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The object ive of t h i s  research is t o  develop an a n a l y t i c a l  t o o l  capable of 
economically evaluating the  cyc l i c  time-dependent p l a s t i c i t y  which occurs i n  hot  
sec t ion  engine components i n  areas  of s t r a i n  concentrat ion r e s u l t i n g  from t h e  com- 
bination of both mechanical and thermal s t r e s s e s .  The techniques developed must 
be capable of accommodating l a r g e  excursions i n  temperatures with t h e  associa ted  
va r ia t ions  i n  mater ia l  proper t ies  including p l a s t i c i t y  and creep. 

The overa l l  objec t ive  of t h i s  proposed program i s  t o  develop advanced 3-D 
i n e l a s t i c  s t r u c t u r a l / s t r e s s  ana lys i s  methods and so lu t ion  s t r a t e g i e s  f o r  more 
accurate and ye t  more cos t -ef fec t ive  ana lys i s  of combustors, tu rb ine  blades,  and 
vanes. The approach w i l l  be  t o  develop four  d i f f e r e n t  theor ies ,  one l i n e a r  and 
three  higher order with increas ing complexities including embedded s i n g u l a r i t i e s .  

The object ive  w i l l  be achieved through a four-phase program consis tent  with 
the  NASA Statement of Work. 

I n  Task I, t h e  l i n e a r  formulation theory w i l l  be  developed. These w i l l  con- 
sist of th ree  l i n e a r  formulation models i n  which s t r e s s ,  s t r a i n ,  and temperature 
a r e  l i n e a r  functions of t h e  s p a t i a l  coordinates;  and t h e  increments i n  loading, 
temperature, and t i m e  a r e  l i n e a r .  Three c o n s t i t u t i v e  r e l a t i o n s  w i l l  be  developed 
f o r  these  l i n e a r  formulation models each capable of predic t ing e l a s t i c ,  p l a s t i c ,  
thermal, and creep s t r a i n s  and cyc l i c  e f f e c t s .  One cons t i tu t ive  r e l a t i o n  w i l l  
be approximate, one w i l l  be of t h e  current  genre, and one w i l l  be  a un i f i ed  
theory. 

I n  Task 11, t h e  polynomial formulation theory w i l l  be  developed. These 
w i l l  consis t  of t h r e e  polynomial formulation models i n  which stress, s t r a i n ,  and 
temperature a r e  polynomial functions of the s p a t i a l  coordinates,  and t h e  incre-  
ments i n  loading temperature and time a r e  quadrat ic .  They w i l l  a l s o  accommodate 
two-intersecting embedded d i scon t inu i t i e s .  Three c o n s t i t u t i v e  r e l a t i o n s  w i l l  
be  associated with these  polynomial formulation models. 

I n  Task I V ,  t h e  s p e c i a l  functions theory w i l l  be  developed. These w i l l  
cons is t  of t h r e e  s p e c i a l  funct ion formulation models i n  which stress, s t r a i n ,  
and temperature a r e  s p e c i a l  functions of t h e  s p a t i a l  coordinates and t h e  incre-  
ments i n  loading,  temperature, and time a r e  s p e c i a l  functions.  These models 
w i l l  accommodate e igh t  i n t e r s e c t i n g  embedded s imi la r  d i s c o n t i n u i t i e s  and have 
t h r e e  associated c o n s t i t u t i v e  r e l a t i o n s .  

I n  Task V, t h e  general  functions theory w i l l  be  developed. These w i l l  
consis t  of t h r e e  general  function formulation models i n  which s t r e s s ,  s t r a i n ,  and 
temperature a r e  general functions of t h e  s p a t i a l  coordinates and the increments 
i n  loading, temperature, and time a r e  general  functions.  

These models w i l l  accommodate e igh t  i n t e r s e c t i n g  embedded d i f f e r e n t  d is -  
con t inu i t i e s  and have t h r e e  c o n s t i t u t i v e  r e l a t i o n s  associa ted  wi th  them. One of 
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the c o n s t i t u t i v e  r e l a t i o n s  w i l l  b e  more complex than  those  used f o r  t h e  s p e c i a l  
func t ions  theory .  

Task 111 and V I  are r e p o r t i n g  requirements .  

Work began on t h i s  program i n  A p r i l  1983. A l i t e r a t u r e  survey was conducted 
in o r d e r  t o  i d e n t i f y  var ious  s o l u t i o n  techniques  and c o n s t i t u t i v e  models. I n  
developing a n  economical computer t o o l  i t  is  e s s e n t i a l  t o  cons ider  t h e  i n t e r -  
a c t i o n s  of s o l u t i o n  technique ,  c o n s t i t u t i v e  model, i n t e g r a t i o n  scheme, l o a d  
incrementing, temperature incrementing,  and t i m e  incrementing procedures.  

For t ime dependent p l a s t i c i t y  ( o r  creep)  problems t h e  s o l u t i o n  technique 
most commonly used i n  f i n i t e  element codes i s  a cons tan t  s t i f f n e s s  scheme. Any 
economical scheme f o r  thermo-mechanical cyc l ing  w i l l  of n e c e s s i t y  r e q u i r e  automatic  
t i m e  incrementing. I n i t i a l l y ,  t h e  c o n s t i t u t i v e  equat ion  subrout ines  a r e  be ing  
developed i n  t h e  context  of a f i n i t e  element code wi th  a cons tan t  s t i f f n e s s  itera- 
t i o n  procedure, automatic  t ime incrementing,  l i n e a r  v a r i a t i o n  of loads  and boundary 
condi t ions  and i so thermal  cond i t i ons .  The i n t r o d u c t i o n  of t ime vary ing  tempera- 
t u r e s  w i l l  r e q u i r e  a modified s o l u t i o n  procedure.  The i so thermal  Bodner formula- 
t i o n  has  been implemented i n  a s i n g l e  element computer program and compared wi th  
test d a t a  and c a l c u l a t i o n s  i n  Reference 1. 

I n  view of t h e  inc reas ing  a v a i l a b i l i t y  of vec to r  processors ,  work i s  a l s o  
underway t o  develop more e f f i c i e n t  numerical procedures f o r  so lv ing  s e t s  of 
l i n e a r  a l g e b r a i c  equat ions  on such machines. I t e r a t i v e  procedures such as t h e  
Jacobi  o r  Gauss-Seidel methods are more f e a s i b l e  w i th  v e c t o r  machines (Reference 
2-3) ,  e s p e c i a l l y  i f  t h e  s t i f f n e s s  ma t r ix  i s  s t o r e d  i n  column form. Improvements 
i n  forming s t i f f n e s s  mat r ices  may a l s o  b e  r e a l i z e d  (Reference 4) which would 
g r e a t l y  enhance t h e  c a l c u l a t i o n  t ime i n  tangent  s t i f f n e s s  schemes. Eigenvalue 
c a l c u l a t i o n  procedures  may a l s o  b e  more economical us ing  v e c t o r  processors  
(Reference 5) .  
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