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SUMMARY

As aircraft become larger and lighter due to design requirements for
increased payload and improved fuel efficiency, they may also become much
more flexible. For highly flexible vehicles, the handling qualities may not be
accurately predicted by conventional methods. This study applies two analysis
methods to a family of flexible aircraft in order to investigate how and when
structural  {especially dynamic aeroelastic) effects affect the .ynamic
characteristics of aireraft. The first type of analysis is an open-loop modal
analysis technique. This method considers the effect of modal residue
magnitudes on determining vehicle handling qualities. The second method is a
pilot-in-the-loop analysis procedure that considers several closed-loop system
characteristics. Both analyses indicated how dynamic aeroelastic effects can
cause a degradation in vehicle tracking performance, based on the evaluation of
~ome simulation results.

This report is divided into two volumes. Volume I consists . the
development and application of the two analysis methods described above.
Volume 11 consists of the presentztion of the state variable models of the
flexible aircraft configurations used in the analysis applications, mode shape
plots for the structural modes, numerical results from the modal analysis,
frequency respcnse plots from the pilot-in-the-loop analysis and a list'ag of the
modal analysis computer program.



96

Appendix A.3
Vehicle Configurations
and
Modal Analysis Results

The vehicle configurations are presented in state variable form using the
following state and output definitions.

X.VT é [O’, 9Rv u, 0Rv h, '72a'73’ N4 ')lv ’;’2’ "731 '.74]) (A31\

!T é [U, 0R, bR, 7. 01-, bTi llz] . (A32)

- where ali angles are expressed in radians, all angular rates in radians per
serond, ihe forward velocity perturbation, u, has units of feet per sacond and
.the generalized elastic deflections, 5, are dimensionless. The matrices which
describe the vehicle configurations are defined in the following equations.

X, = |[AV]yx, + [B]x, + [D]x,

(A.3.3)
1 = [Clx, + [E]x, + [Flx,

The vectors, x, and x,, are defined Chapter 4.

The results of the modal analysis cousist of several parameters which are

presented in matrix form. The equations which follow present the definitions
of these modal analysis resuits.

The similarity transformation which was used to scale the eigenvectors, as
described in Appendix A.1, has the following definition.

Lo
L

g;-‘l‘;"'?ié}ﬁﬁi"‘. B
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SCALING MATRIX
1

a5
=24d 1,1, ,
iag | Uy

lv ¢' '8l ¢'21

¢' 3 ¢' 4 ¢' 1 ¢' 2y ¢, 3 ¢'4] (A34)

The scaled system is therefore described by the following set of equations.
x, = Tx, (A.3.5)

x, = TIAV]T '%, + T|B|x, + T|D]x,
= |AV-SCALED] g,

+ [B-SCALED]|x, + [D-SCALED]x, (A.3.6)
y = [CIT 1%, + [EJx, + [Flx,
= [C-SCALED|x, + [E]x, + [F]x, {A.3.7)
The pilot lag states and gust states are defined in the following equations.

X, = |AP]x, T [G]n, (A.3.8)

X, = [AG]x, + [G/]n, (A.3.9)

The complete aireraft system state model used in the modal analysis is defined
in the following equations.

xT 8 [xpT' xsT' %T) (A.3.10)
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[AP] 0 0
X = 0 [AG] 0 X

[B-SCALED]| [D-SCALED] [AV-SCALED)]

Gp 0
10 fnp + |Gglng

0 0
= [AA]x + [GP]n, + [GG]n, (A.3.11)

y = ||E] [F] [C-SCALED] |x

=[CClx (A.3.12)

The modal controllability, disturbability and observability matrices are defined
in the following equations.

[EE} 2 modal matrix of [AA] (A.3.13)
The modal controllability matrix,

[CON] 2 [EE]| ![GP]. (A.3.14)
The modal disturbability matrix,

[DIST) £ [EE] '(GG]. (A.3.15)
And, the modal observability matrix,

|OBS) 2 (CC]| [EE). (A.3.16)

The residues for the complete 2ircraft model are defined as follows. The



99

residues of the vehicle due to the ith control input are described by,

(C-IMP RES]; 2 [[OBS] [CON]ir (A.3.17)

- where [CON]; is the diagonal matrix formed by the ith column of the
modal controllability matrix and [OBS] is the modal observability matrix.
Each kj element of [C-IMP RES]; corresponds to the residue of the kth mode
for the jth output due to an impulse in the ith control input. Similarly, for the
disturbance residues,

[D-IMP RES), £ [[OBS] [DIST]iIT (A.3.18)

Here, [DISTY, is the diagonal matrix formed by the ith column of the modal
disturbability matrix and so each kj element of [D-IMP RES;; corresponds to
the residue of the kth mode for jth output due to an impulse in the ith
disturbance input.

The remainder of Appendix A.3 contains the numerical results of the
modal analysis and the vehicle matrices for eight data base configurations as
described above.
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Appendix A.4
Aeroelastic-Structural Mode Shapes

The mode shapes of the data base configurations are defined to be
deflections in feet normatized so that for each mode the deflection  at the
nose (i.e. F.S. 0) is one foot. The deflections are defined relative to a set of
hody aves defined in the following way. The x-axis lies along the longitudinal
axis of the vehicle and is directed forward. The y-axis lies in the plane of the
wing-. is orthogonal to the x-zxis and points out the right wing. The z-axis is
orthogonal to the xy-plane and is directed downward. The origin of the xyz-
coordinate system is defined to be the center of gravity of the aircraft.

The deflection definitions and their sign conventions that are used in this
study are defined in Figure A.4.1. The mode shapes for the four longitudinal
modes used in this study are presented in Figures A.4.2 through A.4.5.
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MODE SHAPE SIGN CONVENTIONS

Mode Shape

+0" /

+X

<O

+n

N\

normalizing point

'

+ 17

?, 2 mode deflection (feet)
¢', 2 mode slope (feet/feet)

n, 2 generalized deflection (dimersionless)

Figure A.4.1
Mode Shape Sign Conventions
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* deflections are normalized o 3 ope foot displacement 3t the nose

Figure A 4.9

Aeroelastic-Structuul Mode Shape - Mode |



deflection (ft) °

20 4

-40 4

<0 ¢

80 +

100+

120 4
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MODE 2

fuselage station (in)

O — fuselage
Q — wng

Figure A.4.3
Aeroelastic-Structural Mode Shape - ifode 2

Y ™ reme————



1071

U6+

04¢4

o

[
d
LJ

o
Q

249

MODE 3
O — fuselage
0 — wsog
A — il

fuselage station (in)

deflection (ft) g

§-<L

024

06t

n 3
L v
€00 800

* deflections are normalized to a one foot displacement at the nose

Figure A.4.4
Aeroelastic-Structural Mode Shape - Mode 3
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Figure A.4.5
Acroelastic-Structural Mode Shape - Mode 4
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Appendix A.6
OCM Frequency Responses
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Figure A 5.1
OCM Frequency Responses - Config. 1
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OCM Frequency Responses - Config. 1
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| wr CASE 6 .
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wo CASE 81 o
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Appendix A.6
Listing of Modal Analysis Program

The modal analysis computer program which was used for the open-loop
analysis method is presented here. This program is writven in FORTRAN and
makes use of a modular structure to simplify its use and to allow the reader to
more easily follow the procedure. Documentation is integrated with the code
and a variable name listing and description is included to further aide the
reader.

Foven though the program was written to be flexible, it is based on a linear

system analysis package of subroutines that is unique to the Purdue computer
system. The package was developed at Purdue and is entitled LSLIB.
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LIST OF UARIABLES USED IN MODAL ANALYSIS PROGRAM

e e b e B e e T e R b b b e o b B B B B B B B B e B e e e e e T T

A 1 REAL T UTILITY UARIABLE USED IN SUBROUTINE PHAG
T 1
AR T REAL ARRAY T AUCIENTED SVSTEM MATRIX
t 7
AG T REAL ARRAY 1 GUST ECUATION SYSTEM MATRIX
T T
AMASE 1 REAL ARRAY T ARRAY USED IN FORMiNG MAG/PHAST FGRM OF
t T COMPLEX MATRICES
1 1
AP t REAL ARRAY T PILOT EGUATION SYSTEM MATRIX
1 T
ARRAY 1 REAL. ARRAY T UTILITY ARRAY USED IN SUBROUTINE PHAG
1 t
AS T REAL ARRAY T UTILITY ARRAY USED IN SCALING MATRIX AU
* 7
Au T REAL ARRAY T VEHICLE EQUATION SYSTEM MATRIX
t T
B T REAL ARRAY T UEHICLE EQUATION COMTROGL HATRIX
t T
B T REAL T UTILITY UARIABLE USED IN SUBROUTINE PHAG
7 1
BB T REAL ARRAY T AUGMENTED CONTROL MATRIX - USED OMLY IF
t T THE PILOT CHARACTERISTICS ARE 0T BEING
1 T MODELED IN THE ANALYSTS
? 1
BS T REAL ARRAY T UTILITY ARRAY USED IN SCALING MATRIX 3
1 ?
C T REAL ARRAY T OUTPUT MATRIX (SSOCIATED WITH THE
1 T UEHICLE STATES
? 1
CASE T REAL ARRAY T ALFHN-NUMERIC USED TQ TITLE QUTFUT
1 1
cc t REAL ASRAY T AUGHMEMTED QUTPUT MATRIX FORMED Bv
0  COMBINING Co E, AND F
t 1
CNM T REAL ARRAY T UTILITY UECTOR USED TO DETERMINE ELEMENTS
? T 0F C ASSOCIATED WITH FLUNGE ACCEL “RATIUN (N2)
1 0
CON  + COMPLEX ARRAY P CONTRULABILITY I13TRIX FORMCD FROM THE MODAL
t T MATRIX (EE) AND THE SYSTEM CORTRQ
t P MATRIX (BB OR CP)
t T
cs t REAL ARRAY T UTILITY AKRAY USFU IN SCALING MAIRIX C
? 1
D t RCAL NRRAY T UEHICLE EGUATION DISTUSSANCE MAT! ¢
1 ?
DIST  t COMPLEX ARRAY T DISTURBASILITY MATRIX FORMEN FOI' F-E MODAL
? r MATRIX (EE) AND THE S STCM  © NCE
1 T MATRIX (GG)
t *



s
E
tEE

EI

EIG
EIGMAT
EINV
ENM

FIELD

FIELDC

FrM

FORMAR
FORMBB
FORMCC
FORMGP

FORMNZ

GG
GGA

GP
GPA
GRAV
HBLAMNK

I
IMPHAI

B N T L e e e e R R e R i e i

REAL ARRAY
REAL ARRAY

COMPLEX ARRAY

COMPLEX ARRAY
COMPLEX ARRAY
COMPLEX ARRAY
COMPLEX ARRAY

REAL ARRAY

REAL ARRAY
REAL

REAL

REAL ARRAY

SUBROUTINE
SUBROUTINE
SUBROUT INE
SUBRGUTINE

SUBROUTINE

REAL ARRAY
REAL ARRAY

REAL ARRAY
REAL ARRAY
REAL
REAL

INTECER

COMPLEX ARRAY

B N e e e e e L P E E L EE E L E R L L X
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UTILITY ARRAY USED IN SCALING MATRIX D
QUTPUT HATRIX ASSOCIATED WITH THE CONTROLS

MATRIX OF EIGENUECTORS GF MATRIX AR (ALSO
CALLED THE MODAL MATRIX)

INUERSE OF MATRIX EE (INUERSE MOCAL MATRIX)
VECTOR OF EIGENUALUES OF MATRIX AA
DIAGONAL MATRIX OF EIGENUALUES EIC

INVERSE OF MATRIX EIGHMAT

UTILITY UECTOR USED TO DETERMINE ELEMENTS
OF E ASSOCIATED WITH PLUNGZ ACCELERATION (N2)

OUTPUT HIATRIAX ASSOCIATED WITH THE JISTURBANCES

USED IN PRINTING REAL MATRICES (OHLY USED IN
MPRINT. A LSLIB ROL" INE)

USED IN PRINTING COMPLEX MATRICES (ONLY USED
IN CMPRNT, A LSLIB ROUTINE)

UTILITY VECTOR USED TO DETERIINE ELEMENTS
OF F ASSOCIATED HWITH PLUNGE ACCELERATION (MZ)

FORMS RUGMENTED SYSTEM MATRIN AR
FORMS AUGMENTED CONTROL MATRIX BB WHEN NP=0
FORMS AUGHENTED OQUTPUT MATRIX CC

FORMS AUGMENTED CONTROL HATRIX GPA AND
AUGMENTED DISTURBANCE MATRIX GGA

FORMS PLUNGE ACCELERATION ELEMENTS OF THE
OUTPUT MATRICES Cs» E AND F

DISTURBANCE EQUATION HHITE NOISE MATRIX

AUGHMENTED SYSTEM WHITE NOISE DISTURBANCE
MATRIX

PILOT EQUATION WHITE NO1SE MATRIX
AUCHENTED SYSTEM HHITE NOISE CONTROL HATRIX
GRAVITATIONAL ACCELERATION

USED [N PRINTING MATRILES (ONLY USED IN
MPRINT ANMD CMFRNT. LSLIB ROUTINES)

DO LOCP COUNTING UARIABLE

UTILITY ARRAY FOR CQUTPUTTING RES!DUES
C(IMPHMAT = I[MPULSE RESIDUE MATRIX)



i
ITYTLE
J

JP
JTITLE
K

KP

L

LINE

LX

HATOUTY

MODAL

NAGC
NAGR.
NANERG
NAMEAP
NAMEAV
NAMEB
NAMEC
NAMED
NAMEE
NAMEF
NAMEGG
NAMEGP
NAPC

B i i L e e e L . L E e e e R e e e e e e e e R e i B g

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

REAL
INTEGER

COMPLEX nHRRAY

SUBROUTINE

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTECER

BN N r e e e e e e e e R e E E R E L L L ke i

t
*
+
T
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DO LOOP COUNTING VURRIABLE
ALPHA-NUMERIC USED TO TITLE MATRICES
DO LOOP COUNTING UARIABLE
DO LOOP COUNTING UARIABLE
ALPHA-NUMERIC USED TO TITLE MATRICES
DO LOCP COUNTING UARIABLE
DO LOOP COUNTING UARIABLE
DO LGOP COUNTING UARIABLE

UARIABLE USED IN HEADER, A LSLIB ROUTINE
USED TO TITLE QUTPUT

DISTANCE FRCM NOSE TO C.G. OF AIRCRAFT (FT)

# OF COLUMNS IN MATRIX ARRAY IN
SUBROUTINE PHRG

UTILITY MATRIX FOR OUTPUTTING COMPLEX
MATRICES Iil MRG/PHASE FORM

DETERMINES MODAL MATRIX., INUERSE MCDAL
MATRIX AND EIGENVALUES OF A MATRIX

# OF COLUMNS IN MATRIX MATOUT IN
SUBROUTINE PHAG

# OF AG COLUMNS

# OF AG ROMS

ALPHA-NUMERIC NAMING THE AG MATRIX
ALPHA-NUMERIC NAMING THE AP MATRIX
ALPHA-NUMERIC NAMING THE AU MATRIX
ALPHF -NUMERIC NAMING THC B MATRIX

ALPHA-NUMERIC NAMING THE C MATRIX

ALPHA-NUMERIC NAMING THE D MATRIX

ALPHA-NUMERIC NAMING THE E MATRIX

ALPHA-NUMERIC NAMING THE F MATRIX

ALPHA-NUMERIC NAMING THE GG MATRIX
ALPHA-NUNERIC NAMING THE GP MATRIX
% OF AP COLUMNS

}t OF AP ROMS



Nave
NAUR
NBC
NBR
NC
NCC
NCDV
NCP

HCPC

NCR
ND

NDC
NDR
NDV
NFT
NER
NFC
NFR

NGGR

NGPR

P

NPDY
NRA

NROM

B e L e e e R L R L e R e R e e e

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTECER
INTECER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTECER

INTEGER
INTEGER

INTEGER
INTEGER
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+ 45 OF AV COLUMNS

T # OF AU RONS

::.cr OF B COLUMNS

: #£ OF B ROWS

1 3 OF CONTROLS IN UEHICLE EQUATION
t $F OF C COLUMNS

ThC e nD e

T USED IN PRINTING MATRICES (OMLY USED IN
t HMPRINT AND CHMPRNT, LSLIB ROUTINES)

T USED IN PRINTING MATRICES (ONLY USED IN
T MPRINT AND CHMPRNT, LSLIB ROUTINES)
Iq'.or C ROWS

+ £ OF DISTURBANCES IN UEHICLE EQUATION

t # OF D COLUMNS

‘e OF D ROWS

thD o o)

:#or £ COLUMNS

;tor € ROHS

;wor F COLUMNS

:For F ROHS

t B OF GG COLUMNS

;&or GG ROMS

:eor GP COLUMNS

:#0&' GP ROMS

+ } OF OUTPUTS IN OUTPUT EQUATION

FLAG FOR USING PILOT EQUATION IN
THE ANALYSIS (NP=0; NO PILOT - NP=NC: PILQT)

t

?

'

?

TP +ND ¢ NV
f

t ROW DIMENSION OF MATRIX MATOUT IN

T SUBROUTINE PHAG

1

t # OF RIGID BODY STATES IN UEMICLE EQUATION
t

T ROH DIMENSION OF MATRIX ARRAY IN



NS

NV

N

MRX
NHXY
MHY
NX

NY

N2

0BsS

PHAG

PHI
PHIP
RZSID

STPHAT

SURT

T R L L L R R R e R R N P R e R e e R R

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

COMPLEX ARRAY

SUBROUT INE

REAL. ARRAY
REAL ARRAY
SUBROUTINE

SUBROUT INC

SUBROUT Ive

COMPL.:  »-€F

COMPLEX SxKm'

REAL ARRAY

R R R E R R R R R R R e e e e e e e R L L T T T P
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SUBROUTINE PHAG

# OF STRUCTURAL MCDE STATES MODFLED 1IN
THE VEHICLE EQUPTION

£ OF STATES IN THE UEHICLS EQUATION

ROH DIMENSION OF UEHICLE SYSTEM MRTRICES
(THIS IS THE LARCEST PNSSIBLE MODEL WHICH
AN BE ANALYZED WITPOUT ALTERING THE PRCGRAM)

N+ NX
N+ BX + NY
NH + NY

RON DIMENMSION G- PILOT 5SYSIEM MATRICES
(THIS 1S5 THE LARRGEST PILCT MODEL WHICH
THE PROGRAM CAN HANDLE WITHOU: ALTERATION)

ROW DIMENSION OF DISTURBANCE SYSTEM MAT*ICES
(THIS IS THE LARGEST GUST MOCEL HIHICH THE
PROGPAM CAN HANDLE HWITHOUT ALTERATION)

ROH DIMENSION CF THE OUTPUT MATRICES
(THIS IS THE LARGEST POSSIBLE NUMBER (OF
OUTPUTS WHICH THE PROGRAM CAN HANDLE
HITHOUT ALTERATIMN)

OBSERVABILITY MPYRIX FORMED FROM THE MIDAL
RATRIX (EE) AND il OUTPUT MATRIX (CCH

QUTPUTS A COMPLEX MATRIX IN PHASE AMND
MRGNITUDE FORM (PHASE IN DEGREES)

MODE SHAPES FOR ERCH OF THE S>TRUCTURAL MUODES
MODES SLOPES rOR EACH OF THE STRUCTURAL MODES
DETERMINES THE THMPULSE KRESIDUE MPTRIX OF A
SYSTEM GIUeH "HE CONTROLABILITY OR
DISTURBABILITY AND CBSERURBILITY “ATRICES
SCALES THE MATRICTS NF A SYSTEM (IE. DYHAMIC,
CONTROL, DISTURIANCE AND OUTPUT HIPTRICES)
WITH A CIRGUNAL SCALING MPTRIX

FORMS STEP RESIDUE MATRIX CIVEN TMPULSE
RESIDUE MATRIX AND VECTOR UF EIGENUALUES

UTILITY ARRAY FOR FORMING RESIDUE MATRICES
(USED IN SUBROUTINE STEP)

UTILITY ARRAY FOR OUTPUTTING RESIDUES
(STPMAT = STEP RESIDUE MATRIX)

UARIABLE USED IN PRINTING THE HEADING ON
T#€ QUTPUT



TERM1
TERM2
TINV

TITLE

UZERO
WORK

WK

L T R T

REAL ARRAY
REAL
REAL
REAL ARRAY
REAL ARRAY

REAL

SUBROUTINE

REAL ARRAY
REAL ARRAY

T e L T T e R

SCALING MATRIX FOR SCALING THE VEHICLE STATES
INTERMEDIATE UARIABLE IN SUBROUTINE PHAG
INTERMEDIATE UARIABLE IN SUBROUTINE PHAG
INVERSF. OF MATRIX T

UARIABLE 1JSED FOR PRINTING THE HEARDING ON
THE QUTPUT

CRUISE VELOCTIY OF AIRCRAFT

DETERMINES THE CONTROLABILITY,DISTURBR3ILITY
AND OBSERUASBILITY MATRICES OF A SYSTEM GIVEN
THE SYSTEM MATRICES AND THE MODAL MATRIX
UTILITY VECTOR USED IN SEVERAL SUBROUVINES
TRANSFORMATIGii VECTOR USED IN DETESMINING

ELEMENTS OF THE C MATRIX ASSOCIATED WITH
THE PLUNGE ACCELERATION (N2)

P
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c
(WIITIIIIIIIVITI VLTI LI VI I NI TN I I IIIIIIIIIIII I T IIIIIIT I I
c

AIRCRAFT.

DISTURBANCES.

ANALYSIS OF FLEXIBLE AIRCRAFT hYHﬂNICS USING MODAL ANALYSIS METHODS

THIS PRCGRAM USES A MODAL ANALYSIS TECHNIQUE TO DETERMINE THE
IMPULSE RESIDUES OF A STATE UARIABLE MATH MODEL OF A FLEXIBLE
IT DOES THIS AHALYSIS BY FORMING AN AUGMENTED SYSTEM
FROM THE MATRIX EQUATIONS DESCRIBING THE UEHICLE DYHAMICS AND
THE FRECUENCY CHARACTERISTICS OF A HUMAN PILOT AMD ATHOSPHERIC

UVEHICLE MATRIX EQUATION -

Y = [Ci=X + (E)=U + [FI=H

PILOT MATRIX EGUATION -

U-00T = (AP]»U + (GPI=ETA

DISTURBANCE MATRIX EQUATION -
H-DOT = [AGI*H + [GGI=ETA

(e Xz izizisizizlizizizizizinizinizinizinizinsisinigizininiaRel gl

X-BAT = (AUI=X + (Bl*U + (DI=Y

I3 I IS

BRI DI I AR I DI

c.. -

CrII72272722722277777777 7277228777772 77707727777720772772777772772702777772777727

E_ - -~ - - ~ - - - o s i -
PROGRAM ANAFLEX(INPUT, QUTPUT, TAPES=INPUT, TAPEE=CUTPUT,
" TAPELl, TAPE2, TAPEQ)

C

c___ s -———

$i:r DIMENSION STATEMENTS s::ee

C ___________________

Cc
DIMENSION AU(20,20), B(20,5), 0(20,5)
DIMENSION C(15.,20), E(15:5), F(15,5)

c
DIMENSION AP(S,S9), GP(5,5)

C
DIMENSION AG(S,9)» GG(5,9)

C
DIMENSION AA(30,30), BB(25,5), CC¢15,30)
DIMENSION GPA(30,5), GGA(30,95)

c
COMPLEX EIG(30), EE(30,30), EI1(30,30)

c COMPLEX CON(30,5), 0BS5(15+30)» DIST(30,%5)
COMPLEX IMPMAT(30,15)s STPMAT(30,1S)

c
DIMENSION T(20.,20), TINU(20.20)
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o
DIMENSICN TITLE(?), CASE(4), SUBT(2)
DIMCNSION PHI(4), PHIP(4)
t DIMENSION w(1,20), CNM(1,20), ENMC1,5)s FNM(1,9)
Cc
DIMENSION AS(20,20), BS(20,9)» CS(15,20),D5(20,9)
i DIMENSION AMASE(30.2), ITITLE(2), JTITLE(2)
DIMENSION ICNAME(2), IDNAME(2)» IONAME(2)
(o
COMPLEX MATOUT(30,30)
COMPLEX EIGMAT(30,30)y EINU(30,30)
Cc
DIMENSION AR(20,20), ART(20,20)y ATR(20,20), AT(20,20)
DIMENSION BR(20+5)» BT(20,5), DR(20.93), DT(20,5)
DIMENSION CR(15,20), CT(1S,20)
LOGICAL TEST(20)
DIMENSION A3(20,20), B3(20,59), B3(20,9)
DIMENSION C3(1S 20, E3(15,5), F3(15,5)
DIMENSION ATI(20,20)
DIMENSION (20,20, BM(20,S5), DM(20,5)°
DIMENSICN G [1S,20), EM(15,9), FM(15,5)
c
REAL LX
Cc
EXTERNAL  PHAG
o
c -
Cissee CCMMON BLOCKS s$ess
c - -
Cewu  THESE UARIABLES ARE USED IN PRINTING THE HEARDINGS ON THE OQUTPUT
C

CONMON/MPRINT/ NCP.F IELDNCPC, FIELDC, HBLANK
COMMON/HEAD- TITLE,CASE,LINE
c
Cees  THESE UARIABLES ARE THE ACTUAL HWORKING MATRIX DIMENSIONS
Cews  USED IN MOST OF THE SUBROUTINES
C
COMMON/DIM/  NU» NC» ND» NMe NP

C—-— - =~ -

$3337 SET ROW DIMENSIONS :::¢:

- - - -

- — -

C
gon. THESE UARIABLES ARE THE ROW DIMENSIONS OF THE SYSTEM MATRICES

2 ROW DIMENSION = SIZE OF MATRIX SET IN DIMENSION STATEMENTS

Ceww  THESE ROW DIMENSIONS MUST BE AT LEAST RS LARGE
Cewns AS THE WORKING DIMENSIONS

c

C AUV(NH. NHD » B(NW, NX) DR NY)

c AP (NX, NX) » GP(NXs NX)

< AGCNYsMY)» GG(NY,NY)

C C(NZysNX)» E(NZyNX)» F(NZ,NY)

C AACNHXY» NUXY Y  EBCMIX.NX) CC(NZs NHXY)
c GPACNHXY. NX) o CGACNUXY, NY)
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c
N = 20
NX = S
NY = 5
NZ = 15
NEY = M4+ NY
NWXY = NJd + NX + NY
c
E = _-_______-___ﬁ____-_-_====:
c PHYSICAL PARAMETERS PARTICULAR TO THIS FROBLEM *
Crl772727277272287 7777772777777 77727 2770772722772/ 722727277272,°772727%
c ___________ - e e e e s s s o A s S
c NUMBER OF STRUCTURAL MODES MODELED
NSM = 4
[t LR e S T L e e P =
c STRUCTURAL MODE ::: SHAPES (FT) ::: SLOPES ?
C
PHI(1) = .349 $ PHIP(1) = -.02640
PHI(2) = .400 $ PHIP(2) = -.03300
PHI(3) = .180 $ PHIP(3) = -.03456
. PHI(4) = .140 $ PHIP(4) = -.03636
=== Ee—t+ 1 - +-3 == —_—t== 334243}
¢ CRUISE VELOCITY (FT-SEC) *
UZERD = 949.0
Ceommzxsssassm=anns e e TP L PR P R TP S T
c cCKPIT LQEAT\ON (FT) )
e X 7 528
¢ CRAVITATIONAL ACCELERATION (FT/SEC-SEC) *
GRAV = 32.17
c

(WIS II I LTI I IIITIIIIIIIIIIIIIII IV IV IFIIII IV IV

a0 - s s 0

183t READ TITLES :sses2

c-- ——-

Cese  TITLE ~» CASE / SUBTITLE

c
READ(S,SN1) TITLE
HRITE(3,S01) TITLE

501  FORMAT(7A10)
READ(S, 502) CASE
HRITE(3,502) CASE

502 FORMAT(4A10)
READ(S, S03) SUBT
HWRITE(3,503) SUBT

503 FORMAT(2A10)

c

Cenw  [HIS SUSROUTINE PRINTS THE HEADER CN THE OUTPUT
CALL HEADER(SUBT)

——— o > A o B - o Ry -

c
c
Cstites READ MATRICES 322t
c

- o e > N . - - - - - - o -

Cewe  NAME -~ DIMENSION (ROW,COLUMN) - E_EMENVS
c
READ(S, S04) MNAMEAY
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WRITE(3,504) NAMEAV
READ(S, #) NAUR, NAUC
WRITE(3, #) NAUR, NAUC

DO 1 I=1,NAUR

READ(S,#) (AU(I,J)s J=1sNAUC)
URITE(3, %) (AV(T»J) s J=1,NAUC)
READ(S,504) NAMERG
READ(S, #) NAGR, MAGC

DO 2 1=1,NAGR

READ(S, #») (AG(I» 1) J=1,NAGC)
READ(S,S04) NAMEB
HRITE(3,504) NAMEB
READ(S, #) NBR.NBC
HWRITE(3, #) NBR.NBC

D0 3 I=1,NBR

READ(S, #) (B(I,J)»Jd=1,NBC)
WRITE(3s#) (B(I.J)»J=1,NBC)
READ(S,S04) MAMEC
WRITE(3,504) NAMEC
READ(S, ») NCRsNCC
WRITE(3, ") iiCRsNCC

DO 4 I=1.NCR

READ(S, #) (C(X,J),J=1,NCC)
HRITE(3, #) (C(I,J)eJ=1,NCC)
READ(S, 504) NAMED
WRITE(3,304) NAMED
REAN(S, #) NOR, MDC
WRITE(3.,*) HNDR,NDC

00 S I=1.NDR

REAN(S, ») (D(1+J)» J=1,NDC)
WRITE(3,#) (D(T,J)0J=1,NDC)
READ(S, S04) NAMEE
HRITE(3,504) NAMEE
READ(S,» #) NER,NEC
WRITE(3, ») NER,NEC

DO 6 I=1,NER

READ(S,#) (EC(I, D). J=1,NEC)
HRITE(S,#) (ECIyJ)eJ=1,NEC)
READ(S.504) NAMEF
WRITE(3,504) NAMEF
READ(S,#) NFR,NFC
WRITE(3»*) NFRyNFC

DO 7 I=1.NFR

REARD(S,») (F(IsJd)»J=1sNFC)
HRITE(3y#) (FCIoJ)sJ=1,NFC)
READ(S, 504) NAMEGG
FORMAT(RY)

READ(S, ») NGGR,»NGGC

DO 8 I=1,NGGR

READ(S, #) (GG(Iy»J)yJd=1,NGGC)

READ(S, S504) NAMEAP
READ(S, #) NAPR, NAPC
IF(NAPR.EQ.0) GO TO 10

DO 11 I=1,NAPR
READ(Sy#) (PP(IsJ)»J=1,NAPC)
PEAD(S,504) NAMEGP
READ(S, ») NGPR»NGPC
00 12 I=1,NCGPR
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12 READ(S,*) (GP(I,J)y.J=1,NGPC)
C
c -
Cses: SET WORKING DIMENSIONS 2232
c - -—
Cew»  THESE UARIABLES ARE THE ACTUAL DIMENSION OF THE SYSTEM MATRICES
c
c AU(NU, NU)» B(NU,NC), D(NV, ND)
o C(NM, HU), EC(NM, NC)» F(NM, ND)
c AP(NC,NC)» GP(NCYNC)
c AG(NDyND), GG(NDs 1)
c ARCNCLU,HCBU)»  BB(NDU»NC)» CC(NM, NCDY)
c
10 NV = NRUC
NC = NBC
ND = NDC
NM = NCR
NDU = NU + ND
MCDU = NU + ND + NC
c
c ____________________ -
Coes INCLUDE PILOT MODEL IN ANALYSIS - NP = NC *
Crna IGNORE PILOT IN AMALYSIS - NP=20 t
c _______________________ -
c
P = NC
NPDU = NU + ND + NP
c
c====ﬂ=============:===: ————————————————————— === 1
C )
c THIS ScCTION OF THE PROGRAM IS PROBLEM DEPENDENT 1
Crl2IP22722027227277777 7202222077727 702002077 77777777772777770
c IT IS DUE TO THE CHOICE OF USING PLUNGE L
c ACCELERATION AS A SYSTEM OUTPUT UARIABLE L)
G e e e ——— —
C
Crmmmemmmemm e e e —————
C:s:i: FORM UECTOR-X FGR i1Z EQUATION 3332
Cmnm- e ————————— e e e a e
c

00 13 I=1,NV
13 X(1,I) = 0.0

X(1,1) = -UZERQ/GRAV
X(1,2) = LX/GRAV
X(1,4) = U2ERQ/GRAV
X(1:9) = -PHI(1)/GRAV
X(1.10) = ~-PHI(2)/GRAV
X(1,11) = -PHI(3)/GRAV
X(1,12) = -PHI(4)/CRAV

c

sttt COMPLETE C MATRIX HITH N2 EQUATION 3233

- L e T L e e ]

c
c
¢
c CALL FORMNZC(AUsBsCo Dy Eo Fo MU i1Xs NY, N2y Xo CNMy ENM. FNM)
C

PlIIPIEV P77 7707877772777 8 7777777777770 77707770 277777777



206

OUTPUT SYSTEM MARTRICES :::::

00000
(1]
b

CaLL
CALL
cAaLL
cAaLL
cALL
CAaLL

MPRINT (NH, AU, NU. NU» 65 6s NAMEAU, 1)
HMPRINT (MY, AG» ND» ND» MD» 6, NAMEARG, 1)
MPRINT (MW, By NU,NC» NC,»G» NAMEB» 1)
MPRINT(NZ.CsNM,NUy 6y 65 NAMEC, 1°
MPRINT (Nido Dy NU» ND+ MDD 60 NAMEDS 1)
MPRINT (N2, E, NMs NC» NC» 65 NAMEE, 1)

CALL MPRINT(NZsFsNMeND»ND» 6 NAMEF, 1)
IF (NP.EQ.0) GO TO 14
cALl. MPRINT(NX» APy MCy» NCyNCy6s NAMEAP, 1)
14 CONTINUE
c
c - ——
C::t:t FORM SCALING MATRIX ::::2
c ——— ————— —
C
c .......
c THE T MATRIX IS PROBLEM DEPENDENT
(WO IO RO R d R dd i idddd st ddddddddddd
C PR,
Cuun THE ACTUAL SCALING MATRIX, T, IS PROBLEM DEPENDENT
Cuan BUT THE SCALING PROCESS IS ALWAYS RECOMMENDED
c
Ce=#» NUMBER OF RIGID BODY STATES
C
NRB = NV ~ 2.0 = NSM
C
c
Ceaw [N THZS CASE, THE SCALING MATRIX, T, 1S BASED ON MODE SLOPES
C
c (1.0 ]
c ( 1.0 )
c ( | P4V ]
c { 1.0 ]
(o C Y7%(1) ]
c C YrX(2) ]
c T = DIAGC Y7%(3) }
c { Y7X(4) ]
C { Y7X(1) ]
c 4 Y/7%X(2) i
c ( Y/%X(3) )|
g C Y/X(4) )
(o ~ WHERE ‘Y/X(1) IS THE MODE SLL’E ASSOCIATED WITH
E THE ITH MODE OF THE STRUCTURE
g -AND-
C - WHERE U IS SOME CHARACTERISTIC VELOCITY
g ¢ IN THIS CASE U = UZERQ )
c- -
c
DO 1S I=1,NVU
DO 16 J=1,NV

16

TC(IJ) = 0.0
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15 T I = 1.0
T¢(3,3) = 1.0 7 UZEROQ
DO 17 I=1,NSM
TC(I+NRB, I+NRB) = PHIP(I)
17 TCI+NRB+NSH, I+NRB+NSM) = PHIP(I)

c
Cr22277272272727777777777277 7777727820070 7777727/ 7/7727777/77777

::: SCALE VEHICLE SYSTEH STRTES R

CALL SCALE(AU, B:Cs D» NUs NX, MY+ N2> T» TINVS AS» BS» €S, DBS)

$:3  CUTPJUT SCALED MATRICES :::::

CALL MPRINT(NW,T,NU,NU, 6,6, *SCALING#, 1)

CAILL MPRINY (N, AU NU» NU» 6+ 6+ #AU- SCALED#, 1)
CALL MPRINT(NW» Bs NUs NCs NC) 6+ #B-SCALED#) 1)
CALL MPRINT(NZ,C,NMsNU,» 6,6, #C~-SCALED#, 1)
CALL MPRINT(NW, D, NV, ND» 646+ #D-SCALED>, §)

0O aaoaan aoaon

C
C
Citst: SET UP TEST ARRAY :::2
C
c

C#ws NR = THE NUMBER OF RETAINED STATES
E... NT = THE NUMBER OF TRUNCATED STATES

MR = 12

c NT = NU - MR

g--- INITIALIZE THE TEST ARRAY TO .TRUE.-
DO 29 I=1,MV

23 TEST(I)= .TRUE.
IF (NT.EQ.0) GO TO 42

c
Cess IF TEST(I) = .FALSE, THE ITH STATE IS
Consn TRUNCATED 1IN THE RESIDUALIZATION

c
TEST(6)= .FALSE.
TEST(?)= .FALSE.
TEST(8)= .FALSE.
TEST(10)= ,FALSE.
TEST(11)= .FALSE.
c TEST(12)= .FALSE.
c

E::::t APPLY STATE MODEL RESIDUALIZATION 1:::33

CﬂLL SORT(AV» B, Cs Ds ARs ART»ATRs A BRy BT, DRy DT+ CR,CT» TZST,
NK MXo NY o NZo NR)NT)
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OR:GINAL PAGE |
OF POOR QuALITY

C
Crrsrrrss7777 OUTPUT PARTITIONED MATRICES
CALL
CALL

B L b

MPRINT (NU, AR, NR» NR» NRy 6, #QR#s +1)
MPRINT(NU: ART . NR«NTs NT,» 5o ZART %, +1)

CALL
CALL

MPRINT (MUWs ATR. NT, NR» NRs 69 ZATR#, +1)
MPRINT(NU» AT, NT. NT.NT, 6, 2AT#, +1)

CALL MPRINT(NW,BR,NRs» NC»NC,6» 2BR#, +1)
CALL MPRINT(NU» BT, NT,NCsNC, 6, *BT#, +1)
CALL MPRINT (MW, DR, NR,» ND,ND, G, #DR#, +1)
CALL MPRINMT(NW. DT, NT,»ND,ND, 6, 20T%, +1)
CALL MPRINT(NZ»CR» MMy MRy NRsEs 2CR.€» +1)
CALL MPRINT(NZ,CT,NM.NT-,HT,»6,2CT%,+1)
C
CALL. HRR(AR,ART.ATR, AT, BR, BT, DRy DT»CR, CT+ E»F» AM» Bis CMs DMy EMs FM,
» NHs NX, MY N2, NRyNT, A3, B3,C3,D3,E3,F3,ATI)
C
GO 10 41
c
Cwee IF NO TRUNCATION SET THE VEHICLE MATRICES TO THE MODIFIED MATRICES
Cc
42 CALL MEG(AU: M, NU. NU, NH, M)
CALL MEG(B» BMs NUs» NCy MU NJD
CALL MEQ(C,»CM, MMy NU,NZ,N2)
CALL MEQ(D, DM« NU» ND, NHs M)
CALL MEQCE, EMyNMsNC)»NZr»N2Z)
CALL MEQ(F,FM»NM» ND, N2, N2)
c
41 CONTINUE
c
Cews RESET NU SO THAT THE VEHICLE MODEL IS
Cwee REPRESENTED BY THE SMALLER. RESIDUALIZED MUDEL
C
NV = NR
NOU = ND + N
NPDVU = NP + ND + NV
C
C-_ - -
C:::3: FORM AUGHMENTED WHITE NOISE MATRICES 32322
C
C (o0 1 C GP 1]
c GGA = ([ GG ] GPA = (0 ]
c (o 1 co )
C
c IF NP = 03
»
C
C GGA = [ GG ) GPA = [ 0]
c (o 1]
g — —
c CALL FORMGA(GG, GP» NLIXY, NX, NY» CCA. GPA)
c - -—
Citi33 OUTPUT NOISE MATRICES 833t
E ............... - —
CALL FPRINT(NLYs GGRs NPDVs 1+ 1464 NAMEGG, 1)
IF (1P.EQ.0) GO TO 39
CALL MPRINT(NUXY.GPA POV NCs HC» 6+ MAMEGP. 1)
39 CONTINUE
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c
c
c_
C:e22: FORM AUGHMENTED SYSTEM MATRIX 3:t:2:
c ——— . . o o~ - — — -——
c
c (APt 0 70 1
c AA=(0 TAGTO ]
c (B D tAV]
C
C IFNP =03
c
c MAM=0AGT 0 )
c (D TAV 1
c
c ________________________________________
c
CALL FORMRACAM: AG,» APy BM» DM, AAL NHy NXs NY s NUXY)
c

Crrrrzr277 QUTPUT MATRIX AA —aanaasmananaa
CALL MPRINT(NWXY,AA, NPDU, NPDU, 8+ 6. A, 1)

IF (FP.HE.Q) GO TO i8

C
c _______________________________________
Creii: FORM AUGHMENTED B MATRIX ete:
c _____________________________________
g GNLY (F NP = 0 3
c E3 =001
c (B
C
c - - -
C
CALL FORMBB(BM. EB» NW, NX. NUY)
c
Crrzzsr7r7777 QUTPUT MATRIK BB ~aaaaaana
c CARLL “PRINT (MNy!Xy BBoNDU, NCy 6265 #23BA, 1)
c _____ ———
Cizits  FORNM RULNENTEU C MATRIX ::3:2
c .........................................
C
E ={ETF1TC]
E IF NP =20
(o CC={F*tC)
c
c - -
o
éa CALL FORNCC(CM-EMs FMs CCyoNWs NS NY» N2, NWIXY)

Crrrrrs777 QUTPUT HATRIX CC ammmmamoaiam
CALL MPRINT(NZ,CCs Ny NPNUs S, 15, 41:C20 1)

c -—- ——— _—
c

3283t DETERMINE E UnLUES AND E-UECTORS OF MATRIX AA  ‘*:tse

Cesws  THIS SUBROUTIHE USES GEIGEN WHICH OUTRUIS THE [ -us g
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CALL MOCAL(AA,EIG,EE, EI» NWXY)

Crrrrrsrzzz QUTTUT E-UECTOR MATRIX A~aaananmans
CALL CMPRNT (NWXY.EE,NPDU,NPDU, 6,6, 2EE#, 1)

DETERMINE CONTROLABILITY, DISTURBABILITY AND
OBSERUABILITY MATRICES

CCN = MINU «» B
DIST = MINU » D
CBS =C = M
-HHERE M = MODAL MATRIX

IF (NP.EQ.0) GO TO 21

¢ CALL WORK(GPA.CC» GGA, EEs E T, X, 1Y+ NZs NUXY, CON, OBS, DIST)
GO TO 22

Sl CALL HORK (BB, CCy»CCAs EE, ET» NX, Ny M2y HHXY, CONy OBS, DIST)

22 CCHMTINUE

E//////////// OUTPUT CONs DISTy 0OBS MATRICES ana~nn-m-nnan

DATA 1CNAME/» CONTROL#. 2ABILITY 2/

DATA IDNAME/ DISTURB=, xABILITY #®s

DATA IOMAME/Z» OBSERVAZ, 2BILITY 2/

CALL CHMPRNT(HWXY,CON, MPDU.NC, 6,6, 2CONZ, 1)

CALL PHAG(CHM, NHXY, 1PDU, HC» ICHAME, AMNASE, MATOUT s NWXY)
CALL CHPRNT(NWXY.DIST,NPDU, 1,6.6,#DIST#, 1)

CALL PHAG(DIST, NUXY, HPDU, 1y IDNAME, AMASE s MATOUT » NHX'?)
CALL CHMPRNT(NZ, 0BS,. M. MPDU, 6. 6- #0BS ¢, 1)

CALL PHAG((OBS»NZ, NM, HPDUs IONAHE . AMAST, MATOUT, N2)

c

L e e e e e ————

Ciiii: DETERMINE MODAL IMPULSE AND STEP RESIDUE MATRICES :::::

c _______________________________________________________________

C

C RESMAT = OBS > ¢ COH (OR DIST)

C

(ot L T L LT TR

C
WRITE(5,601)

GO1 FORMAT (/775 10Xy ARCaBnannantionicssnnasrnsunsivnasnnnenyd, /,
~ 10X, xwe RCSIDUE MAIRICES ek, /,
A JOX XU NB NN R NG NOORNC NI NERN IR NEROIRRNINNONNR, /,
~ 10X, 2@ en kCQWS CORRFSPUNN /] MODES enz,/,
- 10X, #wee COLUNNS COPRESFOND TO QUTPUTS wwex,/,
~ lox. ‘Ii...!.l‘l..........IIO'IIDI.I...‘lIl.ﬁ)

c

Cous 1 = $} OF HHITE NOISE CONTROL INPUTS

DO 19 I=1,NC
CALL RESID(CON.G35, N2, NXs NUXY, IMPHAT, 1)

O
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C
Cszrs77 QUTPUT IMPULSE RESIDUE MATRIX —~~vem

c
HRITE(B,B02) 1

602 FORMAT (/' SX» =~ %o /o
- SXe2  IMPULSE RESIDUT MATRIX FOR CONTROL - ®=,13.-,
-~ SXon o
CALL CMPRNT (NUXY, IMPMAT, N°DU. NM, By 6y #C-IMP RES 2, 1)
DATA ITITLE = CONTROL=.# RESIDUE =~
CALL PHAGCIMPMAT . NUXY, NPT, NM, ITITLE . AMASE » MATOUT, NUIXY)

C
CALL STEP(IMPMAT, EIG. NUXY,NZ,STPMAT.EICMAT.EINU)

c

Crrrsrr QUTPUT STEP RESIDUE HATRIX —=-imem

C
HRITE(G,604) ]

604 FORMART (/774 SXs 2 "y /0
-~ SXe# STEP RLCSIDUE MATRIX FOR COMTROL - #,13./,
- SX, - m—————g, /)

CALL CMPRNT (MUXY. STPMAT, NPDU, NM. 6,6, #C~STP RES #,1)
CALL PHAGISIAMAT . NUXY. NPDU, NM, ITITLE, AMASE, MATOUT . NWXY)
18 CONTIMIE
Cese I = + OF WHITE NOISE DISTURBAMNCES
I =1
CALL RESID(DIST, OBS. N2, NY, NUXY. IMPMAT. 1)
Csss77 OUTPUT IMPULSE RESIDUE MATRIX —eema
¢ WRITE(S,603) I

603  FORMAT(///,5X, #—~ #”,
- s 79 SXy2  IMPULSE PESIDUE MATRIX FCRP DISTURBANCE - #,13...
- SXy ft~=m-- - /)
o
CALL CMPRNT (MWXY, IMPMAT, HPDU, MM, 5, 6 #D-IMP RES 2, 1)
C
DATA JTITLE/#DISTURBANCY,®E RESTNUE 2~
CALL PHAGCIMPMAT « NUIXY, HPDU MM, JTITLE . AMASE . MATOUT. MUXY )
Cc
CALL STEP(IMFAAT,EIC, NUXY. N2, STTMAT.EICMAT. [ TNU)
C
Crszz7 QUTPUT STEP RESIDUE MATRIX wenwe
(o
URITE(E.505) 1
60T FORMARYC(///.5%, » e e ”, 7,
- SXe® STEP RESIUDUE MATRIX FOR DISTUCRANTE - 2,13, 7
- 37 OF TSt - i ey )

CALL CHPRNMT(MUXY,.STPMAT.MPIU, NM. 6.6, #D-STP PES #,1)
CALL PHAG(STPMAT, NUXY, NPDU, T, JTITLE, AMASE . M&T . Mu¥y)
REWIND 1
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END

302



303

Crssss?tEsteessessssstisssaaeszaaesesraazasssstsstsses
c SUBROUTINE FORMAA

BT DT AV

- FROM THE MATRICES AP, AG,» AU, B AND D
I[F vP = NC

AND £ AUGMENTED MATRIX -

PA =L AC T 0]

{
{ Dt AU]
- FROM THE MATRICES AGs» AU AND D IF NP = 0

CALL STATEMENT ARGUMENTS -

AU ¢ NU X NU MATRIX OF ROW DIMEMSION NH
AG ¢ NMD X MD MATRIX UF RPOW DIMENSION NY
AP @ NC < HC MATRIX OF ROW DIMENSION NX
B : NU X NC MATRIX OF ROW DIMENSION MW
D : NU X ND MATRIX GOF RPOW DIMENSION NU

- s o v - 8 - > o s = = 4 S P 4l o Lt o e . - 2 = -

e ixlziziziaisisisisizisinizinizizsisisisiininizsininsizininiy)

SUBRQUTINE FORMAR(CAU,AG, AP, B, Dy AR MW, NXs MY HUXY)
DIMENSION  AUNH.NW) e AGUNY Y AP (NX. HA)
DIMENSION  B(NH,HNX), NDINHLNY ), AACHWAY s NHXY)

COMMON ~#DIM/ NV, NC,» ND, NM, NP
NPDY = NU + ND + NP
INITIALIZE MATRIX AR TO ZERO
DO 10 I=1,NPDV
DQ 20 J=1,NPDV

ao nﬂ(llJ) = 000
10 CONT [NUE

nOon O o

c
IF (NP.EQ.D) GO TO 3S
c
c FORM UPPER LEFT PARTITION OF MATRIX PA IF NP = NC
C
DO 30 I=l.NP
LG 40 J=1.NP

40 AACLI D) = AP, J)
30 CONTINUE

C FORM LUNER LEFT PARTITION OF MATRIX AR IF NP = NC
DO SO I=1,MJ

AR @ NCDU X NCDU MATRIX OF ROW DIMENSIOM NKXY
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-

100
20

aonon

120
110

304

ng 60 J=1,NC
AACT+NP+ND, J) = B(I,J)
CONTINUE

FCRM CENTER PARTITIION OF MATRIX AR IF NP = NC,

OR THE UPPER RIGHT PARTITICON OF MATRIX AA IF NP = 0

D0 70 I=1,ND

Do 80 J=1,ND
ARCT+NP, JENP) = AG(ILJ)
CONTINUE

FORM LOWMER RIGHT PARTITION OF MATRIX AA

DO S0 I=1,HV

00 100 J=1,NV
ARCTHNP+ND, JHNP+ND) = AU J)
CONTINUE

FORM LOWER CENTER PARTITION OF MATRIX AR IF NP
CR THE LOWER LEFT PARTITION OF MATRIX AR IF NP

DO 110 I=1,NV

DO 120 J=1,ND
AACI~MHP+NDs J*NP) = D(1»J)
CONTINUE

RETURN
END

NC
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THIS SUBROUTINE FORMS THE AUGHENTED MATRIX -~
BB=1(01
{B1

= FRCM THE MATRIX B AND THE 2ERO PARTITION
HAS ND ROWS

- ——— =t e e e e

CALL STATEMENT ARGUMENTS -~

B : NU X NC MATRIX OF ROW DIMENSION NW
BB : NDU X NC MATRIX OF ROH DINENSION NWY
NX ¢ COLUMN DIMENSION CF MATRICES B ANC BB

a0
10

40
30

SUBROUTINE FQORMBB(B» BB» NH. NX, NHY)
LCINENSION B(HW,NX)»  BB(MHY, NX)

COMMON ~DIM/ NU, NC, NDs» NM» NP
NCU = NU + ND
INITIALIZE MATRIX BB TO ZERQ
DO 10 I=1,NDV
DO 20 J=1.NC

BB(I.J) = 0.0

CONTINUE

. FORM LOWER PARTITION OF MATRIX BB
DO 30 I=1,NW
DO 40 J=1,NC

BBC(I+ND.J) = B(I,J)

CONTINUE

RETURN
END

-



o
o
.
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THIS SUBROUTINE FORMS THE MATRIX -
cC=({ETFTC)]
- FROM THE NARTRICES C» E AND F

CALL STATEMENT ARGCUMENTS -

C : NM X NU MATRIX OF ROW DIMENSION N2

E : HM X NHC MATRIX OF ROW DIMEMNSION N2

F o N1 X ND MATRIX OF ROY DIMENSION N2

CC : HM X NCDU MATRIK OF RUW DIMENSIUN NHXY
MW @ COLuMM RIMENSTION C© MATRIX C

NX ¢ COLumMN DIMENSION OF MATRIX E

Ny : COLUMN DIMENSION OF MATRIX F

|
i

e Ixlzizizizizizizizizizisinixizisinizizigieinly]

SUBROUTINE FORMCC(CyEsF s CC» HHs N N'YY N2y NUXY)
DIMENSION CONZ.MH)s  E(NZoHX)e  FINZINY)s  CGUNZs NHXY)

COMMON ~DIM/ MU, NC» NDs NMs NP
NPDU = NU + ND + NP
INITIALIZE MATRIX CC TO Z2ERQ
LO 10 I=1.NM
L0 20 J=1,NPDV

20 CC(I,J) = 0.0
10 CONTINUE

OO0 O 0

c
IF (NP.EQ.0) GO TO 25
C
r FORM LEFT PARTITION OF MATRIX CC IF NP = NC
c
DO 30 I=1,NM
D0 40 J=1,NC

40 CCUIv ) = E(I,J)
30 CONTINUE

c

c FORM CENTER PARTITION OF MATRIX CC IF NP = NC
c OR FORM LEFT PARTITION OF MATRIX CC IF NP = 0
C

as D3 SO0 I=1,NM

DO 60 J=1,ND
60 CC(I.J*NP) = F(I,J)
S0 CONTINUE

C
c FORM RICHT PARTITION (V" MATRIX CC
c

DG 70 I=1.,NM

DO 80 J=L,NU

80 CCCI,J+HP+ND) = C(I,J)
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70 CONTINUE

RETURN
END
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t 01 [
GGA = [ GG 1 3 GPA = (
t 01 C

- FROM THE MATRICES CG AND GP
IF NP = 0, WHERE THE LOUER
ZERG PARTITIONS HAUE U ROWS
AND THE OTHER ZERO PARTITIONS
ARE COMPATABLE WITH THE
CORRESPONDING POPULATED PARTITICNS

AND, THE MATRIX -
GGA = { GG 1
C 01

~ IF NP = NC, WHEKRE THE LOWER
Z2ERQ PALTITICN HAS NU ROWS

- g e e e o s o B . o o o o W = = il o o o i 5 N o S o n e T i .

CALL STATEMENT ARGUMENTS -

GG : ND X 1 MATRIX OF ROW DIMENSION NY

GP ¢ NC X NC MATRIX OF ROW DIMENSION N

CGA ¢ NPDU X 1 MATRIX OF ROW DIMENSION
(IF NP = 0; NPDU = ND + NV

IF NP = NC: NPDU = NP + ND + NV

GPA : NPDU X NV MATRIX OF ROW DIMENSION

et - ———

SUBROUTINE FORMGA(GG,GP, NUXY, NX, NY, GGRs GPA)
DIMENSION GGCHY,1)s GP(NX.NX)s GGACNWXY» 1),

COMMON/DIM/  NUs NC» MDs NMs NP
NPDU = NP + ND + NV
INITIALIZE MATRICES GGA AND GPA TO Z2ERO

DO 1| I=1.NPDV
GGA(I.1) = 0.0

D0 2 J=1,NC
GPA(I,J) = 0.0
CONTINUE

FORM UPPER PARTITICo OF MATRIX CGA IF NP = 0

X
NHXY

)
NWXY

GPA(NUXY, NX)

OF FORit CENTER PARVITION OF MATRIX GGA IF P = NC

D0 3 K=1,ND
GGA(K+NP) = GG(K)

IF (NP.EQ.O0) RETURN
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FORHM UPPER PARTITION OF MATRIX GPA

DO 4 L=1,NC

DO S M=1,NC
GPA(LM) = GP(L,M)
CONTINUE
RETURN
END

Wt et
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THIS SUBROUTINE DETERMINES THE ROW OF ELEMENYS
OF THE MATRICES C» € AND F WHICH CORRESPOND
TO TERMS OF AN OUTPUT EQUATION WHICH DESCRIBES
AN CUTPUT UARIABLE WHICH IS PROPORTIONAL TO
THE FIRST DERIVATIVE OF THE STATES. WHERE-

Y =CX + EU + FU,

THE ROW HiiICH CORREZSPONDS TO THE THIS RESPONSE
IS ASSUMED TQ BE THE LAST ROKW OF THE MATRICES.

THE QPERATION OF DETERMINING THE X-DOT
PROPGRTIONAL ELEMENTS CONSISTS

OF EXTRACTING CERTAIN ELEMENTS OF THE MATRICES fi»
B AND D HHICH APPEAR IN THE OUTPUT EQUATION.

IN THE SPECIFIC PROBLEM DONE IN THIS STUDY,

THE X~DOT PROPORTIONAL OUTPUT IS PLUNGE ACCELERATION.
THE ACTUAL N2 EQUATION CAN BE FOUND IN THE TEXT
DESCRIBING THIS SUBROUTINE.

CALL STATEMENT ARGUMENTS -

NU X NU MATRIX OF ROH DIMENSION NW

NU X NC MATRIX OF 20W DIMENSION NW

NIt X NU MATRIX UF ROW DIMENSION NZ

NU X ND MATRIX OF ROW DIMENSION NM

N X NC MATRIX OF ROW DIMENSION NZ

N X ND MATRIX OF ROW DIMENSION N2
COLUMN DIMENSION OF MATRICES B AND E
COLUMN DIMENSION OF MATRICES D AND F

1 X N TRANSFORMATION ROMW UECTOR OF
COLUNN DIMENSION MW

1 X NM UTILITY ROW VECTOR OF N2 ELEMENTS
FOR THE MATRIX C OF COLUMN DIMENSION MW
1 X NC UTILITY ROW VECTOR OF NZ ELEMENTS
FOR THE MATRIX E OF COLUMN DIMENSION NX
1 X ND UTIt "TY ROW VECTOR OF HZ ELEMENTS
FOR THE M. RIX F OF COLUMN DIMENSION NY

NY

ZTMAMoO= D
X
e 90 00 5@ 20 55 OF e PE

ChM:
ENM:
FNM:

nnnnnnnnnnnnnnnnnnnnnnr‘)nnnnnnnnnnnnnnnnnnnnnn

SUBROUTINE FORMNZ (A B Cs Dy EsFoNide NX» NY, N2. X0 CNMs ENMo FNM)

DIMENSION A(NH.NH),
DIMENSION D(HH, NY),
DIMENSIGN XC(1,MH),

COiMMON ~DIM/ NU. NC.

B(NW.NX),
E(NZ,NX)»
CHMCLoNHD

ND. NMs NP

C(NZy) NU)
F(NZ, NY)
EHMCL.NX) e FNMCLLNY)

OoonOnNoOo O

SUBROUTINE MULT C A+ Bs ABs Lo Mo N» NAs NB. NAB )

COMPUTES THE MATRIX PRODUCT: AB = A » B
At L XM HATRIX WITH ROW DIMENSION NA
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THIS SUBROUTINE DETERMI
MODAL MATRIX AND INUERS
GENERAL MATRIX.

m2z

i
]

CALL STATEMENT ARGUMENTS -

AR : NPDU X MPDU MATRIX OR RGH DIMENSION NWHXY
EIG : NPDU UVECTOR OF EIGEMVALULES OF MATRIX AR OF
DIMEMSION NWXY
cE ¢ NPBU X NPDU MATRIX GF EIGENUECTORS OF RA
CF ROW DIMENSION NWXY
El NPDU X NPDU MATRIX INVERSE OF EE OF ROW
DIMENSION NHXY

nnnnnnnnnnnnnnnnnnnpnq

SUBROUTINE MODAL(AAEIG,EE,ET»NUXY)

DIMENSION  AARCNHXY, NUXY), HK(1000)

COMPLEX EIG(MNHXY), EECNHXYs NHXY)»  ET(NHXY, NHXY)
CCMMON ~DIMs NU, NC, ND, NM, NP

NPDVU = MU + NP + ND

NOOOOOOOOOOOOOOOOOONO0O0O0NOOOHO0O0 O O

SUBROUTINE GEIGEN ( MNA, AR, Ns» JOB, WK, KPR, FROM,»
EIG» NE, EEs EI,» NAME )

COMPUTES EIGENUALUES AND. OPTIONALLYs MODAL. MATRIX OR
NORMALIZED MODAL MATRIX AND INUVERSE MODAL MATRIX OF A
REAL GENERAL MATRIX

INPUT ARGUMENTS-
AA(NsN): REAL GENERAL MATRIX WITH ROW
DIMENSION NA
N ¢ ORDER OF AR
Jos 0°TIOH CONTROL
EIGENUALUES ONLY
EIGENVALUES AND MODAL MATRIX
ETCENUALUES, MUDAL MATRIX AMND
INVERSE MODAL NMATRIX
$ SAME AS | WITH NURMALIZED
MODAL MATRIX
= 4 ¢ SAME AS 2 WITH NORMALIZED
rMODAL MATRIX

HK * REAL WORK VECTOR OF LENGTH GRERTER

THAN 2#N#N + 3uN
KPR ¢ PRINT CCHTROL

= 0 ¢ PRINT NOTHING

= 1 : PRINT EIGENVALUES
PRINT EVER'YTHING
FROM 2 10 CHARACTER NAME OF CALLING PROGRAM

uoh
o oo

1
2
3

*o o0 oo

[PPSR
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ROW DIMENSIONS
10-CHARACTER NAME FOR MATRIX AA

COMPLEX UECTOR OF EIGEMUALUES OF AA
MODAL MATRIX WITH ROW DIMENSION NE
EE INVERSE WITH ROW DIMENSION NE

- —

CALL GEIGENCNHXYs AA: NFDU, 4, HK, 1y #MODAL#, EIGs NKXYs EEs EL» £R-ALUCK)

c NA, NE
g NAME ¢
c OUTPUT ARGUMENTS-
C EIG(N)

c EE(N,N)
C EL(N.N)

c

c..—.. ——

C

c

RETURN
E€ND
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SUBROUTINE PHAG
THIS ROUTINE CALCULATES AND PRINTS COMPLEX MATRICES
IN MAGNITUDE AND PHASE FORM.

[g] n?nnnnnnnnnnnnnnnnnnnn
13
[]
[}

(elglisinisigisizigisisizizizie]

aon 0000

ono

CALL STATEMENT ARGUMENTS -

ARRAY ¢ N X M COMPLEX MATRIX OF RON DIMENSION MNROW
ITITLE : TWO HCRD LENGTH LITERAL IRPAY CONTAINING THE
NAME OF ARRRY IN THE MAIN PROGRAM
AMASE ¢ NRA X 2 ARRAY CONTAINING THE MAGHITUDE AND
PHASE FORM OF 7HE ELEMENTS OF THE COLUMNS OF ARRAY
MATOQUT : N X M CCGHPLEX MATRIX OF RCW DIMENSIGN MNRA
CSNTRINS ARRAY TRANSFORMED INTO MNCHITULE AND PHASE
FORM

SUBROUTINE FHAG (ARRAY,NROW»NsHs ITITLE, AMASE, HATOUT, NRA)

COMPLEX ARRAY(NROHW,M)» MATOUT(NRA, M)
BIMENSION AMASE(HRAL2)» ITITLE(2)

NROHW
NRA

ROH DIMENSION OF THE INCOMING MATRIX
ROH DIMENSION OF THE DUTPUT MATRIX

PRINT HEADER FOR QUTPUT MATRIX
BOTH WORDS OF ITITLE CAN BE SET IN A DATA STATEMENT OR
INDIVIDUALLY USING DIRECT ASSIGNMENT.

1.€. ITITLE(1)=10HCONTROLLAB

NO ERRORS HILL BE FLAGGED IF ITITLE IS PASSED AS A SINGLE UARTABLE:
HOKEVER, THE REMAINING WORD HILL EE PRINTED AS UMK CHARACTERS IN
THE HERDER.

HRITE(6,100)
HRITE(B, L10) ITITLE,NsM
HRITE(6, 120)

PHAG LOOPS THROUCH ARRAY COLUMN BY COLUMN CONUVERTING
EACH ELEMENT IMNTO MAGNITUDE AND PHASE FORM.

DO 10 JP=1,H
REINITIALIZE AMASE

DO 1 KP=1,N
AMASE(KP, 1)=0.0
AMASE (KP,2)=0.0
CONTINUE

D0 S IP=1,N

SEPARATE REAL AND IMAGINARY PARTS OF COMPLEX NUMBERS
REAL AND AIMAG ARE ANST STANDARD FORTRAN FUNCTIONS
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TERM1=REARL (ARRAY (1P, JP))
TERM2=AIMAG(ARRAY (1P, JP))
AMASE (1P, 1 )=50RT(TERH1 a2+ TERM2#»2)
IF(ABS(TERML).LT.1.0E-15) TERM1=1.0E-1S

ATAN2 RETURNS ARGUMENT IN RADIANS ( —PI ¢ THETA < P1 )
AMASE (1P, 2)=ATAN2( TERM2, TERM1)

CONUVERSION TO DEGREES
AMASE(IP, 2)=57.29578*AMASE(IP,2)

LOAD INTO OUTPUT MATRIX

CMPLX IS ANST STANDARD REAL 70O COMPLEX COMNUVERSION
MATCUT (1P, JP)=CMPLX(AMASE(IP,1)» AMASEC(IP,2))

S CONTINUE
10 CONTINUE

USE COMPLEX MATRIX QUTPUT ROUTINE TO PRINT MATOUT
HEADER PRINTING SUPRESSED (LPRINT= -1)

CALL CHPRNT (MRA, MATOUT,N, M, 6,6+ #20UTPUTR, ~1)

190 FORHAT(//2777519%,50(#-%))
110 FORMAT(LOX,2A10,2 MATRIX (#,[2s# BY #,12.,2) #,/»

> 15X, 20UTPUT FORM: ( MAGNITUDE ,» P sASE(DEG.) )#)
120 FORMAT(10X,50(=-2))

RETURN

END
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THIS SUBROUTINE DETERMINES THE OUTTER PRODUCT

OF THE MATRIX OBS ANDM A COLUMN OF THE HATRIX CON.
THIS MATRIX RESIAT . PRESENTS AN IMPULSE RESIDUE
MATRIX.

THE ELEMENTS OF THE RESMAT MATRIX ARE WRITTEN TO A TAPE
SO THAT PO3T EXECUTION ANALYSIS CAN BE PEPFORMED. SOME
EXAMPLES OF THIS MICHT BE NHIRMALIZATION OR REURDERING
OF THE RESIDUES ASSCCIATED WITH FARTICULAR MCDES.

s e . et e o B D P i WD e T A g o o | A > P "~ o W o b e o A e o o S A B e

© v

[einlieisinizsisizisisizizinizisinisisisinizinisisininlsnl

CALL STARTEMENT

ARGUMENTS -

con ¢ NPDU X HC MATRIX OF ROW DIMENSION HUXY
0BS PN X HPDU CIRTRIX OF ROY DINENSION N2
NX : COLUNMN DIMCHSION OF MATRIX CON
RESMAT : MATRIX FORMED FROM OQUTER PRODUCTY OF
0BS ANO A CULUMN QF CON
I ¢ COLUMN OF CON USED IN DETERMINING RESMAT

4t . T @ D > O - —— - = > S > S o 4 R e % e i S o = A P o e s e 42 S O, o

SUBRQUTINE RESID(CON, GBS, NZs NX» NHXY s RESMAT, 1)
COMPLEX  CON(IUIXY NX)y  OBS(NZ,NUXY),  RESHAT(NUXY.N2)

Cc
coMMoM #DIMs NV, NCy» ND, NM, NP
NPOU = NP + NDU + NU
(o
DO 10 J=1{,NM
DO z0 K=1,NPDV
RESMATI(K s J) = OBS(JWK) = CONC(K, 1)
20 HRITE(1,100) RESMAT(K.J)
100 FORMAT(2F10.9)
10 CONT [HHUE
RETURN
END

po e
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R R R R R R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R AR R R R R 2 )
SUBROUTINE SCALE
ssrdErosisrsoassasIosrIsuIsralIsIIISIIGIOTIALIILILIILIILLIISSILIILILIILILIL
THIS SUBROUTINE SCALES THE MATRICES A, B, C AND D WITH
A DIAGONAL MATRIX T. THIS PROCEDURE IS ANALOCOUS TO

A CHANGE OF UARIABLE TRANSFORHATION.

X-DOT = AX + BU + DW
Y =CX +EU+FU

APPLY TRANSFORHATION X =712

=007 = (TINU®A=T)IZ + (TINU*BIU + (TINUSDIH
¥ = (CoT)X + EU + FH

sinizizizinizisinizinizsisinlnlininly]

SUBROUTINE SCALE (A, BsC»Ds MUy NX. NY+NZ. T4 T1HUS AS. BS» CS, DS)
DIMENSION  ACNH, NW), B(NUNX) C(NZ.NH)» DCGHHLNY)
DIMENSION  AS(NH.NW)s  BS(NH,.HNX), CS(N2,NW)»  DS(MHL NY)
DIMENSION  T(HW,NH), TINU(HH, NH) s HRK(S500)

COMMON /DIM/ MU NCs ND, NM» NP

- o o . - . —— - > Y - Y D

SUBRCUTINE RINJ C TT, TI, HKe NRe N )
CORPUTES THE INVERSE OF A REAL MATRIX

INPUT ARGUMENTS-
TT(M.N) ¢ REAL MATRIX WITH ROW DIMENSION MR
WK : REAL HORK VECTOR WITH LENGTH
GREATER THAN NeN+2wN
NR : ROW DIMENSIOM

OUTPUT ARGUMENTS~
TI(N:N3 3 INUERSE OF TT HITH ROM DIMENSION MR

... -—— - e - s " —— 2 A O = -

FORM INUERSE OF SCALING MATRIX T
CALL RTNHUCT, TINU, LURK. NU. M)

:
i
4
1
{
!
]
'
'
i
]
(
]
i
I
[

- - ot e gy o, T g D ¢ S e e W W e

SUBROUTINE MP3 ( NA, AR, A, NB. BR, Bs NC, CR, CCs Co NPy P )
COMPUTE THE MATRIX PRODUCT: P = ReBeC

AR X BR REAL MATRIXK WITH &OW DIMENSION MNA
BR o CR REAL MATRIX WITH ROW DIMENSINN NB
CR X CC REAL MATRIX HITH ROW CIMENSION NG
AR X CC REAL MATRIX WITH ROW DIHENSICN NP

VOSD
e 88 89 &0

P el o - . - e = Y "D =
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FORM SCALED DYNANIC MATRIX AS
CALL MP3(NK, MU, To NH» NU» A NHo NV, N, TINU, NUL RS)

SUBROUTINF MEQ ( AIN, AOUT, NR,» NC, HRI, NRO 3

STORE ARTRIX AINCHRL,MC) I[N THE MATRIX ACUT(HR,NC)
WHERE RIN RND AOUT HAVE RIH DIMENSICHS MRI AND NRQ

t
1
1
i
1
|
'
i
i
i
|
}
|
1
i
)
t
|
]
|
|
]
]
|
]
|
!
i
I
|
]
1
]
)
]
i
)
]
]
]
t
]
t
]
t
|
I
]
]
]
i
)
'
|
]
[}
t
)
'
[}
i
1
1
]
|

EQUATE SCRLED DYNAMIC MATRIX AS TO DYNAMIC
HNTRIX A FOR RETURN TO MAIM PROGRAM

CALL MEGC(AS, Ay MU, TV, NHL NHD

SUBROUTINE MULT ¢ A, B» AB. Ls Ms M. MAs NB» HAB )
COMPUTE MATRIX PROLUCT: AR = AeB

L X It MATRIX WITH RM4 LIMENSION NA
H XN MATRIX HITH RCH DLHENSTON ND
L X N UMATRIX HWITH ROW DIMENSIC™ NAB
» AB RCAL MATRICES

ped
Lo oo o0 o0

FORM SCALID CONTROL MATRIX BS AND EQUATE IT TO THE
CONTROL MATRIX B FOR RETURN TQ MAIN PROGRAH

CALL MULT(T, B,y BSsNUs NV, NC, NHs N TIH)
CALL HMEQCBS. Bs MU NCo NH» HH)

FORM SCALED DISTURBANCE. MATRIX DS AND EQUATE IT TO
THE DISTRUBANCE MATRIX D FOR RETURN TO MAIN PROGRAM

CALL MULT(T, D. DS, MU MU ND» NW. NWL NN
CALL MEQ(DS, D NU, ND. M NHD

FORM SCALED OQUTP' ° MATRIX CS AND EQUATE 1T TO THE
OUIPUT MATRIX C FJR RETURN TG MAIN PROCRANM

CALL MULTY(C, TINHU, CSsNM. MU, NV, HZo N NZ)
CALL HEQGICS,C, MMtV NZ)N2)

RETURN
€ND
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THIS SUBRCUTINE DETERMINES THE MATRIX OF
STEP RESIDUES FOR A GIVEN IMPULSE RESIDUE
MATRIX AND A SPECIFIED SET OF EIGEN-
UALUES.

THIS IS DONE BY FORMING A DIAGOMAL NMATRIX
OF THE EIGENUALUES AND POST-MULTIPLYING ITS
INUERSE BY THE IMPULSE RESIDUE MATRIX.

- e e ot . B A e e > o S BN o S S = . o e e S S o e o b

CALL STATEMENT ARGUEMENTS -

IMP : NPDU X MM MATRIX OF ROW
DIMENSION MUXY (INPULSE RESICUES)

EIG ¢! NPOU VECTCR OF DIMENSION MWXY
(VECTOR OF E-VALUES)

STP : NPDU X NM MATRIX NF ROW
DIMENSION NUXY (STEP RESIDUES)

EIGMAT ¢ NPDU X MPDU DIAGONAL MATRIX
OF ROW OJINEMSION NUXY
(E-UALUES ON DIAGONAL)

EINV ! NPDU X IiPDU DIACOMAL MATRIX
OF ROW DIMCNSICH NWXY
C(INUERSE OF EIGMAT)

SUBROUTINE STEP C(IMP,EIG, NWXYsNZ,STP.EIGHNT,ZINHY)
CCHPLEX TMP(NUXY,NZ)» EIG(NUXY), STPINWXY,N2)
COMPLEX EIGHAT (NHXY, NWXY) s ETNUNUXY, HUXY)
REAL +K(1000)
COMMON ~/DIM- NU, NC, ND» NM. NP
NPDU = NP + ND + NV

INITIALIZE MATRIX EIGHAT TO ZERQD

D0 S J=1.NPOY

D0 & K=1.,.NPDU
EIGMAT(L4K) = 0.0
CONTINUE

FORM DIAGONAL MATRIX OF E-UALUES

D0 10 I=1.,NPDV
EIGMAT(I, I) = EIG(I)

(] nnnr)nnnnnnnnnnnnnnnnnnnnnnnnnnnp
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SUBRQUTINE CINV ¢ TT, TI,» WK, NRy» N )
COMPUTE ThE INUERSE OF A COMPLEX MATRIX
INPUT NPCUMENTS-

OO0 0aO—
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TT(N.N)
HK

COMPLEX MATRIX WITH ROW DIMENSION NR
REAL WORK VECTOR WITH LENGTH

CREATER THAN N»iN=2 + 3=N

NR ¢ ROW DIMENSION

N : ORDER OF TT AND TI

OUTPUT ARGUMENTS-
TI(NsN) ¢ COMPLEX INVERSE OF TT WITH
ROH DIMENSION NR

INVERT DIAGONAL MATRIX OF E-UALUES
CALL CINUCEIGMAT, EINU, UK, NUXY.NPTIV)

SUBROUTINE MULTCC ¢ R, Bs AB., Ly, My s NA» NB, NAB )
COMPUTE MATRIX PRODUCT: AB = A=B
fA L X M COMPLEX MATRIX WITH ROW DIMENSION NA

B : M X N COMPLEX MATRIX WITH ROW DIMENSION NB
AB ¢ L X N COMPLEX MATRIX WITH ROW DIMENSION NAB

OO0 O0O0OOOOOOOONO00D OO0ONOaOoOOaO0oan

FORM STEP RESIDUE MATRIX
CALL MULTCCC(EINU, IMP,STP,NPDU,» NPDU, NMy NUXY s NHXY, HHXY)
QUTPUT STEP RESIDBUES TO A TAPE
DO 30 I=1.NM
D0 20 J=1,NPDV
HRITE(2,200) STP(J,I)
CONTINUE
FORMAT(2F10.5)

RETURN
END
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THIS SUBROUTINE FIRMS THE COMPLEX MATRICES
CON, OBS AND DIST 8Y MULTIPLYING THE MATICES
B, C AND D BY A COMPLEX MATRIX M.

THIS COMPLEX MATRIX MULTIPLICATION REPRESENTS A
TRANSFORMATION THROUGH THE COMPLEX MATRIX M, WHEN
THE MATRICES B, C AND D ARE RELATED THROUCH THE
STATE UARIABLE EGUATIONS -

X-DOT = AX + BU + DH

Y = CX

50 THAT -
CON = MINU = B
0BS =C # M

DIST = MINU = D

CALL STATEMENT

ARGUMENTS -~

B : NPDU X NC MATRIX OF ROW DIMENSION NUWXY

C £ NM X NPOU MATRIX OF ROW DIMENSION N2

D ! NPDU X ND HATRIX OF ROW DIMENSION NUXY

M ! NPOU X NPDU MARTIX OF ROW DIMENSION NUXY
MINU : INVERSE OF MATRIX M

NX ¢ COLUMN DIMENSION OF MATRIX B

Ny ¢t CCLUMN DIMENSION OF MATRIX D

CON ¢ NPDU X NC MATRIX OF ROW DIMENSION NUXY
0BS : NM X NPDU MATRIX OF ROW DIMENSION NWXY
DIST ¢ NPDU X ND MATRIX OF ROW DIMENSION NWXY

sinlisizizizisizizsizizizizisizininizisisinisizisinizisinizisinisininisisininin)

SUBROUTINE HORK

(BysC» Do Mo MINU, NX» NY s N2, NHXY, CON, OBS» DIST)

aooOOaOQOCoonnn 0O 0

DIMENSION BONHXY.NX)» C(NZ» NUXY)» DCNUXYs 1)
COMPLEX MOHHXY » NHXY ) » MINUCNLIXY» NHUXY)
COMPLEX COMCNUXY s NX) » OBS(NZy NUXY), DIST(NUXY, 1)
COMMON ~/DIM/ NU, NCs NDy» HNM» NP
NPDV = NU + NP + ND

SUBROTUINE MULTCR ¢ A, Bs ABy Ls My Ms» NAs» NBs NAB )

COMPUTE MATRIX PRODUCT: AB = A«B

A ¢ L X M COMPLEX MATRIX WITH ROW DIMENSION NA
B ¢ M X H REAL MATRIX HITH ROW DIMENSTIUN NB
AB ¢ L X N COMPLEX MATRIX WITH ROW DIMENSION NAB

- v i e o o 8 s n -~ - .- -
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FORM MATRIX CON
CALL MULTCR(MINU.: B. CONs» NPDU, NPDU, NC» NHKXY» NHXY, HHXY)

SUBROUTINE MULTRC ¢ A, B, ABy Ls My N» NA, NB, NAB )
COMPUTE MATRIX PRODUCT: AB = A%B
A L X M REAL. MATRIX WITH RCH DIMENSION MR

B M X N COMPLEX MATRIX UITH ROH DIMENSTON NB
AB : L X N COMPLEX MATRIX HITH ROW DIMENSION NAB

O O oaaoaaaaannnnnon 00N

o

FORM MATRIX OBS
CALL MULTRC(C, M, 3BSs NM» MODU,s NPDUy N2> HHXY, N2)
FORM MATIX DIST
CALL MULTCR(MINUV, Dy DIST,NPDU, NFDU,» 1+ NUXY, NXY, NIIXY)

RETURN
END
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