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SUMMARY 

T h i s  paper p re sen t s  n sttldy of the performance of t he  NASTRAN l e v e l  16,O 
twenty node t soparamet r ic  b r i cks  (CTI.IJZ2) t o  thermal loading. A free ceramic 
p l a t e  was modelLed using twenty node b r i c k s  a f  varying thiclcnesscs. The 
t l~e rma l  loading for t h i s  probler* was uniform over t h e  s u r f a c e  wi th  an extremely 
l a r g e  g rad ien t  through the  thichLlcss.  No mechanical loading was considered. 
Temperature-dependent mechanical p r o p e r t i e s  were ccrn~idered  i n  t h i s  ana lys i s .  
The NASTRAN r e s u l t s  o r e  compared t o  one-dimensional s t r e s s  d i s t r i b u t i o n s  calcu- 
la ted  by d i r e c t  numerical i n t e g r a t i o n .  

INTRODUCTION 

I n  a t tempt ing  t o  analyze a ceramic radome no information was a v a i l a b l e  
concernfng t h e  s e n s i t i v i t y  of the twenty node b r i c k  t o  l a r g e  aspec t  r a t i o  o r  
l a r g e  thermal  grad ien ts .  The free p l a t e  w a s  i d e n t i f i e d  as an appropr i a t e  
problem t o  examine this s e n s i t i v i t y .  The thermal g rad ien t  of i n t e r e s t  (Pig. I )  
ts severe and generates  s i g n i f i c a n t  compressive hoop stress sp ikes  immedfately 
beneayh tlhe sur face .  A model conta in ing  s ~ r f f i c i e n t  elements near  the  au r f ace  
t c r  adequately p r e d i c t  t h e  d e t a i l e d  in-depth response of a f u l l  radome model w a s  
j n f e a s i b l y  large. Therefore,  t h i s  s tudy  w a s  made t o  determine the e f f e c t s  of 
l e r p e r  numbers of elements through the th ickness  on the s t r e s s  p red ic t ions .  
Also studied was t he  degradat ion of che s t r e s s e s  wi th  inc rease  i n  the  r a t i o  
of t he  l eng th  of t he  su r f ace  s i d e  t o  t he  element th ickness  (aspect  r a t i o ) .  

The b a s i c  model used i n  t h i s  study was a 3 i n .  by 3 i n ,  by 1 / 4  i n .  p l a t e  
modelled w i t h  a 4 x 4 x 4 element g r i d .  Various element spacings through t h e  
th ickness  were examined s t a r t i n g  wi th  uniform spacing and gradual ly  allowing 
t h e  s i l r face elements t o  shrinlc in-depth w h i l e  i nc reas ing  the t h i ckness  of t h e  
 red^ elements.  Variable  Mechanical P rope r t f e s  were used f o r  this a n a l y s i s  
(Fig.  2 ) .  A t o t a l  of f o u r  cases  were examined. 

The NASTRAN twenty node b r i c k s  showed l i t t l e  s e n s i t i v i t y  t o  hlgh aspect 
r a t i o s  ( t e s t s  were run t o  94:l) f o r  thi.s loading.  S t r e s s e s ,  as always with 
this element,  a r e  l e s s  uniform tSan could be  desired; b u t ,  when averaged i n  a 
reasonable f a sh ion  the  c o r r e l a t i o n  between NASTRAN'S s t r e s s e s  and one-dimen- 
s i o n a l  numerical  s c l u t i o n s . i s  ood provided any one element does n o t  span. more 
than one inilection po in t  m tEe s t r e s s  curve. 



SYMBOLS 

p = mass density 

c = s p e c i f i c  hea t  a t  cons tan t  p re s su re  
P 

T = temperature f i e l d  

I: = time 

z = l o c a t i o n  rhr~iugh the  depth 

z+h i s  the heated su r f ace  

k = t he  thermal conductivity 

u = stress 

E = young's modulus 

v = paisson's r a t i o  

a = thermal  expansion coefficient 

2h - plate thickness 
THERMAI, LOADING 

The thermal loading is produced by the  application of a suddenly app l i ed  
uniform heat f l u x  over  one face of the p l a t e  while the other f a c e  is maintained 
adiabatic. The resulting transient temperature di s t r ibut ion  i s  obtained by the 
implicit finite d i f f e r e n c e  numerical solution of the one dimension variable 
proper ty  heat conduction equation. 

with i n i t i a l  condi t ions  for t<O T=53OoR 

a ~ d  boundary conditions fur t > O  



S u b l l r ~ l a t i o n  of t h e  ceranlic is lnodellcd w i t h  a n  Arrl leniue t y p e  f u n c t i o n  which 
w a s  d e r i v e d  from t e s t  dam. 

ONE-DIbllINS TONAL STRESS UT STRIBUTION 

'l.'hc one-dimensional, stress d i s t r i b u t i o n  was d e r i v e d  by c o n s i d e r i n g  a free 
pZn t e  o P a r t 1  t r a r y  planfornr, cons  tnnC t h i c l c ~ l e s s  , and w i t h  teiirpernture dependent  
isotropic properties. The plate i s  thernrnlly loaded wit11 a ts~ruperatrure 
g rad icn l ;  through t h e  thiclcness only .  ZL: i s  assumed t h a t  t l ie  stress field, 
away Prom t h e  edges, Is a l s o  on1.y a f u n c t i o n  of t h e  chfclcncss c o o r d i ~ ~ n r r  and 
thac a l l  o u t  of  p l a n e  s t r e s s e s  arc zero. 

?.'he boundary c o n d i t i o n s  a re  clzosen such t h a t  the  r e s u l t a n t :  force and inoitient 
p r o d u c e d  by f (z) are  ze ro  over t h e  rclges. Uncler t h e  above assumpt ions ,  tlie 
e q u a c i o ~ l s  cf equd l ib r iu rn  a r e  s a t i s f i e d  i d e n t i c a l l y .  The stress d i s t r l > u t i o n  Is 
obra ined  by d i r e c t :  incegrnt:Lon of t h e  colnpatr lb i l l ty  equat ions and a p p l i c a t i o n  
o f  t h e  boundary c o n d i t i o n s  

where 

The above i n t e g r a l s  were numerically evaluated by t h e  t r a p e z o i d a l  metzhod 
u t i l i z i n g  t h e  p r e d i c t e d  temperature d i s t r i b u t f o n  and var3labJ.e thcr~nal propcr-  
t ies  (P ig .  2 ) .  



THREE-DZEfENSTONU NASTRAN ANALYSIS 

A 3 i n ,  by 3 i n .  by 114 in, ceramic p l a t e  was modelled wit11  n 4 x i t  x 4 
element g r i d  (Fig. 4) .  Surface elements of ,0625, .05, .02, and ,008 inch  
thickness were used. The temperature distribution through the thickness 
(Fig. 1) i s  applied uniformly over the p l n t e  surface. The p l n t e  is Eree-free 
and mechanical properties that vary with temperature are used (Pig. 2). Four 
integration points per s2de were used in all elements. 

The stress output from NASTRAN f o r  this element contains a s t r e s s  value 
for each node point i n  each clement. These stresses are extrapolated from the 
values calculated at t h e  integration points and are rarely continuous from one 
element to the next. %he stresses are averaged a t  each node and these stresses 
are further averaged f o r  several central locations on the plnte. 

The  stresses f o r  the first two element spaclngs (Fig. 4)  are unacceptable 
in the first qua r t e r  of the structure, Tl~e last: two spacings adequately 
dcscriba t h e  stress field (Pig. 5). 

CONCLUDING REMARKS 

The twenty node b r i c k  adequately desc r ibes  t h e r m a l  s t r e s s  fields provided 
the  stress field is s u f f i c i e n t l y  lcnown t o  ensure proper element spacing i n  
r e g i o n s  of high stresses. Aspect r a t i o  does not  appear  t o  b e  c r i t i c a l  i n  this 
element provided the only significant thermal gradient is in the direction of 
t h e  smallest  dfmension. 
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VARIABLE MECHAFi ICAL PROPERTIES 
FIGURE 2 



FINITE ELEMENT MODEL 

FIGURE 3 
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