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FOREWORD

This document is the second of three volumes of the final report of a study
conducted for the United States Air Force under Contract F33615-71-C-1059,
"Development of Weapon Delivery Models and Analysis Programs''. Approxi-
mately one man year of effort was covered by the contract. It was initiated
under Project No, 8219, "Stability and Control Investigations', Task No.
821904, "Flight Control System Analysis,' and administered by the Air Force
Flight Dynamics Laboratory, Wright-Patterson Air Force Bage, Ohio, Major
Harvey M. Paskin (FGC), and Mr., Alonzo J. Connors (FGC) were project
engineers,

The technical work reported was conducted by the Research Department
of the Systems and Research Division of Honeywell Inc, Dr. A, Ferit Konar
was the principal investigator; Mr. M.D. Ward was the programmer analyst.
Dr. G.B. Skelton and Dr. E, E. Yore were project managers. Technical
consultation was provided by Dr. Gunter Stein and Mr. C.R. Stone of Honey-
well Inc,

The reporting period was October 1970 to July 1971, The report was
first submitted in September 1971, The contractor's report number is Honey-
well Peport 12261-FR1,

The investigators in this study would like to thank Major Harvey H. Paskin
f - his enthusiastic support, for his technical leadership, and for his assis-
tance in obtaining bomb data. The investigators would also like to thank Mr,
Alonzo J. Connors for providing direction and assistance in testing the anal-
y8is programs,

This technical report was reviewed and is approved.

G bttnz,

C.B. Westbrook

Chief, Control Criteria Branch

Flight Control Division

Air Force Flight Dynamics Laboratory
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SECTION I
INTRODUCTION

Computer programs for the precision weapon delivery system models
and performance optimization algorithms reported in Volume I are docu-
mented in this volume.

The computer programs are developed in Fortran IV language. The
overall program is called ADAPS ~- Armament Delivery Analysis Program-
ming System. The system's greatest asset is its flexibility, obtained by
extensive use of subroutines.

Each section ia written with the user in mind. Enough detail is given so
that basic Fortran knowledge is sufficient to understand the majority of the pro-
grams. In the documentation of each program, first input/output information
is given. Subsequently flow charts, and source program listings are pre-
sented. In addition, a table of symbols is provided for many programs.

Section II provides a brief description of the overall organization of
ADAPS. Section III documents ADAP 1 -- Main Program for Nonlinear Sim-
ulation and Linearization, and Section IV documents ADAP 2 -- Main Pro-
gram for discrete optimization of Nonstationary systems. This is followed
by the documentation of ADAP 3 -- Main Program for Nonstationary Per-
formance Evaluation of Weapons in Section V. Section VI summarizes the
programming and documentation work and lists recommendations for addi-
tional areas of programming and extensions to weapon systems atudy by
ADAPS.

The documentation of table-inrut-lookup~and interpolation processes is
given in Appendix I. The documentation of DIAK -- Program for Optimization
of Stationary Systems -~ is given in Appendix II.

A demonstration example is included in Volume III to illustrate how these
programs are used and how the important error contributors to weapon
delivery performance are identified.

——

i
:
|
E

TE X SO N U NP R

T e ST o Tl D

i
TR YO N

S



SECTION I
OVERALL ORGANIZATION OF ADAPS

This section is a brief discussion of the overall structure of the Arma-
ment Delivery Analysis Programming System (ADAPS).

The various subroutines implementing the precision weapon delivery
models and optimization algorithms provide the capability to analyse weapon
delivery as a general linear time-varying, stochastic process or to analyze
it as a much simplified process that is stationary during all of its phases,
The one extreme offers fidelity to the physical situation, the other offers low
comnuting costs and the possibility of many analysis iterations. By using the
program organization shown in Figure 1, both extremes (as well as the many
possibilities in between) are readily attainable, In this organization. ADAPS
is divided into three groups:

e ADAP 1 -- Simulator and Linearizer

e ADAP 2 -- Optimizer

e ADAP 3 -- Performance Evaluator

The individual subroutines within each group are accessible from a main
program with which they share common memory. They communicate with
each other within the groups indicated. Optional inputs are provided to cover
various analysis objectives.

A typical analysis proceeds as follows:

e Linear Data Generation - This procedure requires the following
steps:

1. Read input data for attack maneuver, read nonlinear
aircraft aerodynamics.

2. Trim aircraft, and fly it to obtain nominal trajectory
up to nominal release altitude.

3. Linearize the aircraft equations of motion numerically
at specified time points during flight, Write on tape.

4. Read input data for nonlinear weapon aerodynamics,

5. Using the release conditions, generate free-fall tra-
jectory by the nonlinear weapon model,

6. Linearize the weapon equations of motion numerically
at specified time points along the free-fall trajectory,
write on tape.
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Figure 2 is the input/output block diagram of the linear data
generation by ADAP 1, Options are also available within the
program (aircraft only, weapon only, simulation only, etc.).

e Optimization - This procedure requires the following steps:

1. Generate the propagation weighting matrix using linear
weapon dats,

2., Input control points, measurement points, measurement
variances.

3. Choose the type of optimization, and obtain controller
gains, estimator gains, total system covariance at
release, '

To obtain the weighting matrix, first the initial covariance

of free aircraft is propagated to the release point by ADAP 2,
The input/output block diagram for this is shown in Figure 3,
Subsequently, the release covariance is propagated to impact
by ADAP 3, and the weighting matrix is computed. The input/
output block diagram for this is shown in Figure 4.

These data are used in the second run up of ADAP 2 to produce
optimal controller and estimator gains as well as release co-
variance for the optimal system. Again here various options
are available (controller only, estimator only, etc.). Figure 5
is the input/output block diagram of the nonstationary optimi-
zation phase.

e Performance Evaluation - ‘This procedure requires the following steps:

1. Propagate the release covariance to impact using
performance evaluator.

2. Compute impact covariance matrix, CEP performance
measure and the variance contribution matrix.

Figure 6 is the input/output block diagram of the performance
evaluation procedure.

The above defines one complete cycle of a typical use of ADAPS. Each
part can be used independent of the other for different needs. The main pro-
grams are largely at the discretion of the user, to be organized as best suits
a particular analysis problem,

For a twentieth-order system, the total computing time per program
cycle is approximately 15 minutes using a CDC-6600 processor (Table I),
and each main program requires less than 32 K of memory.
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SECTION III
ADAP 1 -- SIMULATOR AND LINEARIZER

ADAP 1 ig a six-degree-of-freedom nonlinear simulation and lineariza-
tion program. It is based on the THRUST program developed by Honeywell
{1, 2]. The set of linear data generated by ADAP 1 is used in optimal con-
troller and estimator design (ADAP 2), as well as in weapons delivery per-
formance evaluation (ADAP 3). Figure 7 shows the information flow in
ADAP 1 during a simulation,

Briefly, prescribed attack trajectories are flown by simulating an air-
craft model using a trim profile input. During the six-degree-of-freedom
simulation, the perturbation equations are obtained at specific time intervals
by a numerical partial differentiation technique. This process continues until
the weapon-releagse condition is reached. Then free-fall trajectories are
generated by simulating a weapon model. During the six-degree-of-freedom
weapon simulation, the perturbation equations are obtained at specified time
intervals in the same way. This continues until impact occurs.

During the flight from target acquisition to weapon impact, all internal
variables of aircraft and weapon and the corresponding linear data are printed
out at specified time points. The linear data are also stored in the permanent
disk files for subsequent use.

In the balance of this section, input/output information is provided first;
then the main program and its subroutines are described.

ADAP 1 INPUT/OUTPUT

A-ARRAY MAP

All information to be transferred between subroutines in ADAP 1, or
that is to be available for input and output, is stored in an array. To the
computer, an array is a block of storage locations, the first of which is
referred to as the base location and identified by some variable name. In
the ADAP 1 this name has been designated as A; hence, the term "A-array".
A1l other locations in the array are identified by placing a subscript on A,
For example, A(79) represents the 79th location in the A array [2]. There
are 1000 entries in the A-array, and they are shared by all ADAP 1 sub-
routines through the statement

COMMON/ADAP/A(1000)

It is important to record each A-array assignment, and this is done in the A-
array map., Table II shows A-array assignments in ADAP 1. The locations
with no entry signify their availability for future use.
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In the A-Array Map Form (Table 1I), the value column is auxiliary and
can be used to record the input values of a particular simulation run. For
programming convenience, A-array locations are equivalenced to mnemonic
names, For example, if the vuriable « is to be assigaed to location 26 in the
A-array, then either a statement

EQUIVALENCE (ALPHA, A(026))
is used at the beginning of a subroutine or a statement

ALPHA = A(26)
is used within the subroutine, Each subroutine begins with an equivalence
block. The equivalence block is divided into three parts. The "parameter
inputs' are those inputs to the subroutine which are provided through ADAP's
main input. The "variable inputs'' are those inputs which are computed in

some other subroutine in the ADAP system. The "variable outputs" are those
quantities which are computed in the subroutine,

INPUT DESCRIPTION

Input for the ADAP 1 is in the form of punched cards. It is divided into two
groups: ,

e Common card data input
e Table card data input

Both groups are read in during the first call (Mode = -1) of subroutine EXEK.

Common Card Data Input

The common input is the input that appears after the data control card behind
the program deck. This input consists of:

e Input comment cards

& A-array input cards

e A-~array output specification cards

e ¥rogram control cards

Input Commeni Cards -- Any number of comment cards may be u ---d in the
common input deck. Although these are not required, they areus 1in
defining each simulation and linearization case. Each comment card mu=t
have a C in Column 1 a8 shown in Figure 8. Columng 2-80 of each card are
printed on the first page of output.
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Figure 8.

A-array through input cards.

Input Comment Cards

2 -Array Input Cards -- It is possible to assign a value to any location in the
This is done by a control card PCC starting in

column 1, followed by a set of cards containing the urray numbers and cor-

responding A -array values (Figure 9).

cau be input by a single card.

The format for this card is shown in Table III.

From one to five A-array locations

Figure ¢ shows five values punched on a single card. This method
should be used for large amounts of input data, A single card may also be

used for each A-array value input.

This method is satisfactory when the

number of inputs are small, since it simplifies correcting and/or modifying
an input card. There is no limit on the number of input cards that can be

used.

If a format data mismatch occurs while reading an A-array input card,
then a message, 'CARD ERROR" will be printed, followed by a printout of
the card in error.

The program will stop on a format data mismatch.

Array Output Specification

Srinted 5T during & Fun are

Cards -~ The A-array locations that must be

printed o't during a run are specified by a control card PRINT starting
column 1, follow=d by a set of cards listing the indices of the A-arrays that

will be printed (Figure 10).

a p.:nt card, The format for this card is 1llustrated in Table IV,

These numbers are right justified in I fields on
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3 Table III. A-~Array Input Card Format
:
¢ Columns Description
: A-array index I
S:
3 e
3 5-15 Value of A(ly)
3 16 - 19 A-array index I, :
Y
23
; 20 - 30 Value of A(lp)
3
3 . :
3 31 - 34 A-array index I3 :
. 35 - 45 Value of A(l3) ’
p q
3 46 - 49 A-array index I4
;. 50 - 60 Value of A(I4)
e
3
k 61 - 64 A-array index Ig
: 65 - 75 Value of A(Ig) s
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Figure 10, A-Array Output Cards

Table IV. A-Array Output Card Format

Columns Description
1- 5
6-10
11 - 15
16 - 20
21 - 25
26 - 30
31 - 35
2? N ig Indices of A-arrays
46 - 50 to be printed out
51 - 55 during a simulation
56 - 60
61 - 65
66 - 70
71 - 75
76 - 80
26
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All blank fields are ignored. Any number of cards may be used, but the
number of A -array locations specified for printing must be less than 100,

If a format data mismatch occurs while reading a print index card then
a message, ""PRINT SPEC ERROR, " will be orinted, followed by a printout

of the card in error.

The program will stop on a format data mismatch.

Program Control Cards -~ Two program control cards are used in the input:

e RUN
e STOP

Each of these cc trol words must start in column 1 (Figure 11),
card signifies the end of common input for one case. When the program
reads the RUN card, it will begin to execute,

The STOP card is the last card in a data deck.

to stop.

The RUN

It commands the program
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Figure 11,

card data input:
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Program Control Cards
Rules for Common Card Data Input -~ The following rules apply to common

Comment cards must have a C in column 1.
Any number of comment cards may be used, including zero.
The PRINT and PCC sections can appear in any order.

All integers must be right-justified in their input fields.
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Table Card Data Input

The table card data are placed after the RUN card in the input data deck.
The input cards required to specify a function table are:

Function header card
Variable-value cards
Function value cards
End function card

These cards are shown in Figure 12,
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: Function Header Card -- The following information ie contained on a function
3 header card:

P

Z LY

1 e Number of variables in the table
3 e The integers assigned to the functions variables <
¢ The int~gers assigned to variable-value sets used in the table §
i e The integer assigned to the function :
] e The integer assigned to a function which has exactly the same J

table of function values as the function at hand (provided such §

a function exists) b
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The format for this card is shown in Table V.
Table V. Function Header Card Format

Colum.s Description

1- 56 Number of variables

6~ 9 (First variable value get
10 - 11 First variable
12 - 15 Second variable value get

16 - 17 Integer JSecond variable
18 - 21 assigned Third variable value set

to
22 - 23 Third variable
24 -~ 217 Function
28 - 31 \Function with same table

All entries on this card are integers and must be right-jusitfied; i.e.,
the least significant digit must be in the right-most column of the field
(Figure 12),

Variable-Value Cards -- A variable-value set is a set of numbers that a
variable takes on in a function table. In other words, these numbers are the
variable values at which function values are given in the table.

The variable values in a set are specified in the input immediately after
the function header card (Figure 12), The set number agsociated with the
entries on a card must be specified in columns 1-4, From one to nine values
of a variable can be specified on one card. Beginning in column 9, a new
field starts every eight columns, The format for these cards is shown in
Table VI.

If more than one card is used to enter a set, then each card must be
identified by the appropriate set number. Blank variable-value fields will
be ignored; therefore, a zero value must be explicitly denoted as 0,0. The
first time a variable-value set is referenced on a function header card, the
values in that set must be specified immediately after the function header
card, However, on subsequent references to the set, it is only necessary to
write the set number on the header card. It is not necessary to specify the
numbers in the set again. Any sets that are specified must be gpecified in
the same order as they appear on the function header card.
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Table VI, Variable-Value Card Format

Columns Description
1- 4 Variable-value set number
9-16 1st )

17 - 24 2nd
25 - 32 3rd
33 - 40 4tk

41 - 48 5th §Value of variable in the set
49 - 56 6th

57 - 64 7th

65 -~ 72 8th

73 - 80 Sth /

Function Value Cards -- Function values are specified under the same format
as the variable values except the set number field; i. e., columns 1-4 are

blank. Any card after the function header card which has no entry in columns
1-4 will be considered a function value card by the program. Function value
cards must appear after the variable value cards (Figure 12). Blank entries
will be ignored and zeros must be specified explicitly. The format for these
cards is shown in Table VII,

Table VII. Function Value Card Format

Columns Description

9-16 1st )
17 - 24 2nd
25 - 32 3rd
33 - 40 4th
41 - 48 5th }Value of function in table
49 - 56 6th
57 - 64
65 - 72 .
73 - 80 .
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The order in which the function values are specified must correspond to
the order in which the variables are specified. Thz function values are to be
given with the last variable specified on the function header card varying
fastest and the firat varying slowest.

As an example consider the aerodynarmic lift coefficient Cy, (Ma, h, a%,)
(Table VIII). The look-up representation of this table in ADAP 1 is F1(1,2,3)
(see Subroutine AERK). This means that the function number is 1, the first
variable number is 1, the second variable number is 2 and the third variable
number is 3. The first variable-value set in the table is My = 0.5 and My=0. 9.
The agsigned set number is 1. The second variable value set in the table is
h; = 0.0, and hg = 20,000.0. The assigned set number is 2. The third vari-
able value set in the table is o) =-4.0, a9 =8.0, 23=16,0 and a4=20.0. The
assigned set value is 3. ’

The function values are input as shown in Table VIII with the format given
in Table VII. Figure 12{c) shows the first function value card in the deck.

Table VIII. Cp,(M, h, o) Function Values

Function
Variable Values l;==4.0} o, 8.0l a,=16.0]a, =20.0}] Value
1 2 3 4
Cards

h, =0.0 -0.22] 0.44 0.178 0. 80 1st
M, = 0.5

h2 +20,000,0§-0.221 0.47 0. 82 0. 85 2nd

h1 =0.0 -0.25] 0.46 0. 74 0. 80 3rd
M2 =0.9

h2 = 20, 000.0 | -0.27} 0.51 0. 82 0. 89 4th

End Function Card -- The last data card icr each function must be a -1 in
columns 3 and 4. An extra end function card must be placed behind the last
function in a deck. In other words, the last two cards in a function table data
deck are -1's in columns 3 and 4.

General -- When choosing points on a curve that will be used to represent it
in the program, there are several things to remember:

e The program interpolates linearly between stored points.
e The program does not extrapolate beyond stored points.

e Execution time is nearly independent of the number of points
stored,
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The entire ADAP 1 input data package is shown in Figure 13.

'fuo FUNCTION CARD

@ LAST TABLE CARD

END FUNCTION CARD |

PON INPUT DECK

IRCRAFT INPLT DECK [R

VARIABLE VALUE
CARDS TABLE 2 INPUT

(2) AIRCRAFT AND WEAPON DECK

FUNCTION HEADER
CAKD )

END FUNCTION CARD

VARIABLE VALUE
TABLE 1 INPUT CARDS

FUNCTION HEADER
CARD

RUN (CONTROL CARD)

A-ARRAY CUPUT
INDEX CARDS

PRINT (A-ARRAY OUT-
PUT CONTROL CARD)

> COMMON INPUT

PCC (A-ARRAY INPUT
CONTROL CAKD)

C COMMENT CARDS

J

®) COMPOSITION OF A DECK

Figure 13, ADAP 1 Input Data Package
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OUTPUT DESCRIPTION
The forms of output supplied with ADAP 1 are:

Printed output of the input data deck
Specified A-arrays printout

Printed output of A-array dumps

Linear data printout

Linear data output to permanent disc file

Printed Output of Input Data Deck

Complete image of the input data deck is printed out at the beginning of
each simulation and linearization run.

Specified A-Arrays Printout

The printed output of specified A-arrays is not use;i in the present pro-
gram. The interval between output points is specified by DTOUT in A(134).

A-Array Dump

The term "A-array dump'' means that the value of ali 999 locations in the
A-array are printed. (Only nonzero values are printed.) The interval
between dump points is specified by DTOUT in A(134). This form of output is
very useful for debugging and is used in ADAP 1. The value of time in
seconds is always contained in A(1). The array location is printed first,
followed by the value in that location,

Linear Data Printout

The matrices obtained in the linearizer are printed out by matrix print
subroutine MP. Each matrix as well as its rows are identified. The decu-
mentation for MP is given in Section IV. The linear data generated during
aircraft dive are F, G1, G2, HP, FW, GW and HW matrices. The linear
data generated during weapon fall are F, G1, G2, FW, GW and HW matrices.

Linear Data Output to Permanent Disc Files

The linear data for aircraft and wind systems are augmented and output
to a permanent disc file as the matrices FF, GGl, GG2, GG3, H2 and VW.
The linear data output for aircraft occurs in subroutines LINK and SLINK.
The linear data for weapon and wind systems are augmented and output to
another permanent disc file as the matrices F and G3. This is aone in sub-
routine WLINK.
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ADAP 1 PROGRAM DESCRIFTION

ADAP 1 MAIN PROGRAM

Al programs in ADAPS are written as subroutines, The main program
ADAP 1 is used to tie these subroutines into a simulation and linearization,
The main program flow diagram is shown in Figure 14 and the program list-
ing in Figure 15,

The usage of the main program is self-explanatory from the figure. Be-
cause of its importance however a brief description is given below,

The main program can be divided into two sections -- initializati.z 1nd
simulation. In the initialization section, the A-Arrzy is first clearea, t.:~
mode flag is set to -1, and subroutine EXEK is called, In this call, #:) laput
cards for one run are read by subroutines PREAD, PRINT arnd FLO*.. Then
the aircraft simulation flag SAC is tested, If SAC = 0, control is tr.:sferred
to the weapon simulation (WS) part of the program, Otherwise all aircraft
subroutines are called with MODE = -i for their nominal parameter settings.
Then the mode flag is incremented and a second call (MODE = 0) is made to
the subroutines for their initialization. The mode switch is incremented
again (MODE = 1) which corresponds to simulation. If linearization is not
wanted during simulation SAC is set to 1, and call to subroutine LINK is by-
passed, Otherwise LINK is called, and linearization is carried out at the
beginning time point of the simulation. Then the number of integration steps
NN between the simulation outputs is set, and the high-frequency computation
loop (DO 400) is entered.

There are three exits from this loop. After each normal exit, that is
after each ATsimulation time interval, linear data is obtained by calling sub-
routine LINK, and a new simulation segment is started, The second type of
exit occurs when the altitude variable h reaches the pull-up altitude hp. The
third type of exit occurs when total simulation time exceeds the specified
maximum simulation time tmax.

In either of the first two types of exits, the program tests if weapon simu-
lation is wanted, This is the normal case here (SW # 0). The program saves
the values of the state x and its derivative x, to initialize the weapon run,
From this point on, similar information flow takes place for the weapon. At
the end, control returns to the beginning of the program, and it expects tc read
a third run data. If it encounters a STOP card daving input, it stops the pro-
gram,

The subroutines used in the main program are listed in Table IX. For
these subroutines which implement mathematical models, a reference i8 made
to Volume I showing the page numbers of the pertinent enalysis and modeling
work,
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8 SET WODE = -1 r —
] L T J | o ooscos-2,m | | )
E | caexex |} | T ‘ |
1 3 || [ it | ’3
E [ serawo=0 | | CALL DYMK (LIN) ' i
] i
; I sermn-o | ' TESTIF h-hp= 0 |
] l 'S l YES | i
j SETUN=0 | | SET RND = 1.23 | A
: ves x )
1 ws } [ conminue = ;
1 e | |
: CALL THRUSK 3
CALL DYAK(LIN | |
| i ;
| | L
| |
. L N
b
3
| cowtimue é
') 3
| mooe-mo0E+1 | 4
750 3
CALL EXEK { cr10420 ;
CALL AERK i :
LL THRUSK 450 | :

L1 DYNKILIN)

T | cacioouwe w) je—-
Lzt sooe- woce
L CALL LINK -]

;
I seTan=aasy | li.____@ ! ;

Figure 14, ADAP 1 Main Program Flow Diagram
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SAVE X, X
—
{ mwrxx )

| zemoA ammay |
—
[ sermooe«-2 |
| caexex |
@__.[ contive |
$
| seraw-0 |

[ serumeo |

x.

CALL WAERK
CALL DYNX (LIN)

STORE SAVED X, X

TESTIFSW=1

caLwunk |

L
J 4001

| cowtimue

>

{  wooE - mooE +1 |

—

CALL EXEK
CALL WAERK
CALL DYNK(LIN)

| wooE=MoDE+2 |

[ caewumk |

4002

I cowvmee |

[ serwn-aasn |

TESTIF SWn1 )=U

4010
S SETLIN=0

—» DG 4020 1=1, W8 |
—

CALL WAERK
CALL DYNK (LIN)
CALL EXEX

| sevns=20

—

SETRNO=1 |

=

YES
TESTIFh>0 ‘

GO T0 4025
4020

L
—{  continue

————

— I
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|
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i
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| CONTINUE __J—

YES

CALL WLINK

.
I cowmmue  Je—
J

= —(Grestiram-o )
"o
| sern=o

2

] caLLoouwpaws |

GO 1012

Figure 14. ADAP 1 Main Program Flow Diagram {concluded)
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PROGRAM ADAP { INPUT sOUTPUT » TAPES=INPUT»TAPES=OUTPUT s TAPEG» TAPET)

C
C  ADAP NON-LINEAR A/C AND WEAPON MAIN PROGRAM
C

COMMON/ADAP/MODE»A{1000)

DIMENSION X(12)¢X0DOT(12)

EQUIVALENCE (SAC sA(995))s(SWeA(996))

LW=9

€
C ZERO A ARRAY

1 00 2 t=1,1000
2 A(1)20,
MODEs~]1

C
C CALL EXEK IN MODE=m=1,THIS CALL TO EXEK READS IN
C CARDS AND TABLE DATA FOR SUBROUTINE FLOOK
CALL EXEK
RND=0.
RN=0e
LIN=O
IF(SACeEQe0e} GOTO 4000
CALL AERK
CALL THRUSK
CALL DYNK(LIN)
IF(SAC.EGele) GOYO 10
CALL LINK
10 CONTINUE
MODE=sMODE+]
(o
C CALL SUBROUTINES WITH MODE=Q
C
CALL EXEK
CALL AERK
CALL THRUSK
CALL DYNK(LIN)
MODF=MODE+]
IF{SACeEQels ! GOTO 600
CALL LINK
600 CONTINUE
NN=A(131)
410 LIN=O
C HIGH RATE LOOP FOR A/C NN ITEGRATION STEPS PER SEC.
DO 400 I=1oNN
CALL THRUSK
CALL PILOT(I(RN)
CALL AERK
CALL DYNK(LIN)Y
CALL EXEK
IF(ACO0L)=A(2T4))T02+702+703
702 CONTINUE
RND=1,23
703 CONTINUE
IF(RNDJNEWOes} GOTO 450

Figure 15, ADAP 1 Main Program Input/Output Listing
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1F(A(001)+GE«A(283)) GOTO 450 1
3 400 CONTINUE
IF{SACsEQele) GOTO 750
CALL LINK
750 GOTO 410
3 450 CALL DDUMP(LW)
: IF(SAC4EQs1e) GOTO 751
; CALL LINK
] 751 CONTINUE
3

TEST FOR WEAPON SIMULATION FOLLOWING A/C SIMULATION

[aXaXalal

SAVE X AND XDOT OF A/C :
IF(SWeEQe0e) GOTO 1 X
4 DC 760 I=1+3 X
Il=1+6
I12=1441
13=1+30
14=1+1
I11D=]416
12D=1444 ‘
13D=1+38 co
14D=1+12 .
X{I1=A{11) oo
X(1+33=AL12) I «
X(146)mA(13)
X{149)mA(14)
XDOT(Ys =A{I1D) '
XPOT(I43)=A(12D)
XDOT(I+6)=A{13D)
XDOT{I49)aA(14D)
760 CONTINUE
o —
C PRINT TERMINAL A/C STATE AND DERIVATIVE -
c o
WRITE(L¥s763) P
763 FORMAT(1H1/T7X+21H A/C STATE AT RELEASE/)
WRITE(LWeT64) (X(1)eluwlsi2!?
764 FORMATI/AH U =E15,804H V BE15,893H W 3E15,8/4H P =E1%.894H Q sE1S5.

1894H R 2E1%48/7H THETARE15489TH PH1 =EL1S5,84TH PS1 =E15.,8/6H XE
2uE18,895H YE mE15.8¢e5H HE =F15.8)

WRITE(LW»7653) (XDOT{I)s1I=1012) !

765 FORMAT(//SH UD =E1548+5H VD SE1548+54 WD =E1548/5H PD =E15,845H QO f
1 2E15¢8+5H RD =E15.8/8H THETADWE1S54818H PHID =E15.8+8H PSID =E15 »
248/6H XED mE15,8s6H YED =E15ebs6H HED =E15.8) by
DO 7561 I=151000 o
761 At11=0. b
MODE==1

2

;

READ IN ¥ ©OON DATA ;
CALL &, . 5

. !

STORE SAVED A/C STATE

(s NaXal [a N

Figure 15. ADAP 1 Main Program Input/Output Listing (continued)
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DO T62 1=1e3
11146
12s1441
13=1430
14s14]
AlT1)=X(D)
A(12)sX(1+3)
AtL13)=X{146)
AlL14)sX(1+9)
762 CONTINUE

4000 CONTINUE
RND=O . %
LIN=O
CALL WAERK
CALL DYNK(LIN)
IF(SWeEQele) GOTO 4001 3
CALL WLINK

4001 CONTINUE
MODF=MODE+1
CALL EXEK
CALL VAERK
CALL DYNK(LIN)
MODFsMODE+1
IF(SWeEQele) GUTC 4002
CALL WLINK

4002 CONTINUE
NN=A(131)

4010 LIN=O

C

C HIGH RATE LOOP FOR WEAPON NN INTEGRATION STEPS PER SECOND

C

v TX

T

T

DO 4020 Is)sNN
CALL WAERK
CALL DYNK(LIN)
CALL EXEK
IF(A(OD4)eGTe0c) GOTO 4020
Al004)=20,
RNC=1,
GOTO 4025
4020 CONTINUE
402% CONTINUE
IF(SWeFEGele) GOTO 40131
CALL WLINK
4031 CONTINUE
IF{RNDEQe0e) GOTO 42110
A(0Q4 =D,
CALL DDUMPIL W)Y
GOTD 1
END

Figure 15. ADAP 1 Main Program Input/Output Listing (concluded)
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Table IX. ADAP 1 Subroutine Summary

Gy g

L Plow Program | List of Vol 1
E; Subroutine Description Disgram Listing Symbols .
3 (Figure No. )| (Figure No. ) |(Table No.)
3 ADAP 1 Nonlinear simulation and linearisation of 14 18 -e Sections 1-VII
3 (Main Program)| aircraft and weapon
. DYNK Aircraft and weapon dyna:nics' for eix 11 18 x . 31-41
L degrees of freedom Fr
: AERK Aerodynamtc forces and moments for 19 20 xn . 43-49
afreraft in Jody axes PP
1 WAERK mmu forces and moments for 2 22 X pp. 49-52
.,
]
g THRUSK Thrust forces and moments for aircraft 23 2 xv pp. 53-37
f in body axes
; WINDK Wind velocities for aircraft and weapon 25 28 xVi pp. 58-71
3 in body axes
SENK Sensor kinematics of aircraft a7 28 --= pp. 7387
PILOT Trimming with autopilot 1 30 --- p. 12¢
NoMk* Nominal parameters by algebraic trim s1 - - PP, 111-125
RELK* Nominal woapon releass 32 —e- - pp. 180-186
LINk Linearisation of aircraft dynamics for 33 M Xva pp. 88-104
six degrees of freedom
k- SLINK Linearisation of atrcraft sensor kine- 35 ss ana p. 12-18
matics
WLINK Lincarization of weapon dynamica for ~-e 3 == ipp. 88110 -
six degress of freedom ! ;
EXEK Executive s » - .- ;
FLOOK Table input look-up and {nterpolation 40 41 Xxvi - !
PREAD A-array parametsr input 42 43 eee .o i 4
PRINT A-array print 44 45 ~n- .ee {
DDUMP £ -array data dump 46 47 aen - l
*Not implemented in this study.

PO A

40

SO ARSI AN AT




R L T A - N o T P o B Ty & QT B O, T L T G R s Y T LIS AT AT AT ey T ST T ST LT AT R AR

ADAP 1 SUBROUTINE STRUCTURE
Every subroutine used in ADAP 1 has the structure shown in Figure 16,

EQUIVALENCE
BLOCK

TEST MODE

4 : L

L —-‘-———-——-—.—o . .

3 ) 90_1'_ > ‘l Figure 16. Subroutine Structure .
i INPUTTING BY INITIAL VALUE RUNMING |

2 THE MAIN COMPUTATIONS ONE STEP

A PROSRAM AND

3 PARAMETER :

i SEYTING J ]

1

% _3

3 RETURN

The mode flag is initially set by the main program. The mode flag starts
t: -1 and is incremented in the main program by one on each pass through the
subroutine until it reaches 1. It stays at 1 until the end conditions are reached,
at which time it is set to -2, ‘

ADAP 1 BASIC SUBROUTINES
Subroutine DYNK

Subroutine DYNK implements the model developed in Section III of
Voiume I, It combines the externally applied forces and moments with the
aircraft kinematics and integrates the resulting differential equations of
motion., The external forces and moments consist of comnponents due to
gravity, engine, steady-state and gusting wind, and aerodynamics., The
kinematic2 include all cross products of inertia, which means the aircraft
can be asymmetric about any axis, The subroutine assumes that aircraft
body axes are used, This means that forces, moments and distance supplied
as input are along aircraftbody axes and likewise the outputs are with respect
to body axes,

The subroutine DYNK flow diagram is shown in Figure 17 and the pro-
gram listing in Figure 18, Symbols are listed and defined in Table X,
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00
TESTIF LIN=1

SAVE STATE DERIVATI
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Figure 17. Subroutine DYNK Flow Diagram
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SURROUTINF DYMK{LIN)
COMHON/ADAP/MODESA(2000)

#hat VARTABLE INDUTS #nis

FQUIVALENCE (50S

SPOONLTN S VN~

T OAMNMMONIPDPOOYOWN S WN -

(FY
(M
(1y
(1v2
1¢]

(ve
{RMT
(X7
» (PG

*AL006))
vA(OTP?)) e (F2
sALOTB)Y) o (N
'AL084)Y) (12
*ACOBT Yol IX2Z
2A(090) ) 9 {MASS
(FLG
*2A(102)) 9 (WG
*A(601)) s (RNT
AL211)) 0 LYT
*A(104))9(QG

(FX
sALOTIN) o (L
oA(OT9) ) (1IX
sA{0B5) )9t IXY
2AL08B) ) o IDELT
2AL091) )
2AL094) ) 9 (UG
2A(103) )4 (RLT
sA(602%)»
»Al113)) 9027
2AL105° ) (RG

#ead VARIARLE CUTPUTS w#as

EQUIVALENCE (X

{MACH
(w
(WA
{HDpOT
{vpOT
{ACGY
At
{PHI
(ALDOT
(Q
tQpot
{CTH
(SpS1
(E2}
(F22
(r23
{THD
(GAMD

EQUIVALENCE (ALD

(Qd

oA(002)) 9 (Y
PALGOS) )y (U
sAL0091) 9o LUA

sA(003))s(H
2AL007) ) otV
sA(010) )9 (VA

sA10122)9(XDOT +A(013))4(YDOT
sAL015)) o IVEL »A{016) ), (UDOT
#A(018)) o {OQT »A(019)) s (ACGX
sA(021)) 9 (ACGZ »AL022) )9 (GAM
*A(029) ) (BET *A(030) )9 (TH
*A(032)),{PS1

sA(043)) (R

2ALOT1) )
YIDYAARYY
»ALUB3) )
sA(ORG) )
2A(089) )

2AC101) )
2A(600) )

2A(312))
»A(106))

sA(COGY )
sALN08) )
sA(C12)3 )
2AL2141) )y
2ALG1T7) )
2AL020) )
sALU28) )
sA(031))

2A(033) )5 (GAMDOT»ALL3S) )
sA(037) 1o (BETDOT»A{038) )4 (P

2A(Q44)) 9 (PDOT

pA{046)) 9 (RDOT +A{0LT))(STH
sAL0A9) )9 (SPHI  sA(050)) s (CPHI
PAL052) ) o LCPST  »A(053))9(E1L
*A{055) )¢ (E3] 2AL056))s(EL2
sA(0%8)) 9 (E32 2A(059))y1F13
2A061))9{E33 *AL062)) s CHI

sAL{T00)) s (PHID
*A(703)) s {RDOTD
sA(T706) 1 (BETD

*A{712)19(RD

vA{T701))o(PSID
»AL704))4(QDOTD

sAl0A2) )
sA(04L5) )
2A(0348) )
2A(051) )
2A{054) )
TINLYARY)
sAL00) )
2ALV66) )
2A{TO02) )
2A(T05))

2ALTUT) )y (GAMDTDSA(TO8) )
(ALDOTOSA(T09)) s (BETDTD2A(T10) 20 (PD

*ALT713))9(CHID

sALT11))
2A(T714))

s (W1
o (W4

VR~V S W N

s (RA

» (PDOTD sA(T15))
Al161) )9 (W2

SA(162) )0 (W3
A(164) )9 (WIDOT »A(165)}9s(V2D0OT sA{166))
» {W3DOT +A(167))9(W4DOT »A(168))s{THDOT »A(039))
s {(PHIDOTsAL040) )9 (PSIDOT»A(041) )9 (ELIN
» (HDOT1 +A(108))+(PA sA(080) )4 (JA

*AL082)) o (DELTS »A(26%5) )¢ (DHDLY »A(266))

*A{163))

sAL2591)
sA(C81))

REAL LoMoN»TXoIYs1ZoIXYIVZsIXZIMASSe IMOMMACHMT2LToNT

IF (MODE)} 100+200+500
100 IF (MODEeLEe=2? RFTURN
PI=34141592653589793

Figure 18. Subroutine DYNK Program Listing
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1
PICsP1/180¢0
PICIN®1.0/PIC
RETURN
200 FLG ® 1,0
GAMZ = GAM
IMOM = 0,0
SPHIsSINIPHI)
CPHI=COS(PHI)
STH2 = SIN(0.5%#TH)
CTH2Z = COS{0,5%TH)
SPH2 = SIN(0,5#PHI)
CPH2 = COS(0.5%PHI) ’
SPS? = SIN(045*PSI)
CPS2 = COS(043%PSI)
W1 ® CPS2#CTH2#CPH2 + SPS2#STH2#SPH2
w2 8 CPS2#CTH2#SPH2 ~ SPS2#STH2#CPH2
w3 = CPS2#STH2#CPH2 + SPS2#CTH2%SPH2
wa 8 «CPSZ#STH2#S5PH2 + SPS2#CTH2%CPH2
WiW2 = Wlew2
WiN3 = wisw3 :
Wiwae = Wlsws ;
W2W3 = W2eWS ‘
W2Ma = W2eWe :
WIWA = WIRWA ;
wiso e '} '
W2sq = ;
W3SQ = W W3 }
W4SQ = WARWA
FNORM = 1,0/SORT(W1SQ + WzSO + W3SQ 4+ W4SO)
Wl ® W1#FNORM
w2 ® W2#F NORM
w3 » WISFNORM
wa " W4RFNORM
£11 = (W1SQ ¢ W250 - W3S0 - w&SG) 1
£12 s (W2W3 4+ W1W4)#2,0 ]
£13 3 (W2Wh < WIW3)#2,0
E21 » (W2WN3 = WiWal®#2,0
E22 = (W1SQ =~ W250 ¢ W35Q - W4SQ)
£23 = (WIWA & WIW2)#2,0 t
€31 u (W2WA + WIW3)#2,0 H
£32 = (WIWA = WINP)I®D,0 i
£33 = (W1SQ = W25Q ~ W3SQ + Wa4SQ)
DELTA = DELT/440
DHDLT = 0.5®DELT
550 IF(FLG<EQe0.0}) GOTO 501 4
FLG s 0.0 ]
TMPG = 1,0/71IX#1Y) :
TMPS = 1,0/(1Y#12) P
TMPE & 1,07(1X#12) P
DK ® 160 ~ IXY®IXYRTMP4 ~ IYZS[YZRTMPS - IXZ®IX2Z#TMP6 - s
1 208 IXYRIYZRIX24TMPL/]12 b
DAPI = (1,0 = JYZ®1YZ&TMPS)/{IX#DK) ’
DAPZ = (IXY ¢ IYZ®#IXZ/12)8TMPA/DK
DAP3 & (IXZ 4 IXY®#IYZ/1Y)#TMP&/DK

Figure 18, Subroutine DYNK Program Ligting (continued)

44

h‘m, £t AR A A Ll BT MO £ A B e Rl kA B




Mg il e S VR mic Lt TR L VYR T T SR T TR LT A T W Ry I, T R R R A T e T e e ﬂmnmﬂmqwq‘j

DAQ1
DAQ2
DAG3
> DAR1
F B DAR2
1 DAR3 ,
3 300 IF(LINJEQs1} GOTO 801 :
POOT

DAP2

(160 = IXZHIXZ8TMPE)/(IYHDK)
(IYZ + IX2#IXY/1X)#TMPS/DK
DAP3

DAQY

(160 = IXYRIXYRTMP4)/(1Z#DK)

POOTY
apoT1 =
ROOT1 =
UDOT1 =
VOOT1 = VDOT
WOOT1 = WDOT
W1DOT1 = WI1DOT

]

[ ]

-

a2

-

QooY
RCOT
upoT

W200T1 = w2007
W3DOT1 » W3DOT
WADOT1 = WADOT
XDOT1 = XDOT
YDOTl = YDOT
HDOT1 = HOOT
GOTO %30

502 ELIN®O0.

501 ACGX = (XT+FX)/MASS
ACGYm{YT4EY) /MASS
ACG2a(2T4+£2) /MASS

, LT=RLT4L

: MTSRMT4M

B NT=RNT+N

7 IF(LIN.EQ.0) GOTO 600

STHESIN{TH)

CTHSCOS(TH)

SPHI=SIN(PHI}

CPHI®COS(PHT)

SPS1uSIN(PST )

CPS1aCOSIPSI)

£11=CTHSCPST

E12=CTH*SPSIT

£132<STH

£218~CPHI#SP SI+SPHI#STHaCPS]

E22s CPNIOCPSI+SPHI’S7HGSPSt
£23s SPHINCT

€31s SPH!'SPSI+CPhI’STHOCPSl
E320=SPHINCPSI+CPHI#STHRSPS]
£33s CPHI®CTH
SECTH = 14/CTH
TANTH = STH/CTH
THDOT = CPH1#Q~SPHI#R
PHIDOT = P4SPHIATANTH#Q+CPHI#TANTH#R
PSIDOY = SPHI#SECTH®#Q+CPHI®SECTH®R
600 DAL LT + QSR#(1Y ~ 1Z) = IYZ#(R#R = Q#Q) + PH(IXZ#Q = IXY#R)
DA2 = MT + R®(P#H(]Z = IX) = IMOM) = IX2#(P#P ~ R#R) + :
1 QR({IXY#R =~ 1YZ#P) ‘

T AT AP NTRR TN AP T T Y

A e bt Ia D ah hd Sl S

DA3 sNT &+ Qu(P#({IX = 1Y) + IMOM) = IXY#({Q#Q = P#P) +
1 RO{IY2#P ~ IXZ#Q)

Figure 18, Subroutine DYNK Program Listing (ccutinued)
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COMPUTATION OF BODY AXES VELOCITIES AND ANGULAR ACCELERATJONS

upoY = ACGX + GH#E13 = wWeQ + V¥R

vDOoT s ACGY + G¥#E23 =~ UNR + WeP

wDOT = ACGZ + GME33 = V#P + UNQ

POOT = DAL*DAP1 + DA2#DAP2 + DA3#DAP3
QDOT = DAL#DAQ1 + DA2#DAQ2 + DA3#DAQ3
RDOT = DA1#DAR] + DA2#DAR2 + DA3#DAR3
A(661)mU/1469

COMPUYE A/C VELOCITIES WeReTe EARTH IN EARTH COORDINATES

XpoT = E1I#USE21#VIEILINW
YDOT s E12%U+E224V4EI2#Y
HDOT a=E13#=E238V-E3 34
IF(LINeEQe1) GOTO 2000

W1IDOT = ~P#y2 = Q#W3 ~ R¥*W4
Y2DOT = PRW1l + R¥W3 -~ Q¥W4
W3DOT = QfwWl ~ R#W? + P#W4
W4DOT = R#W]1 4+ QW2 =~ PHy3
1F(MONDE«EQeN) RETURN

COMPUTE EULER SYMMETRICAL PARAMETERS

w1 = Wl + DELT4*(3,0%W1DOT - 1DOT})

w2 = W2 + DELT4#(3,0#W2n0T - w2DOT})

Y3 = W3 + DELT4#(3,0#W3DOT -~ W3DOTY)

w4 = WA + DELT4#(3,0#4D0T = wW4DOT])
COMPUTE EARTH TO BODY ROTATION MATRIX (E)

Wiv2 = W1lkw2

Wiw3 = Wlew3

WiWae = wWlwvg

Waw3 = W2#W3

VIZW4 = W2%W4

W3WsG = W3*W4

W1SO = y1#wWl

W25Q = wW2¥W2

W350 = W3sw3

W4SO = wWaswe

FNORM = 1,0/SORT(W1SQ 4+ W2SQ + W3SQ + W45Q)

Wi = W1#FNORM

w2 = W2#FNCRM

W3 = WIFNORM

w4 = W4 *FNORM

€11 = (W15Q + W250 - W3SQ - W4sQ)

El2 ® (W2W3 + WIW4)%#2,0

F13 s (W2W4 = W1V3)#2,0

£21 = {W2W3 = W1W4)#240

E22 = (W1S50 = W25Q + W3SQ -~ W45Q)

€23 = (W3WS + WIW?)#2,0

E31 ® (W2W4 + W1W3)#2,0

Figure 18. Subroutine DYNK Program Listing (continued)
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2015

[a¥a¥al

[a¥2a¥a)

[aXaNa)

F32 ® (W3NG = W1W2)1#240

£33 = (W15Q =~ W25Q = ¥3SQ + 43sQ)
IF(ABS(EY3).GT,1le) GOTO 2015

ARG2= SQRT(1.-F13#F13)
THe=ATANZ2(E13+ARG2Z)

GOTO 2016

F13=ABS(E13)/F13

CONTINUE

PHI ® ATANZ2(E23,F33)

IF (PHIeGT¢3e141593) PH] = PHI ~ 6,283186
SPH1 » SIN(PHI)

CPH1 s COS(PHI)

PS1 = ATAN2(E124E11)

IF (PS]1eGTe34141593) PSI = PSI « (0263186

INTEGRATE RODY VELOCITIES AND ANGULAR ACCEFLERATIONS

u = U + DHDLT#({3.,0#UNOT = UDOTi)
v = V + DHOLT#(3.0#VDOT = VvDOT1)
v = W + DHOLT#(3,0#vDOT -~ WDOT1)
P = P + DHOLT#{3.,0#PDOT ~ PHOTL)
Q = Q + DHOLT#(3,0%QDOT - QDOT1)
R = R + DHOLT#(3,0#RDOT -~ ROOTI1)

INTEGRATE FARTH VELOCITIES

X = X 4+ DHDLT#(3,0#XDOT = XDOT1)
Y = Y & DHOLT#(3,0%YDOT - YDOTI1}
H = H + DHDLT#(3,0%HDOT ~ HDOT1)

CH1 = ATAN2(YDOT»XDOT)
IF (CH1eGTe36141593) CHI = CHI = 6,283186

GAM = ATAN (HDOT/SORT(XDOT#XDOT + YDOT#YDOT))

INCORPORATE WIND COMPONENTS

UA s U - UG

VA s V= VG

WA = W e WG
PARP=PG

QA= Q=QG

RA=R=RG

TMP1 UARUA + WARWA

-
T™MP2 = SQRT(TMP1}

TMP3 = TMP1 + VA®VA

VEL = SQRT(TMP3)

MACH = VEL/SOS

AL = ATAN{WAZUA)

BET s ATAN(VA/TMP2)

ALDOT = (UA#WDOT ~ WA#UDOT)/TMP1

BETDOT = (TMP1#VDOT = VAR(UA®UDOT + WA#WDOT))/(TMP2#TMP3)

THD » TH#PICIN

PHID = PHI®PICIN
PSID = PSI#PICIN
GAMD = GAM#PICIN

Figure 18, Subroutine DYNK Program Listing {(continued)
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2000

RDOTD = RDOT#PICIN
QnoTh = QGDOT#PICIN
PDOTD = PDOT#PICIN
ALD = AL#PICIN

BETNH = SET#PICIN
GAMDTD = GAMDOT#PICIN
ALDOTD = ALDOT#PICIN
RETNTD = BETDOT#PICIN
PD ‘= P*PICIN

Qn = Q#PICIN

RD = R#PICIN

CHID = CHI#PICIN
RETURN

CONTINUE

RETURN

END

Figure 18. Subroutine DYNK Program Listing (concluded)
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Subroutine AERK

Subroutine AERK implements the model developed in Section IV of
Volume 1. It is used to generate aircraft nonlinear aerodynamics, i.e., aero-
dynamics which are a function 7. empirical curves. A general-purpose sub-
routine to perform thig function is impossible because there is no standard
form for specifying nonlinear aerodynamics. However, this problem is re-
duced to its simplest form in ADAPS. The user just encodes his particular
form of aerodynamic equations into subroutine AERK and sets up his aero-
dynamic data in function look-up form (Appendix I).

Aircraft coefficients and their look-up representations are listed in

Table XI, The subroutine AERK flow diagram is shown in Figure 19 and the
program listing in Figure 20. Symbols are defined in Table XII,

Subroutine WAERK

Subroutine WAERK implements the model developed in Section IV of
Volume 1. It is used to generate we pon nonlinear aerodynamics,. In general,
the user must encode his particular form of weapon aerodynamic equations
into subroutine WAERK and must set up his weapon aerodynamic data in
function look-up form (Appendix I).

Bomb aerodynamic coefficients and their look-up representations are

listed in Table XIII. The subroutine WAERK flow diagram is shown in Fig-
ure 21 and the program listing in Figure 22, Symbols are listed in Table XIV.

Subroutine THRUSK

Subroutine THRUSK implements the model developed in Section IV of
Volume I. It generates total forces and moments along aircraft body axes
produced by the thrusters on the aircraft. In addition to two main jet engines,
three thrust points are provided in the subroutine for simulating the vernier
thrusting in high-performance aircraft.

The subroutine THRUSK flow diagram is shown in Figure 23 and the pro-
gram listing in Figure 24, Symbols are listed in Table XV,
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Table XI. Representation of Aircraft Coefficients in Stability Axes

Look-Up
Coefficient Representation Mnemonic Unit