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ABSTRACT

A simulation technique for integrating facility and engine system models is presented.
Ground level test facility simulations are currently conducted with a very elementary
representation of the test article. In most cases, the test article is treated as a “black box”,
in which simple parametric curves define the unit’s output based on the given input. For
example, in a turbine engine test facility model, the turbine engimne 1s represented as an
exhaust total pressure and temperaturé for a given inlet pressure and temperature and
throttle angle. The simulation technique presented here integrates a component level model
of a gas turbine engine with a facility model. The Navy Large Engine Environmental Test
Facility was modeled in a graphical simulation environment called Dynamic System
Simulation Software (SIMULINK®), into which was integrated a dynamic gas turbine engine
model called the Advanced Turbine Engine Simulation Technique (ATEST). The results of
the integration and coupling of two dynamic system models proved the feasibility of
eventually developing a complete test facility-test article dynamic simulation and

performance model.
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[. INTRODUCTION

Ground level test facility design studies are currently conducted with simulations
that use a very elementary representation of the test article, or device that is being tested in
the facility. In most cases, the test article is treated as a “black box”, in which simple
parametric curves define the unit’s output based on the given input. For example, in a
turbine engine test facility model, a turbine engine is the test article and is represented by a
set of values for its exhaust total pressures and temperatures, for a given set of inlet
pressures and temperatures, and throttle angles.

This current facility modeling approach gives little insight to the operation of the
test article, the dynamic coupling between the test facility and the test article, and especially
the interdependence of the facility and the test article. This current simulation technique
yields information on test facility issues, but does not yield information concerning test
article issues or their dynamic interactions. A separate model for the test article must be run
and its output related to that of the facility model, in an attempt to provide this insight on
coupling and interactions.  Oversimplification of the test article model can lead to
insufficient resolution of physical behavior of the test facility model based on its simulation

output.




A Facility modeling technique that accurately modeled test article and test facility, as
well as the dependencies between them, could be a useful tool in test facility studies, test

period preparations, and test operations personnel training.




II. STATEMENT OF THE PROBLEM

This Thesis describes a feasibility study on an improved simulation technique that
integrates a component level model of a gas turbine engine with a facility model. Both
engine and facility models are dynamic models; that is, capable of describing the time
dependent behavior of the entity modeled. In particular, the Navy Large Engine
Environmental Test Facility (NLEETF) will be modeled in the graphical simulation
environment called Dynamic System Simulation Software (SIMULINK®), and then
integrated with a gas turbine engine simulation model called the Advanced Turbine Engine

Simulation Technique (ATEST). SIMULINK® is an extension to software called

MATLAB® (Matrix Laboratory) which is routinely used at the Arnold Engineering
Development Center (AEDC) for simulation studies involving simulating dynamic systems.
The thesis includes a discussion of these two technologies and the techniques used to
couple and integrate them.

The Navy Large Engine Environmental Test Facility will be described in chapter III.
The modeling using SIMULINK® is described in chapter IV. Chapter V will outline the
ATEST engine model. The integration of the Navy Large Engine Environmental Test
Facility and the ATEST turbine engine model is described in chapter VI. The summary,

results, conclusions and recommendations are provided in Chapter VIL




III. THE NAVY LARGE ENGINE ENVIRONMENTAL TEST FACILITY

II1.1. Background

In 1993 the Base Realignment and Closure Commission (BRAC) made the decision
to close the aeropropulsion test facilities at the Naval Air Warfare Center, Aircraft Division,
(NAWCAD) in Trenton, New Jersey. This decision also provided for the transfer of some
of the unique turbine engine test capabilities of NAWCAD to AEDC. This transfer
includes moving a small engine test cell and a turboshaft engine test cell to AEDC for
installation in the Engine Test Facility (ETF), as well as the construction of two sea level
ram inlet test cells, figure (1)". This new test facility at AEDC is called the Navy Large
Engine Environmental Test Facility (NLEETF). The sea level ram inlet test cells are called
SL2 and SL3 and are located in the NLEETF. To demonstrate the feasibility of the
integration and coupling of a test facility dynamic model with a test article (engine) dynamic
model, the present thesis will only be concerned with the dynamic simulation of the two sea

level ram inlet test cells, with installed gas turbine engines.

1 The Figures are located in Appendix 1.




II1.2. Description of the Navy Large Engine Environmental Test Facility

These two test cells will have conditioned air supplied by the Aeropropulsion
Systems Test Facility (ASTF) air supply plant (C plant). The Sea Level test facility supply
duct 1s tied into leg 3 of the C plant. The duct supplies up to 600 lbm/s of conditioned air
to the test cell area. The air 1s to be split into two legs, one hot and one cold, for
temperature control. The hot leg will simply be the supply air from C plant. The cold air
will be supplied by diverting air from the C plant supply and expanding it through
expansion turbines located in the Navy Large Engine Environmental Test Facility. Test cell
inlet temperatures and pressures are to be controlled by the mixing of these two legs. The
test cell inlet temperature will be variable between -65°F and 260°F at pressures up to 30
psia. ASTF can provide supply air to the NLEETF, or one of the test cells in the ASTF
complex, on a continuous basis. The NLEETF will also have dynamic soak capability

independent of ASTF supply air. A facility schematic is provided as figure 2.




IV. MODELING USING SIMULINK®

IV.1. Software and Modeling

MATLAB® is a numeric computation and visualization program provided
commercially by The Math Works Inc. MATLAB® is available for use in either Windows®
or UNIX® environments. MATLAB® is used for numerical analysis, matrix computations,
graphics and signal processing. MATLAB® is an interactive system for solving mathematical
and engineering problems that would normally require programming in Fortran, C, or Basic.
One the most important capabilities of MATLAB® is its ease of expansion. This expansion

can be accomplished by using a variety of application-specific “toolboxes” or user

programmed functions [1 and 2J*.

Dynamic System Simulation Software (SIMULINK®) is an extension to MATLAB®,

SIMULINK?® allows you to both define and analyze dynamic system models. Models are
easily defined by using block diagram windows. The modeler creates the model by mouse
driven commands. The modeler can analyze the model from the MATLAB® command line
or from SIMULINK® menus. MATLAB® and SIMULINK® used together can model

dynamic systems [3 and 4].

2 Numbers in brackets refer to similarly numbered references in the list of references.




IV.2. S-functions

MATLAB® and SIMULINK® can be supplemented with user programmed
functions. These functions are called S-functions. S-Functions are called by simply entering
their name in a system block. S-functions can be programmed in Fortran, C, or in the
MATLAB® native language calld M. Fortran code is compiled with the MATLAB®
supplied “Fmex” utility and a compatible Fortran compiler to create a “mex” file that is
compatible with MATLAB® and SIMULINK®. Only a limited number of Fortran
compilers are supported by MATLAB® (version 4.3¢) and SIMULINK® (version 1.3).

AEDC is using Microway® NDP® Fortran (version 4.4).

IV.3. Arnold Engineering Development Center Facility Models

Engineers at Arnold Engineering Development Center (AEDC) are modeling the
ground test facilities using MATLAB® (version 4.2¢) and SIMULINK® (version 1.3). The
first turbine engine test facility to be modeled in this graphical environment is the Navy
Large Engine Environmental Test Facility. The model has not yet been finalized. The
model depicted in figure 3 is envisioned as a test facility and test article simulation and as a
training aid for training facility and test unit operators. This added capability is
accomplished by accommodating inputs from hardware, such as the Test Environment

Controller (TEC), Power Lever Angle (PLA) controller, and control room consoles, as well




as digital simulations of this hardware. Figures 3 through Figure 6 are provided to illustrate
the hierarchy of the model in the SIMULINK® environment. Figure 3 is a high level
graphical representation of the test facility including the controller. This figure contains the
entire facility and test article models. TEC Sim, PLA Sim, and Console Sim blocks are
where the models of the TEC, PLA controller, and control room consoles are located.
Figure 4 is the graphical representation of the plant model. Figure 4 is the details of the
block labeled “Plant Engine Sim” in Figure 3. The cold leg, supply leg, and mixing header
blocks are where the corresponding models of these facility components are located. The
Demux block breaks down an array of parameters into individual components. The Mux
block combines a number of individual parameters into an array. The lines connecting the
blocks in this model carry controller commands, position, temperature, and pressure
indications between the blocks. The details of what is communicated between each of these
blocks are not important for this discussion. The “engine model” block in figure 4 contains
the test article and atmospheric exhaust models, figure 5. Figures 4 and 5 are successively
lower levels of the facility model, Figure 3. The test article model, figure 6, is contained in
the block labeled ATEST in figure 5. The block labeled ATEST, in figure 6, is the S-
Function for ATEST. The blocks labeled in_1, in_2, in_3, out_1, out_2, and out_3 are
input and output vectors. They are described in more detail in section VI.2. Each lower

level block reveals more detail of the block in the next higher level.




V. ADVANCED TURBINE ENGINE SIMULATION TECHNIQUE (ATEST)

V.1. Background

The Advanced Turbine Engine Simulation Technique (ATEST) was developed at
AEDC starting in 1986 [5 and 6], and development continues to the present. ATEST is a
one-dimensional, time-dependant, component matching simulation that has been applied to
a wide variety of turbine engine cycles. The current version, ATEST 3.0, is capable of
simulating transient, steady state, start, and windmill turbine engine operation [7 and 8].
The engine simulated, for use in the facility model, is a dual spool augmented mixed flow
turbofan. A schematic is provided as figure 7. The numbers in parenthesis on figure 7 are
the station numbers assigned to the corresponding engine location. These station numbers

are industry standard engine measurement locations.

V.2. ATEST Architecture

ATEST is a modular program written in Fortran 77. It consists of engine
dependant subroutines, component and utility subroutines, and a main or supervisory
program, (figure 8). This modularity makes it possible to change the simulated engine, or

characteristics of the simulated engine, by modifying the appropriate modules or



subroutines. Component performance can be altered by simply replacing the block data

associated with that component.

V.3. Engine Dependent Subroutines

The engine dependent subroutines consist of engine component data and engine
cycle subroutines. The component data is taken from component performance maps
similar to the maps depicted in figure 9. The engine cycle subroutine establishes the thermal

states along the engine flow paths and the energy losses in the engine.

V.4. Component Subroutines

Compression, expansion, combustion and mixing calculations are completed in the
engine component subroutines. The calculations for the inlet are done in a subroutine
called INLET. Low and high-pressure compressor calculations are completed in COMPR.
'The augmentor and combustion chamber calculations are completed in DUCT. High and
low pressure turbine calculations are done in TURB and the nozzle calculations are
completed in NOZZLE. These subroutines are, collectively, a one-dimensional

representation of an engine.
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V.5. Component Models

Work, heat, or bleed in or out of a compression or expansion component is
assumed to occur across an infinitesimally thin disk, or actuator disk. The lumped volume
approach is used to account for dynamic volume effects on thermodynamic variables,
(figure 10). The lumped volume approach is utilized so that thermodynamic properties can
be considered constant throughout the volume. The continuity, momentum, and energy

equations, as given in reference 5 are presented in appendix 2.

V.6. Component Matching

A system of nonlinear first order, differential equations defining conservation of
mass flow, momentum flow, and energy flows within engine components relates the
independent engine variables (shaft speed, component pressure ratios, bypass ratios, etc) to
the dependent engine variables (mass, energy, momentum). These dependent parameters
must be matched across the components. For example, the mass flow out of the
combustor must match the mass flow into the high-pressure turbine. The work required to
operate the high pressure compressor must equal the work output of the high pressure
turbine, minus mechanical losses and power tradeoffs. The system of differential equations
1s converted into a system of non-linear algebraic equations by finite differencing techniques
to relate the dependent and independent variables. A Jacobian matrix representing the

system is approximated by perturbing the independent variables and calculating the change

11




n the dependent variables. Details of this process, as provided in reference 6, are presented

in appendix 3. Solving the Jacobian matrix is an iterative proces;. ATEST uses a collection
of algorithms called the Relational, Effective Procedures, and Logic for the Implementation
of Computerized Analysis and Simulation (REPLICAS®) to provide convergence of these
implicit relationships. REPLICAS® is based on a Newton-Raphson technique augmented
by a Broyden’s Method matrix updating algorithm [9]. REPLICAS® uses a scaling algorithm
to reduce the matrix structure convergence problems associated with the Jacobian elements

having large magnitude variations.
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VI. SIMULATION INTEGRATION
VI.1. ATEST and NDP® Fortran

The ATEST program was previously recompiled for operation on personal
computers using the Fortran compiler Microsoft PowerStation®. PowerStation®, however is
not compatible with SIMULINK® (Version 1.3). NDP® Fortran is a Microsoft Disk
Operation System (DOS) based compiler that generates code for the Intel Corporation
80386DX microprocessor [10 and 11]. This code also runs on 80486 and Pentium
processors. To make ATEST compile in NDP® Fortran a number of format changes were
made. While making these changes, it was imperative that the modularity of ATEST be
maintained. It was also imperative that the ATEST engine simulation not be compromised.
After ATEST was modified, transient and steady state test simulations were executed to

ensure that the output had not been changed by the modifications.

VI.2. Preparing ATEST for SIMULINK®

For SIMULINK® to interface with and execute a Fortran program, it must be
compiled using the SIMULINK® compatible compiler. The program must be in the format
of the example supplied by MATLAB® as the file “usersys.f” (appendix 4). The ATEST

version of this file is listed in appendix 5. Putting ATEST in this format allows

13




SIMULINK® to communicate with it. The inputs, from the SIMULINK® facility model to
the ATEST test article model, are in 3 vectors totaling 61 inputs. The input vectors include
two, thirty component, air flow vectors, figure 11, and Power Lever Angle (PLA). These air
flow vectors are used to communicate aerothermal properties between the engine and
facility models as well as between facility components. The outputs from ATEST are in 3
vectors totaling 65 outputs. The output vectors include two, thirty component, airflow
vectors, and a five component engine parameter output vector. The facility model limits
these inputs and outputs. Changing them requires modification of the SIMULINK® facility
model. ATEST was reformatted to input and output these vectors instead of its normal
input and output files. From the input vectors ATEST receives the “flight condition”,
which for an engine in a ground test facility is really a description of the flow in the inlet
duct, and PLA settings. It then returns, through the computed engine output vectors,
engine parameters and a description of the flow out of the engine. The “mex” file that
results from compiling this file for use with SIMULINK® was then converted to an S-
function. This S-function was then used to replace the simple parametric model in the

SIMULINK?® simulation of SL2 and SL3, when the facility model is completed.

A stand-alone test cell model, figure 12, was created to aid in the development of
the S-function. The input and output vectors are the airflow vectors described previously.
The shider gain is used to vary the PLA command. A comparison of ATEST output and
output from the test cell model can be seen in figure 13. Figure 13 is a comparison of the

SIMULINK® S-function model outputs of engine inlet mass flow (W1A), engine outlet

14



mass flow (W9), nozzle outlet total pressure (P9), nozzle outlet temperature (T9), and

engine speeds (N1 and N2) with the same parameters as output by ATEST compiled and
executed with NDP® Fortran. Fach parameter (Ai) has been non-dimensionalized by a near
full-scale value of that parameter (Ain). This method of presentation was chosen to protect
the engine manufacturers data and allow the curves to be displayed in one figure. The
curves in the figure depict the parameter non-dimensionalized value verses PLA. This same
curve would be generated during performance testing in the test cell. The above-described
comparison was used to verify that ATEST was functioning properly when compiled and

executed inside the SIMULINK® environment.

Figure 14 is a time dependent plot of PLA, engine inlet mass flow (W1A), and
nozzle outlet total pressure (P9). The vertical axis has been removed to protect the engine
manufacturers data. In this ﬁguré, the engine model is responding to the facility PLA input.
As PLA 1s ramped to slightly more than twice its original value, P9 and W1A grow to
slightly more than double their initial values. The affect of the engine acceleration schedule
can be seen in W1A in the first two seconds of the ramp. The inlet mass flow increases
approximately fifty percent from a very small increase in PLA. Figure 15 is also a time
dependent plot of PLA, engine inlet mass flow (W1A), and nozzle outlet total pressure (P9),
however this time the engine is responding to inlet total pressure changes from the facility
model. The vertical axis has been removed to protect the engine manufacturers data. This

Plot shows small increases in W1A and P9 with a slight increase in total pressure at the inlet,

15




o

on the order of two psia. Comparisons to actual test facility data cannot be made because

the facility is not yet operational.
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VII. CONCLUSIONS AND RECOMMENDATIONS

ATEST was modified to be compatible with and to compile using Microway NDP®
Fortran, and modified for compatibility with the SIMULINK® input and output vector
formats. The program was then compiled to be linked to and operate in the SIMULINK®
environment as an S-function. The incorporation of ATEST within the facility simulation
gives the facility simulation access to two hundred engine and component parameters. The
engine is now accurately simulated inside the test facility model. This allows more accurate
facility modification studies. The SIMULINK® model can also be used to train engine and

facility operators by running the program in conjunction the facility control computers.

It 1s recommended that ATEST models be incorporated mnto the models for
different turbine engine test facilities as they are created. It is also recommended that the
third output vector be enlarged to include more engine parameters including temperatures
and pressures at the station numbers indicated on figure 7 as well as thrust, fuel flow, and
specific fuel consumption (SFC). This will make additional engine data available to the

model operator.

MATLAB?® (version 5) supports only Microsoft PowerStation® Fortran (version 5.0)
and MATLAB® (version 5.1) supports only Digital Visual Fortran. “Mex” files created for
older versions of MATLAB® and SIMULINK® are not useable until compiled in the

currently compatible compiler. These frequent changes in compiler compatibility create

17



additional upgrade costs. A component level SIMULINK® model should be made to
alleviate some of these software version-dependent upgrade problems. A SIMULINK®
engine model would also improve simulation times by moving the matrix operations from

the “mex” file to MATLAB®.

ATEST is a very versatile program applicable to many physical systems. Another
approach to facility modeling would be to model the facility with ATEST. While this
approach would not have the Graphical User Interface (GUI) it would execute faster and be

less susceptible to software updating changes.
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Figure 1. Artist’s Concept of the Navy Large Engine Environmental Test Facility.
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APPENDIX 2

COMPONENT CONTINUITY, MOMENTUM AND ENERGY EQUATIONS
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APPENDIX 2

COMPONENT CONTINUITY, MOMENTUM AND ENERGY EQUATIONS

The time dependent continuity equation for a component is

0 1. .
a_f_—_?(ml —-m,).

The steady state continuity equation reduces to
m, =m,
The time dependent energy equation is

0 1 . . .
a;’tuzf(mlhl —mh —q).

where the heat transfer between the metal and the fluid s

q:"'fA(TM _TF)‘

The metal temperature is a function of the fluid temperature.
T, =T, (1-¢ ).
The steady state energy equation is

iy = rh
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The time dependent momentum equation is
0 . .
>F. = EI C pdV +m,C, —-mC,.

The quasi steady state momentum equation is

SF, =im,C, ~m,C,.
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CONSTRUCTION OF THE JACOBIAN MATRIX
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APPENDIX 3

CONSTRUCTION OF THE JACOBIAN MATRIX

Consider the system of nonlinear equations:

fi(x,y,2)=4
foi(x,y,2)=B
fi(x,y,2)=C

Where A, B, and C are constants.

Perturbing each Independent variable.
x'=x+Ax
y'=y+by
I'=z+Az

Where Ax, Ax, and Ax are Small.

Substitute x’, y’, 2’ into f, f,, and f,.

L yn)=4,  hx)y.2)=4,
LGLy.2)=B,, £(x),2)=8,,
LGLy2)=C fi(x),2)=C,

filx,y,2') = 4,
fo(x,»,2')=B,.
fé(x’y’z|)=cz
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Define the following:

A4
AB. =

x

X

>
P!
i

x

A -4
B.-B,
c,-C

>
N

5 &

Then the Jacobian Matrix is approximated by:

%
ox
23
ox
o

o

oA

oz

/73

oy
%

R

E

X

A-A A, =4

B,-B, AB,=B
C,-C AC=
AAx AA)’ AAZ
A, A, A,
ABx AB)’ ABz
A, A, A,

AC, AC, AC,
A, A, A
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APPENDIX 4

SIMULINK® FORTRAN TEMPLATE
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APPENDIX 4

SIMULINK® FORTRAN TEMPLATE

SUBROUTINE SIZES(SIZE)

.. Array arguments ..
INTEGER*4 SIZE(*)
Purpose:

Function to set size vector
Input arguments:
None
Output arguments:
SIZE a vector of model sizes
Description:
Sizes returns a vector which determines model characteristics.
This vector contains the sizes of the state vector and other
parameters. dore precisely,
SIZE(1) numper of continuous states
SIZE(2) number of discrete states
SIZE(3) number of outputs
SIZE(4) number of inputs
SIZE(5) number of discontinuous roots in the system
SIZE(6) set to 1 if the system has direct feedthrough of its
inputs, otherwise 0
Copyright (c) 1990-93 by the MathWorks, Inc.

.. Parameters ..

INTEGER*4 NSIZES
PARAMETER (NSIZES=6)
.. Local scalars ..

.. Local arrays ..

.. Executable statements ..

RETURN
END

SUBROUTINE INITCOND(X0)

.. Array arguments ..
REAL*8 X0(*)
Purpose:

Function to set initial condition vector
Input arguments:

None
Output arguments:
X0 a vector of initial conditions

.. Local scalars ..
.. Local arrays ..
.. Executable statements ..

RETURN
END
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SUBROUTINE DERIVS(T, X, U, DX)
.. Scalar arguments ..
REAL*8 T

.. Array arguments ..
REAL*8 X(*), UC*), DX(*)

Purpose:

Function to return derivatives
Input arguments:

T time

X state vector

U input vector
Output arguments:

DX state vector derivatives
Remark:

The state vector is partitioned into continuous and discrete
states. The first states contain the continuous states, and

the last states contain the discrete states.

OO0 0O000O00000000

.. Local scalars ..
.. Local arrays ..
.. Executable statements ..

RETURN
END

SUBROUTINE DSTATES(T, X, U, XNEW)

.. Scalar arguments ..

REAL*8 T

.. Array arguments ..

REAL*8 X(*), UC*), XNEW(*)

[zEsNeNsNeNeoNesNeNoNs NNyl ? (9] [g]
1]
1l

Purpose:
Function to perform discrete state update
Input arguments:
T time
X state vector
u input vector
Output arguments:
XNEW next state values
Remark:

The state vector is partitioned into continuous and discrete
states. The first states contain the continuous states, and

the last states contain the discrete states.

.. Local scalars ..
.. Local arrays ..
.. Executable statements ..

RETURN
END

SUBROUTINE OUTPUT(T, X, U, Y)

.. Scalar arguments ..

REAL*8 T

.. Array arguments ..

REAL*8 X(*), U™, Y™

C===

OO0

Purpose:

Function to return continuous outputs
Input arguments:

T time




OO0O0O0O0OO0OO0OO00O0

OO0 O0O000O0O0O00OO0O00000O00

o

(9]

O0O0O000O000O0000000

X state vector

U input vector
Output arguments:

Y output vector
Remark:

The state vector is partitioned into continuous and discrete
states. The first states contain the continuous states, and
the last states contain the discrete states.

.. Local scalars ..
.. Local arrays ..
.. Executable statements ..

RETURN
END

SUBROUTINE DOUTPUT(T, X, U, Y)
.. Scalar arguments ..

REAL*8 T

.. Array arguments ..

REAL*8 X(*), U*y, Y*)
Purpose:

Function to return discrete outputs
Input argument::

T time

X state vector

u input vector
Output arguments:

Y output vector
Remark:

The state vector is partitioned into continuous and discrete
states. The first states contain the continuous states, and
the last states contain the discrete states.

This procedure is called only if it is a sample hit.

.. Local scalars ..
.. Local arrays ..
. Executable statements ..

RETURN
END

SUBROUTINE TSAMPL(T, X, U, TS, OFFSET)
.. Scalar arguments ..

REAL*8 T,7S,0FFSET
.. Array arguments ..

REAL*8 X(*), U(*)
Purpose:

Function to return the sample and offset times
Input arguments:

T time

X state vector

u input vector
Output arguments:

TS sample time

OFFSET  offset time

.. Local scalars ..
.. Local arrays ..
.. Executable statements ..

45




O0O0O0O0O0O0O0O0OO0O0O000

RETURN
END

SUBROUTINE SINGUL(T, X, U, SING)

.. Scalar arguments ..

REAL*8 T

.. Array arguments ..

REAL*8 X(*), U(*), SING(*)

Purpose:
Function to return singularities
Input arguments:

T time

X state vector

u input vector
Output arguments:

SING singularities

.. Local scalars ..
.. Local arrays ..
.. Executable statements ..

RETURN
END
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APPENDIX 5

SIMULINK® TEMPLATE FOR ATEST

[
c ATMEX.F ATEST ENGINE MODEL FOR SIMULINK
c
c
c
C _____
C
[
SUBROUTINE SIZES(SIZE)
C _____
INTEGER*4 SIZE(*)
INTEGER*4 NSIZES
PARAMETER (NSIZES=6)
SIZE(1) = 0 ! number of continuous states
SIZE(2) = 0 ! number of discrete states
SIZE(3) = 65 ! number of outputs
SIZE(4) = 61 ! number of inputs
SIZE(5) = 0 ! number of discontinuous roots in the system
SIZE(6) = 1 1 1 if direct feedthrough, else 0
SIZE(7) = 0 ! number of "extra" arguments (0-10)
RETURN
END
(==============s=s==z=====ssss==s===s=s===============
(=======================================z=zzzsz==mzz=zs=====
(===s===========s=—=====s==ss==sssoom=s======zs===
SUBROUTINE OUTPUT(T, X, U, Y)
(=============s=====s==s===s==ss=sssssc===============z==============z=
[ .. Scalar arguments ..
REAL*8 T
c .. Array arguments ..
REAL*8 X(*), U(*), Y
c
C=============================================s===sc=sss==szszossoozozs
MODIFIED ATEST GOES HERE
(========s==s====ss===s=ss==ss==ss=sss=os=sossooo=zsz============zmomzzomos
C
RETURN
END
C=====s====c==========s==============s==sssszssssssssssssszssoss=ssoooo=s
(============zzzzm=z=mmszmzzzzz=zzzzz
c——— - ——
SUBROUTINE INITCOND(XO)
C========
REAL*8 X0(*)
RETURN




SUBROUTINE DERIVS(T, X, U, DX)

C
C .. Scalar arguments ..
REAL*8 T
c .. Array arguments ..
REAL*8 X(*), U(*), DX(*)
RETURN
END
c
c
c_—_ ___________
SUBROUTINE DSTATES(T, X, U, XNEW)
REAL*8 T
REAL*8 X(*), UC*), XNEW(*)
INTEGER*4 COEFFS(10),NCOEFFS
COMMON /EXTRAS/COEFFS, NCOEFFS
RETURN
END
C===============zzz=izsz==czzs=ssss====s==========
C
(==========s==s=======ss=ssssozszoozossszozszozzscassss
SUBROUTINE DOUTPUT(T, X, U, Y)
REAL*8 T
REAL*8 X(*), U*), YO
INTEGER*4 COEFFS(10),NCOEFFS
COMMON /EXTRAS/COEFFS, NCOEFFS
RETURN
END
c _____
C _________
C ___________________
SUBROUTINE TSAMPL(T, X, U, TS, OFFSET)
REAL*8 T,TS,0FFSET
REAL*8 X(*), U
INTEGER*4 COEFFS(10),NCOEFFS
COMMON /EXTRAS/COEFFS, NCOEFFS
RETURN
END
(============s==s==s===ss=ss=sszzzs=zosszzzzozoosoossssss=s=z=szszsssss=
c ———————————————————————————————————
(===========cs==ss=sssossosssssossssosossssozssszszzzsszsosss=zsszss==s=az
SUBROUTINE SINGUL(T, X, U, SING)
REAL*8 T
REAL*8 X(*), U(*), SING(*)
INTEGER*4 COEFFS(10),NCOEFFS
COMMON /EXTRAS/COEFFS, NCOEFFS
RETURN
END
C _______________
c
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