Flixan Utilities

The Flixan program includes additional utilities that perform other type of functions that further refine,
modify, augment and reformat the flight vehicle models. There is a utility for combining systems and
matrices together using an algorithm that is not vulnerable to algebraic looping. Matlab often causes
algebraic loops errors when closing a loop around a system. There are also utilities for combining
transfer-functions into systems, transforming continuous systems to discrete using (z) or Tustin
transformations with variable delays, utilities for transforming systems and matrices from a system
files (.Qdr) to formats that can be loaded into Matlab or converting Matlab generated data to system
files. There are also utilities that modify or reduce already existing systems. Modifying the inputs and
outputs, or reducing the variables of a system by selecting a smaller number of inputs, states, and
outputs, or modifying the system units by rescaling some of the variables. Additional outputs can also
be included from the states, state derivatives, or output derivatives. These utilities are useful for
separating coupled systems to longitudinal and lateral subsystems. There are also utilities for
processing the input data in batch mode. Batch instructions call multiple other utilities, process the
entire input file, and generate systems without any interactive assistance from the user.

Each Flixan utility reads and processes a set of instructions data which are included in the input file
(.Inp), in a similar fashion as the vehicle, the actuator and other Flixan programs. An input data file
typically contains multiple data-sets to be processed by different utility programs. Each data-sets is
processed by the corresponding utility program which typically creates a new system in the systems
file according to the instructions and the data read from the set. The input data-sets are created either
by using a text editor, copied from another file and modified, or more efficiently, each utility program
itself is capable of generating its own input set interactively with the user, by means of menus and
dialogs, as we shall see in the examples.

Initially the analyst must generate the desired dynamic models and matrices for his analysis and must
prepare the input file by setting-up and testing each data-set, one set at a time. The dynamic models
created may be rigid-body or high order models with flexibility, actuators, TWD, slosh, etc. They may
include flight control or sensor dynamics. They may be coupled or decoupled, with pitch and lateral
separated. They may be open-loop or closed-loop depending on the analysis required. When all the
elements in the input file are prepared and tested for one flight condition, the modeling becomes easier
and faster for the next run or case, because the same input file can be modified and be reused for a
different situation or iteration. A batch can be included which can instantly processes the entire input
file.



1.0 Systems Combination Program

The systems combination program is a Flixan utility that interconnects several state-space systems
together and with matrices, which are read from a systems file (.Qdr). The combined system created is
in state-space form and it is saved in the same systems file. The program uses two data files: an input
data file (.Inp) and the systems file. The input file contains the titles of the systems to be combined, the
interconnection instructions, and the definitions of input and output variables. The interconnection
instructions describe how the various subsystems are combined together and how they connect to the
big system inputs and outputs. There is also an interactive Graphics/ User interface (GUI) utility
included that helps the user to enter the interconnection data in the input file or to read the
interconnections from the file graphically without editing the file directly. Figure (1-1) shows the
interaction between the systems combination program, the GUI, the user, and the data files.
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Figure (1.1) Diagram of the Systems Combination Utility Program showing its interaction with the User and the Input/
Output Files
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1.1 Program and Input/ Output Files Selection

The systems combination program is selected from the Flixan main menu by clicking on the “Program
Functions”, select the “Creating and Modifying Linear Systems” group, and then click on “Combine
State-Space Systems and Matrices”. Then use the following file selection dialog to select the input data
file and the systems file from the menus, as shown below.
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Systems Interconnection data-set in the input file (.Inp)

System interconnection data-sets contain the system interconnection instructions and they are located
in input files (.Inp). A typical data-set for combining two systems is shown below.

INTERCONNECTION OF SYSTEMS .....

RULV, Pitch Closed-Loop, Simple Model

I Combine the Simple Vehicle model with the Actuator model in Closed-Loop
I Form for Time-Domain Simulation and Check the Eigenvalues

Titles of Systems to be Combined

Title 1 RULV, Pitch Axis, Max_Q (T=85 sec)

Title 2 Main Engine Actuator

SYSTEM INPUTS TO SUBSYSTEM 2 Eng. Actuator
System Input 1 to Subsystem 2, Input 1, Gain=-1.8 Theta_command
SYSTEM INPUTS TO SUBSYSTEM 1 0 w Vehicl Distrb
System Input 2 to Subsystem 1, Input 7, Gain= 1.0 Gust Velocity
SYSTEM OUTPUTS FROM SUBSYSTEM 1 77770077 From Vehicle
Via Matrix +16

SYSTEM OUTPUTS FROM SUBSYSTEM 2 777770 From Actuator
System Output 7 from Subsystem 2, Output 1, Gain= 1.0 Delta_Engine
System Output 8 from Subsystem 2, Output 2, Gain= 1.0 Delta_Dot_Eng
SUBSYSTEM NO 2 GOES TO SUBSYSTEM NO 1 77 Actuat to Veh
Subsystem 2, Output 1 to Subsystem 1, Input 1, Gain= 0.4082 Eng.Defl # 1
Subsystem 2, Output 1 to Subsystem 1, Input 2, Gain= 0.4082 Eng.Defl # 2
Subsystem 2, Output 1 to Subsystem 1, Input 3, Gain= 0.4082 Eng.Defl # 3
Subsystem 2, Output 1 to Subsystem 1, Input 4, Gain= 0.4082 Eng.Defl # 4
Subsystem 2, Output 1 to Subsystem 1, Input 5, Gain= 0.4082 Eng.Defl # 5
Subsystem 2, Output 1 to Subsystem 1, Input 6, Gain= 0.4082 Eng.Defl # 6
SUBSYSTEM NO 1 GOES TO SUBSYSTEM NO 2 7 vehi to Actu
Subsystem 1, Output 1 to Subsystem 2, Input 1, Gain= 1.8 Theta
Subsystem 1, Output 2 to Subsystem 2, Input 1, Gain= 2.3 q - rate
Subsystem 1, Output 6 to Subsystem 2, Input 1, Gain=-0.008 Nz Accelerat
Definitions of Inputs = 2 IR

Attitude Theta Command (radians)

Wind Gust Disturbance (ft/sec)

Definitions of Outputs = 8

Pitch Attitude (theta-rigid) (radians)

Pitch Rate (q -rigid) (rad/sec)

Angle of attack (alpha) (radians)

Change in Altitude (dh) (feet)

Forward Acceleration (V-dot) (ft/sec)

Accelerometer # 1, (along z), (ft/sec”"2)
Actuator Delta_Engine (radians)
Actuator Delta_Dot Engine (rad/sec)

The first line in the data-set "INTERCONNECTION OF SYSTEMS", defines the type of input data
and the utility program that will process it. This is because the input file typically also contains data for
other Flixan programs, such as, transfer function combination data, flight vehicle modeling data, etc.
The second line contains the title of the new system to be created. Every system in Flixan is identified
by a title which is less than 100 characters long. The following few lines, starting with (1), are
comment lines. They provide a short description of the new system for documentation purposes and
they are optional. The comment lines are also copied in the systems file below the new system title.
The lines below the line “Titles of Systems to be Combined”, contain the titles of systems to be
combined together. These systems must already exist in the systems file (.Qdr), otherwise, an error will
occur. Notice that each system is assigned a reference number, (1, 2, 3, ... max= 9). The program
searches the systems file (*.Qdr), finds the subsystem titles, reads the quadruple data for each
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subsystem and combines them together. The lines below the system titles define how the systems are
to be connected together, and there are four types of interconnection groups.

1. Direct connections from the combined system inputs to the combined system outputs that
define the direct feed-through matrix D.

2. Connections from the new system inputs to one of the subsystem inputs, followed with the
detail connections to this subsystem.

3. Connections from one of the subsystem outputs to the combined system's outputs, followed
with the detail connections from this subsystem.

4. Connections between one of the subsystem outputs to another subsystem inputs, followed with
the detail interconnections between the two subsystems.

In the interconnections data, the sub-systems to be combined are referred to by their corresponding
system numbers. Matrices can also be used in the interconnections. The matrices must already exist in
the systems file and they are defined by their corresponding matrix name (not title). Identity matrices
can also be used for interconnections and in this case they don't have to exist in the systems file. At the
bottom of the data-set the user may include definition labels of the new system’s inputs and outputs.
The input and output definitions are optional. If they are not included the program creates default
labels.

An experienced user can easily create by copying and pasting an interconnection data-set in the input
file by using a standard text editor. There is, however, a GUI capability in the program that makes it
easier for the user to create the interconnections set by using menus and dialogs. The GUI helps to
enter the title, selecting the systems to be combined, defining the new system input and output labels,
entering the user comments, and defining the interconnections. It also provides text editing capability
to modify the input data. The GUI will also save the interconnections in the input data file, and run the
program to create the combined system in file (.Qdr).

Systems File

The systems file (with an extension Qdr) contains state-space systems and matrices to be combined.
The program reads the systems to be combined and the matrices from this file and when it finishes
combining them together it saves the new system at the bottom of this file without destroying the
already existing data. Interconnections between subsystems, inputs, and outputs are not always defined
individually but they can be vectored interconnections defined by matrices. The gain matrices must
already be saved in the systems file under a unique title and name. The matrix name is used in the
interconnection, for example, “Via Matrix Kc”. The program locates the interconnection matrix in the
systems file and checks to make sure that its dimension is correct, or flags an error if it can’t find it. A
state-space system has the form shown in the following example.



STATE-SPACE SYSTEM ...

Main Engine Actuator

I Comments for the Actuator System

Number of Inputs, States, Outputs, Sample Time dT (for discrete)= 2 4 3 0.0
Quadruple Matrices: (A,B,C,D)

Matrix A Size = 4 X 4

1-Column 2-Collumn 3-Collumn 4-Column
1-Row -0.52100776E+02 -0.11670057E+02 -0.10960186E+02 -0.20318937E+01
2-Row -0.53950001E+02 -0.14243727E+02 -0.13377304E+02 0.00000000E+00
3-Row 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.10000000E+01
4-Row 0.00000000E+00 0.11136935E+04 -0.27679742E+04 -0.36536758E+01

MATRIX B SIZE = 4 X 2

1-Column 2-Collumn
1-Row 0.40223714E+02 0.00000000E+00
2-Row 0.49094502E+02 0.00000000E+00
3-Row 0.00000000E+00 0.00000000E+00
4-Row 0.0000O000E+00 0.22143490E-03

MATRIX C SIZE= 3 X 4

1-Column 2-Collumn 3-Column 4-Column
1-Row 0.00000000E+00 0.00000000E+00 0.10000000E+01 0.00000000E+00
2-Row 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.10000000E+01
3-Row 0.0000OO0Q0E+00 0.11136935E+04 -0.27679742E+04 -0.36536758E+01

MATRIX D SIZE= 3 X 2

1-Column 2-Collumn
1-Row 0.00000000E+00 0.00000000E+00
2-Row 0.00000000E+00 0.00000000E+00
3-Row 0.00000000E+00 0.22143490E-03

Definition of System Variables

Inputs = 2

1 Engine Deflection Command (delta-com) (radians)

2 Load-Torque Feedback an (ft-1b)
Outputs = 3

1 Engine Gimbal Rotation (delta) (radians)

2 Engine Gimbal Rate (delta-dot) (rad/sec)

3 Engine Gimbal Accelerat. (delta-d-dot) (rad/sec”2)
States = 4

1 Differ. Pressure Feedback (DPF) (ft-1b)

2 Piston Displacement Xr) (feet)
3 Engine Gimbal Rotation (delta-dd) (radians)
4 Engine Gimbal Rate (delta-dot) (rad/sec)

The first line indicates that the data which follow is a state-space system. The second line is the title of
this system, same title as the data-set in (.Inp) file. The next lines starting with (!) are comment lines,
same as the input data comments. The length of the title and length each comment line should be less
than 100 characters long. The next line defines the system dimension and the sampling rate (0 for
continuous system). The data at the bottom of the set below is the state-space system matrices (A, B,
C, D) are definitions of the system inputs, states, and output variables, which are optional. The systems
combination program will either process an already existing set of interconnection data or it can create
a set of interconnection data interactively with the user, and then run it. Let us demonstrate in the
following section an example of creating a systems interconnection set and then run it.



1.2 Creating a New Interconnection Set Interactively

In this example we have a systems file "RULV.Qdr" that contains two systems: a pitch vehicle model
of a launch vehicle with 6 engines and an actuator. This example is located in folder
"C:\Flixan\Comb_Trfn\Examples". We will combine the two systems together by generating the
interconnections data-set in file "RULV.Inp" that will connects the two systems, as shown in Figure
(1.2), and then process the set to create the closed-loop system.
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Figure (1.2) Two Subsystems in Closed-Loop Form Interconnection

So we begin the systems combination program from the Flixan main menu by clicking on “Analysis
Tools”, then “Creating and Modifying Linear Systems”, and then on “Combine State-Space Systems
and Matrices”. Then from the following file selection menu select the input data file and the systems
file, as shown below, and then click on "Create a New Input Set" to begin the interconnections
interrogation session. In the systems dimension dialog you must enter the number of systems to be
connected (2), the combined system inputs (2), and the combined system outputs (8). The systems
interconnection dialog will then appear from where the user will enter the new system data.

Create a New System Interactively
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Title: The systems interconnection GUI dialog is shown below used for entering the interconnection
parameters for our example. You must first enter a title for the combined system "RULV, Pitch Closed-
Loop, Simple Model", and click on the "Update Data" button. You must be updating the data every
time you enter or modify the data in one of the tabs.

Direct Input to Output Connections Tab: The systems interconnection dialog has tabs for entering
different types of data. The first tab on the left side is used for defining direct connections from the
new system inputs to the new system outputs without connecting to any of the subsystems. This is
used, of course, if there are any direct connections because in most cases, such as in this example, there
aren’t any direct connections from inputs to outputs. In essence you are defining the direct feed-
through matrix (D) of the state-space representation. The dialog includes buttons for adding a new
connection, deleting, or modifying an already existing connection. If you click on “Add a Connection”
a couple of menus will appear on the right. The menu on the left shows the titles of the new system
inputs and the menu on the right shows the titles of the new system outputs. Default titles are used if
the inputs/ outputs have not been defined. The user may select a single "from" input and a single "to"
output pair for a scalar connection between one of the system inputs to one of the system outputs, one
at a time, enter the gain in the field below, and click on “OK” to continue. Vectored interconnections
between new system inputs and outputs can also be defined. In this case the user must select a group of
inputs and a group of outputs using the "from" and "to™ menus, for example, 2 inputs and 3 outputs. In
this case the program expects a matrix to define the interconnection between the new system inputs
and outputs. In fact, it expects the name of a (3x2) matrix that already exists in the systems file. It also
expects the sign of the interconnection, for example, +Kc2 or -Kmix . It is also possible to define
vector interconnections using identity matrices. The sign and size of the identity matrix must be
included, for example, +I3 or -I5. In this case the identity matrix does not have to be saved in the
systems file. You must make sure that you select the proper number of inputs and outputs that
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correspond to the size of the identity matrix or the dimensions of any other interconnection matrix, and
starting from the first input and the first output. You must also remember to click on “Update Data”
between tabs.

System Inputs to Subsystem Connections Tab: Select the second tab which is used for connecting
system inputs to subsystem inputs and click on "Add Connections™. It is similar to the first tab, except,
it is more complex because there more than one set of connections to be defined from the combined
system inputs to the subsystem inputs. For this reason, the system to subsystem input interconnections
are defined in two levels, a top level and a detailed level. The top level interconnection defines which
subsystems are connected to the combined system inputs without any specific details. The detailed
level defines the actual interconnections between the combined system inputs and the subsystem’s
inputs. When you create a new interconnections set there aren’t any connections defined yet. To begin
an input to subsystem interconnection you must first click on the “Add Connections” button, and a
menu appears on the upper-right showing the subsystems available to be connected. From the upper
right menu select one of the subsystems at a time to be connected to the new system inputs. First select
"System 1, Main Engine Actuator” and click on "Add Connection”. A new high level connection
appears in the upper-left menu “System Inputs to Subsystem 1 {Main Engine Actuator}”. There are no
details yet, the interconnection specifics will be added later.
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An additional top level connection is also defined. From the upper-right menu select "System 2, RULYV,
Pitch Axis, Max_Q (T=85 sec)" and click on "Add Connection". The two subsystems are now included
in the upper-left display as recipients from the new system inputs. It means that both subsystems are
receiving external inputs (in this case theta-command, and wind-gust). In case of error, you may also
use the option buttons to modify or to delete some of the high level connections.
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When the high level interconnection definitions are complete the next step is to enter the
interconnection details between the combined system inputs and the individual inputs for each of the
subsystems. From the upper-left menu select one of the high level connections, for example, “System
Inputs to Subsystem 1 {Main Engine Actuator}” and click on "View or Define Sub-Connection Details"
button to define the detail connections between the system inputs and subsystem #1. A detailed level
interconnections display appears in the lower left side directly below the high level definitions menu
with similar buttons on its right side as the high level menu. It is empty for now because the
interconnections between the system inputs and the “Subsystem 1 {Main Engine Actuator}” inputs are
not defined yet. They will later be included in this list. Click on "Add Detail Connections" to define the
detail connections between the combined system inputs and subsystem #1.
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Use Tabs below to View or Modify the new system interconnection parameters. modify the Input/Output labels. or write Notes and Comments
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Two white menus appear at the lower right and they are used to define the "from™ and "to" connection
details between the system inputs and the actuator subsystem #1 inputs. The left menu shows a list of
the combined system 2 inputs (generic names because they haven't been defined yet), and the right
menu shows a list of the actuator subsystem #1 inputs (as defined in the systems file). The second
input "Load-Torque™ will not be used in this example. The user selects variables to be connected from
the two menus to define the interconnections. If you select only one item from each menu the program
assumes that you are defining a scalar connection from one of the system inputs to one of the
subsystem inputs and it expects a gain number in the gain field below the menus, and click “OK” to
continue. Otherwise, if you select more than one system inputs or more than one subsystem inputs
from the menus, for example, 1 system input and 2 subsystem inputs, the program expects a matrix
interconnection. In such case it would expect the name of a (2x1) matrix and assume that it has been
saved in the systems file. It also expects the sign of the interconnection, for example, -Kc or +H2 . In
this case, however, the interconnection shown below is scalar and connects the first system input
(theta_comd) to the first actuator input which is (engine deflection command), with a gain of (-1.8),
see Figure (1.2). Click "OK" and the interconnection will appear in the lower-left display. Click on
"Close Detail Connections”, the lower menus disappear, and the dialog returns to the high level
connections menu in the upper left hand corner of the tab.

Systems Interconnections Dialog
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Connection
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Connections | scalar connection or a Group of Inputs to a Group of OQutputs and enter a Gain 1.8 0K
or a Matrix for vector connection, ex: -Kc2 or +112
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Similarly, from the upper-left menu select the second high level connection between "Combined
System Inputs to Subsystem Inputs”, which is, "System Inputs to Subsystem 2 (Rulv ...)", and click on:
"View or Define Sub-Connection Details™" button to define the detail connections between the system
inputs and subsystem #2. The lower-left display becomes visible again and it is empty because the
connections to system #2 have not been defined yet. Click on "Add Detail Connections"” to define the
detail connections between the combined system inputs and subsystem #2, which is the vehicle model.
It has 6 engine deflection inputs and a wind-gust disturbance. The connections between the system
inputs and the subsystem #2 inputs are defined using the menus in the lower-right. In this case we must
connect the 2nd system input with input #7 of subsystem #2, which is the wind-gust disturbance, see
Figure (1.2). Enter a gain of 1.0, click "OK", and the interconnection will appear in the lower-left
display. Click on "Close Detail Connections" and the lower menus will disappear. Click on the
"Update Data" button every time you complete a tab.

7
Systems Interconnections Dialog

Combined System Title
RULY. Pitch Closed-Loop. Simple Model

Exit

u; =1
H(s) CIG(s) =

——

System Size

befine the System Titles to be Combined in file: Rulv.qdr Sample Time (dT). Zero

for S5-pl
Sys: 1, Main Engine Actuator or S-plane

Sys: 2, RULY, Pitch Asis, Max_0 [T=05 sec] 0.0000
Update Data

Number of Systems. I 2 |
Number of Inputs I 2 e

Number of Outputs I 3 Save in File

L o

K(s)}

Use Tabs below to View or Modify the new system inferconnection parameters, modify the Input/ Output labels. or write Notes and Comments

Input to Output Direct Connects  Inputs to ¥ Connect ¥ to Qutputs Connect | Subsystem to Subsystem Connect I System Inputs I System Outputs | User Comments I

Connections from the Combined System Inputs to the Sub-System Inputs Select a Subsystem whose Input is fo be connected with the Combined System Input

SYSTEM INFUTS TO SUBSYSTEM 1 {Main Engine Actuator} Add Connection
SYSTEM INPUTS TO SUBSYSTEM 2 {RULV, Pitch Axis, Max_Q (T=85 sec)}

Modify Connect
Delete Connect

View or Define
Subconnection
Details

Detail Inferconnections from System Inputs to Sub-System 2 Inputs Define Connections below, from the Combined System Inputs (Left) to Subsystem Inputs (Right)

Sub-Connection |System Input 1 Engine Ne 1 Pitch Deflection  (radians)
Details Engine No 2 Pitch Deflection  (radians)
Engine No 3 Pitch Deflection  (radians)
. Engine No 4 Pitch Deflection  (radians)
?::HEE:}III'I Engine Ne 5 Pitch Deflection  (radians)
Engine No 6 Pitch Deflection  (radians)
Delete Detail W_Gust Azimu, Elevat. Angles 45.0 45.0 (deg
Cennecticn

Close Detail | Select either a single System Input connecting to a single Subsystem Input for

Connections scalar connection or a Group of Inputs to a Group of Outputs and enter a Gain I 1.0 ok

or a Matrix for vector connection, ex; -Kc2 or +112
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Subsystem Outputs to System Output Connections: You may now select the third tab from the left
which is used for defining connections between a subsystem's outputs to the combined system outputs.
It is very similar to the previous tab in the sense that the interconnections are defined in two levels. The
high level interconnection defining which subsystems are connected to the combined system outputs,
and the detailed level defining the exact interconnections from the subsystem outputs to the combined
system outputs. To introduce a new subsystem to the output connection click on “Add Connections”
and a menu appears on the upper-right showing the available subsystems. From that menu select one of
the subsystems to be connected at a time to the combined system outputs. In this case select "System 2,
RULYV, Pitch Axis, Max_Q (T=85 sec)" and click on "Add Connection™ button. Both subsystems will be
included in the upper-left display because they are both connecting to the new system outputs. When
you finish defining the high level connections the next thing to do is to enter the interconnection details
between the selected subsystem outputs and the “combined system” outputs using the lower menus.

Systems Interconnections Dialog

Combined System Title Exit
RULY. Pitch Cloged-Loop. Simple Model X 1]'2 1
System Size Run | [W1 Iy
Define the System Titles to be Combined in file: Rulv.qdr Find System Title | | Sample Time (dT). Zera l l( S) — aum—
. - for S-plane G( )
Ses: 1, Main Engine Actuator P i S -
Spsr 2, AULY, Pitch Asis, Maw_ 0 [T=85 sec) 0.0000 I‘z
Update Data
Number of Systems 2 |
Number of Inputs 2 Bl l ;
Number of Outputs g Save in File ( S) A
Use Tabs below fo View or Modify the new system interconnection parameters, modify the Input/ Output labels, or write Naotes and Comments
Input to Output Direct Cnnnem;] Inputs to Subsystem Connect Subsystem to Outputs Connect lSubsv;tem to Subsystem Cnnnel:t] System Inputs ] System Dutput;] User Enmmenl;]
Connections from the Sub-System Outputs fo the Combined System Outputs
Add Connection
5
Medify Connect &J
Delete Connect .
' 1 You must select a system that connects to output from the upper
View or Define "' right menu and then click on the "Add Connections” button
Subconnection -
Details

Let us first consider the subsystem #2 to system output connections by selecting the “System Outputs
from Subsystem 2 {Actuator}” connection from the upper-left menu and clicking on "View or Define
Subconnection Details" button to define the interconnection details. The lower-left display (showing
the detail connections) opens up directly below the high level definitions menu but it is empty for now
because the interconnections are not defined yet. It uses similar buttons on its right side as the high
level menu. Click on "Enter Detail Connections™ to define the detail connections between subsystem
#2 and the combined system outputs using the "from™ and "to" white menus in the lower-right. The left
menu shows a list of subsystem #2 outputs as defined in the systems file and the right menu shows a
list of the combined system outputs which are default names since they haven't been defined yet. In
this case we must connect all 6 vehicle model outputs to the first 6 outputs of the combined system.
The last two outputs will later be connected to subsystem #1 outputs. In this case the interconnections
are not defined individually using scalar gains but in vector form using a (6x6) identity matrix. Enter
the matrix (+16) in the bottom right, as shown below, and click "OK". The matrix interconnection
appears in the lower-left display as "Via Matrix +16". Click on "Close Detail Connections™ and the
lower menus disappear.
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.
Systems Interconnections Dial

Combined System Title

Exit
IRULV_ Pitch Clozed-Loop. Simple Model

u

System Size I
Define the System Titles to be Combined in file: Rulv.qdr Find System Tmel Sample Time (dT). Zero H( S) = G S
for S-pl
Ses: 1, Main Engine Actuatar or 5-plane a——— ( S) -
Sue: 2, RULY, Fitch Axis, Max_0 [T=85 sec)] I 0.0000
Update Data

Number of Systems 2 |
Edit1 t Fil
Number of Inputs 2 ftinput e

Number of Outputs g Save in File

i e

-~

K(s)

Use Tabs below fo View or Modify the new system inferconnection parameters, modify the Input/Output labels, or write Notes and Comments

Input to Output Direct Connects I Inputs to ¥ Connect to Cutputs Connect | Subsystem to Subsystem Connect I System Inputs | System Outputs | User Comments |

Connections from the Sub-System Outputs fo the Combined System Oufputs Select a Sub-System whose Output Connects to the Combined System Output

TEM 2 {RULY, P iz, Max_ 3 add Connectionl
Modify Connectl
Delete Connect |

View or Define
Subconnection
Details

Detail Interconnections from Sub-System 2 Outputs to Combined System Outputs B Er s 0l 2 ST to the Combined System Outputs below

System Output 1
System Output 2
System Output 3

Sub-Connection Aftitude  (theta-rigid) (radians)
Rate q-rigid) (radise

System Output 4
System Output 5
System Qutput &

Connections System Output 7

Delete Detail ; erometer # 1, (along z), (fiser

EIOD::BEEOI:IIS Select either a single Subsystem Qutput connecting to a single System Output
for Scalar connection and enter Gain, or connect a Group of Subsystem to IT oK |

Swstem Outouts for Vectored connection and enter a Matrix. ex: -Kc2

p-
Systems Interconnections Dial

Combined System Title

Exit
IHULV, Pitch Closed-Loop. Simple Model

uy uzj
H(s) C)G(s) —

System Size——————— R

Define the System Titles to be Combined in file: Rulv.qdr Sample Time (dT), Zero

for 5-pl
Sys: 1. Main Engine Actuatar or S-plane

Sps 2, RULY, Pitch Agis, Max_ 0 [T=85 sec) I 0.0000
Update Data

MNumber of Systems I 2 |
Number of Inputs I 2 R Flle

Number of Qutputs. I g Save in File

un

HIT

E 3

K(s)

Use Tabs below o View or Modify the new system inferconnection parameters, modify the Input/Output labels. or write Notes and Comments
Input to Output Direct Connects I Inputs to Subsystem Connect Subsystem te Outputs Connect | Subsystem to Subsystem Connect I System Inputs I System Outputs | User Comments I

Connections from the Sub-System Outputs to the Combined System Culputs

View or Define
Subconnection
Details

Detail Interconnections from Sub-System 2 Quiputs to Combined System OQuiputs
Via Matixc +6 Sz B €

Sub-Connection
Details

Enter Detail
Connections

Delete Detail
Connections

Close Detail
Connections

We must now define the connections between the engine actuator (subsystem #1) and the combined system
outputs. Using the upper-right menu select "System #1 Main Engine Actuator" and click on "Add
Connection” button. The subsystem to output connection is then confirmed and included in the upper-left
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hand display as "System Outputs from Subsystem #1 (...)". To define the detail sub-connections you must
select it from the upper-left hand menu and click on "View or Define Sub-Connection Details" button. The
lower-left display becomes visible but it is empty because the connections have not been defined yet. Click
on "Enter Detail Connections” to define the detail connections between subsystem #1 and the combined
system outputs using the "from™ and "to" menus in the lower-right. In this case we must connect the engine
gimbal rotation to system output #7 and the gimbal rate to output #8, with a gain of 1.0, one at a time, and
click "OK". The two detailed interconnections are shown in the lower-left display. Click on "Close Detail
Connections™ and the lower menus will disappear. Remember to click on the "Update Data" button every
time you complete one of the tabs.

~
Systerns Interconnections Dialog

Combined System Title
RULY. Pitch Closed-Loop. Simple Model

Exit

u
uy 21

System Size Iy
Define the System Titles to be Combined in file: Rulv.qdr Sample Time (dT), Zero H( S) ] G( S) e
Sys: 1, Main Engine Schuator e phe e =
Spg: 2, RULY, Pitch Auis, Maw_ 0 [T=85 zec] I 0.0000 1'2
Update Data

Mumber of Systems I 2 |
Mumber of Inputs I 2 i e il

Number of Qutputs I g Save in File

i

A

K(s)

Use Tabs below fo View or Modify the new system inferconnection paramefers. modify the Input/Output labels. or write Nofes and Comments

Input to Qutput Direct Connects I Inputs to ¥ Connect ¥ to Outputs Connect | Subsystem to Subsystem Connect I System Inputs | System Qutputs | User Comments |

Connecftions from the Sub-System Oufputs o the Combined System Outputs Select a Sub-System whose Output Connects o the Combined System Output
SYSTEM OUTPUTS FROM SUBSYSTEM 2 {RULV, Pitch Axis, Max_Q (T=85 sec)

System 1, Main Engine Actuator
System 2, RULV, Pitch Axis, Max_Q (T=85 sec)

Add Connection

Modify Connect

il

Delete Connect

View or Define

X

Subconnection
Details
-
Systems Interconnections Dialog
Combined System Title Exit |
RULY. Pitch Closed-Loop. Simple Model ) 112 l
System Size Run | U1 i)
Define the System Titles to be Combined in file: Rulv.qdr Find System Title | | Sample Time (dT). Zero H( S) i G( S) m—
for S-pl -
Sys: 1, Main Engine Actuatar or S-plane a—
Sys 2, RULY, Pitch Awis, Max_0 [T=85 sec) I 0.0000 P | r2
Update Data
Number of Systems. I 2
Edit Input File
Number of Inputs I 2

K(s)

Number of Qutputs I ] Save in File

Use Tabs below to View or Modify the new system interconnection parameters, modify the Input/Output labels. or write Notes and Comments

Input to Output Direct Connects I Inputs to ¥ Connect to Outputs Connect | Subsystem to Subsystem Connect I System Inputs | System Outputs I User Comments |

Connections from the Sub-System Oufputs to the Combined System Outputs

SYSTEM OUTPUTS FROM SUBSYSTEM 2 {RULV, Pitch Axis, Max_Q (T=85 sec)

Add Connection
SYSTEM QUTPUTS FROM SUBSYSTEM 1 {Main Engine Actuator}

Modify Connect

Delete Connect

VweworDeﬁne
iSubconnection
|

Detail Interconnections from Sub-System 1 Outputs fo Combined System Outputs

Sub-Connection
Details

Enter Detail
Connectionz

Delete Detail
Connections

Cloze Detail
Connectionz
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-
Systems Interconnections

Combined System Title

Exit
IFlULV, Pitch Closed-Loop. Simple Model

System Size

1y
g
Define the System Titles to be Combined in file: Rulv.qdr Sample Time (dT), Zero H( S) i G( S) —
for Sl »
Sys: 1. Main Engine Actuatar S

Sy 2. AULY, Pitch Awis, Max_ G [T=85 sec] I 0.0000 T I2
pdate Data
Number of Systems 2
Number of Inputs 2 B Al |< (S)

Number of Qutputs 8 Save in File

HI

b

Use Tabs below fo View or Modify the new system inferconnection parameters, modify the Input/Output labels, or write Notes and Comments

Input to Output Direct Connects I Inputs to Connect to Cutputs Connect | Subsystem to Subsystem Connect I System Inputs | System Qutputs | User Comments |

Connections from the Sub-System Qutputs fo the Combined System Outputs Select a Sub-System whose Cutput Connects o the Combined System Output

Modify Connectl
Delete Connect |

View or Define
Subconnection
Details

Define Connections from the Sub-system

Detail Interconnections from Sub-System 1 Qutputs fo Combined System Outputs Outputs below 1o the Combined System Outputs below

[T W e 1 Qi Engine Gimbal Rotation  (defta) (radians) System Output 2
Details Engine Gimbal Rate  (deta-dot) (radisec) System Output 3
Engine Gimbal Accelerat.(deta-d-dot) (rad/sec"2) System Output 4
System Output 5

System Output &

Enter Detail
Connections

Delete Detail
Connections System Output 8

EIOD::BEHO:IIS Select either a single Subsystem Qutput connecting to a single System Output
for Scalar connection and enter Gain, or connect a Group of Subsystem to IT oK. |

Swstem Outouts for Vectored connection and enter a Matrix. ex: -Kc2

p
Systems Interconnections

Combined System Title

Exit
|HULV, Pitch Clogzed-Loop. Simple Model

¢

Uz
System Size Run ||U1 j

Define the System Titles to be Combined in file: Rulv.qdr Sample Time (dT), Zera H( S) e G( S) e

for S-pl
Sys 1. Main Engine Actuator or S-plane

Sesr 2, AULY, Pitch Asis. Max_Q [T=85 sec) I 0.0000 —— I2
pdate Data
Number of Systems I 2
Number of Inputs I 2 Edit Input File I< ( S)

Number of Qutputs I g Save in File

il

Use Tabs below fo View or Modify the new system inferconnection parameters, modify the Input/ Output labels, or write Nofes and Comments

Input to Output Direct Connects I Inputs to Subsystem Connect Subsystem to Outputs Connect | Subsystem to Subsystem Connect I System Inputs I System Outputs I User Comments I

Connections from the Sub-System Outputs to the Combined System Outputs Select a Sub-System whase Output Connects to the Combined System Output
SYSTEN OUTPUTS FROM SUBSYSTEN 2 {RULV, Pitch Axis, Wax_Q (T=85 3¢5} aq Connecﬁonl

,TEM OUTPUTS FROM SUBSYSTEM 1 {Main Engine . ator}
Modify CDnnectl
Delete Connect |

View or Define
Subconnection
Details

Define Connections from the Sub-system .
Outputs below to the Combined System Outputs below

Detail Interconnections from Sub-System 1 Outputs fo Combined System Outputs
Output 7 from Subsystem 1 {Main Engine Actuztor} Ouput 1, Gain= 1.0000

Sub-Connection |Engine Gimbal Rotation  (defta) (radians) System Output 2

Details Engine Gimbal Rate  (defta-dot) (rad/sec) System Output 3
Engine Gimbal Accelerat. (deta-d-dot) (rad/sec"2) System Output 4
Enter Ditail System Output 5
Connections System Output &
Delete Detail System Output 7
Connections

EEI:Ioo::eEE?otills Select either a single Subsystem Qutput connecting to a single System Qutput
for Scalar connection and enter Gain, or connect a Group of Subsystem to

Swstem Outpouts for Vectored connection and enter a Matrix. ex: -Kc2
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p
Systems Interconnections Dialog

Combined System Titl 5
ombined System Title Exit

RULY. Pitch Closed-Loop. Simple Model . 4 1]'2 1
System Size run |10 I
Define the System Titles to be Combined in file: Rulv.qdr Find System Title | | Sample Time (dT). Zero ( S) e mm—
s sepe s TeHas B
Syz 1, Main Engine Actuator or >-piane — S -
Sws 2, AULY, Pitch Auis, Max_0 [T=85 sec) 0.0000 1'2

Number of Systems 2 |
Edit Input Fil

Number of Inputs 2 e |<

Number of Qutputs B Save in File (S)

Use Tabs below o View or Modify the new system inferconnection parameters, modify the Input/Output labels, or write Notes and Comments

-

Input to Qutput Direct Cunnem] Inputs to Subsystem Connect Subsystem to Outputs Connect lSubsvstem to Subsystem Connect] System Inputs ] System Outputs] User Commenls]

Connections from the Sub-System Oufputs to the Combined System Cutputs

SYSTEM OUTPUTS FROM SUBSYSTEM 2 {RULV, Pitch Axis, Max_Q (T=85 sec)
SYSTEM OUTPUTS FROM SUBSYSTEM 1 {Main Engine Actuator}

Add Connection

Modify Connect

Delete Connect

s comecer
ot oo

Subconnection
Details

Detail Inferconnections from Sub-System 1 Outputs fo Combined System Outputs

Cuiput 7 from Subsysiem 1 {Main Engine Actusior} Quiput 1, Gain= 1.0000

Cuiput & from Subsysiem 1 {Main Engine Actusior} Ouiput 2, Gain=  1.0000 SURAITIIED

Details

Enter Detail
Connections

Delete Detai
Connections

Close Detail
Connections

Subsystem Outputs to Subsystem Input Connections: The fourth tab from the left is used for
defining scalar or matrix connections between subsystem outputs and other subsystem inputs or an
algebraic feedback loop around the same subsystem. This interconnection algorithm does not cause
“algebraic loop” errors like those appearing in Matlab/ Simulink. This type is very similar to the
previous two tabs and the interconnections are defined in two levels. The high level interconnection
defines which subsystem’s output and input connect without specific details, using the two menus in
the upper-right, and the lower level defines the exact interconnections between the “from” subsystem
outputs and the “to” subsystem inputs using the lower level menus, as before. To introduce a new
connection between subsystems click on “Add Connections” and two smaller menus appear in the
upper right hand side of the tab. They are both identical and each menu contains the subsystem titles to
be combined. There is a label above the two upper-right menus: "Select a System from the Left whose
output connects to one of the system inputs on the Right". Select a subsystem title from each menu to
indicate that some of the outputs of the subsystem from the left will be connected to some of the inputs
of the subsystem on the right. First select a combination "from System #1 {Actuator} Output to System
#2 {Vehicle}" and click on "Add Connection" button. Then using the same two menus select a
combination "from System #2 {Vehicle} Output to System #1 {Actuator}" and click on "Add
Connection™ button again. This defines two top level interconnections between the two subsystems
which are also included in the upper-left display. You can also modify or delete some of the existing
high level connections using the appropriate buttons. When you finish defining the high level
connections the next step is to enter the subsystem to subsystem interconnection details.

17



Systems Interconnections Dialog

Combined System Title

Exit
RULY. Pitch Closed-Loop. Simple Model § 4 1].2 1
System Size Run U4 T
Define the System Titles fo be Combined in file: Rulv.qdr Find System Title | | Sample Time (dT). Zero H( S) . s
oo 2o - G(s)[=
Sys 1, Main Engine Actuator Ll —— S -
Swes: 2, AULY, Pitch Axis. Max_Q [T=85 sec) 0.0000 I'z
Update Data
Number of Systems 2 |
MNumber of Inputs 2 eI Al K
Number of outputs [ & | Save in File ( S)
Use Tahs below o View or Modify the new system interconnection parameters. modify the Input/ Output labels, or write Notes and Comments
Input to Qutput Direct Connects | Inputs to Subsystem Connect | Subsystem to Outputs Connect Subsystem to Subsystem Connect ].Svslem Inputs ] System Outputs] User Commenls]
Inter-Connections from Sub-System Outputs to Sub-System Inputs -
Add Connecticn
Medify Connect 0 N From the Left Menu on the right hand side you must select a
LW Subsystem whose Output is to be connected to the Input of a
Delete Connect Subsystemn selected from the Right Menu. Then Click on "Add
Cennections” button
View or Define
Subconnection
Details
P
Systems Interconnections Dialog
Combined System Title 4
RULY. Pitch Closed-Loop, Simple Model u2 l
System Size Run L] Iy

Define the System Titles o be Combined in file: Rulv.gdr Sample Time (dT). Zero H( S) - G( S) —

Iy

for 5-plane
Svs: 1, Main Engine Actuator P

Sya 2, RULY, Pitch Axis, Maw_0 [T=85 sec) ’W Update Data
MNumber of Systems ,T L
Number of Inputs 2 ERhEE K
Number of Qutputs ’T Save in File (S)

Use Tabs below to View or Modify the new system inferconnection parameters. modify the Input/Oufput labels. or write Notes and Comments

—

!

k.

Input to Qutput Direct Connects ] Inputs to Subsystem Cnnnem] Subsystem to Outputs Connect  Subsystem to Subsystem Connect l System Inputs] System Outputs | User Comments ]

Inter-Connections from Sub-System Outputs fo Sub-System Inputs Selecta System from Left whose Output connects to one of the following Systems Inputs on the Right
System 1 {Main Engine Actuator} Output To System 2 {RULV, Pitch Axis, Ma} Add Connection System 1, Main Engine Actuator System 1, Main Engine Actuator
System 2 {RULV, Pitch Axis, Ma} Output To System 1 {Main Engine Actuator} System 2, RULY, Pitch Axis, Max_Q (T=B