NASA TECHNICAL NASA TM X-2788

MEMORANDUM

CASE FILE
COPY

NASA TM X-2788

A REAL-TIME DIGITAL PROGRAM

FOR ESTIMATING AIRCRAFT STABILITY
AND CONTROL PARAMETERS FROM
FLIGHT TEST DATA BY USING

THE MAXIMUM LIKELIHOOD METHOD

by Randall D. Grove and Stanley C. Maybew

Langley Research Center | |
Hampton, Va. 23665

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION = WASHINGTON, D. C. o DECEMBER 1973




Stanley C. Mayhew is associated with Electronics Associates, Inc.

1. Repon No. ) 4 _2. Government Accession- No. ) 3. Recipiént's Camloe No.
NASA TM X-2788 . . .
4. Title-and_Subtitl 5. R Da .
" A"REAL-TIME DIGITAL PROGRAM FOR ESTIMATING Decomber 1973
AIRCRAFT STABILITY AND CONTROL PARAMETERS - —
FROM FLIGHT TEST DATA BY USING THE MAXIMUM 6. Performing Organization Code
LIKELIHOOD METHOD _ .
7. Authorls) ) . 8. Performing Organization Report No.
Randall D. Grove and Stanley C. Mayhew L-8796
. i . i 10. Work Unit No.
"~ 9. Performing Organization Name and Address . 501-39-11-02
NASA Langley Research Center » : 1711, Contract or Grant No.
Hampton, Va. 23665
i ] " 13. Type of Report and Period Covered
'12. Sponsoring Agency Name and Address 7 . Technical Memorandum
National Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, D.C. 20546 : ' -
15." Supplementary Notes

16.

Abstract

A computer program (Langley program C1123) has been developed for estimating air-

craft stability and control parameters from flight test data. These parameters are esti-
smated by the maximum likelihood estimation procedure implemented on a real-time digital
simulation system, which uses the Control Data 6600 computer. This system allows the
investigator to interact with the program in order to obtain satisfactory results.  Part of
this system, the control and display capabilities, is described for this program. This
report also describes the cqmputer program ‘by presenting the program variables, sub-

" routines, flow charts, listings, and operational features. Program usage is demonstrated
with a test case using pseudo or simulated flight data.:

17.

Key Words (Suggested by Author(s})- . " | 18. Distribution Statement

Real-time digital program ‘| Unclassified ~ Unlimited
Parameter estimation ‘ '
Maximum likelihood method

19.

~ Unclassified - Unclassified

Security Claisif_. {of this-report} ‘| 20. Security Classif. (of this page) 21. . No. of'_Pagesl, 22, Price” |
i 131 Domestlc,
3 Forelgnj_

i

“Far sale by the National Technical Infarmation Service, Springfield, Virginia 22151




CONTENTS

Page

SUMMARY . . . . ot o i i e e e e e e e e e e e e e e e e e e e e e e e e e 1
INTRODUCTION . . . . . o e e e e e e e e e e e e e e e s e e e e 1
SYMBOLS . . . . . . o e e e e e e s e e e e e e e e e e e e e e e e e e e e e e e 2
PROBLEM DESCRIPTION . . . . . . . . i e e e e e e e e e e e e e e e e e e 7
Aircraft Mathematical Model . . . . . . . . . . . . . . . i i i e e e e 7
Sensitivity Equations . . . . . . . . . L L .. . e e e e e e e e e e 8
Maximum Likelihood Estimation Equations . . . . . . . . . . .. . ... ... .. 9
PROGRAM DESCRIPTION . . . . & . & i ittt b e e e e e e e e e e e e e e 11
Labeled COMMON . . . . . . . o i i et e e e e e e e e e e e e e e e e e e 11
Display Arrays . ... .. .. e e e e e e e e e e e e e e e e e e e e e e e e 18
Subroutine Descriptions . . . . . . . . . L L L e e e e e e e e e e e e e e e e 32
OVERLAY Program Descriptions, Flow Charts, and Listings . . . . .. . .. .. 35
PROGRAM USAGE . @ . .« . 0 . 0 it ittt et it e v e e e e e v e e 75
Test Case Setup . . . . . . . o . 0 0 L e e e e e e e e e e e e e e 75
Test Case Run Procedure . . . . . . ... .. .. .... e e e e e e e e e e 77
Output Listings . . . . . .. ... ... .. e e e e e e e e e e e e e e e e e e 78
CONCLUDING REMARKS . . . . . . . e e e e e e e e e e e e e s e e 93
APPENDIX A — PROGRAM CONTROL AND DISPLAY CAPABILITIES . ... .. .. 94

APPENDIX B — EQUATIONS OF MOTION AND ACCELEROMETER EQUATIONS . . 98
APPENDIX C — SENSITIVITY EQUATIONS AND ACCELEROMETER

SENSITIVITY COEFFICIENTS . . . . . . . . . . . o i e i e 104
APPENDIX D — VARIABLE DIMENSIONING . . . . .. ... o0 viv vt 115
APPENDIX E — CALCOMP PLOT OPTION . . . . . . . & i i it v e e e e v v e u 119
REFERENCES . . . . . .. . .. ... .. e e 121
FIGURES . . ... ... . v i i e e e e e e e e e e e e e e e | . 122

iii



A REAL-TIME DIGITAL PROGRAM FOR ESTIMATING AIRCRAFT STABILITY
AND CONTROL PARAMETERS FROM FLIGHT TEST DATA BY USING
THE MAXIMUM LIKELIHOOD METHOD

By Randall D. Grove and Stanley C. Mayhew ™
Langley Research Center

SUMMARY

A computer program (Langley program C1123) has been developed for estimating
aircraft stability and control parameters from flight test data. These parameters are
estimated by the maximum likelihood estimation procedure implemented on a real-time
digital simulation system, which uses the Control Data 6600 computer. This system
allows the investigator to interact with the program in order to obtain satisfactory results.
Part of this system, the control and display capabilities, is described for this program.
This report also describes the computer program by presenting the program variables,
subroutines, flow charts, listings, and operational features. Program usage is demon-
strated with a test case using pseudo or simulated flight data.

INTRODUCTION

A computer program has been developed at the Langley Research Center to improve
the capabilities for estimating aircraft stability and control parameters. Improved capa-
bilities result from the combined utilization of the inherent features of the Langley real-
time simulation (RTS) system and the maximum likelihood method. The program has been
designed to take advantage of the integrated software and hardware features comprising
the RTS system. This system allows the analyst to be an integral part in controlling the
direction of the parameter identification study, that is, the analyst communicates or inter-
acts with the program. The analyst interacts with the program by selecting the mathe-
matical model to be used, the variables to be matched with the flight test data, and the
parameters to be estimated. The RTS display features aid the analyst in determining
whether any further interaction is necessary and when to stop the computer run. The
analyst uses the results of the computer run as an aid to solve the problems of correla-
tion, uniqueness,.and identifiability of the parameters. Parameter estimation is not a
straightforward procedure; thus, having the capability of the analyst interacting with the
program is highly desirable. ‘

*Electronic Associates, Inc.



The objective of this report is to present the computer program which was written
especially for the RTS system at Langley. A description of the system software is beyond
the scope of this report; however, the RTS subroutines used are briefly described in order
to aid in understanding the flow of the program. The program flow differs from batch
programs in that operator action is required. In presenting the program, it becomes
necessary to describe the program control station (appendix A) from which the analyst
interacts with the program. The maximum likelihood estimation procedure for extracting
the stability and control parameters was developed in reference 1.

The program has been dynamically checked by comparing its output with the output
of an independently written batch program. Test cases were made by use of simulated
flight data with different measurement noise levels to check the estimation procedure.
(See ref. 1.) Application of this program is not restricted to the aircraft example being
used in this report. The program may be applied to other aircraft as well as other
dynamic vehicles satisfying the assumptions of the maximum likelihood estimator. (See
ref, 1.) The program developed has been successfully applied to the analysis of flight
test data for generically different aircraft. (See refs. 2 to 5.) These reports on the
analysis of flight test data also reflect the desirability of analyst program interaction.

SYMBOLS

Symbols on CalComp plots (figs. 2 and 4) are not standard because of the limita-
tions of the computer.

A - sensitivity coefficient matrix.

a ac;:elerometer vector at instrument location,

ax 1,2y, 137 longitudinal, lateral, and normal (pésitive-dOWn) components
of

b Win'g spah

Cl,Cm,Cn _ rdlling—, pitching-, and yawing-momeﬁt coefficients

(<) é,ﬁa,t,ﬁr,t rolling-moment coefficient at f=f;, 63 =054, op=0p4

(Cm)aa 6 5e,f pitching-moment coefficient'at ay = g t, :-Ge =5 g,t
. b



yawing-moment coefficient at. g =8, 06, = 5a,t: Op = Op t

r,t
CT:CT,O’CTB main-engine thrust coefficients
CTrsCTr ,CT tail-rotor thrust coefficients
T Ty B
Cx,Cy,Cz longitudinal-, lateral-, and normal-force coefficients
Cx,0:CZ,0 longitudinal-force and normal-force coefficients at a, = 6¢ =0

longitudinal-force coefficient at oy = aat, O¢ = et

Cy,o laterai—force coefficient at B =104 = 6, =0
(CY)Bt’Ga,tiar,f lateral-force coefficient at -B =Pty 03 =04 Op=0rt
<Cz)aa,t’6e,t normal-force coefficient at ‘aa = Qg t e = 5e,t

¢ mean aerodynamic chord

Dg,D - ‘blade diameters of main engine and tail rotor

F Vector function defined in equations of mation

Fj components of F, where j=1,2,...,8

G . . sensitivity equation matrix

g acceleration due to gravity

Ix,Iy,Iz moment of inerﬁia about- X-, Y-, and Z-axis, respectively
Ix7 ' product of inertia

i,j,k integers

iy wing .tﬂt angle



Lry,lrp

Mx, My,Mg,

Pg;Pr

p’q’r

performance index function
coefficients in moment e.quations
rolling, pitching, gnd yawing moments
mass

number of data points

normalized throttle settings of main engine and tail Arotor
roll, pitch, and yaw angular velocities

number of parameters

measurement noise covariance matrix

wing- area

flight-test time period

thrust along X-, Y-, and Z-axis, respectively

time

data point time, where "'i=1,2, ... N

longitudinal, lateral, and vertical velocity components
true airspeed

slipstream airspeed

coordinate axes

state vector

components of X, where k=1,2,... 8



XX ¥Xs2X

Xy, ¥y2y

Xz,YZ’ZZ .

<

o

0q4,0e,0p

oB,AB

bik

=4

nNE>NT

center-of-gravity offsets of X-axis accelerometer
center-of-gravity offsets of Y-axis accelerometer

center-of-gravity offsets of Z-axis accelerometer

variables in performance index function
parameter vector .

parameter change vector

angles of attack and sideslip

components of @, where i =1,2, ..., 40
tail-rotor blade angle

control deflection vector

aileron, elevator, and rudder control deflections

relationships of blade angles for main engines

Kronecker delta

measurement noise vector
main-engine and tail-rotor speeds

components of 7, where i=1, 2 11

3 Ly o o ey

atmospheric density

correlation coefficient of «; and o

variance and standard deviation of «



nd ;-
covariance of n & i

angles
roll, pitch, and yaw
¢}9 ’!U )

8Cy
8Cy Czq = ;a%_
R ' 9
aCx CYp ag%
R Ty
Xq aﬁ aC
8Cy sz21 “—aaa'
8Cx Cy, = ;__2”1‘_%_
Cxaa = aaa BCZ
aCy Czée = = -
. CYg=7p
Cl 3= pb
| aﬁ aCn
8Cy Cnp = aglg’
o rA's
8Cy CYﬁ ;
T v
2V )
aCy Cnr - 3%‘%
. CYs, = 505,
o aCy
aCp, oy =20
8Cy Cmq = ag:v
%% :
azv 8Cn
3Cm Cnﬁ = aé?.
o Cmaa N )
Cis. =33
6a | ) aCn
aCm Cnaa — '55;
aC Cing, = 52
) 2V
Ci5, = 55, |
_ o
= o Ty
Crng, = 5



Superscripts:

-1 inverse matrix operation
M measured value

0 nominal evaluation

T transpose matrix operation
Subscripts:

eq active variables in X

J active variables in ¥

t trim condition

Dot over a symbol denotes time derivative. Arrow over symbol denotes vector.
|R| denotes determinant of R.

PROBLEM DESCRIPTION

The stability and control parameters are the unknown coefficients in the differential
equations of motion of the aircraft. The maximum likelihood estimation procedure, using
the method of quasilinearization, estimates the stability and control parameters by mini-
mizing the difference between the flight test measurements and the calculated solution of
the differential equations of motion of the aircraft.

The measured control deflections of the aircraft are used as inputs to the equations
of motion, and the flight test measurements are assumed to be the true solution with mea-
surement noise (Gaussian with zero mean). The initial conditions of the state are included
as unknown parameters and the accelerometer equations supplement the equations of
motion in the estimation procedure.

Aircraft Mathematical Model

The detailed nonlinear aircraft mathematical model is described in appendix B,
where the equations of motion are represented in vector notation by

% = F(%,8,3,V,00,00,8,f) B (1)



For simplicity in describing the estimation procedure, let the equations of motion be
written as

% = F(%,a73) (12)

where the terms omitted in equation (1a) are auxiliary relationships. The equation vari-
ables (states) are

i’(a’t) = [u’v’w,p’q’r’e’ ¢]T (2)

The parameter vector is

T
o = [al,az, e apa (3)
The control inputs are
-t - T —

Integration of the equations of motion yields the nominal solution §(E°,t), where
@© is the nominal or current value of the parameter vector. These parameters are the
aerodynamic coefficients (stability and control parameters) and the initial conditions of
the states. The initial values of the coefficients are determined from a prior estimate
(wind-tunnel data or analysis) and the initial states are determined from the flight test
data.

The accelerometer equations

ap = (aX,I’aY,I’aZ,I> (5)

are algebraic functions of the states and their derivatives. These equations need only to
be evaluated and not integrated.

Sensitivity Equations

The sensitivity equations are derived by formally differentiating the equations of
motion with respect to each parameter. (See ref. 1.) The sensitivity equations are
(by using eq. (1a))

8 .
d/ax)\ _ 3F [®Xk\ = oF _ 3%\ . oF o .
E{(ﬁ) = kzl an<aa1> + aai = G(t)(ga—l) + ral (1 = 1, 2, e+ P ) (6)




This system of equations represents p' sets of eight simultaneous differential equa-
tions. Integration yields the sensitivity coefficients dxy /aozi. All the initial conditions
are zero except for

OXyp
day

oxy

% (0) ik

=0
t=0 t=0
The accelerometer sensitivity coefficients 9ay /8ai are functions of the sensitivity
equations and coefficients previously defined. The sensitivity equations and acceler-
ometer sensitivity coefficients are presented in detail in appendix C.

Maximum Likelihood Estimation Equations

The maximum likelihood estimation equations (using quasilinearization) are derived
from the likelihood function in reference 1. The maximum likelihood parameter estima-
tion procedure (the accelerometer equations being neglected) is diagramed in figure 1.
The estimation procedure is initially formulated by using the complete mathematical
model; then, by using variable dimensioning (appendix D), it is reduced to the specific
flight test case being analyzed.

The parameter-change equations are

N -1

N 4
AG= ZAT(ti) R At) Z ATty R 7)) (1)
i=1 - =1
where
0y° oy° 8y °

A(ty) =

80[1’ 30{2’_ VY
7(ti) = T k) - 70(ta)
-’M —p |

. X (i) x°(t1)

y o (ti) = M 7ort) = o

ay (t) ar(ti)

Here 370 denotes the variables in the performance index function.




The covariance matrix for the parameters is

N -1

) ATt R-L AGy)
i=1

The covariance matrix for the measurement noise is

RO(N) & Estimate of R =§ At 7 ()

and the performance index function to be minimized is
In(a°) = |[rRO)| (9)

The flight test data are composed of the onboard instrument measurements of the
aircraft behavior and are assumed to be the output of the aircraft mathematical model
superimposed with instrument noise. These data contain many individual aircraft maneu-
vers stored on one magnetic tape, each maneuver being easily accessible to the central
memory of the computer. These data are used for comparison with the mathematical
model output and for initialization of and control input to the equations of motion. The
measurements ?M(ti) and EM(ti) for i=1,2,..., N ‘are known for all performance
index variables and control deflections corresponding to the aircraft mathematical model.

The steps in the maximum likelihood estimation procedure, corresponding to fig-
ure 1, are as follows:

(1) Initialize the system parameters where a° denotes the nominal or current
values of the parameters.

(2) Integrate the equations of motion and the sensitivity equations to obtain the nomi-
nal solution and the sensitivity coefficient matrix, respectively.

(3) Calculate the comparisons of the flight test data and nominal solution for each
data point time at t; where i=1,2,...,N and t; =0 and ty=T.

(4) Calculate the maximum likelihood estimation equations from the comparisons in
step (3) and the sensitivity coefficient matrix in step (2). (Dashed lines in fig. 1 indicate
~ accumulation of information over the flight test time period T.)

(5) Calculate the performance index JN(5°>.

(6) Calculate the parameter changes Ao and the statistical information matrix
RO(N). .

10



(7) Update the nominal parameter values in step (1) to start the next iteration.pro-
cedure and repeat steps until convergence. Convergence of the estimation procedure is
assumed when the change in the performance index is small enough to satisfy the criterion
of the analyst. : ' e ' SRR

PROGRAM DESCRIPTION

Labeled COMMON

The following list contains the FORTRAN variables appearing in labeled COMMON
and descriptions of each variable: '

COMMON FORTRAN
label variable(s) : Description
/INTCOMM/ T t, updated in subroutine IGRATE1
H Integration step size used in subroutine
‘ IGRATEL (H = DT)
INT " © ‘'Flow control parameter used in subroutine
IGRATE1
NEQ ‘Number of integrations performed in sub-
C routine IGRATE1, NEQ = 249
ISCHEME = - Selects integration sclieme in subroutine
IGRATE1
DERINT(2,249) Array of integrals and derivatives in sub-
© - “° routine IGRATE1 -
/INTINTR/ INTERN(5,249) Temporary storage array for subroutine
' - ‘ ' ‘ " IGRATE1 -
/REALTIM/ ADC(32) ‘ Analog-t6¥digital converter input array
DAC(64) Digital-to-analog converter output array
LDISI(108) Logical discrete input array

11



COMMON
label

/REALTIM/

/ALGOR/

12.

FORTRAN
variable(s)

LDISO(196)
NOPER
NHOLD
NRESET

NTERM

NPRINT Not used with
subroutine

NPAR
IPAR
INTP(30)
IP
INTV(8)
v

INTA(11)

IA

IAl

IA2

Description

Logical discrete output array

Return addresses from subroutine RTMODE

Total number of parameters

Maximum number of active parameters
Array denoting active parameters
Number of active parameters

Array denoting active equation variables
Number of active equation variables

Array denoting active performance index
variables

Number of active performance index variables

Number of active equation variables which are
active performance index variables

IA-IAL



COMMON
label

/ALGOR/

/COMM1/

PARAM(40) |

FORTRAN
variable(s)

DPARAM(30)
ALV(11)
DVAR(8)

DALG(11)

ALG(40)

IAC(40)

IEVEN
WT(11,11)
coM

L1

L2

IRR

IPL

ISL

TABLE(199)

INTEG(99)

Description

Arrays of labels for printout

Auxiliary storage array for AL

Auxiliary storage array for INTEG(I)
(1=1,2,...,40)

Used with LOGIC(11)

-1
Ry (N)

Labels for printout

Error condition set by subroutine NAMECRT

Overlay level numbers used by subroutine
PCCEXEC

Array of floating-point numbers to be dis-
played and/or changed

Array of integer numbers to be displayed
and/or changed

13



COMMON FORTRAN

}abe{ variable(s) ’ 'DéSCription
/COMM1/ LOGIC(20) Logical array for selecting program options
NTAB A
NINT
NLOG
NADC Dimensions used by sgbroutines DATABLX
and INOUT
NDAC
NLDI
NLDO )
NT | | ~ Recording frequency fof real-time disk file
AXI ax 1 |
AYI ay 1
AZ1 | | | aé’l
DRAD  57.2058
' RADD "~ (DRaAD)!
PI | ~3.141593
IR(2) Array of integers used ‘by subroutine GETRAN
NRN R _ .. Number of rar;dom number sequences
:NPTS .. - - . Maximum number of data points

14




COMMON

label

/COMM1/

/COMM2/

FORTRAN
. variable(s)

ISKIP
JSKIP
KSKIP

MF

TX

TY

TZ

AMX

AMY

AMZ
VARCHNG
ITYPE
IVARBUF(5)

DELX

NOITSPS

PTSINV

MAXPAGE

. De Vsic'ri'ption

Skips initialization statements

Output disk file
TX

Ty

Flag set by subroutine DSPLAY
Data format set by subroutine DSPLAY
Buffer used by subroutine DSPLAY

Flight data time interval used in program
(INC . TT)

Integration steps per flight data time

interval DELX .

DT

-1

CRT memory allotment

15.



COMMON
label

/COMM?2/

16

FORTRAN
variable(s)

LABT

- LABU

LABV

LABW

LABP

LABQ

LABR

LABTH

LABPH

LABAX

LABAY -

.. LABAZ -

LABDA .

LABDE.

LABDR

FET25(17)

LUN25

NAM25

Description

Axis labels for plotting

Array containing file environment table for
flight data file (TAPE25)

Logical unit number for TAPE25

Name of file TAPE25 used in subroutine
CREATEF




COMMON FORTRAN

label variable(s) | .DeSCription

/COMM2/ ITRNMLT(7) )
IMULTA(T7)
INVSEN(7) Arrays of matrix operation and dimension

information used by subroutine MASCNT

IMULTB(7) o
INVWT(7) )

/FLIGHT/ UM(201) uMt;)
VM(201) vMt;)
WM(201) wMty)
PM(201) pMty)
QM(201) aMiti)
RM(201) rMt;)
THM(201) 6M(t;)
PHM(Z_OI_)' o : oM(tj)
AXM(éOl) - ax 1(t)
AYM(201) ay 1(t) o .
’AZM(201) a‘%’l’l(q)
FDA(201) oMt
FDE(201) st

FDR(201) oMty



COMMON

label

/FLIGHT/

FORTRAN

variable(s)

FBT(201)
FDB(201)
FDELB(201)
f‘PPER(Z.Ol)
FTPER(201)
BETAT
ETA

ETAT
FCT(12)
CTT

CT

Ar(ti)
8B(ti)
- AB(tj)
PE(t;)
Pr(ti)
Bt
NE
)
.. Array containing function for Cr BTBT
\CTT

- Cr

Display Arrays

The real-time simulation program uses specified arrays (subroutine DSPLAY
arrays) for displaying and/or changing the value of desired program variables. (See
appendix A.) The desired program variables as defined in these specified arrays are
assigned display addresses as shown in the following table: '

18

:broutine DSPLAY Display Maximum number
arrays address - of elements
TABLE(I) I ‘ 199
INTEG(I) I+ 200 99
LOGIC(I) I+ 300 99
ADC(I) (not used) I+ 400 99
DAC(I) - I+ 500 99
LDISI(I) I+ 600 99
LDISO(I) I+ 1700 . .199




This type of addressing is called "IN TABLES'" addressing. For program variables not in
subroutine DSPLAY arrays, a type of addressing called "NO TABLES" addressing is used.

Subroutine DSPLAY arrays are listed below with their associated FORTRAN vari-
ables and descriptions (elements not mentibned are not used). The array elements are
equivalenced to the FORTRAN variables, except where equality signs indicate. TABLE is
a floating-point number array, and equivalence between FORTRAN variables is indicated

by a semicolon.

TABLE
element(s)

10

11

12

13

FORTRAN
variable(s)

AL(1);UO
AL(2);CXO0
AL(3);CXAL
AL(4);CXQ
AL(5);THEO
AL(6); PHIO
AL(7);WO

AL(8);CZ0

AL(9);CZAL

AL(10); CZQ

AL(11);CZDE

AL(12);Q0

AL(13);CMO

Description

u(0)

<Cx>aa,t’6e,t |

19



TABLE FORTRAN

element(s) i variable(s) Description -

14 AL(14); CMAL Cmg,

15 AL(15);CMALD - Cmg,

16 AL(16);CMQ Cmyg

17 AL(17);CMDE cmée

18 AL(18);VO v(0)

19 AL(19);CYO (CY)ﬁt:ﬁa o
tor,

20 AL(20);CYB CYB

21 AL(21);CYBD Cyy

22 AL(22);CYP Cy,

23 AL(23);CYR - CYy

24 AL(24);CYDR CYs_

25 AL(25); PO p(0)

26 . AL(26);CLO 2 0.0, o0 s

27 AL(27);CLB Cig

28 AL(28);CLBD Crg

29 AL(29);CLP Cry,

30 AL(30);CLR C1,

20



TABLE

element(s)

31

32

33

34

35

36

37

38

39

40

50

51

52

53

54

55

56

57

58

WMAX

" FORTRAN

variable(s)

AL(31);CLDR
AL(32);CLDA

AL(33);RO

AL(34);CNO

AL(35);CNB
AL(36); CNBD
AL(37);CNP
AL(38);CNR
AL(39);CNDR
AL(40);CNDA
UMAX W

VMAX

PMAX
QMAX
RMAX
THMAX

PHMAX

AXMAX J

Description

CalComp, CRT, and DAC scaling information

21



TABLE
element(s)

59
60
62
63
64
65
66

67

68

69

70

71

72

73

.74

75

22

76

71

78

. FORTRAN
- - variable(s)

AYMAX

AZMAX

DAMAX

DEMAX

DRMAX

UMULT

VMULT

WMULT

PMULT

QMULT

RMULT

THMULT

PHMULT

AXMULT

AYMULT .-

AZMULT
DAMULT

DEMULT

DRMULT.

v

-~

J

* Description

- CalComp, CRT; and DAC scaling information

Flight test data multipliers



TABLE

element(s)

79
80
81
82
83
84
85
86
87
88

89
90
91
92
98

99
100

101-104

FORTRAN

- variable(s)

UBIAS
VBIAS
WBIAS
PBIAS
QBIAS
RBIAS
THBIAS
PHBIAS
AXBIAS
AYBIAS
AZBIAS
DABIAS
DEBIAS
DRBIAS
RUN

PASS

DRM(4)

Description

Flight test data biases

Run number

Iteration number

N
D ) nytta)

i=1

Array of desired random means

23



TABLE

element(s)

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135
24

FORTRAN

variable(s)

AIX

ATY

AlZ

AIXZ

WEIGHT

GRAV

RHO

B

CBAR

DEAMPL

DEFREQ

ALPHAT

DT

TT

TS

TIMF

- Description

Weight of aircraft (mg)

Amplitude of 5, for test case
Frequency of &g for test case
a

at

Integration step size (H = DT)

‘Time interval for flight test data tape

Tape starting time for putting in flight data

' Final time for CRT display

t




TABLE

element(s)

136

137

138

139.

140

141

142

143

144

145

146

147

148

149

150

151

152

154

FORTRAN

variable(s)

=THE
=PHI
=PSI
=UDOT :

=VDOT

=WDOT
=PDOT
=QDOT

=RDOT

-=THEDOT

=PHIDOT

=PSIDOT

XX

i
i

Description o

25



TABLE FORTRAN

element(s) variable(s) - béécriﬁﬁon
155 YX vx
156 ZX zx
157 XY Xy
158 YY Yy
159 L zZY | L zy
160 XZ Xy
161 YZ Yz
162 zZz Zy
169 CMCON Constant used with LOGIC(6)
170 DALMLT Parameter step size multiplier
171 UCRTBI u bias for CalComp, CRT, and DAC
presentations
172 AIW iy
173 CTO Cr,o
174 CTTO éTTo
175 | CTB Crg
176 CTBT Cp 8
T
177 D Dy
178 CAPDT Dp

26



TABLE

element(s)

179
180
181
182
183
184
185
186

187

188

191-194

INTEG is an integer number array.

INTEG

element(s)

1-40

51-61

62

63

FORTRAN

-yariable(s)

ELBAR

" ELTP

RB
PPER
TPER

BTBIAS

'PPERBI

TPERBI

DET1

DET2

DRSD(4)

FORTRAN

variable(s)

INTY(11)

NOPTS

INC

"~ Descripticn

" Flight test data biases

. Inverse determinant of parameter covariance

matrix
R
[R9V)|

Array of desired standard deviations of
.-random numbers

| " Description

- Array denoting activeness of parameters

Array denoting activeness of performance
index variables

Sample rate for flight data tape

27



INTEG

element(s)

64

65

66

67

81-88

FORTRAN
variable(s)

IPRINT

NPLOT

IREAD
KSCAN

INTX(8)

Description

Selects options in overlay level (2,0)

‘Density of plotting symbols for CalComp

plots
Selects options in overlay level (3,0)
Scan rate, used by subroutine SCANNER

Array denoting activeness of equation
variables

LOGIC is a logical array and the descriptions are for a true (.T.) value.

LOGIC

element(s)

10

1
28

Description

1

- Calculate Rg' (N) : ’

Diagonalize R?(N)

Set Pp = FPPER(1)

Set Pp = FTPER(1)

Calculate CTBTBT from FCT(12) and By
Set Czée = CMCON . Cmée,

Set longitudinal states equal to flight test data

— tan-1 W(0)
Set aa’t—tan 2(0)

Calculate parameters to trim X to Zero
Automate LOGIC(9)

Automate two-pass updating




e

\»—'\_ L
™

R

DAC is an output array for the time history i‘ecorder.

DAC FORTRAN
element(s) variable(s) Description
N

1 =(U-UCRTBI)/UMAX

2 =V/VMAX

3 =W/WMAX.

4 =P/PMAX

5 Normalized time history recordings

5 =Q/QMAX

6 . =R/RMAX

7 =THE/THMAX

8 =PHI/PHMAX

LDISI is a logical discrete input array where the descriptions are'for true (.T.)
values of the switches.

LDISI | FORTRAN
element(s) variable(s) Description
: . 7Ty
1-16 Data entry keyboard ' v //
17 OPERATE (OPER) mode switch
18 | ' HOLD mode switch
19 . : RESET mode switch
20 TERMINATE (TERM) mode switch
21 CHANGE mode switch \‘,,

22 SCAN mode switch
' 29



LDISI

element(s)

.81

23

27
29

30

32

33

34
35

36

37

39

40

41

42

43

30

FORTRAN

FSS(1)

FSS(2)
FSS(3)

FSS(4)
: FSS(5)

FSs(7)
FSS(8)

FSS(9)

' Fssdb)

FS5(11)

variable(s)

" Skip update of @

™~
)

S -

Description -

" RELEASE mode switeh, Téleases™ CHANGE or - -

SCAN mode s$witch
ERASE mode s'witéh
IDLE mode switch
PRINT mode switch -
READ m‘ode switch'. '

RELEASE mode switch, releases ERASE,
IDLE, PRINT, or READ mode switch

Accelerometer variables for CRT display and
CalComp plot

CalComp plot of flight data only

- Fill flight data arrays with pseudo data

Initialize variable dimensioning

¥

Iteration printout on MF file

- Lateral variables for CRT display and

CalComp plot

Control variables for CRT display and
CalComp plot '

Pseudo flight controls

0

Activates typewriter for subroutiné DSPLAY



LDISI FORTRAN T
element(s) variable(s) . Description
44 FSS(12) "Retain X(0) in ALG array
45 FSS(13) ~ Exit CRT or CalComp loop |
46 | FSS(14) ~ Replot the CRT or CalComp plot
47 - FSS(15) " Enter CRT loop
48 FSS(16) "IN TABLES" éxddréssing (false (.F.) féf

"NO TABLES" addressing)

LDISO is a logical discrete output array used to turn the white indicator lights (WL)
on (.T.) and off (.F.). The diagnostics are given for .T. value. :

-

LDISO FORTRAN
element . o variablg(s) Co .. Diagnostic
61 WL(1) Default value used for IPRINT
62 : WL(2) DR CalComp plpt cor'npleted
63 | - WL(‘3) : | Error in CalComp piot loop
66 wLe Default value used for IREAD
67 WL('7). - Atté@ted t;) réad flight data beyond end‘ Aof.
file
70 _ WL .. N> NPTS
71 , | WL(11) ~ IP>IPAR.
72 WL(12) - . . Inactive equation variable in performahce E
index '

3 wL(s) 18> 15




LDISO FORTRAN

e Clement(s)  variable(s) fij??ftfi_‘
74 | WL(14) u<5
75 WL(15) vli>u
6  WL(16) |eal > 1.5
¥ ~ WL(17) Invalid flight data location used
78 “WL(18)  DET1=0
79 WL(19) . DET2=0

80 ' © WL(20) In CRT loop

Subroutine Descriptions

The following are the subroutines used and brief statements describing their

functions.
Subroutine Description.
ASCALE Determines origin and scale factor of time a.xis for CalComp p}ots
ATERM  Does final pi'_ocessing and halts execution
AXES B Dr;lws and apnotates axes for CalComp plots
CALPLT Moves plotter pen to new location or signals end of CalComp job
CLRPLOT Clears the CRT i)lot of the calculated variables
'CLRTABL ‘ Clears existing plot parameter tables for CRT variables
CREATEF Creates disk file for flight data tape

,/ v CRTPLOT Establishes plot parameters for CRT variables and/or generates

annotated plotting grids




Subroutine
CYCLE
DATABLX
DAYTIM
DSPLAY
ENDPLOT
ERASE
GETRAN
GRID
HALT

IGRATE1

INOUT

LDRSEC

LEROY
LINE
MASCNT
NAMECRT
NM218

NOTATE

Description
Sets up return address fc;r subroutine RECYCLE
Specifies the variable arrays for subroutine DSPLAY
Provides date and time of day
Activates data entry keyboard and digital deéimal display unit
Marks an end to the CRT plot

Erases data on real-time disk file

.Generates Gaussian random numbers

Draws grid for CalComp plots
Signals completion of real-time portion of program

Integrates variables in DERINT(2,J) and stores results in
DERINT(1,J) J =1, 2, ..., NEQ)

Sets up arrays for input/output conversion -

Provides for PRINT and READ mode entries into subroutine -
RTMODE C

Controls CalComp plotting with liquid ink pén

CalComp routiﬁe fo draw a continuous line and/or a stbol
Performs matrix algebra operations

Identifies and initializes usage of the CRT console
Initializes usage of typewriter

Draws alphanumeric characters for CalComp plots

33



Subroutine

NUMBER-~ -~~~

OPERATE

PCCEXEC

PLAYBAK

PRINTER
PSEUDO

READOUT

READY
RECIN
RECORD

RECYCLE

RITECRT
RTMODE
SCANNER
TYPEVAR
UNLODE

XDSPLAY

34

Description

-----Draws-floating-point-numbers-for-CalComp plots—— - . = oo oo

Causes readout of DAC and LDISO arrays and readin of LDISI
array

‘Controls overlay loading for RTS jidbs

Plays back datai recorded on‘real-time disk file, one frame at a

time
Causes routing of MF disk file to printer
Saves plqtting inform_a’_cioh in order to use CalComp postprocessor

Specifies quantities to be réc_orded and frequency of recording for -
the real-time disk file

Sighals that the‘ pfbgram is ready for real-time operation
Inputs flight test data
Records quantities as specified in subroutine READOUT

- Signals end of a cycle when in the OPERATE mode and returns to.
address specified by subroutine CYCLE

Issues _plottjng 1_'_equests ‘to CRT system
Entry into the mode control routine
Increment}s» display address

Types out data displayed on DDDU
Erases data stored.on CRT file

_Initializes data entry keyboard and DDDU, and routes program
listing



OVERLAY Program Descriptions, Flow Charts, and L1st1ngs

The program uses RTS central memory overlay capabxhtxes controlled by subrou—
tine PCCEXEC where level (4, 0) is the real-time operational level.. A brief description,
flow chart, and FORTRAN source listing are presented for each overlay level '(eXoluding
subroutmes prevmusly descr1bed) ' L

' OVERLAY(XC142FL 0,0).- The main overlay, level (0, 0), is always re51dent in cen-
tral memory. It includes the labeled COMMON, the initial call to subroutme PCCEXEC,
and other system 1n1t1ahzat10n calls,

CQV‘ERLAY (XC142FL,0,0) >

' ( PROGRAM XC142A (INPUT, OUTPUT) )

Memory allocation

Initialize overlay
file name XC142FL

< Call PCCEXEC M- { OVERLAY (XC142FL,1,0) )

< Call DSPLAY >—\
[]

I (Not executed but causes

: loading in this overlay)
< Call CLRTABL >‘ |

35



OVERLAY (XC142FL. ¢040)

PROGRAM XC142A (INPUTOUTPUTY. - - . -~ .- -

LOGICAL LDISILDISOsLOGICsVARCHNG

COMMON /INTCOMM/ TeHeINToNEQ e ISCHEME «DERINT (24249)

COMMON ZINTINTR/ INTERN(S.249)

COMMON /REALTIM/ ADC(32)+DAC(64) L DISI(108)+LDISO(196)+NOPERNMOLD
1 «+NRESET «NTERMNPRINT «NREAD

COMMON /ZALGOR/ NPAR IPARINTP(30)¢IP+INTVI(B)eIVeINTA(11)e]AsTAL 1A
12+PARAM(40) +DPARAM(30) ¢ ALV (11)eDVAR(8)+DALG(11)eALG(40)¢1AC(40)1E

2VEN'WT(11¢11)eCOM,L1,4L2

90034

36

COMMON /COMM1/ IRR¢I1PL+ISLYTABLE(199)¢INTEG(99)+LOGIC(20) +NTABININ
1 ToNLOGsNADC ¢NDAC «NLDT +NLDOWNT¢AXT o AYT1AZ1 DRADRADDPI+IR(2)+NRNSN
2P TS ISKIP s JSKIP ¢KSKIPeMF ¢ TX e TY s TZ ¢ AMXs AMY ¢ AMZ 4 VARCHNG s I TYPE » 1 VARBU
3F (5) ¢DELXNOITSPS PTSINY .

COMMON /COMM2/ MAXPAGE ¢ LABT +LABULABVLABWLABP LABQ+LABRLABTH LA
1BPHLABAXLABAY LABAZ+ LABDA +LABDE +LABDRWFET25(17) ¢ LUN2S¢NAM2S 41 TRN
2MLT(T7)s IMULTA(7) e INVSEN(T)+ IMULTB(7) s INVWT(7)

COMMON /FLIGHT/ UM(201)sVM(201)1+WM(201)¢PM(201)+eQM(201)RM(201)eTH
1M(201)ePHM (201 ) AXM(201)sAYM(201 )9 AZMI(201)«FDA (201 )+FDE(201)¢FDR(2
201)+FBT(201)«FDB(201)+FDELB(201)+FPPER(201)+FTPER(201)¢BETATIETAE
BTATeFCT(IZ2)1+CTTCT

CALL PSEUDO

CALLL NAMECRT (6LCRTTPE.IRR)

XC142FL=TULXC142FL

CALL PCCEXEC (XC142FL «MF ,90034S+LDISI+IPLISL)

CALL DSPLAY

CALL CLRTABL

FORMAT (54H xC-142A (1123 139277 Se Ce MAYHEW ROOM 2131C)

END

PPPPDLBPDPDPPPDPODDPDPDDDLDPBIBPDPDDDDD DD



OVERLAY (XCi42FL,1,0).— The initialization overlay, level (1,0), is automatically
loaded by the initial call to subroutine PCCEXEC. Upon completion of level (1,0),

overlay (4,0) is automatically loaded.

( OVERLAY (XC142FL,1,0) )

< PROGRAM INIT)

Memory allocation

Program initialization

END

( RETURN )—+< OVERLAY (XC142FL,4,0) )
]

37



- 3TAT«FCT(12)¢CTTCT

38

OVERLAY (XC142FL +140)

PROGRAM INIT T

TLOGICAL 'LDISIFLDISOLOGIC+VARCHNG ™

DIMENSION AL (40)s INTX(8)e INTY(11)

COMMON ZINTCOMM/ T HsINTNEQsISCHEME sDERINT (2¢249)
COMMON /INTINTR/ INTERN(S5.249)

COMMON /REALTIM/ ADC(32)+DAC{64)+LDISI{10B)+LDISO(196)+sNOPERNHOLD
1 sNRESET +NTERM«NPRINT ¢NREAD
COMMON /ALGOR/ NPARIPAR«INTP(30)+¢IP«INTV(8) ¢ IVeINTA(11)s1As1AlIA
12.PARAM(40) «DPARAM(30) ALV (11)+DVARIB)DALG(11)+ALG(40)+1AC(40) +IE
2VENWT(11¢11)¢COMetL14L2
COMMON /COMM1/ IRR.IPL.ISLoTABLE(199)olNTEG(99)qLOGIC(20)oNTABoNlN
1TeNLOGeNADC +NDAC oNLDI oNLDO«NToAXI s AY I ¢AZ1 «DRAD+RADDPISIR(2) +NRNeN
2PTS s 1SKIP 4 JSKIPIKSKIPsMFeTXeTY+TZ4AMXsAMY s AMZ s VARCHNG . I TYPE » ] VARBU
3F(5)4DELXINOITSPS «PTSINV

COMMON /COMM2/ MAXPAGE ¢LABT+LABUWLABVLABWLABPLABQILABRLABTH LA
1BPH,_ABAX,LABAYLABAZ +LASDA,LABDE +LABDR,FET25(17) +LUN2S,NAM25,1TRN
2MLT(7)e IMULTA (7)o INVSEN(7) e IMULTB(T7) + INVYWT(7)
COMMON /FLIGHT/ UM(201)+VM(20]1)eWM(201)+sPM(201)+QM(201)+RM(201) +TH
1M(201)sPHM(201 )+ AXM(201)+AYM(201 )¢« AZM(201)+FDA(201)+FDE(201)+FDR(2
201).:57(201).Fostaon).FDELa(zol).Fppentzox).Frpsnfzoly.aerAr.erA.E

DATA PAQAM/ZHUO'3HCXOO4HCXAL93HCX004HTHEO.4HPH1002HWO'3HCZOOQHCZAL
1+3HCZQ¢4HCZDE + 2HQQO + 3HCMO s 4HCMAL ¢ SHCMAL D ¢ 3HCMQ ¢ 4MCMDE ¢ 2HVO ¢« 3HCYO + 3H
2CYB+4HCYBD ¢ 3HCYP ¢« 2HCYR ¢ 4HCYDR s 2HPO ¢ 3HCLO' ¢ 3HCLB ¢« AHCLBD ¢ 3HCLP ¢ 3HCLR
34HCLDR ¢+ 4HCLDA + 2HRO ¢ 3HCNO ¢ 3HCNB + OHCNBD » 3HCNP ¢« 3HCNR ¢« SHCNDR ¢ 8HCNDA /

DATA ALV/IHUIHVelHWI1HP s 1HQ+1HR ¢3HTHE « 3HPH] ¢« 3HAX1 ¢« 3HAY] ¢ 3HAZ1/

DATA FCT/06 06008440250 6086400720609710125461514e1780e193¢02084e22/

EQUIVALENCE (DERINT(1+1)sU)s (DERINT(142)eV)e (DERINT(1e¢3)eW)e (DE
IRINT(144)¢P)e (DERINT(1¢5)¢Q)e (DERINT(1¢6)9RYs (DERINT(1e7)eTHE )
2 (DERINT(1+48)+sPHI)e (AL(1)eUO0)s (AL (2)+¢CXO)s (AL(3)eCXAL)Is (AL(T7)o
3WO0)s (AL(B)Y«CZO)s (AL(9)eCZAL)Yy (AL(12)+Q0)s (AL (14)¢CMALYs (AL (16
4)sCMQYs (AL (18)sVO)s (AL(20)+CYB)s (AL(22)4CYP)s (AL(23)sCYR)Ys (AL
S(25)sP0)s (AL(27)+CLB)s (AL(29)+CLP) s (AL(30)sCLR) s (AL(33)sRO) s (
SAL (35)¢CNB)Ys (AL(37)CNP)s (AL(38)¢CNR)y (TABLE(1)sAL (1)) (TABLE(
750) sUMAX) e (TABLE(S1)sVMAX)s (TABLE(S2)+WMAX)s (TABLE(S3) PMAX) s (
BTABLE(S54)sQMAX ) s (TABLE(S5)RMAX ), (TABLE(56)-THMAX)Q (TABLE (57) P
OHMAX)» (TABLE (SB8)+AXMAX)e (TABLE (59)+AYMAX)e (TABLE(60)sAZMAX)e (T
SABLE(62) +DAMAX)s (TABLE(63)+DEMAX)s (TABLE(64)+DRMAX)s (TABLE (99}
$PASS)e (TABLE(117)¢AIX)s (TABLE(118)sAlY)s (TABLE(119)¢A1Z)e (TABL
SE(12]1)eWEIGHT)s (TABLE(122)+GRAV ), (TABLE(123)¢RHO)s (TABLE(124)+S
$)e (TABLE(125)4B)s (TABLE(126)+CBAR)s (TABLE(128)+DEFREQ)+ (TABLE(
$130)4DT)Ye (TABLE(131)eTT)e (TABLE(133)+TIMF)e (TABLE(1354)eXX)s (TA
SBLE(155)eYX)e (TABLE(1S6)¢ZX)e (TABLE(157)¢XY)e (TABLE(158)eYY)s (
STABLE(159)e2ZY)s (TABLE(160)+XZ)e (TABLE(161)9YZ)e (TABLE(162)4+22)

EQUIVALENCE (TABLE(170)+DALMLT)e (TABLE(171)+UCRTBI)e (TABLE(173)¢
1CTO)s (TABLE(177)eD)e (INTEG(SI}eINTY(1))e (INTEG(62)«NOPTS)e C(INT
2EG(E3)YvINC)Ys (INTEG(64)+IPRINT)e (INTEG(6S)INPLOT)YIs (INTEG(66)+ IRE
3AD)e (INTEG(67)¢eKSCAN)e (INTEG(B1)¢INTX(1))

ISCHEME=3

NPAR=40

I1PAR=30

TEVEN=-1

COM=1H,

L1=84 LOGIC(

L2=2H)=

1PL=4

ISL=0

NTAB=199

DO 10 I=1.NTAB

DODPOOCNDDIRTODPDOD DO IPTIODRDIOODDORODRDD POV DVDOOIRDNDROD®®D D

0001
0002

0003 7

0004
0005
0006
0007
0008
0009
0010
0011

0012
0013
0014
0015
0016
0017
oo18
0019
0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
0030
0031

0032
0033
0034
0033
0036
0037
0038
0039
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049
0050
00s1

0052
0053
0054
0055
00%6
0057
0058
0089
0060



10

20

30

a0

50

60

TABLE(1)=0,

DO 20 1=65.78
TABLRE(I)=1,.
NINT=99

DO 30 1=14NINT
INTEG(1)=0
NLOG=20

DO a0 1=1.NLOG
LOGIC(I)=eF
LOGIC(1)=eTe
LOGIC(2)=4Te
NADC=0

NDAC=8

NLDI=48

DO S0 I=1.NLDI
LDISI(I)=eFa
NLDO=180

DO &0 I1=1+NLDO
LDISO(1)=4FALSE.
CALL DATABLX (TABLE+NTAB«INTEG«NINT +LOGIC «NLOG+ADC +NADC+DACNDACIL®
1DIST«NLDI+LDISO«NLDO) )
CALL INOUT (ADC+NADCDACINDACLDISI+NLDI+LDISONLDO)
CALL NM218 (SLOSCAR) :
NT=1

CALL READOUT (6+NTsUsVeWsPeQsR)

CALL READOUT (6¢NTeT+THESPHI sAXIsAY] ¢AZI)
DRAD=57.2958

RADD=1+/DRAD

P1=3,141593

IR(1y=13

1R(2y=23%57

NRNz=4q

NPTS=201

1SKIP=JSKIP=KSK1IP=0

TY=0,. )

MAXPAGE=10

LABT=10HTIME (SEC)

LABU=10HU (FT/SEC)

LABV=10HV (FT/SEC)

LABW=10HW (FT/SEC)

LABP=10HP (RAD/SEC)

LABQ=10HQ (RAD/SEC)

LABR=10HR (RAD/SEC)

LABTH=10HTHETA (RAD)

LABPH=z10HPHI  (RAD)

LABAX=10HAXI (G)

LABAY=10HAYI (G)

LABAZ=10HAZI (G)

LABDA=10HDA (RAD)

LABDE=10HDE (RAD)

LABDR=10HDR (RAD)

NAMZs=6LTAPE2S

DO 70 1=1.7

ITRNMLT (1)=0

IMULTA(TI)=0

IMULTB(])=0

INVSEN(1)=0

mmmmmmmmmmmmmmmmmmwmmmmmmmmmmmdmmmmmmmmmmmmmmmmmmmmmmmﬁmm

0061
0062
0063
0064
0065
0066
0067
0088
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
00858
0086
0087
ooss
0089
0090
00951
0092
0093
0094
0095
0096
0097

0098

0099
0100
0101
o102
o103
0104
0108
0106
0107
o108
0109
0110 -
o111
o112
0113
0114
0115
o116
o117

39



70

40

INVWT(1)=0

ITRNMLT (13223

ITRNMLT (S5)= ITRNMLT (6 )= IMULTA (6= INVWT(Sy=11
ITRNMLT (7)== IMULTA(S)=IMULTA(7)=INVSEN(S)=IMULTB(S)=IMULTB (6)=IPAR

IMULTB(7)=IPAR )
IMULTA(1)=IMULTBI(1)=20
IMULTA(4)=IMULTB(4)=)
INVSEN(1)=INVWT(1)=10
INVSEN(Q)=INVWT (4 )=2
UMAX=20 e

VMAX=40,

WMAX=10e
PMAXzQMAX=RMAX = ¢ 2
THMAX=PHMAX3SAXMAX=AYMAXZe4
AZMAX=2 e
DAMAX=DEMAX=DRMAX=,1
PASS=~1e

Alx=1%0000,
A1vy=128000,
A1Z=2T70000,
WEIGHT=36050,
GRAV=32417
RHO=,002242

S=534.

Bx67e5

CB8AR=8,07

DEFREQ=1.

DT=.0312%

TT=,03125%

TIMF=10e

XX=10e

YX=24

ZX=S,

XY!?.

YY=9,

2Y=4 Y

XZ=2,

YZ=S,

ZZ=74

DALMLT=1.

UCRTBI =200,

CTO=,03

D=215,5

DO 80 1=1.8

TINTX (1Y =1

OOV IPPDPIODNDRONOIORODNPDNPPDITDDODOD QD@

0118
0119

0120

o121
0122
0123
0124
0125
0126
o127
0128
0129
0130
0131
0132
0133
0134
013s
01236
o137
o138
0139
0140
o141
0142
0143
0144
0145
0146
0147
o148
0149
0150
0151
0152
o153
0154
0158
0156
o157
0158
0189
0160
o161
0162



80

90

INTY(1I)=]
NOPTS=81

INC=4

IPRINT= 1

NPLOT=2

IREAD=1

KSCAN=2
ETAZ1232.%#,75/60,
UO=120e%*1 4689
TMPzS#UO*#2
CXOZ—B¢ #ETARRZ2RD*RQRCTO/TMP
CXAL =029

wo=s5,

CZO=z= =2+ *WEIGHT/ (RHO®TMP )
CZAL=-4¢30
Q0=-415
CMAL =~1 49
CMQ=~31+14

vO=10e

CYB==1470
CYP=z0e50
CYRz20e40

PO=-415
CLB=-0,18
CLP=-0e72
CLR=0e20

RO=,415

CNB=0e06 -
CNP=z=Ne0S
CNR==0670

INTEG(2)=INTEG(B)=INTEG(9)=INTEG(14)=INTEG(16)=INTEG(20)=1
lNTEG(ZZ)SlNTEG(23)‘INTEG(Z?) INTEG(29)=INTEG(30)=lNTEG(35)=l

INTEG(37)=INTEG(38)=1-
DO 90 1=1+NPAR
ALG(I)=AL (1)
IAC(I)'INTEG(I)
ALG(2)==e]
ALG(8)==14
ALG(9)==3,
ALG(14)==1,
ALG(16)=-22
ALG(20)=0s
ALG(22):43
ALG(23)=62
ALG(27)=-,13
ALG(29)5—ea
ALG(30)=415
ALG(1385)=,03
ALG(37)=402
ALG(38)z~e4
RETURN

END

PO DPIROODOIOINDIDOOPO DO DIODDODDD

0163
0164
0165
0166
0167
0168
0169
0170
o171
o172
0173

. 0174

0175
0176
0177
0178
0179
0180
o181
0182
0183
o184

-0189%
-0186

0187
o188
0189

. 0190

0191
o192
0193
0194
01958
0196

0197

0198
0199
0200
0201
0202
0203
0204
0208
0206
0207
0208
0209
0210
0211
0212
0213
0214
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OVERLAY (XC142FL,2,0).- The print overlay, level (2,0), is loaded when the PRINT
mode is selected on the program control console. The integer IPRINT, preset-in level
'—'——f(4;0),=r—selects—one of -the five options.in the PRINT overlay. The CalComp plot option is

presented in appendix E. The primary overlay, level (4,0), is automatically loaded upon
completion of level (2,0).

( OVERLAY (XC142FL,2,0) )

' QROGRAM XCPRINT) :

Memory allocation

<1 or >5 IPRINT
7 (C0051)
- WL(1) =1 Initial condition printout .
=.T. '
(C0065)
=2 Rewind MF file

_3 (C0067) - Add random
:—>< _Call GETRAN >_> numbers to
u, w, q, and 6

(C0104)
CalComp plot option

(C0361)

=5 _Route maximum
likelihood printout

y v
IPRINT = 5

RETURN OVERLAY (XC142FL,4,0) )
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1+ ¥a s X e Xa N Xs Ke We!

10

20

: ZPTSQlSKIPOJSKIPQKSKIPQMFOTXOTYQTZOAMX'AMY!AMZOVARCHNGQ‘TYPEQIVARBU

" WRITE (MFe370) DALG(1)e¢ ((COMDALG(1))sI=2sTA)

" WRITE (MF.440) INTEG(62)¢INTEG(63)

OVERLAY (XC142F1.¢240)

-PROGRAM XCPRINT

LOGICAL FSS(16)+LDIST+LDISOLOGICsVARCHNG WL (39) : .
DIMENSION X(203)e Y1(203)s Y2(203)s Y3(203)s Y4(203) 21(203)0 z2¢
1203)s Z23(203) 24(203)o DATE(2)s DRM(4)s DRSD(4)s RAN(4.201)s RN(4
2)y RsSD(4) .
COMMON /INTCOMM/ ToHolNToNEQ'ISCHEMEvDERlNT(20249)
COMMON /INTINTR/ INTERN(5.,249)

COMMON /REALTIM/ ADC(32)vDAC(64)oLDISl(lOG)oLDlSO(196)0NOPER0NHOLD_

1L.eNRESET +NTERMNPRINT ¢NREAD
COMMON /ALGOR/ NPAQOIPARQINTP(30).IPO]NTV(S)'IVcINTA(ll)ole!Alle

XZQPAQAM(40)ODPARAM(BO)OALV(II)'DVAR(B)'DALG(II)0ALG(4°)JIAC(4°)Q!E~

2VENwT(11e11)eCOMeL1,L2

COMMON ~/COMML/ IRRolPLc!SL.TABLE(199)'lNTEG(99)0LOGlC(20)oNTABoNlN‘

1 ToNLOGeNADC+NDAC +NLD T «NLDO+NTeAXIsAYI+AZI +DRAD+RADD«PI+IR(2) +«NRNeN

3F(5)+DELX«NOITSPS«PTSINV
‘COMMON /COMM2/ MAXPAGE.LABToLABUcLABVoLABW.LABPoLABQoLABR.LABTH.LA

lBPH.LABAX.LABAYoLABAZoLABDAoLABDEoLABDRcFETZS(17)oLUNZScNAMZSclTRN;

2MLT(7)"MULTA(7)OINVSEN(7)OIMULTB(7,0INVWT(7)
‘COMMON /FLIGHT/ UM(ZO!)QVM(ZOX)OWM(ZOI)QPM(EOI)'QM(ZOI)QRM(ZOI).TH
IMI201 1 9oPHM(201 ) s AXM(201)+2AYM(201)+AZM(201)+FDA(201)+FDE(201)+FDR(2
201)OFBT(ZOI)OFDB(ZOI)OFDELB(EOI)OFPPER(ZOI)OFTPER(ZOI)JBETATQETAOE
BTAT«FCT(12)+CTTWCT

EQUIVALENCE (DERINT(1e¢1)sU)s (DERINT(142)sV)s (DERINT(1e3)eW)e (DE
IRINT(194)sP)s (DERINT(1+¢5)1+¢Q)s (DERINT(146)eR) s (DERINT(1e7)eTHE) 0.

2 (DERINT(1e8)sPHI1)s (LDISO(61)eWL (1)) (FSS(1)+LDISI(33))s (TABLE(
350)+UMAX)s (TABLE(S51)sVMAX)es (TABLE(S2)WMAX)s (TABLE(S3).PMAX) s (
ATABLE(54)+QMAX ) s (TABLE(55)RMAX) s (TABLE(S56)+THMAX) s - (TABLE(ST7 )P

SHMAX )e (TABLE(S8)+AXMAX)s (TABLE(S9)+AYMAX)e (TABLE(60)¢AZMAX)e (T
GABLE (62 ) +DAMAX )+ (TABLE(63)+DEMAX) s (TABLE (:64') +DRMAX)s (TABLE (98)¢"

7RUN) s (TABLE(99)+PASS)s (TABLE(101)+DRM(13))e (TABLE(171)sUCRTBI Vo

B(TABLE(191)+DRSD(1))es (INTEG(62)sNOPTS)s (INTEG(64)+IPRINT)s (INTE

9G (65« NPLOT ; - ; ,
IPRINT=1 TO PRINT ICS

“IPRINT=2 TO REWIND. MF FILE

_IPRINT=3 TO OBTAIN RANDOM NUMBERS

IPRINT24 FOR CALCOMP PLOT - (SET VALUE BEFORE EXITING CRT LOOP AND

ENTERING PRINT — USES FSS(142¢7¢8+13¢14))
IPRINT=5 TO RETURN (ROUTES OUTPUT)

wL(l)y INDICATES DEFAULT VALUE USED FOR IPRINT
wL(2) INDICATES CALCOMP PLOT COMPLETED

wL (3) INDICATES ERROR IN CALCOMP PLOT LOOP
L=IPRINT -

IPRINT=S

WL (1)=eFe

IF ((LeGEe1)eANDe (LeLEeS))Y GO TO 10

WL(l1)=eToe

RETURN :
GO TO (20¢30+40¢120¢340)s L

IEVEN=~
" RUN=RUN+1 o

PASS=~1e

WRITE (MFe350) RUNe ((L1e14L2¢LOGICII))eI=1411)
"WRITE (MF¢360) DVAR(1) ¢ ((COMsDVAR(1))el=241V)}

WRITE (MF+380) ((PARAM(T)+TABLE(I)sINTEG(1))s1I=1+NPAR) : .
WRITE (MFe390) (TABLE(1)e1=65¢92) o
WRITE (MF.400) (TABLE(I)el=117+133)

WRITE (MF+410) (TABLE(1)+1=1544162)

WRITE (MFe420) (TABLE(I)e1z2169+186)

WRITE (MFe430) TXeTYsTZeAMXoAMY s AMZ

" RETURN

csntwncwnc\ncwnrsncwn¢sn¢1n<wnc1n(Sncwntwncsncsocwn;wn¢wn¢wncfh¢so¢1ntwhkwn¢1ntwncwncwnc\nhwn(5n

0001
0oo2
0003

0004
‘0005
0006

0007
0008
0009
0010
0011
0012
0013
oot14
oo1s
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027.
0028
0029
0030
0031
0032
0033
0034
003s
0036
0037
0038
0039
0040
0041
00a2
0043
0044
0045

0046

0047
00a8
0049
0030
0031
0052
0083
0054
0055
0086
0057
00s8
0059
0060
0061
0062
0063
0064
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30

40

50

60

70

8n

S0

100

130

140

150

44

REWIND MF

RETURN :

CALL GETRAN (IRe1¢2¢DMYeY140Y2)
DO S0 I=1 +NRN

DO 50 J=1NPTS

" CALL GETRAN (TR92492+RAN(T4J)eY1WY2) 777 ) Tt

CONT INUE

DO 60 [=1NRN

RN(1y=0e

RSD(1)=0, .

DO 60 J=1 +NOPTS
RN(T)I=RN(TI+RAN(]+J)
RSD(1)1=2RSD(1)4+RAN(]I ¢ J)#%2

DO 70 I1=1+NRN

RN(TI=RN(TIRPTSINYV
RSD(1)=SART(RSD (1) #PTSINV-RN(I)#%2)
RSD(1)=DRSD(1)/RSD (1)
RN(1)=DRM(1)1-RSD(T1)I®#RNI(T)

DO 80 1=1+NRN

DO 80 J=1+NOPTS
RAN(I1eJ)=RAN(I+JIXRSD(II+RN(])

CONT INUE

DO 90 I=1.NRN

RN(13=0e

RSD(1)=0.

DO 90 J=1NOPTS
RN(I)I=RN(TI+RANI(T +J)
RSD(11=2RSO(IY4+RANI(T + U # %2

DO 100 I=1¢NRN

RN(I)Yy=RN(1)*#PTSINV
RSD(1)2SQART(RSD(I )*PTSINV-RN(]1)#%#2)
CONT INUE

DO 110 I=1+NOPTS

UM(TI ) =UM(T)I+RAN(L11)

WM (T )=WM(T)I4+RAN(241) \
QM1 )=QM(1)I1+RAN(3.1)
THM(I)I=THM (I I+RAN(A+ 1)

WRITE (MF+480) RUNSNOPTSs ((DRM(I)sRN(I)eDRSD(I)IeRSD(I))eI=1eNRN)
RETURN : :
Wi_(3)=eFe

IF (USKIP4GTe0) GO TO 130

CALL CALPLT (Oe¢00e—3)

CALL LEROY .

Kz=-1 FOR SYMBOL EVERY DATA POINT
Kz=2 FOR SYMBOL EVERY OTHER DATA POINTETCe
K==NPLOT

JSKIP=JSKIP+]

Bl=SF4a=0,

IF (¢NOTeFSS(1)) GO TO 140
SF1=AZMAX

SF2=AYMAX

SFazAXMAYX

GO TO 170

IF ((NOTeFSS(7)) GO TO 150
SF1=pHMAX

SF2=yMAX

SF3x=RMAX

SFa=pMAX

GO TO 170

IF (JNOTL,FSS(8)) GO TO 160
SF1=zpRMAX

SF2=pDEMAX

SF3=pAMAX

GO To 170

e s XaNa s NsNeNeNeNaNe Ne N NeNe N Ne Ne Ne NeRa Ne NeNaNe NeNeNe NeNe Na Re We N Ne Nal O(\(\h(\f\ﬂ e N NeNeNeNoNaNeNeNe e Ne Nalo s NeNe e NeNeNe

0065
0066
0067
0068
0069

0070 -

0071
o072
0073
0074
0075
0076
0077
o078
0079
ooso
o081
0082
0083
o084
0085
0086

o087

ooss
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
o101
o102
0103
0104
0105
0106
o107
0108
0109
0110
o111
0112
0113
o114
0115
0116
0117
0118
0119
0120
o121
0122
o123
0124
o12s
0126
0127
0128



160
170

180

190

200

210

215

220

230

240

SF1=THMAX
SF2=QMAX
SF3=wMAX
SF4=UMAX
Bl=UCRTBI
ZT=B1+SF4
ZB=B1~SF4

IF (FSS5(2)«0RFSS(8)) GO TO 220

I1=0 :

Ja-1

CALL PLAYBAK(215S)
J=Jsy

IF (MOD(JNOITSPS)eGTe0) GO TO 180

1=]141

IF (1eGTeNOPTS) GO TO 180
IF («NOTeFSS(1)) GO TO 190
Y1(1)=AZI :
Y2(1)=AY]

Yat(ry=AX1

Ya(1)=0e

GO TO 210

IF ((NOTeFSS(7)) GO TO 200
Y1(1y=PHIL

Y2(ly=v

Y3(1)=R

Ya(1y=p

GO To 210

Y1(1)y=THE

Y2¢(1y=Q

Y3(1)=W

Y4 (1y=U

IF (Y1 (1)eGTeSF1) Y1 (11=2SF1
IF (Y2(1)eGTeSF2) Y2(1)=SF2
IF (Y3(1)eGTeSF3) Y3(1)=SF3
IF (YA(1)aGTeZT) Yat])=2T
IF (YI(I1)eLTe~SF1) Y1(1)==SF1
IF (Y2(1)elLTe-SF2) Y2(1)=-SF2
IF (Y3(I)elLTe-SF3) Y3(1)==SF23
IF (Ya(1)elTeZB) Ya(])=28
GO To 180 _

IF (14EQeNOPTS) GO TO 220
WL(3)=aTe

RETURN

DO 270 1=14.NOPTS
X(1y=DELX*(I-1)

IF (JNOTeFSS(1)) GO TO 230
Z1(1y=AZM(1) ‘
Z2(1y=AYM(1

Z3(1y=AXM(1)

Z24(1)=0e

GO TO 260

IF («NOTeFSS(7)) GO TO 240
Z1(1)sPHM(1)

Z2(1)y=sVM(])

Z3(1)y=sRM(])

Za(1)=PM(1)

GO TO 260

IF (JNOTWFSS(8)) GO TO 250
Z1 (1)=FDR(1)

Z2(1)=FDE (1)

Z3(1y=FDA(1)

24(1)=0e

GO TO 260

s K e e Ke N Ke X R Xa K X s X Na X e e Ne Na X NaNe Xa Na Ka Na X e e Na e Na X NaNa o R e R Ne Ma K N e N M N K N Na Ma N Na Na Ne Na Ma Na e Na N3

0129
0130
0131
o132
0133
Ol 3e
0138
0136
0137
0138
0139
0140
o141
0142
0143
Olae
0143
0146
0147
0148
0149
0150
0181
0152
01383
0134
01585
0136
0157

0158

0159
0160
0161
01682
0163
0164
0185
0166
o167
o168
0169
o170
0171
o172
0173
0174

- 0178

ot76
0177
o178

0179
0180

ol1s1
o182
o183
0184
018S
o186
0187
0188
oi1ese
0190
0191
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250 Z1(1y=THM(]) |

0192

Z2(1y=QM( 1} 0193
Z3(1y=wM(T) 0194

» Za(1y=uM(r) 0193

260 IF (Z1(1)eGTeSF1) Z1(1)1=5F1 - T T ¢ o198

IF (Z2(1)eGTeSF2) Z2(1)=SF2 0197

IF (23(1)eGTeSF3) Z3(1)=5F3 0198

IF (Z4(1)eGTe2ZT) 24(1)=2T 0199

IF (Z1(1)eLTe=-SF1) Z1(1)=~SF1 0200
IF (Z2(1)elLTe-SF2) Z2(1)==-SF2 0201 .

IF (Z3(1)eLTe~SF3) Z3(1)=-SF3 0202

. IF (24(1)eLTe2B) Z4a(1)=28B 0203
270 CONT INUE 0204
© CALL DAYTIM (DATE) 0205
CALL NOTATE (=105¢060s¢07¢DATE(1)4906¢10) 0206
CALL NOTATE (=145:¢2¢4¢007+DATE(2)+900+10) o207
LCALL NOTATE (~10¢5:4¢8¢e07¢7HRUN NO2490e¢7) 0208
CALL NUMBER (~1¢5+6e5+s07¢RUNs90es~1) 0209
CALL NOTATE (-165+765¢¢07¢SHITER=¢9064¢5) 0210
CALL NUMBER (=1e¢5¢8¢7¢607¢PASSe9009¢~1) 0211
CALL ASCALE (X+¢Se+NOPTSe14+104) : 0212
LPT=NOPTS+1 ' 0213
JPT=NOPTS+2 0214
XM=X (LPT) 0215

- XS=EX(JIPT) 0216
CALL GRID (000000¢500591004) 0217
CALL AXES (Oo00000.0500XM0X$01otloovLABToo!4o-10) 0218
YM=-SF1 0219
YS=SFE1 0220
YI((LPT)I=ZY (LPT)Y=YM 0221

Y1 (JUPT)=21 (JPT)=YS 0222

IF (4NOTeFSS(1)) GO TO 280 , ‘ 0223
CALL AXES (004009900420 ¢ YMeYSe050¢10e¢12HAZI(G UNITS)ee14412) 0224

- CALL LINE (XeZ1 sNOPTSe14Ke34e07) ' 0225

e ¥s s Xa e Xe Ne e Me Xa Ma RaRa M X e Mo Xa Xa K Ra e NaNa Ne Ne Na Ne Na Ra Ne Ne N Ne Ne Na Ne Ne Ne Ne Ne e e o Nel 0(1()0(1(’(ﬁ0(1()ﬂ

IF (oNOTeFSS(2)) CALL LINE (XeY] eNOPTSe1¢0¢0+¢07) 0226
CALL CALPLT (0402e75¢~3) 0227
CALL GRID (Oee0eseSee5¢1044) 0228
CALL AXES (Oee0e900¢BeeXMeXSel0e010e¢LABTse14+~10) 0229
YM=.SF2 0230
YS=SF2 0231
Y2((LPT)I=Z2(LPT)=YM 0232
Y2(JIPT)Y=Z2(JIPT)=nYS 0233
CALL AXES (0090099001209 YMeYSeeSe10es12HAYI(G UNITS)eel4412) 0234
CALL LINE (XeZ2+NOPTSe1e¢Ke34e07) 0235
IF (4NOTeFSS(2)) CALL LINE (XeY2¢NOPTSs140¢0¢e07) 0236
CALL CALPLT (04¢2e754¢-3) 0237
CALL GRID (0ee00¢05+e54¢10448) 02238
CALL AXES (Oe 9004000569 XMeXSel0e910esLABTs¢14+-10) 0239
YM=~SF3 0240
YS=Sf3 0241
Y3(LPT)I=Z3(LPT)=YM 0242
Y3(JIPTI=Z3(JIPT)=YS 0243
CALL AXES (004000900420 ¢ YMeYS005¢10e¢12HAXI(G UNITS)eel14a+12) 0244
CALL LINE (XeZ3eNOPTSe1¢Ke30007) 0245
IF (oNOTeFSS(2)) CALL LINE (XeY3INOPTSe1¢04¢00e07) 0246
CALL CALPLT (12e¢9-S5eS5¢-3) 0247
GO TO 310 0248
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280

290

IF (oNOTeFSS(7)) GO TO 290

CALL AXES (0.000090.02.cYMcYSoosoIOQ'LABPHoolﬂolO)

CALL LINE (X+Z1+NOPTSeleKe30e07)

" IF (+NOTeFSS(2)) CALL LINE (XoYloNOPTSoloOoOOoO?)

CALL CALPLT (0e02475¢-3)
CALL GRID (Oee0es0e5¢e5410.4)

CALL AXES (Oee00000¢BeeXMeXSelev100+sLABTee1484-10) -

M=~SF2
YS=SF2
Y2(LPT)Y=Z2(LPT)=YM
Y2(JIPTY=Z2(IPT)=YS )
CALL AXES (0ae0e9906¢26+YMsYSseSe10esLABVee14410)
VMIN=YMEe3048
VMX=yS% 3048

CALL AXES (564004900 42¢ s VMINIVMXseS54104 ¢ 9HY (M/SEC)'QI4Q‘9)

CALL LINE (X+eZ2sNOPTSs1¢Ke39,07)

IF (o4NOTeFSS(2)) CALL LINE (x'Yz'NopTSOIOOCOOOO7,

CALL CALPLT (0e92e754¢-3)

CALL GRID (0ee0e0e5+6¢5010+4)

CALL AXES (00400400050 eXMeXSs10¢10e¢LABTee144~10)
M=~-SF3

YS=SF3 .

Y3(LPT)IsZ3(LPT)=YM

CY3(UPTYIZ=ZI(JPTY=YS

CALL AXES (0e+00090¢4¢2¢9sYMeYSee50100sLABRee164¢10)
CALL LINE (XeZ3NOPTSe1eKe34007)
IF (4NOTeFSS(2)) CALL. LINE (X+Y34NOPTS+140404407)

"CALL CALPLT (0g42e754¢~3)

CALL GRID (0ee00005+¢5¢1004)

CALL AXES (Oee00¢00180aXMeXSe1e910esLABTee14+s-10)

YM=—gFa
YS=SFa
Ya(LPT)=Za(LPT)=YM

| YA (JUPT)I=ZA(JIPTY=YS

CALL AXES (O¢400390 64269 ¥YMiYSeeS5+10esLABP+414.:10)
CALL LINE (XeZ4sNOPTSe19Ks3+e07)

IF (aNOTeFSS(2)) CALL LINE (XeYA4+NOPTSe1¢0+0+007)
CALL CALPLT (12¢0¢-8025¢-3) : e

GO TO 310

IF (4NOTeFSS(8)Y) GO TO 300

CALL AXES (0.000090002.9YM0YS.050lOooLABDRool4olOl

CALL LINE (XeZ1 NOPTSe1+Ke3¢e07)

CALL CALPLT (0g402e754-=3)

CALL GRID (0e¢e0e94065¢e¢5410448)

CALL AXES (00 s0040005esXMeXSelee10e+sLABT4e144-10)
YM=~QF2

YS=sr2

Y2(LPT)=Z2(L.PT)=YM

Y2(JIPTI=Z2(JIPT)Y=YS

CALL AXES (004009900429 YMsYSeeS5+10e¢LABDEse14,10)
CALL LINE (XeZ2sNOPTSe1eKe30407) :

CALL CALPLT (0e42e75¢-3) -

CALL GRID (0¢40ese30¢5¢1044)

CALL AXES (OQOOOQO'OSUOXMOXSOlo'l0.0LABTvol‘v-IO)
YMz-SF3

Y$S=SfF3 v

Y3(LPT)=Z3(LPT)=YM

Y3(JIPT)I=ZI(IPT)=YS

‘CALL AXES (0.000'90002.oYM'YSoosvlOocLABbAool4olO)

CALL LINE (XeZ3«NOPTSs1¢Ke34407)
CALL CALPLT (!2..—505.—3)
GO TO 310

'nnnnnnnnnonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

0249
0250
0251
02s2
02%3
0254
0255
0236
0257
0258
0239
0260
0261
0262
0262
0264
0265
0266
0267
0268
0269
0270
0271
o272
0273
0274
0278
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
o288
0289
0290
0291
0292
0293
0294
0295
0296
0297 -
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
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300

310
320

330

340
as0
360
370
380
390

48

_CALL.  CALPLT (0002.750‘3) o e

6S24E13e6+9H AXBIAS=4E13e¢6¢9H
7 DABIASE=+E13e¢649H DEBIAS=+E13e6¢9H ODORBIAS=+E1346)

CONT INUE

CALL AXES (0640049000209 YMeYS105010e¢LABTHee14+10)
CALL LINE (XeZ1 +sNOPTSs1eKe30e07)

IF (¢NOTeFSS(2)) CALL LINE (XeY1eNOPTS+190e¢09007)

CALL GRID (0.0000.50.5010'4)
CALL AXES (0e400¢00e5eeXMeXSelee10a+LABTee144-10)
YM=-§F 2
YS=SF2
Y2(LPT)=Z2(LPT)=YM
Y2(JPT)I=Z2(JUPT)=YS
CALL AXES (000003900026 ¢YMeYSse5¢10e:LABQee14+10)
CALL LINE (XeZ2¢NOPTSes1eKe3ee07)
IF (¢NOTeFSS(2)) CALL LINE (XeY2sNOPTS1140,00e07)
CALL CALPLT (Oe02e750-3)
CALL GRID (0Oe¢0e0e5465¢1044)
CALL AXES (004009000504 XMiXSeles1CeslABTre14+~10)
YM=~SF3
YS=SF3
Y3(LPT)=ZI(LPT)=sYM
Y3(JUPT)I=ZI(JPTY=YS
CALL AXES (009004900020 ¢YMeYSee5¢10esLABWee14410)
WMIN=YM#*,3048
WMX=yYS*e3048
CALL AXES (569001900 ¢2¢ yWMINsWMX 4454106 e¢IHW (M/SEC)ee18,-9)
CALL LINE (XsZ3sNOPTSs1eKe30e07)
IF (4NOTeFSS(2)) CALL LINE (XeY3eNOPTSe1¢0:00e07)
CALL CALPLT (0e12e754-3)
CALL GRID (0Oee400s065¢05¢1044)
CALL AXES (00000000950 eXMeXSelee10e¢LABTe0184+-10)
Ym=7Zn
YS=SF4
YQ(LPT)=Z4(LPT)’YM
Y& (JPT)=Z4 (JIPT)=YS
CALL AXES (0040004900 02¢9YMoYS0e5¢10e+LABUse14+410)
UMIN=zYM%43048
UMX=YS#3048
CALL AXES (Ses00490002¢ ¢yUMINIUMX 46541 0ee9HU (M/SEC)ee14,-9)
CALL LINE (XeZ4NOPTSe14Ke3¢e07)
IF (.NOT.FSS(Z)) CALL LINE (XeY4+NOPTSs14¢040ee07)
CALL CALPLT (12e1¢-8¢25¢-3) ’
WL(2)=eTe
CALL DSPLAY
CALL OPERATE
IF (4NOTeFSS(14)) GO TO 330
WL (2)=eFe
CALL OPERATE
GO TOo 130
IF («NOTeFSS(13)) GO TO 320
WL(2)=meFoe
RETURN
FORMAT (///76H RUN=¢F4¢0//7(6(ABe124A241)))

FORMAT (/39H ACTIVE EQUATION VARIABLES ARE o o ¢ +A34T7(A14A3))

FORMAT (/39H ACTIVE ALGORITHM VARIABLES ARE ¢ o ¢ +A3+10(A14A3)Y)
FORMAT (/5(25H PARAM VALUE ACT)I/(S(2XAS+1XE13e641XL3)))

FORMAT (/9H UMULT =+E13¢6+9H VMULT =4E13e¢699H WMULT =z+E13e¢6+9H
1 PMULT =4E13e6¢9H QMULT =¢E13e6+9H RMULT =+E13e6/9H THMULT=.E13
2¢6¢9H PHMULT=4E13¢6¢9H AXMULT=0¢E13e¢6+9H AYMULT=+E1366+9H
3T=4E13¢6¢9H DAMULT=4E13e¢6/79H DEMULT=4E1366+9H DRMULT=+E13e¢6¢9H
4 UBIAS =¢E13¢6¢9H VBIAS =+E13¢6¢9H WBIAS =,E1346:94 PBIAS
Se8/9H QBIAS =,E13¢6¢9H RBIAS =4E13e6:9H THBIAS®,:E13e¢6¢9H PHBIA
AYBIAS=¢E13¢6/9H AZBIAS=4E136+9H

XN Na R NeNeRa ReReXa NaRa Re Ne e Na Xs Ne N Re RaNe N Na Ne e Na Mo Na NaRe X Ne Ne N NaNaXa NeNa Ne N Ne Xe Me Ka Xs Xa e N Xa Xa Na Xa X NaRa Xa Xa X X2 X3

0311
0312
0313
0314

0315

0316
0317
0318
0319
0320
0321

0322
0323
0324
0325
0326
0327
0328
0329
0330
0331

0332
0333
0334
0335
0336
0337
0338
0339
0340
03a1

0342
0343
0344
0345
03a6
0347
03a8
0349
0350
0351

0352
03s3
0354
0355
0356
0357
03s8e

‘0359

0360
0361
0362
0363
0364
036S
0366
0367
0368
0369
0370
0371
0372
0373



400 FORMAT (/9H AlIX =24E13¢6+9H Aly =sE13e6¢9H AlZ =eE13e¢6¢9H4 C 0374
1 AIXZ =¢E13¢6¢9H WEIGHT=+E13e6+s9H GRAV =4E1366/9H RHO =¢E13 C 0375
2¢6¢9H S =9E13e59H B 2eE13e6¢9H CBAR =+E13¢6.9H DEAMP C 0376
3L=4E13e6¢9H ODEFREQ=E13¢6/9H ALPHAT=4E13¢6+9H OT 2eE13¢6e9H C 0377
4 TT 29E13e649H TS =eE13e6¢9H TIMF =,E1346) : Cc 0378

410 FORMAT (/9H XX 24E13e6¢9H YX =ZeE13e6+9H ZX =eE13e6+9H C 0379
1 Xy ZeE13e6+9H YY 2sE13e6.94 ZY =eE13e6/9H XxZ s+E13 C 0380
2e85+94 YZ 24E13e¢64+9H 22 SeE1366) C 0381

420 FORMAT (/9H CMCON 34E13e6+s9H DALMLT=4E13e¢6¢9H UCRTBI=+E13.6+9H C 0382
1 Alw eE13e6+¢9H CTO =eE13e6¢9H CTTO =+E13,6/94H CTB =+E13 C 0383
2¢6+9H CTBT =4E13e65¢9H D SeE13e65¢9H CAPDT =4+E13486¢9H ELBAR C 0384
3 54E13e6e9H ELTP =¢E13.6/9H RB 24E13e6+9H PPER =¢E13.6¢9H C 0385
4 TPER Z¢E13e46¢9H BTBIAS=«E1366:9H PPERBI=+E1346+¢94 TPERBI=+E13 C 0386
Se6) C 0387

430 FORMAT (/9H TX =¢E13e6¢9H TY =eE13e6¢9H TZ z4sE1366+9H C 0388
1 AMX meE13e6+9H AMY 2eE13e65+9H AMZ 24E13e6) C 0389

440 FORMAT (/78H NOPTS=+14+6H INC=.14) Cc 0390

450 FORMAT (///6H RQN30F400'8H NOPTS=4¢ 14///5X+ 6HDRM (1 ) 19X« SHRN(I)e9X C 0391
1 e 7HDRSD (I )¢ OXe6HRSD(1)//7(4(2XE1346))) C 0392

END C 0393

OVERLAY (XC142FL,3,0).- The read overlay, level (3,0), is loaded when the READ
mode is selected on the program control console. The primary overlay, level (4,0), is
automatically loaded upon completion of level (3,0). The integer IREAD preset in level
(4,0) selects one of the six options in the READ overlay, one option being to input flight
test data.

The flight test data input option uses a tape that was made by altering the original
time records of all runs so that monotonicaliy increasing time serves as the tape index
key. Another aspect of the tape is that the time interval between consecutive points is
constant for a given run, but does vary from run to run. The analyst can readily deter-
mine TS, TT, and NOPTS (tape starting time, tape time interval, and number of points,
respectively) from the tape printout, but must consider frequencies involved to determine
INC (sample rate of flight data tape). A major factor in determining INC is that DELX
(program time interval of flight data, where DELX = TT . INC) must be an integral
multiple of DT (program integration step size).

This option also provides the analyst with the opportunity to use biases and multi-
pliers to eliminate certain apparent anomalies in the flight test data. An example of this
usage is the putting in of control input trim conditions as biases.

To input flight test data, the determined values for TS, TT, NOPTS, INC, and any
multipliers and/or biases must be entered into the computer. Then IREAD is changed to
6 and the READ switch is depressed. Input of flight test data is completed when the READ
mode light comes on; if WL(7) is also on, an error in entering these values is apparent.
The bottom RELEASE switch is depressed to complete the return to level (4,0).

The flow chart of the flight test data input option follows the flow chart of overlay
level (3,0).
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<-OVERLAY (XC142FL,3,0) >

( PROGRAM XCREAD_)

Memory allocation

<1 or >6

WL(6)

(D0055)

Reset parameter

value and activeness

(D0059)

Store parameter

value and activeness

(D0072)

Nominal run conditions

(D0088)

Longitudinal run conditions

(D0106)

Lateral run conditions

(D0126)

Flight test data

input option

IREAD = 2

(

(ReroRs )—

END

N

OVERLAY (XC142FL,4,0) )




FLIGHT TEST DATA INPUT OPTION

| Entry when IREAD =6 ]

" (D0128)

(D0130)
Rewind LUN25

UM(1) = 1000000 <__£ Call CREATEF (LUN25) )

1=1,2, ... NPTS

_(DO135) l
I=I+1 ]

_(D0136) i

J=J+1 ’

(D0145)
| UM(I) = UMULT - (UM(I) - UBIAS)

(see lines D0145 - D0162)

_(D0164)

No
%(0) = Mty _l
[ meAD-2 e

( OVERLAY (XC142FL,4,0D
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OVERLAY (XC142FL.¢340)

PROGRAM XCREAD

LOGICAL LDISI+LDISOLOGIC+VARCHNG WL {(39)+FSS(16)

DIMENSION FWA25(1025)e AL{(40)e INTX(8)s INTY(11)
"COMMON ZINTCOMM/ TsHJINT«NEQs ISCHEME +DERINT(2+¢249) - e -
COMMON /INTINTR/ INTERN(5.249)

COMMON /REALTIM/ ADC(32)+DAC(64)+LDISI(108)+¢LDISO(196) +NOPER ¢+NHOLD
1 «NRESET «NTERMNPRINT NREAD

COMMON /ALGOR/ NPAR+IPARsINTP(30)¢IP+INTVI(B)eIVeINTA(11)s1AIALIA
12.PARAM (40 ) ¢ DPARAM(30)¢ALV(11)+DVAR(8)+DALG(11)+ALG(40)+IAC(40)4I1E
2VENWT(11011)¢COMsL14L2

COMMON /COMM1/ IRR,IPL+ISL«TABLE(199)¢ INTEG(99)+LOGIC(20) +NTABNIN
1 TeNLOG+NADC ¢+ NDAC o NLLDT +NLDOsNTeAXT +AY1+AZ1 +DRAD +RADD+P1+IR(2) ¢+ NRNN
2PTS e ISKIP s JSKIPsKSKIPIMFsTXe TYsTZ s AMX s AMY ¢« AMZ ¢ VARCHNG + I TYPE « I VARBU

. 3F (5) ¢DELX+NOITSPSPTSINV

COMMON /COMM2/ MAXPAGE + LABT+LABUJWLABVLABWLABPLABQ+LABR LABTH LA
1BPH L ABAX LABAYsLABAZ+LABDA +LABDE +LABDRWFET25(17) ¢ LUN2S«NAM2S,1 TRN
2MLT (7)o IMULTA(T) s INVSEN(T7) s IMULTB (7))« INVWT (7))

COMMON /FLIGHT/ UM(ZOI)OVM(ZOI).WM(ZOl)QPM(ZOI)OQMkZOX,QRM(zol)OTH
1M(201)ePHM (201 )¢ AXM (201 )¢ AYM(201 )¢ AZM(201)FDA(201)+FDE(201)FDR(2
201)eFBT (201 )eFDB(201 )+FDELB(201)FPPER(201)+FTPER (201 )+BETATETAE
3TATFCT(12)eCTTo(CT

EQUIVALENCE (LDISO(61)sWL(1))e (LDISI(33)¢FSS(1))s (AL(I‘OUO)‘ (AL
1(S)eTHEO)s (AL (S)PHIO)s (AL(T7)eWO)e (ALC(12)+Q0)e (AL(18)sVO)e (AL
2(25)¢P0)e (AL (33)¢RO)s (TABLE(1)sAL(1))e (TABLE(6S)sUMULT)s (TABLE
3(66)s VMULT)e (TABLE(67) «WMULT)e (TABLE(68)PMULT)s (TABLE (69).QMUL
4T)e (TABLE(TO)+RMULT)e (TABLE(71)+THMULT)s (TABLE(72) PHMULT)s (TA
SBLE(73) sAXMULT)e (TABLE(74)¢AYMULT)e (TABLE(75)¢AZMULT)s (TABLE(76
6)eDAMULT)e (TABLE(77)«DEMULT)e (TABLE(78)+DRMULT)s (TABLE(79)UBIA
7S)e (TABLE(B80)+VBIAS)e (TABLE(B1) .wBlAS)e (TABLE(82)+PBIAS)s (TABL
BE(83)¢QBI1AS)e (TABLE(B4)+RBIAS)Ys (TABLE(B8S)+THBIAS)es (TABLE(86) +PH
9BIAS)e (TABLE(B87)+AXBIAS)s (TABLE(88)¢AYBIAS)s (TABLE(89)+AZBIAS)
$ (TABLE(90)+DABlAS)s (TABLE(91)+DEBIAS)e (TABLE(92).DRBIAS)s (TABL
SE(120)¢AIXZ)e (TABLE(123)sRHO)e (TABLE(124)¢S). (TABLE(130)ODT)' (
STABLE(131)eTT)e (TABLE(132)¢TS)e (TABLE(133)+TIMF)s (TABLE(171).UC
SRTB1)e (TABLE(175)4CTB)e (TABLE(176)+CTBT)s (TABLE(178)+CAPDT)s (T
SABLE (1 79)+ELBAR)Ye (TABLE(180)+ELTP)s (TABLE(181).RB)es (TABLE(184)+
SBTBIAS)s (TABLE(18S),PPERBI)s (TABLE(1B6)+TPERBI)s (INTEG (51 )+INTY
$(1))e (INTEG(62)«NOPTS)Ys (INTEG(E3)+INC)e (INTEG(66)«IREAD)s (INTE
SG(BI1 Y« INTX(1)) :

IREAD=1 TO STORE ALG IN ALETCe

IREAD=22 TO STORE AL IN ALGETCe . (USES FSS(12))

IREAD=3 TO GET NOMINAL CONDITIONS

IREAD=4 TO GET LONGITUDINAL CONDITIONS

IREAD=S TO GET LATERAL CONDITIONS

IREAD=S TO FILL FLIGHT DATA ARRAYS

wL (6) INDICATES DEFAULT VALUE USED FOR IREAD

wL (7)) INDICATES ATTEMPT TO READ FLIGHT DATA BEYOND END FILE

L=]IREFAD
. IREAD=2

WL (6)=eF e

IF ((LeGEel)eANDs (LeLLEe6)) GO TO 10

WL (6)=eTe

RETURN

GO TO (20¢40¢60+80,41104140)¢ L

DO 30 I=1.NPAR

AL (1 y=ALG(T)

INTEG(1)=1AC(])

RETURN

DO SO0 1=1.NPAR

ALG(1)=TABLE(1)

{i

[sHeNoN-N-Rv v NoNeRoRsRoleNvEv o NoNoNo N Re e Ne No X No Nl RvleNeNo N NoNoRo NoRo e NeNe Ne Re Re Ne Re ReRo Re Ro N Re Ro Re Re Ro Re K- Re R =)

0001
0002
0003
0004

000S - -

0006

‘0007

0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0028
0026
0027
0028 -
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0085
0056
0057
00s8
0059
0060
0061



50

60

70

80

90

100

120

IAC(I)=INTEG(1)

IF (FSS(12)) RETURN
ALG(1)I=UM(1)
ALG(18)3VM(1)
ALG(7)=WM(1)
ALG(25)=PM( 1)
ALG(12)=0M(1)
ALG(33)=RM(1)
ALG(S)=THM(1)
ALG(&)=PHM(1)

RETURN

AIXZ=8000,
RHO=,002186

S$S=S534¢4

DT=e 03

TT=408

TIMF=8,

CTB=,8423

CTBT=eST3

CAPDT=8,

ELBAR=20,54
ELTP=32,09

RE=1 .6

INC=2

DO 70 1=184,+162
TABLE(1)=0.

RETURN

DO 90 I=l.11t

1IF (1elLTe9) INTX(1)=0
INTY(1)=1
INTX(I)=INTX (3 )= INTX(S)sINTX(7)=1
INTY(2)=INTY(Q)=INTY(6)=INTY(B)=INTY(10)=0
D1=U0

D2=w0

D3=Q0

Da=THEO

00 100 l=1 NPAR
AL(1)20e

INTEG(1)=0

IF (1eLEel17) INTEG(I)=1
CONTINUE

INTEGL6)=0

uo=D1

wo=D2

Q0=D3

THEO=2D4

RETURN

DO 120 I=1411

IF (JeLTe9) INTX(1)=0
INTY(1)=0
INTX(2)=2INTX(A)=INTX(6)=INTX(B)=1]
INTY(2)2INTY(4)=INTY(6)=INTY(B)=INTY(10)=1
D1=u0

p2=vo

D3=P0

DasRO

DSzPHIO

DO 130 I=1«NPAR
AL(1)=0e

INTEG( 1) =1

1F (1eLEe17) INTEG(1)=0

OUO0O00O0DOUO0OOOOODUODDUVDODOU0O0O0D00D0U0VDO0UVUVD0U00U000O0DU0OVO0O0DO0000ODO0O0D000O0

0062
0063
0064
0065
0066
0087
0068
0069
0070
0071

0072
0073
0074
0075
0076
0077
0078
0079
0080
0081

0082
0083
0084
0085
0086
0087
o088
0089
0090
0091

0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
oto8
0109
0110
o111

o112
o113
o114
0115
0116
o117
0118
0119
0120
0121

o122
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130 -

140

150 .«
160
170

180.
190

200

210
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- VO=D2 o .

CONT INUE

INTEG(6) =]
uo=D1

PO=D2 T T ememe o
RO=Da

PHIO=DS

RETURN

WL(7)=eFoe

IF (KSKIPGT«0) GO TO 150

KSKip=1

CALL CREATEF (LUN2S5+FWA25+102S+FET2S «NAM2S)

REWIND LUN2S

DO 160 121 NPTS

UM(1)=1eES

120

J=-1

I=1+1 _
NENZY] .
CALL RECIN (LUN2S+1 s ICOUNToXeUMIT)eVMITI)e WML )ePM(ITI)eQM(]1)eRM(T1)T
1HM(!)QPHM(I)oAXM(l)oAYM(I)vAZM(l)oFDA}I)oFDE(I)cFDR(l)oFBT(I)vFDB(
21 )FDELB(1)+FPPERI(1)+FTPERI(1))
IF (ENDFILE LUN2S) 2004210

WL (7)=eToe

RETURN

IF (XeLTe(TS—e001)) GO TO 190
IF (MOD(JWINC)eNELO) GO TO 180
UM(Ty=UMULTR (UM T )~-UBIAS)
VM(I)ysVMULTH#(VM(])=-VBIAS)

WMl )y=wWMUL TR (WM(])-wBIAS)

PM (1 y=PMULT*(PM(1)~-PBIAS)

QM (1) y=QMUL T# (QM (1 )-QBI AS)

RM (1 )y=RMULT# (RM(]1)-RBI1AS)

THM (I )= THMUL T (THM( I )-THBIAS)
PHM (1 1=PHMUL TR (PHM( | )-PHBIASY
AXM( T )IAXMULT* (AXM(]1)-AXBIAS)
AYM(TI)=AYMUL TH*(AYM(])-AYBIlAS)
AZM(1)Y=AZMUL T* (AZM(1)Y-AZB1AS)
FOA(1)=DAMULT®(FDA(]1)-DABIAS)
PDE(1)Y=DEMULT® (FDE(] }~-DEBIAS)
FODR(1)=DRMUL T*(FDR(I)Y-DRBI1AS)
FBT(1)=FBT(1)-BTBIAS
IF(FDELB(1)elLTeOs) FDELB(1)=0s
FPPER(I)=FPPER(]1)-PPERBI
FTPER(1)=FTPER(I)-TPERBI

IF (1eLTeNOPTS) GO TO 170
I=UM(1)

UCRTRI=1

Uo=umil)

-VOsym(1)

" WOswm(1l)

PO=PM (1)

Q0=OM (1)

RO=RM (1)

THEO=THM (1)

“PHIO=PHMI(1])

RETURN

END

Uf’OtﬁO(}O‘DC)O‘DO(JO(JO@DU(DO(DUKJO‘30(30130(30(30()O(DU(DO(JO(DOCDO‘JU(JU(JO(JOWJOCJO

o123
0124
012%
0126
“or27
0128
0129
o130
0131
0132
0133

0134

0138
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151

0182

0133
0154
0155
0156
0157
oise
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
017s
0176
0177
0178
0179
0180



OVERLAY (XC142FL,4,0).- Overlay level (4,0) nominally operates in real time and
is automatically loaded upon exiting levels (1,0), (2,0), and (3,0). Level (4,0) can cause
the loading of levels (2,0) or (3,0) by selecting PRINT or READ mode, respectively, on the
program control console. Level (4,0) contains the maximum likelihood estimation pro-
cedure (fig. 1) and CRT display loop.

The CRT displdy loop has been developed to present time history comparisons
between flight data and calculated results. The performance index variables and control
deflections are divided into four separate displays (each selectable from the program
control console). The displays consist of multiple grids and annotated axes with

(1) A (.) symbol to represent flight data points
(2) Continuous vectors between calculated data points.

Displays available are selected as shown in the following table:

Display FSS(1) FSS(7) FSS(8)
Longitudinal (u, w, q, 6) .F. F. .F.
Lateral (p, r, v, ¢) .F. .T. F
Accelerometer (aX,I’ ay 1, aZ,I) .T. .F. .F.
Controls (5, 8¢, 5y (flight data only)) .F. .F. T

The CRT display loop is entered by any of the following methods:

(1) Depressing FSS(15) and then releasing when in the RESET mode

(2) Depressing FSS(15) and then releasing when an operational error occurs
(3) Automatically upon completion of any iteration

(4) Automatically upon completion‘of pseudo data fill.

All four methods result in the program awaiting operator action, but method (4) first
clears the existing display and plots the selected display. The operator action awaited is
- that ‘of either requesting another display or exiting the CRT display loop. Requesting
another display is accomplished by setting the appropriate FSS and depressing FSS(14)
and then releasing. Exiting the CRT display loop is accomplished by depressing FSS(13).

The flow chart for the CRT display loop follows the flow chart for overlay level (4,0).

55



R L T T I '@mRLAYMCI42FL,@=—— e LI S
|

GROGRAM XCMAIN )

Memory allocation

Call LDRSEC
Call CYCLE

Assignments for
subroutine RTMODE

Call XDSPLAY

(E0165)

Call READY >

90003 l
Reset program variables —— e e = b

90006 l II

Start of operate loop D 4=

|
90002 {
Calculation of system HOLD |

dynamics and estimation Ty
variables

]

Calculation of DAC for
time-history recording

( OVERLAY (XC142FL,2,0) )« FRINT__ Call SCANNER
N Call DSPLAY
AN Call TYPEVAR
~N
> ~
READ
( OVERLAY (XC142FL,»3,0))<—- Jh T
rd
: P
rd
-
-~
. ~
Call CALPLT _TERM _ - _ _~
Call ATERM
: 90005 :
D ©—( Call IGRATE1 »———>{ Call RECYCLE )

Calculation of maximum
liklihood estimation
equations

(EOQQLT

j R
—]{ CRT display loop J
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CRT DISPLAY LOOP

_(E0932)

WL(20) = .T. l
Call ENDPLOT

FSS(3) = .T. No

Yes

_(E0936) _

Call UNLODE  \
Call CLRTABL )™ ) ) D

NPASS = 1
(details for plots
of flight data)

(E0945)

/ Call CRTPLOT
(for accelerometer, control,
’\ lateral or longitudinal plots)

No

Yes
Call RITECRT ~(E1017) ¥

of selected option)

(for flight data plots — Call PLAYBAK P e e L,

I

1

i

. .. ]

© Call RITECRT {
(for calculated data R

plots of selected option) :

: 1
|

(E1020) v

- Call ENDPLOT >
E1021 l
(E1011) No ( )

Call DSPLAY  \
Call c;iRTABL 3 > Call OPERATE

NPASS =0
(details for plots
of calculated data)

L

No

(E1024)

Yes
(E1025)

( Call CLRPLOT >

(E1026)
Call ERASE

WL(20) = .F.

(E0165)
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OVERLAY (XC1A42FL +4+0)
PROGRAM XCMAIN
REAL LIXeMIYNIZ

T LOGICAL FSS(16)+LDISIeLDISOLOGIC«VARCHNGsWL (39) .

DIMENSION AL (40)e DDELA(30)s DDX(11)e DPXTWDX(30)e DX(11)e INTX(8)
1e INTY(11)e PX(11¢30)e PXD(6+440)s PXTDX(30)s PXTPX(30¢30)¢ PXTWT (3
20¢113s SD(11e11)e XBAR(11)e DRM({4)s DRSD(G)s G(848)¢ PF(84+40)s DEL
3A(a0)

COMMON /INTCOMM/ TeHsINTINEQ+ ISCHEME «+DERINT(2¢249)

COMMON /INTINTR/ INTERN(5+249)

COMMON /REALTIM/ ADC(32)+DACI(64)«L.DISI(108):LDISO(196)  NOPERNHOLD
1 «+NRESET«NTERMINPRINT ¢ NREAD

COMMON /ALGOR/ NPARIPARINTP(30)+IPINTVI(8)sIVsINTA(I1)e1As1AL1 1A
IEOPARAM(QO)vaARAM(30)lALV(l1)ODVAR(B)ODALG(ll)'ALG(40’OIAC(40)QIE
2VENWT(11411)+sCOMeL14L2

- COMMON /COMM1/ [RR, IPLoISL'TABLE(l99)olNTEG(99)vLOGlC(20)oNTABoNIN

1 ToNLOGeNADC 4NDAC+NLDI «NLDONT+AXI 4AY1¢AZ] +DRAD+RADDPI4IR(2)+NRNeN
PPTS s ISKIP W JUSKIPKSKIP¢MF e TX s TYeTZ ¢ AMXeAMY ¢ AMZ ¢ VARCHNG . I TYPE ¢ I VARBU
3F(S5)DELX«NOITSPSPTSINV

COMMON /COMM2/ MAXPAGE+LABT LABUWABVLABWLABPLABQ.LABR+LABTH LA
1BPHILABAX + LABAY +L ABAZ+LABDA LABDE +LABDRIFET25(17)+LUN25+NAM2S,1TRN
2MLTC?7Ye IMULTA (7)o INVSEN(T7) ¢ IMULTB(7) s INVWT(7)

COMMON /FLIGHT/ UM(ZOI)OVM(ZOlvaM(ZOl)oPM(ZOl)CQM(201)vRMl201)vTH
IM(201)ePHM( 201 )¢AXM(201)4AYM(201)+AZM(201)+FDA(201)+FDE(201)+FDR(2
201 )+FBT (201 )+FDOB (201 )¢FOELB(201)FPPER(201)+FTPER(201)+BETATETAE
STAT«FCT(12)4CTTHCT

EQUIVALENCE (PF(1+43)¢F13). (PF(14¢4)sF1a)s (PF(2419)sF219)¢ (PF(2:2
10)+sF220) e (PF(2121)eF221)s (PF(2+¢22)¢F222)¢ (PF(2¢23)F223)s (PF (2
2¢24)4F224)s (PF(349)4F39)s (PF(3410)¢F310)s (PF(3411)4F311)e (PF(4
3¢26)+FA26)s (PF(4434)¢Fa34)y (PF(A4+35)eF435)s (PF(4436)¢Fa36)s (PF
4(4¢37)1eF4837)e (PFl4+38)4F438)s (PF(4¢39)4F339)¢ (PFI5+34)+F634)4 ¢
B5G(2¢1)196G21)¢ (G(2¢2)4G22)s (G(24¢3)eG23)s (G(2+¢8)1G24)s (G(2:6):G26
6)e (G(2¢T7)0G2T)s (G(2¢8)19628)¢ (G(341)1+G31)s (G(342)+G32) s (G(343)
TeG33)e (G(344)¢G34)e (G{(3:5)e¢G35)s (G(347)4G37)s (G(3+48)¢G38)s. (LD
B8ISO(G1) e WL (1)) (FSS(1)eLDISI(33))e (DERINT(ls1l)eU)e (DERINT(2¢1)0
SUDOT)e (DERINT(1¢2YeV)e (DERINT(242)VDOT)y (DERINT(14+3)eW)e (DERI
SNT(2+3)sWDOT)e (DERINT(1¢4)eP)e (DERINT(2¢4)+PDOT)e (DERINT(1¢5)4Q
$)e (DERINT(2¢5)+QDOT)s (DERINT(1+6)sR)s (DERINT(246)+RDOT)s (DERIN
$T(1¢7)eTHE) e (DERINT(2¢7)+THEDOT)e (DERINT(1+8)sPHl)e (DERINT(248)
S¢PHIDOT)e (DERINT(149)ePS1)e (DERINT(2¢9)PSIDOT) -

EQUIVALENCE (AL (1)+eUC)e (AL(2)sCXO)s (AL(3)sCXALYs (AL(A)+CXQ)e (A
1L (S) e THEO)e (AL (6)+PHIO)s (AL (7)eWO)s (AL(B)eCZO)s (AL(9)+CZALY s (
2AL(10)eCZQA)e (AL(11)YeCZDE)s (AL (12)¢Q0)s (AL (13)¢CMO)y (AL(14)+CMA
3L)s (AL C(1S)+CMALD)e (AL(I16)+CMQA)s (AL(17)+CMDE)s (AL(18)eVO)e (AL
419)sCYO0)s (AL (20)+CYB)e (AL(21)eCYBD)s (AL(22)+CYP)s (AL(23)+CYR)
8 (AL(24)+CYDR)» (AL(ZS)OPO). CAL (26)+CLOYe (AL (27)eCLB)e (AL (28)+C
6LBDYs (AL (29)+CLP) . (AL(30)0CLR)v (AL (31)+CLDR)e (AL(32)+CLDA)Ye (A
TL(33)eRO)e (AL(34)+CNO) e (AL(3S)eCNB)v (AL (36)+CNBD)e (AL (37)CNP)
Be (AL(3B)'CNR)Ye (AL(39)sCNDR)s (AL (AO0)eCNDAYe (TABLE (1) AL(1))s (T
GABLE (50)+UMAX) e (TABLE(S51)sVMAX) e (TABLE(S2)WMAX)e (TABLE(S53)+PMA
$X)e (TABLE(54)+QMAX)s (TABLE(SS)+sRMAX)e (TABLE(S6)+THMAX)s (TABLE(
€37 ) e PHMAX ) e (TABLE(S8)¢AXMAX)e (TABLE(S9)+AYMAX)e (TABLE(60)«AZMAX
$)e (TABLE(62)+DAMAX) s (TABLE(63)+DEMAX)es (TABLE(64)+DRMAX)es (TABLE
$(65) UMULT)s (TABLE(S6) eVMULT)e (TABLE(67) WMULT) e (TABLE (68) +PMUL
$T)e (TABLE(69)eQMULT )e (TABLE(70)sRMULT)e (TABLE(T71)eTHMULT)s (TAB
SLE(72)+PHMULT)e (TABLE(73)¢AXMULT)e (TABLE(74)+AYMULT)e (TABLE(T7S)
SeAZMULT ) e (TABLE(78) +DAMULT)s (TABLE(7T7)sDEMULT)s (TABLE (78)+DRMUL
ST)e (TABLE(79) .UBIAS)
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0001

0002
0003
0004
0005
0006
0007
ooos
0009
0010
0011

0012
0013
0014
0015
0016
0017
ooie
0019
0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
0030
0031

0032

0033
0034
0035
0036
0037
00238
0039
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
00s2
0053
0054
0055
0056
0057
0058
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. 6TABLE(120)¢AIXZ)ese (TABLE(121)eWEIGHT)e (TABLE(122)+GRAV)Ys (TABLE(1
. 723)«RHO)s (TABLE(124)+¢S)e (TABLE(125)eB)s (TABLE(126)+CBAR)s (TABL

EQUIVALENCE (TABLE(80)+VBIAS)s (TABLE(B1)+WBIAS)es (TABLE(82)+PBIAS,

1)e (TABLE(83):QBI1AS)es (TABLE(84)«RBIAS) (TABLE(BSJ.THSIAS)Q (TABL
2E(B6)+PHBIAS) e (TABLE(B7)«AXBIAS) . (TABLE(88)+AYBIAS)s (TABLE(89)»
3AZBIAS)e (TABLE(90).DABIAS)e (TABLE(91)+DEBIAS)s (TABLE(92)+DRBIAS
4)e (TABLE(98)«RUN)es (TABLE(99)+PASS)e (TABLE(100)+AJP)s (TABLE(101
T)+ORM(1))e (TABLE(117)sAIX)se (TABLE(118)sAlY)e (TABLE(119)+AIZ)e (

BE(127)+DEAMPL )s (TABLE(128)+DEFREG)s (TABLE(129)+ALPHAT)s (TABLE(1
930)eDT)e (TABLE(131)eTT)e (TABLE(132)+TS)s (TABLE(133)«TIMF), (TAB

SLE(184) eXX) ¢ (TABLE(1S55)eYX)s (TABLE(1S6)eZX). (TABLE(157)eXY)e (T

SABLE (158)¢YY)s (TABLE(159)+2ZY ) (TABLE(IéO)oXZ)o (TABLE(161)+YZ ).

S(TABLE(162)+¢2ZZ)e¢ (TABLE(169)+CMCON) (TABLE(170)vDALMLT)o (TABLE (1

$71)+UCRTBI) s (TABLE(172)¢AIW)e (TABLE(173)4CTO)s (TABLE(I74)-CTTO)
$e (TABLE(175)+CTB)e (TABLE(176)sCTBT ) (TABLE(177)+D)s (TABLE(178)
$+eCAPDT)e (TABLE(179)ELBAR)s (TABLE(180)+ELTP)s (TABLE(181)sRB)s (
STABLE(182)¢PPER)s (TABLE(183)¢TPER)+ (TABLE(184)+BTBIAS)s (TABLE(1

$85)PPERBE)« (TABLE(186)+TPERBI)s (TABLE(1871+DETi)e (TABLE(188)+D

$ET2)

EQUIVALENCE (TABLE(191)+DRSD(1)) s (INTEG(S])clNTY(li)s (INTEG(62) ¢
INOPTS)s (INTEG(63)¢INC)e (INTEG(64)s IPRINT)s (INTEG(65)+NPLOT)s (1

2NTEG(66 )+ IREAD) s (INTEG(67)+KSCAN)s (INTEG(81)sINTX (1))
LARRAYS DIRECTLY INVOLVED IN ALGORITHM

AL (1)y - CONTAINS VALUES FOR PARAMETERS (ALPHAS)

INTEG(1) =1 FOR ACTIVE PARAMETERs =0 FOR. INACTIVE PARAMETER
INTX (1) +.=1 FOR ACTIVE STATEe. =0 FOR INACTIVE STATES

INTY (D) =1 FOR ACTIVEe. =0 .FOR INACTIVE ALG. VARIABLE

INTP (1) ACTIVE PARAMETERS : . : .

INTVC(]) - ACTIVE STATE VARIABLES

INTA (D) ACTIVE ALGORITHM VARIABLES D
G(leu) SENSITIVITY EQUATION MATRIX

PFLI I EXPLICIT PARTIALS IN SENSITIVITY. EQUATXONS

PX(1+J) SENSITIVITY COEFFICIENTS

PXD(1eJ) . DERIVATIVES OF PX .
DX (1) DIFFERENCE OF MEASURED AND CALCULATED STATE VARIABLES4
DOX (1) PACKED DX ARRAY

XBAR (1) MEAN OF MEASUREMENT NOISE

SD(1+J) STANDARD DEVIATION MATRIX

WT (L) WE IGHT MATRIX

PXTWT(l+J) INTERMEDIATE CALCULATION

PXTDX(1+J) ACCUMULATED DPXTWDX FROM TIME=0 TO END oF ITERATION
PXTPx(1+J) COVARIANCE MATRIX OF PARAMETERS ,
DPXTWDX (1) RIGHT HAND SIDE OF PARAMETER CHANGE EOUATION
DDELAC(T) PACKED DELA ARRAY -
DELA(I) .DELTA ALPHAS FOR PARAMETERS (UPDATES)

WL(10) INDICATES NOPTS ¢GTe NPTS

WL(11) INDICATES IP +GTe IPAR

WL(12) INDICATES ERROR IN INITIALIZATION OF STATES -
‘WL(13) INDICATES ABS(THE) «GTe 145 RADIANS

WL(14) INDICATES U oLTe 56 FPS

WL(1%) INDICATES ABS(V) ¢GTe U

WL(16) INDICATES ABS(ALF) ¢GTe 15 RADIANS »
WL(17) INDICATES ATTEMPTING TO USE UNFILLED FLIGHT DATA
WL(18) INDICATES COVARIANCE MATRIX SINGULAR (DET1=0e)
WL(19) INDICATES WEIGHT MATRIX SINGULAR (DET2=0s)

WL (20) INDICATES IN CRT LOOP
.FSS(1)=eTe FOR ACCELERATIONS ON CRT . . L .
-FSS(2)=eTe FOR CALCOMP OF FLIGHT DATA ONLY ) -
FSS( 3)=eTe FOR PSEUDO-DATA-FILL ' ‘
FSS( 4)=eTe TEMPORARILY FOR VARIABLE DIMENSIONS
FSS( S)=eTe FOR OUTPUT LISTING
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0059

0060

0061

0062

0063

0064

0065
0066
0067
0068
0069
0070 -
0071

o072
0073
0074

007S
0076
0077
o078
o079
0080
0081

o082
0083
0084
0085
0086
o087
ooss
0089
0090
0091

0092
0093
0094
0095
0096
0097
0098
0099
0100
o101

0102
0103
0104

0105
0106

o107
o108
o109
0110
o111
o112
0113
o114
o115
o116
o117
o118
0119

59
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10
90003

30

40

60

FSS 7)’-*. FOR LATERAL STATES ON CRT

FSS( B8)meTe FOR CONTROLS ON CRT

FSS( 9)=Te FOR PSEUDO FLIGHT FUNCTIONS ~
FSS(10)=eTe TO SKIP UPDATE OF ALPHAS
FSS{11)2eTs TO ENASLE TYPEWRITER

FSS(12)=eTe TO RETAIN STATE 1eCe S DURING STORING OF AL IN ALG

FSS(13)=eTe TO EXIT CRT LOOP
FSS(14)=eTe TEMPs FOR REPLOT
FSS(15)=eTe TO ENTER CRT LOOP
FSS(16)=eTe FOR TABLES ADDRESSING

FSS(1+7¢8)=eFe FOR LONGITUDINAL STATES ON CRT

LOGIC(1)=eTe TO CALCULATE WEIGHT UPDATES )
LOGIC(2) =eTe FOR DIAGONALIZED WEIGHT MATRIX
LOGIC(3)1=24,Te FOR MAIN PROP=FPPER(1)
LOGIC(4)=eTe FOR TAIL = FTPERI(1)
LOGIC(S)=eTe FOR CTT=F(BETAT)

LOGIC(6)=eTe FOR CZDE=CMDE*CMCON

LOGIC(T7)=eTe FOR LONGITUDINAL STATES=FLIGHT DATA

LOGIC(B)seTe FOR ALFT = ATAN(WO.UO)
LOGIC(9)=eTe FOR TRIM CONDITIONS
LOGIC(10)=xeTe FOR AUTOMATIC TRIM .
LOGIC(11)=eTe FOR AUTOMATIC 2 PASS SYSTEM

IPRINT=1 TO PRINT ICS SET
IPRINT=22 TO REWIND MF FILE SET
IPRINT=3 TO OBTAIN RANDOM NUMBERS SET

IPRINT=4 FOR CALCOMP PLOT (SET VALUE BEFORE
ENTERING PRINT = USES FSS(14¢2¢7¢84134148))
IPRINT=5 TO RETURN (ROUTES OUTPUT)

IREAD=1 TO STORE ALG IN ALWETCe SET VALUE BEFORE
IREAD=2 TO STORE AL IN ALGETCe -

IREAD=3 TO GET NOMINAL CONDITIONS " SET VALUE BEFORE
IREAD=4 TO GET LONGITUDINAL CONDITIONS SET VALUE 'BEFORE
IREAD=5 TO GET LATERAL CONDITIONS SET VALUE BEFORE

VALUE BEFORE PRINT
VALUE BEFORE PRINT
VALUE BEFORE PRINT
EXITING CRT LOOP AND

IREAD=6 TO FILL FLIGHT DATA ARRAYS SET VALUE BEFORE

CALL LDRSEC

IF (1SKIPeGTeO) GO TO 10

I1SK1P=1

CALL CYCLE (90006S)
ASSIGN 90001 TO NOPER
ASSIGN 90002 TO NHOLO
ASSIGN 90003 TO NRESET
ASSIGN 90004 TO NTERM
ASSIGN 90014 TO NPRINT
ASSIGN 90015 TO NREAD

CALL XDSPLAY (LDISI1+LDISO+VARCHNG,ITYPE.IVARBUF«FS5S(16))

CALL READY

CONT INUE

IF (NOPTSeLE«NPTS) GO TO 30
WL(10)=eTe

GO TO 740

IF (4NOTeFSS(4a)) GO TO 110
DO 40 I=141PAR '
DPARAM(I})=10H

INTP(1)=0

1P=0

DO SO I=1.NPAR

IF (INTEG(I1)eEQe0) GO TO 5
1P=1P+1 :
INTP(1P) =1
DPARAM(IP)=PARAM( 1)

READ

READ
READ
READ
READ
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0120
0121

o122~ -

0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133

0134

0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
o1s2
0153
0154
0185
0156
o187
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
o171
o172
0173
0174
0175
0176
o177
0178
0179



S0

60

70

80

90

100
110

120

130

140
150
160
170
180
190

CONT INVE

IF (1P«LE+IPAR)Y GO TO 60

WL(11)=eTe

GO TO 740
DO 7n 1=1,8

IF (INTY(1)eEQeO)
IF (INTX(1)eEQel)

WL(12)=eTe
GO TO 740
CONT INUE
1A1=0

1v=0

DO 80 1=1.8
DVAR(1)={0OH
INTV(1)=0

IF (INTY(1)eEQel)
IF (INTX(1)eEQeO)

Iv=lv+1

DVAR(IV)=ALVI(I])

INTV(IV)=]
CONT INUE
1A=0

DO 90 I=1.11
DALG(1)1=10H
INTA(I)=0

IF (INTY(1)eEQeO)

1A=1A+1

DALG(IA)Y=ALV(])

INTA(TA)=]
CONT INUE
1A2=1A-TA1

ITRNMLT (2)=ITRNMLT (4)=IMULTA(3)=INVWT(2)=INVWT(3)=1A
ITRNMLT(3)=IMULTA(2)=INVSEN(2)=INVSEN(3)=IMULTB(2)=IMULTB (3)=1P
IF (4NOTLLOGIC(1)) GO TO 110

DO 100 1=141A
DO 100 J=le1A
WT(feJ)=0,

GO TO 70
GO TO 70

1Al=TAl+1
GO TO 80

GO TO 90

IF (1eEQeJ) WT(lsU)=1e

CONT INVE
NEQ=9+1P*1V

IF (FSS(3)) NEQ=9

DO 120 I=1.1A
XBAR(1)=0,

DO 120 J=1+1A
SD(1l4+J)=0,

DO 130 I=1,1P
PXTOX(1)=0.
DO 130 JU=1.1P
PXTPX(1eJ)=0,
K=9

DO 230 I=1.1V
11=INTV(])

DO 230 J=1.1P
JI=INTP (Y)Y
K=K+ 1
DERINT(1+K)=0,

GO TO (140+150¢160¢170+4180+190¢200¢210)0

IF (JJeEQel) 220,230
IF (JJeEQel18) 2204230
IF (UJeEQe7) 220,230
IF (JUJeEQe28) 2204230
1IF (JUJeEQe12) 220.230
IF (JJeEQe33) 2204230
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o180
o181

o182
0183
o184
o188
0186
o187
o188
0189
0190
0191

0192
0193
0194
019%
0196
0197
o198
0199
0200
0201

0202
0203
0204

0208
0206
0207
0208
0209
0210
o211

0212
0213
0214
0218
0216
0217
0218
0219
0220
0221

0222
0223
0224

0223
0226
0227
0228
0229
0230
0231

0232
0233
0234

0233
0236
0237
0238
0239
0240

0241

0242

61



200
210

220 TTDERINT (1K) =1

230

240

62

IF (UJeEQeS) 2204230

IF (UJeEQe6) 2204230

CONT INUE

DO 240 J=1+NPAR
DELA(J)=0,

DO 240 I=1.8

IF (1eLTe7) PXD(14J)=0,
IF (JelLTe9) G(I1eJ)=0,
PF(1+4J)=0,

G(Besa)T1le

INT=0

HaDT

VARCHNG= oFALSE »

T30,

U=2u0

vavo

we=wO

P=2pPO

Q=Q0

R=R0O

THE=THEO

PHTI=DHI0

PSI1=0e )
CYCL=2+ %P1 /DEFREQ
ALFT=ALPHAT®#RADD

IF (LOGIC(8)) ALFT=ATANZ2 (WO .,.U0)
AJ'O.

ITS=-1

NOEL =0

DELX=TTH#INC
NOITSPS=DELX/DT
TMAXX=2DELX®* (NOPTS-1)
PTSINV=1+./NOPTS
GINV=1e/GRAV

AMAS INVESGRAV/WE IGHT
AIYINV=1e/A1Y
BTWO=«5#8

CBAR?=( S#CBAR
RHOS2=RHO#S#,5

Al =RHOS2#AMAS INV

A2=At #CBAR2
A3=A 1 #BTWO

A4=RHOS2%8

AScAARBTWO
CONINZl o /(AIXRAIZ-AIXZH#%2)
A&=A1Z#CONIN
AT=(A1Z~-AIX)IRATYINV
AB=RHOSZ2#CBAR#AIYINV
A9=ABRCBAR2 .
VOTCON=1e/(1¢-A3%CYBD)
PF21=A3#VDTCON ’
ASCMALD=A9#*CMALD
B1=AIXZ#CONIN
B2z=A1Y-AlZ

B3zA1X~AlY
BA=AIXZ®*AIYINV
BS=AIX*CONIN

PFa1z=AS# (A&GXCLBD+B1 #CNBD)
PF61=AS%* (B1#CLBD+BS*#CNBD)
Ba2=2,%B4

Clw=COS(ALW)

m m
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90006

90002
90008

260

270

280

290

300

Slw=SIN(AIW)
CLDAP=CLDA#CIW~-CNDA#SIW
CNDAP=CLDA#S [W+CNDA®CIW
CONz2 e #*RHORD® %4
CON1=22¢#CON
CON2=ELBAR®CTB®#CON

CON3=C1 W#CON1
CONa=S1W#CON1
CONS=S1W#CON2
CONS=C1W#CON2

CONT7=RBRCON1
CONS8=RHO®CAPDT*%*#4

CONO=zEL TP#CONS8

DCON=8B+ #D®*D/P1

CONT INUE

I1TS=1TS+1

CONT INVUE

CONT INUE

Ke9

DO 260 1=1.1V

DO 260 J=1.41P

KeK41

PX(14J)=DERINT (1 «¢K)

IF (¢NOTeFSS(9)) GO TO 270
BETAT=DA=DB=DE=DELB=DR=PPER=TPER=0,
IF (TeLESCYCL) DE=DEAMPLESIN(DEFREQ#*T)
GO To 280

FT=T

I1S=FT/DELX

SS=FT/DELX-1S

1S1=1S+1

152=15+2

IF (1S2eGT«NOPTS) [S2=NOPTS

55131 =SS
DA=SS1#FDA(IS1)+SS#FDA(1S2)
DE=SS1#FDE(1S1 )+SS*#FDE(1S52)
DR=SS1#FDR(IS]1)1+SSHFDR(152)
BETAT=ESSI#FBT(I1S1)+SSH#FBT(1S2)
DB=SS1%FDB(1S1)+SS*FDB(1S52)
DELB=SSI1#FDELB(IS1)+SS*FDELB(1S2)
PPRER=FPPER(1)

IF (4NOTeLOGIC(3)) PPER=SSI#PPER(IS1)+SS*#FPPER(1S2)
TPER=FTPERI(1) '

IF (oNOTeLOGIC(4)) TPER=SSI®FTPER(IS1)+SS*TPER(1S2)
IF (4NOTSLOGIC(7)) GO TO 280
UsSS1#UMIST )+SS*UM(1S2)
WaSS1#WM(1S1)+SS*WM(1S2)
Q=SS1#QM(1S1)+SS*AM([S2)
THE=SS1#THM(1S1 1+SS*#THM(1S2)

CONT INUE

IF (ABS(THE)eL Tel e8) GO TO 290
WL (13)=eT,

GO TO 740

CONT INUE

IF (UeGTeSe) GO TO 300

WL(14)=eT,

GO TO 740

CONT INVE

IF (ABS(V)eLTeU) GO TO 310
WL(15)3eT,

GO TO 740
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0305
0306
0307
0308
0309
0310
0311

0312
0313
0314
0315
0316
0317
0318
0319
0320
0321

0322
0323
0324
0323
0326
0327
0328
0329
0330
0331

0332
0333
0334
0335
0336
0337
0338
0339
0340
0341

0342
0343
03a4
0345
0346
0347
0348
0349
0330
0351

0352
03%3
0334
0355
0386
0387
0338
03%9
0360
0361

0362
0363
0364
0365

63



310

320

330

340

64

UINV=1e/U

ALF=ATAN2 (WeU)-ALFT

IF (ABS(ALF)eLTel1e3) GO TO 320
WL(1&8)ZeTe

GO TO 740

u2=us»U

va2=vaVv

wa2z=yaw

VR2=U2+V24+W2

VR=SGRT (VR2)

VRINVE=1le/VR
BET=ASIN(V#VRINV)
ETAx1232.*PPER/60 e
ETAT=40 4 #*TPER
CT=CTO+CTB#DELB

IF (oNOT.LOGIC(S)) GO TO 330
FBET=ABS (BETAT#DRAD)

1F (FBET.GTe22¢+) FBET=22s
1SaFRET#,5

SSzFBET#,5-1S

TOUME (1 o~SSIRFCT(IS+1 )+SSHFCT(1S+2)
IF (BETATeLTeOe) TOUM==~TDUM
CTT=TDUM+CTTO

GO TO 340

CONT INUE

CTT=CTBT#BETAT+CTTO

CONT INUE

TEMPaETA#®2

TEMP 1 =CT*TEMP

TEMP2=DBR*TEMP
TEMP3SETATR®#2#CTT

TX=CON3®TEMP |

TZ=-CONQXTEMP 1 -CONB*TEMP3
AMX=CONS#TEMP2 ,
AMY=—CONT#TEMP1 ~-CONO*#TEMP3
AMZ=CONGRTEMP2
VSS2=DCON*TEMP |
VSS=SO0RT(VSS2)
VSRz=zVSS+VR
VSRVR=VSRE#VRINV
VSR2=VSR##2
STHE=SIN(THE)

CTHE=COS (THE)
SPHI=SIN(PHI)
CPHI=COS(PHI)
GCTHE=GRAVACTHE
GSTHE=GRAV#STHE
TTHE=TAN(THE)

TXM=AMAS INV#TX
TYM=AMASINV#TY
TZM=AMASINVATZ
AMYIYZAlYINVRAMY
AlUusAL#Y

AlV=ALRY

Alw=Al*w

AqU=ps*U

AQV=AQRY

AdwW=AQR*W

ABU=AB%U

ABV=AB#Y

ABW=AB*Y

mAMMMmMMMMmMMMMMMMMMAMMMMmMMMMMMMmMMmMMmMMmMMMMMMMMMMmMMMMMmMMMMmMMMMMMMMMMMM

E

E

1

0366
0367
0369
0370
0371
0372
0373
037a
037%
0376
0377
0378
0379
0380
0381
0382
0383
0384
038s
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0603
0404
0408
0406

. 0407

0408
0409
0410
0411

o412
0413
0414
0413
0416
0417
oat8
0419
0420
0421

0422
0423
0424
0428
0426

0368



Al VR=A1#*VR

A2VR=A2#VR

A3VR=A3#VR

AQVR=A4*VR

ASVR=AS®VR

ASVR=A9RVR

AlVR2=A1#VR2
AAVR2=A4AXVYR2
AQVSR2=A4%#VYSR2
ABVR2=AB%#VYR2
B2VR=BTWORVRINYV
PF22=PF21%#VR
PFa2=A6#ASVR
PF4A3=A4VSR2#DA

PFaq=B1l #ASVR
PF62=BS#ASVR
CBAR2VR=CBAR2#VRINV
P2=PxP

Q2=a%Q

R2=R%*R

PQ=Px%Q

PR=P®*R

QR=Q#R

QI=Q%A1XZ
CX1=CXO+ALFRCXAL
CX2=CXQ¥Q#CBAR2VR
CY1=CYO+BET#CYB+DR#CYDR -
CY2=2VRE (P*CYP+R¥*CYR)
CZ1=CZO+ALF#CZAL+DERCZDE
C22=CZQRQ*#CBAR2VR
FXM=A1VR2#(CX14+CX2)
FYM=A1VR2%# (CY14CY2)
FZM=A1VR2%# (CZ1+4CZ2)
UDP=R#V~Q#W=-GSTHE
VOP=P#W-R#U+GCTHE #SPH1
WOP=Q#U-P¥#V+GCTHE #CPH1
UDOT =UDP+F XM+ TXM
VDOT=VDTCON# (VDP+FYM+TYM)
WDOT=WOP+FZM+TZM

IF (INTX(1)eEQeD) UDOT=00
IF (INTX(2)eEQqeO) VDOT=0.
IF (INTX(3)eEQe0) WDOT=0e
IF (4NOTLOGIC(9)Y)Y GO TO 350
CALL HALT )
CX1=CX1-CXO

CYi=CcY1=-CYO

CZ1=¢cZ1-C2Z20
TMP1=1+/A1VR2
CXO=CXO=-UDOT*TMP1
CYO=CYO-VDOT#TMP1 /VDTCO
CZO=CZO-WDOTHTMP|
UDOT:O(

VDOT=0e

WDOT=0e

CX1=CX1+CXO

CY1=CY14+CYO

CZ1=cZ14CZ0

mammMmMMMMAMMAMMmMEUMMAMMIMMMMMMMMM@RARMMMMMMMAMMMMMMMMMMMMMMMMM@AMMM@MMMMMMMMM

0427
0428
0429
0430
0431

0432
0433
0434
04135
0436
0437
0438
0439
0440
044t

0442
0443
O4sa
0445
0446
0447
0448
0449
0450
0451
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~- ALFD=WDOT®UINV

CONT INUE

BETD=VDOT#VRINV
BDB2vR=BETD*B2VR
CLI=CLO+BET#CLB+DR*#CLDR

CL2= (BETO®CLBD+P#CLP+R¥CLLR)*#B2VR
CL3=NA®CLDAP

CM]1 =zCMO+ALF ®CMAL +DE#CMDE

CM2= (ALFD#CMALD+Q*CMQ)IRCBAR2VR
CN1=CNO+BET*#CNB+DR*¥CNDR
CN2=(BETD#CNBD+PXCNP+R#CNR)Y#B2VR
CN3=DA®CNDAP
LIX=A4GVR2¥#(CLI1+CL2)Y+AAVSR2#CL 3
MIYzABVR2%# (CM1 +CM2)
NIZ=A4VR2%# (CN1 +CN2)~-A4VSR2#CN3
F4P=Q#* (B2#R+P*#AIXZ)+L I X+AMX
FEP=QO#* (B3¥P~-R¥AIXZI+NI1Z+AMZ
PDOT=A6®F4P+Bl #F6P
QDOT=A7#PR+B4* (R2-P2)+MIY+AMY]Y
RDOT=B1 #F4P+8BS*F 6P

IF (INTX(4)eEQeO) PDOT=00

IF (INTX(5)eEQe0O) QDOT=0o

IF (INTX(6)eEQeO) RDOT=0e

IF (JNOTLLOGIC(9)) GO TO 360
LOGIC(9)=4eF

CL1=CcL1-CLO

CM1=2CM] ~CMO

CN1=CN1-CNO

TMP4 =1l e /AQVR2
CLO=CcLO-F4aP®TMPA
CMO=CMO-QDOT/ABVR2
CNO=CNO-FEP®TMPS

pDoT=° ]

‘QDOT=0,

RDOT=0.

CL1=CcL1+4CLO

CM1=CM] +CMO

CN1=CN1+CNO

CALL READY

CONT INUE

AXCG=GINV® (UDOT-UDP)
AYCG=GINV* (VDOT=VDP)
AZCGaGINV# (WDOT-WDP)

AXIzAXCG+GINVH (~(R2+Q2 ) # XX+ (PQ-RDOT ) *YX+ (PR+QDOT I #ZX)
AYI1sAYCGH+GINVH ( (PQ+RDOT)#XY~ (P2+R2)#YY+ (QR-PDOT)#2Y)
AZ1=AZCG+GINV* ( (PR-QDOT) #XZ+ (QR+PDOT ) *YZ—(P2+Q2)%#22Z)

THEDOT=Q#CPHI-R*#SPH1
PSIDOT= (Q*SPHI4+R*CPHI ) /CTHE
PHIDOT=P+PSIDOT#STHE
IF (INTX(7)eEQeO) THEDOT=0e
IF (INTX(8)eEQe0) PHIDOT=0e
IF ((NOTeFSS(3)) GO TO 370

IF (MOD(ITSeNOITSPS)eNELO) GO TO 530

IF (¢NOTeLDISI(18)) NOEL=NOEL+1
UM (NOEL ) =U

VM (NOEL )=V

WM (NOEL ) =W

PM (NOEL ) =P

QM (NOEL ) =Q

RM (NOEL =R

THM (NOEL Y=THE

PHM (NOEL Y=PH1

mrnm:nnlnmrnmrnmcnmrumfnmrnmrnmrnnlmlnmvnmtnminmvnmrnmcnm:nmrnm:nmrnmluminmrnmrnmtumrnmvnm



370

AXM (NOEL )=AXI
AYM (NOEL ) =AY!

AZM (NOEL Y =AZ1

FDA (NOEL )=DA

FDE (NOEL )=DE

FDR (NOEL )=DR

FBT (NOEL)=BETAT

FDB (NOEL )=DB

FDELR (NOEL ) =DELB
FPPER (NOEL ) =sPPER
FTPER (NOEL ) =TPER

GO TO S30

CONTINUE
PF(1,2)=A1VR2
PF(1.3)%A1VR2#ALF
PF(1,4)cA2VRRQ
PF(2,19)=VDTCON#A]VR2
PF (2,20 )=F219#BET

PF (24,21 )=PF21#VvDOT

PF (2422 )=PF224P
PF({2,23)=PF22#R

PF (24,24 )=F219%DR
PF(3,81=A1VR2
PF(3,9)=F13
PF(3,10)=F1a
PF(3,11)=A1VR2&DE
PF(4,4,19)=F219%PFa1

PF (4,20 )3F220#PF41

PF (4,21 )3F221#PF4]
PF(4,22)3F222#PFa1
PF(4,23)=F223#pPFal

PF (4,24 )=F224%#PF41
PF(4,26)=A6*A4VR2

PF (4427 )=F426%BET
PF(4,28)=PF42%BETD
PF (4,29)=PF422pP
PF(4¢30)=PF42#R

PF (4431 )=F426%#DR
PF(4¢32)=PFa3% (AG#CIW-B1#SIwW)
PF (4,34 )=B1#A4VR2
PF(44,35)2F434%BET

PF (4436)2PF34%*BETD
PF(a437)=PFaanp
PF(4,38)=PF44%R
PF(4439)=sFAa34%#DR
PF({4,40)=-PFA3%#(BI#CIW+AGRSIW)
PF(S.8)=A1VR2XA9CMALD
PF (549)=F39#A9CMALD
PF(5,10)=F310%A9CMALD
PF(Ss11)=F311#A9CMALD
PF(5,13)=A8VR2

PF (54,14 )=A8BVR2*ALF

PF (S415)=A9VRRALFD
PF(S,16)=A9VR#Q
PF(S,17)=ABVR2#DE
PF(6.19)2F219%PF6]
PF(64.20)2F220%#PF&1
PF(64.21)F221 #PF61

PF (6422 )=F222%PF61

PF (6423 )=F2238PF61
PF(6.28)1=F2244PF61
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0566
0867
0568
03869
0870
os7
0872
0573
0574
037S
0576
os7?7
0578
0579
0380
0381

0582
0583
0384
0585
0386
0s87
ossas
0589
0590
0591

0892
0593
03594
0595
03596
0597
03598
0899
0600
0601

0602
0603
0604
0608
0606
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68

PF(6.26)3F434

L _PF(6.27)%Fa35

PF(6.2B)=F436

PF(6+.29)1=Fa37

PF(6+30)=F4238

PF(64+31)=F439 .

PF (6432 )=PFa3# (B1#CIW~-B5%#Sw)
PF (& ¢34 )sBS#A4VR2
PF(8¢35)=F634*BET

PF (8436 )sPF&2%#8ETD
PF(§¢37)=PF&2%P

PF (6.38)2PFa22R

PF (8439 )=F§34%#DR

PF (680 )13=PF43% (BS#CIW+BI#S[W)
G1P=24%#CX14+LX2
G2P=2#CY14CY2~-BET#CYB
G3P=2%#C214CZ2

GAPz=2¢# (CL14+CL3#VSRVR ) +CL2~BET#CLB~-BDB2VR#CLBD
GSP=2e#CM1 +CM2

GEP=2 ¢ # (CNI ~CN3#VSRVR ) +CN2~BET#CNB-~BDB2VR¥CNBD
G(1es1)ZAIUXGIP-AL WECXAL
G(1e2)3=AIVRGIP4R
G(1+3)=AIWHGIP+AIUCXAL-Q
G(148)=A2VRACXG~W

G(le8)=V

G(1+47)=-GCTHE

G(2+1)aVDTCON® (AJUXG2P-R)
G(2¢2)=VDTCON® (A1 V#G2P+A1VR*CYB)
G(243)=VDTCON® (A] WEG2P+P)
G(2:8)>VDTCON# (AZVRACYP+W)
G(2+6)=VDTCON# (A3VR¥CYR-U)
G(2+7)=-GSTHE#SPHI#VDTCON
G(2+8)=GCTHE#CPH] #VDTCON
G(341)=A1UXG3P-AIWHCZAL+Q
G(3¢2)=A1VRGIP-P
G(3+3)=AIWHGIP+AIUXCZAL
G(3¢4)=~V

G(3¢5)2A2VRECZQO+U
G(3:7)=-GSTHE#CPH!
G(3+8)=-GCTHE#SPHI!
Gal=AQURGAP

GA2=A4VEGAP +AAVR#CLB
GA3=ALGWHGAP

GAaa=Ql+ASVR®CLP
G4S=R*B2+PRAIXZ
GA6=O*B24ASVRACLR
G61=AURGEP
G62=AAVH#GE6P+A4AVR#CNB
G6IZAAWRGEHP
G64=Q*B3+ASVR¥CNP
G6S=P*B3-REALIX2Z
G66=ASVR#CNR=~Q1
G(Aa,1)=A6%GA14+B1%G61+PFA1%G21
G(4.2)=A6RGA2+B1 ¥G62+PF41%G22
G(4¢3)zA6#GA34BINGE3+PF41%G23
G(4.4)=A6*GA4+Bl #G64+PFa1#G24
G(4.5)=A6%GAaS+B1 #G65
G(A46)2A6%GAG+Bl #G66+PFA1%G26
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0630
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0632
0633
0634

0635

0636
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0638
0639
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380

390

‘G(4.7)=PFa1#G27

G(a,8)=PF41%#G28
G(Se1)=ABURGSP~-ABWRECMAL+A9CMALD#* (G31-ALFD)
G(5,2)12ABVHGSP+A9CMALD*G32
G(S¢3)=ABWEGSP+A9OCMALD*G33+ABURCMAL
G(S544 )=REA7-B42#P+AOCMALD*G34
G(545)=A9VRACMQ+AICMALD*G3S
G(Se6)=PRAT+B42*R
G(S547)3AOCMALD*G37
G(S.8)=A9CMALD*G38
G(6+¢112BL*¥GA1+BSRGE14+PFEI#G21
G(642)1=BI#GA2+BSHGE2+PF61%#G22
G(6+3)=B1#GA3+BSAG63+PF61%#G23
G(6+4)=B1%#G44+BS5%G64+PF61*#G24
G(6¢%)3BI*GAS+BSRGES
G(6¢6)=B1#GA6+BSRGE6+PFE1#G26
G(6+T)I=PF61%G27
G(6+8)1=PF61#G28

G(745)=CPHI

G(7¢6)=-SPHI
G(748)2-PSIDOTRCTHE
G(B¢5)=SPHI#TTHE

G(8.8)=CPHI #TTHE
G(847)=PSIDOT/CTHE
G(8+8)=THEDOT#TTHE

L=9

DO 390 I=1+1V

11=INTV(])

DO 390 J=1.1P

L=L+1 |

JI=INTP ()

GPX=0e

DO 380 K=1lelV

KK=INTV(K)
GPX=GPX+G (11 +KKIEPX (K s J)
DERINT(2+L)=GCPX+PF (11+0J)

IF (11eLTe7) PXD(I14JJI=DERINT(24L)
CONT INUE

IF (1A1¢EQelA) GO TO 4S50

G(1e1)=20e¢

Gl(1+2)2-R

G(1+43)=Q
G(1e4)zYXRQ+ZXHR
G(145)==2e RXXRQ+YX#P+W
Gl(1e6)==2 ¢ #XXER+ZX#P-V
G(1+7)=GCTHE

G(2e1)=R

G(242)20e¢

G(2¢3)=2-P
G(2¢8)=~W+XYRQ=24 #YYHP
G(2¢R)2XYHP+ZYER
G(2¢8)8U—2 #YYHR+ZYHQ
G(2¢7)=GSTHE®#SPHI1
G(248)=-GCTHE®CPHI
G(3+1)=-Q

G(342)=P

G(3,3)=00
G(344)aVEXZHR-2#22 %P
G(3e¢5)=~U+YZRR=2,#ZZ%Q
G(3¢8)=XIHP+YZRQ
G(3+7)=GSTHE®CPH]
G(3+8)=GCTHE®#SPHI
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400

410

420

430"

440

450 .

460
470

480 -

490"

500

510

70

- L=1v
LMELAY
DO 440 I=1.1A2

L=L+]

" MsM41

II=INTA(M)-8

DO 440 JU=1.+1P

JJI=INTP(J)Y

GPX=0e

DO 400 K=1e1V

KK=INTVIK)

GPX=GPX+G (1] KKIRPX (Ko J)

GO TO (41044204430), 11 ]
PX(LeJ)=(GPX+PXD (1 ¢« JUI+ZXXPXD(Se JI)=YXEPXD(E¢JJ) I H¥GINY
GO TO 440

PX(LcJ)=(GPX+PXD(20JJ)-ZY*PXD(4-JJ)+XY*PXD(6.JJ))*GINV.

GO TO 440
PX (L o J) = (GPX+PXD (3¢ JJI+YZHPXD (49 JJI=XZ#PXD (5¢JJ) ) #GINYV
CONT INUE

G(144)=G(2+¢5)G(3¢6)=0,

CONT INUE

IF (1AleEQelV) GO TO 480

J=0

L=0 :

DO 470 I=1,11

IF (LeLEeB) J=J+INTX(I)

IF (INTY(1)eEQeO) GO TO 470

Let+t

IF (1eGTeB8) JuJ+1

DO 460 K=141P

PX (LK) =PX(JeK)

CONT INUE

CONTINUE

IF (MOD(ITS+NOITSPS)eNEeO}) GO TO 530

"IF (oNOTeLD1!SI(18)) NOEL=NOEL+!

IF (UM(NOEL)eLTel+sES) GO TO 490
WL(17)=eToe

GO TO 740

CONT INUVE

DX (1 )y=UM(INOEL }-U
DX (2)=VMI(NOEL )~V

DX (3)=WM(NOEL )-W

DX (a)=PM(NOEL)~-P

DX (S )=QM(NOFEL Y~-Q

DX (& )=RM{NOEL )~-R
DX(T7)=THM(NOEL )=THE
DX (8 )y=PHM (NOEL ) ~PH1
DX (9 )=AXM(NOEL )-AXI]

DX(10)=AYMINOEL )~AY1]

DX (11)=AZM(NOEL )-AZ1
DO S0J 1=1e1A

TIsINTALD)

DOX(19=DX(11)

AJ=AJ+DDX (] ) #%2
XBAR(1)=XBAR(1)+DDX(T1)#PTSINV

DO 510 I=1.41A

DO S10 J=1+1A
SD(1eJ)=SD(I+J)+DDX(1I*#DDX(J)#PTSINV
PXTWT= (PX)T(WT)

CALL MASCNT (ITRNMLTsPXeWT+PXTWT)
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0730
0731

0732
0733
0734
073s
0736
0737
0738
0739
0740
0741

0742
07a3
0744
074%
07a6
0747
0748
0749
0730
0751

07%2
0753
0754
07ss
0736
0757
0758
07%9
0760
0761

0762
0763
0764
0765
0766
0767
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0769
0770
0771

0772
0773
0774
0775
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0777
o778
0779
0780
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520
530

90050
920001

90005

%560

DPXTWOX= (PXTWT ) (DDX)

CALL MASCNT (IMULTA+PXTWT +DDXeDPXTWOX)
DO 520 I=mi+IP

PXTDX (1 )=PXTOX (1) +DPXTWOX (1)
DO S20 J=1.IP

DO 520 K=1e1A

PXTPX (1 eJ)2PXTPX (14 J)4+PXTWT (14K ) #PX (KeJ)
CONTINUE

TABLE(134)=T

TABLF(135)=U

TABLE(136)=V

TABLE(137)=W

TABLE(138)aP

TABLF(139)=Q

TABLE(140)=R

TABLE(141)=THE
TABLF(142)=PHI
TABLE(143)=PS]
TABLF (144 )=UDOT
TABLE(145)=VDOT
TABLE(146)=WDOT

TABLE (147)=PDOT

TABLF (148)=GDOT

TABLE (149)=RDOT

TABLE (150)=THEDOT
TABLE (151 )aPHIDOT

TABLE (152)=PSIDOT

DACS FOR TIME HISTORY RECORDERS
DAC(1 )= (U~UCRTBI ) /UMAX

DAC (2 )=V/VMAX

DAC(3)=W/WMAX

DAC (4 ) =P/PMAX

DAC (5)=Q/QMAX

DAC(6)=R/RMAX
DAC(7)=THE/THMAX

DAC (8)=PHI/PHMAX

RITECRT PLOTS IN REAL TIME IF T oLEe TMAXX
IF (oNOTeFSS(3)eANDs (TeLEsTMAXX)) CALL RITECRT

1AGE) - . '
IF (LDIS1(22)) CALL SCANNER (KSCAN)
CALL DOSPLAY

IF (LDIS1(17)) GO TO 90050

IF (VARCHNGeANDFSS(11)) CALL TYPEVAR
IF (FSS(11)e¢ANDSLDISI(14)) CALL TYPEVAR
IF (FSS(1S)) GO TO 770

CALL RTMODE

CONT INUE

CALL RECORD

IF (NOELeGE«NOPTS)Y GO TO 560

CONT INUE

‘CALL IGRATE1!

INT=1

CALL RECYCLE

IF (FSS(3))y GO TO 770 -

CALL MHALT

IF (FSS(10)) GO TO 690

IF (oNOTeLOGIC(11)) GO TO 570
IEVEN=]EVEN+1

IF (MODI(IEVEN:2)¢EQe0) GO TO 690

(LDISI(17)eeTeeMAXP
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0787

o788
0789
0790
0791
0792
0793
0794
0795
0796
0797
0798
0799
0800
0801
0802
0803
0804
0805
0806
0807
0808
0809
0810
0811
0812
0813
o814
0815
0816
0817
0818
0819
0820
0821
0822
0823
0824
0825
0826
0827
0828
0829

. 0830

0831
0832
0833
0834
083%
0836
0837
0838’
0839
0840
0841
0842
0843
0844
0845
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570

s80

590

600

610

620

630
640

650

660
670

680
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CONT INUE

PASSzPASS+1e - - = . - R
DO S80 J=x=1.1P

DO sS80 1=Je4IP

PXTPX (1 e¢J)=PXTPX(Jel)

PXTPXx=s (PXTPX) INV

CALL MASCNT (INVSENOPXTPXQDETIOAAI)

IF (DET1eNEeDOe) GO TO 590

WL(18)3eTe

GO To 750 -

AJP=paJ

DDEL A= (PXTPX) (PXTDX)

CALL MASCNT (IMULTB«PXTPX+PXTDX«DDELA)
DO 600 I=te1P

I11=INTP(1)

DELA (11)=DDELA(I)#DALMLT

FSS(5) ON TO WRITE AL AND DELA ON TAPE s0

IF (JNOT.FSS(5)) GO TO 670

WRITE (MF,960) RUNJPASS«DET1+DET2,AJP

WRITE (MFe970) DALG(1)s((COMIDALG(I))+1=x241A)
WRITE (MF.980)

WRITE (MF+990) (XBAR(I)el=1,1A)

WRITE (MF.1000)
DO 610 I=1.1A
WRITE (MF¢990) (SD{(leJ)eJ=1s1A)

‘CONT INUE

WRITFE (MF.1010)

DO 620 I=1.1A

WRITE (MFe990) (WT(IesJ)eJ=141A)
CONT INVE

WRITE (MF+1020) ((PARAMII )AL (TI)DELA(I))e1=1NPAR)
- 1ERR=0

DO 640 I=1.1P

IF (PXTPX(141)eGTeleE~-20) GO TO 630
1ERR=1

WRITE (MFG]O30)'RUN.PASSQ!.IQPXTPX(IOI)
PXTPX(1s1)=1¢E-20

CONT INUE

DOELA(I)aSART(PXTPX(1e1))

IF (IERReEQel1) CALL PRINTER

DO 650 I=1.1P

DO 650 J=l.]1P
pXTPX(l'J)szTPX(I'J)/(DDELA(I)*DDELA(J),
IF (1eEQeJ) PXTPX(1+41)=DDELA(])

CONT INUE

WRITE (MF+1040)

DO 660 K=1+1P.8

KK=K47

IF (KKeGTeIP) KK=lP

WRITE (MF+1050) (DPARAM (KKK ) ¢KKK=K ¢KK)
DO 660 I=1+1P :

WRITE (MFe1060) (DPARAM(I) ¢« (PXTPX(1eJ)aJ=KKK))
CONT INUE

WRITE (MF.1070)

CONT INUE

DO 680 1=1NPAR

AL (T)y=AL(1)+DELAC(])Y

IF (LOGIC(6)) CZDEsCMDE®CMCON

mmMMMmMmMmMMMmMMmMMMMMMMMMMMMMMMMMMMMM@MMMAMMMAMMM@AMMMMMMMMMAMMMMMMMMMMMM

0846
0847
08a8
0849
0830
08s1
0852
08s3
0854
oess
0856
08s7
08s8
0859
0860
0861
0862
0863
0864
0865
0866
0867
0868
0869
0870
0871
0872
0873
0874
0875
0876
0877
o878
0879
0880
0881
0882
0883
0884
oess
0886

0887

oeas
0889
0890
0891
0892
0893
0894
0893
0896
0897
0898
0899
0900
0901
0902
0903



690

700

710
720

730
740
750
760
770

780

790

800

810

CONT INUE

IF (o4NOT.LOGIC(1)) GO TO 730

DO 700 I=1,1A

DO 700 J=1.1A

WT(14J)=SD(TeJ)

WT(Je1)=SD(1eJ)

IF (4NOTSLOGIC(2)) GO TO 720

DO 710 I=1.1A

DO 710 J=1.1A

IF (1eNEeJ) WT(IeJ)=0e

CONT INUE

CONT INUE

WT= (WT)HINV

CALL MASCNT (INVWT+WT.DET2:AA2)

IF (DET2eNEe+Oe) GO TO 730

WL(19)=eT,

GO ToO 750

CONT INUE

IF (LOGIC(10)) LOGIC(9)=eT,

GO To 780

CALL HALT

CALL DSPLAY

CALL OPERATE

IF (4NOTWFSS(15)) GO TO 750

DO 760 1210419

WL (1)y=eFe

GO To 780

CALL HALT

CONT INUE

WL (20)=eTe

CALL ENDPLOT

IF (4NOTFSS(3)) GO TO 920

CALL UNLODE

CALL CLRTABL ' )

NPASS=1

NFREQ=1

NRITE=0

NTYPF=0

TGAIN=TIMF#,5

TOFF=—=1e

UOFF 2—-UCRTB 1 /UMAX

IF (4NOTeFSS(1)) GO TO 810 .

CALL CRTPLOT (1+3+NFREQ«NTYPEJWNRITE+T+sTGAIN+TOFF LABTAX1 +AXMAX ¢Oe
1sLABAX) ’

CALL CRTPLOT (2¢3+NFREQ«NTYPE'NRITEsTeTGAINsTOFF+LABTAYI sAYMAX 000
1+LABAY)

CALL CRTPLOT (3+3+NFREQINTYPEINRITEsTeTGAINCTOFF LABT+AZI AZMAX 406
1 +LABAZ)

GO To 840

IF (4NOTeFSS(7)) GO TO B20

CALL CRTPLOT (1+4«NFREQ«NTYPE«NRITEsTeTGAIN«TOFF L ABT +P¢PMAX+00¢ LA
18P)

CALL CRTPLOT (2+4NFREQ«NTYPEINRITE«TsTGAINsTOFF ¢LABTR¢RMAX 406¢ oL A
1BR) ) .

CALL CRTPLOT (3¢4¢NFREQsNTYPEsNRITE+sT+TGAINsTOFF +LLABT +VeVMAXs0e oL A
18V) .

CALL CRTPLOT (444 +«NFREQINTYPENRITEsTsTGAINsTOFF ¢LABT ¢PHI «PHMAX ¢0o
1 +LABPH) : :
GO To 840

mmMMMmMMmUMmMMMMMMmmMMmMMMMMMMMMMMMMMMMMMMMMMMMMmMMMMMMMMMMMMMMMMmMMmMMmMMMMMM

0904
090%
0906
0907
0908
0909
0910
0911
0912
0913
0914
0918
0916
0917
0918
0919
0920
0921
0922
0923
0924
0925
0926
0927
0928
0929
0930
0931
0932
0933
0934
0935
0936
0937
0938
0939
0940
0941
0942
0943
0944
0945
0946
0947
0948
0949 -
090
0951
0952
0953
0984
0955
0956
0987
0938
0939
0960
0961
0962
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820

830

840

850

860

870

880

890

900
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IF (4NOT.FSS(8)) GO TO 830

- CALL CRTPLOT_(1+3+NFREQ'NTYPEINRITETTG

1LABDA)

CALL CRTPLOT
1LABDE Y

CALL CRTPLOT
1LABDR)

GO To 840
CONT INUVE
CALL CRTPLOT
1LABU)Y

CALL CRTPLOT

1BW)Y -

CALL CRTPLOT
18Q)

CALL CRTPLOT
1.LABTH)

CONT INUE

IF (NPASS+EQeO0) GO TO 900

T=~-DELX

IF (LDISI(19)) NOEL=NOPTS
DO 890 1=1+NOEL

T=T+DELX

IF (4NOTeFSS(1)) GO TO 850

AXT=AXM(1)
AYI=AYM(T1)
AZ1=AZM(1)
GO To 88¢c
CONT INUE

IF (JNOTFSS(7)) GO TN 860

P=PM(1)
R=RM (1)
v=vMm (1)
PHIz=PHM (1)
GO To 880

IF (,NOTFSS(8)?: GO ™0 B87C

DA=FDA (1)
DE=FNDE (1)
DR=FNR( 1}
GO To 880
UsumM (1)
wawMm (1)
Q=gM (1)
THE=THM (1)
CALL RITECRT
CONT INUE
CALL ENDPLOT

IF (FSS(B)) GO TO 910,

CALL CLRTABL
NPASS=0

NFREQ=NO1TSPS

NRITE=1
NTYPE=~]
GO To 800

CALL PLAYBAK(910S)

CALL RITECRT
GO TO 900
CALL ENOPLOT

LL AINsTOFF s LLABT sDA+sDAMAX Q0 ¢_

(2¢3¢NFREQ'NTYPE'NRITE+TeTGAINesTOFF ¢ LABT +DE ¢+ DEMAX e 0o ¢

(3030NFREQQNTYPE.NR[TE0T'TGAlNoTOFFoLABTQDRODRMAXoO.0
(1 04+ NFREQ«NTYPESNRITEsTeTGAIN«TOFF +LABT ¢+U+sUMAX s UOFF o
(2¢4NFREQ«NTYPEWNRITE ¢ TeTGAINsTOFF +LABT+sWeWMAX 00 oL A

(3040NFQE0'NTYPE'NRITEOTOTGA]NOTOFFOLABTOQOQMAXOO;OLA

(444 +NFREQNTYPEINRITE«TeTGAIN«TOFF ¢ LABT ¢ THE ¢ THMAX ¢ O

x

(eTeseFos MAXPAGE)

(.T. '.F.VMAXPAGE)

mtnmtﬁmrnmannlmrnmrnmrnmrnmlnmrﬂmnﬂmrnmrnmrnmrnmlnmrnmrNM|nm1nmtﬂm:nmlnmrannmlnmrnmunm

0963

0964

0965
0966
0967
0968
0969
0970
0971

0972
0973
0974
0975
0976
0977
0978
0979
0980
0981

0982
0983
0984

098s
0986
0987
0988
0989
0990
0991

0992
0993
0994
099%
0996
0997
0998
0999
1000
1001

1002
1003
1004

‘1008

1006

‘1007

1008
1009
1010 -
1011
1012
1013
1014
1018
1016
1017
1018
1019
1020



920  CALL DSPLAY £ 1021
CALL OPERATE £ 1022

IF (FSS(14)) GO TO 790 E 1023

IF (JNOT.FSS(13)) GO TO 920 E 1024

CALL CLRPLOT £ 1025

IF (IPRINTeNE+4) CALL ERASE £ 1026
WL (20)=eFe E 1027

GO To 10 € 1028

90004 CONT INUE € 1029
CALL CALPLT (0q0040999) E 1030

CALL ATERM € 1031

Q0014 CONTINUE E 1032
90015 CONTINUE € 1033
RETURN £ 1034

960 FORMAT (/6H RUNZ+Fa,0+7H PASS=+Fae0+TH DET1=¢E14¢6+7H DET25+E1 E 1035
14¢6+6H AJP=¢E1446) £ 1036

970 FORMAT (/39H ACTIVE ALGORITHM VARIABLES ARE ¢ o o sA3+10(A1¢A3)) E 1037
980 FORMAT (/19H PACKED MEAN ARRAY) E 1038
990 FORMAT (11E12.4) £ 1039
1000 FORMAT (/32H PACKED NOISE COVARIANCE MATRIX) - £ 1040
1010 FORMAT (/22H PACKED WEIGHT MATRIX) E 104l
1020 FORMAT. (/2Xe3(SHPARAM«6XsSHVALUE » 10X + 6HCHANGE + 5X )/ (3 (2XAS s 2XE13+6¢ E 1042
12XE13e6))) . , E 1043

1030 FORMAT (/6H RUNEZF6e0s7H PASS=¢F6e0+18H PXTPX(+s12¢1Hse1242H)=E1 E 1044
1446) ' . E 1045

1040 FORMAT (,/38H MODIFIED PARAMETER COVARIANCE MATRIX) E 1046
1050 FORMAT (/8(10XAS)) E 1047
1060 FORMAT (2XAS¢8(E15.6)) E 1048
1070 FORMAT (1H1) E 1049
" END : E 1050

PROGRAM USAGE

The use of the program is demonstrated by showing the setup of the longitudinal
equations of motion, run procedure, and output listings for the test case. The test case
consists of pseudo flight data, which are generated by integrating the longitudinal equations
of motion for fixed parameter values (called the true values) and then adding random
number sequences (measurement noise) to the variables. .The parameter values are then
offset to become the stafting point of the estimation program. The integration scheme

(from subroutine IGRATE1) used is second-order Adams-Bashforth, a 1-pass integration
scheme. (See ref. 1.)

Test Case Setup

The longitudinal equations of motion are
: - 1p
u=-qw - g sin 9 + Sm VZS(CX’O) | | (10)

: 1
w-qu+gcos6+2pVZS<Czo+Cza aa+C25 > (11)

15



1 -
=3 1_; Vs (Cm,o *Cmg % ’:C,mq 3V * Cm ° ) 4y
6=q (13)
where
0.1 sin 2.5t (0 =t = 17/1.25)
be =
0 (t > 7/1.25)
V= \u + we
= tan'1 v
u

The longitudinal equations are generated from the equations of motion in appendlx B

by the variable-dimensioning arrays described in appendix D.
For the active equation variables u, w, q, and 6, the input array INTX is

INTX = (1, 0,1, 0,1, 0, 1, 0)

and hence
(Iv =4)

INTV=(1,3,5,7,0,...,0)

For the active performance index variables u, w, q, and 0, the input array

INTY is
INTY=(1,0,1,0,1,0,1, 0,0, 0, 0)

and hence

_INTA=(1,3,5,7,0,...,0) (IA = IA1 = 4)
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For the active parameters (see TABLE array in section "Display Arrays'), all the
INTE Gqq(I) values are 0 except for I=2, 8,9, 11, 13, 14, 16, 17, and hence

INTP = (2, 8, 9, 11, 13, 14, 16, 17, 0,. . ., 0) (IP = 8)

By putting in these arrays and the FORTRAN variables listed in the subroutine
DSPLAY arrays, the test case is set up.

Test Case Run Procedure

The program deck or the data cell control cards are read into the computer after
selecting RESET mode and both RELEASE switches, and FSS 3, 4, 9, and 16 true. The
dynamic check case is then run before the test case or normal use of the parameter esti-

mation program.

The step-by-step procedure for running the test case from the control console is
described as follows:

Steps Task

(1) Change constants, @ and activeness by Program initialization.
means of DDDU. Depress FSS(3),
- FSS(4), FSS(5), and FSS(9),. and then
release FSS(4). :

(2) Depress PRINT switch. o I.C. printout of true parameters.

(3) When RESET light comes on, depress Return to level (4,0).
lower RELEASE switch.

(4) Depress OPER switch. ' : OPERATE to fill flight-data arrays

' C ~ with pseudo data.

(5) When WL(20) comes on: release FSS(3) End of pseudo data fill and return to
and FSS(9); depress RESET switch and RESET mode.
depress FSS(13), then release FSS(13).

(6) Change to desired standard deviations Adds random numbers to pseudo
and change IPRINT to 3 by means of the data and prints characteristics.

the DDDU, then depress PRINT switch.

(7) When RESET light comes on, depress Return to level (4,0).
lower RELEASE switch.

~1
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. Steps

©(8) Change & to offset values and change

IPRINT to 1, then depress PRINT
switch.

(9) When RESET light comes on, depress
lower RELEASE switch.

(10) Depress FSS(10) and OPER switch.

(11) When WL(20) comes on, release FSS(10)
and depress FSS(13).

(12) Release FSS(13) at convergence.

- (13) When WL(20) comes on: depress RESET -

switch; and depress FSS(13), then
release.

(14) Depress PRINT switch.

(15) When RESET light comes on, depress
lower RELEASE switch.

printout.
Return to level (4,0).

OPERATE to obtain initial weighting.
OPERATE automatically updating a.

Stops run.

Return to RESET mode.

Routes maximum likelihood printout.

Return to level (4,0).

Output Listings

Four output listings are presented to illustrate the computer printouts. (Note that
variables in '§J are referred to as algorithm variables in the output listings.) -

(1) Random number characteristics where RN and RSD denote the means and
standard deviations, respectively, used in the program

(2) Initial condition printout

(a) Showing the true parameter values used to generate the pseudo test case
(b) Showing the offset parameter values used as the starting point for the

estimation procedure
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(3) Maximum liklihood printout for each iteration (a total of 11) where the modified
covariance matrix for the parameters is

Oy. Py .. .. Po: s |
*iq @i @y, ¥y ®irp
o Ce P .
®ig®iq %jq @ig*iyp
P,. . P,. . <o . O,

Tabulated results of the test cases are presented in reference 1. Figure 2 shows the

CalComp plot representation of the CRT display of the converged solution and the pseudo
data, and the control inputs.

RANDOM NUMBER CHARACTERISTICS

RUN= 1 NOPTS= 201

DRM( 1) RN(T) ORSD(1) © RSO
0. -7.944999E-15  5,0C000CE-01  5.C00000E-01
0. " 3.641090E-15  3.00000CE+00  3.CO0000E+CO
0. -3.866448E-17  2.000000E-02  2.C00000E-02

0. - =5.153423E-16 2.000000E-02 2000000E~02

-]
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CONCLUDING REMARKS

A computer program has been developed for estimating aircraft stability and con-
trol parameters from flight test data. The maximum liklihood estimation program has
been implemented on the Langley real-time simulation system. The control and display
capabilities of the system allow the analyst to interact with the program. The interactive
capability is highly desirable, as evident in the reports on the analysis of flight test data.
Variable dimensioning allows the analyst to activate any part of the nonlinear six-degree--
of-freedom aircraft mathematical model, select the variables in the performance index
function, and choose which parameters are to be estimated. Although this report uses a
particular aircraft example, it is applicable to any dynamic system fitting into the frame-
work of the program.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., May 9, 1973.
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- APPENDIX A
PROGRAM CONTROL AND DISPLAY CAPABILITIES

. The computer program has been written in FORTRAN 1V (75000 octal locations)
and run on the RTS system of the Control Data series 6000 digital computer complex.
The computer program was mechanized into an iterative estimation procedure with manual
interactive control and graphic display capabilities through the utilization of the RTS sys-
tem. Figure 3(a) shows a photograph of the program control station and figure 3(b) shows
a closeup of the control panel. The components are listed below as they appear (left to
right) in figure 3: ‘

Program control station:

Graphic display unit
Cathode ray tube (CRT)
Interactive keyboard

Time history recorder

x-y plotter (not used)

Control console .
White indicator lights (WL)
Red indicator lights, bottom row (not used)
Function sense switches (FSS)
Mode control switches
Data entry keyboard
Digital decimal display unit (DDDU)
Potentiometers (not used)
Output device (typewriter)

' The CRT displays the flight test maneuver at the start of each iteration. The
response of the equations of motion as it is computed in the digital program is plotted
with the flight test maneuver for direct comparison. This display permits quick analysis
of each flight test case on an iteration to iteration basis. Figure 4 shows CalComp plots
representing three CRT displays; they are part of the dynamic check.

The analyst investigating the stability and control derivatives of the aircraft has
direct control of the computer program through the control console. The white indicator
lights (WL(1) - WL(39)) are used to indicate program status or diagnostics. The diagnos-
tics are described in the LDISO array of the Display Arrays section. The function sense
switches (FSS(1) to FSS(16)) are used to select program options (switch depressed results
in logical true value). The options are described in the LDISI array of the Display
Arrays section. ’
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APPENDIX A - Continued

The mode control keyboard (shown below) is used to control the running of the RTS

computer program.

OPER HOLD RESET TERM

CHANGE SCAN |RELEASE

ERASE

IDLE READ PRINT |RELEASE

Each switch (mode) is briefly descnbed as to its use (mode nommally active when switch
depressed):

OPER (OPERATE) — allows normal running of parameter estimation procedure
(integration of equations of motion and sensitivity equations)

HOLD - holds estimation procedure at last time point (stops integration)
RESET ~ initializes estimation procedure at t =10

TERM (TERMINATE), — termmates program at control console and transfers
control to graphic d1sp1ay umt

Activation of one mode automat;cally deactivates the previous one. The following modes
are temporarily activated by the analyst during the parameter estimation study (normally
when in RESET or HOLD modes):

CHANGE - changes program variable to the new value entered on the
data entry keyboard and displayed on the DDDU

SCAN - scans through the display addresses in conjunction wifh
subroutine SCANNER

RELEASE - releases CHANGE and SCAN modes
ERASE - erases real-time disk file
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APPENDIX A - Continued

IDLE - idles the computer (no computations)
"READ - loads read overlay S

PRINT - loads print overlay -

RELEASE - releases the four preceding modes

The data entry Keyboard (shown below) is used to input new values for program
variables. ’

0 1 2 3
4 5 6 7
_ DECIMAL

8 9 (-)

" POINT

TAB ERASE CR ~

The keyboard is used in conjunctibn with the DDDU (shown belqw).

(Address field) " (Magnitude field) " (Exponent field)

Ay [ Ap | Ag || & My | Mp| Mg | My | Mg| | £ | B |Ey

The procedure for changing a floating-point number is as follows: -
(1) Enter address field — A; Ag Ag '
(2) Depress TAB : o
(3) Enter magnitude field — + . M; My M3 My Mg
(4) Depress TAB i' ; ) -
(5) Enter exponent field — + E] Eg
(6) Depress TAB
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APPENDIX A - Concluded

(7) Depress A :

(8) Depress CHANGE
(9) Depress RELEASE

As the numbers and signs (plus sign assumed) are entered on the ke‘yboard, they are dis-
played on the DDDU. The DDDU shows the final form of the number entered by the key-
board. Integers and logical variables are entered in a similar manner but with a different
format. The switches ERASE and CR are used to erase the data field and character just
entered, respectively.

_ The typewriter is used to type ‘out the new and old values of the program variables.
The time history recorder plots the variables defined in the DAC array (Display Arrays
section). The interactive keyboard is used to restart and exit the program from the RTS
system. A card reader and high-speed printer are located near the program control
station and are easily accessible to the program operator.
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APPENDIX B

- . — = = == ce == i =S D o o e = = = e

EQUATIONS OF MOTION AND ACCELEROMETER EQUATIONS

The mathematical model is that of a nonlinear six-degree-of-freedom rigid-body
aircraft, in particular, a V/STOL tilt-wing aircraft. The equations of motion are

X = F(%,3,8,V,a,,8,,8,8)
T . S ..
= [Fl, Fy, ... F8] | (B1)
The state vector is

% =[xy, %o - - xg| T

= El,v,w,p,q,r,6,¢]T ’ (BZ)

The parameter vector is

a= EYI, (12, .0 oay (140]T

T
= ]El(o), (CX)aa,t’ae’t, LIRS} Cnéa:l (B3)

The control deflection vector is
5 = Esa,ae,al] ‘ (B4)
The equations of motion in detail are

i=F(%,3,3,V,0,)

T
=-qQW + rv - g sin 6 + ale(CXl + sz) + EX- (B5)
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'APPENDIX B - Continued

V=TF, ('i,a’,E,V,;s)
. . 2/ ’ Ty
-ru + pw + g cos 6 sin ¢ + a1V (CYI"‘CYZ)*"H (86)
= B6
1-a3Cy. '
3 Y3
w=F3(%,8,3,V,0,)
' 2 Ty,
= -pv+qu+gcos fcos¢o+a + +—
6 cos ¢ +21V2(Cgy + Cgp) + 37 (B7)
b= F4 (iyayé,vyﬁ,é)
= agFy(%,3,5,V,6,8) + b1 F§(%,8,0,V,8,8)
/
= a6E2qr + Ixzpq + a4V2 \Cr1 + Clg) + a4V32 (Cw) + Mx:]
+ bl[b:;pq - Ixzqr + a4V2 (Cnl + an) - a4V32(Cn3) + Mz] (B8)
q-= FS(E,E:E;V)aa:&a)
M
= angpr + b4(r2 - p2> + a3V2<Cm1 + sz) + I—YX : , (B9)
r= Fﬁ(i,ayé’v;ﬁyﬁ)
=1y Fy(%,3,3,V,8,8) + bsFg (%,3,5,V,8,8) (B10)
6 = F7(§>
=q cos ¢ - r sin ¢ ' (B11)
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and

#=To®)

=p + (q sin ¢ + r cos ¢) tan 6

APPENDIX B — Continued

where
1 c b
aj = 5 -!% S ag = a1<2) ag= al(i)
Sb ) Iz
ag==p ag =ag{= ap =
4 5 4(2 _ 6 Ixlg, - Ixz2
Iz -Ix 1p o (&)
an = Ty as-ilysc ag = ag\y
Ixz ' _
by = 3 by =1y - Iz bg=Ix -1y
Ixlz - Ixz
b4 = EE be = IX
Ty Ixly - Ixz?
VS = VSS +V
qé
Cx1= Cx +Cx aa-aat Cx2=Cx—
( )aa,t’ée,t aa( ’ ) . q 2V
b
Cyq = (C +Cy. (B-8)+Cy. (6 -6 .c =—(c +C r)
Y1 Y Y t Y r r,t Y. YoP Y
( )3t’6a,t’6r,t ﬂ( ) ér( 4 ) 2 2v e r
Cz1 = (Cz)
aa,t’be,t

Gy = (Cz)

1 . P s
Cléa = Clba cos iy - Cn5a sin iy

Cm1={Cm +Cnm, (@2 -at
m ( ®a,t:0e,t a ( )

Cn1 = (Cy)

BisOq t:0p ¢ * CnB(B ) Bt) * cné (61.

+Cm
a $]

Ch. =C, siniy+Cq. cosi
5, léa w " ng, w

+ Czaa (aa - aa’t) + Czée(ﬁe - 6e,t)

0,01 * CLB(B - )+ €y ér‘(ér y br,t)

C
Cz2 = Cz, (zl_v

b .
Cip = w(CzBB +Cpp + Clrr)
Al
Ci3 = Cléa (5a - 6a,t>

_C e
Cm2 = v (Cm&aaa + Cqu)
b
an =

3V (CnéB + Cnpp + Cnrr)

Cn3 = C;‘(’a (‘5a - 5a,t)



APPENDIX B - Continued

The auxiliary equations are -

N
¢=qsin¢+rcos¢
cos 6

V= \u2 + v2 4 w2 o

aaz% ‘ T L ' (B13)

_8 2, 2
Vss—:’-r‘r]E DE CT )

The trim conditions are

ALPHAT or

10 -

tan 20

B =0
55,t = DABIAS
5¢ ¢t = DEBIAS

Gr,t = DRBIAS

-
=)
[uy



APPENDIX B - Continued

The thrust and moment equations are known inputs (flight test data and constants)

+ we--to.the equations of motion.... - .. _ . o L L o e am e e o

Ty = 4p152 Dg* C.cos iy W
Ty =0

4, . . 2
Tg = -4png? Dy" Crp sin iy, - png2 Dy cr,,

> (B14)
My = 2p1p2 D1 CpR0B sin iy,
-~ d4pn 2D 4 o 2D 4
My = -4png" Dg" 1, Cr - Pnp" D ippCr,,
My = 2pnp2 Dp* I C10B cos iy

where

o
1232
E™ 60 Pg
_ 2400
"T= 60 T

The accelerometer measurements and equations were included in the parameter
estimation algorithm to improve the extraction process. They are used with or can
replace the linear velocities u, v, and w. The accelerometer equations were trans-
formed to the instrument location from the center of gravity (ref. 6).
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APPENDIX B - Concluded

-
ax,1

ar=lay1

22,0

; ’ i

U+Qqw-Tv+gsin b

aq =

V +ru-pw-gcos 6sin ¢

W+ pvV -qu-gcos fcos ¢

oq |-

2

(pr - Qxg, + (ar + P)yg - (p +q

The accelerometer equations need only to be evaluated and not integrated.

—(qz + r?‘)xX + (pq - T)yx + (pr + @)z

(pa + P)xy - (p2 + r2)yy + @r - Plzy

2
)Zz__

X

-

(Bi5)
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APPENDIX C

SENSITIVITY EQUATIONS AND ACCELEROMETER
SENSITIVITY COEFFICIENTS

The sensitivity equations for the method of quasilinearization are presented in
detail for the equations of motion presented in appendix B.

The sensitivity equations are
dfox\_(ox%
dt 8ai aozi

8 - - 3. . 3 A

Z E(ﬂ%aj Z 3V <"’xk>+ oF Z 3°‘a(axk>
X, \ 8. 8V X, \ o du 9%y, \8a,

k k 1 k 1 a'k 1 k 1

- . - 3
, OF 2 (0xy +£_a@_ﬂ>+292ﬂﬁs
da, 9%1 \bey 9B | 8xq9\0a;/ BV = X\ 94

3 . )
, OF 28 o (2%i\\ | oF .a<a3>+8F6.B a2 . OF
- 9B 8V = %) \daj &, kg \00j 8 d%g \00j 904

= = da, [0k = oan (0% =
= G'(t) ox + 3.F . a _§ + E_:E 2@ 2 + oF (Cl)
dat; ddr, 8x3 \90j/ 8B 9k9\0Q day;
where
G'(t) = [glfk(til Gk=1,2,...,8)

The functions Fg and Fgq do not contain c'ra or B Thus,

='G(t)(§§_> + Flay) (i=1,2,...,40) (c2)
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APPENDIX C - Continued

where o

9% f[ou ov ew % o8¢ or 8e 99T
da; |3ay’ day’ 8a;’ ¥y’ 8oy’ 3aj’ Baj’ day

60 = g0  Gk=1,2,...8)

~

Fo) = (i) Fafe). - o)’

(1) Sensitivity equations derived from u equation:

8 .
dlem) 2\, 21 |
dt <8ai) - g1k<3a1> * da; (C3)

where
811 = 219(2Cx1 + Cxa) - 21Cx, "
gg =T+ alv(2Cx1 + sz)
813 = -q + a;w(2Cx + Cxa) + alcxaau
B1q =0
815 = ~W +~:512VCX
q
€16 ="V

g17 = ~g cos 6

g1 =0



where
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APPENDIX C - Continued

8F1
r = aZVq
Q4

$(e)- 3 i) 32

o i
821 1-a,C
3 YB

ayv (2cY1 + Cyy - CYBB) +arVey

Q

P+ alw(2CY1 + CY2 - CYBB)

-~

823~ 1- aBCYB

W+ a3VCY

824 =77 23Cy,

825 =

-u + a3VCY.-
r

g26 = 1- a3CYB

(2) Sensitivity equations derived from v equation:.

(C4)



APPENDIX C - Contimzed

_-gsin §sin ¢
827571 - a3y,

Eon = g cos § cos ¢
28 1- a3CYB

and

8Fy ayV2
dajg 1- a3CY[§

oFy a;V2( - B;)
dagg 1 - a3CYB

9Fg agv

8agy 1= agcYé»

0F9 _ R3Vp
Page 1-a3Cy,

9Fq a3Vr

30!23 1- aBCYB

an - ale(ér - 5r,t)
dagg - 1- a3CY1é

(3) Sensitivity equations derived from W equation:

8 . . N . =, N
dfow) _ 8xg\  2Fg
) g el “

=1

where

B3y =+ 2qu(2Cz1 + Cza) - 83z W

39 = P+ alv(ZCZJ, +'sz)
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APPENDIX C — Continued

gg3 = 21V (ZCZI + CZZ) + alczaau

834 = 7V

=u+ agVC
€35 2Vez,
836 =0
837 = -8 sin 6 cos ¢
g_3.8 = -g cos 0 sin ¢

and.

—_—= ale

;E% = a1V2<aa - O‘a,t) '

o0F3 - a,Vq

80110 2

9F3 9

30[11 = alV (66 B Ge’t>

(4) Sensitivity equations derived from p equation:

a(3) ool S (g a2 g V(o) , (104, Th2b M0 |y (g o D00 )(OKE), "st_FmiE)
dt \ea; =2 L Bak* 38 v €2k J\ 3 Bat; * ap ov 0] 1 6k 3B ov 2k \3ay Ba; s v ai

8 . .
. oF!, aF; 3 ~ ~
' . 4 98 6 88 “k v .
= kzl <g4k *35 55 a7 52k P18 oy g2k> <aai> + agFy (@) + by Fg (o)
I AT | (C6)
= €4k\5q, 4( i)
k=1 1 X

i
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where

and

APPENDIX C - Continued

"o VS Bb

€41 ° a4u<2cu + Cyg + 2C;3 —v—- - ClBB - Clé _2_‘7>
"o 2 C 9 VS . ﬁ}b

g42 ~a4v Cll + L9+ Clg-v- - CZBﬁ - CZB—Z—V + a4VClB
vy VS ;

843 = a4W(ZCl1 + Cpo + 2Cp3 v CZBB - CZB g%.) .

844 = IxZd + 35VCyy

845 = bar + Ixzp

47 = 848 = 0

(L VS - ; Bb
"o : VS

B CnB %) +‘é4.VCn

"o ; VS L g PR B‘b

gl6'4 = b3q + aSVCnp

gg5 = b3p - IXZr

P
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and

,,g'66, = ~Iypq +
142 11 —
g7 = 8gg = 0

aF;1 an
dagg  da34
a}?[';t aF;5
80127 = 30!35 =
aF;1 an
3a28 = 8&36 =
aF;l aF;5
dagg  dagy
th aFé
3a30 = 3&38 =
aF;1 6Fé
9031 ) dagq )
oF) oFf '
Bagy  dagg
oF)  2F}
dagg  dagy
oF' 5
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aSV,Cnr,,

= a4VSZ COSs lw(ﬁa - ,63;1’,)

2

fagvs sin Aiw(éa -;. 5a,t>




APPENDIX C - Continued

(5) Sensitivity equations derived from q equation:

o

8 : . ' : '
dfog ) _ . 8Fg50d4, \/[oxy\ [08F5 0Fg 3, oF;
@ \oa: )= 2 \B5k* 55 Bw o3k/\Bay )t \Bay toa.. ow das )

daj o) day OW aj By 0w 01}1 )

8 .
an ~ . . ) . v
= Z g5k<r.li> + Fy(oy) Co T e (€7)
k=1
where
g%l = a8u(2Cm1'+ sz) - aBCmaaW - agcmdada
g%z = a8v<2Cm1 + sz)
85 = asw(Zle + Cm2> + ascmaau- o
ghg =aqr - 2b4D. .
g'55 = a'QVCHIq
g'56 =aqgp + 2.b4r
1 1
€57 =858 =0
and
s . y?
; ’301 = a8

13
OFg -

5 _ 2
by, " agV (aa - aa,t) :
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APPENDIX C — Continued

oF
—9 = a'gVéié"" T
8a15
oFy |
3(116 - aqu
oF
5 _ 2( _
8Fg ada
—_— = ag m s
day oW Qa

(6) Sensitivity equations derived from r equation:

8

dfor) _y, Z gy T4, (), (2Fa DT ap PTa)
& 1 4k " op oy o2k \bay ) \doy T 0p ov-9ay)

k=1

8 Y ' _—
b z o, 2Fg 38 i), (e - °F6 24 °Fa
5 €6k ¥ 33 30 22k/\ Ba. EY R T Y
k—l 85 ov i i SB av i

8 P
; oFy, ox
4 9B 6 88 k
Z1<g6k by — 55 oy &2k * bg —— % o g2k><3a>+b1F4( )+ b5F6(a)

8 o) ' C
= Z gek<azk>+ Fe( i) ' (C8)
k=1

where all the terms have been defined in the derivation of the senS1t1V1ty equatlons for
p equation.
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APPENDIX C - Continued

(7) Sensitivity equations derived from 6 equation:

3(t8) 3, i) B

where
871 = 873 =873 = 874 ’“’_
Ens = €OS ¢
g6 = -sin ¢ |
8qq =0
g7g = ~W cos 6

(8) Sensitivity equations derived from ¢ equation:

8 .
P axk - . -
dt(af > z gBR(aa ) (C10)

=1

where
€g1 = 8g2 = g3 = 0
8gq =1

ggs = Sin ¢ tan ¢

8gg = €OS ¢ tan 0
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APPENDIX C - Concluded

The accelerometer sensitivity coefficients were derived in terms of the sensitivity
equations and coefficients for the equations of motion, and need only to be evaluated and
not integrated.

(1) Sensitivity equations derived from ax | equation:

-

dax1 1| [a ow dp 3q
5, = E[—r(;%) +q <a—aw;> + (qu + zxr)<§a—i> ( Zqu +YxP + w)(aa >
+ (—2xXr +2ZxP - v)(%) +gcosf (:%) + (:;) + zx<:g ) yx(%ﬂ (Cll)

(2) Sensitivity equations derived from ay 1 equation:
b

(RO
+ g sin 0 sin ¢< 1> g cos 0 cos ¢< 3) + (‘%’i) - ZY(%) + xY(;foi):l . ' (C12)

ensitivity equations derive rom a equation:
3) Sensitivit tions derived f 7,1 ti

Baz 1 1 F N - -
L1 gf2u), (3w - o), - bq = i
5a; =g q(aai + p<aai> + (v + X r 2zzp><aai> + ( U+ ygr Zzzq)<aai> + (xzp + qu)<aai

] 3 e 8 S
+ g sin 6 cos ¢< l>+gcoses1n ¢(—Q;>+ (J’) ryz<aap>—xz<r.i>J H (C13)
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APPENDIX D
VARIABLE DIMENSIONING

The flight test runs do not necessitate the use of all the equation variables (x),
variables in the performance index function (y), and parameters (@)  for specific
cases. These cases involve only a specific part of the program, as with an excitation of
only the longitudinal motion of the aircraft. Variable dimensioning of the estimation
procedure furnishes the analyst with the means of altering the program to meet the spe-
cific needs of each flight test run; that is, the mathematical model of the aircraft dynamic
response, the variables to be compared with flight test data, and the parameters to be
estimated.

Variable dimensioning of the estimation proeedure is'aecomplishedl by using the , -‘
three input arrays INTX(8), INTY(11), and INTEG4, (INTEG(I), I1=1, 2, . . ., 40); the use
of these arrays dimension X, ¥, and a, respectively, in the prografn The elements of
each array are entered as integers 1 or 0 to indicate whether the var1ab1es or parameters
are active or inactive, respectively.

The input array INTX specifies the activeness for each equat1on var1ab1e in the
equations of motion and the sens1t1V1ty equatlons 1nact1ve varlables are treated as con-
stants. From the mput array INTX

INTX = (1,0, 1, . . ., 1, 0)
kq sz, . , Ky .
s
/s
8
) INTX(K)
K=1
where ki, kg, . . ., kyy are element lecations, INTYV is generated,
INTV = (ky, k2, . . ., kgy, 0, . . ., 0)

. which is a sequence of integers denoting the active equation variables in X.

The input array INTY specifies the activeness ;_.fgr__each variable in 37; inactive
variables are ignored. From the input array INTY
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APPENDIX D - Continued

INTY=(1,0,1, . . ., 1,0)
11
IA = ZINTY(J)

"J=1"
INTA is generated,
INTA - (]1, Jgr -« o dpar 0 i 5 0)

which is a sequence of integers denoting the actlve varlables in . The mteger 1A1,
where ’

1Al = z INTY(J)
' J=1

denotes the riumber of active variables in X thatare act1ve variables in .

The input array INTEGyq spec1f1es the activeness of each parameter in the estlma-
tion procedure; inactive parameters are treated as constants. From the input array
INTE Gy

INTEGyy = (0,. . .,0,1,0,1,. .., 1,0,...0)
iy ig,. . . ip
40
IP = ) INTEG(I)
=1

INTP is generated,

INTP = (i, ig,. . ., igp, 0, . . -, 0)

which is a’ sequence of integers denoting the active parameters in a The program is
dimensioned for IP = 30. : - : L

The resulting arrays (INTV, INTA, INTP) and numbers (IV, IA, IAl, IP) are used in
FORTRAN DO LOOP and matrix operations.
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APPENDIX D - Continued

The equations of motion are reduced to the form

-

eq:Féq(x,a,a)-=(xkl, gy - - ka) - : (D1)

5}

by multiplying each of the original equations of motion (eq._ (1a)) by their respective ele-
ment of INTX; that is, inactive equation variables have their derivatives set to zero.

The original sensitivity equations (eq. (6)) are reduced by using the arrays INTP
and INTV as indices in the FORTRAN DO LOOP to the form

. v = N
d <axINTV(K')> _ Z °FinTV(KY) <3X1NTV(K)> . FNTV(KY)

dt\ dorNTP(D)/ £, ZINTV(K) \PYUNTP(D) SeINTP(I)
(K'=1,2,...1v; I=1,2,. .., IP) (D2)

The accelerometer equations and sehsitivity c‘oefficients are handled in a similar manner
to generate 3a; and 93; /aaINTP(I)’ respectively.

The original parameter change equations (eq: (7)) reduce to

\
\

N 1y :
Lo T -1, ATy R 7
Aay = Z Ag (t) Ry~ Aj(ty) Z Ay(ti) Ry~ ny(ti) (D3)
i=1 . i=1
.where
Aty |23 3 Dy
3t =\ 3. %@, Ba,
. 1 "Tlg o p
nyt) = vy ) - yy(t)
Z(t) | o X (ti)
*M et
72Nt = ¥y =
ay (ti) aj(ty)
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N -1
[z AT(t;) B3 AJ(tiJ =
i=1

RO(N) & Estimate of Ry =

In(&5) = (R3]

APPENDIX D - Concluded

The covariance matrix for the parameters becomes

2
[0 3
ail allaiz ail aiz
02
(112[111 aiz 1111 Cliz
o o p o I
_p“ixp“il Yip %4y %p®ip Yrp g

The covariance matrix for the measurement noise becomes

2
23 O,
77]1 711171]2
2
0 . = 0 .
1 - ~T
N Z Nyt ny(ti) =
i=1
Op. . G.
L Tllmﬂll TI]IAUJZ

and the performance index to be minimized becomes

The vector axeq aa‘INTP(I) is searched at each t; for the sensitivity coefficients
~ associated with the active algorithm variables by using the array INTA. The selécted’

sensitivity coefficients are then packed into the vector 98X J / 8aINTP(I) in order to form
If IAl =1V, no search is made, since this condition implies that Xeq = XJ3. The

mTA array also selects r,J(t ) from the original vector 7(tj).

-
e
Paj aipp iy “ipp
Pu. o T Oy
ig%irp %y %irp
(D4)
2
ayp
Oy o
Ty ia |-
[o)
KPYIYN
(D5)
2
(D6)



APPENDIX E
CALCOMP PLOT OPTION

CalComp plots similar to the CRT displays can be obtained in overlay level (2,0).
The main difference being that the (+) symbol is used to represent flight data points.
Other differences are options to plot flight data only (FSS(2) true), and a variable (NPLOT)
to alter the density of flight data points to be plotted. Examples of CalComp plots are
shown in figures 2 and 4.

The CalComp plot option is entered by setting IPRINT to 4 by means of the DDDU
before exiting the CRT display loop. (Replotting of the CRT display just before entering
the CalComp plot option causes erasure of the real-time disk file, and thereby prevents
CalComp plots of calculated data.) After exiting the CRT loop, set FSS as shown in the
CRT discussion of overlay level (4,0), and depress PRINT switch. When processing of the
‘selected plot is completed, WIL(2) will come on to signal the need for operator action.
Additional plots can be obtained by setting the appropriate FSS before depressing FSS(14)
and then releasing. Exiting the CalComp loop is accomplished by depressing FSS(13).

The flow chart of the CalComp plot option follows.
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APPENDIX E - Concluded

CALCOMP PLOT OPTION

lTntry when IPRINT = 4 ]

(€0104)

(C0110)

FS5(2)
or .
FSS(8) = .T.

Fill and limit

I JSKIP = JSKIP + 1
" Calculate scale factors and biases [~

Y1(1), Y2(D), Y3(1), and Y4(I),
I=1,2,. .. NOPTS -
with calculated data

Fill and limit
Z1(I), Z2(I), 23(1), and Z4(I)
I=1,2 NOPTS

with flight data

l

ASCALE; GRID; AXES; LINE

Call DAYTIM; NOTATE; NUMBER;
(to plot y and/or z against t}

WL(2) = .T.

Call DSPLAY
Call OPERATE

(C0356)
WL(2) = .F.

Call OPERATE

No

Yes

WL(2) = .F.

IPRINT =5

RETURN

(OVERLAY (XC142FL,4,0)>
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Equations * Sensitivity equations
of motion : N
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—» X = F(I,&,K) ¢ > (2—31—) : G(t)(azi B0y
N > o i=1,2, ..., 0 e,
f I
T T
k ;
X°(t) ' Alt)
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Data point times
’ = Y
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Flight test data : . :
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v

Performance index

Maximum 1ikelihood estimation

N -
=[Z AT(ti)R-] A(tiﬂ [ AT(t, R (e, ]
i1

N
RON) = D (e AT (e,

i=]

3, () = [R°n |

Figure 1.- Maximum likelihood parameter estimation procedure.
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(a) Longitudinal motion.

Figure 2.- CalComp plot of pseudo flight and calculated (converged solution)
longitudinal motion, and control inputs.
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Figur_e 2.- Concluded.
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(a) Longitudinal motion.

Figure 4.- CalComp plot of pseudo and calculated

(nonconverged solution) motion.
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Figure 4.- Continued.
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Figure 4.- Concluded.
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