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Preface

This document contains the proceedings of the NASA Workshop on Computational :
Structural Mechanics, held at NASA Langley Research Center, November 18-20, 1987.
The workshop was sponsored jointly by NASA Langley Research Center and NASA
Lewis Research Center.

The purpose of the workshop was to allow participants in Langley's and Lewis'
Computational Structural Mechanics (CSM) research programs to meet and to
share research objectives and accomplishments. The intent was to encourage a
cooperative Langley/Lewis CSM program in which Lewis concentrates on engine
structures applications, Langley concentrates on airframe and space structures
applications, and all participants share technology of mutual interest.
The workshop was organized into the following three sessions:

I Concurrent Processing Methods and Applications

Il Advanced Methods & Testbed/Simulator Develocpment

Il Computational Dynamics

Session | dealt with parallel processing methods and languages, new computer
hardware, and software architecture to exploit parallel computers.

Session |l dealt with the Langley CSM Testbed, the Lewis Engine Structures

Computational Simulator, and Structural Analysis Technology involving finite
elements, boundary elements, and probabilistic approaches.

Session lll dealt with advanced methods for structural dynamics.
The use of trade names or names of manufacturers in this publication does not

constitute an official endorsement of such products or manufacturers, either
expressed or implied, by the National Aeronautics and Space Administration.

W. Jefferson Stroud
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TV YERSIONS USED:

¥ - ONE ELEMENT THROUGH THICKNE"S

2 - TWO ELEMENTS THROUGH THICKNESS

Finite Element Models for Benchmark Notch Analysis
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EXPECTATION

EXPECTATION
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LATDYN CAPABILITIES

Finite Element Based
e General geometry including ciosed loop topolegies

Rigid or Flexible Beams
Applied Forces,Displacements,Velocities or Accealerations

Fortran Based Command Language
e Permits external user access to internal fortran code
e User written logic commands provide added control
over program flow

Nonlinear Springs and Dampers

Control Forces
e Functions of system variables
o Time celay

Lock-up, Docking, Impact

1020



*ATusppns abueyd s3UTEIISUOD Wa}sAs axaym uotienits 19Yylzo Aue 10 3dedwt ‘Hurydoop ‘dn-)yoo7 wxozxad o3
pesn sT ‘3aeyo juonbosgns e U0 pue gz 20USIVIDI UT PISSNOSTP se ‘ (sweisAs oTweuAg ul sabueyd JUTRIISUOD
207 wy3lTIOHBTY) SAIDOY Se umouy wylTtxobTe ue pue ‘pojjtwiad o1e sjurexlsuod HButdiea swTtl ‘UOTITPPR UI

‘UOTINODXD JO IJPIO ITOYI PUR POINDSBXD 98I SPUBUIOD YOTYM IDA0 TOIJUOD JO o91bop
peppe ue xasn aylx jtwrad o3 ‘(°039 ‘JI ‘°¥0° ‘°"ANY° ‘se yons) ‘sjuswelels OTHOT NWMINMOI TTIe JO asn
9)ew spuruwod OTHOT @STRF IO BNIJ USIITIM I19sn ‘aIowIrdylaing *soT3TTTqeded Id5Y3l0 JO 3ISOY e pue AeTap
awT) ‘soTgeTaea weilsAs JO sSUOTIOUNF oI YDTYM S90I0I TOI3uod ‘siadwep ‘sbutads IesaUTTUOU JO UOTITUTISP
ay3 butyjztwrad Agaaoyl sdTysuoTieTor poUTISP I9sn Jo InduT Byl smoTTe abenbueT paseq NVIIHOI ¥

*SUOTIRIDTIOO® IO §9TITOOTaA ‘sjuswedeTdsTp ‘sedi103

pat1dde xoyjte AyToads Aew 1asn oyl ‘suoTjewIOISP 9baeT pPuUR SUOTIEIOI PAITWTITUN ObIdpun 03 SIBUISW
weaq ay3 sitwxad ‘axeyo juanbasqns e uo paqrIOsop ‘wa3sAS S3PUTIPIOOD PIJODAUCD B JO BSN) °SOSSEBU
padumT pue sxadwep ‘sbutads ‘sweoq 2TQIXSTIF IO PTOHTI 03 Pe3ITWIT ST sjuswesTe Jo Axexqrr 8yl ‘Ariussaigd

*A3Tunumoo saanjonils ayl ut Ajraxerndod epTa s3T &q 03 paiselile se ‘sorborodoy dool pesoTo HurpnIoUT
‘kzjowoab Teasauab 10 oouemOoTTR S3IT ST yoeoadde jJuswaTa 93Turzy B JO 26ejueApR JUROTITUDTS BUQD

*T2a9T uauodwod ay3 uo sadeys TeqoTH 103 opew ST UOTSTA0Id ‘I2AOMOH "IUSWSTS SY3 03 TRUISIUT UOTIOW
9ZTI930BIRYD SUOTIdURF uorjerodidjur adeys pue s3uTod pUd JUBWSTS 9YJ FO uoTiow ayjl dew S33RUTPIOOD
poztTeisuab ‘Sopod JUSWATS SITUTF ISOW UT SY "SIUSWSTS S3ITUTI OJUT PIBZTIDIOSTP 238 saTpoq 3Juauodwod

4 19y3jex ‘soTpoq 3usuodwod ¥Yl JO uoTIoW ZTIPI0RIRYD 03 sadeys spow uodn puadsp jou saop weaboxd ayg
‘wexboxd juswaTs 93TUTI Aue UT SB SIUSWSTS SITUTF JO YSdOW P YITM PITIPOW ST 9IN3ONIJIS SYJL “UOTIoW 3yl
Y3TM pajeroosse Abisue urexls swos ST 8I9Y3 ‘ST 33U} UOTIRPWIOIDP Swos saobrspun walsAs Apog-1aTnur ayl
219ym swaTqoxd JO S9SSETO UT SN I0F PopuIUT €T 3I ‘werboxd Teanjoniys JuSWSTS 93TUTF ® ST NAQIVI

SHILITIAVYAVD NAJLVT

1021



LATDYN FRAMEWORK

User Defined Variables

\ne Shells Fit
SQD‘ oJ 4‘119

Explicit
Integration

Impficit
Integration

LATDYN
Executive

Multi-Body

Mass’ & Stitf
Matrices

Transforms
SjuIRIISUOD

Conirol

Forces

Constraint
Stabilization

Fo
Rr wel
R e
AN Compiler 2°°

LATDYN Preprocesscr Fil!s Subdro.tine Shalls

with User Delined Progra=m MozZules

LATDYN User Language Contiains EQRTRAN-Like®

Constructs and Symbolic Manioutation

USERS
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MIXED TIME INTEGRAT/ION AL GRM
s _
/. =set initial Canc/{s. : f__/o/ g /zj n= D) ﬂc),c"o

2. imitialize clocks
fMAS'r = O master time

fe o £B=I1, NE element block Fmes

-éN = O N = // Nﬂode noda! fimes

3. element block /loop
mt
zere -1[7 P dor B=1 4o NB

i fB = 'éMAsr
nr!

u,aa/afe stress , /7 for €S

wpeate £7= [ BT T a2
L, L2
inf : e

_347(4& ?l) <__~’(\¢lul

P~

/'/' n(yc = O . Compu?’e ../_\15@

4. nodal /nfegrmlfon /00/0 Y =/; Nnade
iF Neye = O, se Af,,
il ta € Trmasr
u/pa/ar‘e Y, Yn s Z,,« %y *45,

max

=3 Neye® Teyer/, ne«nt/ A eye™ Veye fhen Neem O
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C ‘«CUT AND PASTE’ ALGORITHMS
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A ‘CUT AND PASTE’ ALGORITHM

e Predictor phase:

% I —d, + Atv, + (1/2 — B)Ata,
Vagl = Vp + (1 —v)Ata,

e Equation solving phase:

An41 — 0 '
for s =1,NS do
as,., = —(M° + BAPK®)TIK S,

SxS
Any1 = ant+1 +M’ag 4

—1
Ap+4+1 — M An+1

e Corrector phase:

dn+1 — an—}—l + /BAtQan—%—l

Vil = Vpt1 + YALaR+1
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C INTERPROCESSOR COMMUNICATIONS

REDUCED SUBSTRUCTURES SHOWING THE
COMMUNICATION DUE TO SHARED DEGREES
OF FREEDOM .
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¢ OVERVIEW OF GENERAL PROPERTIES

e Parameters:

n = Number of dof in structure.
s = Number of element groups.
p = Number of processors.

i = Number of interface dof.

e General properties:

i) Newmark’s method is obtained for s = 1.

ii) Unconditional stability for all s and v 2
( 1/2, 8 > v/2.

iii) Full concurrency on a p-processor machine
(p < n) except for O(i) operation (mass-
averaging).

iv) For given accuracy and n/s - oo,

_ [ O(pvs), (2D)
SPEED —UP = {oés), (3D)

FRECEDING FAGE BLANK NOT FIiLMED
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N Computation | Communication | efficiency | Rate

time (milisec.) time (milisec.) % Mflop

64 147 0.46 76.32 | 0.233

96 2.20 0.46 82.86 0.253

| 160 3.67 0.46 8896 | 0271
288 6.61 0.46 93.55 0.285

« 544 12.49 0.46 96.48 0.294

Table 5. Performance of the Bar problem on the 32 Processor Hypercube.

No. of Computation Communication efficiency Rate
Elements | time (milisec.) time (milisec.) T Mflop
128 252 7.8 76.3 0.232
288 57.1 8.6 87.0 0.265
800 161.3 10.6 ’ 93.9 0.286
2592 5309 14.6 l 97.3 0.297
9248 1915.2 226 : 98.8 0.301
|
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COMPUTATIONAL EFFICIENCY
o COST = —é—nb2 + 2nb , (b = semi-bandwidth)

e Square mesh, [? elements:
1

GLOBAL = -2-(1 +2)2(L+1)2 +2(1+2)(1 + 1)°

e Partitioned mesh, s = m? subdomains:
PARTITIONED =

S () o) ()
s |l=|—+2 — +1 + 2 —+2){—+1

2 \m m m m

e Equation solving speed-up (n/s — c0):

GLOBAL
SPEED -~ UP(2D) = mmmmronp ~ O)
SPEED ~ UP(3D) = oz = O(M%)
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® ACCURACY ANALYSIS

e Algorithmic phase errors, 1D case:

AL —

e Maximum celerity of computed waves

Cmaz = AL[At

AL = subdomain size

e For accurate results, need to take

Crmaz = Cy OR At<AL/c

wave celerity

v
Il
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C ACCURACY REQUIREMENTS

e Square mesh, s = m? subdomains:

AL = L/m =~ O(1/+/3)
At < ALJc = L/me = O(1//3)

e Net speed-up (p = 1):

SPEED — UP(2D) = O(s) x O(1/1/s) = O(/3)

e Cubic mesh, s = m3 subdomains:

AL=L/m= O(1/s'/3)
At < AL/c= L/mc= 0(1/s'/?)

e Net speed-up (p = 1):

SPEED — UP(3D) = O(s*/%) x O(1/s'/%) = O(s)
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C NUMERICAL TESTS

e Square membrane, simply supported, subjected
to uniform initial velocity.

e Finite deflection FE formulation. Triangular el-
ements:

ot

W=_1_
2 Ag

T = tension
Ao = initial area of triangle
A = deformed area.

( o Quadrilateral elements:

e Parameters: L=2,T =1, p=1.

e Irror measure:
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UNIFORM IMPACT (8 = 0.25, 7 = 0.5)

NEWMARK, h = 0.005
1 SUBDOMAIN, h = 0.05

1.2
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SINGLE-PROCESSOR SPEED-UPS

1024 ELEMENT CASE

NSUB Secs. Speed-up | Theory
1 1143 1 1
4 776 1.47 2
16 521 2.19 4
64 326 3.51 8
256 156 7.31 16
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