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The o b j e c t i v e  of  t h i s  program i s  t o  produce a series of new computer codes t h a t  
permit  more a c c u r a t e  and e f f i c i e n t  three-dimensional  i n e l a s t i c  a n a l y s i s  of s e l e c t e d  
ho t  s e c t i o n  components - combustor' l i n e r s ,  t u r b i n e  b lades  and t u r b i n e  vanes. The 
computer codes embody a progress ion  of mathematical  models and a r e  s t reaml ined  t o  
t ake  advantage of  geomet r ica l  f e a t u r e s ,  load ing  cond i t i ons ,  and forms of m a t e r i a l  
response t h a t  d i s t i n g u i s h  each  group of  s e l e c t e d  components. 

Software i n  t h e  form of stand-alone codes and modules f o r  use i n  General Purpose 
S t r u c t u r a l  Analysis  (GPSA) programs w i l l  be provided by P r a t t  & Whitney A i r c r a f t  
(P&WA) w i t h  a s s i s t a n c e  from t h r e e  un ique ly  w e l l  q u a l i f i e d  subcon t r ac to r s  : MARC 
Analysis  Research Corporat ion (MARC), S t a t e  Univers i ty  of New York a t  Buffa lo  
(SUNY-B), and United Technologies Research Center  (UTRC). Primary development of 
s p e c i a l  f i n i t e  element models w i l l  be accomplished by MARC, whi le  mechanics of  
m a t e r i a l s  models and c o n s t i t u t i v e  formula t ions  w i l l  be assembled by UTRC. Development 
of advanced fo rmula t ion  (boundary e lement )  models w i l l  be  shared  by P&WA and SUNY-B. 
V e r i f i c a t i o n  of t h e  va r ious  a n a l y s i s  packages w i l l  be done by P&WA. 

The t e c h n i c a l  e f f o r t  of  t h i s  program w i l l  be conducted ove r  a pe r iod  of 
twenty-four (24 )  months and w i l l  involve  t h r e e  (3 )  d i s t i n c t  t a s k s :  

Task I - Linear  Theorv 

Under t h i s  t a s k  a l i n e a r  theory w i l l  be developed c o n s i s t i n g  of t h r e e  l i n e a r  
formula t ion  models: 1 )  mechanics of  m a t e r i a l s ,  2) s p e c i a l  f i n i t e  e lements ,  and 3) 
advanced fo rmula t ion  (boundary element)  models. The l i n e a r  theory  i s  def ined  t o  mean 
t h a t :  1 )  t h e  s t r e s s e s  o r  s t r a i n s  and tempera tures  i n  t h e  g e n e r i c  modeling reg ion  a r e  
l i n e a r  f u n c t i o n s  of t h e  s p a t i a l  coo rd ina t e s ,  znd 2) t h e  s o l u t i o n  increments  f o r  load ,  
temperature  and /o r  t ime a r e  e x t r a p o l a t e d  l i n e a r l y  from prev ious  in format ion .  The 
emphasis i n  t h e  l i n e a r  theory  f o r  three-dimensional i n e l a s t i c  a n a l y s i s  w i l l  be on a 
methodology u s i n g  a l a r g e  number of  g e n e r i c  modeling reg ions  and a l a r g e  number o f  
increments ,  bu t  s imple c a l c u l a t i o n s  p e r  increment.  

Task I1 - Polynomial Theory 

This  t a s k  w i l l  involve  t h e  development of a polynomial theory c o n s i s t i n g  of t h r e e  
polynomial fo rmula t ion  models: 1 )  mechanics o f  m a t e r i a l s ,  2) s p e c i a l  f i n i t e  e lements ,  
and 3) advanced fo rmula t ion  (boundary element)  models. The polynomial theory  i s  
def ined  t o  mean t h a t :  1 )  t h e  s t r e s s e s  o r  s t r a i n s  and tempera tures  i n  t h e  g e n e r i c  
modeling r eg ion  a r e  a t  l e a s t  quad ra t i c  f u n c t i o n s  of t he  s p a t i a l  coo rd ina t e s ,  and 2 )  
t h e  s o l u t i o n  increments  f o r  l o a d ,  t empera ture  and/or  t i m e  a r e  ex t r apo la t ed  a t  l e a s t  
q u a d r a t i c a l l y  from prev ious  information.  The emphasis i n  t h e  polynomial theory f o r  
three-dimensional i n e l a s t i c  a n a l y s i s  w i l l  be on a methodology us ing  a s m a l l e r  number 
of gene r i c  modeling r eg ions  w i t h  two i n t e r s e c t i n g  , embedded d i s c o n t i n u i t i e s  and a 
sma l l e r  number o f  increments ,  bu t  more complex c a l c u l a t i o n s  p e r  increment t han  f o r  



t h e  l i n e a r  theory (Task I). 

Task I11 - Reporting Requirements 

This  t a s k  inc ludes  pe r iod ic  t e c h n i c a l ,  f i n a n c i a l  and schedular  r epo r t ing  and, a t  
t h e  conclus ion  of t h e  t e c h n i c a l  e f f o r t ,  t h e  submi t t a l  o f  a f i n a l  Contractor  Report. 

Optional  Program 

An o p t i o n a l  program, t o  be exe rc i sed  a t  the  d i s c r e t i o n  of t he  Government, w i l l  
extend t h e  base computer codes t o  i nc lude  h igher  o r d e r  r ep re sen ta t ions  of s t r a i n  i n  
space and t ime and t o  d e a l  e f f e c t i v e l y  w i t h  more complex c o l l e c t i o n s  of 
d i s c o n t i n u i t i e s  such a s  coo l ing  ho le s  and c o a t i n g  c racks .  




