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T h i s  FAper briefly sumn~ar izcs  t h e  NASTRAN-related i n t e r n a l  l o a d s  s u p p o r t  
a c t i v i t y  a t  t h ~  Aircraft: Group of tile Northrop C o r p o r a t i o n ,  F i n i t e  Element 
Ana lys i s ,  i n  the p r e s e n t  Corm, s t a r t e d  a t  the A i r c r a f t  Group I n  t h e  l a t e  s i x -  
t i e s .  NASTRAN was s e l e c t e d  a s  t h e  primary f i n i t e  e lement  t o o l  f o r  s t a t i c  
a n a l y s i s  i n  1 9 7 2 .  E x t e n s i v e  pre- and p o s t p r o c e s s i n g  programs have been 
brought  o n - l i n e  s i n c e  then  t o  f a c i l i t a t e  handl ing of the mass ive  i n p u t  and 
o u t p u t  data f o r  t h e  program. 

In-house e v a l u a t i o n  of t h e  v a r i ~ u s  a n a l y t i c a l  c a p a b i l i t i e s  of  t h e  MSC 
v e r s i o n  of NAS'TRU, p r i o r  t o  p r o d u c t i o n  r e l e a s e ,  is a c o n t i n u o u s  e f f o r t .  The 
NASTRhh supere lement  and subson ic  a e r o  f e a t u r e s  a r e  p r e s e n t l y  be lng  t e s t e d  
and brought  o n - l i n e  f o r  p roduc t ion  use .  

Two examples of r e c e n t  NASTRAN s t r u c t u r a l  s o l u t i o n s  a r e  also p r e s e n t e d  i n  
t h i s  paper .  

INTRODUCTION 

Finirc Element A n a l y s i s  i n  t h e  s t r u c t u r a l  a n a l y s e s  groups  a t  Northrop 
s t a r t e d  i n  t h e  l a t e  n i n e t e e n  s i x t i e s  with t h e  in-house developed NORAN Pro- 
gram. T h i s  program, a l t h o u g h  o f f e r i n g  a good element l i b r a r y  and r e l a t i v e l y  
East s o l u t i o n  t i m e ,  s u f f e r e d  from a l a c k  o f  u s e r - o r i e n t e d  f e a t u r e s .  Conse- 
q u e n t l y ,  a c l~angeover  t o  Level 15 of COSMIC NASTRAN was made i n  1972 .  

The MacNcal-Schwendler Corpora t ion  (MSC) v e r s i o n  of NASTRAN was adopted 
as the  s t a n d a r d  f i n i t e  element program of t h e  A i r c r a f t  D i v i s i o n  i n  1 9 7 4 .  It 
has  y i e l d e d  s i g n i f i c a n t  improvcrnents i n  accuracy, u s e r - o r i e n t e d  f e a t u r e s ,  
i n c r e a s e d  c a p a b i l i t y  f o r  l a r g e r  more complex so lu t i .ons ,  and reduced modeling 
and running times. 

The r e s p o n s i b i l i t y  f o r  NASTMN v i t h i n  the  A i r c r a f t  Group r e s i d e s  i n  t he  
Advanced S t r u c t u r a l .  Computer Methods group (ASCM) . The c o r e  of t h e  e f f o r t  
i n v o l v e s  t h e  NASTRAN U t i l i z a t i o n  Improvement effort i n i t i a t e d  i n  1975  t o  pro- 
v i d e  i n t e r a c t i v e  g r a p h i c s  programs i n  s u p p o r t  of p r o d u c t i o n  a n a l y s e s .  

The ASCM group,  i n  a d d i t i o n ,  p r o v i d e s  program a s s i s t a n c e ,  in-house t r a i n -  
i n g  and documenearion f o r  r h c  NASTMN users a t  Northrop.  Key members of  t h e  
Group a l so  r e s i d e  i n  the major  s t r e s s  groups  t o  ensure t i m e l y  i n t e r a c t i o n  
betweerr t h e  NASTRAN produc t ion  and developrr.;nt e f f o r t .  



COlIPUTER GRAPHICS 

Northrop embarked on an  e x t e n s i v e  p re -  and p o s t p r o c e s s o r  I n t e r a c t i v e  
g rap l l i c s  dcvelopnient i n  1975 i n  s u p p o r t  of t h e  NASTRAN a n a l y s e s .  T h i s  t a sk  is 
b e i n g  performed i n  t h r e e  phases. 

Phase  I - Geometry 
A s e r i e s  of programs was w r i t t e n  t o  d e f i n e  t h e  geomet1:y of major  a i r p l a n e  

s t r u c t u r a l  componenrs u s i n g  p a r a m e t r i c  c u b i c s  ( P . C . ' s ) ,  s p l i n e s  and Coon's 
p a t c h e s  ( f i g .  1). These components a r e  t h e n  c u t  a t  t h e  r e q u i r e d  s t a t i o n s  and 
t h e  conrours  i n t e r f a c e d  w i t h  programs i n  Phase  11 and Phase 111, D i g i t i z i n g  
programs were a l s o  developed wl~ ich  a l l o w  g r i d  p o i n t s  t o  be d i r e c t l y  d i g i t i z e d  
from b l u e p r i n t s  and c ~ r v c - f i t t e d  i n t o  l o f t  l i n e s  ( f i g .  2 ) .  

Phase I T  - P r e p r o c e s s o r s  

The l o f t  l i n e s ,  P.C. c r o s s - s e c t i o n  c u t s  or GRID ~ o i n t s  a re  passed i n t o  the 
GEN3D program i n  Phase IT Fcr NC.STRAN grid and e lement  g e n e r a t i o n .  T h i s  pro- 
gram i s  f l e x i b l e  enough t o  g i v e  t h e  u s e r  conlplete c o n t r o l  ,: v e r y  complex 
models and t o  take advan tage  o f  r e p e a t e d  s e t s  of geomeery p a t t e r n s .  The niodels 
t h u s  genera ted  may then be p l o t t e d  on a  T e k t r o n i ; ~  4014  using such F e a t u r e s  a s  
ZOObI, LABEL (e lement  and g r i d s ) ,  3D r o t a  t i o n  MOVE, SLICE, THICKNESS and AREA 
of eietnents f o r  v e r i f i c a t i o n  (fig. 3 and 4 ) .  A l i m i t e d  c a p a b i l i t y  f o r  g e n e r a t -  
i n g  p r o p e r t y  c a r d s  f o r  t h e  e l e m e n t s  i s  a l s o  a v a i l a b l e .  An added f e a t u r e  i s  t h e  
a b i l i t y  t o  u s e  t h e  3D P.C. geometry from Phasc I t o  c a l c u l a t e  the a r e a  and vol-  
ume of a fuel t a n k  and a l s o  a u t o n a c i c a l l y  g e n e r a t e  p r e s s u r e  load  c a r d s  f o r  var-  
ious f u e l  heads and a c c e l e r a t i o n  v e c t o r s  ( f i g .  5 ) .  

Phasc  111 - P o s t p r o c e s s o r s  

The a n a l y t i c a l  r e s u l t s  from NASTRAN a r e  s t o r e d  Eor p o s t p r o c e s s i n g .  
S t r e s s e s  and s t r a i n s  can b e  r ecovered  a t  any a r b i r r a r y  a n g l e ,  runn ing  l o a d s  
computed, and a min-nax s e a r c h  performed.  S e l e c t e d  r e s u l t s  a r e  then  p r i n t e d  i n  
report :  f o r m a t .  The  pos tp roccssed  d a t a  can a l s o  b e  p l o t t e d ,  superimposed on t h e  
s t r u c t u r a l  p l o t s ,  by t h e  POSTPLOT Program. These p l o t s  can b e  d i s p l a y e d  i n  
e i t h e r  v e c t o r  o r  a lphanumeric  form ( f i g .  5 ) .  

NASTRAN TESTING 

All major  ana l -ys i s  features of NASTRAN a r e  t e s t e d  by the ASCM group p r i o r  
t o  t h e i r  i n t r o d u c t i o n  i n t o  the a n a l y s i s  p r o c e s s .  

E x t e n s i v e  e v a l u a t i o n  of  t h e  MSC NASTRAN Superelement  Ana lys i s  f e a t u r e s  h a s  
been concluded r e c e n t l y .  Th i s  e v a l u a t i o n ,  i n  p r e p a r a t i o n  f o r  new major i n t e r -  



n o 1  l o a d s  a n a l y s i s  work, shows  s u b s t a n t i a l  savings i n  computer c o s t s  and re- 
duced turnaround time f o r  analysis of l a r g e  s t r u c r u r e s .  

The e v a l u a t i o n  of subsoa ic  a c r o c l a s r i c  analyseo using NASTMN was inltia- 
t ~ d  i n  1978. R e s u l t s  t o  d a t e  i n d i c a t e  a v e r y  good c o r r e l a t i o n  with prev ious  
flutter a l t a lysos  conducted us ing  in-house programs, Again, s i g n i f i c a n t  time 
s a v i n g s  a r e  indicated, both  w i t h l n  NASTRAN and frorn u s i n g  struceural models 
conlmon t o  the s t a t i c  analyses .  

PRODUCTION SUPPORT ACTIVITY 

The Advanced S t r u c t u r a l  Computer Elethods group s e r v e s  a s  a p o o l  of spe- 
c i a l i z e d  NASTMN t a l en t :  i n  support: of the  p r o d u c t i o n  e f f o r t ,  i n  a d d i t i o n  t o  
t h e  development work. Key Group e n g i n e e r s  a r e  a l s o  a s s i g n e d  t o  t h e  rnajor pro- 
d u c t i o n  programs, where they  are  responi; ible f o r  t h e  NASTRAN model development 
and i n t e r n a l  l o a d s  generation i n  s u p p o r t  of stress a n a l y s e s .  

FUTURE DEVELOPEIENT EFFORT 

En c o n j u n c t i o n  with o t h e r  groups a t  Northrop,  t h e  ASCM group i s  s t u d y i n g  
a  data b a s e  systen.  wb.ich will prov ide  a b a s i s  f o r  an i n t e g r a t e d  computerized 
s t r u c t u r a l  a n e i y s i s  system. A g r e a t l y  enhanced geometry h a n d l i n g  c a p a b i l i t y  
i s  evo lv ing  around p a r a m e t r i c  c u b i c s .  Other  E i n i c e  element: methods i n  and o u t -  
s i d e  of NASTRAN are a l s o  b e i n g  reviewed. These  i n c l u d e  n o n l i n e a r  approaches, 
o p t i m i z a t i o n  through f u l l y - s t r e s s e d  d e s i g n ,  and a e r o c l a s t i c / f l u t t c r  a n a l y s i s .  

NASTRAN ANALYSIS EXPMPLES 

T-38 Local Model 

P d e t a i l e d  ( f i n e  mesh) lnodel of a T-38 wing  lower  slcin was i n c o r p o r a t e d  
i n t o  a three s u b s t r u c r u r e  wing model i n  t h e  v i c i n i t y  of t h e  r o o t  r i b ,  r e a r  s p a r  
i n t e r s e c t i o n .  T h i s  d e t a i l  was genera ted  t o  o b t a i n  very a c c u r a t e  stress l e v e l s  
and g r a d i e n t s  f o r  f r a c t u r e  and Eatigue &n?lyses  ( f i g .  7 and 8 ) .  

F l u t t e r  Analysis 

F l u t t e r  a n a l y s i s  u s i n g  a v e r t i c a l  s t a b i l i z e r  suppor ted  by a g e n e r a l  e l e -  
ment was conducted us ing  t h e  NASTRAN Subsonic  Acroel .as t ic  package. The re- 
sults compare well w i t h  t h e  p r e v i o u s  f l u t t e r  a n a l y s e s  using i n - l ~ o u s e  programs. 
The s i n g l e  s u b m i t t a l  FiSTllAN process  provided s i g n i f i c a n t :  improvements in c a l -  
endar t ime .%nd computer CPU t ime ( f i g .  9) .  
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hIASTR4Ei SUPPORT kCTIVIT\i 

S'tSTffII SUPPORT BY NORTHROP DATA PROCESSING 

MASTPAW GTI L I  ZATI OM IIIPROVEMENT GROUP 

o PROI/I DES EFF ECTZVE bIASTPdPI PRODUCTION SUPPORT 
o IS RESPONSIELE FOP\ PRODUCTIOEl MODELS 

PK3VIDES INTEPdCTIVE GPSIPH I CS SUPPORT 

F2E PROCESSORS 

PCST PROCESSORS 

o TESTS AND EVALUATES NASTP.1PA FEATURES 

o GENEPATES NASTP4N IN-HOUSE DOCUP\ERTATIOM 

o PROVIDES NASTP?M IN-HOUSE TPAINIMG 

o PROVIDES NASTPAFI ASSISTANCE TO PRODUCTION 
STRESS GROUP ON COMPLEX NASTRAM SOLUTlONS 

c ?I!ANS FOR IMTEGPATED STRUCTURAL ANALYSIS 



ADVANCED STRUCTURAL COMPUTER METHODS 

NORTHkOP CCRPORATION 

AIRCRAFT GROUP - 
FINITE ELBENT ANAiYSIS ACTIVITY 

HISTORY 

o PRE FINITE ELEMENT PROGPAIfS 

o 1969 - NORAIl IN-HOUSE FIIYITE ELUllErJT PROGPf l I  

o 1972 - NASTRAN COSMIC LEVEL 15 

o 1973 - NASTRAN COSMIC LENEL 15S 
o 1974 - MSC NASTRAN 

o 1978 - MSC NASTRAN 38 TO 46 

o UP TO 1000 JOB SUBMITTALS PER MONTH 

WHY MSC NASTRAN? 
o CPU TIME IMPROVEMENT 

o INPROVEII FEP.TURES 

o FREQUENT UPDATES 

o PROXIMITY OF MSC 
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BASTRAN FI UTTER ANALYSIS 

NASTRAN STRUCTURAL MOUEL 

V-g PLOT 

? V l f C l l 7  - KT>* 

FRES FNCY PLOT 



NASTRAN EFF l C I ENCY 

IMPROVEMENTS 

9- INEXPERIENCED NONE 
EXPERIENCED f4OFIE gr INEXPERIFNCED SIGNIF ICAt4T  

(3- YIGHLY EXPERIENCED HIGH 

- - - - 
73  7 4 75 7 6 7 7 78 79 

YEA9 

NASTPAfl MODEL GENERATI ON TIME 
Fig. i O  


