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ABSTRACT

An analysis was made to determine the natural frequencies and mode

shapes of ring- and/or stringer-stiffened noncircular cylinders with

arbitrary end conditions. The method of analysis used and the results

of the analysis are presented in Volume I of this report (Reference 1).

Volume II contains the computer program and the user instructions for the

program. Sample input and output is presented in the appendices.
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INTRODUCTION

The free vibration characteristics of .ring- and/or stringer-

stiffened circular and noncircular cylindrical shells are of interest to

designers of flight and marine structures. Frequently, fuselages of

flight structures and hulls of submarines have noncircular cross-sec tion£

due either to special internal storage requirements or to imperfections

occurring during manufacture. The method of analysis developed in

Volume I of this report (Reference 1) is capable of evaluating the free-

vibrational characteristics of ring- and/or stringer-stiffened "singly"

symmetric noncircular cylinders with arbitrary end conditions. In this

analysis, the stiffeners are treated as discrete elements. The

stiffeners may be arbitrarily located and all stiffeners need not possess

the same geometric and material properties; however, the stiffeners are

assumed to be uniform along their axes. The analysis considers the

extension and flexure of the shell and extension, torsion, and flexure



about both cross-section axes of the stiffeners. The stringers may have

nonsynmetric cross-sections but the rings are assumed to have "singly"

symmetric cross-sections. The rotary inertia of the shell is neglected.

Based on this method of analysis, a computer program was developed.

Using this program, a comparative study was made using known solutions

for circular and noncircular, unstiffened and stiffened cylinders with

various end conditions. Results of this study are presented in

Reference 1. The limitations of the program and instructions foî  using

the program are discussed in the following paragraphs of this report.



v PROJGRAM LIMITATIONS

A flow chart of the main program is given in Appendix A. The main

program and some of its subroutines, as listed in Appendix B of this

report, are written in single precision for use on the CDC Model 6600
' t . . . . . • ; . . .

Computer. The mass and stiffness matrices for the entire shell struc-

ture; are generated in the program. This program uses the subroutine

EIGENP (2) to determine the eigenvalues and eigenvectors of the problem.

A dictionary of the variables used in the main program is presented in

Appendix C.

The computer program has the following limitations:

A. Shell

1. Constant thickness

2. Isotropic material properties

B. Stringers

1. Maximum number; 16

2. Maximum kinds; 1

3. Uniform along length

C. Rings

1. Maximum number; 11

2. Maximum kinds; 2

3. Uniform around circumference

4. "Singly" symmetric about z-axis



D. Number of terms

The maximum, number of terms in general must satisfy the

following equation.

3 (n terms used) (m terms used) £ 90

For a specific case, refer to the equations given in the

computer program for determining the value of MN3. MN3 must

be less than or equal to 90.

The limitations on the program may be made less restrictive by

increasing the appropriate dimensions in the dimension statement of

the main program.



USER INSTRUCTIONS

In addition to the main'prbgram arid subroutines listed, the user

must supply three function subroutines. The first, FUNCTION RSHL(T),

defines the radius of curvature [R] ' of the she'll as a function of the
/

8 coordinate. FUNCTION RRRT(T) defines the first derivative with respect

'• j:' rr /1 \ *i"
to 9 of the reciprocal of the radius f (-r K |. the third, FUNCTION

, : , . '• 'Q'1. .
RSHLT(T), defines the first derivative with respect to 6 of the radius

[R,Q]. As an example, page 79{a) presents the subroutines written for

an elliptical cylinder having a specific "major (A) and minor (B) axis.

The input data for the program is prepared according to Appendix D.

The input data is divided into the following four categories: (1)

general data; (2) shell data; (3) stringer data; and (4) ring data. The

general and shell data are required for all computer runs. The program

•in its current state will solve problems with the following boundary

conditions: free-free, clamped-free, freely supported, and clamped-

clamped. The input variables are defined at the beginning of the program

listing.

The other two categories (stringer and ring data) are needed only

when the shell structure is stiffened by rings and/or stringers. A set

of stringer and/or ring data will be required for each kind of ring

and/or stringer used to stiffen the shell.

A computer output for an example problem is presented in Appendix E.

The example problem has both stringer and ring stiffening. It should be

noted that all input data is given on the printout. The first page gives



the general Information and shell data. The second and third pages give

the stringer and ring data, respectively. The stringer and ring data

pages will appear in the printout only when the stiffening is used in the
.' • • . - ' •

problem. Other printout options may be selected such that the stiffness

matrix, the mass matrix and the eigenvectors may be printed out.
" • " ~ ' *'*•• ' .

An input listing for this same problem is presented in Appendix F.
. -*

Cards one through four give the general information. The shell data is

on card five. Cards six through thirteen and fourteen, through nineteen

give the stringer and ring data, respectively. The twentieth card is

the first card of the general information of the second problem. The

integer "one" (1) punched in column 80 of this card indicates it is the

last card of the data set. It should be noted that there is no limit to

the number of problems which can be solved in each run.
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APPENDIX A

FLOW CHART OF THE MAIN PROGRAM

Read the general, shell

stringer and ring data

Compute the constants of the

equations of shell, stringer and ring

Evaluate and save the longitudinal

integrals and the quantities XR(1) and XR(2)

r NASA - (NMIN,ND,NMAX)^>

'- (NMIN,ND,NMAxT>r
Compute the individual terms of

the stringer equations

Evaluate the circumferential

integrals of the shell and ring

T

"1
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M - (MMIN.MD.MMAX)

I

Generate the mass and stiffness

matrices

Evaluate the Eigenvalues and the

Eigenvectors

Write the desired output

NOUIT = 0
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REFERENCE

•FREE VIBRATIONAL ANALYSIS OF STIFFENED OR UNSTIFFENEO
CIRCULAR OR NONCIRCULAR CYLINDERS WITH ARBITRARY END

CONDITIONS*

LANGUAGE USED FORTRAN IV
DIGITAL MACHINE IBM 360/65
PROGRAMMER C. K. PANDURANGA RAO

GRADUATE RESEARCH ASSOCIATE
SCHOOL OF MECHANICAL AND

AEROSPACE ENGINEERING
OKLAHOMA STATE UNIVERSITY
STILLWATERt OKLAHOMA 74074

GATE OF COMPLETION AUGUST 30 t 1971

DESCRIPTION OF THE PROGRAM

THIS PROGRAM COMPUTES BOTH THE SYMMETRIC AND ANTISYMMETRIC
FREQUENCIES AND THE CORRESPONDING EIGENVECTORS OF STIFFENED OR
UNSTIFFENED CIRCULAR OR NONCIRCULAR CYLINDERS WITH ARBITRARY END
CONDITIONS. THE RAYLEIGH-RITZ METHOD IS USED TO GENERATE THE
STIFFNESS AND MASS MATRICES.

h +4* ****4***+**»+***4******* »*+***+*****+* + *» + **+****4- *•«• + *«•* + *** + •(

DESCRIPTION OF THE PARAMETERS
4

INPUT PARAMETERS

BCR NAME OF THE BOUNDARY CONDITION
NQUIT 1 IN THE 80 TH COLUMN OF A BLANK CARD AT THE END

OF THE DATA SETS TO SIGNIFY THE END OF DATA SETS
NG ORDER OF THE GAUSSIAN QUADRATURE. NG HAS TO BE

ANY ONE OF THE FOLLOWING NUMBERS 3,4, 5, 6t 7, 8,9,10 ,
16, AND 32.

KG NUMBER OF CIRCUMFERENTIAL INTERVALS INTO WHICH THE
LIMITS OF INTEGRATION ARE DIVIDED

LL TOTAL NUMBER OF STRINGERS
NL NUMBER OF KINDS OF STRINGERS
KK TOTAL NUMBER OF RINGS
NK NUMBER OF KINDS OF RINGS
MMIN STARTING VALUE OF M IN THE ASSUMED DISPL SERIES
("MAX FINAL VALUE OF M IN THE ASSUMED DISPL SERIES
MSA 0 WHEN ONLY EVEN M VALUES ARE CONSIDERED

1 WHEN ONLY ODD M VALUES ARE CONSIDERED
2 WHEN BOTH EVEN AND ODD VALUES OF M ARE CONSIDERED

NMIN STARTING VALUE OF N IN THE ASSUMED DISPL SERIES
KM AX FINAL VALUE OF N IN THE ASSUMED DISPL SERIES
NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES WITH

RESPECT TO THE VERTICAL A X I S OF THE CROSS-SECTION
1 WHEN COMPUTING THE ANTISYMMETRIC MODE SHAPES WITH

RESPECT TO THE VERTICAL AX IS OF THE CROSS-SECTION
NEO 0 WHEN ONLY EVEN N VALUES ARE CONSIDERED

1 WHEN ONLY ODD N VALUES ARE CONSIDERED
2 WHEN BOTH EVEN AND ODD VALUES CF N ARE CONSIDERED

IR 0 WHEN THE CROSS-SECTION OF THE SHELL IS CIRCULAR
1 WHEN THE CROSS-SECTION OF THE SHELL IS

NONCIRCULAR
KKR NUMBER OF THE KINDS OF RINGS WHICH HAVE DIFFERENT
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*MK

NWM

NWEV

TITLE1
TITLE2
PC
EC
XNU
H
AA
KNL(L)

T(Lt I)

PS(L)
ES(L)
ASIL)
ZIS(L)

Z2S(L)

Y1S(L)

Y2SILI

ZIS(L)

YIS(L)

YZIS(L)

GJS(L)

NNK ( K )

RX(K, I)

PR(K)
ER(K)
AR(K)
E1R(K)

E2R(K)

ZIR(K)

XIR(K)

CENTROIDS *
0 WHEN THE STIFFNESS MATRIX IS NOT TO BE PRINTED 4
1 WHEN THE STIFFNESS MATRIX IS TO BE PRINTED *
2 WHEN THE STIFFNESS MATRIX IS TO BE PRINTED ANC *

PUNCHED OUT ON THE CARDS +
0 WHEN THE MASS MATRIX IS NOT TO BE PRINTED 4
1 WHEN THE MASS MATRIX IS TO BE PRINTED «•
2 WHEN THE MASS MATRIX IS TO BE PRINTED AND 4

PUNCHED OUT ON THE CARDS *
0 WHEN THE EIGENVECTOR MATRIX IS NOT TO BE PRINTED 4
1 WHEN THE EIGENVECTOR MATRIX IS TO BE PRINTED *
2 WHEN THE EIGENVECTOR MATRIX IS TO BE PRINTED AND 4

PUNCHED OUT ON THE CARDS 4
THE TITLE OF THE PROBLEM *
THE TITLE OF THE PROBLEM (CONTINUED) *
THE MASS DENSITY OF THE SHELL *
THE YOUNG'S MODULUS OF THE SHELL *
THE POISSON'S RATIO OF THE SHELL *
THE THICKNESS OF THE SHELL «•
LONGITUDINAL LENGTH OF THE SHELL *
NUMBER OF STRINGERS WHICH HAVE THE L TH SET OF +
PROPERTIES *
LIST OF THETA VALUES (IN DEGREES) AT WHICH THE L TH 4
SET OF STRINGERS ARE LOCATED *
THE MASS DENSITY OF THE L TH SET OF STRINGERS +
THE YOUNG'S MODULUS OF THE L TH SET OF STRINGERS *
CROSS-SECTIONAL AREA OF THE L TH SET OF STRINGERS *
THE Z-DISTANCE OF THE SHEAR CENTER OF THE L TH SET *
OF STRINGERS FROM THE SHELL'S MIDDLE SURFACE *
THE Z-OISTANCE OF THE CENTROIO OF THE L TH SET OF *
STRINGERS FROM THEIR SHEAR CENTER «•
THE Y-OISTANCE OF THE SHEAR CENTER OF THE L TH SET 4
OF STRINGERS FROM THE Z-AXIS PASSING THROUGH THEIR *
POINTS OF ATTACHMENT 4
THE Y-DISTANCE OF THE CENTROID OF THE L TH SET OF 4
STRINGERS FROM THEIR SHEAR CENTER 4
THE MOMENT OF INERTIA OF THE CROSS-SECTION OF THE *
L TH SET OF STRINGERS ABOUT THE Z-AXIS PASSING *
THROUGH THEIR CENTROID +
THE MOMENT OF INERTIA OF THE CROSS-SECTION OF THE +
L TH SET OF STRINGERS ABOUT THE Y-AXIS PASSING +
THROUGH THEIR CENTROID 4
THE PRODUCT INERTIA OF THE CROSS-SECTION OF THE *
L TH SET OF STRINGERS ABOUT Y- AND Z-AXES PASSING *
THROUGH THEIR CENTROID 4
THE TORSIONAL STIFFNESS OF THE L TH SET OF 4
STRINGERS 4
NUMBER OF RINGS WHICH HAVE THE K TH SET OF RING «•
PROPERTIES 4
LIST OF X-POSITIONS OF THE RINGS WITH K TH SET OF *
RING PROPERTIES *
THE MASS DENSITY OF THE K TH SET OF RINGS +
THE YOUNG'S MODULUS OF THE K TH SET OF RINGS *
THE CROSS-SECTIONAL AREA OF THE K TH SET OF RINGS *
THE Z-DISTANCE OF THE SHEAR CENTER OF THE K TH SET 4
OF RINGS FROM THE MIDDLE SURFACE OF THE SHELL *
THE Z-OISTANCE OF THE CENTROID OF THE K TH SET OF *
RINGS FROM THEIR SHEAR CENTER 4
THE MOMENT OF INERTIA OF THE CROSS-SECTION OF THE +
K TH SET OF RINGS ABOUT THE Z-AXIS PASSING THROUGH 4
THEIR CENTROIO *
THE MOMENT OF INERTIA OF THE CROSS-SECTION OF THE 4

12
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K TH SET Of R1N6S ABOUT
THEIR CCNTtOIO

G J R t K I TH? TORSrOMAL STIFFNESS

THE REMAINING PARAMETfRS OF THIS PRO<
DICTIONARY OF VARIABLES

SUBROUTINES REQUIRED
INTGRL
xx . •' - r ' " :
GAUSS
SHELL1
SHELL2
R I NG 1
RING2

. RING3
RING4
RINGS
RIKG6
EIGF.N
JACOB I
KATNUL

FUNCTION SUBROUTINES REQUIRED
•JSHL
RRRT
RSHLT
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INTEGER NBC, bC ( 2, «>,bCK(<! I, T ITLE 1(7), TITLE 1(71
DIMENSION T(1,16) ,PS(1) , E S ( 1 > , A S < 1 ) , Z 1 S ( l i t Z 2 S ( 1 I , V I S ( I I ,Y2S( I ) ,

l Z I S m , Y I S < l ) , Y Z I S m , G J S m , R X ( 2 , l l ) , P P ( 2 » , E R ( 2 ) , A R ( 2 ) , E l R < 2 ) ,
2 E 2 R ( 2 > , Z I R ( 2 ) , X I R ( 2 > , G J R < 2 » , X ( 5 , 5 5 I , X X X < 2 , 2 , 5 5 ) , C < 8 ) ,
3 SUM<18» ,NNLMI ,NNK(2) , S T ( 7 5 I , T S ( 1 ,*2I,SS (1,30)
A , N N R ( 2 ) , N R ( 2 , 2 ) , C R ( 2 , « 0 ) , R I ( 2 , 5 4 ) , R C G ( 2 )

DIMENSION A K ( q O , 9 0 ) , A M ( 9 0 , 9 0 ) , V E C R ( 9 0 , 9 0 ) , E V R ( 9 0 ) , L C ( 9 0 )
DIMENSION XXXXI8100I ,Y( 8100) ,Z(8100) ,MC(90) .EVK90) ,INDIC(90)
COPMCN D R ( 9 ) , R ( 9 ) , D R V ( 5 ) » R V ( 5 ) , R 1 ( 8 I , R R H 8 ) , R 2 ( 10) ,RR 2( 10) ,R 3( 2 > ,

1 R R 3 ( 2 ) , R A ( 5 ) , R R * ( 5 ) , R 5 ( 1 8 ) , R R 5 ( 1 8 ) , R 6 ( 1 1 ) , R R 6 ( 1 1 I , P I , X K , A A , X t ( 5 I ,
2XR<2) ,E IRK,E2RK,N,NB,NBC,K,KB,NSA

CATA BC/10HCLAMPED-FA,lOH£fc . iOHFREcLY SUP,10HPORTED ,10
1HCL/1MPED CL,10HAMP£C , 10HFR EE-FREE , 10H /

C
C EQUIVALENCE THE STIFFNESS AND EIGENVECTOR M A T R I C E S
C

EOUIVALENCE(AM( 1, 1 ) , X X X X ( 1))
E Q U I V A L E N C E ( A K ( 1 , I ) , Y ( 1 ) )
EQUI VALENCE( INOIC(11 ,LC(1 ) )
EQUIVALENCE(VECR( l , l ) ,Z ( l ) ,X( 1, 11 ), I VECR ( 1. 1 1) , X X X ( 1, 1,1) )
EXTERNAL SHELLl
EXTERNAL SHELL?
EXTERNAL RING1
EXTERNAL RING2
EXTERNAL RING3
EXTERNAL RING*
EXTERNAL RING5
EXTERNAL RING6

C
C KRRR SHOULD BE EQUAL TO THE FIRST DIPENSICN OF AK ,AM,VECR
C M A T R I C t E S
C

KRRR=SC

13



10000 ?ERC=0.0
NEXIT=0

C
C R E A C THE NAME OF THE iOUNOARY CONDITION
C

REAO(5,8)BCR.NOUIT
8 FORMATUAlO (59X,l l»

IFJNOUIT .NE. 0) CALL EXIT
2 C C 6 WPITE(6,1001)
1001 FORMAT! 1HI,6X,67( lH*),//,6Xi 65HFREE VIBRAT10NAL A N A L Y S I S OF STIFFE

1NSO OR UNSTIFFENEO CIRCULAR OPi/,13X,51HNONCIRCULAR CYL tNOERS W I T H
2 A R B I T R A R Y END CONDITIONS,/ / ,<>X ,67( IH*I , / / / / )

C
C IDENTIFICATION OF THE BOUNDARY CONDITION AND ASSIGNING A CODE
C NUMBER NBC AS FOLLOWS
C
C KBC = I FCR CLAMPEO-FREE
f NBC = 2 FOR FREELY SUPPORTED
f. NBC = 3 FOR CLAMPEC CLAMPED
C NBC = 4 FCR FREE-FREE
C

CO 2 J= l ,4
UG 3 1=1,2
IF IBCR(I ) .EO. BCU.JM GO TO 3
GO TC 2

3 CONTINUE
NBC=J
GC TC 4

2 CONTINUE
WRITE(6 ,2003) 8CR

20C3 FORI»AT( / / ,1X ,19H***** ERROR ***** .27HBOUNDARY CONDITION READ IS
l,2A10,/,20X,46HTHt BUUNOAKY CONDITION MAY NOT bt WOROEU R I G H T , / 2 0
2.37HOR THIS BOUNDARY CONDITION MAY NOT BE , / , 20X .25HAVAIL ABLE IN TH
3 IS PROGRAM )

NEXIT=1
C
C REAO ANO WRITE THE GENERAL INFORMATION
C

4 PEACC5,60)NG,KGtLL ,NL,KK,NK,MMIN,MMAX,HSA,NHIN,NKAX,NSA,NEO, IR,
1 NHK.NWP.NWEV

6C F O R M A T ( 2 0 1 4 )
WRITE(6 ,10015) NG,KG,LL,NL,KK,NK,MMIN,MMAX,MSA,NMIN,NMAX,NSA,NEO,

1 IR,N'MK,KWM,NWEV
10015 FORMAT(26X,25HGENERAL INPUT INFORMATION, / ,26X,25(1H- ) , / ,8X ,

16HNG =, I4,2X,6HKG =,I4,2X,6HLL =, I <•, 2X, 5HNL = , IA ,3X,
26HKK =,I<n/,8X,6HKK = , K ,2X .6HMMI N = , 14, 2X, 6HMM AX = , I4 ,2X,
35HMSA =,14,3X,6HNMIN =,I*,/ ,8X,6HNMAX =,I * ,2X ,6HNSA =, IA,2X,
A6HNEO =,I4,2X,5HIR «, 14,3X.6HNWK =,I 4 , / ,8X ,AHNWM = , I 4 ,2X ,
56HNHEV =,I4,// / /)

PI=1.141592653589793
F.I2»PI*PI

174 JF(NL .GT. LL) GO TO 176
GO TO 177

176 W R I T E ( 6 * 1 7 8 > KL.LL
178 FORMAT(/ / f IX,19H***** ERROR ***** ,5HNL * ,I4,5X,5HLL = ,I4,/,

120X.28HNL CANNOT BE GREATER THAN LL )
NEXIT=l

177 IF(NK ,GT. KK) GO TO 179
GC TC 180

US WRITE«6,18l )NK,^K
181 FORMAT!//,IX,19H***** ERROR ***** ,5HNK = , I4 ,5X,5HKK = ,I4,/,

120X.28HNK CANNOT BE GREATER THAN KK )



NEXIT»1
C
C COMPUTE THE CROER OF THE MASS AND STIFFNESS MATRICES
C

180 I F ( N E X I T .GT. 0) GO TO 10000
PD=l
IFIMSA .LT. 2} MO-2
«=(MMAX-MMIN)/M041
ND=1
IF(NEO .LT. 21 N0«2 •- ' '
NS»(NMAX-NMIM/NO+l
MN=MS*NS
10=0
1FIN8C .EQ. 4 .AND. MSA .NE. 1) IO-NS
IFCNMIN .GT. 0» GO TO 20*5
IFINSA) 2046,2046,2047

2046 MN3=3*MN-IO-MS
GO TO 2048

2047 f»N3 = 3*MN-IO-2*MS
GO TO 2048

2045 MN3=3*MN-IO
C
C ZERO OUT THE UPPER TRIANGULAR MATRIX OF MASS AND STIFFNESS
C MATRIC1ES
C

2048 DO 2C04 I=1,MN3
CO 2004 J=t,MN3
AK(I ,J)=0.0

20C4 AM(I,J)=0.0
C
C READ ANC W R I T E THE SHELL DATA
C

PEAC(5,1009) TITLE1.TITLE2
1009 FORMAT(7AIO,/,7AIO)

WRITE(6,1003)TITLEUTI TLE2
1003 FORMAT(29X,19HS H E L L O A T A,/,29X,19<IH-) , / / / / ,5X,7A10 , / / i5X

1.7A10,////)
REAO(5 ,65)PCtEC,XNU,H,AA

65 FCRMM(5E15.8I
MR I TEC 6,1002)PC,EC,XNU,H,AA,BCR

1002 FORMATdOX, 12HMASS DENS ITV, 10X, 2H= ,E15.8,18H LB SEC . **2/I N. **4//,
110X.24HMODULUS OF ELASTICITY = ,E15.8,10H LB/IN.**2//,10X,15HPOISS
2ON'S RATIO,7X.2H* ,E15.8,// ,1CX,9HTHICKNESS,I3X,2H= ,E15.8,7H INCH
3ES,//,10X,6HLENGTH,16X,2H= ,E15.8,7H INCHES,//,10X,14HENO CONOITIO
4NS,8X,3K= ,2A10I

PC=PC*H*2.0
IP(LL .EO. 0) GO TO 85

C
C READ AND WRITE THE STRINGER DATA
C

V.RI TE(6,10041 LL.NL
1004 FORMAT(1H1,26X,25HS T H I N G E R O A T A , / ,27X,25(1H-I,//,17X,

143HITHE UNITS ARE SAME AS THOSE OF SHELL DATA) , / / ,23X,28HTOTAL NUM
2BER OF STRINGERS *> ,! 4 ,/,15X ,41HNUMBE R OF DIFFERENT KINDS OF STR IN
3CERS = ,I4,/,5X,67<1H*»)

17.1=0
I Z 2 = C
IY1=0
I Y 2 = 0
00 66 L=1,NL
REAC(5 ,60 )NNL(L I
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READ(5,65)(T(L,I) , I* l ,NMNtt
PFAO(5 ,65 IPS(L ) ,ES(L > , A S < L J , Z 1 S ( L > , Z 2 S ( L ) . Y 1 S ( L » , Y 2 S ( L ) , Z I S ( L ) ,

IV tS (L ) ,YZIS(L),GJSm
IF(ZIS(L> .NE. 0.0 ) IZ1-1
IF(Z2S<L) .NE. 0.0 ) IZ2-1
IF(Y1S(L» .NE. 0.0 ) IY1«1
lfMY2Sa> .NE. 0.0 I IY2-1
U*ITE(6,100S)KNL(L) ,PS(LI ,ES(L> ,AS< L », ZIS (L >, Y1S (L » , Z2S (L I, Y2S< L »,

1 Z I S ( L > , Y I S ( L > , Y Z I S ( L > , G J S ( L >
1005 FORMAT (//,15X,K,41H STRINGERS WITH THE FOLLOWING PROPERTIES ,//,

15X.18HMASS DENSITY - ,E15.8,2X,17HMOD. OF a AS. = ,E15.8,/,5X,
24HAREA,12X,2H= ,E15.8,2X,17HSHEAR CTR. (Z l»» ,El5.8,/,5X.18HSHEAR
2CTR. (YD = ,E15.8,2X?17HCPNTROIO IZ2I - ,E15.8,/,5X,18HCENTROID
A ( Y 2 ) = ,E15.8 t2X,l7HINERTIA { I Z Z » « ,E15.8,/,5X,18HINERTIA (IY
5Y) = lEl5.fl t2X,17HPROD. INER.UYZ»= ,E15. 8, / t20X, 22HTORSI ONAL STIF
6FNESS = ,E15.8,//,5X,43HLOCATEO AT FOLLOWING THETA VALUES (DEGREES
7 1 , / J

WRITE(6,1006 MT(Lf II, I>1,NNNL)
10C6 FORMAT(4X,F15.8,1X,E15.8,IX,615.8,1X,E15.8>

CO 2000 I=1,NNNL
T(L, I )=T(L t I»*PI /0 .18E*03

20CC CONTINUE
WRITE(6,1010)

1010 FORMAT(/ ,5X,67( IH=M

COMPUTE THE MOMENT OF INERTIAS WITH RESPECT TO A X E S PASSING
THROUGH THE SHEAR CENTER OF STRINGERS

C
C
C
C

C
C
C

IF(Z2S(L) .60. 0.0 ) GO TO 182
ZIS(LI=ZIS(L)+ASm*Y2S(L)*Y2S(L)

182 IF(Y2S(L) .EQ. 0.0 I GO TO 66
YIS(L)=YIS(L)*AS(L»*Z2S(L»*Z2S(LI
YZIS(LI=YZISm»ASm*Y2S(H*Z2S(L)

66 CONTINUE

READ AND WRITE THE RING DATA

85 86IF(KK ,EQ. 0> GO TO
WRITE(6 ,1007)KK,NK

1007 FORMAT( 1HI, 30X.17HR I N G
1NITS ARE SAME AS THOSE OF
2NGS
367(

IEl=0

O A T A , / ,31X,17(1H-),//,17X,43H(THE U
SHELL DATA) , / / , 24X ,24HTOTAL NUMBER OF RI

,14,/,17X,37HNUMBER OF DIFFERENT KINDS OF RINGS = , I4,/,5X,

DO 75 K=1,NK
READ(5,60)NNK(KI
NNNK'NNK(K)
PEAD(5,65MRX(K, I ) ,1=1,NNNK)
R E A D ( 5 , 6 5 ) P R ( K ) , E R ( K I , A R ( K > , E 1 R ( K ) , E 2 R ( K I , Z I R ( K I , X I R ( K ) , G J R ( K )
IF(E1R(K) .NE. 0.0 I IE1*1
IF (E2R(K> .NE. 0.0 ) IE2*1
CC=EIR(K)*E2R(K)
IF(K .EC. 1) RCG(l)*ElR(l)«E2R(n
DO 10008 1=1,NKR
IF(RCGd) .EO. CG) GO TO 10009

10008 CONTINUE
NKR=NKR*l
RCG(NKR»=CG

100C«J CONTINUE
HRITE(6,1008)NNK(Kl,PR(K) ,ER(K) ,AR(K> ,E1R(K ) ,E2R(K I ,Z IR (K ) ,X IR (K ) ,
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I G J R ( K )
IOCS FORMAT(//,17X,I4,36H KINGS WITH THE FOLLOWING PROPERT I ES, //, 5X, 18H

IMASS DENSITY « ,E 15. 8. 2X, 17HMBD. OF ELAST. ' ,E15. 8/ ,5X,4HARE A,
212X.2H- ,E15.8,2X,17HSHE*R CT*. <El»« , E 15.8/t 5X, 18HCENTROID IE2)
3 - ,E15.e,2X,17HINfRTIA (IIZI > , E15.8/ ,5X .18HINERT I A ( IXX I «
3,E15.8,2X,17HTORS. STIF.(GJ)* , E15. «, //. 5X, 38HLOCATEO AT FOLLOWING
4 X VALUES (INCHES It/ I

NRITE(6,1006HRX<K.I) ,1-l.NNNKI
WRITE(6,1010) .
IF(E2R(K> .60. 0.0 I GO TO 75
X!R(KI*XIR(K)+AR(K»*E2R(KI*E2R(IO

75 CONTINUE
C
C CENTROIOAL INFORMATION OF RINGS
C

DO K010 I»1 ,NKR
NNR(IJ=0
CO 10011 K=1,NK
CG=»EIR(K)»E2R(K)
I F ( C G .NE. R C G ( I I ) GO TO 10011

NR( I,NNR( MI»K
10011 CONTINUE
10010 CONTINUE

86 IF(NMIN .GT. 01 GO TO 67
IFIKBC .LT. 4) GO TO 99

C
C IF MMIN = 0 INCREASE MMIN AND MHAX BY I
C

67 IP=0
NCHNG^O
IF(NHIN .GT. 0) GO TO 2040

NMA)l=NMAX»l
NCHNG=1

2040 CONTINUE
C
C EVALUATE THE LONGITUDINAL INTEGRALS AND THE X( OUTPUT OF
C SUBROUTINE XX) VALUES AND STORE THEM
C

CO 70 M=MMIN,MMAX,MD
K = P
IFIMSA .NE. 1 .AND. NBC .EO. 4> K>M-1
CO 70 MB*M,MMAX,MD
K B « f B
IFIMSA .NE. 1 .AND. NBC .EO. 4) KB-MB-1

CALL INTGRL
CO 80 1=1,5
XU,IM)=Xim

8C CONTINUE
IFIKK .EO. 0) GO TO 70
00 71 I=1,NK
X X X ( l,I,tM)=0.0
XXX (2, I, IM)-0.0
K N K K ^ N N K I I )
DO 71 KKKK-l.NNNK
XK-RXI I.KKKK »
CALL XX
X X X I 1 , I , I M ) = X X X ( 1 , 1 , I M I
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XXX12, I , IN) = X X X ( 2 , I. IM I *XR(2>
11 CONTINUE
70 CONTINUE

C
C EVALUATE THE CONSTANTS OF THE SHELL EQUATIONS
C

C*EC*H*H*H/U2.0 *(l.O -XNU*XNU)I
55=2.0*0
S7»S5*XNU
S3«0*I1.0 -XNU)
S6=3.0EO*S3
S8=4.0EO*S3
Sl=12.0EC*S5/«H*HI
S4=S1*XNU
S2=S8*3.0EO/IH*HI
IF(LL .EO. 01 GO TO 167

C
C EVALUATE THE CONSTANTS OF THE STRINGER EQUATIONS
C

00 35 I-l.NL
T S ( I , U = PS( I ) * A S t I I
T S ( I f 2 l * P S m * Z I S ( I
TS( 1,31-PSIII*YISU
T S I I , 4 ) - T S ( I , 2 I + T S «
T S ( I , 5 ) = T S ( I , 4 ) + T S <

,31
.41

SSI I ,1) = E S ( I ) * A S ( I I
SS( I . 2 1 = E S I I I * Z I S U
SSI I , 3 ) = E S I I ) * Y I S « I
I F ( Z 1 S ( I I .60. 0.0 ) GO TO 15
T S C I ,61 -2 .0EO*TSU, l )*ZlSm
TS( I ,10l = T S ( I , 2 ) * Z l S m
T S ( I , 7 I = T S ( I , 1 0 » * Z 1 S ( I >
T S ( I , 8 I = T S ( I , 1 0 ) * T S J 1,10)
TS( I , 9 I = T S ( I , 1 I*Z1S( I I * Z 1S( I I
TSU.ll »=TS1 I , 7 ) * T S ( I , 7 )
T S J I , 1 2 ) = T S < I , 9 » » T S { ! , 9 )
SSI I , 4 ) = SS< I , 1 I * Z 1 S I I )
S S I I , 7 ) = S S I I , 2 ) * Z I S ( I )
SSI I , M = S S I I , 7 )*SSI I ,7)
S S « I , 5 ) = S S I I , 7 ) * Z 1 S ( I »
S S U , 8 ) = S S « I , 4 ) * Z 1 S I I )

15 I F ( Z 2 S ( I I .EO. 0.0 » GO TO 20
TSU,13)= '2 .0FO*TS(I , l»*Z2Sm
TSl I ,14) = T S ( I , 1 3 ) * Z I S C I I
TS( I ,15)=TSI I t l * ) * T S « I , 14»
SSII ,9)=SSU , 1 ) * Z 2 S ( I )
S S ( I , 1 0 1 = 5 5 ( 1 , 9 ) * Z 1 S i l l *2.0

20 I F I Y 1 S I ! ) .EQ. 0.0 ) GO TO 25
T S I I , 2 8 I = T S ( I , 1 ) * Y 1 S I I )
TS( I, 16) = T S l 1 , 2 B ) * T S l 1 , 2 8 )
T S ( I , 1 7 » » T S ( t , 1 6 ) * Z 2 S ( I )
TS(I ,18I=TS(I ,29I*Y1SU )
T S l I t 2 5 I * T S « I t 1 8 » * T S « I . 1 8 »
T S I I , 2 6 ) = T S ( I f 3 ) * Y l S I I »
T S ( I , 1 9 » - T S ( I , 2 6 ) * Y I S ( I I
TS< I ,24 l*TSI! f 19)*TSI I, 191
TSl I f 2 0 ) = T S U t 2 5 ) * Z 2 S m
T S f I f 2 1 I * T S ( I . 1 6 ) * Z 1 S I I I
T S I I , 2 2 ) - T S I I , 2 6 I * T S I I . 26 I
T S I I , 2 3 J » T S ( I , 2 l ) * Z 2 S ( I I
T S ( I , 2 7 ) » T S ( 1,231/2.0
SSI 1 , 1 1 ) = S S ( I , l ) * Y 1 S ( I I
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SS<I.12»«SS(I ,m*Z2SUI
SS(!,13I-SSCI,11 > * Y I S I I I
SS(I ,17I»SS(I ,3I*Y1SII I
SS(I ,14t~SS( I,17l*Yl$m
SS(I,16)-SS(I , l l )*ZlSm
ssi t.i8)-ssd,i2i*zism
SSI I,19)«SS( I,12t*YlSm
SSI 1. 151 «SSfI , 191*2.0

25 I F » V 2 S U I .60. 0.0 > GO TO SO
TSI l,*2)»TSU,U*V2Sm
TSII .29t -TS(I ,*2>+TS<l ,*2>
TSU,30»-TS<!,2«»|*Z1S«U
TS(I .31I-TSU,2«»I*V1SUI
TS(I ,32I»TSI I ,31)*Z1S(I»
TS( ! t3SI-TS(l ,30)*ZlS(M
T S « I ,39)»TS(I ,31)*TS<I .3 l>
TS(I ,40)*TS(I ,35) /2 .0
T S ( I , 3 6 I « 2 . 0 * P S ( I I » Y Z I S ( I I
ISM ,33)*TSU,36)*Y1SU>
TS( I,34)-TSt I,33I*Z1SU»
TSt I .37 I-TS 1 1,36 )*Z1S< I »
TS(I t38)«2.0*TS(I ,3^)
TS( I,4l)-PS( 1)*YZIS(1I*Z1SIII
SS(I .20)»SS(I , l>*Y2Sm
SS(I ,21)-SS(I ,20)*Z1S(II
SS( I,22I«SS< I.20)*2.0EO*YlSf I)
SSII ,23»-SS( J ,22)*Z1S(H
SS< I.2«) = SS»I,23l /2. 0 •
SS( I.25)«SS(I,21)*Z1S(I)

30 I F ( Y Z I S I I ) . EQ. 0.0 ) GO TO 35
SS( I.28I-ESI I ) » V Z I S ( I )
SS( l,291-«t 1,28 I*HS( 1 1
SS( I ,30)*SS( T , 2 8 > * Y I S < I )
SS( I,26I-SS( I,30»»SS( 1,301
SS(I,27)-SS( I,26)*Z1S(I)

35 CONTINUE
167 I F I K K .60. 01 GO TO 168

C
C EVACUATE THE CONSTANTS OF THE RING EQUATIONS
C

00 125 K«1,KK
C R ( K , 1 > * 2 . 0 E O * E R ( K ) * Z I R ( K I
C R ( K , 2 > « 2 . 0 E O * E R ( K ) * A R ( K >
C R I K , 3 ) s 2 . 0 E O * E R ( K ) * X I R t K )
CR(K,21)«2 .0EO*GJR(KI
CR(K,22)-2.0EO*PR(K)*ARUI
C R ( K , 2 3 l > 2 . 0 E O * P R ( K ) * Z I R ( K l
C R ( K , 2 4 ) * 2 . 0 E O * P R < K ) * X I R I K )
I F I E 1 R ( K > .EQ. 0.0 t GO TO 126
C R < K , * ) « C R f K , l l * E l R ( K }
C R I K , 9 | « C R ( K , 2 I * E 1 R < K )
CR(K,5I«CRIK,9)*E1R(KI
C R ( K t 6 ) « C R ( K t 3 l « > E l R I K I * E l R ( K I
C R I K . 7 I » C R ( K , 9 ) « C R I K , 9 I
CR|K,8I«2 .0EO*E1R(KI*CR(K V 3I
C R | K , 1 0 I « C R ( K , 4 ) * E 1 R I K I
CRIK,25)*CRIK,21 )*E1R(K)
CR(K,26I»CR(K,25)*E1R(KI

C R ( K , 3 1 ) » C R f K , 2 2 ) * E l R ( K )
CR(K,30 fCR(K,31 )*E lRIKI
C R ( K . 2 8 l « C R ( K , 3 l l « C R t K , 3 1 l
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CR«K,2 <5»=CRIK,23»*2.0EO*ElRm
CR(K,32»«f .R<Kt?4 l *E lRIK>*ElRI IO
f<*<K,33) = CRIK,24)*2.0EO*ElRtKI
CR<K,34l=CRIK,23»*ElRm*ElRUI

126 I F « E 2 R ( K I .EG. 0.0 t GO TO 127
C R < K , 1 4 » « C R » K , 2 ) * E 2 R < I O
CR(K,U >=CR(K,14 I»CR(K,14 )
CR(K ,16 )=CR<Kt l 4» *E iR<K I

CR < K , 1 2 >-CR ( K , I 7 I *E 1R I K I
CR<K,13 )=CR«K,17 l *CRfK ,17 l
CRIK,15l=CRIK,17»»CRIKt l6 l
C R ( K t 3 6 l = C R < K , 2 2 » * E 2 R < K »
C R ( K ,35 )=CR(K ,36 >*CR(K,36)
C R < K t 4 0 l « C O ( K , 3 5 > * E l R < I O
C R ( K , 3 8 ) = C R ( K , 4 0 > » C R ( K , 4 0 »

CR I K , 37 1 =CR I K , 40 1 *E 1R I K )
127 IF(IP .EQ. 0) GO TO 125

C R e K , l < 3 » = C R | K , 3 » * E l R ( K »
C P ( K , 1 8 » = C R < K , 6 ) * C R « K , 6 »
C R ( K , 2 0 ) = C R ( K , 1 6 » * E 1 R ( K >

125 CONTTNUe
16fl NOC^O

C
C THF 00 LOOP OF N
C

DC 90 \AS«=NMN,NMAX,NO
M=NA SA
IFJNCI-NG .NE. 0»N=NASA-1

c
C THE CC LCOP OF NB
r

00 91 NASB=NMIN,NMAX,NO

IFINCHNG .NE. 0) NB*NASB-1
DN= FLOAT(NBI

ARN2=ABK*ABN

ARNA=ABN*AN
rF«LL .EC. 0) GO TO 169

C
C EVALUATE THP CIRCUMFERENTIAL QUANTITIES GF THE STRINGER
C 75 IS THE TOTAL NUMBER OF TERMS IN THE STRINGER 6NFRGIES
C

DO 94 IL*1, 75
ST|IL»=0.0

<=4 CONTINUE
CO 95 L=liNL
^^^=^^L(Ll
no 101 Ki=i,e

1C1 C<K 11=0.0
CO 96 Lt=UNKN'
TN=AN*T<L,LI)
TNB=BN*T»L,LII
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IF(NSA .EQ. 1» GC TC 97
CN= COS I TNI
CKH= COS«TNB)
SN= SIMTNI
SNB= SIN(TNB)
GC TC 98

<57 CN= SIN! TN)
CNR= SIN(TNB)
SN* COSITNI
SNB = COS! TNB)

98 CC=CN*CNB
CS=CN*SNB
SSS=SN*SNB
SC=SN*CNB
S 9 = P S H L ( T ( L , L rn
S«2=SR*SR
C « l » = C ( l ) * C C
cm=cm+sss
I F J Z I S I L I .FQ. 0.0 » GO TO 96

C I 4 ) » C « A » » S C
C ( 5 » = C ( 5)
C < 6 ) = C ( 6 ) * S S S / S « 2
C ( 7 ) = > C ( 7 ) *CS/SR
C ( 8 > = C « 8 » * S C / S R

96 CONTINUE
ST( l l=ST( l l *SS(L« ! } *C l l l

S T ( 3 » « S T ( 3 I * S S « L . 3 8 * C U )
ST( 7 3 » = S T ( 7^) *GJSJL) *ABN*CI6»
STa<V I=ST«74 ) *GJSa i *C ( 6»
ST< 75» = S T ( 7 5 J * G J S ( t ) * B N * C ( 6 »
S T ( 2 < J t = S T J 2 9 ) * T S « L » l l « C ( 1 I

STC

S T ( 3 3 ) = S T « ? 3 J * T S { L 9 3 ) * C ( 1
S T ( 3 4 I = S T J 3 4 S o A B N * T S ( L t « l
S T ( 3 5 l = S T ( 3 5 ) * T S ( L f l ) * C « l l
I F J / i S C U .EC. 0.0 ) GC TO 102
S T ( A ) = S T ( A ) - S S ( L « 4 » * C U I

S T J 6 t = S T ( 6 ) » B i M * ( S S « L , 5 I * C ( 6 ) * S S ( L , 7 ) * C « ' 5 J »
S T ( 7 J = S T { 7 » » S S ( L , 8 » * C ( 1)
S T l f t > = S T ( 8 ) » S S ( l t 5 ) * C ( 6 » * A B N
ST( 36) = S T M 6 ) - T S ( L , 6 » * C ( 1 )
S T ( ? 7 ) = S T { 3 7 t » T S ( L , 7 » * C ( 6 ) * T S ( L , 8 » * C « 5»
S T ( 3 8 l = S T ( 3 8 ) » T S < L , 9 ) * C { 6 ) « T S ( l , 6 > * C t 5 »
S T ( 3 9 ) = S T J 39»»( T S ( L , U I * C ( 6 ) * T S ( L , 8 > * C I 5 > I * 8 K

) »BN

1C2 I F I Z 2 S J L I .EO. 0. C » GO TO 103

(!., 1 3 » * C ( 5 ) » T S ( L t
S C L , 1 3 ) * C « 5 > « T S ( L

S T ( A 7 > = S T ( A 7 ) » A S M « ' T S ( L , IA»*C(6I
S T ( 4 8 ) = ST(<>8»»TS«IUl<»)*Cm

1C3 I F ( V I S ( L » .EO. 0.0 ) GO TO IOA
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STim=ST(m-SSCL, l l l *C<2»»SS(L , l2 ) *Cm
ST( 12> = STI12)*BN*SSILa2>*Cm
S T ( 1 3 » = S T ( 1 3 ) * S S ( L , 1 3 » * C ( 3 » » S S ( L t U»*C( 61 -< SSI L 1 1 5>*C«5»
ST{ l4 )=ST|14mSSIL,12)»SS(L,16» l *CI4»-<SSCL, l7 |>SSU.18M*C<8l
ST( 15>=ST | 15)+BN*< SS<L , 14» *C < 6) -SS< L,19»*C» 5 ) >
ST«16 )=STU6) *ABN*SSCL , 14 ) *C f6 l
ST I l 7»=ST< i7 ) - (SS IL ,m*SS fL ,13 M *m*CT7) »AN*C 18 I > -
STU9)=ST(49 ) -TS<L ,16»*C(2 ) *TS(1 ,17 ) *C(7 |
ST( '50 l«STI50) *BN*TS(L t l7 l«C(7 |
S T < 5 n = S T ( 5 1 J * T S I L , 1 8 ) * C » 3 U T S ( L , l 9 ) * C ( 6 l - T S U , 2 0 ) * C C 5 V
S T < < 5 2 ) = S T ( 5 2 ) * T S < L , l f t l * C t 6 >
S T ( 5 3 l = S T < 5 3 l * < T S < l , 2 1 » « T S < L , l 7 n * C M I - < T S ( L , 2 2 » * T S ( ( . f 2 5 l » * C ( 8 »
STI 5 A ) » S T ( S 4 I * < T S « L t 2 4 » * C ( 6 l - T S I L t 2 0 l * C « 5 l » * a N
S T « 5 5 ) = S T ( 5 5 I » T S ( L , 2 5 ) * B N * C ( 6 I
STIS6I = S T ( 5 6 J - T S ( L , 1 6 ) * C < 8 )
S T ( 5 7 ) = S T < 5 7 ) » A B N * T S ( L , l « ; t * C ( 6 )
S T < 5 8 l » S T t 5 8 l - C T S ( l t 2 6 » * T S I L t 2 7 » l * f B N * e t 7l*AN*Cm-»
S T ( 5 ? » = S T ( S q ) * A B N * T S ( t , l f l ) * C ( 6 »
S T ( 6 0 » = S T ( 6 0 ) -TS(L t28)* ( f iN*C( 7l»AN*e« 811

1C4 I F ( Y 2 S ( t » .EC. 0.0 ) GO TO 105
ST( 18)=ST( 1 B » - S S 1 L , 2 0 I * C ( 2 » - S S ( L , 2 1 ) * C ( 7 )
ST<l«M = ST( 19 ) -8N*SS(L ,21) *C(7 )
S T ( ? 0 » = S T ( 2 0 ) * S S ( L r 2 2 > * C ( 3 l * S S ( L , 2 3 » * C « ' > |
S T < ? 1 ) = S T ( 2 1 ) * < ! S ( L , 2 4 ) * 3 N * C < 5 )
S T ( 2 2 l = S T ( 2 2 » * S S ( t , 2 l » * C ( 4 ) » S S ( L , 2 5 l * C ( 8 »
S T ( 2 3 I = S T ( ? 3 l * S S ( L , 2 5 ) * ( B N * C ( 7 » » A N * C ( 8 n '
S T { 6 l ) = S r j 6 1 > - T S ( L , 2 < } » * C ( 2 I - T S ( L , 3 0 » * C ( 7 J
S T ( 6 2 J = STI<>2 >-BN*TS( L t 3 0 ) * C ( 7 »
S T ( 6 3 l = S T ( 6 3 ) * T S ( L t 3 U * C ( 3 ) » ( T S ( L , 3 2 l - T S ( L t l J M * C ( 5 » - T S ( L t 3 < > l * C » 6 »
S T ( 6 4 » = S T < A 4 » » T S ( L i 31 ) *C(6 )

( - T S ( L t 3 2 » » T S « L . 3 3 » » * C « 5 l » T S I L t 3 8 1 * C « 6 M
,2<» I *C«8)

ST| 6fl) = ST(6 f l )»BN*TS( L ,3<?I*C(6)
7»»AN*Clf lM

S T ( 7 0 » = S T ( 7 0 ) - A B N * T S ( L , 3 4 > * C < 6 )
ST( 7l) = ST( 7H«.ABN*TS»L,31I*C«6)
S T ( 7 2 » = S T ( 7 2 ) - T S ( U f 4 2 » * ( B N * C ( 7) +AN*Ct 8) >

105 IF IVZIStU .EQ. 0.0 I GO TO 95
ST( 2A )=ST( 2 4 ) - S S J L t 2 6 ) * C I 5 l - S S ( L . 2 7 » * C ( 6 )

S T J 2 6 l = S T ( 2 6 > - 8 N * ( S S ( L f 3 0 J * C C > J » S S ( L , 2 7 » * C « 6 l »
S T ( 2 7 » = S T ( 2 7 K S S ( l - ,29 ) * (BN*C< 7)*AN*C( 8) )
S T ( 2 f t ) = S T ( 2 8 ) - A B N * S S < L , 2 7 l * C t e »

<55 CONTINUE
r
C t N T F G R A L S OF SHELL
r.

16<3 CALL GAUSS1MG|K^, ,^ERO , P I • 9 ,PHI ,OR , SUF ,* tSHE LLU
00 131 10=1,9
IFC A B S ( R ( ! 0 ) > .LF. 0.1F-OBJ R < I C ) = 0 . 0

IU- CONTINUE
IF{ IP ,?C. 0 > GO TO 130
CALL ijAUSS (Ni»,KO, /tKO , P I,'b,HHl,JKV,SOM,»\ V, iHfcLLil
00 132 1«=1 ,!>
IF( A B S ( R V d O ) ) .LE. 0.1E-08I RV(IQ)=0.0

132 CONTINUE
C .
C INTEGRALS CF RING
C

13C I F I K K .EO. 0) GO TO 133
OH 146 LA=1 ,NK
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CO 146 LB=l , 54
H i ( L A , L B ) = 0 . 0
00 I3o K K I *
N K K K l l - N K i K K l t I I
E l « K = e i K l N K K K l l )
c 2 H K = E 2 K ( N K K K l 1)
K W - N N K ( K K I )
CALL G A U i S J N G . K G . / E K O , »>l ,6, PHi , Kl, SUM,** I,*.
JO 135 lg-1 ib
J F ( A t f S I K R l U u l l . few. O.lc-Ool
CO U5 Krt»l ,KC
N K K I K X = N M K K I ,K*t
H K N K K 1KR, 10)*RK1< Ig l
CONTINUE
I F ( E 1 R K .Eg. 0.0 ) (iC TC 137
CALL G A O J S ( N G t N G > Z E R O ,Pl , lO.PHl . ft2tSUM,KH^ ,kll«iii<!l
00 13b Ig=l ,10
IF! A B S ( H K ^ d U I ) .LE. O.lt-06)
CC 138 K R ^ l . K w
N K K i K H - N H l K K l , K k )
K 1 I I M K K IKK, I C l » « ) = KK < ; ( Iw)

13d CONTINUE
137 I M 6 2 K K .Eu. 0.0 I liC TO 13<>

C A L L U A U S S ( N o , K u t / c R O ,PI , i» »>HJ ,K 3. SUM ,KK 3i«< I
IK A b S ( K R j d J ) .Lt. O.lc-08) K K 3 l l ) = C.O
IF ( A b S ( K K 3 ( 2 » .LE. 0.1E-08) K r i 3 ( 2 ) = C . O
CO !<»$ K R = l t K w
N K K 1 K K » N R ( K K I ,Kr t )
R K N K K U R , 1 9 J = H K 3 ( I )
rtl ( NKMK*, 20 > * R R 3 U I

1^5 C O N T I N U E
13<i I F I I R .Ew. 0) GO T(j 13V

CALL G«USS<NO,K.o . ZEi\U . P I. !>,PHI , A < « , SUM,RK<.,«, I NG
00 140 IQ-1 .!>
IF( A b S I R R f ( lu) ) .Lt. O.lt-0b»
CO 140 KR=1 ,Kt

R KNKK iKRi Ig + 20 )=KK<>( Igt
140 CONTINUE

I F 1 E 1 R K .Eu. C.O ) uL TC 141
CALL G A O S S ( N O , K G t Z L R O i P I , 18, PHI , R5 . SUM ,Rk "j,* I NG5 »
OC 142 Iu=l .IB
I F ( A d S ( R K 5 ( I O ) » .LE. O. l f c -Od) H R 5 ( l u ) = 0 . 0
OC If2 K R = 1 , K Q
N K K I K H = N R ( K K I , K R I
R K N K K I K R , l u » 2 5 ) = R K l > l l « »

142 C O N T I N U E
141 1 M E 2 R K .Ew. 0.0 I GL TO 13o

CALL GAUSSING.KG.ZEHO ,PI ,II,PHJ ,Ro,suM,RRo,Ri.Mii6)
CC 143 I u = l , l l
1 F ( A B S ( R K 6 ( 1 0 » I .Lc. O . lE-Oo) K K O ( U ) = 0 . 0
00 143 K K = 1 , K Q

R n o ( Ig l
143 C O N T I N U E
139 C O N T I N U E
136 C O N l l N L b
133 1BC=0

C
C T(-E UU LOOP OF M
C

.00 S2 M = H H I N , M M A X , M U
I F I N C h N G .EU. 0) Gu Tj <:030
IF(S$A) 2031,2031,2032

2031 I=NDC*IBC*NS-IO
I E C = 1 B C » 1

I.^N= I » M N + M N - M S
GC TC 2033
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2032 rTEMP«NOC*I8C*NS- IO
i e c = i « c + i
I = I T E M P - ! 8 C
I N = I T E M P + M N - M S
I N N = l N + M N - t B C

GO- TO 2033
2 C 2 C I = N D C + I B C * N S - I O

IBOIBC*!

INN=IN+MN
2033 JBOO

C
C THF 00 LOOP OF MB
C

IFtNCHNG .EQ. 0) T.O TO 2034
IF(NSA)2035,2035,2036

2 C 2 5 J=NFC*JBC*NS-IO
jnC=JBC+l

JNN=J+MN+MN-MS
CO TO 2037

2036 JTFMP=NEOJ8C*NS-IC
JBC=JBC*1
J=JTFMP-JBC

JNN=JN*MN-JBC
GO TO 2037

2034 J=NEOJBC*NS-IO
JRC=*JBO1
JN=J**'N

2C37 I M = < I B C - l ) * M S - l R C " U B C - l ) V ? * J R C
I F U B C .GE. 1BC) GO TO 120
I M = ( J B C - l » * M S - J B C * U B C - l ) /2*!BC

GO TO 121
120 X 3 = X ( 1, IM)

1 2 1 X l = > ( 1 , I M J
X 2 = X 12, IM|
X5 = X C 5 , I V )

C
C COMPUTE THE UPPER DIAGONAL ELEMENTS OF THE M A S S AW) STIFFNESS
C K A T R I C I E S
C
C
C CCNTHIBUTIONS OF SHELL
C

IF(J .LT. I» GO TO 112
tF (J .LE. 0 .OR. l.LE. 0) GO TO 114

r SUBHATRIX A
AM I , J )=AK( I , J > » S 1 * R < ! ) * > ! * « S 2 * R < 2 ) » S 3 * R ( 3 > » * A B N * X 3

C SUBHATRIX N
AM« I ,JI=AM( r ,JI + PC*R(n*X2

C SUBMATRIX B
114 A K C I N , J N ) = A K ( I N , J N ) » S 1 * « B N * R < 8 ) * X 5 * < S 2 * R ( 9 M S 6 * R ( 2 ) » * X 2

C SUBMATRIX 0
A f ( IN ,JN)=AM( IN ,JN)»PC*RI

C SUBMATRIX C
AM INN,JNN» = AK( INN,JNN)» (S l *R t8>*S5*RC41»*X5»S5*<RO»*X l * I
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1-BN2I*R(*»*X5t-S7*RI8»*<6N2*X3»AN2*X4 )*S8«ABN»«< 2»*X2
C SUBMATRIX S

AMI INN,JNN)*AMtINN,JNN )»PC*RI1)*X5
112 IFlI .LE. 01 GO TC 113

C SUBMATRIX 0 .
AMI,JN) = AM I, JN» + SV*BN*R« 5»*X3-S2*AN«*I()*X2

C SUBMATRIX E
AK( l.JNNI-AKI I ,JNNI+RI5>»IS«*X3-S5*X1>»S3*ABN*RI7)*X2

C SUBMATRIX F . '
113 AK<IN,JNN)=AK(IN,JNN»»AN*R(8)* (S1*X5-S7*X*)»S6*BN»«(2>*X2

IFl IR .EO. 0> GO TO 111
IF(J .LT. I» GC TC 115

C SUBMATRIX 8 . • "
AK( IN,JNI = AK( IN ,JN)»S5*RVI1 ) *X5

C SUBMATRIX F
11J> AKI IN, JHN»=AKUN,JN.*)-S7*HVt 3 )» X<.+Sb*( oN»R VI ll-( 1.0 -tJN<l)*H VUJ) •

1X5
C S U B M A T R I X C

AK( INNt JiNN)=AK( INN, JNNJ»Si*l AbM*n V< i) *( AllMi-AN) *K V( 2 »» (
i (<») ) *X5-S7*(BN*RV «3)»XJ*AN*KV ( 3 ) * X 4 )

C
C CONTRIBUTIONS OF STRINGER
C

111 IF(LL .EO. 0) GO TO 106
I*=IJ .LT. I> GO TC 116
IF(J .LE. 0 .OR. I .LE. C) GO TO 117

C SUEMATRIX A
AMI ,J) =AKU ,J» + ST<H*X1

C SUBMATRIX N
AfM I,JI = A M « I , J » * S T ( 2 9 ) * X 2

C SUBMATRIX B
117 AK( IN,JN) = A K ( I N , J N » * S T ( 2 I * X 1 * S T ( 7 < , ) * X 2

C S U B M A T R I X 0
A M ( I N , J N ) = A M ( I N , J N » * S T < 3 C ) * X 2 * S T » 3 l ) * X 5

C . SUBMATRIX C
AMINN,JKN»=AK( IKK ,JNN» » S T ( 3 > * X l » S T I 7 3 I * X 2

C SUBMATRIX S
Af ( INN, JNN»=AM( INN,JNN)*ST( 33 I *X2»( S T ( 3 A ) » S T J 35M*X5

C SUBMATRIX R
116 AMI IN,JNNl=AMUN, JNN) »ST I 3?) » X5

C SUBMATRIX F
AKIIN.JNM =AMIN, JKM+ST (75 )*X2
IFl I/I .EO. 0) GO TO 107
IFIJ .LT. II GO TO 118

C SUBMATRIX B
AKI IN.JNI-AM IN, JN I *ST I5 ) *X1

C SUBMATRIX 0
AMI IN,JN)=4M( I f J , J N » » S T ( 3 7 l * X 2 » S T I 3 8 l * X 5

C SUBMATRIX C
A K ( I N N , J N N ) = A K ( I ^ ^ , J K N » * ( S T ( 7 ) *ST18 I )»X1

C SUBMATRIX S
AMi r tN ,JKN)~«* ( INN,JNN)« (ST(41 l+ST(42»*X2»ST(43>*X5

IIS IF(I .LE. 01 GO TO 119
C SUBMATRIX E

AK( I ,JNNI=AKI I ,JNN»*ST(A»*X1
C SUBMATRIX P

AMI I,JNN )=AM(I ,JNN)*ST( 36I*X2
C SUBMATRIX F

IIS AKI IN,JNN)=AKI IN,JNN»+STI6)*X1
C SUBMATRIX R .

AMIIN,JNN» = A>|IN,JNN>*ST139 I»X2*ST ( A O ) * X 5
1C7 1FIIZ2 .EQ. 0) GO TO 106

IFIJ .LT. I) GO TO 520
C SUBMATRIX 0 -

AMI IN,JN) = ftM(IN,JNI»STI * 5 » * X 5
C S U B M A T R I X C
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AK{ INN, JNN) =AK( INN,JNN)»STUC)*X l
C SUP.MATHIX S

A«»(IKN,JNN) * AM IKK, JNM »ST (*7 )*X5 *ST U8 I *X2
520 !F(I .LE. 0) GO TO 521

C S U R ^ A T R I X F
AKI I , JNN)=AK( I , JNNI»ST(9 ) *X1

C SUBMATH1X P
AM(I ,JNN) = AM( I t JNN»+STU4|*X2

r. SUBMATRIX 0
521 AM< lN,JNN)=AMfIN,JNN)»ST(46I*X5
108 IFUY1 .EO. 0) GC TQ 109

IF< J .LT. I) GO TO 122
C SUBMATRIX B

AMI N,JNI =AK( IN, JM+ST (13 ) *X1
C SUBMATRIX 0

A P I I N , J N ) = A M ( ! N , J N ) « S T ( * 1 > * X 2 + S T ( 5 2 t * X 5
C SUB»»ATRix C

AK( INN,JNN)=AK(INN,JNN» + ( S T ( l (S)»ST( 17 ) ) *X1
C SURMATRtX S

A M ( I N N . J N N ) = 4 M ( I K K , J N N I » ( S T ( 5 7 ) * S T « 5 8 ) > * X 2 » ( S T ( 5 9 I » S T ( 6 0 » ) * X 5
122 IF( I .LE. 0) GO TO 123

C SUPHATRIX D
AK( I ,JNI=AK( I ,JN»*ST(11)*X1

C SURMATRIX NN
A M ( I ,JN)=AM(I ,JN)*STH9 J*X2

C SUBMATRIX f
«K( I , JKN»=AKI I , JNNI *ST(12 ) *X1

c SUBMATRIX P
A M t I , J N N ) = A M ( I , J N N I » S T ( 5 C ) * X 2

C SUBHATRix F
123 AM IN, JNN)=4K( IN, JNN) + ( S T U 4 I + S T 115 ) I *X1

C SUBMAT9IX P
/ i » ' « I N , J N N ) = A M ( I N , J N N » » » S T ( 5 3 ) * S T ( 5 A ) I *X2*< ST ( 55) *ST( 56) ) * X 5

1C<5 IF( I V2 .EQ. 0) GO TO 110
IF(J .LT. II GO TO 124

C SUBMATRIX R
AM IN,JN)=AK(IN,JN) + S T ( 2 C ) » X I

C SURMATRIX Q
A M ( I N , J N ) = 4 ^ ( I N , J N ) 4 - S T ( 6 3 ) *X2 *ST «6<, > *X5

C SUBMATRIX C
A K ( I N N , J N N ) = « K ( I N N , J N N ) » S T ( 2 3 ) * X 1

C SUBMATRIX S
AMI INN, JNN)=AM» INN.JNN) •(• STC69) + ST< 70) ) * X 2 » J ST( 711*51(72) I*X5

12A IFU .LE. P) GO TO 525
C S U B M A T R I X 0

AK( I,JN ) = AK( I,JN ) » S T ( 1 8 ) * X 1
f S L G M A T R I X NN'

AM( I ,JN)=AM(I ,JNI + S T ( 6 1 ) * X 2
C SUBMATRIX F

AK(I ,JNN)-AK(I ,JNK)»ST(19)*X1
C SUBMATRIX P

A M ( t , J N N ) = A M ( I , J N N ) » S T ( 6 2 ) * X 2
C SUBMATRIX F

525 AM IN, JNN) = AMIN, JNN )»( ST( 21 ) * S T J 22 ) »*X l
C SUBMATRIX R

A M ( I N , J N N ) = A P ( I N , J M M ) + ( S T ( 6 5 I + S T ( 6 6 ) I * X 2 » 1 S T ( 6 7 ) + S T ( 6 6 » ) * X 5
110 IFOZ1 .EO. 0 .OR, IVI .EO. 01 GO TO 106

IFIJ .LT. I) GP TC 526
C SU8MATRI X B

AM IN, JN)=AK (IN, JN) »ST( 24)*X1
C SUBMATRIX C

AK( INN ,JNN)=AK( INN ,JNN)» (ST (27 )»ST(28 ) ) *X1
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C SUBfATRIX F
526 AKUN,JNN»=AKI IN,JNN)»(ST(25)*ST(26M*Xl

C
C CONTRIBUTIONS OF RING
C

106 IF(KK .60. 0) GO TO <33
00 m KR=1,NK
> X 1 = X X X ( 1 , K R , I M )
X X 2 - X X X ( 2 t K R , IM)
1F(J .IT. I) GO TC 151
IF(J .IE. 0 .OR. I .IE. 0) GO TO 153

': SUBMATRIX A
AM I,J»=AMt tJ»«-«CR<KR, l»*ABN2*Rl lKR, l )»CR<KR,21 l *ABN*RHKRi5 l»*

1 XX1
C SUBMATRIX N

AMU f J)=AM(I, J)»(CR(KP, 22»*RI <KR ,* I »CR(KR, 23 I*R I (KR,7 I*ABNI*XXl
C SUBMATRIX B

1 53 AK( IK ,JN) = AKfIN,JNI + ICR(KR,2 I * R I ( K R , 3 ) + C R ( K R , 3 ) * R I ( K R , 1 > > * A B N * X X 2
C SUBMATRIX Q

AM( IN,JN)=AM( IN ,JN)* (CR(KR,22) *RI (KR,8) *CR<KR,2«)* f t I t K R , 7 M * X X ?
SUBMATRIX C

AM INN, JNN)=AK(INN,JNN> + (CR(KR,3»*ABN2*RHICR,1 » + C R ( K R , 2 »*RKK«, 311
l *XX2* (CR(KR, 1 ) *RKKR,3) *CR(KR,2 l »*ABN*« I (K« ,7»»XX1

SLBMATRIX S
AM< INN, JNN)=AM( INN, JNN)*(CR(KR,2^»*CR(KR ,23 H*RUKR,<> I *XX 1* (CR(KR,

1 2 4 ) * A B N * R I ( K R , 7 ) » C R ( K R , 2 2 I * R I ( K R , 4 ) > * X X 2
151 IFU .LE. 0» GO TO 152

C SUBMATRIX E
iK< l,JNN) = AKU,JNN)»(CR<KR, I )*AN2*RI(KR, 2 > + C R < K R , 2 l > * A B N * R M K R , 6 » )

1*XX1
C SUBMATRIX F

152 AK(IN,JNN) = AK(IN,JNN»»(CR(KR,3)*ABNB*RI(KR, 11»CRtKR,2)*AN*R11KR,3)
1 ) * X X 2

C SUBPATPIX R
AH(IN,JNNI=Af ' ( IN,JNN>*2.0EO*CR(KR,2' f )»BN*Rl(KR, 7 ) * X X 2
IF(EIRIKR) .FO. 0.0 ) GO TO 154
IF(J .LT. II GO TO 155

C SUBMATRIX B
AK( IN,JN) = AK< I N , J N ) » ( C R ( K R , 5 ) * R H K R , 9 » » C R ( K R , 6 ) * R H K R , 1 0 ) * C R ( K R , 7 t

1*RI(KR.l l I+CR(KR,8)*Rl(KR,12I»*4BN*XX2
C SUBMATRIX 0

AM( IN.JN) = AM( IN ,JN»* (CR(KR,30 ) *R l (KR,15J*CR(KR,281*R I (KR,16 )»
ICR(KR,32»*RI (KR,17 I *CR(KP,33»*RI (KR,18J»*XX2

C SUBMATRIX C
AM INN, JNN) = AM INN, JNN)»( <CR IKR, 5I*RI (KR , <?» »CR( KR ,61* RI (KR.10I*

1CR(KR,81*RI (KR,12n*ABN2*CR(KR,9l*RKKR,l l l * (AN2*BN2J I *XX2+ (CR(KR t

210l*Rt(KR, 1)*ABN2-CR(KR,<.)*RI(KR,2)*(AN?*BN2)»(CR(KR,26)*RI (KR.5I-
3 C R ( K R , 2 7 » * R I ( K R . 6 I » * A B N > * X X 1

C SUBfATRlX S
AM( INN,JNN) = AMI INN,JNN)*(CR(KR,30 I * R I « K R , 4 ) » C « ( K P , 3 A » * A B N * R I ( K R , 7 )

1l*XXl + ( C R ( K R , 3 0 ) * R I ( K R , 1 5 » * C R ( K R , 3 3 1 * R M K R , 1 8 ) * C R ( K R , 3 2 » * R I ( K R , ) 7 )
2>*ABN*XX2

155 IF( I .tf;. 01 GO TO 156
C SUBMATRIX F.

AK( t , JNN)=AK( I , JNNI - (CR(KR,4 ) *ABN2*RI (KR, l )»CR(KR,?5»*ABN*RI (KR, 5)
l ) *XX l

C SUBMATRIX P
AM( I ,JNN)=AM«I ,JNN»-(CR(KR,28»*RI (KR,*f|»CR(KR,?q)*A8N*RI(KR,7))*

1XX1
C SU8MATRIX F . ,' -

156 AM IN,JNN)*AMIN,JNN»*((CR(KR,81*RI(KR,121»CR(KR,5)«RI(KR,9)*CR(KR
1,6)*RI(KR,10)I*ABNB»(ABNB»AN)*CP(KR,9)*RI(KR,11))»XX2
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SLBMATRIX R
AH< JN,JNN)=AM(IN,JNN)»2.0EO*BN*(CR<KR,31)*RI(KR,16)»CH(KR,30)*RI <K

lRt !5»+CRIKR,33l*RI CKR, 1 8 ) *C« (KR ,32 ) *R I ( KP , 1 7 ) I*XX2
IF(E2R(KR> .60. 0.0 » GO TO 157
IMJ .LT. II GO TO 158

SUBKATRIX B
AK( tN,JN)=AK( IN,JNI»(CRIKR, in*RI (KR,2)*CR(KR, l2)*RI (KR,19)»CR(KR,

l!3t*RI IKR,20)»*ABN*XX2
SUBMATRIX Q

AM( IN,JN)=AW( tN ,JNI *<CR(KR,35»*R(6 )»CR(KR,37) *R(7 l *CR<KR,38 l *R(2 ) )
l*XX2

SUBMATRIX C
AM IKN tJNN)=AK(!NN,JNN)«( (CR (KR , 128 *R! C X R , 19S*CR (KR , 1 7>*RI (KR ,20) )

1*ABN2+(CR(KR,16)*RI < K R , 2 0 ) » C R < K R , K ) * P l « K R , Z J}°MAN2»BN2) 5 * X X 2
SUBMATRIX S

AM( IKN fJNN)=APUNN, JNNI »CR (KR.40 » *R I (KR , 4 ) *SXl *( CR(KR ,40 1 *R t 2I»CR (
1KR,37I*R(7M*ABN*XX2

158 IF( I .LE. 01 GO TC 159
SUBMATRIX P

AM(I ,JNN)=AM( I , JNN)-CR(KR,35)*RHKR ,4J*XX1
SUBMATRIX F

159 AK( IN,JKN» =AK(IN,JNN»*(CP(KR,1 ' . )*RI(KR, 2 I*(ABN8*ANI + (CR(KR, 15»*Rt<
IKR,20»+CR(KR,12)*RI (KR,19) ( *ABNB»CR(KR,16I*RI ( K R 0 2 0 ( * A N » * X X ?

SUBMATRIX R

137I*R(7II*BN*XX2
157 IFCIR .Ep. 0) GO TO 144

IFt J .LTi I » GO TO 160
IFU .LE. 0 .OR. I .LE. 0) r,0 TO 161

C SUBMATHIX A , -
AK( I , J) =AK( I ,J>+CR« KR, ll*( ABN*«I (KR ,21 ) »ABNfl»RI ( KR ,22 )* ABNA* HI (KR,

1231 >*XX1
C SUBHATRIX B

Itl AM (N,JN)=AK( IN,JN»»CR(KR,1) * (RI (KR ,21 )»eN*R I (XR,22 I *AN*R I (KR, 23 ) «
1*XX2

C SU8KATRIX C
AK{ INN, JNNt =AK< I NN , JNNI »CR ( KR ,3 I * ( ABN*R I U«,2l I »AON6*RI (KR, 22 1* ABN

1 A * R H K R , 2 3 > ) * X X 2
16C IF(I .LE. 0> GC TC 162

r SUBMATRIX F
AM I,JNN)=AK( I, JNNI+CRIKR, 1 >«AN *R I J KR , 24 > *XX 1

C SUBMATRIX F
162 AK(IK,JNN)= AK( IN, JNN ) »CR ( KR , 3) *( BN2*R I ( KR , 221 »RI ( KR,23>

1*ABN*BN*RI ( K R , 2 l » ) * X X 2
IF(EIR(KR) .FQ. 0.0 ) GO TO 163
IFU .LT. I» GO TO 164

C SUBHATRI X B
AM IN,JN) = AK( IN,JN»*(CR(KR,5)* (RI (KR,43)»BN*HI(KR,35I»AN*RHKR,36)

1 » * C R ( K R , 6 » * ( R I ( K R , 2 6 I+R ! (KR,27)»BN«(RI (KR, 37)»RI (KR.39) )»AN»(RI(KR

3 CR(KR, 8)*(RI( KR,28»*RI (KR , 2<3J »AN«R I ( KR ,42 >+BN*R|(KR,
441) » *CR(KR,9 | * (AN*RI (KR, 32 I »BN*P 1 (KR , 31 ) ) >CR (KR , 1« » *R I ( KR , 301 *CR ( K
5R.19»*(AN*RII KR, 34)*8N*Rt ( KR ,33 > J ) *XX2

SU8PATRIX C
AM INN, JNNI =AK( [NK,JNN)»(CRIKP,10»" !R I (KR,21 »*ABN»ABNB*Rt(KR, 221*

1ARNA*RI(KR, 23) » -CR(KR,4 ) *(BN*RI (KR,25J»AN*RI (KR,?4I) ) *XX1* ( (CP(KR,
25 | *R ICKR,43 l *CRCKR,6 l * (RMKR,26 l *RHKR f 27n»CR(KR,18 ) *R I (KR ,30)»CR
3(KR,e»* (RUKR,29 |»RI (KR,28) I )*AaN* CR (KP,5 »* (CBNB*R I (KR, 35 » *ABNA*
4RKKR, 36 ) ) »CR(KR,6»* (ABNB* (R I<KR „ 37E+RK KR,39{ t«-ABNA*(RI (KR,38)»
5RI(KR,40)) )»CR(KR,8)* (A8NB*RI(KR ( ,« ; ! '*ABNA*RI(«;R ( ,42))»CR(KR,19)*(A8
6KB*RI (KR,33)+ABNA*RI (KR,34) )*CR(KR,^)*(BN*RHKR, 32I*AN*P. I(KR,31) ))
7 * X X 2
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164 IF( I .LE. 0) GO TO 165
SUBNATRIX E • - • . . . = . •

AK( l ,JNN)=AK(I,JNN|-CR(KR,4l*(ABN*RI ( KR , 211» ABNA* RMKR.23 »*ABNB*
I R t ( K R , 2 2 ) ) * X X l

SUBMATRIX f
165 AM IN,JNN)=AKIINtJNN)»t (CR« KR, 5) *RH KR , 351*

* CR(KR,6 ) * (R I (KR,37»*R I (K
1R,39))»CR(KR,8)*RI (KR,4 l ) *CR(KR, l9 ) *RMKR,33M*BN2*<CR(KR,9) *RHKR
2,32)+CR(KR,5) *R| (KR,361*CR(KR,19)««I(KR,34»*CRIKR ,6»*<RIUR,38)*Rt
3(KR,40» )»CR(KR,8 ) *R I (KR,42 ) ) *ABNHCR tKR, 5 I*R I (KR , 43 I+CR (KR, 6» *( RI (
4KR,26 ) *R l (KR ,27M*CR(KR,8 ) *<R I (KR,28»*R I (KR.29I I *CR<KR, 18 !•«! IKR.3
50M*BN + CR(KR,9»*RMKR,31M*XX2

U3 IF (E2R(KR» .EQ. 0.0 » GO TO 144
IF(J .LT. II GO TO 166

SUBMATRIX B - - . . . . -
AK( INfJN)=4K(IN,JNI +(CR(KR,12)* (RMKR,44)«RI (KR.^6)»BN*RI (KR,49 I

1+AN*RI(KR, '50) l *CR(KR,17)* (RHKR,45)*BN*(RHKR f 47)+RI(KR,53M»AN*(
3RI(KR,48)»RI IKR.54 »)) *CR IKR, 14)•( 8N*R IIKR.24 J*AN*R KKO, ?5> )»CRC KR ,
<.2Ct*<BN*RKKR,51t*AN*RI ( K R , 5 2 » » > * X X 2

SUBHATRIX . C
AKdNN, JNN»=AKUNN,JNNI*«CR<KR,12»* (ABN*<WI (KR, 44 ) + R I (KH , 461 I»ABNB

l*RI (KR.49) »ABNA*RI(KR,50) ) »CR « KR , 17 ) *RI ( KR ,451 * tlBN»C R (KR , 20 ) • (ABNB
2*RI (KR,51 ) *ABNA*RMKR,52n*CR(KR,16)« |ABNB*(RI (KR,^3 l *RUK»>,47N»
4ABNA* (R I (KR ,54 )+R I (KR ,48 I ) *BN* ( R I (KR ,48 I »R I (KR, 54 I I » AN*( R. HK».t 47 I*
S R I ( K R . 5 3 I ) ) * C R ( K R , 1 4 » * ( A N * R t ( K R , 2 4 » » B N * R r ( K R , 2 5 1 I ) * X X 2

SUBKATRIX F ' . •
166 AK( IN,JNN) = AK( IN ,JNNI * ( (CR(KR,12 ) *R I (KR,49 )»CR(K f l , 20>*R I (KR,5 I I»

lCR(KR,16) * (R I (KR,53 )»RHKR,47n ) *BN2*ICR ( KR , 17> *( Rl ( KR,4B)*RMKR,
2 ^ 4 ) ) + C R ( K R , l 2 ) * R I ( K R , 5 0 I + C R ( K R , 1 4 ) * R I ( K R , 2 5 » » C R ( K R , 2 0 I * R H K R . S 2 ) I
3*ABN + ( C R ( K R , 1 2 ) * ( R I ( K R , 4 4 ) * R I ( K R , 4 6 ) ) * C R » K 9 , 17!•RI(KR.45)»*BN*CR(
4 K R , 1 6 ) * ( R I ( K R . 4 7 ) + R I ( K R , 5 3 t ) * C R ( K R , 1 4 ) * P I ( K R , 2 4 ) ) * X X 2

1*4 CONTINUE
93 CONTINUE
92 CONTINUE
«1 CONTINUE
90 CONTINUE

C
C
f.
C

COMPUTE THE LOWER DIAGONAL
STIFFNESS MATRICES

ELEMENTS OF THE SYMMETRIC MASS AND

2002

2C12
2011
2015

2014
2013
2010
2018
2017
2019

2020
C

C

00 2CC2 1=2,MN3
11=1-1
00 2002 J = l ,11
AM I ,J I=AK( J,I)
AM( I , J ) = AM(J , I I
IfMNWK-112010,2011,2012
WRI TE( 7,651 «AK( I ,J» , J=1,HN3I , I =1 ,MN3I
W R I T E (6, 2015)
FORHATI1H1 ,30X,17HSTIFF NESS HATRIX , / , 3 lX t l 7 ( IH=» , / / »
00 2013 I = l , H N 3
WRITF(6 ,2n i4 ) (AK( I , J ) , J= l ,HN3)
FORHAT(SX,E15.8,1X,E15.8,1X,E15.8,1X.E15.8I
CONTINUE
IF(NWM-1)2016,2017,2018
W R I T E ( 7 , 6 5 M ( A M ( I ,J) ,J=1 ,FN3» ,(=1,MK3>
WRITE(6,2019)
FORfATdHl ,32X,12HMASS MATRIX , ^ C 3 3 X , 12( !»-=),// >
00 2020 1 = 1 , M N 3
HRITE(6 ,2014) (AH<I ,J ) ,J=1 .HN3)

CONTINUE

EVALUATE THE EIGENVALUES AND EIGENVECTORS
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c
201:6 CALL EIGENO I ,AM,,AK »MN3, KRRR , VECR ,LC ,XXXX W,,««C ,2,EVHttVl .

C ':

C CONVERT THE EIGENVALUES I'NTIO. FRECUENCIES IN »-E«T Z
C '

CC 2006 1=1, MN3
IF (EVA Ml, ..IE.. 0.0 J GO TO 200fc
E V R ( I ) = SORTJEVRMH/PI2

2006 CONTINUE
IP (NHEV-D 2021, 2022, 2023

20:23 00 2024 J=l,HN,3
W R I T E ( T , 6 5 ) (VECRM,J.», I^L.MNSrl

2C.2« CONTINUE • .
2C2;? W«ITE('6,,20?5)
2025 FC«MAT(lHl,32X,12HEIGENyECTORS,/,33X, 12MH" » ,./-/li

nn^ 2C26 J=1-,HN3
W R I T E ( 6 , 2 0 l « ) C V E C R ( I.JI, l=l,MN3)

2:026; CONTtNl/E
2C.2'V WRITE(6.,,2027J
?0,27; FCRMAT(IH1,,2TX,22HEIGENVALUES IN HERTZ',/ 128», 22MHs|,/./|

GO TO 10000

liCO FQRf»AT(r// , lX,62H***** ERROR *****- MMIN = 0 IS POSS IBt E ONLY1 W-I'
1;T.H FREE-FREE, /', 32X,l8HBOUNOARiY' CONOI'TION)

CC TC 10000 '
100'C5 CON.TINUP

CALL E X I T
.END.
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* SUBROUTINE
»
* PURPCSE
* TO EVALU
* M, MB, A
»
« U S A G E
* CALL INTi
»
* DESCRIPTION
\ ¥

+ MB
* . AA
* NBC
\

» PI
* X K I )
•»

+ SLBRCUTINES
* NONE
«

* fETHCC
» THE CLOSI
* FROM RO
* CCNTAINI
» CIRCULAR

I N T G R L ' *
. •' *•

' , , *
TO EVALUATE THE LONGITUDINAL INTEGRALS X I C 1 I TO X M 5 » WHEN «•
M, MB, AA, ANC NBC ARE FURNISHED THROUGH THE COMMON STATEMENT «•

*
*»

M
MB
LENGTH OF T»-E SHELL
CODE NUMBER OF THE BOUNDARY CONDITION WHICH IS
UNDER CONSIDERATION
3.1415926535
LONGITUDINAL INTEGRAL-

REQUIRED

FORM EXPRESSIONS FOR THE INTEGRALS WERE CBTAINEC
ERT P. FELGAP, JR., FORMULAS FOR INTEGRALS
G CHARACTER 1ST ICFUNCT IONS OF A VIBRATING BEAM,
NUMBER 14, THF UNIVERSITY OF TEXAS, '.«SO

SUBROUTINE INTGRL
Cl fENSION A ( 5 I , B < 5 )
COMCCN UK(^J ,R(9) ,OKV (

2 X R < 2 » , E 1 , 6 2 , K , N
PO 8 I = 1 1 5
X H I » = 0 . 0

t C O N T I N U E
GO TO ( 100, 200, 3CC,4COI
CLAfPEO-FRFE
ALPHAS AND BETAS CBTAINED

100 A( 1)=0. 7340955
01846644
99922450

A ( 4 ) = l . 000033553
A(5 MO. 9999985501
B( l»= l .a751C41EO/AA
R ( 2 I = 4.69409U3EO/AA
e(3 )=7 .R5475743EO/AA
B(4 I=1C.99554074EC/AA
R(5)=14.13716839EO/AA
IFtf - 5> 15,15,25

15 AM=A(M)

) ,KV «i ) ,
18),P.R5(
HB,NSA

(a », KR1 (d 1 0 ) , R H 2 (
,RR6(lll , PI ,XK , AA.

NBC

FRC* FELGAR AND VOUNG
A ( 1)=0.
#«2 1=1 .
A ( 3 » = C .

25
GO TC 30
BM=(2 .0?0* FLOAT(M»- l .OEC»»P I / (2 .0EO*AAI

AB=4M*RM

IF(MB - 5)40,40,50
4C AMB=A(MBI

PMB=fl(MR)
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GO TC 20
«C AM8=1.0

BMBM2.0EO* FLOAT(M8I-1.0EO»*PI/I2.0EO*AA»
20 ABB=APB*BMB

e46=6MB*BMB*BMB*BMB
IFi(P-PB) 60,65,60

f. M = MB
65 X !<1)=B4*AA

XI(2I=A8*I2.0 + A B * A A >
X I (3 )=AB* (2 .0 -AB*AA)
X I ( 4 ) = X 1 ( 3 )

v RETURN
C M NOT = MB

MPMB=M+MB

XI{2>=4.0EO*BBM*((-1.0EO)»*MPM8*(A3B-AB3)-88H*(AB-A8B))/ (84-6481
XI(3)-4.OEO*BM*BH*(A88-Afl)*({(-1.OEO)«*MPMB)*BM*HM»BMB*B*B)/

KB4B-A4)
XII 4 I=4.0EO*BMB*BM8*(AB-A8B)*(( ( -1. OEO)**fPNB)*8MB*BMB*-BM*BM)/

1(84-848)
RFTURN

C FREELV SUPPORTED
2CO IF(M-M8)70,75,70

C M = MB
75 PM=M

XK2 ) = BM*BM*PI*PI/AA

X I ( 4 ) = X I ( 3 )
X ! ( l ) = X ! ( 2 ) * X I ( 2 ) / A A v

XI ( 5)=A A
7Q RETURN

f CLAMPFO CLAMPED
3CO A( 1)=0.<J8?5022158

A(2)=l.0007773il
A ( 3 ) =0. 9<;9966450l
A(4)=I .C00001450
A(5)=0.<><><>9999373
B( 1) =4. 730ri40«FO/AA
8(2 )=7 .BS32046EO/AA
B(3)=10.«»956078EO/AA
B(4)=14.1371655FO/AA

IF ( M - '
1 A H = A ( M )

GO TC 3
2 8M*(2.0EO* FLOAT«M»*l .OEOI*PI / (2.0EO*AAI

AK=1.0
3 I F ( M B - 5)4,4,5
4 AMB=A(MBI

GO TO 6
5 AMB=,l .0

6MB=(2.0EO* FLOAT (MBI »l .OEO )*P I/ «2 .OEO*AA I
6 AB=AM*BM

A8B=ANB*BMB

BB2-BM*BMB*BM*8MB
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C M = MB
85 Xtm

XI ( 2 )=AB* (AB*AA-2 .0 )
X I ( 5 ) = A A
GO TC 90 -

C M NOT s MB -
80 X I (2 ) = 4.0FO*BB2*(ARB-AB.»*< ( - l.OE 0»*« < M+MB) » 1 . OE 0) /CB4-B4B)
<?C XM3I = - X I ( 2 »

> I ( 4 | = X l ( 3 ) .
RETURN

C , FREE-FREE
C ' ALPHAS AND B F T A S OBTAINED FROM FELGAR AND YOUNG

400 Ml )=0. 9825022158
A ( 2 > =1. CCC7.77311
At })=0. 9999664501
4(41=1.000001450
A< 5 ) =C.99999<593?3
R/ 1 1=4. 73<jrt4ceeo/AA
H(2 I=7.P53204650/ AA
B ( 3 ) = 1 C . 9 9 ? A 0 7 8 F O / A A
P(4 )=14.1371655C0/AA

IF (M .IT. 21 GO TO 1730

IF (H - 6) 715,715, 725
715 A* =

GC TC 730
725 BM=(2 .CEC* F L C A T ( MM1 ) »1 .OEO I*PI/ (2 .0 EO*AA I

730
B4=BM*BM*BM*flM

1730 IFIMB .LT. 2) GO TC 1720
!F(M6 - (S)740,740,750

7«C

PC TC 720
7=C AMB=l .O

P»<B=(2.0EO* FLOAT(MBH l l »1 .0EOJ*P I /< ? . C F O * A A I
72C A»P=A"B*B»«B

P4B=BMB*BMB*BMB*BMB
1720 CONTINUE

5 l = ( l . C -(-1.0
S2=(1 .0 »(-l.O
<13 = ( l . O -(-1 .0
S4 = ( 1.0 *(- 1.0
S5=(l.O »(-1.0 »**H2)
lF(Mf» l ) 150,250,350

150 IF(MB .NF. M» GO TO 151
C ^=0 HB=0

XI (51 =AA
RPTIIRN

151 IF (MB .LT. 2» RF.TURN
C H = 0 HB r.RFATFP THAN OR =2

X I ( 4 I = 2 .0EO*ABB*SI
OFTURN

25C IF (MR. .NE. M) GO TO 251
C F=l MR=l

XI (21 =1.0EO/AA
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XK5I-AA/12..0
RETURN

251 IFC*B .IT. 21 RETURN
M=l HB GREATER THAN OR « 2

XI»2)a-2.0EO»S2/AA
X M 4 ) = C 2.0FO/A»-ABBI*S2
RETURN

350 IF«fBKl)450Y550t650
M GREATER THAN OR »2 HB-0

V5C xi«3»=2.0EO*AP*S3
RETURN

M GREATER THAN OR =2 MB» I
550 X I (2»=-2 .0EO*S4/AA

Xt< 3)=S4*« 2.0EO/AA-AB)
"F.TURN
•• AND MB GREATER THAN OR *2

650 1F(M .NE. MB) ,GO TO 651
P = MB ' '

XI (2 »=AR*( AB*AA»6.0EC)
XI ( 3 )=>AB* (2 .0EO-Ae*AA>
XI I4MXH3)
X I ( S I = A A
PETURN
M NOT = MB

651 AB3=AM*RHB*BMB*BMR

XI « 2 »=*. CEO*BM*BMB* ( AB3-A3BI *S5/ « BAB- 6* I
X I ( 3 )*4.9EO*B4*( ARB-AB) *S5/( B4B-B4I
XI «<>l =4.0FO*B4B* (AB-ABB)*S5/ ( W
RFTURN
END . • .

34



c
c
c
f

'c
(*" '

r
r

f
'"
*•

'"
f

/-

r
r

c
c
c
r
r.
r
r
r
r.
r
'.'
'..
v>

C
r

«•
4
4
4
4
4

*t
4

4

4-

4

4

4

4

4

4

4

4

4

4

*•

4

4

4

4

4

4

4

4

4

4

44

» 4 » 4 « » 4 4 4 * » » 4 4 4 + 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 » 4 4 4 4 4 » 4 4 4 4 4 4 4 » 4 4 4 « 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

SUBROUTINE XX

PURPOSE
CALCULATE THE VALUES OF XRdl AND, XRI2) AT A GIVEN VALUE OF
X * XK

USAGE
CALL XX

CESCRIPTION OF THE PARAMETERS
«M 3.1415926535
XK THE VALUE CF X AT hHICH THE FUNCTIONS Xfl l l l AND

X R ( 2 » ARE TO RE EVALUATED
AA LENGTH CF THE SHELL
NBC THE CODE NUMRER OF THE BOUNDARY CONDITION UNDER

CONSIDERATION
U If

MB MR

R E M A R K S
THE INPUT AND OUTPUT P A R A M E T E R S ARE COMMUNICATED THROUGH THE
CCMMON STATEMENT

SUBROUTINES REQUIRED
NCNF

METHOD
THE ASSUMED A X I A L MODE FUNCTIONS ARE CENFRATED IN THIS
SUBROUTINE USING FELGAR AND VQUNG1 S BEAM FUNCTIONS

t - 4 4 4 4 4 4 4 - 4 4 4 4 4 4 4 4 4 - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
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4
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4
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»

4

4

4

4

• 4

4

»

4

4

4»

SUBROUTINE XX
C THIS SUBROUTINE EVALUATES THE VALUES OF X R ( 1 > , X R < 2 1 AT A GIVEN
C VALUE CF X

DIMENSION A < 5 » , B ( 5 I
CQHMLN OR (9 ) lk(9) ,uhV ts ) , KV ( i> J t Kl (o ) ,kkl ( dl **«!( 10» iKK ̂ ( 10) tK j( it ,

1RR3(2 ) ,R4(5 ) .RR'KS) , R5 (1 8 ) f R R 5 (18 l',R6 (11 ) t RR6 »11 11 PI t XK, A At X !( 5 ),
2 X R ( 2 » , E 1 . E 2 , N.NBtNBCtM.MBtNSA

X P I 1 ) = 0 . 0 •
X R ( 2 ) = 0 . 0
CO TO ( 100,200,300,4001,NBC

C CLAMPFO-FREE
C ALPHAS AND B E T A S OBTAINED FROM FELGAR ANC YCUNG

100 A(U=0.7340955
A ( 2 » = 1 . C 1 B 4 6 6 4 4
AC 3) = 0.99972450
A < 4 | = 1.000033*53
A » 5 « =0.9999985501
B ( l ) = l . 8 7 5 1 0 4 1 E O / A A
P(2)=4.A9409113EO/AA
fl<3l = 7. P5475743EO/AA
P(4 )=10.99554C74FC/AA
P(5)=14.13716839EO/AA
I F ( M - 51 15,15,25

15 A M = A ( M )
RMsR(K)
GO TO 30

25 BM=I2.PFO* F L O A T C M J - 1 ,OEO)*PI/» 2.0FO*AA)
AM=1.0

3C I F ( M B - 5 ) 4 0 , 4 C , s r
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4C
RMR=B(MBI
GO TO 20

•5C * M B = l . O
BMB = <2.0EO*

20 eMX=BM*XK
BMBX=BHB*XK
EB = E X P ( B M X )
EBB* exP(BMBX
?* SIMBMXJ
SB= SINIBMBXJ
C = C C S J 6 M X I
CB= CnS(BM3Xl

SMP=CEBfl- l .O fO/ERB»/2 .0EO
CH = (EB»l .OEO/EB»/2 . CEO
CHB=IEBB>1.0FO/?RB»/2.0EO
XR( 1 )=BM*B«"B* (SH»S-AM*<CH-C)l*«SHe*SB-AMB»«CI-B-CB)
Xft( 2) = (CH-C-AM*( SH-SI »*( CHB-Cfl-AMB* ( SHB-SBJ >
PETUPN
FREELY SUPPCRTEn

7CO BM=M

P I C A = P I / A A
XM=PIOA*BM*XK
X M B = P I O A * B M B * X K
XR( l l=2.CEO*BM*BHB*PIOA*PIpA» COS(X»« I * CCSUMBt
X R ( 2 ) = 2 . 0 E O * S I N ( X M ) * SINIXMBI
"PTURN
CLAMPED CLAMPED

100 A(n = 0.982S022l58
A ( 2 ) = l . 000777311
A( 3)=0. 9999664501
A ( « ) = l .000001450
A ( 5 ) =0.9999999371
B( 1)=4. 71004C8E 0 / A A

. B « 2 ) = 7 . 8 5 3 2 0 4 6 E O / A A
B ( 3 ) =10.9956078CO/AA
P( 4t=14. l371t5 '5FO/AA

IF(M - 5)1,1,2
I A M = A ( M )

GC TO 3
2 BM=(2.0F.O* FLOATIM)» l .OEO) *P I / ( 2 .0EO*AA»

««•=!. 0
? fF<MB - 514,4,5
4 A M B = A ( M B )

GC TC 20
5 ANB=1.0

6MB=12.0EO* FLOAT (NB> »1 .OEO )*P t/( 2 .OEO*AA)
GO TO 20
FREE-FPEE

400 A(l)=0.9825022158
A < 2 > = 1 . 000777311
A ( 3 » = 0 . 9999664501
*(4 Jal .000001450
AC 5) *C. 9999999373

B ( 2 » =7.8532046FO/AA
B( 3 )=1C.9956C78PC/AA
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B(5>=17.2787596fO/AA

l f ( * .LT. 2) GO TO 1730

IF!* - 6) M5,7l5t72S
715 A P = A ( M H 1 )

BM=B(MM1)
GO TO 1740

725 PM=(2.0EO* FLOAT ( t»MU»l .OEO I*PI/ ( 2.0EO*AA I
AM=l .O

174C BKX
S=
C= C O S ( B M X )
E8= E X P < « * X 1
SH = (FB-1.0EO/EB> /2.0EO

1730 I F ( K P .IT. 2» OP TC 1720
tF(«R - 6)740,7«.0,750

740

GO TO 1760

750 AMB=1.0
B"B = (2.0F.O* FLOAT(KBMl )*1.0EO >*P!/ <2 .0EO*AA »

176C BMBX=BMB*XK
SB= SIMBM8X)
CR= COS(f lMBX)
FBB= EXP(BMBX)
SHB=(EBP-1 .OEO/EBBI/2.0EO
CHB=<FBB+1.0EO/EBB»/2.0EO

172C IFMM1) 150,250,350
ISC IF(KB .NE. t»» GC TO 151

C M=0 MB=0
X R < 2 » = 1 . 0
RETURN

151 I F ( - B M l ) 152,152,153
C "=0 M P = 1

152 X R ( 2 > = X K / A A - 0 . 5
RETURN

C "=0 MP. G R E A T E R THAN OR = 2
153 XR<2 )=CH«*CB-AMB* (SH6»SP)

RETURN
250 I F ( * B M 1 ) 251,252,253

C "=1 M B = 0
2 5 1 X R ( 2 I = X K / A A - 0 . 5

PETURN
C M=l HB=l

252 X R » l ) = l , O F O / ( A A * A A )
X R ( 2 » = X K * X K / ( A A * A A ) » 0 . 2 5 - X K / A A
RETURN

C H=l Mfl G R E A T E R THAN OR =2
2 '? X R ( l l = B f B * ( S H B - S B - A M B * ( C H B * C B ) ) / A A

X R ( 2 > = ( X K / A A - 0 . 5 ) * (CHB»CB-AMB*(SHB^SBt )
RETURN

3?C IF<MBM1I 351,352,353
C M GREATER THAN OR EQUAL TO 2 MB=0

351 X«M2 ) = CH*C-AM*(SH »S )
RETURN

C M GREATER THAN OR EQUAL TO 2 NB= 1
352 X R ( l J = BH«<SH-S-A»'*(CH*CH/AA

XR( 2> = < XK/AA-0. 5 )*JCH»C-AM*( SH»S»
BETURN
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M AND MR G«S*T£« THA* Oft -2
*< SMB-SB-AHB* (CMB*CB»

ftp TURN
END
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+ . «.
» SUBROUTINE SHELL 11 X) +
>
»

•»

*«

4

*

PURPOSE
CALCUL
CF THE

USAGE
IT IS

ATE AT A GIVEN VALUE OF X THE
FIRST SET CF CIRCUMFERENTIAL

USED AS AN ARGUMENT

VALUES OF THE INTEGRANDS
INTEGRALS OF THE SHELL

OF THE NUMERICAL INTEGRATION
* SUBROUTINE 'GAUSS'
•f
»
»
«
»
»

*
*»

*.
»

PFSCRIPTI
X

9R1 1 1
N
NB
NSA

Q C M A R K S
E X C E P T

ON OF THE P A R A M E T E R S
THE INPUT VALUE
TO BE EVALUATED
INTEGRANDS
N
NB
0 WHEN COMPUTING
1 WHFN COMPUTING

FOR X ALL THE INPUT

CF X AT WHICH THE INTEGRANDS HAVE

THE SYMMETRIC MODE SHAPES
THE A N T I S Y M f F T R t C *OD£ SHAPES

AND OUTPUT P A R A M E T E R S ARE
» CCMMUNICATFO TI-ROUGH THF COMMON STATEMENT

*
«
«
•

FUNCTION
RSHL

SUBROUTINES REQUIRED

»
+
»
»
»
»
»
«•
»
»

*«•
»
*•
»

*«•
»
+
«
»
•
»
»
»

S U B R O U T I N E S H E L L K X )
CC^HCN O R I 9 l , R ( < 9 ) i t ; K V I ! > l ( R V l » ) . K l ( b ) , R R l ( 8 t t « < ! ( 1 0 t f K R 2 l l O ) t R 3 < 2 ) f

L ° R ? < 2 l t R 4 C > > t R R * m i R 5 ( 1 8 ) t R f > 5 ( 18 I . R 6 I 1 1) , R R f c « 1 1 ) ,PI , XK , AA, XI ( 5) ,
7 * ' » ( 2 » , E l t F 2 , N , N B , N B C t P , * B , N S A

« is|= X *N
X N B = X * N B
SR=RSHL( XI
I F ( N S A ) l , l t 2

1 f . \= C O S ( X N >
S N = S I N t X N )
C N B = C O S I X N B )
S N R * S I N J X N f l )
GO Tp 3

? CN= S I N C X N I
S N = C C S ( X N )
f .NB= S I N ( X N B )
S N H = C O S ( X N B )

3 D» ( 5 ) = C N * C N B
C R < * I=SN*SNR
CRU ) = S P * C R ( 5 »

CR ( 2 ) = O R ( 6 ) / S R
PRI8 ) = O R I S ) / S R
DR( 7|=OR( 21/SR

I=OR(7 | /SR
A) =OR(fl) / ( S R * S R »

RETURN
FNC

39



c
(.
C

C
C
r
f

C
C.
C

C
r.

* SUBROUTINE SHELL2CXI

PURPOSE
CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS
OF THE 1FCOND SET OF CUCUHFEHENTI AL INTEGRALS CF THE SHELL

'
USAGE .

IT IS USED AS AN ARGUMENT CF THE NUMERICAL INTEGRATION
SUBROUTINE 'GAUSS*

«•

*
*
*
*-
«•
*»

**
«

*
*

DESCRIPTION OF THE PARAMETERS
X X AT WHICH THE INTEGRANDS HAVETHE INPUT VALUE "OF

TO BE EVALUATED
DRV(U INTEGRANDS '
N N . ' ''.
NB NB ' ' '
NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES

1 WHEN COMPUTING THE ANT ISVMMETO 1C MOOE SHAPES

REMARKS '
EXCEPT FOP X ALL THE INPUT AND OUTPUT PARAMETERS ABE
COMMUNICATED THROUGH THE COMMON STATEMENT

'-.
FUNCTION SUBRCUTJNES REQUIRED

RSK .
RR.Q.T

«•'
«•
«•
»
*
«•
*
*•
*
«•

*
*

• *
«•

*«•

*
*
*>
*•
*
«•
«•
•»•

StBROUTlNE SHELLZUt
CCPMCN Ok(9 ),R(9), ORV l& ) ,KV( b »,R1(8 ) ,KK 1( 8)

11«3 (2 ) , ' «4 (5» ,RR4<5 ) ,R5< 18> , RP 5( 18) ,R6( 1 II ,R
2 X P I 2 I ,E1 ,E2,N,NB,KBC,M,HB,NSA

XN=X*N . ,
XNB=X*NB
SR=RSHL(X)
R T = R R R T ( X )
PT2-RT*RT
SR2=1.0EO/(SR*SR»
IF(MSA) 1, 1,2

1 SN= S I N ( X N )
SNB= S IN(XNB)
CNfl= COS(XNB)
CK= CCSUN)
GO TO \

2 SN= COSIXN)
SNB= COSIXNB-I
CNB= SIN(XNB)
CN= SIN(XN)
OT=-RT

3 ORV{ 1>=RT2*SN*SN8/SR
OKV.t 3) =KI»CN*SNB
tKV(4)=0«V( 5)*SR2
BETURN
tNU

I ,PI » XK , f tA ,X I (5 ) .
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« SUBROUTINE RINGKX) »

» PURPOSE «•.
«. CALCULATE AT A GIVEN VALUE OF X THE V A L U E S OF THE INTEGRANDS +
* <-r)f THE F IRST SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING »
* »
* USAGE »
«• IT IS USED AS Als ARGUMENT CF THE NUMERICAL INTEGRATION «•
» SUBROUTINE «GAUSS« . *

* *
* DESCRIPTION OF THE PARAMETERS »
* Fl 7-01 STANCE OF THE SHEAR CENTER CF THC RING FROM THE *•
» MIDDLE SURFACE OF THE SHELL «•
+ E2 Z-DISTANCE OF THE CEKTPCIO CF THE RING FROM ITS »
» SHEAR CENTER *
* X THF. INPUT VALUE OF X AT WHICK T^- f INTEGRANDS HAVE »
» TO BE EVALUATED »
« O K I ) INTEGRANDS *
» N N +
* NB NB »
* NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES »
* 1 WHEN COMPUTING THE ANTISYMMETRIC HOCE SHAPES »
4 »
•» REMARKS *
» EXCEPT FOR X ALL THE INPUT AND OUTPUT PARAMETERS ARE »
» COMMUNICATED THROUGH THE COMMON STATEMENT *

+ FUNCTION SUBROUTINES REQUIRED »
* HSHL * ,
«• *

SUBROUTINE RINGKX I
O K ( 9 ) , R ( 9 1 , J K V ( 5 ) » < V ( 5 1 1 « i ( O ) iKRi(d) tRt( iO» ,KK^ l iOJ .KJli) t
R 4 ( 5 | , R R 4 ( 5 > t R 5 t IB) ,RP5( 181 , R 6 ( M > ,RR6U 1 ) , PI , XK , A A , X I <5 1 ,

?XR(2) ,E1,E2,N,NB,NBC,M,MB.NSA
XN=X*N
XNB=X*NB
S R = R S H L ( X )
RC=SR*El»F2
IF(NSA)1,1 .2

1 CN= C C S ( X N )
SN= S I N ( X N )
CNB= C O S ( X N B )
SNB= SIN(XNB)
GO TO 3

2 CN= S I N ( X N »
SN= C O S J XN)
CNR= SIN(XNB)
SNB= C O S ( X N B )

3 CC=CN*CNB
SS=SN*SNP

Rl (8MRC*SS
Rl m*CC/RC
PK7I sSS/RC

R l < 6 » = R 1 ( 7 1 / R C
P 1 ( U « P 1 ( 2 » / R C
f i t t 5 ) = R M 6 t / R C
RETURN
ENC
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SUBROUTINE RING2IXI

PURPOSE
CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE
OF THE SECOND SET OF CIRCUMFERENTIAL INTEGRALS OF

USAGE

444444444444 '

INTEGRANDS
THE RING

IT IS USED AS AN ARGUMENT OF THE NUMERICAL INTEGRATION
SUBROUTINE 'GAUSS'

DESCRIPTION OF THE PARAMETERS
El Z-OISTANCE OF THE SHEAR CENTER CF THE R

MIDDLE SURFACE OF THF SHFLl
E2 Z-OISTANCE OF THE CENTRQIO OF *>£ q ING

SHEAR CENTER

IKC. FROM THE

FRO* ITS

X THE INPUT VALUE OF X AT WHICH THE INTEGRANDS HAVE
TO BE EVALUATED

R 2 ( I > INTEGRANDS
N N
NB NB
NSA 0 WHEN COMPUTING THE SYMMETRIC MCWE SHAPES

1 WHEN COMPUTING THE ANTISYMMETRIC MODE

REMARKS
EXCEPT FOR X ALL THE INPUT AND OUTPUT P A R A M E T E R S
COMMUNICATED THROUGH THE COMMON STATF. PENT

FUNCTION SUBROUTINES RECUIREC
RSHL

SHAPES

ARE

>4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

444444 44 44 44 444444 44 4 4444 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 fr*444444v 444 44 44 44

SUBROUTINE RING2UI
COMMON Oitl 9) ,R( 9) ,JKV( i) ,«.V( 3» tk i (bJ ,RR1 tdl ,K2 l iO) .iiRitlO! ,Kj(i t ,
1RR3I2) ,R4( 5) ,RR4(5) ,R5(18) , RR5< 1 81 .R6I1 1 l ,RR6( l t I ,PI t XK. A A . X I (5 ) .
? X R ( 2 It El ,F2tNtNB,NBCtM.MB,NSA

XNB=X*NR
SR=RSHL (X)

IF(NSA) 1, 1,2
CN= C O S ( X N )
SN= S IN«XNI
CNft= CnS(XNB)
SNB= S I N ( X M B )
GC TC 3
CN= SIN(XN»

CNR= SI K( XNB)
SNR= COS! XNB)
CC=CK*CNB
SS*SN*SN8
RC2=RC*RC
RCSR=RC*SR
«»2« 10)=SS/RCSR
P2(9 »=R2<10 I/SR
R2(8»=RC*SS/SR
R2I 7> = R 2 ( 8 ) / S R
P 2 C 6 J = S S / R C 2
R 2 « 5 » = R 2 « 6 ) / R C
R 2 ( 3 > = C C / R C S P
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R 2 ( l » = R 2 « 3 ) / S R
R ? I 4 I » R 2 I 1 I /RC2
P 2 « 2 » = R 2 I 4 I / S R
RETURN
FNO
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c
c «• *
r * SUBROUTINE RING3IXI *
C * «•
r » PURPOSE »
C t CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS *
f * CF Th€ THIRD SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING «•
C. * «•
C « USAGE *
f + IT IS USED AS AN ARGUMENT OF THE NUMERICAL INTEGRATION »
' * SUBROUTINE 'GAUSS' «•
C + DESCRIPTION OF THE PARAMETERS *
C * El Z-OISTANCE OF THE SHEAR CENTER OF THE RING FROM THE *
r. + MIDDLE SURFACE CF THE SHELL . *
r » £2 Z-DISTANCE OF THE CENTROID OF THE RING FROM ITS *
'. * SHEAR CENTER *
C * X THE INPUT VALUE OF X AT hHICH THE INTEGRANDS HAVE ••
C * TO BE EVALUATED »
r * R3U) INTEGRANDS »
C » N N *
r. * NB NB »
C * NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES *
f * 1 WHEN COMPUTING THE ANTISYMMETRIC *OO? SHAPES »
C * . . . . . . 4 .
C * REMARKS »
C * EXCEPT FOR X ALL THE INPUT AND OUTPUT P A R A M E T E R S ARE *
C * COMMUNICATED THROUGH THE COMMON STATEMENT *
C * . *
C + FUNCTION SUBROUTINES REQUIRED +
C * RSHL *
C. * *

SUBROUTINE RING3IX)
lUMMUN UR(9I ,K<9) .L.KVI5) , K V ( S ) ,kl U> , RKl (O I, W (10 ) , RK2 < 10 ) f K J ( 2 ) ,

1 P R 3 ( 2 » , R 4 ( - > ) . R R 4 ( 5 ) , R S ( 18I.RP5I 16 »,R6t 11 > ,RR6< 11» ,P I . XK , AA. XI ( 51 ,
2XRC2I,El ,E?tN,NB,NBC,M,MB.NSA

XN=X*N .
XN8=X»NB
SR=RSHL( X)
RC=SR*E1*E2
IF(NSAI1,1,2

1 CN= C O S ( X N >
CKB= CCS(XNB»
GO TC ?

2 CN= SIN(XN)
CNB= SIN(XNBI

3 CC=CN*CNB
2 ) = C C / ( R C * R C * S R »

= R3<2 »/SR
RETURN
END
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SUBHCUTINE PING4IX)

PUR PCSE
CALCULATE AT A GIVEN VALUE OF x THE VALUES OF THE INTEGRANDS
OF THE FOURTH SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING

USAGE
IT IS USED AS AN ARGUMENT OF THE NUMERICAL INTEGRATION
SUBROUTINE 'GAUSS'

DESCRIPTION OF THE PARAMETERS
El Z-OISTANCE OF THE SHEAR CENTER OF THE RING FROM THF

MIDDLE SURFACE OF THE SHELL
E2 Z-OISTANCE OF THE CENTRCID CF THE RING FROM ITS

SHF.AR CENTER
X THE INPUT VALUE CF X AT hHICH THE INTEGRANDS HAVE

TO BE EVALUATED
R4III INTEGRANDS
N N
KB NB
NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES

1 WHEN COMPUTING THE ANTISYMMETRIC MOD* SHAPES

REMARKS
EXCEPT FOR X ALL THE INPUT AND OUTPUT P A R A M E T E R S ARE
COMMUNICATED ThRCUGH THE COMMON STATEMENT

FUNCTION SUBROUTINES REQUIRED
RSHL
RSHLT

*
4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

SUBROUTINE R ING4(X»
COMMON d R ( 9 ) f K ( 9 ) , D R V « S > iRV(5», .U <o) ,Rhl l d ) , K 2 ( 1 0 l , K * 2 < 1 0 } , f t 3 ( 2 ) ,

1RRK2) t R A ( S I ,RR4(5) |R5(18> ,RR5(lf l ) , R6 (11 I, RR6( U ), PI, XK, Afl, X K 5 I,
2X«(2),E1,E?,N,NB,NBC,M,MB,NSA

XN=X*N
>NB=X*NB
SR = RSHL (X »
Z=F14E2
RC=SR4Z
S R T = R S H L T ( X )
RCT=-SRT / (RC*RC»
IF(NSA)1,1,2

1 CN= C C S ( X N )
SN= SIN(XN)
CNB= C O S ( X N B )
SNfi= S I N ( X N B )
GO TO 3

2 CN= SIN(XN)
SN= COSIXN)
CNB= SIN(XNB)
SMB= COS(XNf l )
RCT = -RC T

3 SS=SN*SN8
SC=SK*CNB
CS=CN*SNB
R4( l l=RCT*RCT*SS/RC
PM5)=RCT*CS/RC
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SUBROUTINE RING5(X»

PURFCSE
CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS
HF THE FIFTH SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING

USAGE
IT IS USED AS AN ARGUMENT OF THE NUMERICAL INTEGRATION
SUBROUTINE 'GAUSS*

DESCRIPTION CF THE PARAMETERS
f\ 7-01 STANCE OF THE SHEAR CENTER OF THE RING FROM THE

MIDDLE SURFACE OF THE SHELL
F.2 Z-OISTANCE OF THE CENTROID OF THE RING FROM ITS

SHEAR CENTER
X THF INPUT VALUE OF X AT WHICH THE INTEGRANDS HAVE

TO BE EVALUATED
R5U! INTEGRANDS
N N
NB NB
NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES

1 WHEN COMPUTING THE ANTISYMMETRIC MODE SHAPES

REMARKS v
EXCEPT FOR X ALL THE INPUT AND OUTPUT PARAMETERS ARE
COMMUNICATED THROUGH THE COMMON STATE CENT

FUNCTION SUBROUTINES REQUIRED
RSHL
R R O T
RSHLT

h4 + 4 4 4 4 4 4 4 4 4 4 4 > - * 4 > 4 4 + 444+4 + 4 + + + 44+ + + + 4+ti-4 + 4+-f + + + + 4-t+4- + 4> + + + +4>- + 4>+4'+ + 4
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+
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4
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4

4

4

*

4

4

4

4

4

• 4

1

SUBROUTINE R I N G 5 ( X )

COf fCN OK( - i ) ,R(9) , O K V ( 5 ) , K V (5l,KHai,r lhl(8l iRi< 10),RK21 10)
1RR3I2) ,R4C>) t R P ^ ( 5 » , « 5 ( 1 8 » , R R 5 ( 1 8 ) , R 6 ( H I,RR6(11 I ,P I , XK , AA
2 X R ( ? ) ,E l,E? f N,NB,NBC,M,MR,NSA

XN=X*N
>NB=X*NB
SR=RSHL ( X)
Z=E1*E2
RC=SR*Z
S R T = R S H L T ( X >
RC2=RC*RC
R C T = - S R T / R C 2
BT = RRRT IX I
IF (NSA) 1 ,1 ,2
CN= C O S » X N )
SN= S INJXN1
CNR= C O S ( X N B )

t XI (

GC TC ?
CN= S IN(XN)
SN= C O S ( X N »
CNR= S I N ( X N B )
SNB= COS! XNB)
RT=-RT
PCT=-RCT

SC=SN*CNB
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CS=CN*SKB
U=RCT/<RC2*SR)
H5(3MRCT*OCT*SS/CRC*SRI
R 5 I 2 ) = R 5 ( 3 ) / S R
RSC 18I=SS*RT*RT/RC

R5<4)=SS*RT*RCT/HC2
R 5 ( 5 ) = R 5 ( 4 ) / S R
R5(6)=SC*RT/RC
R5I7)»CS*RT/RC

R 5 ( 1 0 » = R 5 ( 6 ) / S R

R 5 ( 9 ) = R 5 ( 7 ) / R C 2
R5(12) =R5 I8J /SR
R5< 13)=R^(:9)/SR
P5U6)=SC*U
R5( 17)=CS*U
R5( 14> = R5( 16J/SR
R 5 ( 1 5 J = R 5 ( 1 7 ) / S R
RETURN
EMC
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SUBROUTINE RING6IXI
-

PURPCSE
CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS
OF THE SIXTH SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING

USAGE
IT IS USED AS AN ARGUMENT OF THE NUMERICAL INTEGRATION
SUBROUTINE 'GAUSS1

DESCRIPTION OF THE PARAMETERS
El Z-DISTANCE OF THE SHEAR CENTER OF THE RING FROM THE

MIDDLE SURFACE OF THE SHELL
E2 Z-DISTANCE OF THE CENTROID OF THE RING FROM ITS

SHEAR CENTER
X THE INPUT VALUE OF X AT WHICH THE INTEGRANDS HAVE

TO BE EVALUATED
R6UI INTEGRANDS
N N
N8 NB
NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES

1 WHEN COMPUTING THE ANTISYMMETRIC MOOE SHAPES

REMARKS
EXCEPT FOR X ALL THE INPUT AND OUTPUT P A R A M E T E R S ARE
COMMUNICATED THROUGH THE COMMON STATEMENT

FUNCTION SUBROUTINES REQUIRED
R SHL
RRRT
RSHLT

44

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

SUBROUTINE RING6W

CCP.MCN O R ( 9 » ,R(9 I ,uKV (3 t, KV I 5 >, x L (tf ) iKk 1 ( 6J,K <i( 10 ) ,*H 2( 1 0) ,k 3( <>)
l R R 3 ( 2 ) t R 4 « 5 ) , R R 4 ( 5 » , R 5 ( 1 8 ) . R P 5 ( 18 ),P.6( 1 1 ) ,RR6( 1 1) ,Pl , XK , AA , XM 51
?XR(2 I ,E1 ,F? ,N,NR,NBC tM.HB.NSA

XN= X *N
XK8=X*NB
SR=RSHL( X)
Z=E1+E2
RC=SR»Z
£RT=RSHLT< XI
PC2=RC*RC
RCT*-SRT/RC2
R T - R R R T ( X )

CN= C O S < X N )
SN= SIN(XN)
CNB= COS(XNB)
SNB- S I K C X N B i
GO TO 3
CN- S IN(XN)
SN= C O S ( X N )
CNB° SIN(XNB)
SKB= COS(XNB)
8 T=-R T
°CT=-RCT

SN*CNB
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CS=CN*SN8
U=RCT/(RC*SR)
V=RT/RC2
P6I1 I=>SS*RT*RT/RC2
R6I2)»SS*RT*RCT/RC
R6I3»=R6(?I /SR
R6(4»=SC*V
R6(5»=CS*V
RA(6J=R6(4 ) /SR
R 6 ( 7 » = R 6 ( 5 ) / S R
R6( ICI=SC*U
R6(1H=CS«U
R6(8>=R6(10 ) /SR
R 6 ( 9 ) = R 6 C 1U/SR
RETURN
END
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SUBPCOTINE G4USS

PURPOSE
TO EVALUATE THE INTEGRALS OF A S ET OF FUNCTIONS OVER THE
INTERVAL LOWL TO UPL

USAGE
CALL GAUSSING,KGiLOWLtUPL,NOFN,PHl ,FX ,SUH , ANS ,FOFX)
PARAMETER FOFX REQUIRES EXTERNAL STATEMENT

DESCRIPTION OF THE P A R A M E T E R S
NG KUHBFR CF POINTS OF THE GAUSSIAN QUADRATURE
KG NUMBER OF SUBI NTERVALS
LOWL LOWER LIMIT OF THE INTEGRATION
UPL UPPER LIMIT OF THE INTEGRATION
NOFN NUMBER OF FUNCTICNS TO BE INTEGRATED
PHt AN INTERMEDIFT VALUE
FX NAME OF THE VECTOR WHOSE ELEMENTS ARE THE FUNCTIONS

WHICH ARE TO BE INTEGRATED
SUM WORKING VECTOR
ANS THE NAME 0«= THE OUTPUT VECTOR WHICH CONTAINS THE

VALUES OF THE INTEGRALS
FOFX THE NAME OF THE EXTERNAL SUBROUTINE USED TO E X P R E S S

THE FUNCTIONS FX
TEMP WORKING VECTOR WHOSE DIMENSION MUST BF GREATER THAN

OR ECUAL TT NOFN
CONST VECTOR CONTAINING THE ABSISSAS AND WEIGHT FACTORS
NLF WORK ING VECTOR

REMARKS
THE
THIS SUBROUTINE IS EQUIPPED TC PERFORM 3-, 4-, 5-, 6-, 7-, 8-, 9-,
10-f 16-, 32-POINT GAUSSIAN QUADRATURE WITH ANY SPECIFIED KG
NUMBER OF SUBINTERVALS

SUBROUTINES REQUIRED
THE EXTERNAL SUBROUTINE FOFX CONTAINING A SET OF FUNCTIONS
MUST BE FURNISHED BY THE USER

PETHCC
THE CONSTANTS ( A B S I S S A S AND WEIGHT FACTORS! USED IN THIS
SUBROUTINE WERE OBTAINED FROM TABLE 25.4, M. ABRAMOWI TZ AND
I. A. STEGUN, HAKC BOOK OF MATHEMATICAL FUNCTIONS WITH
FORMULAS, GRAPHS, AND MATHEMATICAL TABLES, U. S. DEPT. OF
COMMERCE, NATIONAL BUREAU OF STANDARDS, APPLIED MATHEMATICS
SERIES. 55.
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SUBROUTINE GAUSS ING ,KG,LOWl .UPL.NCFN,PHI,FX,SUM,ANS,FOFX»
REAL LOWL
01 KENS I ON SUMU) , ANS (II , FX (I) .CONST (104 ), TEMPOS ) ,NLS( 32)

C A T A Nl.S /-I,-1,0,4,8, 1*, 20, 28, 36,46,-1,-1,-1,-1,-1,56,
* -l,-l,-l,-l,-lt-l.-l.-l,-l,-l,-l,-l,-l,-l,-l,72 /

C O N S T 1 1)=0.0
C O N S T ( 2 )=0.888888888888889
COKST(3)=0.7745966692*2483
CONST!4)=0.555555555555556
C C K S T ( 5 »=0.3399R1043584856
CCNST(6I=0.652145154862546
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CONST 17)=0.861136311594053
CONSTI8)=0.347854845137454
CONST|9)=0.0
CONST 110 MO.568888888888889
CONSTI ID =0.538469310105683
CONSTI 12MO.478628670499366

13)=0.906179845938664
.236926865056189
.238619186083197
.467913934572691

0.661209386466265
18 MO.360761573048139

932469514203152
17132449237917
00000000000000
417959183673469
405845151377397
381830050505119
741531185599394
279705391489277
949107912342759
12948496616887
18343464249565

0.362683783378362
31 1=0.525532409916329
32)=0.313706645877887

796666477413627
222381034453374
960289856497536
101228536290376
000000000000000
330239355001260
324253423403809
312347077040003
61337143270C590
260610696402935
836031107326636
180648160694857
968160239507626
081274388361574
148874338981631
295524224714753
433395394129247
2692667193C9996

0.679409568299024
0.219086362515982
865063366688985
149451349150581
973906528517172
066671344308688
095012509837637
189450610455068
281603550779259
182603415044924
458016777657227
169156519395003
617876244402644
149595988816577
755404408355003
124628971255534

CONST (
CONSTI
CONST*
CONSTI
CONSTI
CONSTI
CONSTI
CONSTI
CONST!
CONSTI
CONST!
CONSTI
CONSTI
CONSTI
CONST!
CONSTI
CCNSTl
CONSTl
CONSTI
CCNST!
CONSTI
CONSTI
CONSTI
CONSTI
CONST!
CONST!
CONSTI
CONSTI
CONSTI
CONSTI
CONST!
CONSTI
CONSTI
CONST!
CONSTI
CCNSTl
CONST!
CONST!
CONSTI
CONSTI
CONSTI
CONSTI
CONSTI
CONSTI
CONSTI
CONSTI
CCNSTl
CONSTI
CONST!
CONSTI
CONSTI
CONSTI
CONSTI
CONST!
CONSTI
CONSTI

13)=0.
14»=0.
151=0.
16)=0.
171=0.
18 MO.
19»=0.
20)=0.
21)=0.
22)=0.
23 MO.
24) =0.
251 = 0.
26)=0.
271=0.
28MO.
29 MO.
30)=0.
31MO.
32)=0.
33)=0.
34MO.
35)=0.
36) = 0.
37 MO.
381=0.
39MC.
40>=0.
411=0.
42MO.
43) =0.
44) =0.
451=0.
461=0.
47MO.
48MO.
491=0.
50MO.
51MO.
52)=0.
53MO.
541=0.
55)=0.
561 = 0.
57)=0.
58MO.
591=0.
60)=0.
61 MO.
62)=0.
63) =0.
641=0.
651=0.
66MO.
<S7)=0.
681=0.
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CONST! 69)=0. 944575023073233
C O N S T I 701=0.062253523938648
CONSTI 71 ) = C . 989400934991650
C O N S T I 72) =0.027152459411754
CONSTI 731=0.048307665687738
C O N S T ( 74)=0. 096540088514728
CONSK 75) =0.144471961582796
CONSK 76)=0. 095638720079275
C C N S T I 77)=0. 239287362252137
CONSK 78) =0.093844399080805
CONSK 79)=0. 331868602282128
CONSK 89)=0. 091173878695764
CONSK fll»=0.42135127613C635
CONSTI 82 ) = 0. 087652093004404
CONSK <m =0.506899908932229
CONSTI 84)=0. 083311924226947
C O N S T I 85)=0.58771575724C762
CONST( 861*0.078193895787070
CONSK 87)=0. 663044266930215
C O N S T ! 88 ) = 0. 072345794108849
CONST( 89) =0.732182118740290
CONSTI 90 ) = 0. 065822222776362
CONSTI 91)=0. 794483795967942
CONSTI 92)=0.058684CS347P536
C O N S T I 93)=0. 849367613732570
C O N S T I 941=0.050998059262376
CONSTI 95)=0.896?21155766C52
C C N S T I 96)=0. 042835898022227
C O N S T I 97) =0.934906075937740
C O N S T I 98)=0 . 034273862913021
C O N S T I 991=0.964762255587506
C O N S T I lCCI=0.025392Ct530S26?
CONST 1 101 ) = 0. 98561 151 1545268
C O N S T 1 102) =0.016274394730906
C O N S T I 1031=0.99726386184^482
C C N S T I 104 1=0.007018610009470

1001 F O R M A T I 3 1 H 1 G A U S S I A N I N T E G R A T I O N OF O R O F R 15, /
* 17HOIS NOT A V A I L A B L E /
* 17HOPROGRAM STOPPED. )

C
C FROM ORCEP SPECIFIED, FIND S T A R T LOCATION IN D A T A .

DO 20 NCRD=1,32
IF ING .EO. NORO) GO TO 25

20 C O N T I N U E
99 V . R I T F 16,1001) NG

CALL EXIT
25 LS = NLSINORDI

IF (LS .LT. 01 GO TO 99
FKG= FLOATIKG)
DO I N = 1 , N O F N

1 A N S ( N ) = 0 . 0
A1=LOWL
A2 = A1
B=UPL
nx=IB-Al ) /FKG
CO 2 1=1, KG
Al=A2

A2=8
ALPHA = C.5EO*OX
BETA=ALPHA*Al
00 3 N = 1 , N O F N
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3 SU*IN)=0.0
DC 4 J=l,NGi2
LCC = LS * J
PYKA = CONST!LOCI * ALPHA
PMI=BET«-PYKA
CALL FOFX (PHI)
CO 5 N=1,NOFN

5 TEHP(N)=FX(N)
IF(PVKA)7,6,T

6 €0 8 N=1,NOFN
B TEMPINI=0.0

GO TO «»
7 PHI=PYKA*BPTA

CALL FOFX (PHI)
<5 00 10 N = 1 , N O F N

LOCP1 = LS » J*l
10 SUM(N» = SUM(N) » (TEMP(N) * FXINII * CONSTCLOCP1)
4 CONTINUF

CC 11 K=1,NCFN
11 ANS(N)=ANS(N)*SUM(N)*ALPHA
2 CONTINUE

RETURN
ENO
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SUBROUTINE EIGENC < A K , A K , H N 3 , K R R R , V E C R , L C . X X X X , Y , M C , Z , E V R , E V I t I N D I
1C)

CIfENS ION AMJKRRR. l ) , AMKRRR, 11 ,VECR(KPRR,1) ,LC( 1),EVRt 1) , X X X X U » ,
1YI1) ,MC(1) ,211)rINDICIl I t E V I ( 1 )

C
C
C THE PURPOSE OF THIS SUBROUTINE IS TO ARRANGE THE MATRICIES INTO
C THE FORM REQUIRED BY SUBROUTINE EIGEMP
C .
C

CALL R R A Y ( 2 , M N 3 , M N 3 f K R R R . K R R R , X X X X , A M )
CALL RRAYI2 ,MN3,MN3,KRRR,KRRR,Y,AK)
CALL I N V ( X X X X , M N 3 f L C . M C )
CALL M P R O ( X X X X , Y , Z , M N 3 t M N 3 , M N 3 »
CALL R R A Y ( 1 , M N 3 , M N 3 , K R R R . K R R R , Z , A K J
00 2C05 I J = 1 , M N 3
EVR< IJ1 = 0.000
EVIUJ)=0.000
00 2C05 KJ=1,MN3
A^( IJ ,KJ»=O.COO

20C5 V1tCR(IJ,KJ»=0.000
L'=48.000
CALL EIGENP<MN3tKRRR,AK,UtEVR,EVUVECR,AI» , INOIC»
RETURN
FND
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SUBROUTINE EIGENPIN,NM,A,T,EVR,EVI,VECR,VECI, INOIO
C THIS SUBROUTINE TAKEN FROM COMMUNICATIONS OF ACM VOL. 11 NO. 12,
C DEC. 68

INTEGER ItIVECtJtK,Kl,KON,l, l l ,H,N,Nf
DIMENSION A(NM,l) fVECR<NM,1»,VECUNM,1»,

IFVR(NM) ,EVI (MP) t INDIC(NM»
DIMENSION IWQRk(120> t lOCAl l lZO) .PRFACTU20)

1,SUBOIA(120) ,WORK1(120) ,WORK2(120) ,WORK(120)
C
C THIS SUBROUTINE FINDS ALL THE EIGENVALUES ANC THE
C EIGENVECTORS OF A REAL GENERAL M A T R I X OF ORDER N.
C
C FIRST IN THE SUBROUTINE SCALE THE Nf tTRIX IS SCALED SC THAT

..C THE CORRESPONDING ROMS AND COLUMNS ARE A P P R O X I M A T E L Y
C BALANCED AND THEN THE MATRIX IS NORMALISED SC T H A T THE
C V A L U E OF THE EUCLIDIAN NORM OF THE M A T R I X IS EQUAL TC ONE.
C
C THE EIGENVALUES ARE COMPUTED BY THE OR DCUBLE-STEP METHOD
C ,IN THE SUBROUTINE HESOR.
C -ThE EIGENVECTORS ARE COMPUTED BY INVERSE ITERATION 5N
C THE SUBROUTINE REALVE, FOP THE REAL F3GENVALUES,CR IN THE
C SUBROUTINE COMPVE,FOR THE COMPLEX EIGENVALUES.
C
C THE ELEMENTS OF THE M A T R I X ARE TO BE STORED IN THE FIRST N
C RCWS ANC COLUMNS OF THE TWO DIMENSIONAL A R R A Y A. THF
c ORIGINAL M A T R I X is DESTROYED BY THE SUBROUTINE.
C N IS THE ORDER OF THE M A T R I X .
C/ ,M» DEFINES THE FIRST DIMENSION OF THE TWO DIMENSIONAL
C A R R A Y S A.VECR.VECl AND THE DIMENSION Of THE CNt
C .DIMENSIONAL A R R A Y S EVR.EV I AND INOIC. THEREFORE THE
C CALL ING PROGRAM SHOULD CONTAIN THE FOLLOWING. DECLARATION
f DIMENSION A < N M , N N ) , V E C R ( N M , N M , V E C I ( N K . N N ) ,
C 1 EVR(NM ), EV HNM}, INDIC(NM)
C WHERE Nf AND NN ARE ANY NUMBERS EQUAL TO CR G R E A T E R THAN N
C THE UPPER LIMIT FOR NM IS EQUAL TO 100 BUT MAY BE
f INCREASED TO THE VALUE MAX BY REPLACING THE DIMENSION
C S T A T E M E N T
C DIMENSION I W O R M l O O I t L Q C A L C 1001, ... ,WOPK< 1001
C IN THE SUBROUTINE EIGENP W J T H
C DIMENSION I W O R K ( M A X ) ,LDCAL( MAX) .... . W O R M P A X )
C NH AND NN ARE OF COURSE BOUNDED BY THE S IZE OF THF STORE.
C
C THE REAL PARAMETER T MUST BE SET EQUAL TO THE NUMBER CF /
C BINARY DIGITS IN THE MANTISSA PF A DOUBLE PRECISION
C F L O A T I N G - P O I N T N U M B E R .
C
c THE REAL PARTS OF THE N COMPUTED EIGENVALUES WILL BE FOUND
C IN THE FIRST N PLACES OF THE ARRAY EVR AND THE IMAGINARY
C PJRTS IN THE FIRST N PLACES OF THE A R R A Y EVI.
C THE REAL COMPONENTS OF THF NORMALISED EIGENVECTOR I
C ( 1 = 1,2t...,N» CORRESPONDING TO THE EIGENVALUE S T O R E D IN
C E V R ( I ) AND EVI ( I ) WILL BE FOUND !N THE FIRST N P L A C E S OF
C THE COLUMN I OF THE TWC DIMENSIONAL A R R A Y V E C R ANC THE
C IMAGINARY COMPONENTS IN THE F IRST N PLACES Of THE COLUMN I
C ff THE TWO DIMENSIONAL ARRAY VECI.
f
C THE REAL EIGENVECTOR IS NORMALISED SO THAT THE SUN 'OF THE
C SCUARES OF THE COMPONENTS IS EQUAL TO ONE.
C THE COMPLEX EIGENVECTOR IS NORMALISED SO THAT THE
C COMPONENT WITH THE LARGEST VALUE IN MODULUS HAS ITS REAL
C PART EQUAL TO ONE ANC THE IMAGINARY PART EQUAL TO ZERO.
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C THE A R R A Y INCIC INDICATES THE SUCCESS OF THE SUBROUTINE
<". EIGEK'P AS FOLLOWS
C VALUE OF tM01C( l ) EIGENVALUE I EIGENVECTOR I
C 0 NCT FOUND NOT FOUND
C 1 FCUND NCT FOUND
C 2 FOUND FOUND
C ' '. .

I F ( N . N E . 1 1 G O : TO/l
F.VPdl = A (1 ,1 )
EVI (II = 0.00
V E C R ( I t I I = l .OC
V F . C I f l t l ) = 0.00 ,
I N O I C d ) = 2
GO TO 25

C
1 CALL SCALF.(N,NM,A,VECI ,PRFACT,ENO»MI

C THE COMPUTATION OF THE EIGENVALUES OF THE NORMALISED
r. MATRIX . N

EX = EXP( -T *ALOG(2 .COI I
CALL HESOR(N,NM, A,VECI, EVR.EVI. SUBDIA * INDICt EPSfEXI

C
C THE POSSIBLE DECOHPOSITICN OF THE UPPER-HESSENBERG MATRIX
C INTO THE SUBMATRICES OF LOWER ORDER IS INDICATED IN THE
C ARRAY LCCAL. THE DECCRPCSITION OCCURS WHEN SCME
C SU8DIAGONAL ELEMENTS ARE IN MODULUS LESS THAN A SMALL
C PCSITIVE NUMBER FPS DEFINED IN THE SUBROUTINE HESQR . THE
C APCUNT CF WORK IN THE EIGENVECTOR PROBLEM HAY BE
C DIMINISHED IN THIS W A Y .

J = N
1 = 1
LOCALdl = 1
IFU.E0.1IGO TO 4

2 IF( ABS( SUBDIAJ J-U I .GT.EPSIGC TO 3
I = 1*1
L O C A L ( I ) = 0

3 J = J-l
LOCAL( I) = LOCAL( Iltl
IFU.Ne.llGQ TO ?

C
C THE EIGENVECTOR PROBLEM.

4 K = 1
KON = C
L = L O C A L ( 1 1
t> = N
DO 10 1 = 1,N

I V E C = N-I*1
IFd.LE.LIGO TO 5
K = K*l
f = N-L
L = L *LOCAL(K I

5 I F ( I N O I C ( I V E C I . E O . C I G O TO 10
I F ( E V I ( I V E C I . N E , O . O O I G O TO 8

C
C TRANSFER Of AN UPPER-HESSENHERG MATRIX OF THE ORDER M FROM
C THE A R R A Y S VECI AND SUBCIA INTO THE A R R A Y A.

DC 7 Kl=l,t»
DO 6 Ul=Kl,M

6 A(K1,L1 I = V E C K K l f L l I
IF(K1.EQ.1IGO TO 7
A(K1,K1-1» = SUBDIA(Kl- l ) '

7 CONTINUE
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c
C T>f COMPUTATION OF THE REAL EIGENVECTOR IVEC OF THE UPPER-
C HESSENBERG MATRIX CORRESPONDING TO THE REAL EIGENVALUE
C EVRHVEO.

CALL REALVE(N,NM,M, IV EC,A ,VECR»EVR,EVI , IWORK,
1 WORK,INDIC.EPS,EX)

GO TO 10
C
C THE COMPUTATION CF THE COMPLEX EIGENVECTOR IVPC OF THE
C UPPER-HESSENBERG M A T R I X CORRESPONDING TO THE COMPLEX
C EIGENVALUE EVRUVEO * I *EVIUVEC). IF THE VALUE OF KON IS
C NOT EQUAL TO ZERO THEN THIS COMPLEX EIGENVECTOR HAS
c ALREADY BEEN FOUND FROM ITS CONJUGATE.

f IF(KON.NE.O»GO TO 9
KON = 1
CALL CCMPVEIN,NM,M, IVECfA,VECRtVECI ,EVR,EVI , INOICt

1 IWORK,SUaDlA,WORKl ,WORK2,WORK,EPS,EX>
GO TO 10

<) KCN = 0
1C C O N T I N U E

C
C THE RECCNSTRUCTION OF THE MATRIX USED IN THE REDUCTION OF
C M A T R I X 4 TO AN UP»E<»-HE SSENBERG FORM BY HCUSEHOLCFR METHOD

CO 12 1=1,N
OC 11 J=I,N

A( I , J I = 0.00
11 A < J , I ) = 0.00
1 2 4 ( 1 , 1 1 = 1 . 0 0

IF(N.LE.2)GO TO 15
f = N-2
DO 14 K=1,N

L = K*l
DC 14 J=2,N

01 = 0.00
00 13 I=L,N

02 = VECH I,KI
13 01 = 01> 02*A(J,I I

00 14 I = L , N
14 A I J . I I * A ( J , I ) - V E C I ( I , K » * 0 1

C
C TI-E COMPUTATION OF THE EIGENVECTORS OF THE ORIGINAL NON-
C SCALED HATRIX.

15 KON = 1
CO 24 1 = 1,N

L * 0
IFIEVim.EQ.O.OOIGO TO 16
L = I
IF (KCN.EQ.O)GO TQ 16
KON = 0
GO TO 24

16 00 16 J=1 ,N
01 = 0.00
D2 = 0.00
DC 17 K = l , N

03 = A ( J , K )
01 = 01+D3*VECR|K, II
IFJL.EO.OfGO TO 17
02 = D2*D3*VECR(K, l - l )

17 CONTINUE
MORK(J) = 01/PRFACTUI
IF(L.EO.OIGO TO 18
SUBOIA(Jl=02/PRFACT(Jl
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18 CONTINUE
C
C 1>E NORMALIZATION OF THE EIGENVECTORS AND THE COMPUTATION
C OF THE EIGENVALUES OF THE ORIGINAL NON-NORMALISED M A T R I X .

I F I L . E 0 . 1 I G O TO 21
01 = 0.00
,OC 19 f=1 ,N

. Ml = W O R k f M l ' - '
19 " 01 = 0 1 * W l * W l '

01 = S O R T t O l I
00 20 M = 1 , N

V E C K M , I ) = 0.00
20 V F C R < « t r » = WCRMPI/01

E V R t I ) = E V R I I > * E N O R M
GC TO 24

C '
21 KON = 1

fVRII) = EVRII>*ENOB*
EVR( I -1> = F V R ( I )
PV I ( I) = EVI( I)*ENORM
FVII.I-l I = - E V H t »
R = C.OO
CO 22 J=1,N

Wl = HORK(J)
W2 = SUBDIA(J)
91 = Hl*Wl * W2*W2
IF (R.GE.R1)GO TC 22
R = R 1
L = J

22 CCNTINUE
03 = WORK(L)
01 = SUBOIAd )
00 23 J=1,N

01 = W O R K C J J
02 = SUBOIA(J )
V E C R < J i I ) = <01*03«-02*R1)/R
VECIUt l l » (02*03-01«R1»/R
VeCRU.l-1 I = VECR(J . I »

23 VECMJt I - l ) =>-VECI (J tN
24 CONT INUE

C
25 RETURN

£NC
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SUBROUTINE SCALE < N ,NP ,A ,H .PRFACT, ENOPH
INTEGER I,J.ITER.N,NCOUNT,NM
CIKFKSION A(NM,1»,H(NM,11,PRFACTINH)

C
C THIS SUBROUTINE STORES THE M A T R I X OF THE ORDER N FROM THE
C A R R A Y A INTO THE ARRAY H. AFTERWARD THE M A T R I X IN THE
C A R R A Y A IS SCALED SO THAT THE QUOTIENT OF THE ABSOLUTE SUF
C CF THE OFF-CUGONAL ELEMENTS OF COLUMN I AND THE ABSOLUTE
C SUf CF THE OFF-DIAGONAL ELEMENTS OF ROM I LIES WITHIN THE
f. VALUES OF BOUN01 AND BOUND2.
C TI-E COMPONENT I OF THE EIGENVECTOR OBTAINED BY USING THE
C SCALED M A T R I X MUST BE DIVIDED BY THE VALUE FCUNO IN THE
C P R F A C T ( I ) OF THE A R R A Y PRFACT. IN THIS WAY THE EIGENVECTOR
C OF THE NON-SCALED M A T R I X IS CBTAINED.
f ~

C AFTER TI-E MATRIX IS SCALED IT IS NORMALISED SO THAT THE
C VALUE OF THE EUCLIDIAN NCRM IS EQUAL TO ONE.
C IF THE PROCESS OF SCALING WAS NOT SUCCESSFUL THE ORIGINAL
C M A T R I X FROM THE A R R A Y H WOULD RE STORED BACK INTO A AND
C THE EIGFNPRCBLEM WOULD BE SOLVED BY USING THIS M A T R I X .
C NM DEFINES THE FIRST DIMENSION OF THE A R R A Y S A AKD H. NM
C PUST BE GREATFR OR EQUAL TO N.
C TFC EIGENVALUES OF THE NORMALISED M A T R I X MUST BE
C MULTIPLIED BY THE SCALAR ENORM IN ORDER THAT THEY BECOME
C THE EIGENVALUES OF THE NCN-NCRMALIS ED M A T R I X .
C

CO 2 I=lfN
DC 1 J=l,N

1 H(I,JI =AU,J)
2 PRFACTCI I * 1.00

BOUND1 = 0.7500
BOUNC2 = 1.3300
ITEP = 0

3 NCOUNT = 0
CO 9 1=1,N

CCLUMN = 0.00
ROW = C. 00
CO 4 J=1,N

IFd.EO.JIGO TO 4 .
COLUMN = COLUMN » ABSCAU, D»
ROW = ROW «• A B S ( A ( I,J)I

4 CONTINUE
IF(COLUMN.EQ.O.OO)GC TC 5

IFCROW.EO.O.OO»GO TO 5
Q = COLUMN/ROW
IFtQ.LT.BOUNDUGO TO 6
IF(Q.GT.80UNC2)GO TO 6

5 NCOUNT = NCOUNT » I
GO TO 8

6 FACTOR = S O R T ( O I
DO 7 J=1,N

IF< I.EO.JJGO TO 7
A ( l , J» = A ( I , J ) * F A C T O R
A( J.II = A( J . I I /FACTCR

7 CONTINUE
P R F A C T ( I ) = P R F A C T < I ) * F A C T O R

8 CONTINUE
ITER = ITER*1
IP(ITER.GT.30IGO TO 11
IF(NCOUNT.LT.NIGO TO 3

C
FNOH* » 0.00
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CO 9 1=1, N
DC 9 J=l,N

0=A< r ,JI
9 FNORM = FNORM+Q*Q

FNGRM = SORT (FNORM |
DO 1C 1=1 tN
' DC 10 J=1','N .

I C -' ' '" A ( I , J I = A < I , J }'•/ F NORM
• FNORM ̂  "FNORM : •': -
CC TC 13

II 00 12 1 = 1, N
PRFACTC I >=1 .00
OP 12 J=1,N

12 A(I,J) = HII ,JJ
1 .00

13 RETURN
EKD
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SUBROUTINE HESOR<NiNM,A,H,EVR.EV USUBOI A,INOIC,EPS.EX»
INTEGER I,J,K,L,M,MAXST,MI,N,NM,NS
CIMEKSICN A<NM,M,H<NM, 11, EVR (NN I ,E VHNM IVSUBOI A( NMI
DIMENSION INCIC(NM)

C
0 TMS SUBROUTINE FINOS ALL THE EIGENVALUES Of A REAL
C GENERAL MATRIX. THE ORIGINAL MATRIX A OF ORDER N IS
C REDUCED TO THE UPPFR-HESSENBERG FORM H BY MEANS CF
C SIMILARITY TRANSFORMATIONS!HOUSEHOLDER METHOD). THE MATRIX
C H IS PRESERVED IN THE UPPER HALF CF THE ARRAY H AND IN THE
C ARRAY SUBDIA. THE SPECIAL VECTORS USED IN THE DEFINITION.
C CF THE HCUSEHOLOER TRANSFORMATION MATRICES ARE STORED IN
C THE LOW5R PART OF THE ARRAY H.
C. NM IS THE FIRST DIMENSION OF THE ARRAYS A AND H. NM MUST
C BE EQUAL TO OR GREATER THAN N.
C THE REAL PARTS OF THE N EIGENVALUES MILL BE FCUNO IN THE
C FIRST N PLACES OF THE ARRAY EVR, AND
C THE IMAGINARY PARTS IN THE FIRST N PLACES, OF THE ARRAY FV I
C THE ARRAY INDIC INDICATES THE SUCCESS OF THE ROUTINE AS
c FCLLCWS
C VALUE OF INDICMJ EIGENVALUE I
C 0 NOT FOUND
C I FOUND
C EPS IS A SMALL PCSITIVE NUMBER THAT NUMERICALLY REPRESENTS
C ZERO IN THE PROGRAM. EPS = (EUCLIDIAN NORM OF H»*EX .WHERE
C FX- = 2**(-T). T IS THE NUMBER OF BINARY DIGITS IN THE
c MANTISSA OF A FLOATING PCINT NUMBER.
c
c
c
C REDUCTION OF THE M A T R I X A TO AN UPPER-HESSENBERG FORM H..
c THERE ARE .N-2 STEPS..

I F ( N - 2 I 14.1,2
1 SUBOIAd ) = A(2 , I)

GO T,C 14
2 M = N-2

CC 12 K=l,M
L = K»l
S = 0.00
OC i I=L tN

H(I,K| = A ( I . K )
3 S = S+ A B S ( A ( I , K ) I

IF(S.NE. A B S ( A ( K » 1 , K » I I G O TO 4
SUBDIA(K) = A < K * 1 ,K)
H(K«1.K) = 0.00
GC TO 12

« SR2 = 0.00
. DO 5 I=LtN

SR = A « I , K »
SR = SR/S
A( I,K) - SR

5 SR2 = SR2*SR*SR
SR = SQRT(SR2»
IF.(A(L.K).LT.O.OOIGO TO 6
SR = -SR

t S«2 = SR2-SR*AlLtKI
A ( L t K > = A(L.K)-SR
HJL tK) = H(LtKI-SR*S
SUBDIA(K) » SR*S
X = S* S Q R T C S R 2 )
OC 7 l»tfN

H( I,KI = H ( t , K ) / X
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7 SUBCIAI I) = A< I .K I /SR2
C PRfMl 'LTIPLICATION BY THE M A T R I X PR. '

CO 9 J=L,N
SR' = 0.00
00 8 t=L,N ,

8 SP = SR + At t , K ) * A ( I,J I
DO <5 l=LtN

S A t l t ' J ) = A( I,J)-SUBDIA( I»»SR
C PCSTKJLTIPLICATION PY THE MATRIX PR. ,

DO 11 ' j=ltN
SR=0.00
00 10 I=L,N

1C SR = SR*A( J, I)*AII ,KI
Dtrii I = L,N

11 AU, l» * MJ,l)-SUBOIAm*SR
15 CONTINUE

CO 13 K=l,M
13 A1K*1 ,KI = SUROIAIK)

C TRANSFER OF THE UPPER HALF OF THE M A T R I X A INTO THE
C A R R A Y H ANC THE CALCULATION OF THE SMALL POSITIVE NUMBER
C EPS.

SUBCIAtN-1) = A(N,N-l l
1* EPS = 0.00

nn is K=I ,N
I N C I C J K > = 0
IF(K.NE.N»EPS = EPS » SUBOIA(K » *SUBOf A (K I
00 15 I=K,N .

H(K, I) = A ( K , I I
W2 = A ( K , I)

15 EPS = EPS * h2*W2
EPS = EX* S O R T ( E P S )

C
C THE CR I T E R A T I V E PROCESS. THE UPPER-HESS ENBEPG M A T R I X H IS
C R fCUCED TO THE UPPER-MODIFIED TRIANGULAR FORM.
C
C DETERMINATION OF THE SHIFT CF ORIGIN FOR THE FI«$T STEP OF
C ThE OR I T E R A T I V E PROCESS.

SHIFT = A(N,N-1 )
IFIN.LE.2JSHIFT = 0.00
IFt A (N ,N» .NE .O.OOISHIFT = 0.00
TF( AJN- l ,N> .NE.O.OOISHIFT = 0.00
!F( A(N- l.N-l) .NF.O.CC) SHIFT = T .OO
f = N
f>S= 0
M A X S T = N*10

C
C T E S T I N G IF THE UPPER tMLF OF THE M A T R I X fS FOUAL TO iERO.
C IF IT IS EQUAL TO Z E R O THE OR PROCESS IS NCT NECESSARY.

CC 16 I=2tN
DO 16 K=I ,K .

IF (A( I-l.Kl.NE.O.OOIGO TO 18
16 CONTINUE

DO 17 1=1 ,N

EVRdl = All, I)
17 F.VHI) = 0.00

GO TO 37
C
C S T A R T THE PAIN LCCP CF THE OR PROCESS.

Ifl K=M-1
fl=K
I = K
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C FI*D ANY DECOMPOSITIONS OF THE M A T R I X .
C JIMP TO 34 IF THE L A S T SLBMATRIX OF THE OECOPCS IT ION IS
C 01 THF ORDER ONE.
C JUfrF TC 35 IF THf LAST SUBMATRIX OF THE DECOMPOSITION IS
C OF THE ORDER TWO.

IFCK»37,34,19
19 IF( A 8 S I A ( M , K » ) . L E . E P S I G O TO 3*

IF(M-2.EO.OIGO TO 35
20 I « 1-1

IF( ABS(AJK ,m .LE .EPS)GO TO 21
K = I
I F I K . G T . H G O TO 20

21 I F I K . E O . K 1 ) G C TO 35
C TRANSFORMATION OF THE M A T R I X OF THE ORDER G R E A T E R THAN TWC

S = A (M,M)*A(M l ,M l I+SHIFT
SR = At K,MI*MM1 ,M1 ) -A(M,Ml )*AI»«1,M) » 0.2500*SHIFT*SHlFT
A < K * 2 , K ) = 0.00

C CALCULATE X1,YI,Z1,FOR THE SUBMATRIX OBTAINED BY THE
C DECOMPOSITION.

X - A ( K , K ) * ( A ( K , K ) - S > * A ( K , K * 1 ) * A ( K * 1 , K I + S R
Y = A ( K » 1 , K I * ( A ( K , K ) * A ( K « l , K + l ) -S>
R = ABS< X)* A B S < V )
IF(R.EQ.O.OO)SHIFT = A(M,M-1)
IF(R.EG.0.00)60 TO 21
I = A(K*2 ,K*U*A(K* l ,K)
SHIFT = 0.00
NS =NS*1

C
C THE LCCP FOR ONE STEP OF THE OR PROCESS.

00 33 I=K,M1
IF( I .EO.K JGO TO 22

C C A L C L L A T E X R . Y R . Z R .
X = A( 1,1-1)
Y = A( 1*1,1-1)
Z = 0.00
I F ( I * 2 . G T . H ) G O TO 22
Z = AI 1*2,1-1)

22 5*2 = A B S t X I * A B S ( Y t * A B S ( Z )
!F( SR2.EO.O.OO»GO TO 23
X = X / S R 2
Y = Y /SR2
Z = Z / S R 2

23 S = S O R T ( X * X * Y*Y * Z » Z )
IF< X.LT.0.00)60 TO 24
S = -S

24 I F ( I . E Q . K ) G C TC 25
A( 1,1-11 = S*SR2

25 IF ( S R 2 . N E . O . O O ) G O TO 26
I F ( I * 3 . G T . P ) G O TC 33
GO TO 32

26 SR = 1.00-X/S - • •
S » X-S
X = Y/S
Y = Z/S

C PREPL'LTI PLICATION BY THE M A T R I X PR.
DO 28 J»I,M

S = A( I ,J ) *A( I *1 ,J »*X
I F ( I * 2 . G T . M I G O TO 27
S = S*A( I*2,JI*Y

27 S * S*SR
AU,J) = A(I ,J)-S
A(I*1,J) » AII*1,J)-S*X
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IFU*2.GT.M)GC TO 28
AU*2,J) = AU*2,J) -S*Y

28 CONTINUE
C PCSTMULTIPLICAT1CN BY THE M A T R I X PR.

L = 1*2
IFII.LT.Hl »GO TO 29

, v ; - L = M - • •*•: ,
2.") .CO ,31 J?K*L;,,. -. .- r. . . . - . , , ' ' • , • '• • •

S = A (J , I ) *ACJ , I»ll*X
IF( I *2.GT.M)GO TO 3C
S = S * AU, I*2»*Y

30 S = S*SR
A( J,I) = A( J.M-S
A(J , I »1 )=A«J , I»1»-S*X
IFII*?.GT.H>GC TO 31
A ( J , I + 2 » = A ( J , I » 2 ) - S * Y

31 CONTINUE
IF(I*3.GT.H)GO TO 33
S = -A< 1*3, I»2)*Y*SP

32 ti 1*3 t I) = S
A« 1*3 ?I*l » = S*X
A( 1*3, 1*2) = S*Y * A( 1*3,1*2)

33 CONTINUF '
C

IF( KS .GT .MAXST IGO TO 37
GO TO 18

C
C COMPUTE THE LAST EIGENVALUE.

34 EVR(M) = A(M,f)
EVKMJ = 0.00
IMMC(M) = I
* ~ K
GO TO 18

C
C CCFPt'TE THE EIGENVALUES CF THE L A S T 2X2 M A T R I X OBTAINED 8Y
C THE DECOMPOSITION.

35 P = 0.500*( MK.K )*A|M,M I )
S = 0 . 5 0 0 * < A ( M , H ) - A ( K , M )
S = S*S * A( K , M J * A ( M , K )
INC 1C «K I = 1
I NO 1C m = 1
I F « S . L T . O . O O ) G O TO 36
T = S O R T ( S )
F V R < K ) = R-T
F V R ( M » = R*T
FVI (K) = 0.00
FVI (MJ = 0.00
M = M-2
GC TC 18

36 T = S Q R T ( - S >
E V R ( K I = R
FVI (K) = T
FVR(M) = R

GC TC 18
C

37 RETURN
> FND
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SUBROUTINE REALVEIN,NM,M, IVEC,A,VECR,EVR,EVI ,
I I M O R K . W O R K , ! N O I C t E P S t E X )

INTEGER I,IVEC,ITER,J,K,L,M,N,NM,NS
01 PENSION A(NM,1),VECR(NM,1I .FVRINM)
DIMENSION FVUNM), IWORK(Nf) .WORKINM), INOIC(NM)

C
C THIS SUBROUTINE FINOS THE REAL EIGENVECTOR OF THE REAL
C UPPER-HESSENBERG MATRIX IN THE ARRAY A,CORRESPONDING TO
C T>E REAL EIGENVALUE STORED IN EVRUVEC). THE INVERSE
C MERATICN METHOD IS USED.
C NOTE THE M A T R I X IN A IS DESTROYED BY THE SUBROUTINE.
C N IS THE CROER OF THE UPPER-HESSENBERG MATRIX.
C N* DEFINES THE FIRST DIMENSION OF THE TWO DIMENSIONAL
C A R R A Y S A AND VECR. NM MUST BE EQUAL TO OR GREATER THAN N.
C, '¥ IS THE ORDER OF THF SUBMATRIX OBTAINED BY A SUITABLE
C DECOMPOSITION OF THE UPPER-HESSENBERG M A T p t X IF SOME
C SUeCIAGONAL ELEMENTS ARE EQUAL TO ZERO. THE VALUE OF M IS
C CHOSEN SO THAT THE LAST N-M COMPONENTS OF THE EIGENVECTOR
C .ARE ZERO.
C IVfC GIVES THE POSITION OF THE EIGENVALUE IN THE A R R A Y EVR
C FOR WHICH THE CORRESPONDING EIGENVECTOR IS COMPUTED.
C THE A R R A Y EVI WOULD CONTAIN THE IMAGINARY PARTS CF THE N
C EIGENVALUES IF THEY EXISTED.
C
C THF M COMPONENTS OF THE COMPUTED REAL EIGENVECTOR WILL BE
£ FCUNC IN THE FIRST M PLACES OF THE COLUMN IVFC OF THE TWO
<C DIMENSIONAL ARRAY VECR.
C
C IWCRK AND WORK ARE THE WORKING STORES USED DURING THE
C GAUSSIAN ELIMINATION AND BACKSUBSTITUTION PROCESS.
C THE ARRAY INfHC INDICATES THE SUCCESS OF THE ROUTINE AS
C F C I L C W S
C VALUE OF INDIC( l ) EIGENVECTOR I
C 1 NOT FOUND
C 2 FOUND
C EPS ISA SMALL POSIT IVE NUMBER THAT NUMERICALLY REPRESENTS
C ZERO IN THE PROGRAM. EPS = (EUCLIDIAN NORM OF A) *EX,WHERE
C EX = 2** ( -T) . T IS THE NUMBER OF BINARY C I C I T S IN THE
C MANTISSA OF A FLOATING PCINT NUMBER.

V E C R U t l V E C I = 1.00
IF(M.EQ. IJGO TO 2*

C SMALL PERTURBATION OF EQUAL EIGENVALUES TO OBTAIN' A FULL
C SET OF EIGENVECTORS.

EVALUE = E V R ( I V E C )
IF( IVEC.EO.M»GO TO 2
K = IVEC*1
<J = C. 00
CO 1 I = K , M

IF (EVALUE.NE.EVR( I ) )GO TO 1
IF ie .VlC It .NE.O.DOIGO TO 1
R = R*3.00

1 CONTINUE
EVALUE - FVALUE«-R*EX

2 CC 3 K=1 ,M
3 A ( K t K ) = A ( K , K ) - E V A L U E

C
C GAUSSIAN ELIMINATION OF THE UPPER-HESSENBERG MATRIX A. ALL
C ROM INTERCHANGES ARE INDICATED IN THE ARRAY IWORK.ALt THE
c MULTIPLIERS ARF STORED AS THF SUBOIAGONAL ELEMENTS OF A.

K = M-1 :
CO 3 1=1,K

L « -1*1

66



I W O R K ( I) " 0

IF(AU*lt n.NE.O.OOIGO TO 4
IFUU ,I).NE.O.OO)GO TO 8
AC 1, II = EPS
GG TO 8

4 IF( ABSUC 1,1)1. GE. ABS( A < I »1 , Ml )GO TC 6
I W C R K C I ) = 1
DC 5 J=I,H

R * A l l t J )
A( I . J ) = A(I»l , j )

5 AU*1,J» = R
fc R = -A< 1*1, t l /AI I , I I

A( IUt I) - R
DC 7 J*L,M

7 A ( I » 1 , J > = A ( l + l t J > + R * A ( I , J I
8 CONTINUE

IF(A(M,MI .NE.O.OOIGO TO 9
A(M,M) = EPS

C
C THE VECTOR «l,l....,l) IS STORED IN THE PLACE CF THE RIGHT
C H«^C SIDE COLUMN VECTOR.

9 00 11 I - I t N
I F ( I . G T . M ) G O TO 10 • .
W C R K « I » = I.00
GC TO 11

1C W O R K ! I) = C .OO
11 CONTINUE

C
C THE INVERSE ITERATION IS PERFORMED ON THE M A T R I X UNTIL THE
C IKFIMTE NORM OF THE RIGHT-HAND SIDE VFCTO" IS GREATER
C THAN THE BOUND DEFINED AS O . O l / ( N * £ X ) .

BOUND = O . O l C O / t E X * FLOATJNH
KS = 0
ITER = 1

C
C THE PACKSUBSTITUTION.

12 R = C.CO

CO 15 1=1,M
J = »-I*l
S = WORMJ)
IF(J.EO.M )GO TO 14
L = J + l
DO 13 K=L,H

SR = W P R K J K 1
n s = s - ,SR*A(J ,K I
!<• M O R K ( J > = S / A ( J , J )

T = A B S ( W O R K ( J I )
IF (R .GE .T»GC TC 15

R = T
15 CONTINUE

C
C THE COMPUTATION OF THE RIGHT-HAND SIDE VECTOR FOR THE NEW
C ITERATION STEP.

DC Ifc 1 = 1 ,M
U WORM I ) = H O R K ( I ) / R

C
C THE COMPUTATION OF THE RESIDUALS AND COMPARISON OF THE
r RESIDUALS OF THE TWO SUCCESSIVE STEPS OF THE INVERSE
C I T E R A T I O N . IF THE INFINITE NORM OF THE RESIDUAL VECTOR IS
C G R E A T E R THAN THE INFIMTE NORM OF THE PREVIOUS RESIDUAL
f VECTOR THE COMPUTED EIGENVECTOR CF THE PREVIOUS STEP IS
C T A K E N AS THE FINAL EIGENVECTOR.
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Rl = 0.00
CO 18 1=1,M

T « 0.00
00 17 J=I,H

17 t = T + A ( I , J » * W O R K « J »
T * ABSIM
IFIR1.GE.TIGO TO 18
Rl* T

18 CCNTINUE
IFi ITER.EQ.UGO TO I <3
IFtPREVIS.LF..Rl»Gn TO 24

19 DO 20 I = l » H
20 V E C R f I . I V C C ) = W O R K ( I )

FREVIS = Rl
I.FIKS.EQ.1IGO TO,2*
1F( 1TER .GT.6IGO TO 25
ITER = ITER*1
IF(R.LT.BOUNO)GO TO 21
NS = 1

C
C GAUSSIAN ELIMINATION OF THE RIGHT-HAND SIDE VECTOR.

21 K = M-l
DO 23 I=1.K

R = WORKU*1I
IF I IWORK( I ) .EQ.OIGO TO 22

W O R K ( f * l » = » W O R K U »*WORMI*l I*A( 1*1 , 11
WORM I I - R
GC T.O 23

22 HCRK(l + l )=*ORK< 1*1 )+WORK< I ) *A( IH, It
23 CONMNUF

GC TC 12
C "

2A INCIC( IVEC) = 2
25 IFIf.EO.NIGO TO 27

J = M*l
CO 26 I=JiM

26 VECRU .IVEC) = 0.00
27 RETURN

END
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SUBROUTINE COMPVEIN.NM,M, lVEC.A,VECR.H.EVR,EVI ,1KDtC,
1 I W C R K . S U B O I A . W O R K I , W C R K 2 , W O R K , E P S t E X »

INTEGER I , I l , I2 t ITER, IVECtJ tK tL ,P fN,M»,NS
DIMENSION A1NM,1) ,VECR<NM,11,H(NM,11,EVR(NM) ,EVIINM|,

1 INDIC(NM) , IWORK(KM>fSUBOIA«NMI ,WORKl (NM»,WORK2(NM ),
2WORMNM)

C
C THIS SUBROUTINE FINOS THE COMPLEX EIGENVECTOR OF THE REAL
C UPPER-HESSENBERG M A T R I X OF ORDER' N CORRESPONOIMG TO THE.
C COMPLEX EIGENVALUE W I T H THE REAL PART IN EVRHVEO AND THE
C CORRESPONDING IMAGINARY PART IN EVI I IVECI . THE INVERSE
C ITERATION METHOD IS USED MODIFIED TO AVOID THE USE OF
C CCPPLEX ARITHMETIC.
C THE M A T R I X ON WHICH THE INVERSE I T E R A T I O N IS PERFORMED IS
C BUILT UP IN THE ARRAY A BY USING THE 'UPPER-HESSENBERG
C M A T R I X PRESERVED IN THE UPPER HALF CF THF A R R A Y H AND IN
C THE A R R A Y SUBOIA.
C N'f DEFINES THE FIRST DIMENSION OF THE TWO. DIMENSIONAL
C A R R A Y S A . V E C R AND H. NM MUST BE EQUAL TO CR G R E A T E R
C TFAN N. v
C f IS THE CPOER OF THE SU8MATR IX OBTAINED BY\A SUITABLE
f. DECOMPOSITION OF THE UPPER-HESSENBERG M A T R I X s I * SOME
C SU6CIACONAL ELEMENTS ARE EQUAL TO ZERO. THF VALUE OF M I S
C CI-CSEN SO THAT THE LAST N-* COMPONENTS OF THF COMPLEX
C FIGENVECTOR ARE ZFR.O.
C .
C THE REAL PARTS OF THE FIRST M COMPONENTS OF THE COMPUTED
C COMPLEX EIGENVECTOR HILL BE FOUND IN THE F I R S T M PLACES OF
C THF COLUMN WHOSE TOP ELEMENT IS V E C R ( l , I V E C I ANO THE
C CORRESPONDING IMAGINARY P A R T S OF THE FIRST M COMPONENTS OF
C THE COMPLEX EIGENVECTOR WILL BE FOUND IN THE FIRST M
C P L A C E S CF THE COLUMN WHOSE TOP ELEMENT IS VECR( 1,1VFC-II.
C
C THF A R R A Y INtltC INDICATES THE SUCCESS OF THE ROUTINE AS
C FCLLCWS
C VALUE CF INDIC(I ) EIGENVECTOR I
C 1 NOT FOUND
C 2 FOUND
C THE A R R A Y S I W O R K , W O R K 1 ,HCRK2 AND WORK ARE THE WORKING
C STORES USED DURING THE INVERSE ITERAT ION PROCESS.
C EPS IS A SPALL POSIT IVE NUMBER THAT NUMERICALLY REPRESENTS
C ZERO IN THE PROGRAM. EPS = (EUCLIDIAN NCR* OF H)*EX, WHERE
C EX = ?** ( -T) . T IS THE NUMBER OF BINARY DIGITS IN THE
C C A M T I S S A OF A F L O A T I N G PCINT NUMBER.
C

FKSI = EVR( IVECI
FTA » E V I ( I V E C I

c THE MODIFICATION OF THE EIGENVALUE (FKSI * I *ETAI IF MORE
C EIGENVALUES ARE EQUAL.

IFUVEC.EQ.KJGC TC 2
K = IVEC*l
P = 0.00
DO 1 I=K,M

IFIFKSI.NE.EVRU)IGO TO I
IF( A B S t E T A t . N E . A B S I E V I < I ) ) I G O TO 1
R = R * 3.00

I CONTINUE
R = R*EX
FKSI = FKSI»R
ETA = ETA *R

C
C THE MATRIX ((H-FKSI*M*«H-FKSI oil » « E T A * E T A 1 « I I IS
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C STORED INTO THE A R R A Y .A.
2 R = FKSI*FKSl «• ETA*ETA

S = 2.0C*FKSI
I. = M-l
CC 5 1=1, M

DC 4 J=I ,M
. 0 = 0.00

6 U , I > = 0.00
00 3 K = I ,J

3 0 = 0*HCI,K)*HIK,J)
4 Ad ,JI = 0-S*H|I,J)

. 5 A < 1,11 = AU, I»*R
DC 9 1=1,L

R = SUBOIA( I )
A<1*1 , I ) = -S*R
11 = 1*1

OC 6 J=1,I1
6 A(J, I I = AC J,M*R*H( J,I*U

IF.f I.EQ.UGO TO 7
A<I*l , l - l» = R*SUBD1AU-1)

7 00 8 J = I , M
6 4(1+1,J) = A( I+1 ,J»+R*H<I ,J>
«; CONTINUE

C
C THE GAUSSIAN ELIKINATICN OF THE MATRIX
C ( (H-FKSI* !»*(H-FKSI* IJ » ( E T A * E T A I * I » IN THE A R R A Y A. THE
C ROW INTERCHANGES THAT OCCUR ARE INDICATED IN THE A R R A Y
C IhORK. ALL THE MULTIPLIERS ARE STORED IN THE FIRST AND IN
C THE SECOND SUBOIAGONAL OF THE ARRAY A.

K = f-l
00 18 1=1 ,K

1 1 = 1 * 1
12 = 1*2
I W C R K ( I ) = 0
I F U . E O . K I G O TO 10
I F ( A ( I * 2 , M.NE.0.001GO TO 11

1C I F ( A ( I * 1 , I ) . N E . O . O O ) G O TO 11
I F ( A ( I,I) .NE.O.COtGO TO 18
A( I , I ) = EPS
GO TO 18

C
11 I F ( I . E O . K ) G C TC 12

IF( A B S ( A ( ! + 1 . I M.GE. ABS (A( I+2 ,1 I) I GO TC 12
IF( A B S ( A ( I , I » .GF . A 8 S ( A ( 1*2,1 I ) )GO TO 16
L = 1*2
I K O R K ( I ) = 2
GO TO 13

, 12 IF ( A 8 S ( A ( I , I > ) . G E . A 6 S < A ( I » 1 , I ) ) )GO TO 15
L = 1*1
IWDRM I ) = 1

C
13 00 1* J=t ,M

R = ACI ,J )
A(I ,J> = A(L ,J)

14 A ( L . J ) = R
15 I F d . N E . K I G O TO 16

12 = II
16 DO 17 L = I 1 , I 2

R = -A(L, D/AI1, II
AIL,I) = R
00 17 J=Il,M

17 A(L,JI = A ( L , J > * R * « ( I , J »
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18 CONTINUE '
IF (A (M,M) .NE .O .OO)GO TO 19
A < M , M > = EPS

C
C TI-E VECTOR (1,1....,1) IS STORED INTO THE RIGHT-HAND SIDE
C VECTORS VECR( , IVEC) AND VECR( tIVEC-1) REPRESENTING THE
C CC^PLEX RIGHT-HANC S I C E VECTOR.

19 DO 21 1=1tN
IFU.GT.M)GO TO 2C , '
V E C R I I , I V E C ) = I.00
VECRU,IVFC- l ) =1.00
GO TO 21

20 VECRU, IVEC) = 0.00
VECRII ,1VFC-1) = 0.00

21 CONTINUE
C
C THE INVERSE I T E R A T I C K IS PERFORMED CN THE M A T R I X UNTIL THE
C INFINITE NORM OF THE RIGHT-HAND SIDE VECTOR IS GREATER
C THAN THE 6CUNO OEFINEC AS 0.01/<N*EX).

BOUND = 0.0100/IEX* F L O A T ( N I )
AS = 0
ITER = 1
CO 22 I=l,M

22 W C R K I I ) = H(I, M-FKSI
C
C THE SEQUENCE OF THE COMPLEX VECTORS Z ( S ) * P ( S ) * I * Q ( S ) AND
C W(S + 1)= UIS+1)+I*V(S» l ) IS GIVEN BY THE R E L A T I O N S
C (A - <FKS! - I *ETA) * I ) *U (S»1 I = MS) AND
C ZIS+1) = W < S + l > / M A X ( W l S + l l ) .
C THE FINAL H IS) IS T A K E N AS THE COMPUTED EIGENVECTOR.
C
C THE COMPUTATION OF THE RIGHT-HAND SIDE VECTOR
C ( A - F K S I M ) * P ( S ) - E T A * Q I S » . A IS AN UPPER-HESSENBERG M A T R I X .

23 00 27 1=1,M
0 = W O R K ! I ) * V E C R ( I , IVEC)
IFU.EQ.IIGO TC 24
D = D»SUBDIA{ I - l l *VECR( I - l , IVEC)

2* L = 1+1
IF (L .GT.M|GC TC 26
00 25 K=L,M

25 D' 0 *H( I ,K»*VECR(K, IVECI
26 VECRU ,IVEC-1I = 0-ETA*VECR(I , IVEC-1I
27 CONTINUE

C
C GAUSSIAN ELIMINATION OF THE RIGHT-HAND SIDE VECTOR.

K = M-l
CC 28 1=1,K

L * I + IWORKU)
R = VFCRtL , IVEC- l l
VECR(L, IVEC-M = VECRI I , IVEC- l )
VECR«I , IVFC-1) = R
VECRU*!, IVEC-l) = VECR(I»1, I VEC-1)»A< I*l,I)*R
IFd.EO.KIGC TC 2fl
VECR( I *2 t IVEC- l ) = VECRI I»2 , IVEC-1)»A« 1+2 , I)*R

28 CONTINUE
C
C THE COMPUTATION OF THE REAL PART UIS+l) OF THE COMPLEX
C VECTOR W C S + 1 ) . THE VECTOR U(S*1I IS OBTAINED AFTER THE
C BACKSUBSTITUTION.

CO 31 I=l,M
J = *-l+l
D » VECR(J, IVEC-1)
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IFIJ.EC.Ml GO TO 30
L = J+l
00 29 K=L,M

Cl = A C J . K )
29 0 = 0 - 0 1 * V F C R < K , I V E C - 1 )
30 VECR(J t lVEC- l ) = D/A(J,JI
3.1 CONTINUE

C
C THE COMPUTATION OF THE IMAGINARY PART V C S + 1 ) OF THE VECTOR
C W(S+1) ,WHERE V ( S » l ) = (PIS I - (A-FKSI»I»*U(S*1) I /FTA.

00 35 1=1,M
0 = WORK(, I ) *VECR< I.IVEC-ll
IFd.EQ.l )GC TC 32
0 = 0*SU8DIA(I- l)*VECRd-l,IVEC-l»

32 .L - 1*1
IF«L.GT.M)GO TC 34
DO 33 K=L,M

33 C * 0#H<I ,K ) *VECRCK, IVEC-1»
34 VECRd ,IVEC) = (VECR< I, IVEO-DI/ET A
35 CONTINUE

(C
C TKE COMPUTATION CF UNFIK. NORM OF M»S*1)»* *2 .

t = I
S = 0.00
00 36 1=1 ,M

Wl = VECRU. IVEC)
W? = VECR.(I, IVEC-1 )
R = W1*H1 * W2*W2
IF(R.LE.SIGO TO 16
S = B
L = I

36 CONTINUE
C THE COMPUTATION OF THE V E C T C R 2 < S + 1 ) , W H F R E Z«S*1I= H(S»1» /
C (COMPONENT OF W < S * 1 ) WITH THE LARGEST ABSOLUTE VALUE) .

U = VECR(L , IVEC-1 )
V = V E C R ( L , I V F C I
00 37 1=1,M

B = VFCRU, IVEC)
R = VECRd ,IVEC-l»
VECRI I, IVF.C) = (R*U * B *V ) /S

37 V E C R ( I , IVEC-1) = (8*U-R*V»/S
C THE COMPUTATION OP THE RESIOUALS AND COMPARISCN CF THE

•C 'RESIDUALS OF THE TWO SUCCESSIVE STEPS OF THE INVERSE
C ITERATION. IF THE INFINITE NCRM OF THE RESIDUAL VECTOR IS
C GREATER THAN THE INFINITE NORM OF THE PREVIOUS RESIDUAL
T. VECTCR THE COMPUTED VECTOR OF THE -PREVIOUS STEP IS TAKEN
C AS THE COMPUTED APPROXIMATION TO THE EIGENVECTOR.

B = 0.00
CC 41 1=1,M

R = WORM I )*VECRU , IVEC-1) - ET A*VECR< I , IVEC»
U = WORKJ H*VECR( I . IVECJ * ETA*VECR (I , I VEC-U
IFd.EQ.l )GO TC 38
R = P»SUBOIA(I- l)*VECRd-l, IVEC-1)
U = U*SUBOIA«!-1»*VECR(I-1, IVEC)

36 I » 1*1
IF(L .GT.M)GO TO 40
DC 39 J=L,M

R = R*H(I ,J)*VECR(J, IVEC-1)
39 U= U*Hn,J»*VECRJJ, IVEC)
40 t = R*R * U*U

IFIB.GE.UJGO TO 41
R = U
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41 CONTINUE
IF< ITER.EO.l )GO TO 42
I F < P R E V I S . L E . B » G C TO 44

*2 00 43 1=1iN
WORKU I) = VECRC I.IVEC)

43 WCRK2U) = VECRII . IVEC-H
P R E V I S - B ' • • ' . .
TF(NS.EQ".nGO TO 46"
IF« ITEP.GT.6JGO TC 47"
ITER = ITER»1
IFtBOUNO.GT . S O R T « S ) ) G O TO 23
NS = 1
GO TO 23

44 00 45 1=1 tN
VFCR< t . IVECI = WORKK II

45 V E C R ( I t I V E C - 1 » = W O R K 2 ( I )
4t INOICUVEC-H = 2

INCICCIVEC) = 2
47 PFTURN

END
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c
c ...
c
C SUBROLTINE RRAY
C
C PURPCSF
C CONVERT OATA ARRAY FROM SINGLE TO CGUBLE DIMENSION OR VICE
C VERSA. THIS SUBROUTINE IS USED TO LINK THF USFR PROGRAM
f. WHICH HAS DOUBLE DIMENSION ARRAYS AND THE SSP SUBROUTINES
C WHICH OPERATE ON ARRAYS OF OATA IN A VECTOR FASHION.
C
C USAGE
C CALL A R R A Y <MODE,I,J.N.M,S,0>
C
C OESCRIPTICN OF P A R A M E T E R S
C MODE - CODE INDICATING TYPE OF CONVERSION ' .
C I - FROM SINGLE TO OOUBl E DIMENSION . .
C 2 - FROM DOUBLE TO SINGLE CI-ENSION
C I - NUMBER OF ROWS IN ACTUAL O A T A M A T R I X
C .1 NUMBER CF COLUMNS IN ACTUAL C A T A M A T R I X
C N - NUMBER OF R O W S SPECIFIED FOR THE M A T R I X 0 IN
C DIMENSION STATEMENT
C M NUMBER CF COLUMNS SPECIFIED FOR THE M A T R I X 0 IN
C DIMENSION STATEMENT
C S - IF MODE=1, THIS VECTOR IS INPUT WHICH CONTAINS THE
C ELEMENTS OF A DATA MATRIX OF S I Z E I BY J. COLUMN 1*1
C OF DATA MATRIX FOLLOWS COLUMN I, 5TC. IF MODE=2 ,
C THIS VECTOR IS OUTPUT REPRESENTING A DATA M A T R I X OF
C SIZE I BY J CONTAINING ITS COLUMNS CONSECUTIVELY.
C THE LENGTH OF S IS IJ, WHERE IJ=I*J.
C D - IF MOOE=1, THIS M A T R I X OF S I Z E N BY M IS OUTPUT,
C CONTAINING A O A T A M A T R I X OF S I Z E I BY J IN THE FIRST
C I ROWS AND J COLUMNS. IF MOOE=2, THIS N BY M M A T R I X
C IS INPUT CONTAINING A D A T A M A T R I X OF S I Z E I BY J IN
C THE FIRST I R O W S AND J COLUMNS.
C
C REMARKS
f. VECTOR S CAN BE IN THE SAME LOCATION AS M A T R I X D. VECTOR S
C IS REFFRREC AS A MATRIX IN OTHER SSP R O U T ( M E S , .SINCE IT
•" CONTAINS A DATA M A T R I X .
C THIS SUBROUTINE CONVERTS ONLY GENERAL DATA M A T R I C E S ( S T O R A G E
C MCDE OF 0).
C
C SUBROUTINES AND FUNCTION SUBROUTINES REQUIRED
C NONE
C
C METHOD
C REFER TO THE DISCUSSION ON V A R I A B L E D A T A SIZF IN THE SECTION
C DESCRIBING OVERALL RULES FOR USAGE IN THIS "ANUAL.
rr ..................................................................
c

SUBROUTINE RRAY (MODE,I,J,N,M,S,0)
D I M E N S I O N Si l l ,0(U

r
M*>-I

G
f TEST TYPE OF CONVERSION
f

IFIPCDE-M 100, 100. 120
C
•• CONVERT FROM SINGLE TO DOUBLE DIMENSION
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c
ICO 1J=I*J*1

00 110 KMtJ
NM=NM-N!
CC 110 L-l tl
IJ-IJ-1
NM»NM-1

110 r(N*>=suj»
GO TO 1«0

C
C CCNVERT FROM DOUBLE TO SINGLE DIMENSION
C

12C U=0
^^'=o
no no K=I,J
00 125 IMiI

125 S( IJI-DINM)
130 N»«=N>«*N!

C
140 RETURN

END
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c
C o

c
C SUBROUTINE MPRC
C
C PURPOSE
C MULTIPLY TWO GENERAL MATRICES TO FORM 4 RESULTANT GENERAL
C M A T R I X
C
C USAGE
C CALL MPRO(A,B,R,N,f,LI
C
C DESCRIPTION OF PARAMETERS
C A - NAME OF FIRST INPUT M A T R I X
C 8 - NAME OF SECOND INPUT MATRIX
C R - NAMF OF OUTPUT M A T R I X
C N - NUMBER OF ROMS IN A
C . M - NUMBER OF COLUMNS IN A AND R O W S IN B
C L - NUMBER CF COLUMNS IN B
C
c REMARKS
C ALL MATRICES MUST BE STORED AS GENERAL ^ f tTSICES
C M A T R I X R CANNOT BE IN THE SAME LOCATION AS M A T R I X A
C M A T R I X R CANNOT BE IN THE SAME LOCATION AS M A T R I X B
C NUMBF" OF COLUMNS OF M A T R I X A MUST BE EQUAL TO NUMBER OF ROW
C OF M A T R I X B
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS RtOU IREO
C NONE
C
C *ETHCD
C THE M BY L M A T R I X B IS PRE MUL TI PI I f D BY THE N BY M I *ATRIX A
C ANC THE RESULT IS STORED IN THE N RV |. M A T R I X R.
C
C ,...-... . . •
C

SUBROUTINE MPRO ( A t B t R . I V t P t t l
• D I M E N S I O N A ( l ) , B ( 1 ) , R ( 1 |

C
IR = C
IK=-M
CC 10 K = l , L
I K = I K + M
DO 10 J = l t N
I R = I R * 1
J I=J -N
18= IK
P( IR)=0
,00 1C I = l i M
J I = J I * N
I B = I B * 1

1 C R U R I = R U R ! * A ( J t ) * B ( I B )
RETURN
E N D
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c
c .................................................................
c
C S U B R O U T I N E I N V
C
C PURPOSE
C INVFRT A MATRI X
C
C ISAGE
C CALL INV (A.N.L.M)

C
C DESCRIPTION OF PARAMETERS
C A - INPUT M A T R I X , DESTROYED IN COMPUTATION AND REPLACED BY
C RESULTANT INVERSE.
C N - HROER CF M A T R I X A
f. 0 - RESULTANT DETERMINANT
C L - WORK VECTOR OF LENGTH N
C M - WORK VECTOR OF LENGTH N
C
C R E M A R K S
C MATRIX A MUST BE A GENERAL MATRIX
r

C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C NCNF
C
C METHOD
C THE STANDARD GAUSS-JORDAN METHOD IS USED. THE DETERMINANT
C IS ALSO CALCULATED. A DETERMINANT OF ZERO INDICATES THAT
C THE M A T R I X IS SINGULAR.
C
C .......................... . ......................................
C

SUBROUTINE INV (A.N.L.M)
DIMENSION At 1), L< U ,M(l I

C
C ..............................................................
C
C IF A COUBLE PRECISION VERSION OF THIS ROUTINE IS OESIRED, THE
C C IN COLUMN 1 SHOULD BE REMOVED FRCM THE CPUBLE PRECISION
C STATEMENT WHICH FOLLOWS.
C
C DOUBLE PRECISION A ,D ,BI GA .HOLD
C
C THE C MUST ALSO BE REMOVED FROM DOUBLE PR ECI SION STA TEMEN TS
C APPEARING IN OTHER ROUTINES USED IK CONJUNCTION W I T H THIS
C ROUTINE.
r
C THE DOUBLE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO
C CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. ABS IN STATEMENT
C 10 MUST BE CHANGED TO DABS.
C
C ..............................................................
C
C SEARCH FOR LARGEST ELEMENT
C

C=1.0
NK=-N
CO 80 K = 1 , N

L ( K » = K
M(K)=K
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BIGA=A(KK)
to 20 J»K,N

00 20 I = K , N
I J = I Z » I

1C !F( ARSCBIGAI - ABSUUJM) 15,20,20
15 e iGA=A( IJ)

l ( K » = f
MK) =J

2C CONTINUE
C
C INTERCHANGE RCWS
C

J = L(K I
I F ( J - K ) 35,35,25

2 C . K I = K - N
CO 30 1=1, N
K I = K l » N
H O L O = - A ( K I »
JI = K I-K»J

3C A(JM =MOLO
C
C INTERCHANGE COLUMNS
C

35 I=H(K)
IF( ! -KJ 45,45,38

3e JP=N*U-1)
CO «0 J=l,N
JK=NK*J

4C A ( J I ) =HCLO
C
C r iVIDE COLUMN BY MINUS PIVOT (VALUE OF f» !VOT ELEMENT IS
C CONTAINED IN BIGA)
C

45 I F ( B I G A ) 48,46,48
4f 0=C.C

RETURN
48 CC 55 1=1, N

IF(I-K) 50,55,50
50 IK=NK + I

A t I K > = A ( I K I / t - R I G A )
=c CONTINUE

C
C REDUCE M A T R I X
C

00 65 1=1, N
IK=NK*I
HOLO=A« IK)
IJ= I-N
CC 65 J=l,N
IJ=IJ*N
IF( I-K ) 60, 65,60

60 IF(J-K) 62,65,62
62 KJ=IJ-I*K

A( IJ)=HOLD*A(KJ »*A( IJ1
65 CONTINUE

C
C DIVIDE ROW BY P IVOT
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KJ=K-N
CC 75 J=1,N
KJ=KJ*K
IFJJ-K) 70 ,75 ,70

70 A ( K J ) = A | K J ) / P I G A
75 COKTINUE

C
C PRODUCT OF PIVOTS
C

D=0*BIGA
C
C R E P L A C E PIVOT BY RECIPROCAL
C

AUK }= l .O/BIGA
80 CCKTINUF

C
C FINAL ROW AND COLUMN INTERCHANGE
C

K=N
ICC K=(K-l l

I F ( K ) 150,150,105
1C5 I = l ( K I

IF« I - K I 120,120, IC8
108 J C = N * ( K - l l

J R = K * ( I -1)
rn 110 J=I,N
JK=JC+J
HOLO=A( JK)

A( JK ) = -A (J I I
110 A ( j r ) =HOLO
UC J=HJKI

[ P ( J - K ) 100,100,125
1 2 5 K I = K - N

nn n" I = I,N
K I = K I+N
HC|.r) = A( KI )
JI»K!-K»J
A(K I ) = -A» J I I

13C « < J I I =HOLO
GO TO IOC

150 RETURN
FND
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FUNCTION RSHL(T)
A =• 14.39
B = 9.35
EPS=1.0-(B/A)*(B/A)
RSHL=B*B/(A*(1.0-EPS* COS(T)* COS(T))**!.5)
RETURN
END

FUNCTION R R R T < T )
A = 14.39
B = 9.35
PPS=1.0-(B/A)*(B/A)
RRRT= SQRTf1.0-EPS* COS(T)* COSfT) ) *A*EPS* 5 IN(2.0*T)*1.5/(H*B)
RETURN
END

FUNCTION RSHLT(T)
A = 14.39
B '= 9.35
CPS=1.0-(B/A>*(B/A)
RSHLT=-1.5*B-"-U*EPS* S I N ( 2 . 0*T ) / ! A* ( 1 .Q-EPS* COS(T)* COS ( T ) ) ** 2 » 5 )
RETURN
END
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APPENDIX C

DICTIONARY OF VARIABLES USED IN THE MAIN PROGRAM

AA

ABN

ABNA

ABNB

ABN2

AK(MN3,MN3)

AM(MN3,MN3)

AN

AN2

AR(K)

AS(L)

BC(2,4)

BCR(2)

BN

BN2

C(8)

Length of the shell

nn

nan

nn

nan3

Stiffness matrix, dimension should be = KRRR

Mass matrix, dimension should be = KRRR

n

n

thCross-sectional area of the k kind or ring, dimension

should be s NK

Cross-sectional area of the i kind of stringer,

dimension should be s NL

Data block defining various boundary conditions,

dimension should be 2 * 4

The name of the boundary condition read-in, dimension

should be 2

n

n3

Temporary work vector used in the stringer equations,

dimension should be 8
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cc

CG

CN

CNB

CR(K,40)

CS

D

DR(9)

DRV(5)

E1R(K)

E2R(K)

E1RK

E2RK

EC

ER(K)

ES(L)

EVI(MN3)

CN X CNB

Temporary work variable

Cos (TN) for NSA = 0; Sin (TN) for NSA = 1

Cos (TNB) for NSA = 0; Sin (THB) for NSA = 1

C to C,., constants used in the ring equations (C3),

and are defined in Appendix D of Reference 1. The first

dimension should be s NK, and the second should be 40.

CN X SNB

Isotropic plate flexural stiffness

Vector of the integrands of the circumferential

integrals IS1 to IS1 , dimension should be 9

Vector of the integrands of the circumferential

integrals IS2- to IS2,., dimension should be 5

z-distance of the shear center of the k kind of ring

from the middle surface of the shell, dimension should

be ̂  NK

z-distance of the centroid of the k kind of ring from

its shear center, dimension should be ̂  NK

Zlrk

Z2rk

Shell Young's Modulus

Young's modulus of k kind of ring, dimension should

be 2 NK

Young's modulus of l> kind of stringer, dimension

should be 2 NL

Vector of imaginary part of the eigenvalues, dimension

should be = KRRR
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EVR(MN3)

GJR(K)

GJS(L)

H

I

IBC

IM

IN

INDIC(MN3)

INN

IR

ITEMP.IY1)

IY2, IZ1, IZ2)

J

JBC

JN

JNN

Vector of real part of the eigenvalues, dimension

should be = KRRR

The torsional stiffness of the k kind of ring,

dimension should be > NK

The torsional stiffness of the I kind of stringer,

dimension should be s NL

Shell thickness

Row index of [A], [D], [E], [N], [NN] , and [p] sub-

matrices

Temporary work variable

Temporary work variable

Row index of [B], [F], [Q], and [R] submatrices

This array indicates the success of the subroutine

EIGENP as follows:

INDIC(I) EIGENVALUE I

0 not found

1 found

2 found

Row index of [c] and [s] submatrices

(see the listing of the program)

Temporary work variables

Column index of [A], and [N] submatrices

Temporary work variable

Column index of [D] , [B], [NN] , and [Q] subma trices

Column index of [E], [F] , [c], [p], [R], and [s]

submatrices

EIGNEVECTOR I

not found

not found

found
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JTEMP

KG.KK

KQ

KRRR

LC(MN3)

LL

MC(MN3)

MD

MMAX, MMIN

MN3

MS

MSA

NBC

NCHNG, ND

NDC.NEC

NEO

NEIXT

Temporary work variable

(see the listing of the program)

Temporary work variable

Dimension of [AK], [AM], [VECR] , { EVR} , [ EVl] , {INDIC) ,

CLC} , and {MC} > MN3

Temporary vector used by INV (matrix inversion) sub-

routine, dimension should be = KRRR

(See listing of the program)

Temporary vector used by INV (matric inversion) sub-

routine, dimension should be = KRRR

Temporary work variable

(See the listing of the program)

Order of the mass, stiffness, and modal matrices

Total number of axial mode components considered in the

displacement series

(See the listing of the program)

The code number assigned for different boundary

conditions as follows:

1 for clamped-free

2 for freely supported

3 for clamped-clamped

4 for free-free

Temporary work variables

(See the listing of the program)

Temporary work variable
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NG, NK, NL

NMAX, NMIN

NNK (K)

NNL(L)

NNR(I)

NQUIT

NR(NK.NK)

NS .

NSA.NWEV,

NWK, NWM

PC

PHI

PI

PI2

PR(K)

PS(L)

R(9)

(See the listing of the program)

Vector of the number of rings of k kind of ring,

,th

dimension should be > NK

Vector of the number of stringers of i1"" kind of

stringer, dimension should be '£ NL

Temporary vector containing centroidal information of

different kinds of rings, dimension should be > NK

1 in the 80th column of a blank card, which when placed

at the end of sets of data, signifies the end of the

data

Temporary vector containing centroidal information of

the rings, dimension should be NK * NK

Total number of circumferential mode components con-

sidered in the displacement series

(See the listing of the program)

Mass density of shell

Temporary work variable

IT = 3.14159

2n

Mass density of k kind of ring, dimension should

be 5 NK

Mass density of H kind of stringer, dimension

should be s NL

Vector of the circumferential integrals IS1 to IS1 ,

dimension should be = 9
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, R2(10),

R3(2), R4(5),

R5(18),

RCG(K)

RI(K,54)

RING1 to RING6

RR1(8), RR2(10)

RR3(2), RR4(5)

RR5(18), and

RR6(11)

RRRT (6)

RSHL(6 )

RV(5)

RX(K,I)

The vectors, of the integrands of the circumferential

integrals of the ring, IRl^IRlg, iIR21-IR21Q, IR31

and IR30, IR4,-IR4_, IR5-IR5,., and IR6 -IR6,,,
i - 1 J l l O 1 1 1

respectively; dimensions should be, = 8., 10, 2, 5,

18, and-11, respectively

Vector of centroidal distances of various kinds of

rings, dimension should be > NK

Temporary work vector for saving the 54 ring integrals

IR1 to IR6 . The first dimension should be s NK, and

the second dimension should be = 54

Subroutines defining the integrands of the circumferen-

tial integrals of the ring, IR1 to IR6,,

The vectors of the circumferential integrals of the

ring, IR1, - IR10, IR2, - IR2,rt, IR3, and IR30, IR4n -i ' o 1 10 1 21

IR4 , IR5 - IR510, and IR6, - IR6,., respectively;-> 1 lo 1 11

dimensions should be equal to 8, 10, 2, 5, 18 and 11,

^
respectively.

Function subroutine furnished by the user of the

program to evaluate (1/R),0 at a given value of 6

Function subroutine furnished by the user of the

program to evaluate R at a given value of 6

Vector of circumferential integrals of the shell,

IS2 to IS2 , dimension should be 5

Array of the x-locations of the k kind of rings,

the first dimension should be 2 NK, and the second

dimensions should be ̂  the largest element of the vector

NNK(K)
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SI to S8

SC

SHELL1, SHELL2

SN

SNB

SR

SR2

SS(1,30)

SSS

ST(75)

SUM(18)

TITLE1(7)

TITLE2(7)

TN

TNB

S, to S0, constants used in Eqs. (Cl), and are defined1 8

in Appendix D of Volume I

SN X CNB

Subroutines defining the integrands of the circumferen-

tial integrals IS1. to IS2,. of the shell equations

Sin (TN) for NSA =0; Cos (TN) for NSA = 1

Sin (TNB) for NSA - 0; Cos (TNB) for NSA = 1

Radius of the shell, R

R3

SS. to SS,n, constants used in Eqs. (C2), and are

defined in Appendix D of Volume I. The first dimension

should be s NL, and the second dimension should be = 30

SN X SNB

Intermediate terms of the stringer equations, dimension

should be = 75

Temporary work vector used by GAUSS (numerical inte-

gration) subroutine, dimension should be = 18

Array of the 9-locations of the A kind of stringers,

the first dimension should be a NL, and the second

dimension should be ̂  the largest element of the vector

NNL(L)

Title of the run

Title of the run continued

n X T (L,I)

n X T (L.I)

\

i
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TS(L,42)

VECR(MN3, MN3)

X(5,IM)

XI to X5

XIR(K)

XK

XNU

), XR(2)

XXI, XX2

XXX(2, K, IM)

Tj to T,2, constants used in Eqs. (C2) and are defined

in Appendix D of Volume I, the first dimension should

be s NL, and the second dimension should be = 42

Equal to number of binary digits in the mantissa of a

double precision, floating point number

Eigenvector (modal) matrix, dimension should be

= KRRR X KRRR

A temporary work matrix, containing the longitudinal

integrals IX.. to IX^ for every combination of m and m;

the first dimension should be = 5, and the second

dimension should be = MS X (MS + l)/2

IX. to IX_ longitudinal integrals

The moment of the k kind of ring cross-sectional

area about an axis parallel to X-axis passing through

its centroid

X-location of the k ring

Poisspn's ratio

Temporary work vector used for transferring X and X_

values from XX subroutine to the main program

X , X_ (see eqs. (C8) in Appendix C of Volume I)

A temporary storage three dimensional matrix

containing the quantities X and X. for every

combination of m and m; the first dimension should be

= 2, the second be ̂  NK, and the third should be

= (MS + 1) MS
2

XXXX(MN3 ) Temporary work vector, dimension should be = (MN3 )
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Y(MN32)

Y1S(L)

Y2S(L)

YIS(L)

YZIS(L)

Z(MN32)

Z1S(L)

Z2S(L)

ZERO

ZIR(K)

ZIS(L)

Temporary work vector, dimension should be = (MN3 )

y-distance of the shear center of the I kind of

stringer from the z-axis passing through its point

of attachment, dimension should be ̂  NL

y-distance of the centroid of the i kind of stringer

from the shear center, dimension should be s NL

The moment of inertia of the H kind of

stringer cross-sectional area about an axis parallel

to y-axis passing through its centroid, dimension

should be > NL

Product of inertia of the I kind of stringer cross-

sectional area about y and z axes passing through its

centroid, dimension should be s NL

2
Temporary work vector, dimension should be = (MN3)

z-distance of the shear center of the t kind of

stringer from the middle surface of the shell

z-distance of the centroid of the i> kind of stringer

from its shear center

0.0, lower limit of the circumferential integrals < r

shell and ring

The moment of inertia of the k kind of ring cross-

sectional area about z or z axes, dimension should

be s NK

The moment of inertia of the i kind of stringer

cross-sectional area about an axis parallel to z-axis

passing through its centroid, dimension should be ̂  NL
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APPENDIX D

PREPARATION OF DATA FOR THE PROGRAM OF

THE FREE VIBRATIONS OF RING- AND/OR

STRINGER STIFFENED NONCIRCULAR

CYLINDERS WITH ARBITRARY

END CONDITIONS

1-4

DATA

(a) Name of the
boundary
condition

cVs' FORMAT

1 2A10,
59x,
11

ITEMS

BCR, NQUIT

ON DATA CARD

w (b) General input
^ parameters

w

° (c) Title of the
run

2014

7A10/
7A10

NG, KG, LL, NL, KK, NK, NMIN,
MMAX, MSA, NMIN, NMAX, MSA,
NEW, IR, NWK, NWM, NWEV

TITLE 1, TITLE 2

co

(a) Geometric and
material pro-
perties of
shell

1 5E15.8 PC, EC, XNU, H, AA

,th
(a) Number of

kind of
w stringers

g (b) List of 8-
co locations of

stringers

1 14 NNL(L)

NNL(L) 5E15.8 (T(L,I),I - 1, NNL(L))
5
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DATA No. of
CARDS

FORMAT ITEMS ON DATA CARD

ow (c) Geometric andmaterial pro-
perties of jfcth

kind of stringer

5E15.8 PS(L), ES(L), AS(L),
Z1S(L), Z2S(L), Y1S(L),
Y2S(L), ZIS(L), YIS(L),
YZIS(L), GJS(L)

(a) Number of k
kind of rings

(b) List of X-lo-
0 cations of kth
25 kind of rings
M

** (c) Geometric and
material pro-
perties of kth

kind of ring

14 NNK(K)

NNK(K)
5

5E15.8 (RX(K,I), 1 = 1 , NNK(K))

5E15.8 PR(K), ER(K), AR(K), EIR(K),
E2R(K) , ZIR(K) ,. XIR(K) ,
GJR(K)

Note: (1) All numerical data must be right justified.

(2) No blank spaces are left before and in between data fields,
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APPENDIX E

COMPUTER OUTPUT
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*******************************************************************

FkfcE VlbRATlONAL A N A L Y S I S OF STIFFENED OR UNSTIFFENED CIRCULAR OR
NONCIRCULAR CYLINDERS MlTH ARblTKARY END CONDITIONS

NG
NK =
NHAX =
NWM =

GENERAL INPUT INFORMATION

8 KG
1 M M I N =

II NSA =
0 N*EV =

4
1
0
0

LL
MM AX -
NEO =

16
9
1

NL
MSA
IR

=
•=
=

1
i
1

KK
NMIN =
NMK =

11
1
0

S H E L L D A T A

S E W A L L ' S lt» STRINGER AND 11 RING STIFFENED ELLIPTICAL

CYLINDER WITH A = 14.39 8 = 9.35

MASS UENSI TY

MODULUS OF ELASTIC ITY =

PUISSON'S RATIO

THICKNESS

LENGTH

END CONDITIONS

0.25d80000D-03 LB i t.C

O.IOOOOOOOD 08 LB/I^.

0.30000000D 00

O.J2000000D-01 INCHcS

O.IOOOOOOOD 02 INCHES

FREELY SUPPORTED

IN .**<»
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S T R I N G E K D A T A

(THE UNITS ARE SAME AS THOSE OF SHELL U A T A )

1
TOTAL N U M B E R bF S T R I N G E R S = 16

NUMBER OF DIFFERENT K I N D S QF S T R I N G E R S =

16 S T R I N G E R S r t iTH THE F O L L O W I N G P R O P E R T I E S

MASS D E N S I T Y
A R E A
SHEAR GTR. (YD -
C E N T R G I D ( Y 2 ) =
I N E R T I A ( I V Y ) =

0.258800000-03
0.1036871*0 00
0.0
0.0
0.595710420-02

M U D . OF E L A S .
S H E A R C T R . ( Z l ) =
C E N T R G I D ( Z 2 ) =
I N E R T I A I ILL ) =
P R O O . I N E R . ( I Y Z ) =

0.106000000 08
-0.^75000000-01
-0.233989590 00
0. 128507170-02
0.0

T O R S I J N A L S T I F F N E S S = O.S1250000U 03

LOGATEJ AT FOLLOWING THETA VALUES (DEGREES)

0.0
C.900000000 02
0.180000000 03

0.135000000 02
0.128200000 03
0.193500000 03

0.255000000
0.13450000D
0.205500000

0.270000000 03 0.30820000U 03 0.33*500000

02 0.518000000 02
03 0.166i>00000 03
03 0.231800000 03
0.* 0.3*6500000 03
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R I N G D A T A

(THE UNITS ARE SAME AS THOSE OF SHELL DATA)

TOTAL NUMbEK OF RINGS = 11
NUMBER OF DIFFERENT K1NOS UF RINGS = . 1

11 RINGS WITH THE FOLLOWING PROPERTIES

M A S S DENSITY = 0.258300000-03 MOO. OF ELAST. = 0.10600000D Od
AREA = 0.l036b71<»D 00 SHEAR CTR. (El) = -O.W500000U-01
CENTROID (E2) = -0.^339tt959D 00 INERTIA { IZ2) = 0. 1^50717D-0<i
INERTIA ( I X X ) = 0.59571042U-02 TORS. ST IF . (GJ )= 0.91250000D 03

LOCATED AT FOLLOWING X VALUES (INCHES)

0.20000000D 01 0.40000COOD 01 0.60000000D 01 0.80000000D 01
0.10000000D 02 0.12000000D 02 0 .1<*OOOOOOD 02 O. lbOOOOOOD 02
0.180000COO 02 0 .200GOOOOD 02 0.22000000D 02
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EIGENVALUES IN HERTZ

C.525201990 05
0.443808860 05
0.325253080 05
C.307913750 C5
0.270630280 05
0.227547250 05
0.197195290 05
0.185293530 05
0.177051850 05
0.157811600 05
0.144462940 05
0.132438860 C5
0.120629020 05
0.103104730 05
0.811092180 04
0.758435280 04
0.6C2823540 04
0.471157240 04
0.740998740 03
0.170287340 04
0.241361850 04
0.284138540 04
0.295882040 04

0.460016450 05
0.387653740 05
0.309578200 05
0.291781840 05
0.259449520 05
0.2337020*0 05
0.198710190 05
0.183604590 05
0.163912010 05
0.152548110 05
0.145446830 05
0.136364940 05
0.110746050 05
0.991873020 04
0.792999230 04
0.618868420 04
0.554182620 04
0.447110730 04
0.974276260 03
0.173906970 04
0.361588130 04
0.285624590 04
0.310627990 04

0.486471890 05
0.3^2841530 C5
0.313550720 05
0.29855700C 05
0.250799860 05
0.220058790 05
0.192803320 05
0.178856710 05
0.167839380 'J5
0. 151812640 05
0.142750070 05
0.127304^90 05
0.107503390 05
0.970742020 04
0.781446350 04
0.659350450 04
0.497429840 04
0.4075^4170 04
0.115486790 04
0.200875920 04
0.347187140 04
0.^92366990 04

0.436157540 05
0.34088304D 05
0.31116*360 05
0.267002370 05
0.239849450 Oi>
0.22316/410 05
0.188148710 05
0.172501550 05
0.154738580 05
0.147557350 05
0.141590220 05
0.130976590 05
0.108287690 05
0.986895570 04
0.749336500 04
0.600867^10 04
0.515371260 04
0.437945790 03
0. 133981750 04
0.37004b82O 04
0.33142711U 04
0.311332820 04
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