General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



. J. W Straayer - Program ianager

(/“

D180-18677-2
BOPACE 3-D (ADDENDUM)

| . (The "oeing Plastic Ana]ysis Capability for 3-Dimensional
Solids Usina Isoparametric Finite Elements)

Contract NHAS8-30615

September 1, 1975

(NASA-CE-144120) ROPACE 3D B,
OF =D ADDENDUM: :
g?EING PLASTIC ANALYSIS CA}ABILITIESHEORTHE Hre-16811
DIMENSIONAL SOLIDS USING ISOPARAMETRIC

FINITE ELEMENTS (Beein T : :
. €1ng Aerospace Co, ¥ e
. Seattle ;Hash.)_ 4. pﬂe$3.s%} CgCL 098 G‘J/‘Gﬁ ggﬁ%gs L

Prepared by |
R. G, Vos

Prenared for

NATIOHAL KERONAUTICS AND SPACE ADMINISTRATION
George C. Marshall Snace Flight Center
Marshall Space Flight Center, Alabama B 1): 1 A

RGEING AEROSPACE COMPANY
Research and Enaineerina Division.
. seattle, Mfashinaton 98124

I L



\‘ “‘T-'

.. Section

R

R.2
A.3
A.4
A5

TABLE OF CONTENTS

Table of Contentﬁ!

Introduction

Input Data
Size Limitations
Error Messages .

File. Usage

Overlay

AY-T -

A.2-1
A.3-1
A.4-1
A.5-1



A INTRODUCTION

This addendum to the BOPACE 3-D (Boeing Plastic Analysis Canability for
3-Dimensional so1ids_ysing isoparametric finite elements) orog}am document
(Ref.. 1), describes modifications and a&ditions incorporated into the program

version dated September 1, 1975. These include the following major items.

1.  Restructuring of the orogram to allow solution of certain 3000-DOF
- problems within 64K words of core. (This also increases the
allowable é@uatioh bandwidth/wavefront for larqer core storage

allocations).

2. Generalization df the isoparametric elémeﬁi 1ibrary, which now

with_any individual éahé‘having from 2 tp 5 nodes arbitrarily

spaced along its length.

3. Generalizatjon of the numerical inteqration scheme to allow an
arbitfary number of Gauss -points (from 1 to 10) in each coordinate
direction, with a default ontion which a@toﬁaticaily selects the
number of poeints in each direction such that the stiffness matrix
will be exactly integrated. (This integration is generally exact

~only if the material properties are uniférm within the element and

"all edges are straight lines).

Reference 1. BOPACE 3 D, Final Report by The Boeinq Company to the MASA
Marsha’:l Space Flight Center, Contract MASB 30615, April 15,
1975.  Document D180- 1867] -1.
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4. Provision of user-selected coordinate systems for describing the
integration point locations and defining the integration point:

variables (stresses, strains, etc.).

5. Elimination of/the prohibition against disnlazement constraints

between nodes on the same element., e

6. Additibn of a capagility for including elastic anisotropic
materials, through user definition of the anisotronic thermal-strain

hehavior and stress-strain matkix, as functions of temnerature.

The following sections discuss the program modifications in more detai1. Inctuded

are updates to the orogram innut data formats, error messages, file usage, size_“
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A.2 INPUT DATA

b

This section describes the items of ROPACE 3-D‘innut data wkich have been undated
for the current version during incorporation of the new capabilities. In ceneral,

these vpdates are transnarent to users of nrevious data decks, i.e., previous

ol

data decks can be run essentially without modification.

C—3. The actua) proaram format for this item has Been corraected to aqree with
kthe ‘ormat givan in the document The correct format is (5!5/3F10.0)
1natnad of (615,3F10.0). This now requiﬁes that inout 1teh C-3 use
two data cards 1nstead of one (both cards mayv be blank if default va]ups

are used for the var1ous constants in this 1tpm)

I-1.  Number of anisotronic mater1als (0 5), number of 1sotron1c mater1a1s (0-5),

fabrication temperature, and defau]t values for four intearation scheme

- godes.
Fofmat (6X, 212, 10X, F10.0, 30X,'I4, 312)

The number of anisotronic or isotropic materials méy be zero, but the total

number qf ﬁateria]s must be from 1 to 10.
The four integration scheme codes are defined as follows.

1. The'first code défines_the type of'integration scheme, and in the

current nrogram version may be given as either 0 (blank) or 1.

Both of thése cufrent ontfons resﬁ]t'in gﬁoducﬁ éauSs formula
_integration, with a variable numbér-of noints in each of the three
narent g; nsg '=coordfnate directions. The 0 specifies an au#%-
mat1c scheme, in which the nroaran automa+1ca11v selects the number

of points in each d1rectmon suci: that the stiffness matr1x will be

B |
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exactly inteorated. (This intearation is generally exact“onIy if
the material nronerties are uniform within the element and all
edges are straioht lines). The 1 snécifies user-nrovided values

for number of noints in each direction, aiven as codes 2-4,

2-4. These three codes are given if the first code has a value of 1.
They are the number of noints {from 1 to 10) in each of the ;.

£, n,z coordinate directions, respectively. Total number

of points may not exceed €00. It should be noted that the

[ SR R TR

DRIGINA“ PAGE B stiffness generation time for an element is highly denendent
F POOR QUALITY

upon the number of inteoration noints, as well as the number 3

of e1en°nt nodns For examn1p on the IB” 370 generatTOn time

]
P

for an 8- node elempnt uith 8 1ntenrat1on noints is less than

PRSI

1 second, while generation time for a 44-node element with !

125 intearation points is almost 1 minute,

1-2.  This item now includes first the isotronic and then the’ anisotronic material
data. (If the number of isotronic or anisntropic materials is 0, the S
corresnondinn data1is omitted). The isotronic data is given as befnre

The anisotronic data is qiven for Pach consecutive an1so+rooic matnr1a1 as

described in the items below

a. Thermal stra1n curves. For each coordinate direction (in

1nteqrat1on oo1nt-var1able coord1nafe sys*em) give the following.

vt e G e L g i piTs ptEelRL T T ey

Material number (inteaer from qito 1), cgordinate component

number (1, 2 or 3).

Format (2110)
Thermal strain curve for this coordinate direction. For each

curve point aive temnerature and strain value, with-points'in.arder

L PR A R LA TN M e i b ne

of increasina temperature. User has ontion of from 1 to 4 noints

ner card.
A.2-2



Fornat (8710.0) ..~

Rlank card after last point of.each curve.

b. Elasticity matrix definition. (Actual elasticity matrix relatina

total stress to total elastic strain, is comnuied at anv temnerature
as an internolated factor times the-input matrix. _The factor and

input matrix are defined by the following).
Material number (integer from 6 to 10).

Format (110)
Curve of elastic-matrix factors. For each curve voint give

... temerature and factor, with noints in order of increasing

temperature. User has ontion of from 1 to 4 points ner card.

Format (8F10.0)

Blank card after last point of curve.

Elasticity matrix by rows, with si; entries per row. {Order is
XX, VY, 2Z, XY, Xi,_YZ). Matrix mgst be symmetric, and defines
relationshin between stresses and enginsering Sﬁrains.

Format_(SFlo.O)

For each element: element I1.D. number, material number (1-5 for 155?
tropic dr 6-10 for anisotropic material), the eight corner nodes of ;he
element, the maximum number of jntermediate nodes along the edges, I.D.
number of coordinate svstém-tm-describevintegrationfnoint locations
(=0, 1 or2), 1.0. number of coordinate system to definé inteqfation.
point variables ( = 0, 1, 2 or other), andlghe four integration scheme

codes (if these codes are not given they are assicned the default values

‘from frput item I-1).
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© be given is:

Format (1015, 15, I1, 14, 14, 312)

If intermediate‘edge nodes are used, they are innut next for each edcé

in the order shown in the fiqure (see Ref. 1), The same number of innuts
per édge is exnected (i.e., the maximum number of nodes ner edoe as input
on the previous card), with zeros used for gdqes which do not have the
maximum number of intermediate nodes. Up éh three intermediate nodes ner
edge may be used, and the total number of intermediate nodes may be un

to 36.

ror each degree of freedom with a soecified displacement or constraint:

give node I.D. number, comnonent number (1, 2 or 3) and code. The code to

1. For snecified displacement, a blank (o may give the neaative nf
the node 1.D. number). '
2. For dependent constrained DOF, the node I.D. number of the

indenendent DOF din constraiht.

User has option of spacifying from one to four DOF on each card.

Format (4(315,5X)) |

BTahk card after last dis£1a¢emegtec6nstraint DOF.
Hote: Specified forces may be denoted by aiving the code eoual to the node
1.0. number. However, this is not necessary because any DOF not snecified

is automatically assumed to be a specified force.
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A.3 S{ze Limitations

The followi.g variables are used to specify maximum‘gize limitations in

BOPACE 3-D. The values sef foir these variables are given in Table A.3-1. The
first set of values corresponds to the basic 64K proaram version, while the
second set indicates the capabilities which vould be obtainable throuah use

of 128K core.

NMAXT - NMAX14

yalues as defined in Ref. 1.

MAXNPE ' = maximum number of nodes per element
_MAXINT = -maximum number of ifitegration noints per alement
B = maximum wavefront (1ﬁ;nodes) |

A.3-1



Table A.3-1: MAXIMUM PROGRAM SIZE LIMITATIONS

© VARIABLE | o 64 K CORE . 128 K CORE
Problem DOF 000 o 3000
NMAXY | 5 . s
NMAX2 x | 1000 ~ A H 1000
NAX3 . 500 : 500
NMAX4 | 5000 g 5000
NMAXS . 7 - 2000 - B 2000
NMAX6 20 e 20
g g e
WMAXBA S 30 S T w
NMAXSB : | 20 | 20
NHAXEC - - 0 S 3
NHAX9 ] | 0 o 10
NMAX10 N | 6 - s
NMAX1T | 10 | .
MAx12 = 1000 - 1000
N1AX13 - - 2 - 2
NHAX14 . 60 | 60
MAXNPE S | “w o
MAXINT . 600 | 600

B* : - 61 . 99

* Based on MAIM program STOR array dimension of 38,000 for 64 K, and 102,000

for 128 XK. -Larger STGR'arrﬁy alTowé larger ©.
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A4 ERRORK: MESSAGES

The fo1lbwihg error messace stor code definitions have been added, dé?e;ed or

modified.

o

351 Wrong material number inout on an anistropic thermal strain card.

352 Number of points input for an anisotropic thermal stratn curve exceeds

maximum. °

355 No points input for an anisotropic thermal sfrajn curve.
481 ‘irong material number input on an anisotropic elastic matrix factor card.

482 . Muinber of points input for an anisotropic elastic matrix factor curve

I
=

[ LTI DMAALATRIETUI L LLTTD L LTRSS TTREIY Sui

385 Ho points input for an aﬁ%sotropic elastic matrix facfbr curve.,

718 - I.D. of an integration point 10catjdn coordjpate system not equal to 0,

‘Yor 2,

719 1.D. of an /intearation point displacement coordinate svstem is less than

zero or greater than the maximum.

721 The number of interior edae nodes on a side of the next elament exceeds 3.
720 The total number of ihtegration points of an element is zero, neqative,

or exceeds the maximum,

805 (Deleted)

A1



A5 FILE USAGE .

(Y The following files have been afijed to BOPACE.
Unit Number Descrintion
INODAL (=21) Nodal data

15CR1 (=22)

- ISCR2 (=23)

it

Contéins tempbrary element data
when BIGSC is called. Otherwise
contains the load array PREF.

Contains data that is to be added

) to the checknoint tape

A5

Defined by

BLKDTA

BLKDTA

BLKDTA
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r.6 NVERLAY

The overlay of BOPACE was designed to minimize loadina of seaments and to

maximize the size of the MAIN orogram STOR array (common JLB) for a given

core size. A §chematic of the overlay is shown in Figure A.6-1.
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