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INTRODUCTION : -

This manual presents a general description of the STARS-2B digital
computer program. FORTRAN IV is Qsed exclusively in writing the various
subroutines. The execution of this program requires the use of eleven
temporary storage units. |

The program was initially written aﬁd'débugged on the IBM 370-165 computer
and then cénverted to the UNIVAC 1108_computer, where it utilizes
approximateiy h6,000 words of core. Only basic FORTRAN Library routines
are required by the program, thgse béing: sine, cosine, absolute value,

square root, min O, max O, amax 1, amin 1, and random.

For ease and speed in usage, the Table of Contents on the following page’

has also been laid puf to present the call sequence of the program.
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SUBROUTINE MAIN

]

MATN is the control link fér the entire program. Sizing values are read
into the program, as well as information for eigenvalue or determinant
accuracy calculations, and the material pfopertyftables. Calls are made
to subroutines RIEMAN and.SEGMAT once for each segment in a region; then
subroutine REGMAT is called. This procedurq'is execufed once for everyl
region in the structure. Finally a call to subroutine STRMAT is made.

If the clues are set for the program to calculate the prestress ;tate,,
subroutines INITAL and LEBEGE are called. Otherwise the control link
loops back and resets the clues for the calculation of nonlinear stiffXess

matrices.

In the calculation loop for fhe nonlinear stiffness matrices the program
proceeds as above to STRMAT. Next EIGVAL of DETERM are called to calculate
eigenvalues or evalﬁate a determinant as per user input. If these calculations
satisfy convergence criteria, subroutines BCVECT, INITAL, and LEBEGE are
called. If convegence criteria are not gatisfied the program will loop until

satisfaction is obtained.

In a multi-harmdnic eigenvalue search fhe ﬁhole procédure loops on the
harmonic number. ’
There are alsolseveral counters in this control link. These are‘defined as
follows: ;

NSC - Counts the calls to.subroutineé RIEMAN and‘SEGMAT, from

1 %o thefnumber of segments within a region.
NRC - Counts the calls to suﬁroutine REGMAT, from 1 to the
g number of regions in the structure.
Icyc

NPASS - Pass counter (counts passes necessary to converge in a

Cycle counter (counts harmonics).

single harmonic). -

The block data and oveflay listings are included in this section.



READ: READ:
NREG, NSMAX,

NMPT, XN1, XN2, INC,  [——p| MeTERIAL
NPROB, NBC, A PROPER
IBEGIN, IDET, CONV,

EIGCON., C, CC,

FMLT, OMEGA, WORD

i

CALL
- REGMAT

READ
NSC - ZESE o :ES%N NST (NRC): NO.
= N = - SEGMENTS PER
NSC +1 NSEG = g~ TOPOLOGY [€=— REGION. NKL (NRC):
NST (NRC) CARD : NO. LINKS PER
e REGION

CALL NO CALL
RIEMAN SEGMAT
YES
v
? — sTOP
YES
caL - |NO CALL CALL - S /
‘LEBEGE _ CINITAL sTRMAT [® e
- S CALL
CALL CONVERGENCE EIGVAL
EXIT SATISFIED? OR
DETERM

NO

LAST
‘HARMONIC?

e e —
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SUBROUTINE RIEMAN

This subroutine link assembles the data tables for use in the integration
procedure. The program has the capability of handling 2 loading conditions

(dead and live). Temperature load can be included in either one, but
not both.

The subprogram link, RIEMAN, utilizes the subroutines SETUP, ROBOT, DIF1
or DIFF2, to integrate the differential equations of each segment
independently, under arbitrary load conditions. The results of the
integrations of each segment are stored in the YCORR array in RIEMAN, and

represent the stiffnesé'and-deflection coefficients of each segment.



"FORTRAN CODE ENGINEERING SYMBOLS (REF., 1)
XFTHLD 4 fo
XFPHLD £

o
XFZELD £
z
XMTHLD m,
XMPHLD m
¢
ETHET
A Eg
EPHI . E
¢
XGPT
G¢e
XNUTP ~
U V9¢
XNUPT N
'Y
ALPHTH o
ALPHPH ‘ o
. : R
XNTTH
: . . Vg
XNTPH
. Y1
XMTTH ’
: Mpg
XMTPH :
XK11 » :
K1
XK22
2 K,
XD11 D4
XD22 Doo
XK K
33 33
XD i
33 _ Dyq
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READ:-

MAGIC CONTROL,
CLUE CARDS, AND
GEOMETRY OR
SPLINE DATA

RIEMAN

READ:
ST TABLE

J

INITIALIZE

—

YICS
ARRAY

MATERIAL GEOMETRY TYPE OF
PROPERTY IDENTIFICATION MATERIAL
IDENTIFICATION SEARCH PROPERTY
SET: MAT SET: KGEOM SET: ITYPE

L
TEMPERATURE FACE SHEET SEGMENT
LOAD | IDENTIFICATION IDENTIFICATION
| IDENTIFICATION SEARCH SEARCH
SET: KELVIN SET: THICK SET: ISTTAB
A
CALL MAGOUT \ YES CALL
SETUP " ROBOT
CALL
RETURN TO DIF 1
MAIN OR
DIFF 2
SET: CALL
MAGIN =0 MAGIC

11
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SUBROUTINE SETUP

SETUP is a double entry subroutine called from RIEMAN. It is a mixed precision,
numerical integration routine, with automatic selection of a variable integration
step size, which utilizes fifth order Runge-Kutta equations to obtain the solution

for first order differential equations.

SUBROUTINE MAGIC

MAGIC is an alternate entry point to subroutine SETUP.

23



RUNGE-KUTTA GENERAL FLOW CHART

ENTRY SETUP

INITIALIZE MAGIC
CALL SETUP (K =0)

CALCULATE DERIVATIVES
(SOLVE EQUATIONS)

ENTRY MAGIC

@

YES FIRST CYCLE
SHIET STORAGE (7 ISAUTOMATIC ..\
K=1 ’ STEP SIZE'USED?
CALCULATE EXTRAPOLATED
VALUE AND YDEV
ISYDEV ~
YES/' \ .TOO LARGE? / ;
* (
HALVE At IS YDEV *
K= TOO SMALL? /-
, . . DOUBLE 4t FOR
: L o 1. NEXT CYCLE, - - J

| J ‘ . : .
" CALCULATE Kth- - e OUTPUT _ |
RUNGE-KUTTA FORMULA SETK=1 | ;
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FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)
30 | . 1 | ro
"Rl - : , . ooy
R1DOT | | 2
cs o . cos ¢
SN SRR . j § sin d i
A a
C c
XN
F2 £,
F3 ‘ | fs
TAN; TN . : tan ¢
SEC , sec ¢
TII . iy
TIK ‘ ' T..
TOK % Toe
TOO ’ Too
TEFREE T
HI .
HO ' ; hy
T t
TI (. t,
70 té
SNSQ : _ sin2¢
. C88Q ‘ 4 ‘ cbé?¢
CN | : cos ¢ sin ¢
X1cs . 1/cos ¢
X1SN ' 1/sin ¢
R : o
BETA B 8

28



FORTRAN CODE ENGINEERING SYMBOLS (REF, 1 )

X1ROSN 1/ry sin ¢
X1ROCS l/rO cos ¢
CSX1RO ‘ cos ¢/r,
CSX1R1 cos ¢/ry
CSX1R2 ' ‘ cos q>/r2
SNX1RO sin (1)/_1‘o
SNX1R1 sin q>/rl
¥1R1 | 1/x,

X1R2 S VN
X1R1SQ l/rl2
X1ROSQ . l/ro2
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ROBOT
ENTRY

|

IDENTIFY
KGEOM

;

CALCULATE
GEOMETRIC VARIABLES

B

IDENTIFY
ISTTAB

CALCULATE
WALL STIFFNESSES

CALCULATE THERMAL
LOADS

RETURN
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SUBROUTINES DIF1 AND DIFFQ

These subroutines are called in”RIEMAN‘as necessary. DIF1 contains

the differential equations for the THIC and ST clues, while DIFF2 contains
the differential equations for the RWA and ISG clues. Geometry clues,
trigonome%ric values, and predicted values of the differential equation
variables are passed via label common area, EQUAZN, to subroutines DIF1
or DIFF2. The coefficients forfnonligear and load terms, X1, X2 and K,

are identified depending upon the pass number and cbnvergence criterion.

The specific derivative equations and au#iliary equations are contained in
these subroutines. The values of eacﬂ derivative eQuation, YDOT, and each
suxiliary equation, YA ---, are returned to RIEMAN via label common EQUAZN,
!
A special equation counter, I, is used in these subroutines, which counts
in increments of eight. The first eight values of I, 1 through 57 ( in
increments of eight), correspond to the eight sets of initial conditions
required to compute the segment stiffness matrices in subroutine SEGMAT.
The subsequent values of I, 65 end 73 maximum (again in increments of
eight) correspond to the computation qf each set of eight equations for
each loading condition (two conditions corresponding to dead and live loads

respectively).
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FORTRAN CODE

ENCINEERING SYMBOLS (REF. 1 )

o

7.YDOT (1)

?DOT (1 +1)
YDOT (I + 2)
YpoT (1+3)
YDOT (I +»h)

“YDOT (I + 5)

“YDOT (I + 6)

. ¥por (1 %’7‘)
YPRED (I)

YPRED (I + 1)
YPRED (I + 2)
YPRED (I +

3
YPRED (I + b
YPRED (I + §
YPRED (I + 6
YPRED (I + 7

YAMPT
YANTH

YAMTH

45

n

T 98
¢6,¢ ds
dN
N )
$,9 ds
aJ
J 9
¢:¢ ds
aM
M 9
¢)¢ ds
dU
U, -
¢ ds
: dav
v, —
¢ ds
W aw
¢ ds
eﬁ¢ ds
T¢6
N
o
J
o
M
¢
u
v
W
Qe
M¢8
Ne
MS



FORTRAN CODE ENGINEERING SYMBOLS (REF., 1.)
. ' 2
R2SQ r,
: 2
ROSQ r,
X1RO: l/ro
S S
XK12 - K,
XK21 K,y . .
XD12 - D12
XD21 D21
XC11 Cll
XC22 Cop
XNSQ n2

Non-Linear Redefinitions (Ref., 1 )

: . a%J
YDOT (I+2) *J ¢
. . $59 ! - ds
. ‘ i
YPRED (I+2) *J¢)
YAJPH J
¢
XNL
XNPHI N
¢
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DIF 1
ENTRY

|

IDENTIFY K, X1,
X2 FOR EACH
ANALYSIS PASS

4

IF KGEOM=1,2,5,6,0R 7
IGEOM = 1

IF KGEOM =

3; IGEOM =2

IF KGEOM = 4; IGEOM =3

¢ COOR CONE ¢ COOR CONE
EQUATIONS EQUATIONS EQUATIONS EQUATIONS
CYLINDER EQUATIONS CYLINDER EQUATIONS
v
RETURN ¢
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SUBROUTINE SEGMAT

The results of the subroutine link, RIEMAN, are passed through the label
common area, LYCORR, to this subroutine. SEGMAT places the elements of
the YCORR array into several double-éubscripted arrays, forms some -
coordinate transformation arrays, énd calls subroutine SREVN2 for'double

precision matrix inversion.

As é result of appropriate matrix operationé this subroutine produces a
segment stiffness matrix, the XKS array, and a segment load matrix, the
XIS array, for each segment. In passes other than the first pass, first
cycle, the XLS array is not calculated. SEGMAT also orients each segment
into the global coordinate system of the structure as a result of the

matrix operations.

Subroutine SREVN2

SREVN2 is a subroutine called by SEGMAT to invert a'real, double-precision,

in-core matrix utilizing CGauss-Jordan elimination with partial pivoting.
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Sl;'.GMAT

FORM
D ARRAY

FORM
X1=C=D

‘INO

CALL
FORM SREVN2 FORM
CC ARRAY (RESULT IS C ARRAY
IN CC ARRAY)
FORM fe—— FORM
" X2=X1=+E. E ARRAY
" FORM FORM FORM
B ARRAY X3=B=*X2 A ARRAY
FORM XKS = FORM
XKT * XMAX XMAX MATRIX
XK1112
TAPE
NO. 9
XL1
TAPE
NO. 9
XKS YES| FORM XLS
TAPE »] SYM=XKS ——— % TAPE
NO. 2 . XLS MATRIX NO. 3
L~ L

FORM
XKT =A = X3

—ofR
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SUBROUTINE REGMAT

The segment stiffness matrices, XKS, and the segment load métrices, XIS, are
passed from SEGMAT to REGMAT via Tapes #2 and #3, and are placed in the XKRTOT
array and the XLRTOT array, respectively. If kinematic links occur between
segments in the region,‘the XKRTOT array and the XLRTOT array are modified

to represent the situation. In the case of discrete fiﬁgé the routine RINGER

is called and provides the necessary matrices.

A horizontal and vertical partitioning of the XKRTOT array occurs while the
XLRTOT array is subjected to a horizontal partitioning only. - Appropriate
matrix operations are performed upon the partitions of each array, thus
reducing the size of'the region stiffnéss and load matrices and resulting
in increased program capacity. The results of these manipulations are the
region stiffness matrix, XKR, and the region load matrix, XILR. In passes

other than the first pass, first cycle, the load calculations are not performed.

Subroutines Called from REGMAT

Subroutine SWITCH: 1Is a routine used to arrange @& matrix in a form convenient

for use by another routine employing a positive definite method for solving

linear algebraic equations.

Subroutine CHASE: Is a routine used to obtain the solution X of the linear

system AX = Y, given at least one right side of Y and the positive, definite,

symmetric, real coefficient matrix A.

Subroutine FUTILE: Is a routine called from CHASE_and used to obtain the

factorization of the positive definite, real, symmetric matrix A into the
product of a lower triangular matrix and its transpose by utilizing a

Cholesky decomposition.

Subroutine TRIEQ: Is a routine called‘by CHASE or EIGVAL to solve a triangular

system of algebraic equations.

68



FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)
SKL MATRIX e SKL
SKITR MATRIX ' skL]T
R ' ~v : K1
XKRTOT MATRIX : K'\q | K') 5 |
o e
Koy : Koo
1 ) ' T
B . 1
XLRTOT MATRIX L'ipg
3 1] .
L JR1
Pras
SKL22 MATRIX AFSK122-
/\
- -}|
REGTQT MATRIX K., : K5
Jz—"""1"7~"
K51 : Koo
r-/.\
STORE MATRIX Lig1
Lle
L
- ! " ' ' 3 F-A-
XK11 PARTITION _ N
) - AL
XK12 PARTITION K
12
// - J
: o : ot FA
LA
XK22 PARTITION o K
22
L
r-A-
XK21 PARTITION K
Q%J
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FORTRAN CODE. ENGINEERING SYMBOLS (REF, 1)

7 . r

XL1 PARTITION Lpy
A

XL2 PARTITION ‘ L]
-
A

XKR MATRIX KR]
- 3
A

XLR MATRIXr ‘ . : | LFR] ,
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NO

REGMAT

ENTRY

FORM X%)”E
FORM
XKRTOT MATRIX
PARTITION
XLRTOT
AND
WRITE ON 12
FORM FORM
RTEME = XLRTOT MATRIX
[SKL] T[XKRTOT]
FORM
STORE =
(SKL] T(XLRTOT]
y
PARTITION ' FORM PARTITION
REGTOT INTO REGTOT t = STORE AND
XK21' XK22 [ROW] [SKL] WRITE ON 12
CALL CHASE ?{&ITE FORM
g\;Avh!‘CH RESET NEW | o k1221 -
XK21 = [xK22] 1 [xK21] XK21 [XK12] [XK21]
: WRITE| .
READ FORM (10) CALL CHASE WRITE FORM
3 XK12L2 = NEW RESET (4 XKR =
XLR | | [XK12][XL2] XL2 XL2 = [XK22]"! (XL2] XKR XK11- XK1221
YES
y
YES
:&é}){ITE FORM WRITE | Nif__—)
XLR = (8) RETURN TO MAIN
XLR XL1 - XK12L2 XLR N\

+NOTE: RTEMP = [{ROW]
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SUBROUTINE RINGER

This subroutine reads the discrete ring geometric data, and temperatures,
and forms the ring stiffness and thermal load matrices. These matrices
are passed back to either of subroutines REGMAT or STRMAT (see next) as
necessary, for incorporation into the region or structurevmatrices,
respectively. If the present pass is a nonlinear one, the effects of
prebuckling hoop strain are considered, and the load calculations are

omitted.
The calculations in RINGER account for the eccentricity of the ring

centroid from the base shell wall, and the offset of the ring centroid

from the shear center.
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FORTRAN CODE

ENGINEERING SYMOBIS (REF. 1)

RNGTOT MATRIX

TDEL MATRIX
RNGLOD MATRIX

RC

RS

XC
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RINGER

‘ ENTRY ’

y

READ RING
DATA

h 4

CALCULATE PREBUCKLING
HOOP STRAIN

h 4

FORM RING
STIFFNESS MATRIX

YES

4

FORM RING
THERMAL LOAD
MATRIX

FORM ECCENTRICITY
»| COORDINATE TRANSFORMATION

MATRIX

RETURN
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SUBROUTINE STRMAT

The region stiffness matrices, XKR, and the region load matrices, XLR, are
passed from REGMAT to STRMAT via Tape #4 and Tape #8, and are placed in
the XKSTOT array and the XLSTOT array, respectively. A matrix, BCD, is
formed to represent the boundary conditions, and,.if kinematic links
occur between regions, the RKL matfix is developed to represént this
situation. The subroutine RINGER is again called for discrete ring
matrices. In passes other than the first pass, first cycle, the load

calculations are not performed.

As a result of appropriate matrix operations, a reduced structure stiffness
matrix is formed. In passes other than the first pass, first cycle, STRMAT
terminates here. In the first pass, first cycle, the following calculations
are made. Subroutine FLEX, a routine identical to SREVN2 (except for being
in single precision) with the name changed due to the structure of the
OVERLAY option, is called to invert the structure stiffness matrix thus
producing A, the flexibility matrix for the structure. The region end
deflection array, DRE, is produced as the result of another set of matrix

operations,
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FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)

BCD MATRIX [Bc)
BCT MATRIX B | | o [BC]T
| A
XST MATRIX [K]T
A
XKF MATRIX : [K]F
A
A MATRIX ' [A]F4
* XSL MATRIX | [£],
A
XLS ARRAY _{L}F
XFL ARRAY | , {F]F
DRE ARRAY , ' . {A}T'
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STRMAT

93

DRE

7.
READ NOJ,
NORING,
NLINK
IF
FORM CALL 7 NLINK \ YES | ForM
XST MATRIX RINGER - BCD MATRIX
FORM BCT =
RKL MATRIX (RKL}[BCD)]
RENAME
BCD = BCT
Y
FORM CORM READ SUPPORT
STIFFNESS FORM !
1 XSL ARRAY CALL FLEX XKF MATRIX [ ]CONSTANTS BCT = (BCD) T
: IF ANY
4 READ RESET
v,| FORM FORM ADDITIONAL [XLS] = FORM
XLS ARRAY XFL MATRIX HARMONIC [XFL] — [XLS] DRE ARRAY
DATA
WRITE
RETURN TO
( MAIN \/‘ NO. 3
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SUBROUTINE INITAL

As a result of the matrix operations performed in REGMAT, the SKI22, the
XK2221, and the XK22I2 arrays for each region are passed to INITAL, The
XK1112 and XLl arrays for each segment, resulting from the matrix procedures
in SEGMAT, are also passed to INITAL. The region end deflection matrices,
DRE, which were formed in STRMAT or BCVECT are transmitted to INITAL.

Following appropriate matrix operations upon these arrays, the force initial
conditions, the FICS array, and the deflections initial conditions, the
DICS array, are produced. These arrays combine to form the YICS matrix,
which contains the true initial conditions for the structure to be analyzed.

The pertinent counters in the subroutine are:

NS

segment counter

NR region counter
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FORTRAN CODE ENGINEERING SYMBOLS (REF, 1 )

-A'-—ll ,.A
| XK2221 MATRIX | 22 Kei]
. AN A
XK22L2 MATRIX K,p L]
DSE ARRAY - {5}
XK1112 MATRIX . [k.. | k..]
ii ij
- T
ROTD MATRIX [IDT]
DICS ARRAY - {s(0)}
XL1 ARRAY e}
T
ROT MATRIX [IFT]
FICS ARRAY {r(1)}
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DETEMP = O

YES

RESET TEMP =

INITAL

~(TEMP + XK22L2)

ANS'="

SKL22 « TEMP

WRITE
NO, 2
ANS

FORM ROTD

DICS= |
ROTD « DSE

READ
VARIABLE

NO. L TAPE
DSE

NR =

RETURN TO
MAIN

TEMP =
XK2221 « DRE

NS =

NS + 1

READ-
NO.3

TDSE =

XK1112 « DSE
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FORM YICS =

FICS=
ROT '« TDSE

_ RESET TDSE = L_‘r FORM ROT

TDSE + XL1
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SUBROUTINE LEBEGE

The subroutine link LEBEGE receives the YICS array for each segment from
INITAL via Tape #4. The subroutine FIXEM is called to integrate the
differential equations of each segment, under true load conditionms.

FIXEM is identical to subroutine SETUP, while WAND corresponds to subroutine
MAGIC and only consideration of the OVERLAY structure dictates the change in
names. The subroutines TOBAR, TEMOEG, PLYCO, and PLYNE are similarly
equivalent to ROBOT, GEOMET, PLICO, and PLINE discussed previously.

The results of the final integration sequence are the forces and
deflections at the beginning, intermediate, and end points of each segment.
In the first pass, first cycle, the prestress and predeformation states are
printed from this routine. In other passes the U, V, W eigenvectors are

printed, providing convergence has been reached.
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SUBROUTINES ODEl AND ODE2

Subroutine LEBEGE calls either ODEl or ODE2, as necessary, and various geometric
and trigonometric clues, as well as the predicted values of the variables for the

differential equations, are passed to this subprogram via label common area LASTEQ.

The equations in ODEl and ODE2 are identical to those in subroutines DIF1l and
DIFF2 respectively, with the addition of the auxiliery equations for YAQPH, and
YAQTH. Subroutines ODEl and ODE2 pérform'the final integration for each segment
in the structure utilizing the initial conditions previously obtained, and return

these values to LEBEGE via label common area LASTEQ.

The ODE1, ODE2 flow charts are identical to the DIF1, DIFF2 flow charts, respectively.
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FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)

YANPT N
YAQPH Q
¢
YAQTH Q
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SUBROUTINE EIGVAL

1
H

This is the controlling routine for the program elgenvalue calculation
loop. The necessary matrices for the calculations are passed to COMPAK,
and thence to routine EIGEN. The controlling routine EIGVAL will

provide intermediate matrix print as desired.

Subroutine COMPAK: This routine reads rows of a two-dimensional array

from a storage unit into core and then stores them into a column vector.
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EIGVAL

‘ ENTRY ’

y

CALL COMPAK: READ IN MATRICES
& STORE LOWER TRIANGLES IN
COLUMN VECTORS

CALL EIGEN

RETURN
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SUBROUTINE EIGEN

EIGEN is the main eigenvalue and eigenvector calculation routine.

Printout of the eigenvalues and appropriate eigenvectors is provided by
this routine. First EIGEN prepares the matrices for eigenvalue extraction,
calling FUTILE, DAGGER, and SWITCH. Then the matricés are passed té
SYMEIG, which obtains the eigenvalues and specified vectors using the

Householder technique.

Subroutine DAGGER: This routine performs the reduction of the two matrix

eigenvalue problem to a standard eigenvalue problem.

Subroutine SYMEIG (Alternate entry point SYMVEC): This routine obtains

the eigenvalues and vectors of a real, symmetric, matrix.

Subroutine TFORM: This routine performs the Householder similarity

reduction of a real, symmetric matrix to tri-diagonal form.

Subroutine STURM: Performs the Sturm-sequence calculations of eigenvalues

of a real, symmetric, tri-diagonal matrix.

Subroutine PREP (alternate entry point DET): Determines the number of roots

greater or equal to a stipulated value.

Subroutine QSVEC (alternate entry point QWIEL): Obtains eigenvectors of a

tri-diagonal matrix and back transforms them to eigenvectors of the original

real, symmetric matrix.

Subroutine RANDOM: Random number generator. This sﬁbroutine is an MSFC
system subroutine and the listing is not included here. Most any random
number generator may be substituted or the argument may be set to zero.

Subroutine ANDD: This routine "ands" or "ors" the corresponding bits of

two given variables with each other.

Subroutine DOTPRO: Performs inner product accumulation using labeled

common area INFO,
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EIGEN

Q ENTRY )

y
CALL FUTILE

4
» CALL DAGGER

NO
I=1+1

YES

CALL SWITCH

CALL SYMEIG

NO

YES

CALL SYMVEC

x

: -CALL TRIEQ

A

S I=1+1

" RETURN ) -
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SUBROUTINE DETERM

This is the controlling routine for the program determinant evaluation
loop. The matrix in question is passed to DET2 where the determinant

evaluation calculations occur.

Subroutine DET2: This routine computes the determinant of a square matrix.

The actual determinant value is normalized to £l.

Subroutine DCOMP2: This routine performs the triangular factorization of

a square matrix.

Subroutine SUPER: This routine performs inner product accumulation.
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ETERM

( ENTRY ’

CALL DET 2

CALL DCOMP 2: PERFORM TRIANGULAR
FACTORIZATION OF A SQUARE MATRIX—
CALLS SUPER TO ACCUMULATE THE

. INNER PRODUCT

RETURN -
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SUBROUTINE BCVECT

This routine converts the eigenvector obtained during a converged
eigenvalue pass into the form accepted by INITAL. The calculations

are identical to those in the latter part of STRMAT, and result in
the DRE array. . '
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“

' BCVECT

‘ ENTRY ,

4

READ BCD MATRIX

y

FORM DRE MATRIX

WRITE DRE MATRIX
ONTO STORAGE UNIT

RETURN
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SUBROUTINE ETRAP

This is an error trap routine which can be called by the MAIN routine
at various stages of program execution. If the indicator NIX is not

equal to zero, MAIN will call ETRAP and indicate the proper message
to be printed.

‘175



00100¢2
06000€¢
08000€2
02000€2
09000€¢
05000¢e
0%000€2
0€000€¢

01000€¢
00000£2

50S @1 29 9008
160§ B1 @9 €008’
A/=aNg. m>_h<wwz 4@ 2437 38 AING QINGHS LN3IWO3S VI -
40 ONT 3HL STVNSES HOIHM SON3T .uamq-x<> NVWIIY m:hu.x¢ AVS T EREA!
121497311 ¥H 2008
L 505.081'99 :
(/-*39yv1 ss» ,s1 m~_w am»m Q3x14 41 33500 ¥IIHI S3INTIVA 0ILLIWYIdI
JHL NVH1 JuBRW A@ dB1S 1SVd ING9I SVH 310A2 JI19vW IFHL-*X%» /)IVWdgd. 11
(1149131134 1008
S0S 81°089
(/-°%)30 VIVQ ¥3d WI
3198¥d OVET WWKYIHL 3NG - AING 3InIIXI NV Wvuooud IHLI-4Xy /) LVWHed O
(01%9)1311¥M 8008
) . o _.606 a1 29
’ ' T (/-"un@g4 ¥e" 431
N@ *MINVI8 .sxu~ 3@ ATIN@ NV S3NTD ¥OLVOIIGNI QVET 3HL-*X% /)1VWHBd 6
(6°9)3L1HM 1€08
506 'dl 29 6008
506 21 89 €108 .
. {/-°NIHL ¥2 *NOHL *HI1GN *1SHLI SV GIIJIIN3QI 3T ~°
8 LGNNVD IN3W93S V ¥Pd4 INANI 3¥NIVHIAW3L 40 3dAL IHL-*Xy /)1VWY¥@d 9
(9491311yM 0608
L . ‘50§ di @9
: © T (/<*Nv78 48 D3NN ‘VNO3 *INIS Sv 03T
ATIN3OT 39 1ONNVD IN3WO3S v 32 NZI1LONHISNAD VIVM 3HI-*X% /)LVWded S
RN (649)3L14M 6808
606 @1.99°
(7-"311S ¥@ *H1¥2 *16SI SV QITJIIN3QI 38 LBNNT
VO INIW93S V ¥4 379VL ALdId¥d WIYILVW-I8 IdAL IHI-‘X¥. /)IVHEEY b
S4v*9)1311uM 2808
. 506 ‘81 29
- (/-"WV¥9BY¥d 3IHL AQ OITONVH 3N@ SV 031
I41INIGI 38 18NNVD INGWOIS V 48 AW1IWG3IO 46 3dAL IHI-*Xy /)1VH¥D3 €
(€49)3114M 9808
506 21 @9 o
(/-=1S17 378vL 3H1 NI ONNgd 391
hszz<u INIWO3S V ¥8d4 3WVN 376VL ALY3dOY¥d WIYILVW V-*X% /1ivWddd 2 |
(Z2%9)341Y¥M 9€£08
C 505 81 89y
(/7-"311S Y@ .:hxs ‘1051 SV 03141
11N3Q1 38 hnzzqu S378VL ALl¥3dBYd IVINILVW JHL I8 3ING-*XYy ~/)1vWdod 1
{14913iTym 0008
Tu@WNING (1818 €
41618%1118%2488¢18840Z1840T148808°0T18°6018°801842018 2
‘9018°G018 *»0T18€0TB*Z0T8*T1018%29084L008°90084€0082008 1
*10084B008*1£0860084€10840608 6808 “L80898089£08 ‘0008) 81 89
’ (THT)LVWHBS 9211
(9221°9)311uM
DAY deLSIAUdRLS *THA* D11 *I1LAVS NEISII3yd 318nsa
] SONTUN*IBN S TNXCSSYANINYLINS LNANT T4 LIGN ¢ ZNS INSIN NOWWED
ASYITINSSHNIINESIONSNITHI D “YBBUIN*9ISN *QBUIN NIOTETI*NIAIIN NOWWAD
GVLIST*WOIOI *WBION *UOUYII*XIN ISN*JUN* LdWN* IFUN® (0E)JBLSHT NOWWEI
(OE)D1LUL*(OE)dASAVS $(0E) ILFAVS* {0Z)LVWXN® (O£ ) IXN(OE)LSN NOWWED
HN® (Z)INXTONIT 1Y dBLSIY4 dOLS  IHA*DTL 4334431 *NX NOWWED
(006)I11AYS* (0E)SNAVN® (0E€)SNAVL NOWWED
(0€)SNOVY* (OEISNAVS (OTIGES (OT*OTTIAVWX* (9T1)AUDLS NBWHED
NX ¥3931NI
XITHL4D*dISAVS *ILLAVS ¥393LINI
. dvyi3 3INILN@YENS
e°*** 21./10/10 @31vadn SNIVEV »% .220%% INILNQY **°** I

i



(E€%9)311UM L6LSB
606 Bl @9
(/-*¥VINONIS SI1 XIYIVA SSINJJILS 03IN0IY 3IHL *1
XIYLVW ALTVIGIX3T4 @3IN03¥ 3HL 49 NBIAVINDWED IHL NI-*X& /)1VWHdd 2€

(Ze*9)311uM LLLS.

505 81 A9
(/-"31INI430 u>_h~msa 18N SVM XI11
MiIVW ZZX 3HL SOV8T1 NETO3Y 3IHL 42 NOLLIVINDWED IHL NI-‘X% /1IvWyod 1€
(1£49)311YM Z¥88
608 @1 89
(/-*3LINI430 3A111S@d L1ON SVM XIdlew 21
2% 3HL *$3SSIN4IILS NB193Y 3HL 48 NOILIVINAWED IHL NI-*X%y /)LvWyod Ot
t0E*9)311u% 1488
505 21 89
-1
WYINONIS ST INdING D19VW IN3IWO3S 3HL N1 %3278 ZA 3HLI-*XYy /)1IVvW¥03 62
: (6249)3114M 0218
s05 21 99 o1
(/-°€9S1 ¥8 *Z9stz
$T9SI SETLS *2T1S ‘TTLS *OTLS ‘evMy *ZVMY *TVMY ‘JuyMmy *IIHL SI INT
dNI W3198¥d 3HL HIHIIHM 3INIWYILIQ LONNVI WVHOOUd 3HI-*X% /)iVWY@d L2
. (LZ2%9)3114M 8808
s : S0S 31 89
(/7-°0432 SI d¥313WVYVd SSIANS4ILS €€Q IHL-*X¥y /)iVvWidd 92
(9249)1311dYM 0118
. $0Ss @1 99
(/-°0BY37 S1 YIL3IWVUVL SSINSIILS 220 3JHLI-*X% /)LVWY@4 G2
(52%9)311uM 6018
S0S A1 29
(/-°9437 S1 xmhwz<¢<a.mmwzuuﬁhm 120 3IHL-*XY /)1VWYGd %2

(¥249)31 1M 8018

S0 8L 69
(/-"0¥37 SI YILIAVYVA SSINJAILS 210 THL-*X% /)1VWyOd €2
) , (€249)311¥M LO1®
506 BL 89
(/-°8437 SI ¥3IL3IWVHEVS SSIANAHILS TTQ IHI-*Xv /)iveyad 22 .
(22*913114M 9018
i $06 01 09
{/-°84327 SI ¥3LINVYVA SSINIFLLS €EX IHI-*Xy /)IvWHRd 12
(12°9)31149M SO18
) _ 506 B4 29
(/-*8¥37 ST WILINVYVA SSINIJILS 223 IHL-*X% /)1VWue4 02
10249)311uM »018
506 N1 89,
(/-°29¥37 SI WILIWVYVd SSINALILS 12 IHI-*X% /)1VHEAd 61
. (61°9)3114M €018
505 81 89
(/-°8%37 SI Y3ILINVYVA SSINAAI1S ZTN JHI-*Xv /)1vWudd 81
: (819131194 2018
v . .- " 505 81 B9
(/7-*0¥37 SI ¥IL3INVYV4 SSINAALILS TIN 3IHL-*Xxy /)lvweed L1
111%9)31i1yM 1018
505 01 @9
E ‘ , _ e
—*3UNLVHIGNIL 48 INTVA 1SV1 3HL NVHL ¥ILvI¥O S1 31GvL ALw3dg¥d VI
T¥31VA 3HL ¥Pd JUNIVYHIAWIL 30 INTVA 03LVIZAYIINT FHLI-*X% /) ivWyed 91
(91491311 ¥M L908
" 506 81 €9 -
(/-"307WA 3¥n1v¥3dW3i GNDIIS 3HL NVHL SS3T SI 318vi AL¥3de¥d V1
I¥3LVW 3HL ¥@d JUNLVYIJW3L 38 3NTVA 03LVIBJYIINI 3IHI-*Xy /)ivWed Sl
. (S19)311¥M 2008

177!



GN3
NiNL3Yy S0S
(/-*0€ ONV 2 1
N3IMAIS 38 1SOW 3TBVL 1S IHL NI SINIZ4 38 BISWAN INL-4xy  7)AVWEDS H¢
(%€%9)3114M L1818
’ : 50s 81 99
(/-*Y3QWNN LINIGF EINJONIJIONI 3HL NVHL ¥3LV3YD 39 1SNW Y3IBWNN INIOF1
AIN3IGNIAIC 3IHL *SINIWOIS NIIMLIY SHNIT JILVWININ ¥@3-*xy /)IVHNEd €€

178



REFERENCES

1. Svalbonas , V., "Numerical Analysis of Stiffened Shells of Revolution -
Vol. I: Theory", NASA CR-2273.

*U.5. GOVEANMENT PRINTING OFFICE: 1973-789-152/21 1 7 9



NATIONAL AERONAUT"iCS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

SPECIAL FOURTH-CLASS RATE as»
BOOK

POSTAGE AND FEES PAID
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

—
U.S.MAIL
SE—

If Undeliverable (Section 158

POSTMASTER:  pycea) Manual) Do Not Return

*“The aeronautical and space activities o} the United States shall be

conducted so as to contribute . . .

to the expansion of human knowl-

edge of phenomena in the atmosphere and space. The Administration

shall provide for the widest practicable and appropriate dissemination

of information concerning sts activities and the results thereof.”
—NATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and

technical information considered important,

complete, and a lasting contribution to existing
" knowledge.

TECHNICAL NOTES: Information less broad
in scope but nevertheless of importance as a

contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of prelimipary data, security classifica-
tion, or other reasons. Also includes conference
proceedings with either limited or unhmxted
distribution.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA

contract or grant and considered an important

contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activitics.
Publications include final reports of major
projects, monographs, data compilations,
handbooks, sourcebooks, and special

bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
interest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and
Technology Surveys.

Details on the availability of these bubh‘caﬁons may be obtained from:
SCIENTIFIC AND TECHNICAL INFORMATION OFFICE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C. 20546



