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INTRODUCTION

This manual presents a general description of the STARS-2V digital computer
program. FORTRAN IV is used exclusively in writing the various subfou%ines.
The. execution of this program requires the use of eleven temporéryistorage
units. . R

The program was initially written and debugged on the IBM 370—165 computer
and then converted to the UNIVAC 1108.computer, where it utilizes approxi-
mately 47,000 words of core. Only‘basic FORTRAN Library routines are
required by the program, these beihgi'sipe, 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 out to present the call sequence of the program.
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SUBROUTINE MAIN

MAIN is the control link for the entire prégfam.v Sizing values are read
into the prégrém, as well as information for eigenvalue or determiﬁanf
accurady;calculations, assumed frequencies and resonance factors; and ‘the
materia}'property tables. Calls are made to subroutines RIEMAN and S%FMAT
once for each segment in a regioh; then subroutine REGMAT is called. This
procedure is executed once for évefy region in the structure. Finally a
call to subroutine STRMAT is made. If the analysis involves prestressing,
subroutines INITAL and LEBEGE are called. Otherwise the control link
loops back and resets the clues for the calculation of dynamic stiffness

-
matrices.

In the calculation loop for the‘dynamic stiffness matrices the program
proceeds as above to STRMAT. Next EIGVAL br DETERM sre called to calculate
eigenvalues or evaluate a determinant as per user input. If these
calculations satisfy convergence'criteria, subroutines BCVECT, INITAL and
LEBEGE are called. ITf convergehce criteria are not satisfied the program

will loop until such satisfaction is obtained.

In a multi-harmonic eigenvalue search the whole procedure loops on' the

harmonic number.

There are also several counters -in this control 1link. These are definedj@s

follows:

NSC - Counts the calls to subroutines RIEMAN and SEGMAT,lfrom

1 to the number of segmenté within a region.
NRC - Counts the calls to subroutine REGMAT, from 1 to the

number of regions in the structure.
ICYC Cycle counter (counts harmonics).

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

single harmonic).

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



E%ég: NSMAX READ:
. . MATERIAL
NMPT, XN1, XN2, INC,  f=———pp] P,:‘OPERTY
NPROB, NCC, LABELS
IBEGIN, IDET, CONV,
EIGCON, C, CC,
FMLT, OMEGA, WORD
CALL
REGMAT
L 1 ‘
‘ L
READ
SET: READ: NST (NRC): NO,
NSC = NSC=0 REGION SEGMENTS PER
NSC + 1 NSEG=  |[@—= TOPOLOGY }4—— REGION. NKL (NRC):
NST (NRC) CARD NO. LINKS PER
REGION
CALL CALL
RIEMAN SEGMAT
P P  EYrar [P STOP
YES YES
CALL NO CALL NO CALL L
LEBEGE INITAL , STRMAT [@
s CALL
‘E:Q# CONVERGENCE EIGVAL
SATISFIED? OR
DETERM

LAST
HARMONIC?
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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 two loading conditions
(due to rotation or static prestress). Temperature load can be included

in the static prestress.

The'subprogram link, RIEMAN, utilizes the subroutines SETﬁP, ROBOT, DIF1,

-or DIFF2, to integrate the differentiél 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 stiffness

and deflection coefficients of each segment.
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FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)
XFTHLD - fé
XFPHLD £y

 XPZELD o £
XMTHLD | | B - | mg
XMPHLD m,
ETHET | . Eg

: EPHI _ 1 - By

- XGPT ‘ S ‘ G
TP -  ‘ - Vo
XNUPT | Vs
ALPHTH : o 5
ALPHPH o
XNTTH Vg
XNTPH . . ' Moy
XMTTH ' Mrg
XK11 : | : Ky
XK22 Koo
%D11 - Dy,
XD22 Dpo
XK33 ' Kiq
XD33 Dig
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RIEMAN

12

READ: ONTROL 'MATERIAL GEOMETRY TYPE OF
MAGIC C ND PROPERTY IDENTIFICATION MATERIAL
g‘égﬁg?ﬁgs’& IDENTIFICATION SEARCH PROPERTY
SET: M : :
SPLINE DATA AT SET: KGEOM SET: ITYPE
o TEMPERATURE FACE SHEET SEGMENT
READ: . LOAD | IDENTIFICATION IDENTIFICATION
ST TABLE | IDENTIFICATION SEARCH SEARCH
T . | SET: KELVIN SET:. THICK SET: 'ISTTAB
INITIALIZE CALL MAGOUT \ YES “CALL
YICS SETUP < - - ROBOT
ARRAY . < 7
. SR CALL- |-
RETURN TO "\, - YES DIF. 1 |7~
MAIN "OR’
DIFF 2
‘ SET: . ' CALL
MAGIN =0 MAGIC
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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.

24



ENTRY SETUP

INITIALIZE MAGIC
CALL SETUP (K = 0)

CALCULATE DERIVATIVES
"\ (SOLVE EQUATIONS)

ENTRY MAGIC |
YES FIRST CYCLE
SHIFT STORAGE IS AUTOMATIC - NO
K=1 STEP SIZE USED?
CALCULATE EXTRAPOLATED
VALUE AND YDEV
IS YDEV
YES \T00 LARGE? /
HALVE At IS YDEV
K=1 TOO SMALL?
DOUBLE At FOR
NEXT CYCLE

®
C ALCULATE Kth \e

RUNGE-KUTTA FORMULA /™

OUTPUT
SETK=1
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4

SUBROUTINE ROBOT

This subroutine is used by RIEMAN to calculate geometric‘and.ioéd.
coefficients for use in the differential equations. With reference to
geometry,’all the necessary radii are calculated, as well as the stiffness
coefficients of the various shell wall constructions. Thermal load moments
and direct forces are also calculated from direct temperature input. Loads

due to rotation, and the shell wall areal mass are also calculated by ROBOT.
A1l the above values are passed back via the label common area EQUAZN.

In the case of a spécial point input geometry the ROBOT routine calls
GEOMET. ’

Subroutines GEOMET, PLICO, PLINE

Starting from a set of z, r points these subroutines calculate the necessary

radii of the shell curves using spline fits.
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FORTRAN CODE

ENGINEERING SYMBOLS (REF, 1)

RO
Rl
R1DOT

. CS
SN

F3 -
TAN; TN
SEC
TII

TIK
TOK
TOO

TEFREE
HI

HO

TI

TO

SNSQ

CSSQ
CN

X1Cs
X15N

BETA

29

tan ¢
sec ¢
ii
ic,
oc

(e]e)

i

t
o

sin2¢

c052¢

cos ¢ sin ¢
1/cos ¢
1/sin ¢

T2

B



FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)

X1ROSN J_/rO sin ¢
X1ROCS o l/rO cos ¢
CSX1RO ' cos q>/rO
CSX1R1 S | cos ¢/r,
CSX1R2 - cos ¢/r,
SNX1RO ' B sin ¢/r,
SNX1R1 : N sin ¢/r)
X1R1 - _ . 1/ry

X1R2 ",'. ' 1/r,
X1R1SQ N 1/r1?
X1ROSQ T .l/roa

30



ROBOT
- ENTRY

|

IDENTIFY
KGEOM

A

CALCULATE _
GEOMETRIC VARIABLES

IDENTIFY
ISTTAB

CALCULATE .
WALL STIFFNESSES

KELVIN =2 OR 4 YES

CALCULATE THERMAL
LOADS

RETURN
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SUBROUTINES DIF1 AND DIFF2

Tﬁese subroutines are called in RIEMAN as necessary. DIF1l cbntains the
differential equations for the THIC and ST clues, while DIFF2 contains the
differential equations for the RWA and ISG clues. Geometry clues,
trigonometric values and predicted values of the differential equation
variables are passed via label common area, EQUAZN, to subroutines DIF1
or DIFF2. The coefficients for the mass and load terms, X1, X2, X3, and

K are identified depending upon the pass number and convergence criterion.

The specific derivative equations and auxiliary equations are contained in
these subroutines. The values of each derivative equation, YDOT, and each

auxiliary 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 and T3 maximum (again in increments of eight)
correspond to the computation of each set of eight equations for each
loading condition (two conditions'corresponding to rotation and static

prestress respectively).
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FORTRAN CODE

XN

YDOT (I)

YDOT (I + 1)

YDOT (I + 2)

©YDOT- (I + 3)

YDOT (I + L)~

}YDOT‘(I + 5)

~YDOT (I + 6)

YDOT (I + 7)

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

3
YPRED (I + k
YPRED (I + 5
YPRED (I + 6
YPRED (I + T

YAMPT
YANTH

YAMTH

ENGINEERING SYMBOLS (REF., 1).

n.

P60

N ‘
¢,¢

v To,0
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FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)
,
R25Q Ty
é ¢
ROSQ 7,
X1RO 1/r0v
s !
XK1l2 Kl2
XK21 Ky
XD12 VD12< |
XD21 D,y
xe N T F
Xc22 | C,p
XNSQ - n?

Non-Linéar Redefinitions (Ref. 1)

a*J

YDOT (I+2) . 1. ®J . .
‘ N —*
YPRED (I+2) ) Al *J&”“
" yagpE . . .| I
o ¢
XNL
XNPHI N; :
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DIF 1
ENTRY

IDENTIFY K, X1,
X2 FOR EACH
ANALYSIS PASS

y

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 . [¢——Y r r
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