update rate of the accelerometer and gyroscope.

An update rate of 0 will create a continuous accelerometer and
continuous gyroscope. If noise is selected and the update rate is
0, then the noise will be updated at the rate of 0.1. The units of
update rate are seconds.

Second order dynamics for accelerometer

Select to apply second-order dynamics to acceleration readings.

Accelerometer natural frequency (rad/sec)

The natural frequency of the accelerometer. The units of natural
frequency are radians per second.

Accelerometer damping ratio

The damping ratio of the accelerometer. A dimensionless
parameter.

Accelerometer scale factors and cross-coupling

The 3-by-3 matrix used to skew the accelerometer from body-axis
and to scale accelerations along body-axis.

Accelerometer measurement bias

The three-element vector containing long-term biases along the
accelerometer axes. The units are in selected acceleration units.

Accelerometer lower and upper output limits

The six-element vector containing three minimum values and
three maximum values of acceleration in each of the accelerometer
axes. The units are in selected acceleration units.

Gyro second order dynamics

Select to apply second-order dynamics to gyroscope readings.

Gyro natural frequency (rad/sec)

The natural frequency of the gyroscope. The units of natural
frequency are radians per second.

Gyro damping ratio

The damping ratio of the gyroscope. A dimensionless parameter.
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Gyro scale factors and cross-coupling
The 3-by-3 matrix used to skew the gyroscope from body axes and
to scale angular rates along body axes.

Gyro measurement bias
The three-element vector containing long-term biases along the
gyroscope axes. The units are in radians per second.

G-sensitive bias
The three-element vector contains the maximum change in rates
due to linear acceleration. The units are in radians per second
per g-unit.

Gyro lower and upper output limits
The six-element vector containing three minimum values and
three maximum values of angular rates in each of the gyroscope
axes. The units are in radians per second.

Noise on
Select to apply white noise to acceleration and gyroscope readings.

Noise seeds
The scalar seeds for the Gaussian noise generator for each axis of
the accelerometer and gyroscope.

Noise power
The height of the PSD of the white noise for each axis of the
accelerometer and gyroscope.

:";PU"S and Input Dimension Type Description
utputs First Three-element Contains the actual accelerations in
vector body-fixed axes, in selected units.
Second Three-element Contains the angular rates in
vector body-fixed axes, in radians per
second.
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Assumptions
and
Limitations

Examples

Reference

Input Dimension Type Description
Third Three-element Contains the angular accelerations
vector in body-fixed axes, in radians per
second squared.
Fourth Three-element Contains the location of the center of
vector gravity, in selected units.
Fifth Three-element Contains the gravity, in selected
vector units.
Output Dimension Type Description
First Three-element Contains the measured accelerations
vector from the accelerometer, in selected
units.
Second Three-element Contains the measured angular

vector

rates from the gyroscope, in radians
per second.

Vibropendulous error, hysteresis affects, anisoelastic bias and
anisoinertial bias are not accounted for in this block. Additionally,
this block is not intended to model the internal dynamics of different
forms of the instrument.

Note This block requires the Control System Toolbox product for
discrete operation (nonzero sample time).

See the asbh120 demo for an example of this block.

Rogers, R. M., Applied Mathematics in Integrated Navigation Systems,
ATAA Education Series, 2000.
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See Also Three-Axis Accelerometer
Three-Axis Gyroscope
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Turbofan Engine System

Purpose
Library

Description

Throttle position Thrust (N

hach

Altitude {m) Fuel flow (=)

Implement first-order representation of turbofan engine with controller
Propulsion

The Turbofan Engine System block computes the thrust and the weight
of fuel flow of a turbofan engine and controller at a specific throttle
position, Mach number, and altitude.

This system is represented by a first-order system with unitless
heuristic lookup tables for thrust, thrust specific fuel consumption
(TSFC), and engine time constant. For the lookup table data, thrust is a
function of throttle position and Mach number, TSFC is a function of
thrust and Mach number, and engine time constant is a function of
thrust. The unitless lookup table outputs are corrected for altitude
using the relative pressure ratio 6 and relative temperature ratio 6, and
scaled by maximum sea level static thrust, fastest engine time constant
at sea level static, sea level static thrust specific fuel consumption, and
ratio of installed thrust to uninstalled thrust.

The Turbofan Engine System block icon displays the input and output
units selected from the Units list.
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Turbofan Engine System

L
Dla Iog EJFunction Block Parameters: Turbofan Engine Sys! x|

— Turbofan Engine System {mask) {link;
Box

Implement a turbofan engine system, The turbofan engine system includes bath
engine and controller,

Thrattle position can wary from zero ko one, corresponding to no and Full thrattle,
Altitude, initial thrust, and maximum thrust are entered in the same unit system as
selected from the block For thrust and fuel Flowe output,

—Parameter
Units: [Metric (MKS) |
Initial thrust source: IInternaI LI

Initial thrust:

jo
Maximurn sea-level static thrusk:

| 45000

Fastest engine time constant at sea-level static {sec):
|1

Sea-level static thrust specific Fuel consumption:

Jo.35

Ratio of installed thrust ko uninstalled thrust:

Jo.s

Cancel Help Apply

Units
Specifies the input and output units:

Units Altitude Thrust Fuel Flow

Metric Meters  Newtons Kilograms per

(MKS) second

English Feet Pound force Pound mass per
second

Initial thrust source
Specifies the source of initial thrust:
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Inputs and
Outputs

Internal Use initial thrust value from
mask dialog.

External Use external input for initial
thrust value.

Initial thrust
Initial value for thrust.

Maximum sea-level static thrust
Maximum thrust at sea-level and at Mach = 0.

Fastest engine time constant at sea-level static
Fastest engine time at sea level.

Sea-level static thrust specific fuel consumption
Thrust specific fuel consumption at sea level, at Mach = 0, and at
maximum thrust, in specified mass units per hour per specified
thrust units.

Ratio of installed thrust to uninstalled thrust
Coefficient representing the loss in thrust due to engine

installation.
Input Dimension Type Description
First Contains the throttle position,
which can vary from zero to one,
corresponding to no and full throttle.
Second Contains the Mach number.
Third Contains the altitude in specified

length units.
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Turbofan Engine System

Assumptions
and
Limitations

References

5-544

Output Dimension Type Description

First Contains the thrust in specified force
units.
Second Contains the fuel flow in specified

mass units per second.

The atmosphere is at standard day conditions and an ideal gas.
The Mach number is limited to less than 1.0.

This engine system is for indication purposes only. It is not meant to be
used as a reference model.

This engine system is assumed to have a high bypass ratio.

Aeronautical Vestpocket Handbook, United Technologies Pratt &
Whitney, August, 1986.

Raymer, D. P., Aircraft Design: A Conceptual Approach, AIAA
Education Series, Washington, DC, 1989.

Hill, P. G., and C. R. Peterson, Mechanics and Thermodynamics
of Propulsion, Addison-Wesley Publishing Company, Reading,
Massachusetts, 1970.



Velocity Conversion

Purpose Convert from velocity units to desired velocity units
Librclry Utilities/Unit Conversions
Description The Velocity Conversion block computes the conversion factor from
specified input velocity units to specified output velocity units and
iz ms applies the conversion factor to the input signal.

The Velocity Conversion block icon displays the input and output units
selected from the Initial units and the Final units lists.

Dia Iog Block Parameters: Yelocity Conversion #
Box

—Welocity Conversion [mazk) (link]

Convert unitz of input signal to desired output units,

=

Initial urits: I fts j
=

Final units: I méz

QK | Cancel | Help I Apply |

Initial units
Specifies the input units.

Final units
Specifies the output units.

The following conversion units are available:

m/s Meters per second
ft/s Feet per second

km/s Kilometers per second
in/s Inches per second
km/h Kilometers per hour
mph Miles per hour
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Velocity Conversion

Inputs and
Outputs

See Also

5-546

kts Nautical miles per hour

ft/min Feet per minute

Input Dimension Type Description

First Contains the velocity in initial

velocity units.

Output Dimension Type Description

First Contains the velocity in final velocity
units.

Acceleration Conversion

Angle Conversion

Angular Acceleration Conversion
Angular Velocity Conversion
Density Conversion

Force Conversion

Length Conversion

Mass Conversion

Pressure Conversion

Temperature Conversion



Von Karman Wind Turbulence Model (Continuous)

Purpose
Library

Description

Gontinuous
b {rn} ¥ipeing (51

W (s

Won Kamman g (rmdis)
oom paen ™

Generate continuous wind turbulence with Von Karman velocity spectra

Environment/Wind

The Von Karman Wind Turbulence Model (Continuous) block uses the
Von Karman spectral representation to add turbulence to the aerospace
model by passing band-limited white noise through appropriate forming
filters. This block implements the mathematical representation
in the Military Specification MIL-F-8785C and Military Handbook

MIL-HDBK-1797.

According to the military references, turbulence is a stochastic process
defined by velocity spectra. For an aircraft flying at a speed V through
a frozen turbulence field with a spatial frequency of Q radians per
meter, the circular frequency w is calculated by multiplying V by Q. The
following table displays the component spectra functions:

MIL-F-8785C MIL-HDBK-1797
Longitudinal
P, () ZGgLu ’ 1 263Lu ’ 1
zV o2 5/6 A% o2 5/6
1+|1.339L, — 1+|1.339L, —
\%4 \%4
D, (o) 13 '3
P , 08 e , 08 Lw
Ow 4b Ow 4b
VL, 4bo Y 2VL, 4bo Y
1+ — 1+ —
nV nV
Lateral
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Von Karman Wind Turbulence Model (Continuous)

MIL-F-8785C MIL-HDBK-1797
d (0 2 2
v () o 1+°(1.3301, 2 o 1+5[26781,2
o, L, 3 \% 20,L, 3 \%4
zV ° 2 116 Vv o 2 1%5
1+ (1.339Lv V) 1+ (2.678Lv V)
P, () (@ 2 (@ 2
! \%4 ' l \%4 '
2 @, (w) 9 @, (w)
(3ba)) (Sbw)
1+ —— 1+ ==
A% A%
Vertical
d (o 2 2
w(@) . 1+°(1.339L, 2 ; 1+ (26781, 2
oLy 20,L, 3 \4
v o2 e VvV o2 1
1+(1.339LwV) 1+(2.678LWVJ
o, () (o) N
_( \% ) _( \% ]
B @, w) 2 "Dy w)
1+ D00 1+ 220
zV A%
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The variable b represents the aircraft wingspan. The variables L ,

L, L, represent the turbulence scale lengths. The variables 0,, 0,, 0

w

represent the turbulence intensities:



Von Karman Wind Turbulence Model (Continuous)

The spectral density definitions of turbulence angular rates are defined
in the references as three variations, which are displayed in the
following table:

Jw w ov
_ g _ g _ g
Pe=Ty T ety
w ow Jv
_ g _ g _ g
Pg = ay g = o0x Te = ox
w w v
_ g _ g _ g
Pg =" dy g =~ 0x rg_ax

The variations affect only the vertical (g g) and lateral (rg) turbulence
angular rates.

Keep in mind that the longitudinal turbulence angular rate spectrum,
® (@), 1s a rational function. The rational function is derived from
curve-fitting a complex algebraic function, not the vertical turbulence
velocity spectrum, @ (), multiplied by a scale factor. Because the
turbulence angular rate spectra contribute less to the aircraft gust
response than the turbulence velocity spectra, it may explain the
variations in their definitions.

The variations lead to the following combinations of vertical and lateral
turbulence angular rate spectra.

Vertical Lateral
D, () ~®,(0)
D, (@) D,()

- (@) D,()
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Von Karman Wind Turbulence Model (Continuous)

To generate a signal with the correct characteristics, a unit variance,
band-limited white noise signal is passed through forming filters. The
forming filters are approximations of the Von Karman velocity spectra
which are valid in a range of normalized frequencies of less than 50
radians. These filters can be found in both the Military Handbook
MIL-HDBK-1797 and the reference by Ly and Chan.

The following two tables display the transfer functions.

MIL-F-8785C
Longitudinal
H
u(5) oy 2L (140255
T V Vv
2
1+1.357 22 5 +.0.1987( Lu | 52
\% \%
Hp(s) T 16
s
w 1
"))
zV
Lateral
H,(s)

<\h
;__/

o 4 1+27478L s+03398
U 7 1%
L

Ll) Ll) ¥
1+2.9958 "2 5+1.9754| 2 | s* +0.1539| 2
v v V
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Von Karman Wind Turbulence Model (Continuous)

MIL-F-8785C
H,(s) +5
vV H,(s)
()
1+ — |s
A%
Vertical
H, (s
w(®) ot Lo | 1427478 Lw ¢ 1 0.3308( Lw
n V Vv
2
1+2. 9958L—s+1 9754 L s2 +0.1539
Vv vV
Hy(s) 45
BE
1+ — |s
A%
MIL-HDBK-1797
Longitudinal
H, (s)

O'u"z Ly 1+O25L—s
T V. \4

2
1+1.357 L2 5 1.0.1987( Lo | 52
\% %
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Von Karman Wind Turbulence Model (Continuous)

MIL-HDBK-1797
Hp(S) T 16
0.8 (41)
“Nv 1y 4b
oL )/3|1+| =2
er)3( 1+ 5
Lateral
H,(s) s
° oy |2 2Lo | 119747820 10,3308 20 | 2
TV %4 \%
2 3
1+2.9958 2% s 1 1.9754 210 | 62 4 0.1539( 210 | &3
\% %4 %4
H,(s) <5
vV H,(s)
((F))
1+ — |s
TV
Vertical
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Von Karman Wind Turbulence Model (Continuous)

MIL-HDBK-1797

/

Hy,(s) 2
“ o L 2P0 | 1497478 2w ¢ 1 0 3308 21w | 52
v v v

2 3
1+2.9958 2Lw ¢ 1 1 9754( 2Lw | &2 4 0.1539( 2Lw | &3
\% \% \%

(lJrT}%JS].w

Divided into two distinct regions, the turbulence scale lengths and
intensities are functions of altitude.

Note The same transfer functions result after evaluating the
turbulence scale lengths. The differences in turbulence scale lengths
and turbulence transfer functions balance offset.

Low-Altitude Model (Altitude < 1000 feet)

According to the military references, the turbulence scale lengths at
low altitudes, where A is the altitude in feet, are represented in the
following table:

MIL-F-8785C MIL-HDBK-1797

2L,=h

w

—h
=L,= h L,=2L, = h
(0.177+0.000823/

Lw
L,=L, )1.2 u

(0.177+0.000823A )1-2
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Von Karman Wind Turbulence Model (Continuous)

5-554

The turbulence intensities are given below, where W, is the wind speed
at 20 feet (6 m). Typically for light turbulence, the wind speed at 20 feet
1s 15 knots; for moderate turbulence, the wind speed i1s 30 knots; and for
severe turbulence, the wind speed is 45 knots.

Oy = 0.1W20
Ou _% _ 1
oy Ow  (0.177+0.000823%)"*

The turbulence axes orientation in this region is defined as follows:

* Longitudinal turbulence velocity, u,, aligned along the horizontal
relative mean wind vector

* Vertical turbulence velocity, w,, aligned with vertical.

At this altitude range, the output of the block is transformed into body
coordinates.

Medium/High Altitudes (Altitude > 2000 feet)

For medium to high altitudes the turbulence scale lengths and
intensities are based on the assumption that the turbulence is isotropic.
In the military references, the scale lengths are represented by the
following equations:

MIL-F-8785C MIL-HDBK-1797
L,=L,=L,=2500ft L,=2L,=2L,= 2500 ft

The turbulence intensities are determined from a lookup table that
provides the turbulence intensity as a function of altitude and the
probability of the turbulence intensity being exceeded. The relationship
of the turbulence intensities is represented in the following equation:
0,=0,=0,,.

The turbulence axes orientation in this region is defined as being
aligned with the body coordinates:



Von Karman Wind Turbulence Model (Continuous)

Medium/High Altitude Turbulence Intensities (Probability of Exceedance)
T T T

80
0
10®
60
"Severe"
T 1078
250 4 b
5 0
]
E
2 “Moderate”
© 40 .
3
g 10
'y
=
230+ 4
a "Ligh‘l“
1072
20
=
0
10
210"
o o ] I 1 I 1 I
0 5 10 15 20 25 30 35

RMS Turbulence Amplitude [ft/sec]

Between Low and Medium/High Altitudes (1000 feet <
Altitude < 2000 feet)

At altitudes between 1000 feet and 2000 feet, the turbulence velocities
and turbulence angular rates are determined by linearly interpolating
between the value from the low altitude model at 1000 feet transformed
from mean horizontal wind coordinates to body coordinates and the
value from the high altitude model at 2000 feet in body coordinates.
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Von Karman Wind Turbulence Model (Continuous)

Dialog
Box

5-556

lock Parameters: ¥Yon Karman Wind Turbulence Model {Co

2

—Wwind Turbulence Model [mask) [link]

Generate atmasphernic tutbulence. White noise i passed through a filker to give the turbulence the specified velocity spectra.

Medium/high altitude scale lengths from the specifications are 762 m (2500 ft] for Yon Kaman turbulence and 533.4 m (1750 ft] for Drpden turbulence.

Urits: | Metric (MKS)

Specification: | MILF 8785C

Model type: I Continuous Yon Karman [+q +]

Wind speed at B m defines the low-altitude intensity [m/s)

J15

‘Wind direction at & m [degrees clockwize fram north):

Jo

Probahility of exceedance of high-altitude intensity: I 10"-2 - Light

Scale length at medium/high altitudes [m);

|782

‘Winggpan [m]:

J10

Band limited noise sample time (zec)

Jo1

Moise seeds [ug vg wg pa):

|[23341 23342 23343 23304]

[ Turbulence on

Ok LCancel Help

Apply

Units

Define the units of wind speed due to the turbulence.




Von Karman Wind Turbulence Model (Continuous)

Units Wind Velocity Altitude Air Speed

Metric Meters/second Meters Meters/second
(MKS)

English Feet/second Feet Feet/second
(Velocity
in ft/s)

English Knots Feet Knots
(Velocity
in kts)

Specification
Define which military reference to use. This affects the application
of turbulence scale lengths in the lateral and vertical directions

Model type
Select the wind turbulence model to use:

Continuous Von Karman (+q Use continuous

-r) representation of Von
Karman velocity spectra
with positive vertical and
negative lateral angular rates
spectra.

Continuous Von Karman (+q Use continuous

+r) representation of Von
Karman velocity spectra
with positive vertical and
lateral angular rates spectra.

Continuous Von Karman (-q Use continuous

+r) representation of Von
Karman velocity spectra
with negative vertical and
positive lateral angular rates
spectra.
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5-558

Continuous Dryden (+q -r)

Continuous Dryden (+q +r)

Continuous Dryden (-q +r)

Discrete Dryden (+q -r)

Discrete Dryden (+q +r)

Discrete Dryden (-q +r)

Use continuous
representation of Dryden
velocity spectra with positive
vertical and negative lateral
angular rates spectra.

Use continuous
representation of Dryden
velocity spectra with positive
vertical and lateral angular
rates spectra.

Use continuous
representation of Dryden
velocity spectra with negative
vertical and positive lateral
angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
positive vertical and negative
lateral angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
positive vertical and lateral
angular rates spectra.

Use discrete representation of
Dryden velocity spectra with
negative vertical and positive
lateral angular rates spectra.

The Continuous Von Karman selections conform to the transfer
function descriptions.

Wind speed at 6 m defines the low altitude intensity
The measured wind speed at a height of 20 feet (6 meters)
provides the intensity for the low-altitude turbulence model.



Von Karman Wind Turbulence Model (Continuous)

Wind direction at 6 m (degrees clockwise from north)
The measured wind direction at a height of 20 feet (6 meters) is
an angle to aid in transforming the low-altitude turbulence model
into a body coordinates.

Probability of exceedance of high-altitude intensity
Above 2000 feet, the turbulence intensity is determined from a
lookup table that gives the turbulence intensity as a function of
altitude and the probability of the turbulence intensity’s being
exceeded.

Scale length at medium/high altitudes
The turbulence scale length above 2000 feet is assumed constant,
and from the military references, a figure of 1750 feet is
recommended for the longitudinal turbulence scale length of the
Dryden spectra.

Note An alternate scale length value changes the power spectral
density asymptote and gust load.

Wingspan
The wingspan is required in the calculation of the turbulence on
the angular rates.

Band-limited noise sample time (seconds)
The sample time at which the unit variance white noise signal is
generated.

Noise seeds
There are four random numbers required to generate the
turbulence signals, one for each of the three velocity components
and one for the roll rate. The turbulences on the pitch and yaw
angular rates are based on further shaping of the outputs from
the shaping filters for the vertical and lateral velocities.

Turbulence on
Selecting the check box generates the turbulence signals.
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Inputs and
Outputs

Assumptions
and
Limitations

References
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Input Dimension Type
First

Second

Third

Description

Contains the altitude in units
selected.

Contains the aircraft speed in units
selected.

Contains a direction cosine matrix.

Output Dimension Type

First Three-element
signal

Second Three-element
signal

Description

Contains the turbulence velocities,
in the selected units.

Contains the turbulence angular
rates, in radians per second.

The frozen turbulence field assumption is valid for the cases of
mean-wind velocity and the root-mean-square turbulence velocity, or
intensity, are small relative to the aircraft’s ground speed.

The turbulence model describes an average of all conditions for clear
air turbulence because the following factors are not incorporated into

the model:

® Terrain roughness
® Lapse rate
® Wind shears

¢ Mean wind magnitude

® Other meteorological factions (except altitude)

U.S. Military Handbook MIL-HDBK-1797, 19 December 1997.
U.S. Military Specification MIL-F-8785C, 5 November 1980.
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See Also
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Dryden Wind Turbulence Model (Continuous)
Dryden Wind Turbulence Model (Discrete)
Discrete Wind Gust Model

Wind Shear Model
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WGS84 Gravity Model

Purpose

Library

Description

b (my

We584
(Taylor Series)

3(mis)

Dialog

Box

5-562

Implement 1984 World Geodetic System (WGS84) representation of
Earth’s gravity

Environment/Gravity

The WGS84 Gravity Model block implements the mathematical
representation of the geocentric equipotential ellipsoid of the World
Geodetic System (WGS84). The block output is the Earth’s gravity at
a specific location. Gravity precision is controlled via the Type of
gravity model parameter.

The WGS84 Gravity Model block icon displays the input and output
units selected from the Units list.

[E]Function Block Parameters: WiG584 Gravity x|

— WG58 Gravity Model 30 [mask] [link)]

Calculate Earth's gravity at a specific location using World Geodetic System MWES
84).

The WG5S 84 madel iz defined as a geacentric equipatential elipzoid. Thiz model can
be found in MIMA TRE350.2, "Department of Defenze \World Geodetic Sypstem
1984, Its Definition and Relationship with Local Geodetic Systems."

Height i entered in the zame unit system as selected for gravity. Geodehc latitude
and longitude are entered in degrees.

— Parameter.
Type of gravity model: IWGSB4 Taplor Series ;I
Units: [Metric [MKS) =]
Action far out of range input; IW’aming ;I
Cancel | Help | Apply

Type of gravity model
Specifies the method to calculate gravity:

® WGS84 Taylor Series



WGS84 Gravity Model

® WGS84 Close Approximation
* WGS84 Exact

Units
Specifies the input and output units:

Units Height Gravity

Metric Meters Meters per second squared
(MKS)

English Feet Feet per second squared

Exclude Earth’s atmosphere
Select for the value for the Earth’s gravitational field to exclude
the mass of the atmosphere.

Clear for the value for the Earth’s gravitational field to include
the mass of the atmosphere.

This option is available only with Type of gravity model
WGS84 Close Approximation or WGS84 Exact.

Precessing reference frame
When selected, the angular velocity of the Earth is calculated
using the International Astronomical Union (IAU) value of
the Earth’s angular velocity and the precession rate in right
ascension. To obtain the precession rate in right ascension, Julian
centuries from Epoch J2000.0 is calculated using the dialog
parameters of Month, Day, and Year.

If cleared, the angular velocity of the Earth used is the value of
the standard Earth rotating at a constant angular velocity.

This option is available only with Type of gravity model
WGS84 Close Approximation or WGS84 Exact.

Input Julian date
When selected, another input port, JD, appears on the block mask.
Select this check box if you want to manually specify the Julian
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5-564

date for the block. Otherwise, the block calculates the Julian date
given the values of Month, Day, and Year. Selecting this block
disables the Month, Day, and Year parameters.

Month
Specifies the month used to calculate Julian centuries from Epoch
J2000.0.

This option is available only with Type of gravity model
WGS84 Close Approximation or WGS84 Exact and only when
Precessing reference frame is selected. It is disabled if you
select Input Julian Date.

Day
Specifies the day used to calculate Julian centuries from Epoch
J2000.0.

This option is available only with Type of gravity model
WGS84 Close Approximation or WGS84 Exact and only when
Precessing reference frame is selected. It is disabled if you
select Input Julian Date.

Year
Specifies the year used to calculate Julian centuries from Epoch
J2000.0. The year must be 2000 or greater.

This option is available only with Type of gravity model
WGS84 Close Approximation or WGS84 Exact and only when
Precessing reference frame is selected. It is disabled if you
select Input Julian Date.

No centrifugal effects
When selected, calculated gravity is based on pure attraction
resulting from the normal gravitational potential.

If cleared, calculated gravity includes the centrifugal force
resulting from the Earth’s angular velocity.



WGS84 Gravity Model

Inputs and
Outputs

Assumptions
and
Limitations

This option is available only with Type of gravity model
WGS84 Close Approximation or WGS84 Exact.

Action for out of range input
Specify if out-of-range input invokes a warning, error, or no action.

Input Dimension
Type

First  Three-element
vector

Second Scalar
(Optional)

Description

Contains the position in geodetic latitude,
longitude and altitude, with units in
degrees, degrees, and selected units of length
respectively.

Contains the Julian centuries that you
specified.

Output Dimension
Type
Output Vector

Description

Applies to gravity in the north-east-down
(NED) coordinate system. The Exact
method should output both normal and
tangent gravity (down and north in the NED
coordinate system).

The WGS84 gravity calculations are based on the assumption of a
geocentric equipotential ellipsoid of revolution. Since the gravity
potential is assumed to be the same everywhere on the ellipsoid, there
must be a specific theoretical gravity potential that can be uniquely
determined from the four independent constants defining the ellipsoid.

Use of the WGS84 Taylor Series model should be limited to low geodetic
heights. It is sufficient near the surface when submicrogal precision is
not necessary. At medium and high geodetic heights, it is less accurate.
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Examples

Reference

5-566

Use of the WGS84 Close Approximation model should be limited to a
geodetic height of 20,000.0 m (approximately 65,620.0 feet). Below this
height, it gives results with submicrogal precision.

To predict and determine a satellite orbit with high accuracy, use the
EGM96 through degree and order 70.

See the Environment Models subsystem in the Airframe subsystem of
the aeroblk_HL20 model for an example of this block.

[1] NIMA TR8350.2: “Department of Defense World Geodetic System
1984, Its Definition and Relationship with Local Geodetic Systems.”



Wind Angles to Direction Cosine Matrix

Purpose

Library

Description

pyg DOM,

T

Convert wind angles to direction cosine matrix
Utilities/Axes Transformations

The Wind Angles to Direction Cosine Matrix block converts three wind
rotation angles into a 3-by-3 direction cosine matrix (DCM). The DCM
matrix performs the coordinate transformation of a vector in earth axes
(0x,, 0y,, 02,) into a vector in wind axes (0x,, 0y,, 02;). The order of the
axis rotations required to bring this about is:

1 A rotation about oz, through the heading angle (y) to axes (ox;, 0y;,
0z,)

2 A rotation about oy, through the flight path angle (y) to axes (ox,,
0y, 02,)

3 A rotation about ox, through the bank angle () to axes (ox,, 0y,, 02;)

O.?C3 OxO
oys |=DCM,,,| oy
‘_023 ] OZO
[oxs] [T O 0 |[cosy 0 =-siny][ cosy siny 0]fox,
oy3|=|0 cosu sinu|[ 0 1 0 —siny cosy O oy
|0z3| |0 —sing cosu||siny O cosy 0 0 1]oz

Combining the three axis transformation matrices defines the following
DCM.

cosycosy cosysiny —siny
DCM,,, =|(sinusinycos y —cosusiny) (sinusinysiny +cospcosy) sinpcosy
(cosusinycosy +sinpusiny) (cosusinysinjy—singcosy cospucosy
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Wind Angles to Direction Cosine Matrix

Dialog
Box

Inputs and
Outputs

Assumptions
and
Limitations

See Also

5-568

[Z]Function Block Parameters: Wind Angles bo Di |

Wind2DCM [mask] (ink]

Determinge the 3-by-3 direction cosine matris [DCM) from a wind orientation [mu,
gamma, chi). The output DCM transforms vectors from geodetic earth or
north-east-down [MED] axes to wind axes.

Cancel Help Apply
Input Dimension Type Description
First 3-by-1 vector Contains wind angles, in radians.

Output Dimension Type Description

First 3-by-3 direction Transforms earth vectors to wind
cosine matrix vectors.

This implementation generates a flight path angle that lies between +90
degrees, and bank and heading angles that lie between +180 degrees.

Direction Cosine Matrix Body to Wind
Direction Cosine Matrix to Rotation Angles
Direction Cosine Matrix to Wind Angles

Rotation Angles to Direction Cosine Matrix



Wind Angular Rates

Purpose Calculate wind angular rates from body angular rates, angle of attack,
sideslip angle, rate of change of angle of attack, and rate of change of
sideslip

Librclry Flight Parameters

Description The Wind Angular Rates block supports the equations of motion in

; wind-fixed frame models by calculating the wind-fixed angular rates
21
dasdt dprdt oy b ®,5 9, ) The body-fixed angular rates (p,, g,, 1), angle of attack (),
o sideslip angle (B), rate of change of angle of attack (d), and rate of

change of sideslip () are related to the wind-fixed angular rate by the
following equation.

Py cosacosf sinf  sinacosf || pp —Bsina
q, |=|—-cosasinff cosf -—sinasinf qp — 0O
Ty —sina 0 coso 1, + Beosa

.
qu |Og =] Function Block Parameters: Wind Angular Rates x|

Box ’7Wind Angular Bates [magk) [link)

Compute wind angular rates using body angular rates, angle of attack, zideslip angle,
rate of change of angle of attack and rate of change of sidezlip angle.

Cancel Help Apply
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Dimension Type

2-by-1 vector

2-by-1 vector

Description
Contains angle of attack and sideslip,

in radians.

Contains rate of change of angle of
attack and rate of change of sideslip,
in radians per second.

Contains the body angular rates, in
radians per second.

Dimension Type

Description

Contains the wind angular rates, in
radians per second.

Inputs and Input
Outputs S
Output
First
See Also

3DoF (Body Axes)

6DoF Wind (Quaternion)
6DoF Wind (Wind Angles)
Custom Variable Mass 3DoF (Body Axes)
Custom Variable Mass 6DoF Wind (Quaternion)
Custom Variable Mass 6DoF Wind (Wind Angles)
Simple Variable Mass 3DoF (Body Axes)

Simple Variable Mass 6DoF Wind (Quaternion)
Simple Variable Mass 6DoF Wind (Wind Angles)
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Wind Shear Model

Purpose

Library

Description

b g}

LS

—

Calculate wind shear conditions

Environment/Wind

The Wind Shear Model block adds wind shear to the aerospace model.
This implementation is based on the mathematical representation in
the Military Specification MIL-F-8785C [1]. The magnitude of the wind
shear is given by the following equation for the mean wind profile as

a function of altitude and the measured wind speed at 20 feet (6 m)
above the ground.

h

In| —
20

ln(zoj
20

where u, is the mean wind speed, W, is the measured wind speed at an
altitude of 20 feet, A is the altitude, and z, is a constant equal to 0.15
feet for Category C flight phases and 2.0 feet for all other flight phases.
Category C flight phases are defined in reference [1] to be terminal
flight phases, which include takeoff, approach, and landing.

U, =W20 , 3ft<h<1000ft

The resultant mean wind speed in the flat Earth axis frame is changed
to body-fixed axis coordinates by multiplying by the direction cosine
matrix (DCM) input to the block. The block output is the mean wind
speed in the body-fixed axis.
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Dia Iog Block Parameters: Wind Shear Model

—wind Shear Model [mazk] (link]
Box

[20 feet] above the ground.

Calculate the wind shear from conditions measured at a height of B meters

=

Urits: | Metric (MKS)

Flight phase: IEategory C - Teminal Flight Phaze

‘Wind speed at B m altitude [m/z):

I~
[

|15

‘wind direction at & m altitude [degrees clockwize from north]:

jo

QK | Cancel | Help I Apply

Units

Define the units of wind shear.

Units

Metric (MKS)

English (Velocity in
ft/s)

English (Velocity in
kts)

Flight phase
Select flight phase:

Wind Altitude
Meters/second Meters

Feet/second  Feet

Knots Feet

® Category C — Terminal Flight Phases

® Other

Wind speed at 6 m (20 feet) altitude (m/s, f/s, or knots)
The measured wind speed at an altitude of 20 feet (6 m) above

the ground.
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|

Wind direction at 6 m (20 feet) altitude (degrees clockwise from
north)
The direction of the wind at an altitude of 20 feet (6 m), measured
in degrees clockwise from the direction of the Earth x-axis (north).
The wind direction is defined as the direction from which the
wind is coming.

Inputs and Input Dimension Type Description
Outputs : : : L
First Contains the altitude in units
selected.

Second 3-by-3 direction
cosine matrix

Output Dimension Type Description

First 3-by-1 vector Contains the mean wind speed in
the body axes frame, in the selected
units.

Examples See Wind Shear Model in the aeroblk_HL20 demo for an example of
this block.

Reference U.S. Military Specification MIL-F-8785C, 5 November 1980.

See Also Discrete Wind Gust Model

Dryden Wind Turbulence Model (Continuous)
Dryden Wind Turbulence Model (Discrete)

Von Karman Wind Turbulence Model (Continuous)
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World Magnetic Model 2000

Purpose

Library

Description

h¢my

Wideg)

1 (deg)

Decimal Year

Magnetic Field (nT)
Harizonal Intensity (nT)
Declination (deg)
Inclination (deg)

Tatal Intensity (nT)

Dialog

Box

5-574

Calculate Earth’s magnetic field at specific location and time using
World Magnetic Model 2000 (WMM2000)

Environment/Gravity

The WMM2000 block implements the mathematical representation of
the National Geospatial Intelligence Agency (NGA) World Magnetic
Model 2000. The WMM2000 block calculates the Earth’s magnetic field
vector, horizontal intensity, declination, inclination, and total intensity

at a specified location and time. The reference frame is north-east-down
(NED).

EJFunction Block Parameters: World Magnetic x|

— whorld kagnetic Model 2000 [mask)] [link]

Calculate the Earth's magnetic field at a specific location and time uzsing the ‘World
Magnetic Madel fwhbd). This model iz valid for the year 2000 through the year 2005,

The ‘Whdhd-2000 can be found in "Eritish Geological Survey, Technical Report
‘witd /0041 7R, Geomagnetism Series'.

Height iz entered in length units of selected unit system. Latitude and longitude are
entered in degrees.

— P
F

Units: [Metric (MK

L

IV Input decimal year

Maonth: IJ anuarny

Da_l,l:l‘l

Year: [2000

Ll Ll L L

Action for out of range input: |Emor
V' Output horizortal intersity

V' Dutput declination

V' Output inclination

V' Output total intersity

Cancel Help Apply

Units
Specifies the input and output units:



World Magnetic Model 2000

Units
Metric (MKS)

English

Horizontal
Height Magnetic Field Intensity Total Intensity
Meters Nanotesla Nanotesla Nanotesla
Feet Nanogauss Nanogauss Nanogauss

Input decimal year
When selected, the decimal year is an input for the World
Magnetic Model 2000 block. Otherwise, a date must be specified
using the dialog parameters of Month, Day, and Year.

Month
Specifies the month used to calculate decimal year.

Day
Specifies the day used to calculate decimal year.

Year
Specifies the year used to calculate decimal year.

Action for out of range input
Specify if out-of-range input invokes a warning, error or no action.

Output horizontal intensity
When selected, the horizontal intensity is output.

Output declination
When selected, the declination, the angle between true north and
the magnetic field vector (positive eastwards), is output.

Output inclination
When selected, the inclination, the angle between the horizontal
plane and the magnetic field vector (positive downwards), is
output.

Output total intensity
When selected, the total intensity is output.
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Inputs and Input Dimension Type Description

Outputs : : o
First Contains the height, in selected

units.

Second Contains the latitude in degrees.
Third Contains the longitude in degrees.
Fourth Contains the desired year in a
(Optional) decimal format to include any

fraction of the year that has already
passed. The value is the current
year plus the number of days that
have passed in this year divided by
365.The following code illustrates
how to calculate the decimal year,
dyear, for March 21, 2005:

%%%BEGIN CODE%%%
dyear=decyear('21-March-2005", 'dd-mmm-yyyy"')
%%%END CODE%%%

Output Dimension Type Description

First Contains the magnetic field vector
in selected units.

Second Contains the horizontal intensity in

(Optional) selected units.

Third Contains the declination in degrees.

(Optional)

Fourth Contains the inclination in degrees.

(Optional)

Fifth Contains the total intensity in

(Optional) selected units.
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Limitations

Reference

See Also

The WMM2000 specification produces data that is reliable five years
after the epoch of the model, which is January 1, 2000.

The internal calculation of decimal year does not take into account local
time or leap seconds.

The WMM2000 specification describes only the long-wavelength spatial
magnetic fluctuations due to the Earth’s core. Intermediate and
short-wavelength fluctuations, contributed from the crustal field (the
mantle and crust), are not included. Also, the substantial fluctuations
of the geomagnetic field, which occur constantly during magnetic
storms and almost constantly in the disturbance field (auroral zones),
are not included.

Macmillian, S. and J. M. Quinn, 2000. “The Derivation of the World
Magnetic Model 2000,” British Geological Survey Technical Report
WM/00/17R.

http://www.ngdc.noaa.gov/geomag/WMM/DoDWMM. shtml

World Magnetic Model 2005
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World Magnetic Model 2005

Purpose

Library

Description

5-578

h(m)

Kideg)

Magnetic Field (nT)

Harizanal Intensity cnT)

Declination (deg)
Inclination (deg)

Total Intensity (nT)

Calculate Earth’s magnetic field at specific location and time using
World Magnetic Model 2005 (WMM2005)

Environment/Gravity

The WMM2005 block implements the mathematical representation of
the National Geospatial Intelligence Agency (NGA) World Magnetic
Model 2005. The WMM2005 block calculates the Earth’s magnetic field
vector, horizontal intensity, declination, inclination, and total intensity

at a specified location and time. The reference frame is north-east-down
(NED).

Note You cannot use this block to model the Earth magnetic field
above an altitude of 1,000,000 meters.




World Magnetic Model 2005

L]
DIO Iog E! Function Block Parameters: World Magnetic Ma x|

Box —wiorld Magnetic Maodel 2005 [mask] [link]

Calculate the Earth's magnetic field at a specific location and time using the ‘World
Magnetic Madel fwMb). This model iz valid for the year 2005 through the year 2010,

The "whM-2005 can be found on the web at
http: ¢ Ao, ngde. noaa. gov/zeg/D ol k. shtml and in "MOAS Technical Report:
The US /UK Warld Magnetic Madel for 2005-2010 .

Height iz entered in length units of selected unit system. Latitude and longitude are
entered in degrees.

=

Units: | Metric: (MKS) |
¥ Input decimal pear
Maonth: I January LI
Day:l 1 LI
Year:l 2005 LI
Action for out of range input: | Error LI
¥ Dutput horizontal intensity
¥ Output declination
¥ Output inclination
[+ Output tatal intensity

oK Cancel Apply

Units
Specifies the input and output units:
Horizontal
Units Height Magnetic Field Intensity Total Intensity
Metric (MKS) Meters Nanotesla Nanotesla Nanotesla
English Feet Nanogauss Nanogauss Nanogauss

Input decimal year
When selected, the decimal year is an input for the World
Magnetic Model 2005 block. Otherwise, a date must be specified
using the dialog parameters of Month, Day, and Year.

Month
Specifies the month used to calculate decimal year.
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Inputs and
Outputs

5-580

Day
Specifies the day used to calculate decimal year.

Year
Specifies the year used to calculate decimal year.

Action for out of range input
Specify if out-of-range input invokes a warning, error or no action.

Output horizontal intensity
When selected, the horizontal intensity is output.

Output declination
When selected, the declination, the angle between true north and
the magnetic field vector (positive eastwards), is output.

Output inclination
When selected, the inclination, the angle between the horizontal
plane and the magnetic field vector (positive downwards), is
output.

Output total intensity
When selected, the total intensity is output.

Input Dimension Type Description

First Contains the height, in selected
units.

Second Contains the latitude in degrees.



World Magnetic Model 2005

Limitations

Input
Third

Fourth
(Optional)

Dimension Type

Description

Contains the longitude in degrees.

Contains the desired year in a
decimal format to include any

fraction of the year that has already
passed. The value is the current
year plus the number of days that
have passed in this year divided by
365.The following code illustrates
how to calculate the decimal year,

dyear, for March 21, 2005:

%%%BEGIN CODE%%%

dyear=decyear('21-March-2005", 'dd-mmm-yyyy')

%%%END CODE®%%%

Output
First

Dimension Type

Vector

Second
(Optional)

Third
(Optional)
Fourth
(Optional)

Fifth
(Optional)

Description

Contains the magnetic field in
selected units.

Contains the horizontal intensity in

selected units.

Contains the declination in degrees.

Contains the inclination in degrees.

Contains the total intensity in
selected units.

The WMM2005 specification produces data that is reliable five years

after the epoch of the model, which is January 1, 2005.
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Reference

See Also

5-582

The internal calculation of decimal year does not take into account local
time or leap seconds.

The WMM2005 specification describes only the long-wavelength spatial
magnetic fluctuations due to the Earth’s core. Intermediate and
short-wavelength fluctuations, contributed from the crustal field (the
mantle and crust), are not included. Also, the substantial fluctuations
of the geomagnetic field, which occur constantly during magnetic
storms and almost constantly in the disturbance field (auroral zones),
are not included.

http://www.ngdc.noaa.gov/geomag/WMM/DoDWMM. shtml

World Magnetic Model 2000
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World Magnetic Model 2010

Purpose

Library

Description

nm Magnetic Field (nT)
Horizantal Intensity (nT)

wideg)
Declination (deg)

Inclination (deg)

Total Intensity (nT)

Wrorld Magnetic Model 2010

Calculate Earth’s magnetic field at specific location and time using
World Magnetic Model 2010 (WMM2010)

Environment/Gravity

The WMM2010 block implements the mathematical representation of
the National Geospatial Intelligence Agency (NGA) World Magnetic
Model 2010. The WMM2010 block calculates the Earth’s magnetic field
vector, horizontal intensity, declination, inclination, and total intensity

at a specified location and time. The reference frame is north-east-down
(NED).

Note You cannot use this block to model the Earth magnetic field
above an altitude of 1,000,000 meters.
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L]
Dla Iog E! Function Block Parameters: World Magnetic Model 2010 [ %]
—World Magnetic Model 2010 {mask) {Jink) =)
Box

Calculate the Earth's magnetic field at a spedific location and time using the World
Magnetic Model (WMM). This model is valid for the year 2010 through the year
2015,

The WMM-2010 can be found on the web at
http:/fwww.ngdc.noaa. gov fgeomag/MMM,DoDWMM. shiml and in "NOAA
Technical Report: The US/UK World Magnetic Model for 2010-2015",

Height is entered in length units of selected unit system. Latitude and longitude
are entered in degrees,

—Parameters

Units: [Metric (MKS) x|

[V Input decimal year

Month: IJanuar'-r' LI

Day: |1 LI

ear: [2010 =l

Action for out of range input: IError LI

V' Output horizontal intensity

[V Output dedination

¥ output indlination o

¥ Output total intensity |
Cancel Help Apply |

Units
Specifies the input and output units:
Horizontal
Units Height Magnetic Field Intensity Total Intensity
Metric (MKS) Meters Nanotesla Nanotesla Nanotesla
English Feet Nanogauss Nanogauss Nanogauss

Input decimal year
When selected, the decimal year is an input for the World
Magnetic Model 2010 block. Otherwise, a date must be specified
using the dialog parameters of Month, Day, and Year.
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Inputs and
Outputs

Month
Specifies the month used to calculate decimal year.

Day
Specifies the day used to calculate decimal year.

Year
Specifies the year used to calculate decimal year.

Action for out of range input
Specify if out-of-range input invokes a warning, error or no action.

Output horizontal intensity
When selected, the horizontal intensity is output.

Output declination
When selected, the declination, the angle between true north and
the magnetic field vector (positive eastwards), is output.

Output inclination
When selected, the inclination, the angle between the horizontal
plane and the magnetic field vector (positive downwards), is
output.

Output total intensity
When selected, the total intensity is output.

Input Dimension Type Description

First Contains the height, in selected
units.

Second Contains the latitude in degrees.
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Limitations

5-586

Input Dimension Type Description
Third Contains the longitude in degrees.
Fourth Contains the desired year in a
(Optional) decimal format to include any
fraction of the year that has already
passed. The value is the current year
plus the number of days that have
passed in this year divided by 365.
The following code illustrates how to
calculate the decimal year, dyear, for
March 21, 2010:
%%%BEGIN CODE%%%
dyear=decyear('21-March-2010"', 'dd-mmm-yyyy"')
%%%END CODE%%%
Output Dimension Type Description
First Vector Contains the magnetic field in
selected units.
Second Contains the horizontal intensity in
(Optional) selected units.
Third Contains the declination in degrees.
(Optional)
Fourth Contains the inclination in degrees.
(Optional)
Fifth Contains the total intensity in
(Optional) selected units.

The WMMZ2010 specification produces data that is reliable five years
after the epoch of the model, which is January 1, 2015.



World Magnetic Model 2010

Reference

See Also

The internal calculation of decimal year does not take into account local
time or leap seconds.

The WMM2010 specification describes only the long-wavelength spatial
magnetic fluctuations due to the Earth’s core. Intermediate and
short-wavelength fluctuations, contributed from the crustal field (the
mantle and crust), are not included. Also, the substantial fluctuations
of the geomagnetic field, which occur constantly during magnetic
storms and almost constantly in the disturbance field (auroral zones),
are not included.

http://www.ngdc.noaa.gov/geomag/WMM/DoDWMM. shtml

World Magnetic Model 2000, World Magnetic Model 2005
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Zonal Harmonic Gravity Model

Purpose Calculate zonal harmonic representation of planetary gravity
Libra ry Environment/Gravity
Description
Xe:ve‘ {m}) -1 :"n.-'sz'-
The Zonal Harmonic Gravity Model block calculates the zonal harmonic
representation of planetary gravity at a specific location based on
planetary gravitational potential. This block provides a convenient way
to describe the gravitational field of a planet outside its surface.
By default, the block uses the fourth order zonal coefficient for Earth to
calculate the zonal harmonic gravity. It also allows you to specify the
second or third zonal coefficient.
gravityzonal is implemented using the following planetary parameter
values for each planet:
Planet | Equatorial Gravitational Zonal Harmonic Coefficients
Radius (Re) in | Parameter (GM) in | (J Values)
Meters m3/s?
Earth 6378.1363e3 3.986004415e14 [ 0.0010826269 -0.0000025323
-0.0000016204 |
Jupiter | 71492.e3 1.268e17 [0.01475 0 -0.00058]
Mars 3397.2e3 4.305e13 [ 0.001964 0.000036 ]
Mercury | 2439.0e3 2.2032e13 0.00006
Moon 1738.0e3 4902.799e9 0.0002027
Neptune | 24764e3 6.809e15 0.004
Saturn | 60268.e3 3.794e16 [0.01645 0 -0.001]
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Planet | Equatorial Gravitational Zonal Harmonic Coefficients
Radius (Re) in | Parameter (GM) in | (J Values)
Meters m3/s?
Uranus | 25559.e3 5.794e15 0.012
Venus 6052.0e3 3.257el4 0.000027
Dialog 5I
Box Zonal Harmanic Gravity Model (mask) (link)

Calculate & zonal harmonic representation of planetary gravity at a spedific
location based on planetary gravitational potential,

The zonal harmonic gravity is calculated for planet using fourth order

zonal coefficents by default.

Position is entered in length units of selected unit system.

Main | Planetl

Urits: [Metric (MKS) =]

Degree: |4 LI

Action for out of range input: IWarning LI
Cancel Help | Apply |
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E! Function Block Parameters: Zonal Harmonic Gra x|

Zonal Harmaonic Gravity Madel {mask)

Calculate a zonal harmonic representation of planetary aravity at a specific
location based on planetary aravitational potential.

The zonal harmonic gravity is calculated for planet using fourth order
zonal coefficents by default.

Position is entered in length units of selected unit system,

Main Planet |
Planet model: | -

0K I Cancel Help Apply

Units
Specify the input units:

Gravitational
Units Position Equatorial Radius Parameter
Metric Meters Meters Meters cubed per
(MKS) second squared
English Feet Feet Feet cubed per

second squared

Degree
Specify the degree of harmonic model.

e 2 — Second degree, J2. Most significant or largest spherical
harmonic term, which accounts for the oblateness of a planet.

e 3 — Third degree, J3.
¢ 4 — Fourth degree, J4 (default).
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Action for out of range input
Specify if out-of-range input invokes a warning, error, or no action.

Planet model
Specify the planetary model. From the list, select Mercury, Venus,
Earth, Moon, Mars, Jupiter, Saturn, Uranus, Neptune, or Custom.

Selecting Custom enables you to specify your own planetary model.
This option enables the Equatorial radius, Gravitational
parameter, and J values parameters.

Selecting Mercury, Venus, Moon, Uranus, or Neptune limits the
degree to 2.

Selecting Mars limits the degree to 3.

Equatorial radius
Specify the planetary equatorial radius in the length units that
the Units parameter defines.

Gravitational parameter
Specify the planetary gravitational parameter in the length units
cubed per second squared that the Units parameter defines.

J values
Specify a 3-element array that defines the zonal harmonic
coefficients.
Inputs and This block accepts only scalar inputs (m=1).
Outputs
Input Dimension Description
Type
First m-by-3 Contains planet-centered planet-fixed
matrix coordinates from the center of the planet

in the selected length units. If Planet
model has a value of Earth, this matrix
contains Earth-centered Earth-fixed (ECEF)
coordinates.
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References
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Output Dimension Description

Type
First m-by-3 Contains gravity values in the x-axis, y-axis
array and z-axis of the planet-centered planet-fixed

coordinates in the selected length units per
second squared.

Vallado, D. A., Fundamentals of Astrodynamics and Applications,
McGraw-Hill, New York, 1997.

Fortescue, P., J. Stark, G. Swinerd, (Eds.). Spacecraft Systems
Engineering, Third Edition, Wiley & Sons, West Sussex, 2003.

Tewari, A., Atmospheric and Space Flight Dynamics Modeling and
Simulation with MATLAB and Simulink, Birkhauser, Boston, 2007.



Aerospace Units

The main blocks of the Aerospace Blockset library support standard
measurement systems. The Unit Conversion blocks support all units listed

in this table.

Quantity

Acceleration

Angle

Angular
acceleration

Angular
velocity

Density
Force

Inertia

Length

Metric (MKS)

meters/second? (m/s?),
kilometers/second? (km/s?),
(kilometers/hour)/second
(km/h-s), g-unit (g)

radian (rad), degree (deg),
revolution

radians/second? (rad/s?),
degrees/second? (deg/s?),
revolutions/minute (rpm),
revolutions/second (rps)

radians/second (rad/s),
degrees/second (deg/s),
revolutions/minute (rpm)

kilogram/meter?® (kg/m?®)

newton (N)
kilogram-meter? (kg-m?)

meter (m)

English

inches/second? (in/s?),
feet/second? (ft/s?),
(miles/hour)/second

(mph/s), g-unit (g)

radian (rad), degree (deg),
revolution

radians/second? (rad/s?),
degrees/second? (deg/s?),
revolutions/minute (rpm),
revolutions/second (rps)

radians/second (rad/s),
degrees/second (deg/s),
revolutions/minute (rpm)

pound mass/foot?® (Ibm/ft3),
slug/foot? (slug/ft?), pound
mass/inch?® (Ibm/in®)

pound (1b)
slug-foot? (slug-ft?)

inch (in), foot (ft), mile (mi),
nautical mile (nm)



A Aerospace Units

Quantity
Mass

Pressure

Temperature

Torque

Velocity

Metric (MKS)
kilogram (kg)

Pascal (Pa)

kelvin (K), degrees Celsius

“0)
newton-meter (N-m)

meters/second (m/s),

kilometers/second (km/s),

kilometers/hour (km/h)

English
slug (slug), pound mass

(Ibm)

pound/inch? (psi),
pound/foot? (psf),
atmosphere (atm)

degrees Fahrenheit (°F),
degrees Rankine (°R)

pound-feet (Ib-ft)

inches/second (in/s),
feet/second (ft/s),
feet/minute (ft/min),
miles/hour (mph), knots




Symbols and Numerics

1D Controller [A(v),B(v),C(v),D(v)] block 5-2

1D Controller Blend u=(1-L).K1.y+L.K2.y
block[oneD Controller Blend
u=(1-L).K1.y+L.K2.y block 5-5

1D Observer Form [A(v),B(v),C(v),F(v),H(V)]
block 5-9

1D Self-Conditioned [A(v),B(v),C(v),D(¥)]
block 5-13

2D Controller [A(v),B(v),C(v),D(v)] block 5-17

2D Controller Blend block 5-21

2D Observer Form [A(v),B(v),C(v),F(v),H(v)]
block 5-25

2D Self-Conditioned [A(v),B(v),C(v),D(v)]
block 5-30

3D Controller [A(v),B(v),C(v),D(v)] block 5-35

3D Observer Form [A(v),B(v),C(v),F(v),H(v)]
block 5-39

3D Self-Conditioned [A(v),B(v),C(v),D(v)]
block 5-44

3DoF (Body Axes) block 5-52

3DoF (Wind Axes) block 5-57

3DoF Animation block 5-49

3x3 Cross Product block 5-63

4th Order Point Mass (Longitudinal) block 5-64

4th Order Point Mass Forces (Longitudinal)
block 5-68

6DoF (Euler Angles) block 5-73

6DoF (Quaternion) block 5-80

6DoF Animation block 5-70

6DoF ECEF (Quaternion) block 5-86

6DoF Wind (Quaternion) block 5-97

6DoF Wind (Wind Angles) block 5-104

6th Order Point Mass (Coordinated Flight)
block 5-110

6th Order Point Mass Forces (Coordinated
Flight) block 5-115

A

AC3D coordinates 2-24
Acceleration Conversion block 5-118
Actuators library 2-4
Adjoint of 3x3 Matrix block 5-120
Aerodynamic Forces and Moments block 5-122
Aerodynamics library 2-4
airspeed correction 3-2
Angle Conversion block 5-127
Angular Acceleration Conversion block 5-129
Angular Velocity Conversion block 5-131
Animation library 2-4
Animation Support Utilities sublibrary 2-5
Flight Simulator Interfaces sublibrary 2-5
MATLAB-Based Animation sublibrary 2-5

Besselian Epoch to Julian Epoch block 5-133
body coordinates 2-18

C

Calculate Range block 5-135
CIRA Atmosphere Model block 5-138
COESA Atmosphere Model block 5-143
Controllers
1D Controller [A(v),B(v),C(v),D(¥)]
block[oneD Controller
[A(¥),B(v),C(v),D(v)] 5-2
coordinate systems
display 2-23
modeling 2-18
navigation 2-20
overview 2-16
Create 3x3 Matrix block 5-146
creating an aerospace model
basic steps 2-8
Custom Variable Mass 3DoF (Body Axes)
block 5-148
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Custom Variable Mass 3DoF (Wind Axes)
block 5-153

Custom Variable Mass 6DoF (Euler Angles)
block 5-159

Custom Variable Mass 6DoF (Quaternion)
block 5-166

Custom Variable Mass 6DoF ECEF (Quaternion)
block 5-172

Custom Variable Mass 6DoF Wind (Quaternion)
block 5-182

Custom Variable Mass 6DoF Wind (Wind Angles)
block 5-189

D

demo models
running 1-14

Density Conversion block 5-195

Determinant of 3x3 Matrix block 5-197

Digital DATCOM Forces and Moments
block 5-199

Direction Cosine Matrix Body to Wind
block 5-206

Direction Cosine Matrix Body to Wind to Alpha
and Beta block 5-208

Direction Cosine Matrix ECEF to NED
block 5-211

Direction Cosine Matrix ECEF to NED to
Latitude and Longitude block 5-214

Direction Cosine Matrix to Quaternions
block 5-217

Direction Cosine Matrix to Rotation Angles
block 5-219

Direction Cosine Matrix to Wind Angles
block 5-222

Discrete Wind Gust Model block 5-225

Dryden Wind Turbulence Model (Continuous)
block 5-229

Dryden Wind Turbulence Model (Discrete)
block 5-243

Index-2

Dynamic Pressure block 5-256

ECEF coordinates 2-22
ECEF Position to LLA block 5-257
ECI coordinates 2-21
Environment library 2-5
Atmosphere sublibrary 2-5
Gravity sublibrary 2-5
Wind sublibrary 2-5
Equations of Motion library 2-5
3DoF sublibrary 2-6
6DoF sublibrary 2-6
Point Mass sublibrary 2-6
Estimate Center of Gravity block 5-265
Estimate Inertia Tensor block 5-267

F

Flat Earth to LLA block 5-269
Flight Parameters library 2-6
FlightGear

aircraft models 2-33

example 2-48

flight simulator overview 2-26

installing 2-30

obtaining 2-26

running 2-38
FlightGear coordinates 2-23

FlightGear Preconfigured 6DoF Animation

block 5-274
Force Conversion block 5-277

G

Gain Scheduled Lead-Lag block 5-279
Generate Run Script block 5-281

Geocentric to Geodetic Latitude block 5-285
Geodetic to Geocentric Latitude block 5-292

GNC Library
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Control sublibrary 2-6
Guidance sublibrary 2-6
Navigation sublibrary 2-6

H
Horizontal Wind Model block 5-299

Ideal Airspeed Correction block 5-302
Incidence & Airspeed block 5-306
Incidence, Sideslip & Airspeed block 5-308
Interpolate Matrix(x) block 5-316
Interpolate Matrix(x,y) block 5-318
Interpolate Matrix(x,y,z) block 5-321
Invert 3x3 Matrix block 5-325

ISA Atmosphere Model block 5-326

J
Julian Epoch to Besselian Epoch block 5-328

L

Lapse Rate Model block 5-330
latitude 2-20

Length Conversion block 5-335
lifting body (HL-20) 3-20

LLA to ECEF Position block 5-337
LLA to Flat Earth block 5-341

M

Mach Number block 5-347
Mass Conversion block 5-348
Mass Properties library 2-6
MATLAB
opening demos
using the command line 1-14
MATLAB files

running simulations from 2-15
Moments about CG due to Forces block 5-354

NED coordinates 2-21
Non-Standard Day 210C block 5-356
Non-Standard Day 310 block 5-362
NRLMSISE-00 Model block 5-368

P

Pack net_fdm Packet for FlightGear block 5-376
parameters
tuning 2-14
Pilot Joystick All block 5-399
Pilot Joystick block 5-395
Pressure Altitude block 5-402
Pressure Conversion block 5-404
Propulsion library 2-6

Q

Quaternion Conjugate block 5-406
Quaternion Division block 5-408
Quaternion Inverse block 5-410
Quaternion Modulus block 5-412
Quaternion Multiplication block 5-414
Quaternion Norm block 5-416
Quaternion Normalize block 5-418
Quaternion Rotation block 5-420
Quaternions to Direction Cosine Matrix
block 5-422
Quaternions to Rotation Angles block 5-424

Radius at Geocentric Latitude block 5-427

Relative Ratio block 5-431

Rotation Angles to Direction Cosine Matrix
block 5-434
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S

Second Order Linear Actuator block 5-439
Second Order Nonlinear Actuator block 5-441
Self-Conditioned [A,B,C,D] block 5-443
Send net_fdm Packet to FlightGear block 5-448
Simple Variable Mass 3DoF (Body Axes)
block 5-451
Simple Variable Mass 3DoF (Wind Axes)
block 5-458
Simple Variable Mass 6DoF (Euler Angles)
block 5-465
Simple Variable Mass 6DoF (Quaternion)
block 5-473
Simple Variable Mass 6DoF ECEF (Quaternion)
block 5-480
Simple Variable Mass 6DoF Wind (Quaternion)
block 5-492
Simple Variable Mass 6DoF Wind (Wind Angles)
block 5-500
Simulation Pace block 5-508
simulations
running from MATLAB file 2-15
Simulink
block libraries 2-2
modifying models 1-11
opening Aerospace Blockset 2-2
opening demos
using the Help browser 1-14
using the Start button 1-14
running demos 1-9
using the Simulink Library Browser 2-3
SinCos block 5-511
Symmetric Inertia Tensor block 5-519

Index-4

T

Temperature Conversion block 5-521

Three-Axis Accelerometer block 5-523

Three-axis Gyroscope block 5-529

Three-Axis Inertial Measurement Unit
block 5-534

tuning parameters 2-14

Turbofan Engine System block 5-541

U

Utilities library 2-7
Axes Transformation sublibrary 2-7
Math Operations sublibrary 2-7
Unit Conversions sublibrary 2-7

\"

Velocity Conversion block 5-545
Von K\x87 rm\x87 n Wind Turbulence Model
(Continuous) block 5-547

W

WGS84 Gravity Model block 5-562

Wind Angles to Direction Cosine Matrix
block 5-567

Wind Angular Rates block 5-569

wind coordinates 2-19

Wind Shear Model block 5-571

World Magnetic Model 2000 block 5-574

World Magnetic Model 2005 block 5-578

World Magnetic Model 2010 block 5-583

Wright Flyer 3-10
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