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I n  o r d e r  t o  p l a n  f o r  t h e  f i n i t e  e lement  s t r u c t u r a l  a n a l y s i s  of  f u t u r e  
a i r c r a f t  a t  Nor throp,  f i v e  s t a t i c  a n a l y s i s  techniques u s i n g  t h e  MacNeal- 
Schwendler Corpora t ion  v e r s i o n  of NASTRAN a r e  e v a l u a t e d ,  The s t r u c t u r e  i s  
analyzed as:  

1. A s i n g l e  tnodel wi th  a symmetric l o a d i n g  c o n d i t i o n .  

2 .  A s i n g l e  model w i t h  symmettic/unsymmetric l o a d i n g  c o n d i t i o n s .  

3 .  Three s u b s t r u c t u r e s  i n  t h r e e  phases  u s i n g  t a p e  s t o r a g e  w i t h  a 
s y m n e t r i c  l o a d i n g  c o n d i t i o n .  

4 .  Three  supere lements  u s i n g  d a t a  b a s e  s t o r a g e  w i t h  a  symmetric 
Loading c o n d i t i o n .  

5. Three  supere lements  u s i n g  d a t a  b a s e  s t o r a g e  w i t h  c y c l i c  symmetry 
f o r  symmetric/unsymmetric l o a d i n g  c o n d i t i o n s .  

The superelement  t echn iques  prove s u p e r i o r  t o  t h e  s i n g l e  model approaches  by 
reduc ing  computer t ime f o r  r e d e s i g n  work by a s  much a s  70 p e r c e n t .  

Job c o n t r o l  e r r o r s  a r e  a l s o  s u b s t a n e i a l l y  reduced by u s i n g  the NASTRAN 
d a t a  b a s e  i n  p l a c e  of t h e  t a p e s  necessa ry  i n  s u b s c r u c t u r i n g .  The e v a l u a t i o n  
i n d i c a t e s  t h a ~ h e  supere lemnnt  methods a r e  more p r o d u c t i v e  than  t h e  s i n g l e  
model and s u b s t r u c t u r e  methods when a l a r g e  amount of computer r e s o u r c e s  f o r  
a s t r e s s  a n a l y s i s  a r e  r e q u i r e d .  

INTRODUCTION 

Before  s c h e d u l i n g  a Jar;e p r o j e c t  u s i n g  f i n i ~ e  e lement  a n a l y s i s ,  t h e  
s p e c i f i c  s o l u t i o n  methods L;-losen must be thorough ly  t e s t e d .  T h i s  i s  t r u e  not  
o n l y  f o r  t h e  a n a l y s i s  f low,  which i n  t h e  c a s e  of NASTRAN i s  the D i r e c t  Matrix 
A b s t r a c t i o n  Program (DMAP), b u t  a l s o  f o r  i n t e r n a l  s o f t w a r e  r e s t r i c t i o n s  and 
d a t a  c e n t e r  hardware c o n s t r a i n t s .  

Too o f t e n  the a n a l y s i s  method s e l e c t e d  i s  based upon s m a l l  p r o t o t y p e  
t e s t i n g .  T h i s ,  coupled w i t h  an  incomple te  u n d e r s t a n d i n g  o f  b o t h  t h e  f i n i t e  
element program b e i n g  used and the p e c u l i a r i t i e s  of t h e  computer sys tem i n  a 



l n r g e  s o l u t i o n  e n v i r o n n e n t ,  f r e q u e n t l y  l e n d s  to :  

(a) Deadl ines  can: .+;.?ntly misseci. 

( b )  C o s ~ p l a i n t s  ng;linst t h e  f i n i t e  element program being used, 

('c) The conipuLer sys tcni  "c rash ing"  d u r i n g  e x c e s s i v e l y  l o n g  comp~ter 
res idency .  

(d) Con~puter r u n s  t e r u ~ f n n t e d  d;rc t o  i n s u f f i c i e n t :  core o r  d a t a  b a s e  
space. 

An e f f o r t :  was s t a r t e d  i n  1977 v': thin the NASTRAN prnup a t  Nor th rap  t o  
c v n l i i a t c  these problem a reas  pr ior  t o  s e l e c t i n g  a arcf:liod o f  ana lys i s  for n 
new a i r c r a f t  pro jecr ,  A s ~ r , n l l  p r o t o t y p e  ~iiodel  (Fip,ure 1) and  nu a c t u a l  pro-  
d u c t i o n  model c o n t a i n i n g  9500 degrees of Ereedonr ( P i g t ~ r e  2 )  were s e l e c t e d  
fo r  e v a l u a t i n g  the FISC supere lenlent  c a p a b i l i t y .  The I - e s u l t s  a r e  coirrpared 
here with ~ i r e v i o u s  using n siugle model n11d s u t s t r u c t u r e  i l p p r o n c h ~ s .  
F i v e  c r i t e r i a  f o r  t11.f.s compar lsot~ are:  

( 1 )  NASTMN s o f t w a r e  behavior. 

( 3 )  CPU t i m e  for n p r e l i m i n a r y  a n a l y s i s .  

( 4 )  CPU tinie f o r  a r e d e s i g n  a n a l y s i s .  

(5) T o t a l  c a l e n d a r  time. 

TESTING PR0CEDUR.E 

l i e a l i s t i c  e v a l u a t i o n  of t h e  EISC/Nt\STRAN supcrelcnrent: a i ~ a l y s i s  method i s  
made u s i n g  a f i n i t e  e lement  model of  t h e  T-38 structure (wing, center and 
forward fuse lages  o n l y ) .  A c o a ~ p a r i s o n  of t h e  program r e s p o n s e  and the computer 
s y s t e m  billing f o r  t h i s  model was p a s s i b l e  u s i n g  results Eroi? p r e v i o u s  single 
struc Lure and s u b s t r u c t u r e  a n a l y s e s .  

F i v e  d i f f e r e n t  a n a l y s e s  o v e r  a oile year p e r i o d  were made, t l ~ e l l  r e r u n  with 
a r e d e s i g n e d  wing s i rnula  r i n g  a realistic p r o d u c t i o n  s i t u a t i o n  (F igure  3 ) .  

TESTS 

(1-la) S i n g l e  S t r u c t u r e  Ana lys i s  With One S e t  of Boundary C o n d i t i o n s  

R i g i d  Format 24  was used without any a l t e r s .  Because this model, as w i t h  a l l  
o t h e r s ,  was synlmetric a b o u t  t h e  x-asis ,  o n l y  the l e f t  \-land s i d e  was idealized. 



Only s ~ m n l r t r i c  l o a d s  were l~ecd  f o r  t h l a  a ~ l a l y s i s  which r e q u i r e d  one s e t  o f  
boundary c o n d i t i o n s  n long tlic s-ar, ls .  A redes igned  wing was run Erani n co ld  
s t a r t .  

(2-2n) Sir tgle  Structur:e h l l n l y s i s  I J iLh  1irlo Sets  of Doundary Condi t ions  
--a 

R i g i d  Forrilat 24 with  131; a l t e r  2 4 $ 1 3  allowed two s c t s  of boundary c o n d i t i o n s  t o  
be s t o ~ . e d .  The rcdesigocd wing was run a s  a co ld  s t a r t .  

(3-31) S u L s t r u c t u r c  A n a l y s i s  \ J i t h  One S e t  of Boundary Condi t ions  - 

Rig id  For~nar 24 w i t 1 1  H1: a l t e r  2 4 S 3 7  allows o n l y  allc s o t  o f  boundary c o n d i t i o n s .  
Therefore, o n l y  a symruetric load car;e was r u n .  DhiAP's Ilave Lee11 w r i t t e n  t o  
warlr with h ~ a  s e t s  of boundary c o n d i t i o n s  by Sodha, Reference  1. Itowever, due 
t o  a n t i c i p a t i o n  o f  t h e  superelet trent  c y c l i c  s y i ~ ~ i ~ c l r r y  c a p a b i l i t y ,  no a r  tempt was 
made t o  d u p l i c a t e  t h i s  e f f o r t .  The r e d e s i g n  was l i m i t e d  t o  and r e q u i r e d  or-tly 
r e n n a l y s i s  of t h e  wing. 

( 4 -4n )  Superelelltent A n a l y s i s  With Otie S e t  of Boundary Conrll t ions 

RfgLd Format 48 w;is used i n  Version 38, bu t  was r e p l a c e d  w i t h  DIiAPl i n  Vet-sic111 
4 6 ,  As i n  t h e  s t r b ~ t ~ u c c u r e  analysis, symriletric 1.oacIs trlerc used ancl the rcdc- 
sign t e s t  requ i red  on ly  r e a i l a l y s i s  of the wing a n d  t-he r e s i d u a l  s t r u c t u r e .  

(5-5a) Su~j~erclernelit: A n a l y s i s  Using Cyc l i c  Syaumecry 

DPIAPlC, Version 46,  was used t o  a l l o w  t h e  l e f t  l-tnncl sidc ro  b e  d u p l i c a t e d  i n t o  
n r i g h t  halid s i d e ,  R e E e r c ~ ~ c c  2 .  Synrrr~etric ancl a n s y r ~ ~ n e t r i c  l o a d i n g s  were then  
a p p l i e d .  Redesign of  t h e  wing  n e c e s s i e n t e d  only t h e  r e a n a l y s i s  of  t h a t  par- 
t i c u l a r  s t r u c  t u r e .  

TEST RESULTS 

Figures  4 and 5 show t h a t  t h e  supcrc2en1ent /s t ibs t rucr i r~e rr~ethods for a 
large a n a l y s i s  a r c  courparable t o  t h e  s i n g l e  s t r u c t u r e  I f  o n l y  one s o l u t i o n  i s  
required.  However, t h e  f i r s t  a n a l y s i s  is u s u a l l y  not  suf f l c i e n t  and  r e q u i r e s  
many i t e r a t i o n s  b e f o r e  a s a t i s f a c t o r y  s o l u t i o n  is o b t a i n e d .  Under t h e s e  c i r -  
c u n ~ s t a n c e s  t h e  substructure/superelement ~ n e t l ~ o d  proves  itself f a r  superior, 
requiring o n l y  one- th i rd  of the CPU tfme f o r  a r e a n a l y s i s  usi11g a  new wing. 
Not o ~ l y  does  t h i s  reduce t h e  b i l l i n g  t ime,  bu t  even more i m p o r t a n t ,  t h i s  
i n c r e a s e s  t h e  chances  t h a t  t h e  j o b  \$ill run  b e f o r e  t h e  compirrer n a l f  u n c  t i o n s .  

The supere lement  method u s e s  a dislc pack d a t a  b a s e  which r e d i ~ c e s  t h e  mul- 
t i t u d e  of Job C o n t r o l  Language ( J C L )  c a r d s  necessa ry  t o  tun  t h e  s u b s r r u c c u r e  
analysis. T h i s ,  i n  t u r n ,  reduces chances  of n~aking e r r o r s  wliet~ a l a r g e  group 
of e n g i n e e r s  worlcs o n  t h e  same p r o j e c t .  No NASTMN e r r o r s  were encountered 
when using t i le  sirperelement method;  o n l y  a  minor problem was f o u n d  i n  r!lc 
e s t i m a t i o n  of space  needed on t h e  data base. 



CONCLUSIONS 

The superelement  method n i l 1  s u b s t a n t i a l l y  lower  computer run t imes  f o r  
a l a r g e  finite elenie.iC a n a l y s i s .  T h i s  w i l l  decrease t h e  job  cxecucion wa l l -  
cloclc time, w l ~ i c h  will decrease t h e  chances t h a t  the computer sys tem w i l l  
malfunckion b e f o r e  an a n a l y s t s  i s  f i n i s h e d ,  For structures whlch require a 
large anlount of computer r e s o u r c e s  and  l o n g  e x e c u t i o n  t ime,  the c a l e n d a r  :Fme 
t o  Ein?.sh an  a n a l y s i s  will a l s o  b e  reduced.  

S i m ~ l i f i c a t i a n  i n  J o b  Control Language, use of d i s k  pack storage, and 
f u t u r e  r e s o u r c e  commitlnent t o  t h e  supers lement  method s t r o n g l y  recommend t h i s  
technique t o  replace t h e  single s t r u c t u r e  and s u b s t r u c t u r e  methods f o r  any 
f u t u r e  p r o j e c t .  
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FIGURE 2 - NORTHROP T-38 FINITE ELEMENT MODEL 
PRODUCTION MODEL - 9502 DEGREES OF FKEED0L.I 

FORWAR3 FUSELAGE 
(3000 'dof)  
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FIGURE 4 - T-38 NASTPik3 AEUYSIS USIXG FIVE DIFFERENT !-JETHODS ' 

9500 ANALYSIS CEGREES OF FREEDO!4 

1-12 Single Structure Analysis 
Symetrical Loading 

2-2a Single  Structure -4nalysis 
SynmetricaL/Unsymnetrica1 Loading 

3-3a Substructure Analysis 
S>?imeerical Loading 

4-4.3 Superelement Analysis 
Symmetrical Loading 

5-5a Superelement Paalysis 
Cyclic Symsetry 
S ~ e r r i c a l / U n s y m e t r i c a l  Lozding 

F i r s t  Wing 
h a l y s i s  Resign 



- -- .-- - ---- ---- -. 

FIGURE 5 - COWJARISON OF NASTR4N COMPUTER RUNS FOR T-38 \ 
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