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SUMMARY 

The l e v e l  1 2  NASTRAN has been used t o  support  t h e  NASA/LaRC 
Advanced Transport  Technology study, a predesign, short-response- 
t i m e  e f f o r t .  Aeroelast ic  analyses  were performed. NASTRAN calcu- 
l a t e d  the  v ib ra t ion  modes f o r  t h e  supported a i r f o i l  components and 
the  e n t i r e  unsupported vehicle.  
for the  a e r o e l a s t i c  ana lys i s ,  wi th  procedure i n t e r f a c i n g  accomplished 
through use of t h e  NASTRAN produced restart tape. S t i f f n e s s  matrices 
were used i n  s t a t i c  a e r o e l a s t i c  analyses;  n a t u r a l  v ib ra t ion  modes 
were used f o r  f l u t t e r  and f l i g h t  cont ro l  sys tem def inLtion,  Various 
l e v e l  12  NASTRAN c h a r a c t e r i s t i c s  w e r e  discovered and are discussed; 
e.g,, the  a b i l i t y  t o  so lve  s ingu la r  matr ices  i n  r i g i d  format 1, 
run t i m e s  using mul t ipo in t  cons t r a in t s ,  res tar t  tape problems, and 
the  inaccura te  stresses from the  quad membrane when used wi th  
an i so t rop ic  mater ia l s .  

Other procedures w e r e  then used 

INTRODUCTION 

Two versions of NASTRAN have been acquired a t  the  Convair 
Aerospace Division, Fo r t  Worth operat ion,  from COSMIC a t  t h e  
Universi ty  of Georgia. Level 8.1.0 w a s  implemented 5 May 1970 
and was used u n t i l  1 2  March 1971, a t  which t i m e  the  implementation 
of l e v e l  12.0.0 w a s  f i na l i zed .  Implementation w a s  i n i t i a l l y  on an 
IBM 360/65/65/50 computing system. Current u t i l i z a t i o n  i s  on an 
IBM 370-155 computing system. 
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To date ,  t he  most s i g n i f i c a n t  app l i ca t ion  of l e v e l  1 2  has 
been to  perform an ana lys i s  for the  n a t u r a l  modes of v ib ra t ion  
of t h e  base l ine  conf igura t ion  &f a n  Advanced Transport  Technology 
(ATT) a i rp lane .  This w a s  a predesign, short-response-time e f f o r t ,  
The v ib ra t ion  modes were necessary f o r  use i n  f l u t t e r  ana lys i s  
and as an a i d  i n  def in ing  t h e  f l i g h t  cont ro l  system. The s t i f f -  
ness matr ices  used i n  c a l c u l a t i n g  t h e  modes were a l s o  used f o r  a 
s t a t i c  a e r o e l a s t i c  ana lys i s .  

The f l u t t e r  and s t a t i c  a e r o e l a s t i c  analyses were performed 
i n  procedures fore ign  t o  NASTRAN. The i n t e r f a c i n g  between these  
procedures and NASTRAN w a s  accomplished v i a  the use of the  NASTRAN- 
produced r e s t a r t  tape,  

The following discussion centers around the NASTRAN ATT 
ana lys i s .  It  i s  presented a s  P a r t  I. However, va l ida t ion  OZ 
l e v e l  1 2  NASTRAN w a s  being performed p r i o r  t o ,  during, and 
following the ATT ana lys i s .  This revealed severa l  NASTRAN 
c h a r a c t e r i s t i c s ,  which are presented and discussed i n  Pa r t  11. 

PART I 

ATT SYMMETRIC VEHICLE NORMAL MODES 

P r i o r  t o  ca l cu la t ion  of the  normal modes f o r  t he  symmetric 
vehic le ,  t he  s t i f f n e s s  mat r ices  f o r  t h e  supported wing and t a i l  
components w e r e  ca lcu la ted  i n  NASTRAN and then  used i n  a d i f f e r e n t  
procedure t o  perform s t a t i c  a e r o e l a s t i c  analyses,  Vibrat ion modes 
€or the  wing, t a i l  and f i n  components were then ca lcu la ted  a f t e r  
t he  weights w e r e  defined. The i d e a l i z a t i o n  used f o r  t he  wing i s  
i l l u s t r a t e d  i n  Figure 1. Four frames have been used f o r  the  wing 
p l o t s  i n  order  t o  b e t t e r  i l l u s t r a t e  t h e  d e t a i l s  of t h e  idea l i za -  
t i o n  and the g r i d  sequencing. 

The i d e a l i z a t i o n  for the  hor izonta l  t a i l  i s  shown i n  
Figure 2, The t a i l  component s t i f f n e s s  matr ix  was ca lcu la ted  
i n  a separa te  problem, bu t  t he  gr id-poin t  numbers s t a r t  a t  301. 
This numbering sequence w a s  used so t h a t  t he  same inpu t  data 
cards  could be re-used i n  ca l cu la t ing  modes f o r  t h e  unsupported 
vehicle.  



The vehic le  representa t ion  used to  c a l c u l a t e  symmetric 
v ib ra t ion  modes i s  i l l u s t r a t e d  i n  Figure 3. Advantage has been 
taken of the  symmetry, and only one half  the  vehic le  is  repre-  
sented. The wing and t a i l  representa t ions  are the  same a s  
previously shown i n  Figures 1 and 2, respec t ive ly .  A s  expected, 
t h e  l i n e s  f o r  these components a r e  so  numerous a s  t o  produce a 
smeared appearance. The fuselage,  engine pylon, and nace l l e  were 
represented wi th  a s i m p l e  bar  arrangement. 

Multipoint: c o n s t r a i n t s  were used  to  t i e  the  t a i l ,  wing, and 
fuselage together.  Singfe-point cons t r a in t s  were appl ied along 
the  veh ic l e  plane of symmetry t o  suppress the  antisymmetric modes. 
The SUPORT c a r d  was used t o  enhance the ex t r ac t ion  of the  zero 
frequency roots ,  and t h e  Inverse  Power Method was used t o  c a l c u l a t e  
t h e  f i r s t  seven f l e x i b l e  modes. The f l e x i b l e  modes are i l l u s t r a t e d  
i n  Figure 4. The p l o t  element (PLOTEL) was used t o  reduce the  
dens i ty  of l i n e s  . 

The problem used 331 g r i d s ,  956 degrees of freedom a f t e r  
f i x ing ,  1193 elements (which include 89 lumped masses read i n  
from CMASS 2 ca rds ) ,  11 sets of mul t ipo in t  c o n s t r a i n t s  and 350 
omitted coordinates ,  The CPU t i m e  was 41.3 minutes (69.9 minutes 
w a l l  clock).  
s y s  t e m .  

Execution w a s  on the  ZBM 360/65/65/50 computing 

Four f a c t o r s  i n  t h e  run t i m e  deserve mention. Modules MCEl 
and MCE2, which perform the  mul t ipo in t  c o n s t r a i n t s  required 3.3 
minutes CPU t i m e ,  This i s  considered excessive,  and t h e i r  use 
i n  the  f u t u r e  w i l l  b e  avoided wherever poss ib le .  Module SMP1, 
which o m i t s  the  coordinates ,  required '14.3 minutes CPU t i m e .  
Module READ, which c a l c u l a t e s  t he  frequencies and modes, used 
10.9 minutes. Module SDR1, which backfigures f o r  t h e  de f l ec t ions  
omitted, used 2 , l  minutes. The t i m e  required f o r  ca l cu la t ion  of 
t he  s t i f f n e s s  mat r ix  w a s  i n s i g n i f i c a n t .  

Because the  omitted coordinates  decrease the  dynamic matrix 
s i z e ,  the  execution t i m e  could probably have been reduced by 
omit t ing more coordinates.  This would extend the execution t i m e s  
f o r  SMPl and SDRl bu t  should be  more than o f f s e t  by t h e  decreased 
t i m e  i n  READ. I n  fact ,  had the  dynamic matr ix  been reduced t o  
the  same s i z e  as the number of lumped masses (ice., $91, then the  
transformation method would probably have ca lcu la ted  a l l  the  
frequencies  i n  less t i m e  than t h a t  required f o r  the  Inverse  Power 
Method t o  c a l c u l a t e  seven. 
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PART I1 

SOME LEVEL 12 CHARACTERISTICS 

The decis ion t o  use NASTRAN f o r  t he  ATT ana lys i s  w a s  made 
pr imar i ly  on the  b a s i s  of the  experiences with l e v e l  8 (see 
Reference 1). 
t h i s  t i m e ,  i t  w a s  quickly explored wi th  some s m a l l  inexpensive 
sample problems t o  v a l i d a t e  t h a t  i t  could s a t i s f a c t o r i l y  handle 
the  task.  The r e s u l t s  were pos i t i ve ,  but some c h a r a c t e r i s t i c s  
of i n t e r e s t  were discovered. These c h a r a c t e r i s t i c s ,  together  
wi th  those which became apparent during and following the  ATT 
ana lys i s ,  are presented. 

Since l e v e l  1 2  had been implemented f o r  use a t  

Checkout Preliminary t o  the  ATT Analysis 

U s e  of the  Inverse  Power Method 

The f i r s t  check problem run w a s  a simple unsupported-beam 
v ib ra t ion  problem. The beam frequencies w e r e  known i n  advance, 
t he  f i r s t  being 3.5 Hz. Because the  Inverse  Power Method would 
be used f o r  t he  ATT, i t  w a s  s t i p u l a t e d  f o r  use i n  t h e  check 
problem, and a t i g h t  frequency band (3.4 t o  3.7 Hz) was defined 
on t h e  EIGR card. To economize on computing t i m e ,  t w o  modes w e r e  
requested ( to  i n s u r e  t h a t  mu l t ip l e  r o o t s  could be extracted). 
However, only one mode was ca lcu la ted  because the  procedure 
s h i f t e d  four  t i m e s  (maximum number allowed i n  th'e algoritbm) 
while t racking  the roo t  t h a t  w a s  c o r r e c t l y  calculated.  Two items 
contr ibuted t o  the  l a r g e  number of s h i f t s :  (1) The decomposition 
t i m e  estimate used i n  NASTRAN i s  less than the  a c t u a l  t i m e  used. 
(2) The user -s t ipu la ted  frequency band was too small. This 
caused the  s t a r t i n g  po in t  to  be posi t ioned c lose  t o  t h e  r o o t  and 
the  s h i f t e d  eigenvalues,  ca lcu la ted  during i t e r a t i o n ,  to  be small. 
The s m a l l  numerical values obtained f o r  t he  s h i f t e d  eigenvalues 
made i t  d i f f i c u l t  for  the  algorithm t o  sense convergence. 
t he  t i g h t  frequency band r e s t r i c t e d  the  amount of s h i f t .  

Also, 



The s t i p u l a t e d  frequency band was then changed t o  3 e 4  t o  6 e O  
Hz and a restart  made. One roo t  was estimated to  l i e  wi th in  t h e  
band; two roo t s  w e r e  requested. This i m e  t h r e e  roo t s  were 
obtained, two of which were rigid-body o r  zero-frequency roots ,  
The c o r r e c t  f l e x i b l e  roo t  w a s  f i rs t  obtained, and the  two ri  
body roots were next  obtained by i t e r a t i o n ,  According t o  t he  
documentation (Reference 2), t he  procedure should have moved 
ou t s ide  the  s t i p u l a t e d  band during t h e  search procedure, bu t  
should have searched down to  approximately 3,2 and up t o  approxi- 
mately 6 , l  Hz, 
l e v e l  was  a s u r p r i s e  and i s  undesirable  because not  only i s  i t  too 
f a r  ou t s ide  the  s t i p u l a t e d  band, bu t  t o  e x t r a c t  repeated roo t s  by a 
root- t racking method i s  computationally expensiveo 

Hence, moving a l l  t h e  way down t o  t h e  zero-frequency 

Use of t he  SUPORT Card 

Because of these  r e s u l t s ,  i t  was determined t h a t  t he  SUPORT 
card should always be used when c a l c u l a t i n g  modes f o r  unsupported 
s t r u c t u r e s ,  even though the  frequency band s t i p u l a t e d  on t h e  EJGR 
card may be w e l l  removed from the  zero-frequency pos i t ion .  U s e  
of t h i s  card allows the  ex t r ac t ion  of zero-frequency roots by a 
d i r e c t  method ( i .e . ,  without i t e r a t i o n ) ,  which saves on computer 
t i m e ,  and then r e v e r t s  t o  i t e r a t i o n  f o r  ex t r ac t ion  of the f l e x i b l e  
modes. The disadvantage i s  t h a t  a p r i c e  (however small) i s  paid 
f o r  t he  roo t s  even though they may not be des i red  f o r  use, 

A subsequent restart, using t h i s  type card, va l ida ted  t h a t  
i t  y i e l d e d  s a t i s f a c t o r y  r e s u l t s  and does p r o h i b i t  t he  i t e r a t i o n  
for the  repeated (zero-frequency) roots ,  

Backfiguring f o r  Deflections 

I n  performing the  modal a n a l y s i s  on t h e  simple beam, the  
OMIT card was used t o  e l imina te  seve ra l  coordinates  t h a t  did not  
have lumped masses a t tached.  The de f l ec t ions  f o r  these  eliminated 
coordinates  form a subset  of t he  de f l ec t ions  i n  t h e  eigenvector 
and were not needed f o r  subsequent a n a l y s i s .  I n  NASTRAN, t h e  
eigenvectors f o r  those remaining coordinates  ( the  a c t i v e  set) are 
f i r s t  ca lcu la ted  and then a backfiguring operat ion i s  used t o  
c a l c u l a t e  the  de f l ec t ions  f o r  those e l i m i n a t e d ,  Since the use r  
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has the  opt ion of request ing de f l ec t ions  f o r  e i t h e r  t he  
"deflection" set o r  t he  "solution" set ,  i t  w a s  reasoned t h a t  
request ing the  "solution" set would save the  computer t i m e  used 
i n  backfiguring. (The '*solution" set means those coordinates  
used i n  the  so lu t ion ,  egg , ,  modal coordinates ,  g r id  po in t s  and 
e x t r a  po in t s ,  etc.) 
e igenvectors  were pr inted.  Hence, i t  i s  necessary to pay the  
p r i c e  f o r  t he  backfiguring computations, even though the  
de f l ec t ions  f o r  t h e  eliminated coordinates may not  be desired,  

This w a s  done wi th  the  r e s u l t  t h a t  no 

It w a s  l a te r  determined t h a t  the  module which performs the  
backfiguring operat ion,  i.e., SDR1, used only 129 seconds of CPU 
t i m e  during the  ATT modal ana lys i s ,  This i s  r e l a t i v e l y  inexpen- 
s ive ,  

Fai . lure  t o  Punch Modes 

I n i t i a l l y ,  i t  w a s  desired t o  cause NASTRAN t o  punch the  
ca lcu la ted  modes of v ib ra t ion  i n  card deck form. 
t h a t  these  would be used a s  input  da ta  t o  o ther  d i g i t a l  proce- 
dures t h a t  use the  NASTRAN r e s u l t s  i n  ca l cu la t ing  s t a t i c  and 
dynamic a e r o e l a s t i c  response. However, a check problem revealed 
t h a t  NASTRAN w i l l  no t  cu r ren t ly  punch modes. Because of t h i s ,  
and because the  format of the  punchout was unknown, i t  was 
decided t o  code a small procedure t h a t  would read the  NASTRAN- 
produced magnetic tape,  normally used  f o r  r e s t a r t s ,  and e x t r a c t  
t he  d e s i r e d  information. 

It was planned 

The small coding task  was accomplished by a programmer i n  
4 hours. The r e s u l t  was a procedure t h a t  acted as a f r o n t  s t e p  
t o  the  a e r o e l a s t i c  and f l u t t e r  procedures and successfu l ly  used 
the  NASTRAN res ta r t  t a p e  t o  bridge the  i n t e r f a c e  between them 
and NASTRAN. 

Calculation of Masses -I External t o  NASTRAN 
---*- 

When using NASTRAN t o  c a l c u l a t e  na tu ra l  v ib ra t ion  modes, 
dynamic response, o r  "pseudo" s t a t i c  i n e r t i a  r e l i e f ,  the  e a s i e s t  
and most convenient approach i s  t o  allow NASTRAN t o  c a l c u l a t e  
i t s  own mass matrix. 
t i o n a l l y  va l ida ted ,  t he  ca l cu la t ion  of the  mass matr ix  outs ide  
of t he  f in i te -e lement  procedure i n  which i t  i s  t o  be used i s  
sometimes des i r ab le .  It becomes des i r ab le  when (1) the  design 

Even though t h i s  approach had been opera- 
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process  makes t h e  f l i g h t  v e h i c l e  weight d a t a  a v a i l a b l e  i n  a form 
more s u i t e d  t o  manual lumping of  masses, and/or  (2) i t  i s  
necessary  t o  match t h e  s t a t i c  unbalance and p i t c h  i n e r t i a  of an  
a i r f o i l  s t r u c t u r e  w h i l e  s imula t ing  only  t h e  "box" p a r t  o r ,  a t  
least ,  exc luding  t h e  most forward p a r t  of t h e  l e a d i n g  edge and 
t h e  most a f t  p o r t i o n  of t h e  t r a i l i n g  edge. Such w a s  t h e  case 
w i t h  t h e  ATT study.  

The most convenient  means of supplying mass informat ion  
t o  NASTRAN f o r  t h e  ATT w a s  through t h e  u s e  of t h e  CMASS type  
card ;  s p e c i f i c a l l y  CMASS2 w a s  used. This  type  ca rd  w a s  s e l e c t e d  
because t h e  mass d e f i n i t i o n  and g r i d  connect ion were def ined  on 
a s i n g l e  card. Hence, t h i s  t ype  approach w a s  v a l i d a t e d  w i t h  a 
sample problem. 

The sample problem i n d i c a t e d  t h a t  modes are s a t i s f a c t o r i l y  
c a l c u l a t e d  when manually lumped masses are used. Unfor tuna te ly ,  
i t  a l s o  r evea led  t h a t  t h e  v e h i c l e  weight and ba lance  in fo rma t ion  
(normally a v a i l a b l e  under opt ion)  i s  n o t  p r i n t e d  upon r e q u e s t  
when t h e  masses a r e  c a l c u l a t e d  e x t e r n a l l y  t o  NASTRAN. 

Evalua t ion  During t h e  ATT Analys is  

S o l u t i o n  of S i n g u l a r  Mat r ices  

NASTRAN was used t o  g e n e r a t e  t h e  s t i f f n e s s  m a t r i x  f o r  each 
of t h e  t h r e e  ATT supported a i r f o i l  s t r u c t u r e  components (i.e., wing, 
t a i l ,  and f i n )  p r i o r  t o  a s t a t i c  aeroelastic a n a l y s i s ,  The 
matrices were genera ted  by Rigid Format 1, and a s i n g l e  
mechanical l oad  was a p p l i e d  ( f o r  checking) t o  t h e  s t r u c t u r e  f o r  
which d e f l e c t i o n s  and r e a c t i o n s  were c a l c u l a t e d .  The d e f l e c t i o n s  
and r e a c t i o n s  obta ined  served t o  i n c r e a s e  t h e  l e v e l  of  conf idence  
i n  t h e  v a l i d i t y  of t h e  s t i f f n e s s  matrices. 

I n  checking one component, suppor t s  w e r e  n o t  a p p l i e d  i n  
one d i r e c t i o n  ( i n a d v e r t e n t l y ) ,  which allowed a r igid-body degree  
of freedom t o  e x i s t  w i t h i n  t h e  h o r i z o n t a l  p l a n e  of motion. 
mechanical load  c o n d i t i o n  used for  v a l i d a t i o n  w a s  a fo rce -app l i ed  
normal t o  t h i s  h o r i z o n t a l  p lane .  The i n c l u s i o n  of t h i s  r i g i d -  
body degree  of freedom means t h a t  t h e  s t i f f n e s s  m a t r i x  i s  
s i n g u l a r  (i.e.,  i t s  de terminant  i s  zero) .  Algorithms designed 
f o r  s t a t i c  a n a l y s i s  conven t iona l ly  w i l l  n o t  s u c c e s s f u l l y  s o l v e  

The 
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t h i s  t y p e  of matrix.  However, NASTRAN used the  s ingu la r  matr ix  
and obtained c o r r e c t  answers. This w a s  a p leasant  su rp r i se .  

According t o  Reference 3, Section 3.2, a s i n g u l a r i t y  check i s  
performed on the  s t i f f n e s s  matrix.  This check i s  performed by 
module GPSP (DMAP statement 61, Rigid Format 11, However, the  
check simply determines i f  any coordinates which do not  have a 
f i n i t e  value of s t i f f n e s s  assigned remain i n  the  matr ix  a f t e r  
app l i ca t ion  of s i n g l e  and mult ipoint  cons t r a in t s .  When a l l  
coordinates possess f i n i t e - s t i f f n e s s  values ,  module GPSP assumes 
the matr ix  t o  be nonsingular. Hence, a matr ix  which i s  s ingu la r  
because a t  least two rows are l i n e a r l y  dependent (ice., a r i g i d -  
body mode i s  contained) i s  successfu l ly  passed through GPSP. 

Module RBMG2 i s  then used t o  decompose the  symmetric r e a l  
matr ix  i n t o  upper and lower t r i a n g u l a r  form. 
t h i s  decomposition, t he  upper t r i a n g u l a r  matr ix  w i l l  have a zero 
term i n  t h e  l a s t  diagonal pos i t i on  when the  o r i g i n a l  matr ix  i s  
s ingular .  (When the  o r i g i n a l  matr ix  i s  2 t i m e s  s ingu la r ,  t h e  
l a s t  2 diagonals w i l l  be zero,  e tc . )  

A s  a r e s u l t  of 

Deflect ions under load are then ca lcu la ted  i n  module SSG3 
through use of t he  decomposed matrix and the  user-supplied loads.  
The de f l ec t ions  are ca lcu la ted  by performing forward-backward 
subs t i t u t ion .  I n  performing t h e  backward pass,  t he  ca l cu la t ion  
f o r  t he  n t h  d e f l e c t i o n  becomes Un = O/O, which i s  indeterminant. 
The numerator is  zero because a l l  loads a r e  zero i n  the  d i r e c t i o n  
of the  rigid-body def lec t ion .  The denominator i s  zero because 
the  matr ix  i s  s ingu la r ,  

It i s  believed t h a t  because of roundoff e r r o r s ,  the  denominator 
used i n  NASTRAN w a s  not  exac t ly  zero,  The numerator was exac t ly  
zero because loads were user-supplied,  Hence, the r e s u l t  would be 
a determinant s i t u a t i o n ,  i .e. ,  zero def lec t ion .  

Upon completion of the ATT ana lys i s ,  a s m a l l  check problem 
w a s  run which accura te ly  recrea ted  the  above s i t u a t i o n  while 
g r e a t l y  s implifying the  p i c tu re .  The s ta t ic  ana lys i s  was 
c o r r e c t  and did use a s ingu la r  matrix. 
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U s e  of Multipoint Constraints  

What has h i s t o r i c a l l y  been termed "beaming" a t  Convair 
Aerospace i s  termed "Multipoint Constraints" (o r  MPC) i n  
NASTRAN. However, t h e  computational expense f o r  MPC's i n  
NASTRAN i s  considered by t h i s  w r i t e r  to  be excessive. The 
symmetric ATT a i r p l a n e  modal ana lys i s  used 10 sets of MPC's 
which weee summed i n  an eleventh set, 
two degrees of freedom. The modules t i m e d ,  MCEl and MCEZ, 
required 200 CPU seconds f o r  execution. 

Each set involved only 

Res t a r t  Tape Problem 

Two restart f a i l u r e s  have occurred. One f a i l u r e  occurred 
during the  ATT ana lys i s ,  which c o s t  a s i g n i f i c a n t  amount of 
execution t i m e .  The second f a i l u r e  occurred on a small check 
problem following the  ATT ana lys i s .  The f a i l u r e s  were of the  
same type and the c r i t i q u e  pr in ted  was "System F a t a l  Message -36, 
Cannot Find F i l e  Named XVPS on Old Problem Tape." 
variable-parameter-set  t a b l e  p r in t ed  on the  restart tape  during 
each CHKPNT operat ion,  

XVPS i s  a 

The so lu t ion  used f o r  t h i s  l a tes t  restart f a i l u r e  was t o  
remove from the  checkpoint d i c t iona ry  the cards punched from 
the  l a s t  CHKPNT operation. This f o r f e i t e d  one milestone, bu t  
the  subsequent restart w a s  successful .  F o r f e i t i n g  one milestone 
was not  s i g n i f i c a n t  s i n c e  the  so lu t ion  of a problem will involve 
from 24 t o  36 milestones,  depending on t h e  r i g i d  format being 
used. 

Post ATT Analys is  - Additional Evaluation 

Following the  ana lys i s  of t he  ATT, two add i t iona l  a r eas  
were explored with s m a l l  problems, 
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One of  t h e  ex tens ions  made i n  l e v e l  12.0.0 was t h e  a d d i t i o n  
of  a t r ans fo rma t ion  method t o  c a l c u l a t e  v i b r a t i o n  modes. Because 
t h i s  method had n o t  been p rev ious ly  used, a s m a l l  test  problem 
w a s  so lved  w i t h  i t .  
p l a t e ,  c a n t i l e v e r e d  a long  one edge, T e s t  modes and f r equenc ie s  
were a v a i l a b l e  f o r  comparison, 

The problem c o n s i s t e d  of a f l a t  a n i s o t r o p i c  

The i d e a l i z a t i o n  used i s  shown i n  F i g u r e  5. D e f l e c t i o n s  
were f i x e d  t o  z e r o  v a l u e  a t  g r i d s  1 through 6 .  Twenty-five 
q u a d r i l a t e r a l  bending p l a t e  (QDPLT) elements  were used, Ninety 
degrees  of freedom e x i s t e d  a f te r  f i x i n g ;  s i x t y  of t h e s e  were 
omi t ted ,  l e a v i n g  a dynamic m a t r i x  of s i z e  30. 

A l l  30 f r equenc ie s  were e x t r a c t e d ,  and t h e  f i r s t  1 2  modes 
were p r i n t e d  and p l o t t e d ,  
minutes ,  It i s  i n t e r e s t i n g  t o  no te  t h a t  t h i s  problem had pre-  
v i o u s l y  been run,  where t h e  I n v e r s e  Power Method w a s  used t o  ca l -  
c u l a t e  on ly  t h e  f i rs t  4 modes, 
minutes  e 

Computer t i m e  r equ i r ed  was 4.0 CPU 

However, t h e  CPU t i m e  was 4 .4  

Only t h e  f i r s t  seven modes and f r equenc ie s  are a v a i l a b l e  from 
test. The c a l c u l a t e d / t e s t  frequency comparison i s  shown i n  Table  
1, T e s t i n g  was accomplished by both  a c o u s t i c  and holographic  
methods; hence, bo th  r e s u l t s  a r e  shown, Note t h a t  t h e  NASTRAN/ 
test  comparison i s  b e t t e r  than t h e  tes t / tes t  comparison. 
f t  tun ing”  w a s  performed i n  t h e  a n a l y s i s ,  Consider ing t h e  crudeness  
of t h e  model, t h i s  i s  cons idered  e x c e l l e n t .  

No 

The f i r s t  seven v i b r a t i o n  modes are shown i n  F igu re  6 .  T e s t  
modes w e r e  n o t  a v a i l a b l e  f o r  i n c l u s i o n  i n  t h i s  r e p o r t ;  however, 
t h e  modes and node l i n e s  compare very  w e l l ,  as would be  expected 
from t h e  frequency comparison, 

S t a t i c  Analys is  of An i so t rop ic  Membrane 

This  problem had p r e v i o u s l y  been so lved  t o  v a l i d a t e  l e v e l  8, 
wherein i t  w a s  d i scovered  t h a t  t h e  q u a d r i l a t e r a l  membrane element 
produced i n a c c u r a t e  stresses when used w i t h  a n i s o t r o p i c  type  
m a t e r i a l s  ( c o r r e c t  stresses w e r e  c a l c u l a t e d  f o r  i s o t r o p i c  
m a t e r i a l s ) ,  The a n a l y s i s  s u b j e c t  w a s  a n  a n i s o t r o p i c  membrane of 
r e c t a n g u l a r  shape. 
t r i a n g u l a r  membrane w a s  used,  

S t r e s s e s  w e r e  c o r r e c t l y  c a l c u l a t e d  when t h e  



Hence, t h i s  problem was again used t o  v e r i f y  t h a t  the  
co r rec t ion  f o r  t he  q u a d r i l a t e r a l  e lement  had been made t o  
l e v e l  11.1 and above (as was ind ica ted  i n  Soft-ware Problem 
Report Number 21). 

The r e s u l t s  showed t h a t  t he  q u a d r i l a t e r a l  e lement  i s  s t i l l  
defec t ive .  
Hence, t he  switch w a s  again made t o  the  t r i a n g u l a r  e l e m e n t  t o  
v a l i d a t e  i t s  accuracy i n  l e v e l  12.0.0. The r e s u l t s  were 
accurate .  Also, so lu t ions  were obtained i n  one computer pass 
t o  the  mul t ip le  loads with d i f f e r e n t  boundary condi t ions.  

(This w a s  reported t o  NASA and logged as SPR 4 4 6 . )  

CONCLUSIONS 

NASTRAN continues t o  be the  most v e r s a t i l e  of any ind iv idua l  
procedure. It  has been successfu l ly  used t o  support  the  ATT 
study, a predesign, short-response-time e f f o r t .  However, i t s  
execution cos t s  a r e  not  y e t  competit ive with i t s  contemporaries. 

Some of i t s  operat ing c h a r a c t e r i s t i c s  a r e  as follows: 

1. When using the  Inverse  Power Method f o r  ca l cu la t ing  
na tu ra l  modes of v ib ra t ion ,  computer t i m e  can be 
saved i f  the  s t a r t i n g  point(s) f o r  i t e r a t i o n  i s  
spaced a reasonable 'd i s tance  away from t h e  roo t ( s )  
t o  be ex t rac ted  ( r a t h e r  than -too c lose) .  TMs i s  
accomplished by s t i p u l a t i n g  a reasonably w i d e  band 
i n  the  inpu t  data .  

2. When ca l cu la t ing  n a t u r a l  modes of v ib ra t ion  f o r  
unsupported s t r u c t u r e s ,  the  SUPORT card should 
always be used. This causes the  rigid-body modes 
t o  be ca lcu la ted  by a d i r e c t  method, whether o r  not 
t he  modes are des i red  f o r  use. I f  t he  SUPORT card 
i s  not used, t he re  i s  the  danger t h a t  t he  repeated 
zero-frequency roo t s  may be ca lcu la ted  by i t e r a t i o n ,  
which i s  an expensive process. 
though these  roo t s  may l i e  w e l l  ou ts ide  the  user-  
s t i p u l a t e d  frequency band. 

This can occur even 
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3. Backfiguring of de f l ec t ions  €or those coo 
eliminated through use of the  OMIT card 
avoided by request ing t h a t  displaceme 
f o r  t he  so lu t ion  set. The eliminated coordinates  . 
form a subset  of t h e  displacements f o r  each eigen- 
vector .  

4. Vibrat ion modes (eigenvectors) cannot be punched 
on cards  a t  present  i n  l e v e l  12.0.0 because of a 
programming error. 

5 ,  NASTRAN w i l l  so lve  s ingu la r  matrices i n  performing 
s t a t i c  
t o  i t s  containing a rigid-body degree of freedom 
and when no mechanical load component i s  al igned 
wi th  t h e  rigid-body degree of freedbm. 

ana lys i s  when the  matrix s i n g u l a r i t y  i s  due 

6, System F a t a l  Message 36 occurred twice during 
r e s t a r t  and t h e  run was aborted. A successfu l  
restart was accomplished by removing from t h e  check- 
po in t  d ic t ionary  those cards  punched during t h e  
l a t e s t  checkpoint operation. This s a c r i f i c e d  t h e  
most recent  milestone traversed. 

7. The use  of Multipoint Constraints  should be avoided 
i n  NASTRAN whenever poss ib le  because i t  i s  compu- 
t a t i o n a l l y  expensive, 
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Figure 3 . -  ATT symmetric vehicle representation. 

Mode 1, fl = 0.95 Hz 

Figure 4.- ATT symmetric vehicle modes. 
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Mode 2; f2 = 2.45 Hz 

I 

Mode 3; f3  = 3 .73  Hz 

Figure 4.- ATT symmetric vehicle modes - Continued. 
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Mode 4; f4 = 5.30 Hz 

Mode 5; f5 = 5.91 Hz 

Figure 4.- ATT symmetric vehicle modes - Continued. 
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Mode 6;  f 6  = 6 . 5 3  Hz 

Mode 7 ;  f 7  = 7 . 5 7  Hz 

Figure 4.- ATT symmetric vehicle modes - Concluded. 



Grid-Point Locations 

Finite-Element Locations 

Figure 5.- Idealization of anisotropic plate .  
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Mode 1; fl = 24.6 Hz 

Mode 2; f2 = 78.8 Hz 

Figure 6. - Anisotropic cantilevered p la te  modes. 



Mode 3;  fg = 150 Hz 

Mode 4 ;  f4 = 200 Hz 

Figure 6. - Anisotropic cantilevered plate modes - Continued. 
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Mode 5 ;  fg  
\ 

327 Hz 

\ 
Mode 6 ;  f 6  = 384 Hz 

Figure 6.- Anisotropic cantilevered p la te  modes - Continued. 
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Mode 7; f7 = 455 Hz 

Figure 6.- Anisotropic cantilevered p l a t e  modes - Concluded. 
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