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FOREWORD

Work described in this report was accomplished by the Flight Mechanics

Division of the Air Force Flight Dynamics Laboratory and the Diogtal

programming section, 4950th Tesc Wing under Project 1431, "Flight Path

Analysis," Task 143109, "irajectory and Motion Analysis of -light
Vehicles." The forwulation and interim documentation were Lompleted
by Major Urban ,. D. Lynch. Programming was accomplished by Mr. Fay 0.
Young of the Digital Programming Section (ADDP), Computer Science Center

4950th Test Wing.

This report was prepared by Mr. John J. Dueweke of the High Speed

Aero Performance Branch (FXG), and Mr. Fay 0. Young, and combines the

applicable portions of FDL-TDR-64-1, Part I, Volume 1, with -he interim

documentation. The overall report is divided into four parts:

Part I. Capabilities of the Takeoff and Landing Analysis Computer

Program

Part II. Problem Formulation

Part Il1. User's Manual

Part IV. Programmer's Manual

This report was submitted by the authors in March 1972.
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ABSTRACT

A well-defined integration of the vzrious aspects of the aircraft

takeoff ind landing problem is presented in the form of a generalized

computer program. Total aircraft system performance is evaluated during

the glide slope, flare, landing roll and takeoff.

The flight dynamics of a generalized, rigid-body, aerospace vehicle

are formulated in six degrees of freedom. A flat, nonrotating Earth is

assumed. The independent equations of motion of up to five oleo-type

landing gears are also formulated.

A control management formulation is developed to automatically adjust

control variables to correct errors in the %-,ehicle's dynamic state.

Stability in the small is used to maintain stability in the large.

The equations of motion are integrated using a generalized variable-

step Runge-Kutta technique.

The -formulation is programmed for the CDC CYBER 70 and 6000 series

computers using the SCOPE 3.4 operating system. The entire program

is writteri in Fortran Extended,
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SECTION I

INTRODUCTION

In the design of an aircraft, the engineer is confronted with the

problem of takeoff and landing and the design of aircraft systems and

techniques to perform this function. The final evaluation of these

systems lies in the answer to the question: How does the aircraft and

its systems perform as a unit? The Takeoff and Landing Analysis (TOLA)

Computer Program is the result of an attempt to generalize the aircraft,

the main aircraft control systems, and the landing-takeoff situation

into a single comprehensive calculation to answer, this question.

The TOLA simulation answers the above question in the form of a

well-defined integration of the various aspects of takeoff and landing.

In the equations of motion the assumption is made that the main aircraft

frame is rigid; however, the dynamic effects of up to five independent

landing gears are included in the equations. The position and velocity

of each strut and secondary piston are obtained by numerical integration

subject to position constraints (for example, the main strut must move

within the limits of the fully extended position and strut bottoming

position). The same form of solution applies to the aircraft itself.
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SECTION II

COMPUTER AND SYSTEM REQUIREMENTS

The Takeoff and Landing Analysis Computer Program (TOLA) has been

written for use with the CDC CYBER 70 and 6000 series computers using the

SCOPE 3.4 operating system. The entire TOLA is written in Fortran

Extended.

1. CYBER 70 or 6000 series computer

a. A CYBER 70 or 6000 series computer with 32K (decimal), or

larger core.

b. Six CDC tape transports.

c. Control Data Card Reader.

d. Control Data Printer.

e. 12 inch CALCOMP off-line plotter.

2. The CDC tape transports may be replaced by other equipment which

will hnmulate magnetic tapes such as disk storage, except for one tape

unit that may be used to generate a plot tape for the CALCOMP off-line

plotter.

2•mo
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SECTION III

PROGRAMMING CONCEPTS

1. THE USE OF COMMON

Whenever possible, a variable is placed in the FORTRAN "COMMON" Area.

There are several reasons for this:

a. The commun-;cations between subroutines is simplified.

b. The structure of the directory is simplified. Since the number

of variables ir, COMMON is quite large, all COMMON cards are not

placed in each assembly/compilation. Instead, required "dummy"

cards are placed in each deck of source cards. This has in a

small manner reduced the number of COMMON cards in each deck.

2. TABLES AND TABLE USAGE

One of the usual required modifications of any program is the change

of table sizes. With this in mind, a COMMON block of locations has been

set aside and the required number of cells for each tabie is specified

with data (see TABRE for data preparation). This requires no reassembly

or recompilation unless the total number of cells required exceeds tne

COMMON block of 800 cells.

3. SYMBOLIC INPUT

Although the FORTRAN system itself has a system of input routines,

the program does the actual translation of the cards using special coded

routines. Input data may be read using a system of symbols which is

designed to give engineering meaning to the analyst. The symbols are

referenced to actual locations by the use of COMMON and subscripts.

3
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4. TRAJECTORY PRINTING METHOD

The printi.ng of a trajectory may be divided into four categories.

a. Initial Printing - The printing of specific values at the

first stage and at each subsequent major stage.

b. Code Printing - The printing of codes which will identify

the variables which are to be obtained in the coming time history print.

c. Time History Printing - The printing of values specified at

the requested points of the trajectory.

d. Diagnostic Error Printing - The printing of errors detected

by the program.

All input data involved for a case is printed on the output page

preceding the computation of the first stage printout. Also, data read

in at stage times will be printed out betýveen the stages of the trajectory

output.

Initial print is designed to print certain values which will be

constant during the trajectory and serves as a reminder of what value!

have been used for these constants.

Code printing is performed once per major stage to identify the time

history.

The time history print is designed to print in a minimum space.

That is, if a certain variable is not desired as output, it is not printed

and other desired variables are moved in the print format accordingly.

4
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The entire printing is controlled to print on a page 11 x 14 inches

and will print a maximum of 51 lines per page. Page ejection and lines

control are provided by the subroutines DEF and LINES.

5. TAPE USAGE

Tapes Equipment Usage

Tape 5 Disk or Tape Data Input

Tape 6 Disk or Tape Printed Output

Tape 13 Disk or Tape Data saved to be used to

generate a plot tape by

Plot program (PLTSOF)

Tape 16 Disk or Tape Used by the symbolic

Tape 31 Disk or Tape input routine to save

input data

Tape 7 Tape CALCQMP plot tape

The above describes the tape usage other than for the FORTRAN system.

All modification of tapes required may be made with control cards placed

in front of the program before submitting to the computer.

6. STRUCTURE OF PROGRAM

Due to core storage limitations (32K), it was necessary to use the

Overlay feature. The following is the structure of the program:

a. OVERLAY (0,0) (FOR. EXT)

TOLA STFL TRNPOS

EXE STFLD Hi11I0

INUPD STOVAR TLU

LNUPD ARRAY TFFS1

5
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INPUZ LINES

INTEG ASIN

UPDAT ACOS vpCSl

MIMIN ATAN2 SA(;SI

LGCDET L'RROR A 'ro 01

STGT.S I L1;XERR AOLAD

STGTST XDTLU OPTI

TDATA AL AS )XVIAR1

I NAFR3 LGEA3C

ASRCH ?tULT31 SDFLGCP

DEI'

b. OVERLAY (1,0) (FOR EXT)

TOLANI TSRCH

TFFS2 DSERCH

READ PACKRR

DIPLAC RITE

TABRE DIRODA

R17ADA DIR]DA

STORE DIR2DA

VMCARD

6
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c. OVERLAY (2, 0) (FOR EXT)

TOLAN2 ENGREV

AUTS ENGFL

FLAREI CENGL

AUTPRI CTENGL

THAUTS TFFS8

TFFS9

7. PROGRAM ORGANIZATION

The TOLA Computer Program is written in FORTRAN Extended. The

program is segmented and takes advantage of the FORTRAN overlay features.

This section attempts to describe the overall organization of the

program from the viewpoints of control cards, tape usage, deck set-up,

and organization.

The program is broken up into three overlays as follows:

a. Overlay (0, 0). Contains all system routines, main, executive,

integration, computation of the equations of motion, and printing.

7
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b. Overlay (1, 0). Set up tables, input routines, and

input directory.

c. Overlay (2, 0). All routines of the Autopilot.

Plotting tapes are generated by a separate program for plotting on

the Cal Conp plotter.

a. Storage Reference. All variables requiring arrays have been

arranged in the standard FORTRAN convention; for example, an array Ai is

stored in increasing storage locations for increasing i. Matrices are

stored columnwise.

b. Integers. All integers are assumed to be in a 60-bit word,

right-justified.

c. C•MM$N. In order to decrease the length and time required in

calling sequences, liberal use of labeled COMMON has been made. For the

actual variable and their arrangement in COMMON, the user is referred

to the program listing.

d. Variable Names. Because any variable may be referred to by

FORTFIAN, all integer variable names begin with the leading letters I, J,

K, L, M, or N. This does not mean that all noninteger variable names

begin with letters other than I, J, K, L, M, or N. They may, in some

subprogram, be declared integer or real.

8. DECK SETUP

a. Running the TOLA Program requires a particular deck setup. rhe

deck structure is presented as a guide only in determining this setup.

8
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b. CONTROL CARDS (CDC CYBER 70 or 6000 Series, SCOPE 3.4). All

control cards are left justified in column 1. The end ot record is a

7, 8, 9 punched in column 1 and on end of job card is a 6, 7, 8, 9 punch

in column 1. In the control card examples 'an eid of record and an end of

job will be used in place of the cards.

(1) The following control cards will execute the TOLA Computer

Program from an UPDATE tape and not print a listing of TOLA.

Job Card

LABEL, OLDPL, R, L = TOLACF, VSN = tape No. RING OUT

UPDATE, F.

FTN, I = COMPILE, L = 0.

RETURN, QLDPL.

LDSET, PRESET = ZERO.

LOAD, LGO.

NOGO.

TOLA.

End of Record

Changes to TOLACP if any in UPDATE format

End of Record

Data Cards

End of job.

If a listing is desired, omit the parameter L = 0 on the FTN control

card.

9
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(2) The following control cards will generate a new UPDATE tape, dn

absolute file on tape, and list the TOLA Program.

Job Card

LABEL, OLDPL, R, L = TOLACP, VSN = tape No. RING OUT

LABEL, NEWPL, W, L = TOLACP, VSN = tape No. RING IN

UPDATE, N, F.

FTN, I = COMPILE.

RETURN, OLDPL.

UNLOAD, NEWPL.

LABEL, TOLA, W, L = TOLACPABS, VSN = tape No. RING IN

LDSET, PRESET = ZERO.

LOAD, LGQ.

NOGO.

TOLA.

End of record

Changes to TOLA if any in UPDATE format

End of Record

Data cards

End of job

(3) The following control cards will execute from an absolute file

on tape. TOLA is an absolute file on a tape.

Job card

LABEL, TOLA, R, L = TOLACPABS, VSN = tape No. RING OUT

TOLA.

End of record

Data cards

End of job

10
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(4) If it is desired to save data on tape for CALCOMP plotting,

include the following control card with the LABEL cards:

LABEL, TAPE 13, W, L = TOLADATA, VSN = tape No. RING IN

(5) The following control cards will generate a new updated program

on permanent file (PF), generate on absolute file of TOLA on PF, and

execute TOLA.

Job Card

LABEL, OLDPL, R, L = TOLACP, VSN = tape No. RING OUT

REQUEST, NEWPL, *PF.

UPDATE, N, F.

RETURN, OLDPL.

CATALOG, NEWPL, TOLACP, RP 999, CY = 1, ID Prob No.

RETURN, NEWPL.

F TN, I = COMPILE, L = 0

REQUEST, TOLAP, *PF.

LDSET, PRESET = ZERO.

LOAD, LGO.

NOGO.

TOLA.

CATALOG, TOLAP, T9LACP, RP = 999, CY = 2, ID = Prob No.

End of record

Changes to TOLA if any in UPDATE format

End of record

Data cards

End of job

11
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(6) To execute from a permanent file, use the following control

cards:

Job Card

ATTACH, TOLA, TGLACP, CY = 2, ID = XXXXXX.

TOLA.

End of record

DATA cards

End of job

(7) To execute from a permanent file, and generate a plot tape

for the CALCOMP plotter on TAPE 7, use the following control cards. The

plot tape generating program (PLTSDF) is located on PF: PLTSDF, CY = 1.

Job Card

ATTACH, TOLA, TGLACP, CY = 2, ID = XXXXXX.

TOLA.

RETURN, TOLA

REQUEST, TAPE 7, MT, HI, N, VSN = Tape No. Ring IN

ATTACH, PLTSDF, PLTSDF, CY = 1, ID = XXXXXX.

PLTSDF.

End of record

Data cards for TQLA

End of record

Data cards for PLTSDF

End of job

12
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9. DATA FORMAT

Card Format - The program input routine (READ) expects the following

format.

10 1 12 661 67- 721 73-80
Field I II III IV i V VI VIII

Card Field I Contains the symbolic name of the variable which datd

contained in Field V begins loading. Example: Card Column 1 112

7D -1.23
SIG7D 90.

13
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Card Field II Not Used

Card Field III - Contains the words DEC, OCT, BCD, TRA, TNT, or is

blank depending on the type of data to be loaded. The word bCT indicates

that the data is to be interpreted as octal numbers. The word BCD

specifies that N binary coded decimal words (N punched in column 12)

beginning in column 13 are to be loaded. The word TRA denotes to the

input routine that all data has been read and to return control to the

callin9 program. The word DEC and blank are equivalent and specify

that data loaded is decimal data.

OCT Example
Card Column 1 8 12

mNSMAIN OCT 7

BCD Example
Card Column 1 8 2

rREM BCD ýSDF2-GEAR-MOD

The 3 in Column 12 specifies 3 words where each word is considered to

be 6 characters including blanks. The largest number of 6-character

words that can be loaded from one card is 9. The analysts should be

very careful to see that the BCD information does not get punched into

Field VI. This will cause an input error.

DEC Example
Card Column 1 8 12

VTABO1 DEC 2,0.,l.67,20000.,l.67

Note that the first character in Column 12 is an integer; the input

routine will load only one integer per DEC card, and that has to be the

first number punched in Field V.

VTABOI DEC 2.,0.,l.67,20000.,l.67

14
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If the above card is punched, the two will now be loaded into the machine

as a binary floating point number. The other numbers will be loaded

the same, with the decimal point assumed right-justified.

If anything other than OCT, BCD, INT, TRA, or blank appears in

Field II then the word DEC is assumed.

XNT Example
Card Column 1 1812

IP INT 1
IP 1,
IP INT 1,1 ,l ,

When the word INT is used, it is assumed that all numbers on the card

will be loaded as integers. If only one integer is punched per card the

INT may be punched or omitted.

Card Field IV-Not Used
Card Field V

The actual input data to the program is punched in th. Field V.

DEC, INT and OCT numbers must always be left-adjusted; that is, it

must always start in column 12 on the input card. All numbers are

separated by a "comma" and the field terminates with the first blank.

BCD information begins in Column 13 and the maximum number of 6-character

words per card is nine. Note that since Field V ends with the first

blank, the user may punch any comments in the remainder of the field.

Card Field VI

This field specifies the initial subscript of the data in Field V.

If this field is blank, an initial subscript of 1 is implied. The

subscript may appear anywhere within the field.

15
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Example
Card Column 1 12 67

PZERO 30470.4,41538.24,41538.24 1 (or blank)
PZER0 42538.24,42538.24 4

In the example above, the number 30470.4 is loaded into the first cell

of the array PZERO. On the second card, 42538.24 is loaded into the fourth

cell of the array. The one and four punched in Field VI indicate the

subscript for the array PHERO.

Card Field VII

Not used as far as the input routine is concerned. This may be used

as a sequence number for the card.

10. TABLE FORMAT

The various types of tables used by the program may be classed as

follows:

One Dimensional Tables

Example 1: 14TIRES , a f (i), i :2,..., NSTRUT
Card Column 1 12

NSTRUT 5
NTIRES 14.,6.,6.6-,6.

INSTRUT= Fixed point number which is the number of struts on the aircraft.

For example, the number of tires on strut 2 is 6; i.e., n2 = f(2) 6.

i = independent variable values

n. = Corresponding dependent variable values

Example 2: Aerodynamic Data
Card Column 1 12

INDAOI 1
ATABOI .0065,.00748

16
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INDAOI $1 designates that there are data in ATABOl. The first data point

is for full ground effect; the second data point is for no ground effect

in all aerodynamic tables.

Two Dimensional Table

Example: VTABO1 x cc=f(m)
Card Column 1 12 c

VTABOl NMlX CG ,MzXCG 29...' MNSXCGN

N =Fixed point number equal to 2 times the number of independent variables.

For a 20-point table, N would equal 40. The total number of machine

cells required for this table is 41.

M . = Independent variable values

XG= Corresponding dependent variable values

N - Dimensional Table

Example: T F(N,M N)
Card Column 1 12

ITIOW NN
M~OX NM1N
TTABIO NON211N39 ... s NNN
TTAB10 M N1,M N2' MN3,...,MN-NMN

TTAB1O T Nl 'MNl' ITN2'MNl ...TNNN'M NI

TTAB10 TNl M N2 ' N2' MN29..IT NNN M N2

TTAB1O NI ,NNMNTN2,MNNMN'-' TNNN' MNNN

NN and N?4N are fixed point numbers of independent variables. TN,- MN1 9....,

T N NN NNMN are values of independent variables. The table subscripts

would apply to the N-dimensional table as well as the two dimensional. The

total number of macnine cells required for an N-dimensional table equal

NN * NQMN + NN + ?4MN.

17
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Examples:
C = F(X, Y) NX = 2 = points for X

NY = 2 - points for Y
Machine cells required 2 x 2 + 2 + 2 = 8 cells

C = F(X, Y, Z) NX =20 = points for X
NY = 10 = points for Y
N~Z =15 = points for Z

Machine cells required 20 X 10 X 15 + 20 + 10 +15 3045 cells

18
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SECTION IV

FORTRAN EXTENDED OVERLAY (0,0)

1. TOLA - MAIN PROGRAM

a. Purpose - Initializes parameters in the read routine through

COMMON, initializes table cata, and parameters in storage routines, and

calls EXE.

b. Usage - Calls the executive routine (EXE) for each case.

2. EXE - EXECUTIVE ROUTINE

a. Purpose - To zero all variables that may be read in as input,

initialize subprograms, and set nominal values. Read input, do all the

proper Initialization, set up tables dimensions, check for staging,

printing, etc.

b. Usage - The executive routine is the controlling program. When

a case is completed, a return is made to TOLA.

3. STGTSI, STGTST - STAGE TESTING ROUTINES

a. Purpose - To test the possiblity of staging on any of up to four

increasing and four decreasing variables.

b. Method - Given the four increasing variable BCD names (in arrcy

AINCRS) and the four decreasing variable BCD names (in array DECR[S) the

routine first searches the directory for their location (routine STGTSI).
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FLOW DIAGRAM--MAIN F'!OGRAM (TOLA)

REWIND 13

INITIALIZE RE-D

ROUTINE CALL TDATA
JOC •- I m,--iJac x -ICALL STFLO
INXQ •0

CALL
EXE.

GO 10
N EX T
CASE

20
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FLOW DIAGRAM -EXECUTIVE ROUTINE (EXE)

ZERO ALL VARIABLES
THAT MAY BE READ AS
INPUT. 0 NT AMINER
INITIALIZE THE
FOLLOWING SUBPROGRAMS:

LGEAR 1, TEFSi, VPCSI,
SACS I, AND SDF T MINER

SET: INTIALIZE
SWT2 =.FALSE. INTEGRATION:
SWT3 =.TRUE. CALL INPUZ

SET
NOMINAL VALUES.
INITIALIZE AUTS:

SWTI =.TRUE. T SWT2
a 0 . (DEG/SEC)
.4 F

a,, = O. (RAD/SEC)

qd = 0. (RAD/SEC)
AUTS INTIALIZATION:

tnI TIME
I SET: HT, HTi,HT2 = DELTS

SWT2 a. TRUE.

F READ INPUT:

-IC INTR m 1

CALL 1)VERLAY (1,0)
tlt T = TIM! IE

INITILIZE STAGING: TIMES=TIME-TIMSX
CALL STG TSI
EJECT PAGE
INDSKP = 0
HO = DELTS

21
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ACCOUNT FOR 13 LINES SET UP TABLES FOR
PRINT ANALYST'S REMARKS LGEAR SUBPROGRAM:

CALL OVERLAY I1, 0)

INDVPC

#00
SKIPUP =.TRUE,

SET UP TABLES FOR POST- DATA INITIALIZATION
VPCS SUBPROGRAM: FOR SUBPROGRAMS SDF,

ICONTR =4 LGEAR AND VPCS:
CALL tVERLAY 11, 0) CALL VPCS2

CALL LGEAR2
CALL OPT2

A 0 4

TFFS SUBPROGRAM: UPDATE INTErRIATION VARIABLES:
CONT~m 2CALL OPT7

CALL *VERLAY (1,0) SAVE DATA ON TAr'E FOR ,LOTTING:
CALL SDFLGP

PRINT SDF AND SUBPROGRAM VARIABLES]
0 INDAERCALL OPT6

0CINDAUT

ICONT = 3PRINT AUTOPILOT VARIABLES
CAL OVRLA (i, 0ICONTR 2

CALL tVERLAY (2, 0)

SET U TABLS FORS KIPUP = .FALSE.

CALOVERLAY (1,0) TIMEA = DELTS +T-1. E- 6(TIME TO CALL AUTS)

22
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FLOW n)IAGRAM- EXECUTIVE ROUTINE lEXE)

T5

TPD - T+DELTs

YES TPD(<Tmox

No PRINT AUTOPILOT
NO VARIABLES,

DELTS zTmao-T C AL L OVIERLAY (2,O)

HA ENo EXDE D.)

SAENDAT ON TAPE:

CALL SOFLOPMIM

(INDSTG0,PRM TTXMEA -T+DELTS-I.E- 6

HA SE ECEDD. RITS0

2UPORM3AIBE
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FLOW DIAGRAM-EXECU71VE ROUTINE (EXE)

SAVE DATA ON TAPE 6
CALL SIUFLOP

N ta PRINT SDF AND
I < inaxSUBPROGRAM VARIABLES:

ESYES CALL JPT6

END =.FALSE.1

INDAUT

:0
INDSTE

T lIC*NTR =2

END CALL *VERLAY (2,0)

EN 

ST 

ND

TG T

* 00
INDSTGT5

0#

PRINT SWRITE:=
SUBPOGRA VAIABGS: ND VAALE 1 0
CALAN STAGE0

TIMEP= T P~hT- 1 E 9

24T
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:0 NDSTF SIU .RE

*0

INDSTF = 0

WRITE: 10
[j T#P - STAGE' 2 1 L

INNDEFS = 5. NSTRUT

EJECT PAGE
READ DATA: =
IC$NTR =I IL

CALL IVERLAY (1,0) *#0
INDSKP = 0 NES 3*NTUNDEFS z3 * NSTRUt0 ILh

;6 00SUBTRACT NDEFS D.E.

4 + NDLGFROM NO. OF D.E. INTEG.

IN DTY 0CALL LNUPD(NDEFS)

EJET PGESWT3 =TRUE. J
SWT3: FALSE. ( ALSCI

=0INDLG: - INDLG (13 ALL = SACIND
INDSTR SET UP TABLES, POST- l C#NTR = 3

o#0 DATA INITIALIZATION, LOELYIO
AND COMPUTATION OF CL VRA tO

I N~~sfR 0LANDING GEAR DYNAMICS:I II

NSTAE = STAG +1 CALL OVERLAY (i , 0)
NSTAG:NSTGE+1 CALL LGEAR2

CALL LGE25
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FLOW DIAGRAM - EXECUTIVE ROUTINE (EXE.)

T0

ACCOUNT FOR 2 LINES
WRITE

"STOP -TMA X"

0

ACCOUNT FOR 2 LINES
WRITE "STOP".
STSWCHx TRUE.

FINALIZE PLOT TAPE
CALL LGEAGP

RETURN

END)

26

L•. .• . . • .. , : n •



AFFDL-TR-71-155

PART IV

In routine STGTST, and when ISTAGE=O, the routine may then he used to

test for any of the increasing variables being greater than the values

in the STEST array (i.e., increasing variablei > STESTi). In like manner,

the decreasing variablei > STESTDi test is made for i = 1, 2, 3, 4.

Note that the testing stops at the first test to be satisfied. If a

test is satisfied for increasing variables, the routine places the BCD

name of the varible in STGVAR and the BCD word "INCR" in STGVAR-l. This

process is similar for decreasing variables, except that "DECR" is

placed in STGVAR-l.

Similarly, when ISTAGE t 0, the routine may be used to test for all

of the increasing variables being equal to the values in the STEST

array (i.e.)increasing variablei = STESTi). In like manner, the decreasing

variablei = STESTDi test is made for i = 1, 2, 3, 4. Note that in order

to pass the test the conditions must be met for all i.

c. Usage

(1) Initialization - The statement, CALL STGTSI

must be given. This statement must be given each time a new

set of variable names is to be tested.

(2) Testing Staging - To test if staging is indicated,

CALL STGTST (INDSTG)

The routine returns INDSTG = 0, No staging

INDSTG = 1, staging indicated

27
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FLOW DIAGRAM I STGTSI)

STGTSl

ENTRY

ICUN :RETURN DECRESI SLANK

KCtUNT -0 N

IS VARIAB3LE IN DIRECTORY J

YES AINCRSi 1 BLANK CALL tVERLAY (1,0)
Nto0 L#CADEI1  l C#NT2

IS VARIABLE IN DIRECTORY aAI
ICONTR a 6 IsVA t DIR.? NO

CONTRI - AINCRS 11) TEST IC$NT3

~CALL OVERLAY (11,0) YES

LtCAIN1 -XC*NT2T

NO IS VAR. iN oaR.?
TEST IC#NT 3YE 

4
YES

ICqUNT - IC#UNT. I

WRITE1
"*ERROR. THE STAGE
VARIABLE-____Is SET UP ERROR STOP: 0-RTR
NOT IN THE DIRECTORY CALL EXERR (0)
--- LOOKING FOR -

NEW CASE."
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FLOW DIAGRAM (STGTST)

ENTRY

I :
STGTST

NOj LýCATN,

YYES
YS" -SVA L ' T T = YES

NO
NO C*MVL STYES

2 - Z ICCUNT
NO

i 1 +1

111
29STGVAR AINCRS

i a IýUNTSTGVAR 1  AINCR

SW TRUE.

6RETURN
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FLOW DIAGRAM (STGTST)

2

YES KCOUNT 0

NO

NO YES
soONC$MVALJ STESTD1

U*

NO

STGVAR 2 = ERS1 YES 4N
STGVARL ADECR I > XCOUNT

lj=LtCDF-11NO

[IFLTG a 0
SFALSE.

(IETURN
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4. INUPD, LNUPD, INPUZ, INTEG, UPDATE-INTERFACE ROUTINES FOR

INTEGRATION ROUTINE

a. Purpose - To serve as an interface between the integration routine

proper (MIMIN) and any routine requesting a variable to be integrated.

There are five logical functions which-these routines perform.

For a particular call to one of these routines, one of these functions
will be enacted. The P array is the array of current derivative values
of the variables that are being integrated. The Y array is the array

of the current integrated variable values.

b. Usage - for each of the interface routines.

(1) CALL INUPD(N,L)

The number of integratee variables is increased by N. The subscripts

in the P and Y arrays for the values XDOT and X respectively -ire stored

in the array L.

(2) CALL LNUPD (M)

The number of integrated variables is decreased by M.

(3) CALL INPUZ

The P arl Y arrays are set to 0; the number of integrated variables

is set to 0.
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(4) CALL INTEG (K,XDOT)

The value of XDOT is stored in P(K).

(5) Call UPDAT (JXl, JX2, XJ1, XJ2, XJ3, XJ4, XJ5)

JXl = No. of variables (I < JXl < 5); JX2 = subscript of first

variable (XJl); 2nd variable (XJ2) has subscript of JX2+l, etc.

When the logical variable SKIPUP (DIRCOM) is false, then the values

of the integrated variables are picked up from the proper places in the

Y array and put in XJl, XJ2, etc.

When SKIPUP is true, the values of XJ1, XJ2, . ., XJ5 are stored

in Y (JX2), Y (JX2+l), . . ., Y (JX2+JXl - 1)

INUPD will terminate the case if more variables are requested to be

integrated than there is room for in the integration arrays; at the

present, this upper limit is 50 variables.

5. MIMIN - INTEGRATION ROUTINE

a. Purpose - To perform the calculation necessary to integrate

an array of variables by the variable-step or fixed step Runge-Kutta

Method; to determine an estimate of the relative error, and from this

information, determine the new step size of integration in the

variable-step mode of integration.
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FLOW DIAGRAMS, (INUPD, LNUPD, INPUZ, INTEG)

ENTRY
ENTRYLNUPD

YES NUM+N:S 50 NUM= UM -MN

NO

CALL DEF N
WRITE: NUMBER *F RETURN
INTEGRATI4N VARIABLES

EXCEEDS MAX LIMIT 50

STýPENR

ENTRY Iuz
INTEG

NUM=0
: 0 P(K) X9 L I =:0

RETURN

NUM z NUM +1 P (1) :0
L (I) NUM Y (I) - O.

NO NO

YES YES

PRETURN RETURN
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FLOW DIAGRAM (UPDAT)

ENTRY
UPDAT

I lI

RE TUR -3-5 4

Y(JX+4)=:J5: XJ5LY(J2+34
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b. Usage - The entry to this routine is as follows:

CALL MIMIN (SN)

where N = statement number to which nonstandard return is made

from MIMIN.

c. Method - The variable step Runge-Kutta Method is calculated as

follows:

STEP I

v~

I ~ ~ Yn:FX, Yn)

YAtt Yf 4+ h/2 Yn

*A, n =F (X + h/2, YA.

YBn = Y + + h/2 *An

*on =F (X + h2,Y1I •8°: •(x 4. h1,Y•
YC n = Yn +" h *9 n

Ycn = F(X + h, Yc n
Ypn Yn + h16 (?n + 2 An+ 2 *On + YCn

STEP II

YDn =Y + h/4 Yn

YDn F(X + h/4 , Yon)

YEn Yn + h/4 *Dn

*En - F (X + h/4 , YEn

YFn Yn + h/2 *En

*Fn F(X + h/2,YFn)

Yin :Yn + h/2.- 1/6 (,, 4, 2 * + 2 *En + YFn3
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STEP III

YGn n Yin + h/4 *in

YGn = F(X + 3 / 4 h,YGn)
YHn = YIn + h/4 YGn
YHn = F(X + 3 / 4 h, YHn)

Yin = Ytn + h/2 YHn

*In F (X + h, *In)
Yn = Yin + h/2 - 1/6 ( +(Yn 2 YGn + 2 *Hn + in)

where n = 1, 2, 3, . ., NDEFEQ

NDEFEQ = No. of differential equations

Computation of Relative Error ER = 1 (Yn - YPn

Zn = Mox(YMaxn, L' 1); R = Moa [R, IERI/Max(Zn, t.)]

d. Input for Integration Routine

Symbol Used Math Symbol used Nominal
by READ Routine Notation by Integration Value Remarks

IVARBH IVARBH 0 Use variable-step
=1, Use Fixed Step

TIME t X 0. Time to begin integ.
DELTS At DX .1 Time internal to int.
AMINER At min DXMIN .001 Minimum At
AMAXER At max DXMAX 10000. Maximum At
RELERI RELFRI RELERI .00007 Rel. error tol. #1

RELER2 RELER2 RELER2 .000005 Rel. error tol. #2

N N No. of diff. eqs.
Yi Y(N) Array of dep. -var.

Pi P(N) Array of

PRTMIN PRTMIN Print Minimum
INDLG Landing gear indicator
INDSTE 1
STOP!T
SW
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FLOW DIAGRAM (MIMIN)

MIMIN()

ACH =0.

x =x + ,&x P , I = 1,2,...,N
Po I'

Yi YoI + (h/2).PolPT(• 12i 1,2,...-, N

30 IVARBH 0 0 X z X0 + h/2•F ~CALL OPT.?
F' CA LL fP._T.4

xo=X

T
4 No F

YES T ,=.TRUE

hT =

E: T > ÷PO

I ° = I i = '"Nh = hT ,I = °' + l /2) P 1,2, ... , N

• ~CALL I•PT7

CALL P'4-•

4020 INDSTE z 2

x X0 :X.TRUE.,

h=MIN(Ihl,IAXmoX I) T AND.
Yoi YI , I z1, 2,...N h >ST PI.I

UPDATE INTEGRATION
VARIABLES:
CALL *PT7
SET UP Yi = P1 =F(XY 1 1,
I =1,2, . ,N

CALL OPT4
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FLOW DIAGRAM M!IMIN)

Iy

-' 

I i +I

I j = oI + h I C, 2. ''*P T ?

X X 0 + h CALL 9tPT4
CALL *PT?

INDSTEO T

T SW=TRU. 
SOT

yp y 0 =*Y + (h/2)p. P)
Ip t Yo h6( i +S .

V X0 +(h/2fp

CALL~ , 2 OPT

CALL jAPT4

CAL

502

L3~j
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FLOW DIAGRAO (MIMIN)

2

*R. T I + (h/2) P1,

(INDSTE 10 =X +
F X CALL0 +Th

CALL OPT7

Tl S= .TRU + (h/4)F P1

i 1, 2,- ,N 1
CALL JPT7 F
CALL IPT4jRLE1R3

INDSTE =0 F

FT 'r -
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IACHVI H+hl

F lma x Z1  I: I= 12,..E

ACH t PRTMIN

CALL OPT7
CALL ýT

CHECK ANDIN GEARhT 2h
CONSTRINTS:WRITE:
CALL LOET 0. NTEG RTN

HT~t X.XXXX"

F RETURN

F
:R 5 4RELER 2

TT

h =h + h

CALL *PT7

L CALL *PT4I

10 FL

h = hT

h > PTMM Fh 
:Xf-x 0

40
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FLOW DIAGRAM (MIMIN)

Kf =INTEGEROF &X F

tlXmin

H Z Ax/, II I = Y j (xI.. +
K 0 2(XKi,2 + XKI,3) + hP0)/6

-i Ii = I,?_, --- , N

K K +K
Yo0  'V , I , ,: -t

CALL PT7 F

rNSTE = 0

X z X + h/2

XK = h P.

YI Y I + XK1  CALL L.DET
I = a,
I : 1,2,.",N
CALL tPT7
CALL *PT4 CALL tPr4

X = X + h/2
XK ,3: hP, WRITE: "HT: tX±,XX"
Y1 = Yo I + YK 1,3'

1 =z 12,...,N

CALL P..
CALL PT4ETUR
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6. LGDET - ROUTINE TO RESTRICT LG VARIABLES IN INTEGRATION ROUTINE

a. Purpose

When the statement CALL INTEG (K, XD) is executed, the derivative

XD is stored in an array P at location K of that array (i.e.,P(K)). The

integration is not processed until a complete pass has been made through

the program and all calls to INTEG have been made.

As the integration is performd the integrated variables are stored

in an array Y at the correspondir. location K as its derivative (i.e.,Y (K)).

When the statement CALL UPDAT (N,K,X) is executed, the integrated

variable X is transmitted from the Y array (location Y (K)) to the location

X. The N designetes the number of variables to be transmitted.

Due to the requirements of the landing gear problem some variables

that are integrated are restricted to certain conditions. Therefore,

it was necessary to write the routine LGDET to restrict these variables

in the integration routine. As stated above these variables are stored

in the P and Y array in the integration routine.

b. Linkage - CALL LGDET
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FLOW DIAGRAM (LGDET)

INLGDETEUN RT:-SWECEE

ESE
YES N(S O)-SU

0: YESNSRU NO

rNLG :+2 RETUUT WRITE: ES(I)EXCEEDED"
NO~LAt PRINT VALUE OFS

HT TY(Jj) 5 0.M YE

YES

NO

kkPJj = 0. N

kk~~~ ~ ~ ~ +2-NTU RTE EMECE

LAM PINT A LUEOF43
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FLOW DIAGRAM (LGDET)

YES y~jj) Ž0. m")-So

NO

P(j) :0.PRNVAUOFS

YES N

NOO
NOL 0.4 wRITE:E(S2T(Q-ES2cE ) YE

YESS

TTME YYfnAm!(S2Pi) ES(i)
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FLOW DIAGRAM (LGDET.)

YES >0.

NO

Y(U9) =Q*.
P(mm) =0.

P(LL) < o.

YES

Lp(tt) 0.

4

YES

[P(nn) 0.0.

Y(nn) 0 .

45
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7. ASRCH, TDATA - DIRECTORY SE!'RCH ROUTINES.

a. Purpose - To provide a BCD word look-up from a subscript.

b. Method - Given a subscript, the routine will search the directory

for the BCD word corresponding to that subscript. If the subscripts do

not compare the BCD name is set to blank and return to the Calling Program

is made.

c. Usage - Entry is made to the routine with the following statement:

a. CALL ASRCH (LOCI, SYM1)

where

LOCI = subscript being searched

SYMI = the variable name into which the routine is to store

the corresponding BCD name.

d. A call to the subroutine TDATA initializes table name data

which is used by subroutine TABRE (in Overlay (1,0)).

46



AFFDL-TR-71 -155

PART IV

8. DEF - HEADING AND PAGE EJECT ROUTINE

a. Purpose - To provide page ejection and title printing.

b. Method - Initially the current page number (NPAGE) is incremented

by 1. The title is printed and returned to the calling program.

c. Usage - Entry is made via the statement

CALL DEF

9. STFL, STFLD, STOVAR, ARRAY - Storage and Printing

of Output Routines

a. Purpose - To provide a method of printing output names of

variables and their values when necessary. Names of variables or values

which are to be printed are not actually printed by the routines until

at least eight have been accumulated by a series of calling sequences.

b. Method - Each time a call is made, names of variables or values

are saved until eight are stored. At this time they are printed. This

process is repeated until all names or values have been handled. If

less than 8 remain, they are saved for further call statements or until

forced to be printed,

c. Usage

(1) The printing of Hollerith Code

CALL STFL (JOPT, N, ARGI)

JOPT = 0: Force any possible remaining print

JOPT = 1: See (2) below for printing of Values of Variable;.

JOPT = 2: Prints N words of Hollerith information from ARGI (1),

ARGI (2), . . ., ARGl (N) where there is at most 6 characters per word.

JOPT = 3: Prints 1 word of Hollerith information.

N should equal 1.
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The above call adds the N Hollerith code words to the list of code

words to be output on the next line of print. When 8 code words have been

accumulated, the line is printed; any excess code words are added to

the list for the next line of print. Codes are printed with "7X,A6,7(9X,A6)"

format.

(2) The printing of Values of Variables

CALL STOVAR (N, A, A2,. . _, AB) I < N < 8

where N is an integer identifying the number of arguments following it.

If N < 8, then the remaining arguments must be dummy argumerts. For

example, CALL STOVAR (6, Al, A2, A3, A4, A5, A6, DU, DU).

CALL STFL (JOPT, N, ARGI). This call prints the value

of one variable when JOPT = 1, N = 1, and ARG1 is the name of the

variable.

Lines accounting is taken care of within this routine.

Values are printed with a "lPEl5.7" format.

(3) Forcing final print

To force any possible rerrining print

CALL STFL (0, 1, DU)

4



AFFDL-TR-71 155
PART IV

FLOW DIAGRAM (DEF.)

DEF

iL~h

NPAGE x NPAGE+I

LONG c +

SEJECT PAGE

WRITE: "SIX-DEGREES

OF FREEDOM FLIGHT PATH

STUDY GENERALIZED
COMPUTER PPOGRAM

WRITE: "INDSDF Z'.

CASE (NCASE ,3wTAes

(NSTAGE), PAGE INPAGE)

RE3)RN
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rLOW DIAGRAM (STFL)

ST FL
ENTRY

INTIALIZES BY
03 JýP TFLDDATA STATEMENT:

-3 E~TYCLEAN -.TRUE.

T INTEG =.FALSE.

GETARG, - ARG,
NENT x 5

K - 2
CALL ARRAY (N,O)

RETURN

CAL ............ RETURN.

ARRAY 
(td.O9

NNT 2

K91 R-ETURN
_CALL ARRAY (N,O)
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FLOW DIAGRAM (STOVAR)

ST41 AR
ENTRY

- • NO

: • NO

-! GETARGe a H
": GZ.TARG7 8 G

GETARG6 " F

GETARG5 - E

GETARG 4 a D

GETARG 3 2 C

GETARG28 8
GETARGI Pt A

NENT z 2

CALL ARRAY (N, 0)

RETURN
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FLOW OIAGRAM (ARRAY)

ARRAY
ENTRY

SWRITE AL,!STi i-•...,,2( A" F#R;AT)

)(00

NENT-LENT YES

12 0

CLAN'TRUE.

I22

CALL. LINES (1)
7 SKIP SPACE

CALL LINE. (,)

YYES

LE. a __ NO
SNO

[WR1,TE : AL.is~i, i-a I--I,-IN

. ., ' 2 ( ° I " F O R 'M A T ) •
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FLOW DIAGRAM (ARRAY)

ALIT(2)GEAR4 J
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10. LINES - LINES ACCOUNTING ROUTINE

a. Purpose - To keep an accounting of the number of lines prinued

per page, and to provide for page control.

b. Method - If the number of lines to be printed (LC0UNT) is such

that it will not fit on the current page, the page is ejected (via DEF)

and printing will begin on the new page. Initially, the location LONG

should be set to zero, indicating that currently no lines have been

printed on the present page.

c. Usage - Entry is made via the statement,

CALL LINES (LC0UNT)

where

LCOUNT = A fixed point variable or constant indicating the

number of lines to be printed.

11. ASIN - ARC SINE FUNCTION

a. Purpose - To compute the arc sine of a normalized floating

point argument (X).

b. Method - Sin-I (x) Cos -1 xM

c. Usage - The Arc Sine is computed using the statement, Y = ASIN (X)

where JXJ < I., and Y = Sin 1 (X).

12. ACOS - ARC COSINE FUNCTION

a. Purpose - To compute the arc cosine of a normalized floating point

argument X.

b. Method - For !XI < 7.4505806 x 10-9 the arc cosine is set equal

to w/2. For X = 1., arc cosine is set equal to zerosand for X = -l arc

cosine is set equal to Tr . When the argument X ý +1., the routine gives

the arc cosine in radians from C to w.
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FLOW DIAGRAM (LINES)

LI NES

ENTRY

FLtNG -LING +LC*N

YES LQNG :5 51

NO

EJECT PAGE AND WRITE
HEADING "

CALL DEF

LING 2 LCOUNT
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FLOW DIAGRAM (ASIN.)

ENTRY

(RETURN
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c. Usage - The arc cosine is computed using the statement

Y = AC0S (X)

where IXI < 1. and Y = Cos- (X).

13. ATAN2 - ARC TANGENT ROUTINE

a. Purpose - To compute the arctangent of the quotient of two

normalized floating point quantities Y/X, with proper quadrant control.

b. Method - The routine computes the quotient Y/X. The arctangent

is computed with quadrant according to the sign of Y and X. If X = 0

and Y 0 0, the routine computes 7 = Tan 1 (Y/X) = ° 7r

If X = 0 and Y = C, it computes

Z = Tan" 1 (Y/X) = 0.

c. Usage - The arctangent of Y/X is obtained via

Z=ATAN2(Y,X)

14. ERROR, EXERR - GENERAL TABLE ERROR ROUTINE

a. Purpose - To provide a method of indicating the table which

may possibly contain an error. Also, to provide the Stop Number that

identifies an error condition in an equation.

b. Method - By the statement CALL ERROR (LOCT) in which LOCT is

the subscript of the curve in error, the routine will search the subscript

table and find the corresponding BCD word. This word will then be

printed as:

"TABLE ERROR AAAAAA"
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FLOW DIAGRAM (ACfS.)

AC$S
ENTRY

SXI "-'

NO I Xl> 1.
YES

WRITE: o ARGUMENT
#UT #F RANGE

AC#S 9999999. X1 > 0.

i SA: I.

NOO

X 2 = 1.- (2 . * X1 5 
•1 2 .)

REUR

m1

YE x > X2 "" 2.* X l* 2.) -i.

i Xt = X2

A# 1.• 57079 J
i NO-- X:, YES

YE ACOS = 3•.1415ý926 ý A

NO-• X RETUR

m mE
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FLOW DIAGRAM (ATAN2)

ENT~,R 
X 0. NO

YES

AA (L) v.1862iS4515ET- 8 TN IN P42T
AA(2)=.176326981E +0 LTN IN(IV
AA (3): =.577350269E + 0
AA (4): =119175359E +I
AA (5): z.27 4747742E + i
AA (6): .134217728E +9 IDC X T .0
A (1)2.4495$37214E +0Rw /

A (2): .195014224E +0Z= R

A (3)= .944754986E - L
A (4): .288535059E-L

B (1)=.13988670E + I
8 (2)= .396045266E +0O A()N
8 (3): .2ISISISIBE + 0
B (4): .168724015E +0YE
PN (1): =.349065850E + 0
PN (2): .69813170 1E + 0
PN (3): .104719755E + 1 4;TN
PN(4M= .139626340E +I.
Cl =.511194590E..i
C2 zz.270998425E -2
C3 z.216649136E +0 :+
L = .163636364E +0
PItY2 = .1 57079633FE + L

4NEPI=.1415925E + iZ <AA 1,I) NO

YES

YYES
I 1 No

NO

No 2

RETURN
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FLOW DIAGRAM (ATAN2'

T~Q 0 
TN2> D E

2

J :6-I1

7 A (r) -S(i)/(z .AAI))

[T=Z**2 +C3-C2/

((Zmz21 + ci)

'ATAI'd2 = /

____ SIN (ATAN2,R)

4
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Where AAPA is the BCD name of the table. If the name cannot be found

in thr directory

"TABLE ERROR

LOCATION OF TABLE NOT LISTED IN DIRECTORY" is printed and a

return to the calling program is made. In either case INDSTE is set

to zero. By the statement CALL EXERR (NUM) in which NUM is the stop

number, the routine will write "STOP NUMBER III"

where III = the stop number. If NUM = 0, an exit is made from the routine

with no printing. In either case INDSTE is set to zero.

c. Usage - Entries are made to the routine with the following

statement:

(1) CALL ERROR (LOCT)

where LOCT is the table subscript.

(2) CALL EXERR (NUM)

where NUM is the stop number.

15. NDTLU - N-DIMENSIONAL TABLE LOOK-UP ROUTINE

a. Purpose - To provide a method of linearly interpolating in a

table of n independent variables.

b. Method - Given the arguments X(l), X(2), X(N-l), the

routine computes Y = F(X(l), X(2), .. , X(N-l)) by linear interpolation

from a table.
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FL-OW DIAGRAM (ERROR, EXERR)

ERROR RY
L\(NUMý EXER.R
_NTNTR (NUL

WINDTE =TBL 0 RR*R'=

CF A LL E ASR T (LISTEDNLSIN~~ 

NIE1R M.

YE U
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c. Usage - Entry is made via the statement:

CALL NDTLU (ND, NA, X, Z, XA, ZR, IE)

where

ND = Dimension of look-up (when Y = F(X), ND = 2)

NA = An array of length ND-i. Numbers of values of each table of X.

The tables are listed by size.

X = Tables of each X in order.

Z = Function Values. If A = F(X, Y, Z) the dependent variable

array must be in, the following order.

Assume NX=4, NY=3, NZ=2.

W(1) = F(XI, Yl, Zl) W(13)= F(XI, YI, Z2)

W(2) = F(X2, Yl, Zl) W(14)= F(X2, Yl, Z2)

W(3) = F(X3, YI, ZI) W(15)= F(X3, Yl, Z2)

W(4) = F(X4, YI, Zl) W(16)= F(X4, Yl, Z2)

W(5) = F(Xi, Y2, ZI) W(17)= F(XI, Y2, Z2)

W(6) = F(X2, Y2, ZI) W(18)= F(X2, Y2, Z2)

W(7) = F(X3, Y2, Zl) W(i9)= F(X3, Y2, Z2)

W(8) = F(X4, Y2, ZI) W(20)= F(X4, Y2, Z2)

W(9) = F(XI, Y3, Zi) W(21)= F(XI, Y3, Z2)

W(lO)= F(X2, Y3, ZI) W(22)= F(X2, Y3, Z2)

W(11)= F(X3, Y3, Zl) W(23)= F(X3, Y3, ZU)

W(12)= F(X4, Y3, Zl) W(24)= F(X4, Y3, 72)

ZR = Results

IE = Error Code

= 0 No error

-1 X array too small

1 X array too large

2 array not in ascending order
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Let n be number of indpendent variables, then the table is called an "(n+l)

dimensional table."

Z = F(Xl, . I Xn

To use a table of dimension . 3 ana . 5, a call to HIH0 should be

made with the list of arguments in the calling sequence in the same order

as the independent vatiables are numbered.

16. ATMS - ATMOSPHERE CALCULATION ROUTINE (1969)

a. Purpose - To compute the atmosphere characteristics: Density,

speed of sound, pressure, temperature, and kinem4.tic viscosity. All

are a function of altitude.

b. Method - All atmosphere characteristics are computed using the

1969 ARDC model atmosphere. Values of the atmosphere characteristics

are computed for positive altitudes. If an altitude is negative, the

sea level value will be obtained.

c. Usage - Linkage is affected by

CALL ATMS (HGC7F)

where HGC7F = altitude in feet

17. INVR3 - INVERSE OF A NONSINGULAR 3X3 MATRIX

a. Purpose - To compute the inverse of a nonsingular 3 x 3 matrix.

b. Method - Let a = [ai.] ij = 1,2,3

then A- Ixl (Aij] is computed where Ai. is the cofactor of a.

The matrix A must be stored in the usual FORTRAN sense (i.e.,

columnwise).

64



AFFDL-TR-71-155
PART IV

FLOW DIAGRAM INOTLU)

NDTLU (COC6600.)

YENTRWYFID0(IBM 7094) EQUIVALENCE
(XMM,MM), + E

T z 0 I(XUW, MW) XA 1-)N

IE =-

I +

LF = ND -I

FINDD 0.0 
N

J LIYES

2AI 
fL)N

J J+IS
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FLOW DIAGRAM (NDILU)

NO Li Ll + NA(i)

ILF IZ.NPT* (N,-I) +1Z
NPT= NPT * NA(J)

XF2** LF NO
MW -2 5 J aLF

I YES

Wi )= Z (JZ + 1)

4 WJIU+i): ZCIZ+2)

1:+2C ýY 1 55 KF- 2

IZ: 0

MWrMW+2 LI t
NPT = i 0
J:O 1 0

5 
b

't /C~DC = +.

J aJ + 1 5600) Mj NS 11)MM=2**(J-l)PER IXAlI) -())

7_ OM470194) YES (NA( = (,A{ + i)-X(M))

'YES= KF : KF/2

NO(MM,) + I6
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FLOW DIAGRAM (NDTLU)

7

(WJ(2aJ)-WJ(Z.J-t))
*PER
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ATMS FLOW DIAGRAM (ATMS)-

1gO9(J) z . IjAKL (t) = -.225569E -4

NoB(2) v 11000. AKI (2) = .0
NO (3) a 25000 AKI ( 3):= .1384665E-4

NO (4) = 47000. AKI (4)= .0

NO (5) z 53000. AKI (5) =-.159202 E-4

NOB(S) = 79000. AKi (6) 2 .0
"a"(7) 90000. AKI (7) .241458E-4

HB (B) z 105000. AKI(8):= .886289 E- 4

meB(9) z 160000. AKI (9):= .754341E -5

HB(I0) = 170000 AKi (10O = .350715E -5

H801I) z 200000. AKL(11) = .222129 E- 5
RHOSB(i) = 23.7692E -4 AK 2(t) =- 5.25612
RNt 8 2) = 7.0620E -4 AI(2(2) z 0.
RH#19(3) z 7.7650E -5 AK2(3) = 11.3883

RH$*B(4) :2.8804E-6 AK2(4) = 0.
RN98B(5) :13.9468E -7 AK 2 () =- 7.59218

RHOS (6) :4.1189E -8 AK 2 (6) = 0.
RHO 13 7) z 4.2610E -9 AK217) = 8.5412

RI48 (8) %2.2320E -10 AK2(8) = 1.70824

RHOSB(9) = 1.8450E-12 AK2(9) = 3.41648
RHOS (10) = I.33S0E-12 AK2 (10) =6.83296

RH4B3 (11) = 6.1130 E - 13 AK2 (11) = 9.76137
P3(M): 2116.21695 AK3(1)a .0

PO8(2) = 472.73 AK3(2) = .157689E-3
PO8(3) = 51.979 AK3 (3) = .0

P8 (4) = 2.5155 AK3(4)= .120869E- 3

PB (S): c .2181 AK3 (51 = .0

PB (6) = 2.IO8E -2 AK 3 () = .206234E-3
P8() 21,809 E -4 AK3(7) .0
PBS) 15l.562 E- 5 AK3(8)x .0
P9() 75.573E -7 AK3(9)= .0

PO (10) :58.954 E -7 AK3 00 = .0

PB 0 1) :29.759E-7 AK3 (11) = .0

TOMI z 518.688 AMt .759511

TSM2 = 389.988 A12)v .935787

TBM 3)z 389.988 811) .174164

T8(4) r 1.08.788 8(2) .273966

TB(S = 500.188 C M)z:220.

TBOW = 298.188 C (2) = 18O.

TOM7 z 298.188 D(M)= 25.

TB(M x 406.488 D(2) = 140.
TOM9 = 2386.188
TO UI0) : 2566.188
TB(00 z 2836.188
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FLOW DIAGRAM (ATMS)

NO_ INDATM- 0
NO .R. YES 000

H CF ~2.5E6

YES 
I

VS77F: z0
TA77R = 0.
PA7T P = 0.
A N U A 7F = 0 .5E S 2 8 8 E -4m e (N O
RHtAS = 0.

NO HGC7F 5 0.

SYES
VS77F =1116.43372
TA77R = TO (1) YSH >N(1
PA77P mPB (1) N
ANUAYF: = .5723288E-4
RH$AS =RHIB (1) 

7 4=I-

TMP =.3048. I4GCTF
HGF = TMP/l.+
TMP/6356766.)

M 2
TMP: HGIP - NO (LAY)

NO4 TMP2 = 1. + AM(LAY.TM-P
HOP> 180000. N

YES
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FLOW DIAGRAM (ATMS)

HGT90

YES
LAY > 6

NO
STA7R7 = SQRT(TA?7R)
VS77F = 49.020576

T 2 *(LAY/2) *STA77R
NE. ANUA7F = .0226988E - 6

LAY * (TA77R* STA77R
/((TA77R + 198.72)

F * RH)AS))

EVEN =.TRUE.

VS77F = 0.

ANUA7F = 0.

EVEN=. FALSE. TA77R: TA77R. (ACM)
- B(M) x ATAN (IGP

- C(M)/D(M)))

-• EVEN-ýt-

PA77P z P8 (LAY) ,

TMP2** (-AK2(LAY))
RHAS: RHI4B (LAY).
TMP2* (-I.- AK2 (LAY)D

TMP3 : EXP(-AK3 (LAY)

o TMP)
PA77P z PB (LAY)* TMP3
RH*AS : RH4B (LAY)*
TMP3
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c. Usage - Linkage is obtained via the statement:

CALL INVR3 (A,B, INDER)

where

A = the array name of the matrix to be inverted.

B = the array name where the resulting matrix is to be stored.

INDER = an error indicator set by the routine.

(a) INDER = 1, results are good

(b) INDER = 2, A was 0.

18. MULT31 - A MATRIX MULTIPLICATION ROUTINE

a. Purpose - To postmultiply a 3 x 3 matrix by a 3 x 1 matrix.

b. Method - The result of [A] [B] = [C] is computed using single

precision floating point arithmetic. All elements must be stored in

the normal FORTRAN sense (i.e., columrwise).

c. Usage - The matrix multiplication is obtained by the statement:

CALL MULT31(A,B,C)

where

A = array name of the 3 x 3 matrix [A]

B = urray name of the 3 x I matrix [B]

C = array name of the resulting 3 x 1 matrix [C]
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F'..OW DIAGRAM (I14VR3)

XNVR3

_ENTRY

8 (11 SA (2,2) 0 A (3, 3)- A (1,3) A(3,2)
D 9 (1, 1) x A(1, 1)
9(1,2)sA(3,2)*A(1,3)-A(I,2)*A(3,3)
Do D+ 8(1,2) *A (2, 1)
B (1,3) =A(i, 2)hA(2,3) -A(2,2) *A(i, 3)
D =D + 8 1, 3? *A 3,1)
8B(2,1) zA (3, 1) *A12,3) -A(3,3) *A(2, 1)

8 (2,3) =A(2, 1)*A(1, 3) -A(1, 1) *A(2,3)
L9(3,21) = A(2, L) * A(3,2) - A(3, 1) *A(2,2)
813,2) =A(3,1) *A(1,2) -A(3,1)A(3,2)

_8(3, 3) =AO1,1) .A(2,2) -A(1, 2)* A(Z,i)

CAL VCHK (INDER)

J =J+1 INDER

YES NO
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FLOW DIAGRAM (MULT 5J.)

i•-°i
_13

I =I +I
C (I }--O.

J=O

i J =J+l I

C(I )=C(I)+A(IJ)eB(J )1
I YESg
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19. TRNPOS - A 3 x 3 MATRIX TRANSPOSE ROUTINE

a. Purpose - To transpose a 3 x 3 matrix rA] to obtain -ie 3 x 3

matrix [A]'

b. Method - The resulting transposed matrix is stored t'. a

separate array. All elements of [A] must be stored in the nct-al

FORTRAN sense (i.e., columnwise).

c. Usage - The transpose of a 3 x 3 matrix [A] is obtained by:

CALL TRNPOS (A,B)

where

A = The array name of the 3 x 3 matrix [A].

B = The array name of the 3 x 3 matrix [A].

20. HIH - N-DIMENSIONAL TABLE CALL ROUTINE

a. Purpose - To set up the NA array and Z location of tables with

dimension from 3 to 5 as required by the calling sequence to NDTLU,

which is

CALL NDTLU(ND,NA,X,A,XA,ZR,IE), to make the call to NDTLU, and return

the function value or data on a table read error.
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FLOW DIAGRAM (TRNP4PS)

TENTRY

I=

e(I, J) :A (J, 1)

3
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b. UsAqe - Linkage to the subroutine is made via the statement

CALL HIHO (N, LOCT, NXl, NX2, INX3, NX4, XlARG, X2ARG, X3ARG, X4ARG, A)

where

N = dimension of table look-up, when A = F(x), N=2.

L0CT = location of the first value in the table.

NXI to NX4 = location &t number uf points in the Xl to X4

array of independent variable• values

XIARG to X4ARG - name of Xl to X4 argument or a dummy location if N < 5.

A = location of the dependent variable.

21. TLU - TWO-DIMENSIONAL TABLE LOOK-UP ROUTINE

a. Purpose - Given An argument X, to compute Y = F(X) from a table

of X and Y valuce ,v linear interpolation.

b. Method - The table of X vflues is searched until for some

i. xi < X < Xi+l

Linear interpolbtion is then performed. If, for some i, X=Xi then Y i

is set to Yi"

c. Usage - Entry is made via the statemenr,

CALL TLU (X, LOCT, Y)

where

X variable name of the argument

LOC,= location of first subscript of desired table of data

Y = variable name of the interpolated value.

All tables are stored in a table called C. Therefore, Lhe first valLe

of a particular table is located at C(LOCT). As an exp.nple, assume

tiat the name of the desired table iL FTABOI. Then the curve must

be storeJ as follows:

C(LICT) = FTABO! (1) - N=No. of points ;n curve (integEr)
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FLOW DIAGRAM (HiH*)

ENTRYYE

XA C I ) = X 2 A R GC A L E R R ( 6 T
XMaX3 ARG CAL _LNE

IXA(4) = X4 ARG
NAM = NXI
NAM2 = NX2
NA'3) =NX3 0 ZR

NAW4 = NX4
NAT z NX1

NAT= NA +Al (2) 1________
+ NA 3)+ NA 4)WRITE: "AN ARGUMENT

VARIABLES NOT IN
ASCENDING *ROER-

I

11: NAT + L#CT]
rALLNTL (I~NNA,

TABLE (L*CT),TABLE (II
XA, A, I ERR#R)
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FLOW DIAGRAM (TLU.)

TLU
ENTYWM

CALL fALT

L#CTMI zL#CT - II YCI-)(( )

IZ :(C)-CJi) (X-C(J-2))

J2& 1+ L*CTMIJ R E tU RMN

+ C(J)- x

0

y=C(J+IJ

6RETURN

IN N

YES N

ESJ> LOCTMt+2
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C(LOCT+1) = FTABOI (2) = X1

C(LOCT+2) = FTABOi (3) = Y1

C(LOCT+3) FTABOI (4) = X2

C(LOCT+4) = FTABOI (5) = Y2

C(LOCT+2N) = FTABO1 (2N) = XN

C(LOCT+2N+I)= FTABO1 (2N+l) t: YN

22. TFFSI - ENGINE THRUST AND THROTTLE SETTING

a. Purpose - To provide a method of introducing the engine

thrust characteristics into the computation, with an option to find the

throttle setting that corresponds with a certain thrust and Mach number.

b. Usage - Linkage to TFFS is accomplished via the following

statements:

(1) CALL TFFS1

Pre-data initialization.

(2) CALL TFFS3

Thrust computation section.

(3) CALL TFFS4

Initial print

(4) CALL TFFS5

Code printing to identify the coming time history.

(5) CALL TFFS6

Time History Print
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(6) CALL TFFS7

Update integration (none for this subprogram)

23. VPCS - Vehicle Physical Characteristics

a. Purpose - To introduce various physical characteristics into

the general solution of the problem. Here, mass, moments, and products

of inertia of the vehicle and rotating machinery, reference lengths aid

areas for aerodynamic coefficients, jet damping characteristics length.s,

and center of gravity information are included.

b. Usage - Linkage to VPCS is provided L-y the following statements:

(1) CALL VPCSI

Pre-data initialization. Necessary nomina" values are set.

(2) CALL VPCS2

Post-data initialization.

(3) CALL VPCS3

VPCS computations are performed if INDVPC is non-zero.
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FLOW DIAGRAM (TFFSL)

TF FSI ENTRY
ENTRY TFFS3

SET TO ZERO: T,,, SET TO ZERO: T 1,

T z tLyp MT, NT Ty tT2 , LT MTNT
TX87P= 0. TXB7P 0.
TY67 Y7P = 0.
TZB7P = .TZ87P 0.
ALT77F= 0. ALT 77F 0.
AMT77F= 0.AM7F0
ANT77F= 0.GN7F0

6RETURN 
NTF0

ENTRY ENTRY1
TFFS4 TFF2-7

RETURN RE'(URNCALHH

ENTRY TB1 X7
TFFS5 M7FAT7 MT)

YES
INOTFF= 0IN O

NO

WIETITLE: TFFS'*
WIECýOES; MT ~

"NTN

N I rETR
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FLOW DIAGRAM (TFFS!)

ENTRY
TFF 6

INDTFFzO YES

NO

WRITE TITLE: "TFFS"
WRITE VALUES $F

MT, NT (i.e.,
AMT77F, ANT 77F)
WRITE CODE: "T(I)
WRITE VALUES $F

TM, I IN
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FLOW DIAGRAM (VPCSI)

vPCSI ETYYNR
ENTRY VC4RTR PS

RETURNNoI 

-7

WRITE: "INITIAL WRITE HEADING. "VPCS"
PRINT OUT F41R VPr.i3" WRITE CODE: "AMASS"

WRITE: "XCGRF AREFF
ENTRY DIRFF .ALRFF"
VPCS7

WRITE VALUES FORENR
XCGRF, AREFF, DIRFF _____

AND DZRFF

ENTRYIYE
vPCS2I DP=0

1YES I NDVPC =0WIE EDN:O\PS

TNO

SET TO ZERO: ix

iyy. izz Iixy '1 xzv yz IRTH

BSIIXX=O.

83SIIYz=:0

BSIIXZ = .AlXB=O
BSIIXY z:0.
BSI IYZ = 0.

ALLJDF=: 0.
ALNAJDF=O. LE DY
ALN JDF: 0.
ALYJ OF:c 0.
ALZJDF= 0.

I NDXZS =:0 YES

NF O -,__________________

l~q III
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FLOW DIAGRAM (VPLSI)

Ci DVPC=0 YE ETR BTAIN VALUES FOR
NO ~ly:Iz l, 1.m AND

InWITH 5 CALLS VF

INDTSO YES ICALL TLU
AS: ALYJDIF,ALZJDF,

NO ALLJDF, ALMJDF, ALN.JDF

OBTAIN VAAUES FOR R
X CG. I, JyyI ANDI WT

IZZ WITH3 CALLS (W:
CACAL TWU

XC*AS: =SIX XCSII+VYI

AIXXBS=~T AIXXSI,~ YE

AIZZBS=SIZZAND AIZZSNO

OBTAIN VALUES FOR ix
IN XZS-- NOI y IAND Iz WITHZCAS

CALL TLU

OBTAIN VALUES FOR AS BSIIXY, (E SIVALNZ

CALL._ (EUIAENEDT

AIXZBS =AIYZ8S+EPS23 1Y4AN IZI

840
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FLOW DIAGRAM (VPCSI)

OBTAIN VALUE FOR lxz
CALL TLU

AS: 13SI IXZ
(EQUIVALENCED TO

A IX Z S I)

3

DXCGF XCGOF~~

RE TUR N

8 57

too
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(4) CALL VPCS4

Initial print

(5) CALL VPCS5

Code printing to identify the coming time history is performed

if INDVPC t 0.

(6) CALL VF'i,76

Time histcry print.

24. SACS - AERODYNAMIC FORCES AND MOMENTS

a. Purpose - To provide a complete accounting of thc various

contributions to the aerodynamic forces and moments, regardless of the

flight conditions or the vehicle considered. In SACS coefficients

are computed in the proper coordinate system for use in other parts of

the TOLA program.

b. Usage - Linkage to SACS is accomplished via the following

statements:

(1) CALL SACS1

Pre-data initialization.

(2) CALL SACS3

Aerodynamic computation.

(3) CALL SACS4

Initial print. (None for this subprogram).

(4) CALL SACS5

Code print to identify the trajectory point for SACS.

(5) CALL SACS6

'Time history print for SACS.

(6) CALL SACS7

Update integratiorn (None for this subprogram).
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(7) CALL SACS8 (CLR, , CDR)

Determine the a d that corresponds with CL and CD.

(8) CALL SACS9 (a , CL, CD)

Determine the CL and CD that corresponds with a

(9) CALL SACSIO (a)

Determine 6qn as a function of a d and all current variables.

(10) CALL SACS11 (6 rN)

Determine 6 as a function of all current variables.rN

25. AER0I - AERODYNAMIC DATA LOOKUP FUNCTION

a. Purpose - To look up aprodynamic data from the table array in

COMMON TBDIR/C(300). It looks up the first two values of a particular

table depending on the argument of the function.

b. Usage - Linkage to AEROI is accomplished in the following ways:

Y = AER01 (LOCT, AER02)

where LOCT = subscript for the table C(300)

which will be the 1st location of a particular table that one is interested

in.

After the function is executed,

AER01 = 1st value of the table that begins at C(L0CT)

AER02 = 2nd value of the table that is located at C(LOCT + 1)

26 . AQUAD - A QUADRATIC FUNCTION

a. Purpose - To solve the equation aixix + b x + C = 0

b. Usage - Linkage to AQUAD is accomplished in the following way:

Y = AQUAD (A, B, C, XLLIM, XULIM)
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FLOW DIAGRAM (SACSI)

SACSI
ENTRY

SETIT HEAIN "SA: 
0S 4 WRT HEDIG 

"SAC I

AA77Y S

ALA77P 0.
AMA77F:O.

ALA TURNO ENTR CY "E

AMA7F 0 WRITE VAOUES : CA,

RETURNENTRR
SACS7 RETUR

YES8
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FLOW DiAGRAM (SACSI)

IGO I =I

YEIS2 I
IG03 = I

YES SET ALL AERODOYNAMIC
RETUR INDER=OCOEFFICIENTS TOM ERO

-0 3

VS77F 40. O - JHG t=-HGC7F

CA =CAMNU NO_16
CN =CNIMNU IAP? 3
CY=CYMNU
CRM =CLMNU YES
CM :-CMMNUI
CYM =CNZMNU N I

2 ~TMF (1) =EXP (-4.6ii ~ *CHG -HCG )/ (DZRFF
YA7P=(EPSS aC Y

4-EPS6) * DYNPPA AREFF3.

ALA77F z (EPS7 *CRM 4j
+ EPS) DY NPP

* ARE FF*D2 RFF
ANAEF = (EPSI I*CYM
+f PS12) * DYNPP

wAREFF *0RrFF

AA77P : (EPS3 *CA
+EPS4)* DYNPPmAREFF
ANA77P z(EPS I* C N
+E~)52)* DYNPP*AREFF[AMA7 7F r (EPS9 *CM
+EPSIO)fr DYNPP
*AREFF) * DIRFF
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FLOW DIAGRAM (SACS:)

I NDAO 1 0 C Aa = (AERO I(LOC (I ), AER@2) -AERM ) TM(I)
YE +AER02

I NDA0 0 N~ 2 (AEROI(LOC(6), AER0Di)-AER02)*TMRI~)

I +AER02

NO
INDA2O =O CNQZ :(AEROI (t4C(2O),AEPR)2) -AERC)* TMP(I)

+AERq@2
YES _ _ _ _ _ _ _ _ _ _ _ _ -

( 7NDA16=O CN~ z(AERDI (LOC(16). AER02)-AFFRG2)*TMP(I)
YES__ +AER02

YES __

NO
INDABI I= C~A0 AERGI(L0C(7e),AER0;2)-AER02)W-TMP~I)

YES__ _ _ __ _ _ +AEReZ 2

(SACSNO

INOi2 (S2=AERILC(2,E02-E8))TPl
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FLOW DIAGRAM (SACSI)

Nu
( INDA51 0 C,, (AER0I(LOC(51),AERt02,-AER02)*TMI(I),+AER02

YES tF

NO

INUA53=0 C,.2 z(AEROII(LOC(53) ,AER02)-AER02)kTMPI( I)+AER02

YES _ _ _

NO
I NE)A56 -O C ( AIEROI(L0C(56), AERUI2) -AEPU02)*TMP( I)+AER$2

NO -

INDA57=0 Cm8. 2 =(AERTI(L0DC(5T), AER4)2)AEPf,2)*rTWI)4AER(D2

YES L.____ _____ _____

I NDA58 0 i! Cma/3 (AER0I (LIOC(58), AER02) -AER.'2)*TMP(I) +AER0)2

f NOjINDA59 0 c CmaBQ --iAER(3I (LOC(59X AEtR@2) - AER02) tTMP0) I+AERj 12

1IN0DA 6 0 0 Cm 0 8, =(AEROI(LOC(62), AERw&))-AER02)*tThP(I)+AERW2

.-- ~ Y5 -- ------ NOr-

6INDA62 0i Cmqt =(AER(DI (LQC(62,AER02?J-AER(D2)*TMP(I)+AR2
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FLOW DIA6RAM (SACSI)

IDp1
I G02 

16 
(SACSIO)

NO

I NDA27 0 Cyp (AERMI (LAOC(27),ArR02) -AERV2) *T4P(I) +AERg2

NO
'NDA2870. Cy2: (AEROI (LG)C(28). AERkF,2) -AER(D)*TMP(I )+AERGI2

YES _________________

NO
INflA68m 0 Cnq=(ER01 (LOC(68), AER02) -AERO2)*TMP',l)+AER02 ]

YES_____ _

NO(INOA69O- 0 Cr (ER)P C( 70), AEH(D2) - AER02)*TMP(i) iAE2

YES _ _ _ _ _ _ _ _

N41AM Cn8r2 (AEROI(LOC(7I), AER4)2)-AERC2)*IMvP(I)-iAER......

INDA71 0CA 13 -(7AEIROI(L0DC(3), AERJ2) -AER)2)*TMP( 4)+AER3Jj

=22
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FLOW DIAGRAM (SACS I)

8

NOj

INDA05O 0 CA,% (AERO I (LOC(5) ,AER0D2) -AER02)*TMP(I )+ E2j

YES =21

NO
INDA7= ~ ao=AERI(LO(7)AER02)-AER0D2)*T'MP(I) +AEIRW'

I NDAI 0 ) CNaq= (AER(DI(CLOC(9), AER(2) -AER02)*TP( I) +AER0D2~

9 ~INDA13 = CN Q (AEID (I3(2),.AER2)-AEft2).iMP(I)+AER(I2 -1

YES3
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FLOW DIAGRAM (SACSI)

9

NO - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INDA21 =0 CNax (AER01 (LOC(21), AERb2)-AER02)*TMP(I)+AERG2

YES

NOL
INDA22~ =o 0- (AEROI (LSDC(22), AER02)-AER0D2)*TMP(I) +AERO2

NO
INDA23=0 -~x(AERMI (LOC(23), AER@2)-ABWC)*TMP(I) +AER

YES _ _____

NO
INDA24 0 C*r(EI(LOC(24), AER02)-AER02)*TMP(I +AERQ2

YES

NO
YES25= Cr2AILOC(25), AER02)-AER02)1*TMP(I)+AER02

INDA3I:O N y.{1  m(AEROI CLOC(31), AER4D2) -AER02)*TMPC I+AER02

YES -________________

I NDA302 0 Cy~r2 =(AERCI (LDC( 32), AER02) -AER02)*TMP(0 AR0} 1

'0 INDA31: 0

YES4
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FLOW DIAGRAM (SACSI0

INDA34: ARI(0C5AR2-E~2*M()AR

YES

NO
I NDA35 0O CAE$ILOC(4I), AERt2) -AERi2)*TMPI) +AER02

YES

N95
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FLOW DIAGRAM (SACSI)

INDA65=0') Ono a (AER(DI (LOC (45), AERQ)2) -AER(2)*TMP( I)+AER02D

YES _ _ _- _ _ _ _ _ _ _ _ _ _ _ _ _

NO
INDA46zO . Cja :(AER(DI(LUC(46),AER02)-AER(D2)*TMP(I)+AER02

YES6
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FLOW DIAGRAM (SACSI)

I NDA67 0 CnC? =(AERJI LOC(64), AERD2 )-AERO2)-*TMP(I) +AERQD2

INDA72~ 0 Cnap =(AERMI(L DC(72),AER2)-AERUI2)*TMP(I) +AER02

( 7.DA~73= 0 CB, . (AE0I (LCC?73), AERO2) -AER2)*-TMP( I) +AERdJ2

I 1NDA74 =0 C1O.. (AEROI(L0CC?8),AER02)-AER02)*TMP(I)+AERGD2

YES- - ___________ _

CDCA+AOQ+.AQc+C/L 8 +A,2 2NO~ iq

CA NDoA7-L 6=

C YELcSa Sa

->N97
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FLOW DIAGRAM (SACSI)

IaI+ C~2o24-C 13/3C1 2fI3

+CyB,. 8 r + CYrI8 rpIS hr + Cy~r IaI gr+ Cyap3IQI/

+CY/38f 101 Br + (C. + Cyf,,AXC.G.) Rdp/2VA
+ (Cyr + Cyr A XCG.rd2 /2VA

CRMV = 4 Cf c laI + Cla2 a 2+ CIO 10I+ C1P 8p

+ctij,s/3I 81) + Cl1, Pd2/12VA +(Clr + Ctr,,&XC.G.) rL2
2/2VA

Cm Cmo v Cma a + Cma2 Q la,'+ rmoIP + Crnf32 82

+Cm~q 8q + Cmne q2 jSqj + CMC.SqiO j'l

+Crrnai3 a 10 + Cmp~q 101 Sq + (Cm&~ + Cma AXC. 0.) afdl/?VA

+(Cmq + C mq), AXC.G.)qd1 / 2VA -CN AXC.G./ d,

CYM Cr IU 4Cr lcjl + Ctlaz C12 +Cnp)9 +Ono + CnP2~&P

+CIýSr 8r + Cn~r2 184 Br +- Cna~r i'll 8r.+ li(

+Cn/38r1011Br + (Cn4 + Cn.,,xC.G.) fd 2 /2VA

+(Cnr + Cnr~AXC.G) rd 2 / 2 VA- Cy AXC.G./ d2
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FLOW DIAGRAM (SACSI)

ENTRY ENTRY
SAC58SAC59

YES YES8
IAP < 3 IAP< 3

NO NO

"YES YES

NO NO

~~~~~IG 
OD I = 2 

• "I 
( I = :

TMP2 = CNO + CNq 8qqN CLI CNo + CNa ai + CN2 la~l a,
+CN8 42 ISc3,SqqN • -CLR ' CN3Q 8qN + CN~q2 18 qNI3 QN
+CNq qd d, /( 2 VA +Crq Qd'a I/ (2 VA

CD C=Ao + CA, lai +CAa2 Q 2

SOLVE FOR ad WHERE aCL- au"
CNa2ICdl+CNa ad +TMP2zO

(THIS IS DONE BY USING THE
FUNCTION AQUAD)_I-_

ECý=CC+A3ld+ra d RETUJRN
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FLOW DIAGRAM (SACSI)

ENTRY

YS IAP< 3

NO

YES
1-Q-HR I< 10 -

NOo

IGOI~
IG02 =2 

-

16

TMP2 = q*Sd1 Cmrqz

TMP3 = q-Sd1 Cm~q2

TMP4~ q Sdl, {Cmo + adL a + Cmag ladi
+Cmq Qd dI/(2VA)} +MT+MT +MM

I&X CG.q *S ({CNO + aQ CN + CNat 0dl'j

"+CN8q 8QN + CN8q2I2qNi 8 qN

"+CNq Qd d, /(2VA)) COS a d

+ fCA ,+ CAa oadl + CAat ad , }I SIN )

S O L V E F O R 8 Q N W H E R E 8 q L <- 8 q N S N U B

TMP2 1 QN I 8QN + TMP 3 8qN + TMP4 z O 0-(THIS IS DONE BY USING THE FUNCTIO)N AQUAD)
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FLOW DIAGRAM (SACSI)

SACS I I

I AP< 3

NO

I Hg,-HRI <,o0-

-I°
NNO

YES

Fld SIN' (Y / VA)

TMP2 % Cn 8 rz q*Sd 2

IMP3 - Cn8r q*Sd 2

TMP4 NT+Ied[Cnp-Cy eAXCG /d2

+ ýPdI(Cn)-cyp .aXcG/d 2 )].q* Sd2

SOLVE FOR 8 rN WHEtE 8rL< 8rN<:8 rU:

"TMP2 I BrN I 8 rN + TMP3 8 rN +TMP4 0 eTU RN

(THIS IS DONE BY USING THE FUNCTION AOV'AD)
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FLOW DIAGRAM (AEROI)

FU NCTION

AEROI

AER02 C(LOCTI)

RETURN
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where A = the coefficient of jXjX

B = the coefficient of X

C = the constant t•rm

XLLIM = the lower limit of X

XULIM = the upper 1 :mit of X

After the function is executived, the value of X will be stored in AQUAD.

27. OPTI - Six-Degree -Of-Freedom Trajectory Program Over a Flat Planet

a. Purpose - This program permits the computation of the six rigid-

body degrees-of-freedom of a flight vehicle where the motion is assumed

to occur over a limited portion of the planet. Under this assumption,

the motion is taken to occur within a rectangular coordinate system.

This program of computation has been provided to aid in such analyses as:

(1) Boost-phase dynamics.

(2) Pitch-roll-yaw coupling motion investigations.

(3) Autopilot response to parametric disturbance.

(4) Landing, approach, and flare-out maneuvers, etc.

(5) Landing gear dynamics.

The effects upon the motion of the body of the following items may also

be accounted for:

(1) Fhree components of wind velocity and acceleration measured

in a local-geocentric Cartesian coordinate system.

(2) An arbitrary planetary atmosphere.

(3) The gyroscopic torques imposed by rotating machinery aboard

the vehicle.
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FLOW DIAGRAM (AOUAD.)

FUNC1I#N

ONO

NO ANO

NO a0.X>XYESYS

""'LMYES+ Y ~~NO- YE
lX"ý ULZM

NO

a go. 2X > 0.

XZ-/jX (B +TMPII/(-2A)

TMPI r(TMP?2L

TMP'3?-4AC NO

PM 

O YESYE

NOTh~ E TMP w 2 + 4A=C

TMPI z(TMP~l NO
X' (- B+ TMPI )/2A X> X LUM YES

YSNO YESS

X<O X < X ULM

NO
N ~YES0

YE1S4
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FLOW DIA~GRAM (A01J40]1

TY PI L2 ) E

NO X XUL1:mj

2

-1 
4

X 'XULXL,
AQUAD-X

(x>~i~.. YES

NO RETURN

3
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(4) The action of an arbitrary* three-plane autopilot upoa the

control deflertions of the flight vehicle in response to the measured

motion. The motion may be obtained from a stabilized platform. In this

program the motion is more conveniently printed out in the Cartesian

Coordinates.

b. Linkage

(1) CALL OPTI

Pre-data initialization.

(2) CALL OPT2

Initialization after data is read in and computation for

initial time point.

(3) CALL 0PT4

Calculation of equation of motion, and all other variables

that are desired.

(4) CALL 0PT6

Time history printout.

(5) CALL OPT7

Update variables that are integrated by the integration routine.

28. LGEARi - LANDING GEAR CALCULATIONS, PART I

a. Purpose - The LGEAR1 subroutine computes the effects of ground

reaction and landing gear dynamics on the motion of a landing vehicle.

A maximum of five independent landing gears may be used.

b. Usage - Linkage to LGEAR1 is provided by the following statements:

(1) CALL LGEAR1

Pre-data initialization.

* Currently, only a Pitch-Yaw-Roll sequence is programmed, due to
storage limitations.
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FLOW DIAGRAM (OPTI)

OFTI ENTRY
ENTRY 

*T2

INDSOF • 2 INSErT THE FOLL*WING VARIABLES INTO UPDATE LIST FORI I ~~~INTEGRATION RTN: il~21,i,3 l l 2
•J, ~~m2, m3, m3, hi' hi, 12, n2, n3, n3, ",.,•, v,

ii, ", 0. p, 4I, q. i, r, )(g, Xg, •fg, Yg, i#g, Zg

RETUFŽ)6

SUBPROGRAM INITIAL PRINT
CALL LGEAR4
CALL VPCS4

CALL TFFS4
CALL SACS4

• JL I INITIALIZE CODE PRINT

S~WRITE TIME HISTORY TITLE

WRITE CODES: t, ts, Xg,
Yg, h,u,v, w, p,qr MN

VA, q, Xg g, ig
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FLOW DIAGRAM (*F T I

NOAD~ PRINT CODES T*
INDGS zO R _'0AC

YES

NO ~~~PRINT CODES: PITCDS
INDPC 0 PRINT CnODES FCC, A p z aoO

NO PRNT COESS lDPR GRM INOTA PRINTCDE

E VgFORES INIEAL PRINT.

NO PRIECT PAGES

INDFA a PRNT CDESFDCFc3

YES Fcyj108
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FLOW DIAGRAM (OPT!)

ENTRY

3 4 OPF4

zg -,1g, n XQVXg dt FORM =,m,=n MATRIX
FROM INTEGRATION

1D Y, c(rY-1 yYgf
tf*g dt TABLES

0I ;Kg= t ig dt

DEG.TO RADIANS: yD(,*O, 0'j , 'I/.4'2
u 11 12 1. g3 "

-, :c os*cesU,, m, '9
4 SIN * n, n 2 n3 Zg
13 =-SIN 6 COS q,
mI SIN 8 SIN S SIN* COS#COS"9

min= Cos*CoCS xg:J1 txg dt

m3 COSO SIN4+COS4SSIN8SIN.
n, SINOCOSO.+SIN OSIN40CSO INDSKP I Yg := f g dt

n2 :-C0s•, SIN, 0 1

n 3  = COS8COSO-SIN@SN SINI -s- j = -.g dt

gx s g REF

gy - m3 QREF

.gz Vg COS YbCOS oa gz 2 n3 gREF

Yg = Vg COS y SIN o)

z =-Vg SIN" y

4• [ CALL ATMS
TO COMPUTE
P, T, P .V51.1,

5
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FLOW DIAGRAM (OPTI)

5 
6

YES INDGCR 0 
YES V5Z. NO

Rg 1.6457925 1(gXo2+yy,2 
MN: MN:Y

0 IND IN 6 : TAIN -1[ w

AYN=F(IV) :WTABOI I3 T u DEGREE

4:1* I2/21,:pV

6 2n3Ew

Y E I N A D 2 0 N O aj
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FLOW DIAGRAM (OPTI)

7

+ z~J ~INDWIN =O YE SIN)6=SIN-y

2zrL 

YES
NO. NO

Vg SI o*

2 V9 Io
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FLOW DIAGRAM ýQPTI)

90
YE NAM . Ncl ic~s I YES

m 0. S CALL EXERR (14) FCX= 0. 'DC CDCH SSH q*

NO (P=M. TOPSNO N14) F~y ,O. ;CX =ciDC(u -uw) / Vo

FCZ=G Fey= FDCv -vw) /Vo

MD'<=O- FCZ = FDC (w-ww) / Vo

I~n MDy=O. MDX = YCH F(2--CH FCy

In4~g MDZO WT~y = CHFCX- XCHFCZ
OZ QL z MD0 ,z X CH FCy-YCH FCX
m __

4/ 7 INCM CAL-L SA T,

i ~C;hL'- LGEAR3

F, -4 FK T -o +m )+ liFx + '7 m c

A y p m l r a z3ý~ F y T Y + I + m rg y + & F , * F y ,y + F cy

Fz = T. +'F4 ~ AZ+F,+Ft

alo~L = LT + AXLT ~ + LM + M~

1~M = MT 4- tMr + m + Mro +M~y

N zNr + ANT +f rNM +MDZ

WT = mOREF

12
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FLOW DIAGRAM (OPrI)

12

mOYES CAL _ __R14

m = 0. RINTS:"ST(DPK- 5 =- In p + Ixyq + tx r + Q1,p

; NO LRABR 14 KMS7 - yy q+ I1 y p +i Iy + mfi, Q

KNr = Iz r + jyz q +r 1,, + rý/

U _EL _ .q w + rý -

mm

KM +(rzL-tKM~zr 9O f-rYES

SM:IN r~jc(Ps SIOr rC ~

KN~,=N--I y-lxrp KLLKSCN3  0. 14(~ r Ie

KMS=--I, br( SIe MOo r

YES iNDKMEK 0 N0

YES__ 
__ 

YES-S N

xy KL, KM ý

KLSM=I Z~ -- )x rPK 3 M = N = 0 - 14

KN3=N 2 -I qry Q_ 2

KL4 'YZ
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FLOW DIAGRAM (OPTI)

14t

KLT KL 1 2 LZ L 3 L+KI4 +KI 5 +L 6  e m n ,=f d

KMT =KM, +KM,+K M3+KM4 +KMfý+KM 6  412 r M2 - qn 2  4:12=R2d

KNT :KN+KN +KNS+KN4+KN5+KNeý= rm 3 - qjn3  13 41t3 dt
2 ,ýpni f =1 fm, dt

mn2 pn 2 -r1 2  m2 fm dt

rn lx Ix 3 =pn3 - r1 3  M3  frn I

n, fq~-m n, dt

-Iy ly lz n 12CI - pm 2  n2 =fn2 dt

'3Q3-pm 3  n3 ~fn3 dt

I~ NO 1xz 12t

RrINT- "STOP N

w~wtr 'Ifr dtr /Z N ALE R(T

m1 ~ ~ ~ ~~RNS "STOP1 rn 1  m 2 i

UMER1

u' dt p p 4
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FLOW DIAGRAM (OPT I)

(ENTRY

INDSKP=O] PRINT: t, 1' :, g q l

I N D K 0 
.v p p q , r. M N , V. V 0, q 9 1 * V

YIND PCRO JPRINT: cl,

L RTE RITINDACM 0 O PRINT:

CALL TGTSTNO
INOGR a O PRINT: Vg

[ PRIT TIE. HSTOR 

rrh~ LGAVC PRIN. INFP 0__-NO__PRINT:____

TSSCS Fc, V
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FLOW DIAGRAM (OPTI)

ENTRY

OPT7

TIME: T,ts a T-TIMSX
UPDATE THE FOLLOWING VARIABLES

FOR THE INTEGRATION ROUTINE:
itI 12,3 MIs Mal, l Ms1, 1Nni

n 3 , u, v, w, p, q, r, Xg, Yg, Zg

IN•DRMC z: NO- UPDATE 8r FOR INTrEGRATIOIN

UPDATE VARIABLES FýR INTEGRATION
IN LGEAR, VPCS, TFFS, and SACS
BY CALLING LGEAR7, TFFS7, VPCS7, SACS7

6RETURNý
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(2) CALL LGEAR2

Initialization after data read in.

(3) CALL LGEAR3

Landing gear dynamics computation, Part I

(4) CALL LGEAR4

Initial Print. (None in this subroutine).

29. LGEA3C - LA;NDING GEAR CALCULATIONS, PART II

a. Purpose - Continuation of the calculations of the effects of

ground reaction and landing gear dynamics on the motion of a landing

vehicle.

b. Usiae - Linkage to LGEA3C is provided by the following statement:

CALL LGEA3C

30. qDFLGP - PRINTING OF SDF AND LG VARIABLES

a. Purpose - The SDFLGP subroutine saves data on tape for plotting,

prints output, and updates variables for the integration routine.

b. Usage - Linkage to SDFLGP is provided by the following statements.

(1) CALL SDFLGP

Saves data on tape for plotting.

Input cards required:

Coiumn: 1

IPLT I
!SDF
ISTPLI
ISTPL2
IISTPL3
ISTPL4 I
iSTPL5

Ii 7
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IPLT 1 I denotes that data will be saved on tape unit 13 for plotting.

ISDF=l denotes that rigid body data will be saved on tape.ISTPL denotes

data for landing gear k will be saved on tape.

(2) CALL LGEA6P

Writes code on tape to designate last record for a particular

case and also writes EOF.

(3) CALL LGEAR6

Prints output of the Landing Gear calculations

(4) CALL LGEAR7

Updates landing gear variables that are integrated by the

integration routine.

(5) CALL LGEAR5

Prints titles. (Not used, only a return statement.)
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FLOW DIAGRAM (LGEARI)

TRY ENTRY

___Z___ __
PRE-DATA INITIALIZATION POST DATA INPUTJ Fxm O.

IPPT = O INITIALIZATION Fym = O.
I STAGE %0 R~ -CS 0~'.

IP!.T : 0 RGI I CS ER
LTPT -I RG, 3 -~SIN Ep. Loll a0.
ISDF - 0 MM vm0.

ISTPLi s 0 RG3 1 SiN ER Nm = 0.
RG 33 COS ER

W OLG

RETURN YS INDL;= 2 REUR

_.- NO

N DENz 5= NSNSRUTU

IL.=0O INDEO 3*NSTRUTJ

YES

oil; Cos 8j CALL INUPDTo INITIALIZE

01 SIN 8i - DEG. EQ.FOR INIEGRATION
0 131 SIN 8i FR NDEOW DEQ. EQS.

'311
a033 - cos 8.
RRICGX =I jllRiz

+0l Ri, --- PT •- D -- U RETUR

(i: I 2,... NSTRUT)
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FLOW DIAGRAM (LGEARI)

ENTRY ETYLGEAR3 LSEAR4

INDLG -- RETURN

NO

FRLIt R L2R LORol + . R 13 2 1R G1+ 3R 3
L22 L23 I Oil 32 L R31 3 ,33

R L 3 t R L32RL35 L Roil +n 3  R6 1 3  n. n, RG5 1 + n3  R933

R12[(, , R) ,L,2 RL+ - , (n R6,- +, m,, ,,,, m. Im, 1• R,, A +I

IHT = 0 <T

CALL ] i- ".

TTIME (SI2

GD G X O -TTIME S 12T1

NO YES N

IL 0 HT2 rTIMEJ

YES

FI2 [(p, P, 2 ) A 12  + C, (s A12  i2 /A, I -A i2 ý 22 /AJ 1
H 2 s iZ (C 2 §12  1 R+ C iL ) Jim.. + -1 SRI + S§i

I NT2:~0L
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FLOW DIAGRAM (LGEARI)

SRTE -E o
NO ýF S1

NO YES §12 :0. N

12~ A12 12 12 <*0I 0

WRITE VLUE 021
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FLOW DIAGRAM (LGEARL)

K2 =0. 
E

YES 0. 
0

NO 0

K2

SFi -P (A i -A 2 )YE

r12 A 2 +FC-2 V-FFi K2

- i2 (C12 1 121 + Ci2L)

(F2ri + Si/ý

S1  S R + 01 - 9 2 i b E

<00

2T 

M 

S 

(Sb 

-

S

+0 YE Si

< 0 0 NO
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FLOW DIAGRAM (LGEARI)

~ S dt

Si ~f S dt

Mir - 81FTRx. R1 2 2 , - FTRy. R12 11 I

YESS N OTU

C IND G a 

lei 
I 

WT1230
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FLOW DIAGRAM (L GEAR I)

T

NSTflUT NST RUT NSTRUT
FTRX X FTRX. , FTRY FT~ FTR FTR i

[FTRA1 RLII RL12 RL13 1 [FTRX
F'TRB RL21 RL22 RLF23 - FTRY

FTRC J RL31 RL32 RL33 J {FTRE.
NSTRUT NSTRUT NSTRUT

MTRX MTR~~i MTRY MTRY MTR 7, MTR

[M.x RLI I RL12 RL13 [ MTRX

MTY RL-2I RL-22 RL23 MTRY

M MTi J RL31 RL32 RL33 J [MTRZ
NSTRUT

FXM FTRA + mi m Si C13l, FYM rrRB

NSTRUr
FjM= FTRC + rn m15 aj33
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FLOW DIAGRAM (LGEAR 1)

NSTRUT
LM v M TX + 7fl ýiS Aili, Ri

NSTRIJT
MM - M TY - j §i R~CC

NM x M TZ NST ;½. SAi Ri

CRETUR3N
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FLOW D3AGRAM LGEA3C

1i i2,- .NSTRUT IN TA4IS SUBROUTINE)

LGEA 3C
(3") 6

EENTRY3

FRi1 l R112 i RI 13 i 1 oil, R~1, + ai3 RLJ oil, RL12 + Oil! RL32 oil, RL13 + Ojg3 RLSS[R121, R121, Riasi RL21 RL2 2  RL23

LR13 1i FiI 321  R13 3 i j L ill RLiI+ oi33 RL 31 (2i31 RLig + ai33 RL 3 2 
0 i31 RI-m + ai33 RLi

FRAX~ 1 M, n, FRix + clo~ (rF - Si)1
RAYJ ia M2  n2  J jRiy

LRAZI Is m3  n3  J Rio + 0'33 (r Fi- S i)

(o = Xg - RgR + RAX, ) RG31+ (Eg+ RA~i I RG 3S

XRi =(Xg - RgR + RAX,) RG, I + (Eg+ RA~i)RG13

YRi Yg + RAY,

FOR i,,----- NSTRUT

XR <R El =F (XRi)

YES (FTA802 )1

NO

EL2 0

126____ ______
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FLOW DIAGRAM LGEA3C

8 i =Ro i + Z Ei

NO
Bi>O.

*oi+AZiSiz -Si Ai PRIN

Pi Po i O Vio

Pdi z V o- Ai 2 S 1 ES Pt=

NO

NO YES

I(Vgzo-A°'I2 S12 I

7i = F(8i,i (FTABOI)

F =- 
NilF]

SFTR~i iF
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FLOW DIAGRAM LGEA3C

RDx .- Gji.+q{f(rF - si)ji'33i+ Riz} -r Ri

R~y = r~i- s) (o '31 - Pai3 ) + r~.-PRiz

R~ i2 '033 r s) o.1+PRIY qli[RDXG.1 Fg 1 n, RDXi
RDYGi fYq + 12 '"2"2 RDYi

RDZGI] L gj _13 m3 n3 _ RDZJ_

VTX i RGII RDXGj + RG 13 ROZGi +t-WTi RI 2 2 i(roi - Sj

VTYi ROYG - WTj RI21 i( ro i- 8j)

VTZ i RG 3 1 RDXGi + RG3 3 RDZGI

VGPT; a (VP*TX + V TYi)z
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FLOW DIAGRAM LGEA3C

POVGPT 1/<VAXE

CIA*i: I C YSKD,)i

FTRX, VGTP, FTRX1  0

FRi iT iVTY, FTRYi a 0

FTRY ~ FRZVGPTi

DXi RGII RAXi + RG 13 RAZI

DYj RAYi

DL, RG 3 1 RAY.j + RG3 3 RAZi + roi Bi

MTRXi DYi FTRZi - DZi FTRt 1

m TRY, - DZi FTRXi 
- DXi Fl RZi

Lm-TRZI- LX, FTRYI - DY, FTRXi
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FLOWDIAGRAM, LGEA3C

FTI TX i - FTRYIRn T~ R131 -

Fdx. Rit., FTRX. + Rit2. FTRY. 1 Rzt3. FTRZ.

Fdy. Rini. FTRK. + R122. rTRY. + R123. FTRZ.

FF. FdxS + F-dy.2l]2

C i 
0.

c2. 0.

+ ip 0. YS INC01 NO i FSi

i~~ 30ABI
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FLDW DIAGRAM, LGEA3C

5

L19 Z 1 013 1+Q33 gZ

SIR. I . Fx +01i33 Fz + 0131 (Ri q Riy *

+ 033 ( RI, y RIXQ + 0131 [ q Ri yp- Rixq)

- /. (RIX /L. - i RI + 0133 [p(RIX /. - i RI

- q (Ri, q -Riy /L)

I >N TRUT YES RiET U RN

NO

6

131
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FLOW DIAGRAM (SDFLGP)

ENTRYSAVE THE FOLL.OWING
VARIABLES IN ARRAYS:
FT2, SF2, 8 2, P2 P2 2 .

IPLT=O YE RETURN i 2 ' S2 ,S S2 7.ý22' ý2
lp LT -0S22..MA2, LiT2, wn.

NOO

SAVEE TH FNOLLWN

VARIABLES IN ARRAYS:

_____ YE FT3,4~3,8 3-P3. P2 3,
§3 , S3 ,S3 -923, t23,

NO S~23, MA3, wiT3, WJT3

SAVE THE FOLLOWING

VARIABLES IN ARRAYS: STL=0 YE
Lm, Mm, Nm, ciqOpN

'po 40P. rzm, OZq. NO

hg, Xg 6 Yg,9~ ax 1*
SAVE THE FOLLOWING

VARIABLES IN ARRAYS:

ISTPLI a 0 YSFT4, SF4, 84,P 4 , P24 ,
12S 4 S4 1t 4PS4,24' ý24s

NO S24t MA4P WýT4, wT4

SAVE THE FOLLOWINGYE
VARIABLES IN ARRAYS: SP-a0
ssI sFI 1 i P1 *LN

I'1 I' Sit ý211 ý211

S?1, M I, (;J I,132
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FLOW DIAGRAM CSIDFLGp)

WRITE ARRAY' OF THE
IP<to YES ErUN FOLLOWING VARIABLES

O~N TAPE (IPPT POINTSNO FOR EACH VARIABLE):

F2 t ,S, 2 ' 2 P221WRITE VALUE OF IPPT S2 MA 2 129S2 2AND THE ARRAY PTIME S2 A T2' WT2ON TAPE lIPPT=
NUMBER 4ýF P41NTS
AND PTIME 

YESS~t3:
ISTPLY =s

NO

ISUF YESWRITE ARRAYS OF THE
NO ObLLOWING VARIABLES

ON TAPE (IPPT POINTS
FOR EACH VARIABLE):

FOLLOWINGT3 SAIBLSF3 1 83, 1 3, P23'
ON TAP (IPPTPOINTS3 ,S 3 1 3 , S2 S2 3 ,
FOR EAH VARIBLF): 23 IMA 3 , WT 3 I (T3

ISTPLi 0YE WIEARRAYS OF' THENO FOLLOWING VARIABLEc$
ON TAPE (IPPT POINTS

WRIT ARRYS O THEFOP, EACH VARIABLE).

ON TAPE (IPPT POINTS%'S S4 2 124FOR EACH VARIABLE[: 
___t4I T4

I.-T P1 -P21

NO

It'TPL2 = 0

ýYEý 3
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FLOW DIAGRAM (SDFLGP)2 ENR
"2

WRITE ARRAYS OF THE
FOLLOWING VARIABLES
C-N TAPE (IPPT POINTS RPLT20
FOR EACH VARIABLEI: NO
"FT5, S F5, 85, P5, P2 5 ,

No

i LTPT=O

S~LASTPT=:I
S~BACKSPACE TAPE UNIT
S~13 ONE RECORD'3

IPPTrO

WRITE LASTPT ON TAPE

TIME LEFT

ON COMPUTER YESYE
>20 SECONDSP RETURN LASTPT-O

~ NO

WRITEIWRITE END-OF-FILE
ON TAPE UNIT 13WRITE LASTPT ON TAPE

LTP = 0
WRITE IEND-OF-PILE
CN TAPE UNI r 13

RETURN

(ETURN

ENTRY
t rGEAR 5
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FLOW DIAGRAM I SDFLGp)

ENTRY
LGEARfS ENTRY

LGEAR7

INDLGNO YSRETURN RTR E NLm

WRITE :"GEAROREUN 
ESjDL=

NLO N

NO YES

WRITENAME ANDUPDATE THE FOLLOWINGVALUS OFTHEVARIABLES FOR THEFOLLOWING VARIABLES:.NERTONRUIE
SI, Pi, P2 1 , FTI, SRi, 

ti ~
Vf~iPTi FT;Rxi, FTRyi v
FTRzi, MAi, M6 i,

§1~ -~ ti, Si,I
52' 2i' S2 i, 6Ti, UPDATE THE FOLLOWING

W~i STRUVARIABLES FOR THE
INTEGRATION ROUTINE:

WRITE NAMES AND ( SRT
VALUES OF THE
FOLLOWING VARIABLES:

FTAPyiFTRri,8FTR,STX RETURN

ITT~ NSTRUTF

Fggm, Lms Mm, Nm,
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SECTION V

FORTRAN EXTENDED

OVERLAY (1, 0)

1. TOLANI - MAIN PROGRAM FOR OVERLAY

a. Purpose - A main program is required by Fortran Extended for

each Overlay.

b. Usage - Linkage to Overlay (1, 0) is provided by the following

statement:

CALL OVERLAY (TOLAI, 1, 0)

c. Flow Chart

136

(1.0)

CALDRD
C L ... ,r. . . • . ...A I. . . .. , ,D Al l . ..... . ..

CL D wd•R2DA N . ..
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2. TFFS2 - SET UP TABLE ROUTINE

a. Purpose - To call TSRCH to set up table for various subroutines.

b. Method - When this routine is called by a certain subroutine,

it will in turn call TSRCH in order to search the directory for the exact

BCD name required by the particular subroutine that called this routine.

c. Usage - Entry is made to the routine with the following statements:

(1) CALL TFFS2

Sets up tables (or provides the table subscripts) for the

subroutine TFFS.

(2) CALL SACS2

Sets up tables (or provides the table subscripts) for the

subroutine SACS.

(3) CALL VPCTAB

Sets up tables (or provides the table subscripts) for

the subroutine VPCS2.

(4) CALL OPTTAB

Sets up tables (or provides the table subscripts) for

the subroutine SDF2 (OPT2).

(5) CALL LGTAB

Sets up tables (or provides the table subscripts) for

the subroutine LGEAR.
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3. READ - INPUT ROUTINE

a. Purpose - To provide a general method of reading a variable

field data card and assigning variable length table. Data may be read

into symbolic locations in memory.

b. Method - Decimal, Octal', and Integer numbers are converted to

binary integers. BCD information is stored in six-character words.

c. Card Formats - rhe variable name punched in Columns 1-6 is the

locat~ion into which the first data word is loaded. The variable field

information is for relocation. A fixed point integer punched anywhere

in the field (67-72) will be treated as a subscript to the variable name

punched in Column 1-6. Negative integers punched in columns 67-72 will

be in violation of the subroutine. The first blank character found in the

card to the right of Column 12 terminates loading from the card. One

exception to this is BCD data. Nine 5-character words may be loaded

including blanks.

The general character of the data to be loaded is determined by a

three letter pseudo-operation punched in columns 8-10. The pseudo-

operations are: DEC or blank, OCT, INT, BCD, and TRA. The pseudo-

operation TRA is a method of eXit from the subroutine.

d. Decimal Data - Decimal data beginning in columi: 12 and ending in

column 66 is converted to binary and loaded into the symbolic location

punched in column 1-6 subscripted by the integer punched in column 67-72.

Signs are indicated by + and - preceding the number. All unsigiied

numbers are treated as positive. If either the character E or . or

both appear in the decimal data word, the word is converted~ to a floating

binary number. The decimal exponent used in the coiversion is the
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number which follows immediately after the character E. This number may

have a + or - sig.1 preceding it. If the character E does not appear

the exponent is assumed to be zero. If a decimal point does not appear

it is assumed to be at the right of the numbers, unlessý it is the only

word or the first word on a card; then it is assumed to be an integer.

All the examples below are equivalent.

(1) 12.345E03

(2) 12.345E+03

(3) 12.345E3

(4) 12345E00

(5) 12345.

(6) 1.2345E4

(7) 1234500E-02

(8) +-1-234500E-2

Note that in the examples above all decimal words have decimal points.

If t0e frst word on a card, or if it happens to be the only word on a

card, does not contain a decimal point, the word will be converted to

binary integer.

e. Octal Data-Oct - The Octal data is loaded the same as decimal

data but must have OCT punched in columns 8, 9, and 10. All data is converted

to binary with binary point assumed at the right end of each word.

f. Hollerith Data - BCD - Hollerith information is loaded from

columns 3 through 66 and assigned consecutive locations for every 6

characters. A maximum of nine 6-character words may be punched on

anY' one card and the number of words must be punched in column 12.

A subscript may also be punched in columns 67-72.
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g. Transfer - TRA-- The purpose of the TRA card is to transfer

control from the subroutine back to the main program. TRA must be punched

in columns 8, 9, and 10. The subscript field is not used. A REWIND may

be punched beginning in column 12. Only the R is checked and the only

use is for the rewind of a data tape.

h. Integer - INT - Integer data begins in column 12 and ends in

column 66. INT is punched in column 8, 9, and 10. It may be relocated

with respect to the BCD name by punching a subscript integer in

columns 67 through 72. If only one data word is punched per card,

columns 8, 9, and 10 may be left blank.

i, Error Messages - A message is written on the eutput tape

describing the type of error encountered. If an error is encountered,

execution of the cdse is deleted and the subroutine only searches for

other possible errors in the data. The following error messages are

possible.

(1) Symbol not in directory.

(2) Column 12 is blank.

If a bad pseudo-operation is purched in columns 8, 9, and 10 the

subroutine wi~l treat it as decimal data.

All chec:king for redundancies, end of tape, format errors, etc.,

is handled by FORTRAN system input/output routines.

j. Usage - Linkage to the routine is made by the following statement:

CALL READ
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k. Data Preparation - The first card expected by READ is a

STCASE TAB with the S beginning in Column I and TAB punched in 8, 9, and 10.

Following this card is a set of cards which define the table sizes necessary

for that case.

Example: CTABOl 10

CTAB02 20

On the above example, CTABOI is punched beginning in Column 1. The

numbers 10 and 20 are punched in Column 12 and indicate the number of

machine cells necessary for that table. Any number of tables may be

assigned as long as the total number of machine cells does not exceed 600.

Follow all table assignments with a TRA punched in Columns 8, 9, and 10.

The next data required by the subroutine is a STCASE and followed by

any combination of OCT, BCD, INT, and TRA cards.

4. DSERCH - DIRECTORY SEARCH ROUTINE rOR SUBSCRIPTS

a. Purpose - To provide a method of searching the directory to

find the subscript corresponding to a BCD argument.

b. Method - The routine searches the directory for the exact BCD

name required by the argument. When an equal compare has been found,

the corresponding subscript is returned as a fixed point integer.

c. Usage - Entry is made to the routine with the following

statement:

CALL DSERCH (SYM, LOC, IER)

where

SYM = BCD name being search for.

LOC = The location in core

IER = Error Code:

IER is set to 0 if the BCD argument does compare and

is not a table name.
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IER is set to -1 if the BCD argument does compare and

is a table name.

IER is set to +1 if the BCD argument does not compare.

5. TABPE - TABLE DIMENSION SUBSCRIPT ROUTINE

a. Purpose - To compute subscripts such that the table dimension

requirements may be variable.

b. Method - Uses input data prepared by the user to compute

subscripts for variable table assignments.

c. Usage - Entry is made via the statement

CALL TABRE

When the READ subroutine processes the control card: STCASE TAB

then the subroutine TABRE is called by the READ subroutine. STCASE begins

in Column 1 and TAB punched in Columns 8, 9, and 10. Following this card

will be the cards requesting table sizes, which are read by the TABRE

subroutine. As an example the following cards may be read:

TTABIO 10

ATABOI 2

TTABIO and ATABOl punched beginning in Column ! and the required machine

cells (10 and 2 in this case) punched beginning in Column 12. Anything

punched past Column 15 will not be used. After all table assignments,

a TRA should be punched in Columns 8, 9, and 10. The foliowing error

messages may be printed:

1. "Symbol does not exist in table list."

2. "Total table sizes exceed N, change maximum total table sizes to NN

in subroutines TLU, HIHO, TFFS, AERO, and AUXR2," where NN is the

required and N is the maximum.
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6. TSRCH - TABLE SUBSCRIPT SEARCII ROUTINE

a Purpose - To provide a method of searching the directory for

table subscripts.

b. Method - The routine searches the directory for the exact BCD

name required by the argument. When an equal has been found the corresponding

subscript is returned as a fixed point integer.

c. Usage - Entry is made to the routine with the following statement:

CALL TSRCH (SYM2, L0C2, N2, IER)

where

SYM2 = BCD name of argument

LOC2 = Location of first subscript

N2 = Nui•ber of sequential subscripts to return with

IEK = Error Code:

IER is set to +1 if the BCD argumprt does not compare
IER is set to -l if the BCD argument does compare.
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FLOW DIAGraM fTABRE.)

TABR E
OENTRY

BTABSTP :RUE.
CALL LINES (2)

WR•ITE: " (SYM) DOES

TABSTP :.FALSE. NOT EXIST IN TABLE

ISi = . LIST"

i = 1,2,...,MAXT
SYMTRA = BLANK
NSUM r 0
WR;TE: "TAB_.E SIZES
FOR EACH TABLE USED
IN THiS RUN"

CALL LINES (2)
WRIT7: BLANK, SY•ATRA

WRITE: "TOTAL NUMBER
O *F CELLS FOR ALL
TABLES = (NSUM)"

READ FROM INPUT TAPE:
SYM, SYMTRA, NTSIZE "N UMMAXTAB YES
CALL LINES ()SUM MAX

NO

YES TABSTP .TRUE.
QS TRABCDT CALL LINES (2)

SNO WRITE: ` TOTAL TABLE
SIZES EXCEED (MAXTAB).

WRITE VALUES OF CHANGE MAXIMUM

SYM, .Y-ATRA, NTSIZE TTAI. TABLE SrZES
j To~ (NRIUM) IF4

Y SUBROUTINES TLU, HIH*-,
____ ___NO

i 2-2 M AX T TFFS, AERO,AND A'XR

SYM STABLE ( No
YES KONT x I

LOCS I) = KINT
.IS (j) NTSIZE 1j K*NT = KONT+ IS (I)

W SUM= NSUM+NTS!ZEJ I,MAX T

J= ý +i R ET UR ONO)
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FLOW DIAGRAM (TSRCH.)

ENTRY
TSRCH

I 1 +1

NO SYM2 STABLE,~

YES

JM= I
j=O

i~j + t 1

L•C2 i L•CS (JM)

JM = JM + i

>N2

YES

IER=-tI

RETUR

L 
IERM 

i

YES.• )NO
i > MAX T
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7. ROUTINES CALLED BY READ SUBROUTINES

The following are subroutines called by the READ subroutine for which

flow charts are not provided.

NAME OF SUBROUTINES LINKAGE

DIPLAC CALL DIPLAC (RAI, INC, BLANK)

READA CALL PEADA (IBCRW)

STORE CALL'STORE (N, INC, INX, STAPE)

WRCARD CALL WRCARD (MSG)

PACKRR CALL PACKRR (11, 12, NNN)

RITE CALL RITE (IFI, FJ, JJ)

8. DIRODA - INPUT DIRECTORY, PART I

A routine of al] the variables in data stetements that may be read

by the input routine and their corresponding subscript Iccation in

COMMON/DI RCOM.

9. DIRIDA - INPUT DIRECTORY, PART II

Continuation of DIRO.

10. DIR2DA - INPUT DIRECTORY, PART III

Continuation of DIRI.
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SECTION VI

FORTRAN EXTENDED

OVERLAY (2, 0)

I. TOLAN2 - MAIN PROGRAM FOR OVERLAY

a. Purpose - A main program 4s required by Fortran Extended for

each Overlay.

b. Usage - Linkage to overlay (21, 0) is provided by th~e following

statement:

CALL OVERLAY (TOLA, 2, 0)

c. Flow Chart

QENTRY
OVERLAY
12,0)

-4-CEND
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2. AUTS - AUTOPILOT AND CONTROL SYSTEM

a. Purpose - The AUTS subprogram calculates the control responses

that are needed by the aerodynamic forces and moments subprogram.

b. Usage - Linkage to AUTS is provided by the following statements:

CALL AUTS - Comoute the control responses

CALL AUTSPR - Compute the control response and print information

dS indicated by input parameters.

3. FLAREl - AUTOPILOT FLARE

a. Purpose - The FLARE subroutine calculates the actual selected

touchdown conditions, time to touchdown for X and Y constraints, required

accelerations to meet touchdown conditions, airspeed flight path angle

relative to runway, desired thrust, and angle of attack.

h. Usage - Linkage to FlARE is provided by the following statements:

CALL FLAREI (1PR) Computes all that is mentioned above.

IPR is the print indiracor. If IPR = 0,

the print routine is called,

CALL FLARE2 (IPR) Only computes airspeed flight oath dngle

relative to runway, desired Euler roll angle

and desired angle of dttack.
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FLOW DIAGRAM (AUTS)

ENTR $USP0 TAKE-

DELT Zl t th l-N

COMPUTATION OF POSITION AND

VELOCITY RELATIVE TO RUNWAY

COORDIPJATE SYSTEM:

YR 1 I
RxR _ R",, 0YESl GLIDR

0h 0!

'rh- I a I N
ZLROCITY RATIE TO R3 3  

Yz

"R -- 1 0 I 0 
S

DERIVATIVES. FOR PITCH-YAW-ROLL X >R

SEQUENCE :

, Uo,',. 0 RF 3 3 -
I

[ . o, RR] L=,-RIG 1in.9 
STO

G PR 0 

KP • I

=-OR

CALL AUTPR I CN._W Ri>O. 
F

SEQUENCE: ESOR.j:

(CONVP RTS %:/p p -ST U

TO DEGREES/SECOND
ANI PRINTS: XRIYR,ZR, 

I

xR ,VR,ZR 'p , *p) K ='II I

'r ' p
fn CALLFLARE

CAL NGL( _ PR, E
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FLOW DIAGRAM (AUTS)

IGLIDE
SLOPE

CALL FLARE2
CALL ENGFL lAPvI

Vill V9 -Vd

PITCHI
AUTO- I vI~.NO

I YES

Vad "IVd COs GS - *gqw)
+(tgwl I + (Vd SOl CGS-gw)a

I' TAN-I [(-Vd "sn CGS-igw)

CNI N /Vd COS CGS - *w)

; ES OR .5 p Vod'
YE 

CLR WgREF,/I02 S)

WRITE : OAIRCRAFT (THIS IS A FIRST APPROXIMATION
HAS IMPACTED" FOR CLR)4 ~SWT2 a .FALSE.

I~~ ~ Is 0___

I t (OBTAIN 8 4N (f , CUVARIABLESN "

CALL SACSIO

.O(•oBTAIN .,(cLRVARIA.LES-
Y XR>XS AND CDR - f(0di)

SOR. CALL SACSS

(ITERATE 5 TIMES)

NON IE

t-T•>T 11

L150
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FLOW DIAGRAM (AUTS)

4

£R CLR QRS
DR 0 CDR QRS 

aad

TTd 0 Lp SIN Y
+ DR COS 'Y' COS OR

[CS QR NO

* RR a 79C D IE'

(COS YR hg+R Y +hy

NONO > p

0 d~~* 
5 U P G

#d51'0
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FLOW DIAGRAM (AUTS)

6 LANDING
ROLL

00 IPR?

.0 XAPw4
t ra t T

CALL AUTPR2
(WRITES- VeVad-Y4,
OR ,CLR, (d, LR, DR, N trOtsp
TTd, hGS ' RR. heo YES

ý +YES

hoT, h~o, thPT IYE

PITCH
AUTO- -s
P I TNO 

N O t"-

>tcNt

YES

TAKE- ILRaI
$*FF

R4LL

YA ES

-r 
> NON

IAP=6WRtE

•" ' °•* IA LTIT UD E A ,S ,VE V .U NWAY• " J - - T 0 T , E R M , ,N A T E T A K E * F F
I / 

WRITE VALUES F:R: hR. hs

YES VALUES F______

jNO ~ CALL ENG L

STOP
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FLOW DIAGRAM (AUTS.)

IPR

tbk No *.
•nc_+!YES 0

YES CALL AUTPR4

(WRITES: " LANDING
18lr -_I _ _ROLL") (WRITESE ir VALUES FOR: I.SS,

ZLR, ICS, lrSS

IPR ________________

"0

CALL AUTPR4
(WRITES -. " LANDING
ROLL ") (WRITES
VALUES FOR: ISS,
ILR, ICS, EBS, z_4,

TI, tri lAP

YES FAILUREtr < LOGIC

SET ARRAY lp 6491(i,Sj iml, NSTRUT

r _3

HI Ct S° 2*
I T A RRAY I* ig OK- , 1, ,i • ° *

"IlNTU 4

-- • 153
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FLOW DIAGRAM (AUTS)

I9

IPR *0ýAW CALL SACS go

-AUTO-
S-PILOT (FIND (q G f (ad,

CURRENT VARIABLES))

CALL AUTPR5

EAUTOPI LOT") iWRITES ZIAP
VALUES FOR: qN, -2-

ae, 6, ,d, 00T, 8 qd )

RFa RFG2
PSI a PS-

10 8q, = 3q2

NO 
as . a -ad•

rS tst ad )d - ad- I"'

YESol

C(b 7•-sq NO

-TES
8Qd = (1 O •I g tr- tst) 8 %d " aqli + • t-t*

YES YES

_____! 8q 8q ___ !8_d___bq
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!wLOW DIAGRAM (AUTS.)

T12

iO II> ALPDL

YES

ild 0- I

ad ad=

aRe it-'&d
G.T = a RFa CIRO

bqd - 8 qN
S0 0e a .*SIGN(,Sel

adBqN+ PSM 0 er + Sao Bq8

155.
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FLOW DIAGRAM (AUTS)

YAW
AUTO-
PILOT

r-CALL SACS I I
IFINO BrN • f' CUR-
RENT VARiA3LE(S))

1, IA

= u AU TOPILOT2)(WRIT.S

P LOT ALE OR +rN,

YE ALUS
e,•, <eT, 8rdd "rI

p ., -- r, + Ps. ..TES
8L~

~YES
i~~8 ".-- -L_

::'II

NOROL 
ALIITR

dB , 
UT - (W IES ý"IAPIOT[A---"T)(RIE

!!! IIE ORSN
ReI, 8rll[,,-.e.q/
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FLOW DIAGRAM (AUTS.)

ROLL
AUJTO-
PILOT 

N P

>3 AP

< 
4

Oe- p - I'dVAUSFR
OeT -- 0 + RFI' I'0p

I Oel < -0aCALL THAUTS
NO (OBTAIN DESIRED~

THRUST AND
THROTTLE SETTINGS

ap~j PSA(OOTIN THE THROTTLE
q, e T- IAUTOPILOT)

81)d= 7

RAN
AUTO-
PILOT

YES; I YE

8Pd SP, :NO '--NO

MB, REMAINS AT
INITIAL VALUE -- 0
(SE E LGEAR)
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FLOW DIAGRAM (AUTS)

-TP VAnhilI. PD)
leiTR - ro (- )

WýTRi Ai (I.,-P 0 il

OWTRi OWTi - WTRi

IwTEiHA> 0.i No

YES

15 UWTI A

_____ TilM if-(cI n

OwTiI

VALEE FOR:~B

CALPRTR
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FLOW DIAGRAM (AUTS.)

CONTROL
RESPON4SE

ini
SN ,d i, 0 . •NO _

N 0 
YES 7

Y ES-- -: 0 .i li

NOT- ST I

YES

NONO

YES9

i:I
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FLOW DIAGRAM (AUTS.1

16

rI SWT, FALSE.

i- 2, .... IN: 'A* -

YEESNO I~tf -r 
Ni=Ndin -

-- 7---,--

YES

(WRITE: CONTNOL

L- RESPONJSE ") WRITE
- • ~VALUES F €O 8•, •',

-NO A pNop, q,r, Np;

'r s N- , 1~,2,..... IN;
Y(WSiTE. INY ICATOES)

r -8P - (WRITE VALUES FOR:

IB, iT 1,2.CNSTRUT)

6RETURN

VAUS6 O 8,g
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FLOW DIAGRAM (FLARE0I

FLAREI

ENTRY 
R T D
2R XTD - X

/(XRF 2 R

XAP'

tx >th NO

YES YE
ZIR = IYE

NO

IRSR--2 (hR.F-hR)/txI
ZIR:I [t--hR J

XRF X TD
hRF= h T F

iRF= VXTD YES RSR 2O.
4RF= VhTD

t,~--< :2 -[ 

RSR 2 02

/( 'RF iR
th = 2 (hRF -hR)

/(6RF+ 4R) ARF 0.

FXRF..[6R (xRF - X R)

< 0 (IFF-R/l-i

tx -t h - - 2- 
-

UM[(hRF-hR)(i,9F+iR)

L/~hRF+hR)I+MRKXTO

NOO

YES

____ ___hRF -(x, tFK R) '
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F LOW PIAGRKM~ ( FLARE L)

-T T Th < TL N

MF"TD + jmYE
TTh =TL J

T Th >Th NO

YES
=Ax (xRF-xR) Fx~+ 'R)l

Ah A(2 (XRF hxp)J TTh TR (hRF- hR)(hRF+ R)I
/2 (hRF- hR)I
y y~ R /T

qd Oda + (AhRCOS(Y -E-P) SWTi.
-AxRSIN (y - ER))/ Vg F

FWTI = FALSE.
At 2dS

T Tb TTh-
Cd Ai.

3

Ax 'TT CtS (Ai+Y')

CAL ACiO--LI SINy' - D1CýS y
(FIND fN (At, -WT SIN ER)/M?

r HER CJRRENT VARIABLES)) Ah = (h X(al 'CALL !-ACS9 I+L A OS -01 SIN~q
(FIND CLI AND Col 4's - WT ulsER/"
f(Ai, OTHER C(.IRRFNT TAE =((AXjR - AA) 2

VARrABLES)+A 
ALl= CLI q* hR o)/

D1 = C~ 1  q*S
T-rh = (MA.R + LiSINy, S i4
+Di COS-y + WTSINF.R)q
/Cqs A Y.)
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FLOW DIAGRAM (FLARE 1)

44 ENTRY
FLARE2

T
TAE >A E

F YYd-Eq
IAP 3

AE TAE O
-~ TThT

*am3 AlI

ad+yo>m N

A I A + DdYES

CAL 0UTPR3

0 (WRITE VALUES FO2:
txPth ClO, htDT~

VcTD VT, IRXF

hRF,thA, KrD, AhR,
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4. AUTPRI- AUTOPILOT PRINT ROUTINE

a. Purpose - The AUTPR subroutine prints output for the autopilot.

b. Usage - Linkage to AUTPR is provided by the following statements:

(1) CALL AUTPRI Write :'AUTS".

If AUXICP ý 0, WRITE

"AUXILIARY COMPUTATIONS"

and the following variables: XR, YR' ZR'
"--x XR9 Y R9 zR' *p ' •p

(2) CALL AUTPR2 If MANLOG ý 0, write "GLIDE SLOPE" and the

1following variables: Ve, Vad' YR' QR' CL

Otd, LR, DR, TTd, HGS, RR, hea' he$ heT, hpa'

hPT, Od

(3) CALL AUTPR3 If MANLOG # 0, write "FLARE", and the following

variables: txI th' XTD, hT , VxTD, VhTD,

XRF, ;RF' hrRF hRF' AXR' AhR' hd' TTd' 4('

(4) CALL h,,TPR4 If MANL0G $ 0, write "LANDING ROLL", and the

following variables: ISS, ILR, ICS, 4BS, TI, tr

(5) CALL AUTPR5 if PITCHP # 0, write "PITCH AUTO PILOT," and the

following variables: 6qN' a, a, hd,

eT' 6qd
(6) CALL AUTPR6 If YAWAUP ý 0, write "YAW AUTOPILOT", and the

following variables; 6 rN' B' •' seT' 6 rd' %e' ýet
(7) CALL AUTPR7 If ROLLAP # 0, write "ROLL AUTOPILOT"

arid the following variables:

.e' 'eT' 6pd
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(8) CALL AUTPR8 If THR0AP 0, write "THROTTLE AUTOPIL0T", and

the following variables Ndi, T.$i= ,2

•- d.-. _--1_-2,

i., IN

(9) CALL AUTPR9 If BRAKAP 0C, write "BRAKE AUTOPILOT" and the

following variables: MBi, i = 1, 2,

NSTRUT. Also if BRAKAP ý 0 and IBS = 1,

write the following brake autopilot variables:

W tri' •tRi' ")TEi, i = 1, 2, ... , NSTRUT

(10) CALL AUTP1O If CONTRP $ 0, write "CONTROL RESPONSE",

and the following variables: 6 q, 6 r, 6 p,

"6 q 6 r' 1p6 , ;i i, i = 1, 2, ... , IN.

Also, if INDICP # 0, write "INDICATORS"

and the following variables: IAP, ICi,

i = 1, 2, 3, 4; IBi, i = k, 2, 3, 4, 5.

(11) CALL AUTPIl If ý'A.VNLOG $ 0, write "FLARE", and the

following variables: ,d' Od' TTd

5. THAUTS - AUTOPILOT THROTTLE

a. Purpose - To compute the desired setting and desired thrust for

each engire.

b. Usage - Linkage to the throttle autopilot is made by the following

statement.

CALL THAUTS (IPR)

If IPR = 0, the print routine is called to print the throttle

autopilot output variables.
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FLOW DIAGRAM (AUTPRI)

AUTPR IENR
ENTRY

S/" YES A
WRIE "USR C T UR N FMANLOG a

NO0

- YES RETURWRITE "GLIDE SLOPE"
WRITE GL:DE SLOPE

i NO VARIABLES: Ve, Voo

7 R' OR' CLR, ad"
WRITE: "AUXILIARY LR, DR, TTd, hGS,
CýMPUTATINS" RR, heu, he, heT,
(CONVERT 4'p AND hpo. hPT, 0d
TO DEGREES /SEC.)

WRITE AUXILIARY
VARIABLES - XR, YR,

S~zR, iR, i'R, illt, 'P

-op RETURN,

ENTRY
AUTPR3

MANL* YE RETURN

NO

WRITE : " FLARE

WRITE FLARE I
VARIABLES : f,, th,
xTO, hTD, VxTD, VhTD,

XRF, XRF. hRF, hRF-

AxR, AhR, ad, TTd,

i~d

RE TU RN
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FLOW DIAGRAM (AUTPRI)

ENTRYENR
AUTPR4 ATR

NOT

WF~IYE~ROLL 

AUT 
PLT

WRITEr "LANDING R~LWRITE. "PITCH

VARIABLES: ISS, AUTOPILOT VARIABLES%
ILR, ICS, 10S, 8 qNv 401 6p ad,

6RETURN dfETUiRN

AUT*PRL6T

WRITE : YAWAT-

PILý~T VARIABLES:

brd, W. 4eT

FRtE TUR N
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FLOW EýAGRAM (AUTPRI)

ENTRYENTRY\
AUITFR7/ AUTPRO/

-NO 
NO

WRITE: R$L WRT HR"l4ýTTLEAUT$PI LOT" AU1'QPIL~l
WRITE R$LL AUT$-j WRITE THR$TTLEPILOT VARIABLES: AUTOPILOT VARIABLES:

REURN 
RETURZN

RETURN)

MRt FLARE 2 EUN

h'ARiABLES

ad, 4 'd, TTd

REUR
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FLOW DIAGRAM (AUTPRI)

ENRt'ENTRY
AUTPR9, R

BRAKAP RC#NTRP - 0

NO NO

WRITE: "BRAKE WRITE: "CINTR#L
AUT#PIL*•T" RESP)NSE"
WRITE VALUES F#R WRITE C#NTR#L
Mali. I 1,2 ... , NSTRUT RESP#NSE VARIABLES:

6q, ir, 8 p, tq,
-J 8 r, 8 p, hi, Ni,

e a]B I •NO RETRN1,2, ... , NSTRUT

Y E Y E

•.- jPILOT .VARIABLES: •N#
-- UT~'OTR ~I, (ýM TEi'

i ,2,..., N STRUT WRITE: "INDICAT$RS"
WRITE F#LL!WING
INDICATORS:
IAP; ICI, i -1,2,
3, 4; 1B1, 1 a 1, 2,

RETURN 3, 4, 5

RETURN

16
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FW* DIAGRAM (THAUTS)

d i7~I r j : N 
HA_

F-d 1 0. 1H R

NO N

TF~uI NO. NJ1

YES NTOC a TOI
.Ca Td:

KT - KEI
Nd,:Ndfi CALL CENGL

d 'ýdfi Ndi' NdC

YES 2

l E NG R E v 
Ui R 1

LF I NO r
I ( OR

YES
UN 

d1  NdFI

Ndg 0 8

YrIES

IPR R~ru~mNdi ENGREV(lRi,1

CALL AUTPR8
(WRITE : THROTTLE -UI

AUTOPILOT";WTi
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FLOW DIAGRAM ITNAUTS)

3 5

NO XCgaO TF1 a

YES AND NO

AND

�d�g �O TF 3 al

YES

NO
Ic2 � o lag

YES

Nd2 aa Ndg � NdFi

4

TdK � TTd 1
ICA a
IRA = JR1

NA a Nj

NBAS N81  NO
NLRAUNLRI

YES

KCA= KEg
KA a K2

ice= N4* 0
IRS' ZR2

NN8 N2
N 8 8 ' N 8 2

a NLR2
NT� B NTO2 --- A

KEB S KE2

K 8 . -K 2  NO

CALL CTENb�. -

TdI = TdA

Td2 7 d0

Nd.



AFFDL-TR-71 -155
PART IV

FLOW DIAGRAM (TI4AUTS)

6i 2

YESS 

N

IF NOC YES

-±AND. 38c

NB N 81

YES T

1T = .C1 1

NO~ N3

1ICý 3 0c= i

YES T d

CALL =T.FAL CNG

Td 3 ~Nd t(M Nd3 )

NO 13 3
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FLOW DIAGRAM (THAUTS)

a

NO *C:

NO YES
TF 2 3

YES
Nd2 a0.

C ALL TFFS9
Nd2 2NdF2 ýTd 2 . f (MuNd2))]

( ILR zI NOYE C=

YES N

Nd2 I ENGREV ( R2 , T ~ 3

YES Nd3 -0
CALL ITFFS9

(Td3 f ( MN, Nd3i
Nd22II lic

12 a 2

CA LL TFI'S

(d2 fM N, Nd2)

Td S TdrTdd Td

1212 m3

123 op0

113



AFFDL-TIR-71 - 55
PART IV

FLOW DIAGRAM (rI4AUTS)

10

14111 -

ICA = ci
IRA = RI1  Mdi NdFi
NA=Ni

NBA 2NBIL
=LR NLRII 

LR I N
NTOA 2NT#II

KEA =KEH YE

KA =K 31 4
ieCm IC12  Ndi E NGREV 1N
R1R8 = R1 2  NiLRNN 8  Ni 2 t

N LRB 2N LRI2 
N

KT#8 NT#12  c 0

KES = KE YS0
Ke 2 12 K3 14

CALL CTENg .L _dl = 0
TdlI 2TdA
TdI 2  = Td 6
Nd11  NdA
Nd, 2 = N d e3

+ NO0 NO i > 4 YES

TF 1 = I

* AND

*AND,

. NO

174
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FLOW DIAGRAM (THAUTS)-2 
F

IR NOt

I---YES ICA z IC,,
IRA = R1

-
ISNdi : ~ENGREV (I RI 

RA:RId NA N11
N, Ni I) NA: N811

1 i = 2A-ND 3 NLRA : NLRII

NTfA 2 NTOI$

KEA = KE 11
NO icz I 0 ) KA = K4 11

ICS : IC12
YES IRS = R12

NNO : N12

NLRB: NLRI2

NTtB: NT412

KED: KEj 2
NO ZC3 0KB I 1-K 4 1 1

CALL CTENGL
1 IYES Tdll dA

Tdx2 : TdBN"? -d3 : 0. Nd lt = NdA
Nd~ NA

~ dI2 NdS

CAL.ZIL
(Tdi '-" f (MN ,Ndi) ,

i = 2 ANO 3)

Td : TTd-Td2 -Td 3

12 4 TFI:

. AND.IC 2  0 
NOS~~~~.AND. , 4--

IC 3  0

ANDIC 0 E1

17'
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FLOW DIAGRAM (THAUTS)

15 16

Ndl NdFI rc 1  0
N d4  NdF4 * AND.

1c2 = 0 
NO

\ A N D
ILR ~1 = . IC 3  = 0

I YES

Ndi = 0.,
Ndl 2 ENGREV (JR1  i = 1,2, 3

Ni 'Nq i , NLRi) , CALL TFFS9
: I , , o ,2 0 ( T d i f M N , N d i )

ii,2, 3)
Td4 = TTd-Tdi-Td2 "Td3

NO I1 = 4
ICI = 0 12 = 1

d 1 0, 1 c 3=• 
AN n% NO

IC2 0

NO AND.

C 4 = 0 IC4 0'I Y E S 
I Y E S

i = t, 2, 4
CALL TFFS2E. _

CALL TFFS9 
(T i f , (M ,ý d

(Tdi f M , N i) ,Td3= 
TTd-Td t'-Td2-Td-;

i N )ITd " = T Td - Td t - Td4 
1 2 = I

It = 2 

1 __

1 =¢ 3
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FLOW DIAGRAM (THAUTS)

17

N di 0.
Nd4 = 0.

Ndl = 0. CALL TFFS9
Nd2 - 0. (rd f MN NdI)

CALL FFS9 =1 ,4)
( Tdi f MN , Ndl) Td2 =(TTd-Tdl Td4 )K4 2i=1 ,2) 11 2
Td3 =(TTd-TdI-Td2)K 4 3  12= 7

It 3

12 :5

205

O CNd2 = 0.

INd3= 0.

CALL TFFS9
(TdI t (M N , Nd,) , ..

Ci = 2,3)

.AND.AND.

NO~~~I 

Td =TD -d-dIC=

C 0 12 8

YEYES

N .8 0. 0

0d3 .

CALL TFFS9S

Ti= 

1(MN, 

Ndi) ,i1,3) 
Ndl = 0

Td 2 N (Td Td- Td3) K4 4  
CALL TFFS9

H :2 (Td. f (MN, Ndl'))
12 : 6rd

2  -=(TTd - Tdl ) K4 5

OJ I 1. I 3 012 
8

IC 1
2 

0

A YE. YL

C4 ( -- 0 
20

177
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FLOW DIAGRAM (THAUTS)

19

Td 2 2 TTd K410....-.

YES Ic I :

NO

Td rT Td K49

I2 2 .3

S~Td3,=TTd 
K411t

Nd22 O. 02.4

CALL TFFS9
(Td2 = f(MNNd2))

Tdl 2 (TTd-Td2 )K 4 7
I2II Td4 2TTd-Td-Td2-Td3

1 22-11 1 1 4
12

20 -6 12

IAC -R 1 1
NC c Ni1 Td4 (TTd-TdI-Td2)

N NBXI I(I.-K 4 3 )

NLRC NLRII Iir4

NT0C NT$II 122 1

TC TdlI

KT 2 KEIl

CALL CENGL Td4 (TTd-TdI-Td3)
"Mdll "J dC * (I-K 4 4 )

SI I -4
12" I

1-2

1208

178
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FLOW DIAGRAM I TIAUTS)

21

Td4~(T~d-Td2 TOI.-K4 ?-Kd) Td4(I-42)TdTg(I-
4 -~

12'I I a2 3
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6. ENGREV - AUTOPILOT ENGINE REVERSE LOGIC

a. Purpose - ENGREV is a function that determines if an engine

is to be reversed.

b. Usage - Linkage to ENGREV is provided by the followinj statement:

Y = ENGREV (xR, N, NB, NLR)

where

IR = engine reverse capability

N = engine throttle setting

N B = engine throttle constraint

NLR = reverse throttle setting for reverse signal on landing

7. ENGFL - AUTOPILOT ENGINE FAILURE LOGIC

a. Purpose - The ENGFL subroutine contains the logic to determine

if an engine has failed or not.

b. Usage - Linkage to ENGFL is provided by the following statement:

CALL ENGFL

8. CTENGL - AUTOPILOT COMMON TWO-ENGINE LOGIC

a. Purpose -. The CTENGL routine calculates the distribut~on of a

totel desired thrust, load, Ta, between two engines, A ad B, as TdA

and T dB respectively. It al,- determines the corresponding desired

throttle settings, NdA and NdB, by calling CENGL twice.

b. Usage - Linkage to CTENGL is provided by the following statement:

CALL CTENGL
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FLOW DIAGRAM (ENGREV)

PLINCY ION
ENGREV

NYES;BCYE

NO

FENGRIEV = ILR

RETURN
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FLOW DIAGRAM (ENGFL.

YSYSYES 
Y'ES

i .2 ,41 , 1,2,3,4 J .2 ,
NO XR ?! XRF2 N 2h R Oi r

YSYSYES 
YES

ICi - IT2 I i-,~i ICi1 W ~i2, ~ IC1 i TRa1 ,

REUN RETUR N RETURN RETURN
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_LWDIAGRAýM (CENqI)

CTENG
ENTRY IC

NNO

NOL~ ICA =A

CAL 
CENOL

C8 ANdc
______NC = NA~d

NANd 
0.REUR

CALL TFFSS

TdA = 0-0

NC NBA

ALL TdAS

CALL

CALL TdC TACNLGL§2
NdsDr TFNDTe fNO)
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9. CENGL - AUTOPILOT COMMON ENGINE LOGIC

a. P'urpose - The CENGL routine calculates the variable N d which
c

is required by throttle autopilot (THAUTS)

b. U~age - Linkage to CENGL is provided by the following statement:

CALL CENGL

10. TFFS8 - THROTTLE SETTING SEARCH ROUTINE

a. Purpose - Search through ranges of throt!. settings to find the

throttle setting TN that corresponds with current thrust 7C and Mach

number.

b. Usage - CALL TFFS8 (TC, TN)

11. TFFS9 - COMPUTE THRUST as F (MN, TN)

a. Purpose - Compute thrust as a function of current Mach number,

and designated throttle setting.

b. Usage - CALL TFFS9 (THRSET, THRUST)
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FLOW DIAGRAM (CENGL.)

3,4L T41P

(FINO Nd t N TOC~

WHER - IS ~-

IR -NOO 
YES

NO :ý: O

N___ CR :5NC4

YCNS _NOEE

7NdCNd N'L~

RETURNR TUN> ýYE
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FLOW DIAGRAM (TFFSI)

ENCT LR(Y

YES

WHERE LOC(I)
LOCATION 

OF THROTTLEIN THE THRUST TABLE

1:0
STN C(K-I) 

TH2

-TC )tl(K
--C(K - )) / TH I

-TH2)

1'1+1

K' LOCT+I
TH2"f1 C(K),MrN)

WHERE C IS THE THRUST3
TABLE AND K IS THESUBSCRIPT 

LOCATION

SETTING) 

YESY TC>TH2ES

NO 
YESYES

YES
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AFFDL-TR-71-155 FLOW DIAGRAM (TFFSI)

T 
4

0 C (K) 1.

4(K

ES

YESIC D
Ye--s

TC > TH2

0N 0

TN=I.

(RETURN

C(K) > 1.

NONo

TC >TH2 YES 2

NO

TN - 1.

--- i
NO C(K) >2.

YES

TN gz?-.Y

ýCTC ý>T
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, • YES

OBTAIN THRUST

F(THRSETAMACH)

CALL HIHe
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SECTION VII

PLOT TAPE GENERATING PROGRAM (PLTSDF)

a. Purpose - To generate a plot tape from a data tape that was

generated by the Takeoff and Landing Analysis Computer Program. The plot

tape is plotted by the CALCOMP plotter.

b. Usage - After a plot tape has been generated by the TOLA program

(see subroutine SDFLGP for data setup), this program is turned in as a

s parate job.

c. Input: (1) TAPE - Data generated by TOLA program.

(2) CARDS - The following may be read in as input using

the NAMELIST feature of FORTRAN EXT. If the value of any variable is the

same as its nominal value, it is not necessary to read it.

Name Definition Nominal Value

NCASES = Number of sets of data or cases to be plotted 1

ISDFR = 1 Rigid body data is stored on tape 1

= 0 Rigid body data is not stored on tape

ISDF = 0 Do not plot rigid body data 0

= 1 Plot rigid body data

ISTPR(1) = 1 Landing gear data for gear 1 stored on tape I

= 0 Landing gear data for gear 1 is not stored on tape

ISTPL(I) = 0 Do not plot landing gear data for landing gear 1 0

= 1 Do not plot landing gear data for landing gear 1

IL = 1 Do not plot lower chamber pressure and 2nd Piston 0

plots (2nd piston was not used)

= 0 Do piot lower chamber pressure and 2nd piston plots
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Name Definition Nominal Value

TFIRST = Trajectory time to begin plotting 0.

TLAST = Trajectory time to stop plotting (Note= 0.

if both TFIRST = TLAST = 0., the entire

time history on tape will be plotted)

PLTINT = K Plot every Kth point 1

FCTR = The current factor all coordinates are

multiplied by. (That is, the plot is made

larger or smaller if FCTR is greater than 1.

or less than 1. For example, if wish plot

to be 25% of the original size, let FCTR=.25)

XL = Length of X - Axis i1o inches 7.2

YL Length of Y - Axis in inches 5.0

Examples of input data cards

Example No. 1: Plot rigid body variables and landing gear variables

for gears 1, 3, 5. Plot every point and plot entire time history. Assume

rigid body and landing gear variables for gears 1, 3, 5 are stored on tape.

EOR (7/8/9)

$INPUT ISDF=l,ISTPR=l,0,l,0,l,ISTPL=1,O,l,0,I$

EOJ (6/7/8/9)

Example No. 2: Plot landing gear variables for gear No. 3. Plot

every other point from time = 4. to time = 10. seconds. Assume rigid

body and landing gear variables for gears 1, 2, 3, 4, 5 are stored on tape

"for time = 0. to 20. seconds.

EOR (7/8/9)

$INPUT, ISTPL(-,)=l ,TFIRST=4. ,TLAST=I0. ,PLTINT=2$

EOJ (6/7/8/9)
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Example No. 3: Plot rigid body variables and landing gear

variables for gear No. 5. Plot every point and plot entire time history.

Assume rigid body and landing gear variables For gears 1, 3, 5 are stored

on tape, with the size of graphs to be 50% of the original size whcre the

original size of the X-Axis is 8 inches and the Y-Axis is 6 inches.

EOR (7/8/9)
$INPUT,ISDF=l,ISTPR=l ,O,I 0,1,ISTPL(5)=l,XL=8.,YL=6.,FCTR=.50$
EOJ (6/7/8/9)

d. Output

TAPE. A plot tape is to be plotted by the CALCOMP plotter. The

plot tape may be generated to give the following plots:

(a) Rigid body plots

T4ime (sec) Vs Ground Reaction roll moment (lb-5)

Vs Ground reaction Ditch moment (lb-ft)

"Vs " " yaw moment (lb-ft)

Vs Pitch rate (rad/sec)

Vs Yaw angle (Deg)

"Vs Roll angle (Deg)

Vs Z-Axis ground reaction (ib)

t " Vs Z-Axis acceleration (ft/sec )

Vs Mass Center sink rate (ft/sec)

"Vs Mass center altitude (ft)

Downrange (ft) Vs Cross range (ft)

Vs Mass Center altitude (ft)

Time (sec) Vs Cross range (ft)

Vs X-Axis acceleration (ft/sec2

Vs X-Axis Velocity (ft/sec)
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(b) Landing gear plots for each gear (1)

Time (sec) Vs ground reaction along strut for gear No. 1 (lb)

-Vs strut resistance for gear No. 1 (Ib)

Vs tire deflection for gear No. 1 (ft)

Vs upper chamber pressure for gear No. 1 (lb/ft 2 )

"Vs lower chamber pressure for gear No. 1 (lb/ft 2 )

Vs strut acceleration for gear No. 1 (ft/sec2

Vs strut velocity for gear No. I (ft/sec)

Vs strut displacement for gear No. 1 (ft)

Vs 2nd piston acceleration for gear No. 1 (ft/sec2)

Vs 2nd piston velocity for gear No. I (ft/sec)

Vs 2nd piston displacement for gear No. I (ft)

Vs wheel axle moment for gear No. 1 (lb/ft)

Vs tire angular acceleration for gear 1 (rad/s(.2)

Vs tire angular rate for gear No. 1 (rad/se'.)

(c) The following routines are calle, by SDFPLj:

PLOT SCALE PLOTE

PLOTS LINE READ

FACTOR SYMBOL BKSFIL

AXIS

(d) The appropriate control cards are required after the job card

to mount tape xxxx from TOLA on tape unit 13 and to mount tape yyyy for

FLTSDF output (556 BPI) on tape unit 7.

(e) If TGLA and PLTSDF are run on the same job, it i not necessary

to use tape unit 13 for storing data. In this case disk storage may be

used.
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