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D a v y d ov A . N . , K r a i n y u k o v N . I . , Kh r a m o v  A . G . , S h a p os h n i k ov Y u . N  

P r ob l e m o f  c a l c u l at i on o f  a i r c r a f t  GTE c c mpr e ssor s n d  
t ur b i n e  b l a d e s  d y n a m i c s t r e s s  f i e l d s  a c c o r d i � g  t =  

� o l o m e t r y  d a t a  i s  d i s c u s s e d . Op t i c a l  s c h e m e  c f  

� � t e r f e r o m e t E r  a n d s t r u c t � r e o f  c o m p u t e r - a i d e d  � v s t e m  

a r e  g i v en . M a t h emat i c a l  m e t h o d s  c f  h c l o g r a p h i c  

i n t e r f e r og r a m s  w � o c e s s i n g  A n d  a p p r o o r i a t e  a l g o r i t h m s  

u s e d  f c r c a l e u l at i on a r e d e s c r i b e d . Th e r e su l t a n t  

j a t a  a r e t h e  b a s i e o n e s  t o  c a l c u l a t e  s t r e s s  i n  

f i r, a l  e l e m e n t  b l ad e  � o d e l . 

. ey � o� d s :  H o l o g r ap h y ;  T � t e r f e r � � e t r y � S � r e s s  � � a l v s i s 

;,..., !, e n  r.l et h o c s  c f  h o l  e g :'"'  a ;:; h i  c i n t e r- f e r- o m e t r v  �i p p e a r E' c! . ! n t er -
f er og r ams g c t  2 5  t h e  r e su l t c f  t � e  i n v e s t i g a t i o � � � o c E s s e s  

c o n t a i n i � f or mat i o� b o t h  c f  v i b r st i on � c d e  o f  E x p l i c i �  �� i n d a n �  
o f  s t r � � s - � t r a i n e d  ob j e c t  5 t a t e  i n  t � e  f or m  � f  i � t e r f e r e n c E  

f � i n g e s d i s t : i b �t i o r. .  

T h e  p r = c e s s  o f  s u c h  i n f or m a t i o n ex t r a c t i on i s  s u b d i v i d e d  � n t o  

t wo i n d e p e n d e n t  t a s k s :  ( 1 )  e a l e u l a t i on o f  d i sp l ac emen t s  f i e l d  

on t h e  b a s i s o f  i n t e r f er o g r a m ;  ( 2 )  e a c u l at i on of d i s t or t i n A n d  

s t r e s s  o f  i n v e s t i g ated ob j ec t on t h e  b a s i s of t h e  r esu l t s  of 
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, - = :. .=;- -:.: ::. = '= ,::' S 2 C  0:-; E n n os m et h od / 1 / .  For m o r e  p r ec i se a n d  
= = � ; � � t e  c a l c � ! a t i �n o f  v i b r a t i �n a l  d i sp l a c e m e r t v � c t = r  i t  i s  

n e c e s s e r y  t c  � a v e  t h r e e  r at h er ť i f f er en t  s e n s i t i v i t v  v e c t or i �  

� v e r y p o i n t  o f  t h e  s u r f a c e .  A q u i t �  s i mp l e  o p t i c a l  s c h e m e  o f  

h o l c g r ap h i =  i n t e r f e r c m e t e r  w a s  ť e v e l o p e d  w h i c h p r ov i d e d  u s i n q  

i n t er f er o g r ams w i t h  c i f -f er er. t s e n s i t i v i t y v ec t or s .  � h e  

s c h e � E . : n  h o l o g r am r E s t o r a t i on � � e  c a n s e e  f r om one p o i n t  

c o ri ·'.; e n i e- n t  t c  t a k e' .:: s c oo r d i  ;-i .:? t e s syst e m  an or t h og c r 2. 1  � � ad e 

� r oc o � s  i 5  d E � i - i t i o � �f e � c h  c f  t � r e e s e n s i t i v i t y v e c t o r s  

o n  : � G  s L� r f a c e  c f  2 n  i n vest i g 3t ed � l ad e � t h e  c oo r d i n a t e s  c f  

p C l n t  i �  I a e a l  � o o r d i � a t e  s y s t e m  of e v e r y  � a t t er n  h e n c e  t h e  

�r i en t at i c� � f  2 v e r y s e n s i t i v i t y v e c t or . 
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T h a  p r ob l em o f  i n t er f e r o g r ams an a l y s i s i s  t o  r es t o r e  

v i b r a t i on amp l i t u d e  f i e l d  a c c or d i n g  t o  t h e  wat c h e d  i n t e r 

f er o g r am . Th e  i n v e st i g at i on showed t h at t h e  most r e l i ab l e  

a n d  r es i s t a n d  t o  n o i s e  a n d  d i s t or t i on s  a p p r o a c h  t o  t h e  p r ob l em 

s o l v i n g i s  t h e  f o l l ow i n g  on e .  F i r st of a l l u s i n g  met h o d s  o f  

d i g i t a l  i ma g e  p r oc es s i n g  ex t r ema l i n e s  a r e  i so l a t e d  i n  

i n t er f er o g r ams . To f i n d d i sp l a c e m e n t  v e c t or f i e l d  D n e  s h ou l d t o  

f r i n g e  equat i on a d d  a n  e q u a t i on c on n e c t i n g c ooc d i n a t es o n  t h e  

sur f a c e  o f  a n  i n v e st i g at ed ob j ec t  w i t h  p o i n t s  c o or d i n at e s  o n  

i n t e r f er og r am I m a g e . B e s i d e s  o n e  s h o u l d c on s i d e r  e q u at i on 

d e s c r i b i n g t "' e  sur f ac e  o f t h e  i n v e st i g at ed o b j ec t . S o l ut i on o f  

sy s t em o f  t h os e  e q u a t i o n s p er m i t s  t o  c a l c u l at e  vec t o r  f i e l d  of 

d i sp l a c emen t s  i n  t h e  p o i n t s  c or r es p on d i n g  to ex t r e m a  l i n es o n  

i n t e r f e r o g r am . Th e v a l u e o f  d i s p l a c emen t s  f i e l d  i n  t h e  o t h er 

p o i n t s  c an b e  g et b y  m e a n s  of v a r i ous m et h o d s  of t h r ee 

v a r i a b l es f u n c t i on i n t er p o l a t i o n .  

Th e f i r st s t a g e  o f  t h e  c o n s i d e r ed met h od i s  t h e  most 

d i f f i c u l t f r om t M e  p o i n t  of v i ew D f  t i m e - c o n s u m i n g p r oc e s s i n g  

b e c a u s e  i t  r eq u i r e s  i s o l a t i on a n d  n umer a t i on o f  ex t r e m a  l i n e s  

on i n t e r f er o g r a m  i m a g e . T h e  d i f f i c u l t y  of e x t r ema l i n es 

i so l at i on i s  d u e  to p r e sen c e o f  s i g n i f i c a n t n o i s e  and 

d i st or t i on wh i l e  i n t er f er og r a m  r ec or d i n g ( n on - l i n e ar i t v of 

un i t  f or i m ag e i n p ut to c o mp ut er memor y , n on - un i f or m i t y  o f  

c o n t r a s t , s p ec k l e - n o i s e  a n d  5 0  on l . For ex t r em a  l i n e s  i s o l at i on 

the method o f  l oc a l  q u ad r at i c  a p p r ox i m a t i on i s  p r o p o s e d  / 2 / . 
F i n i t e e l emen t m e t h o d  w a s  L� sed f or c: a l c u l at i on of s t r esses 

f i e l d  ac: c: or d i n g  to k n own d i s p l ac: emen t s . To s o l ve t h e  set t as k  

t h er e  wer e c: o n s i d er e d  t w o  ap p r oac h es d ef i n ed a s  " k i n emat i c  

l o ad i n g "  a n d  " l oa d i n g b y  f or c: e " . 

As i t  i s  k n own f r om e x p er i ment at " k i n emat i c l oad i n g "  t h e r e  
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shou l d b e  v i b r at i on a l  d i sp l a c emen t s  o f some b l ad e  f i n a l e l emen t 

mod e l  n od e s . But t h er e  a r e  n on e of t h em . R i g i d " 'd n emat i c  l oad i n g " 

i s  ap p l i ed t h en . I n  t h i s c as e  i n  o r d er t o g et sat i s f ac t or y  

s o l u t i on on.e s h ou l d s e l e c t  l oc at i on a n d  numb er of n o d e s  w i th 

d i sp l a c emen t s  to be h ap p en d .  The mai n d r aw b a c k o f  t h i s 

" k i n em a t i c  l o ad i n g "  1 s  t h e  sub j ec t i v i t y of suc h se l ec t i on t h a t  

m a k e s  c a l c u l at i on f or ma l i z at i on d i f f i c u l t .  

At " l oad i n g  b y f or c e "  i n e r t i a f or c e s  p r op or t i on a l  t o  d i sp l a 

c emen t ,  r e l at i ve n od a l  m a s s  a n d  s q u a r e  o f  f r eq u e n c y  a r e  ap p l i ed 

t o  a l l f i n i t e e l ement m o d e l  n o d es . I t  i s  t h e  " b y  f or c e "  

c h ar ac t e r  o f  l o ad i n g t h at p r o v i d e s  ev en n es s a n d  s t ab i l i t y of 

s o l ut i o n  i n  t h i s c a s e a l l ow i n g  b l ade m o d e l  st r a i n t o be i n  

ac c o r d an c e w i t h  t h e  s h e l l t h eo r y  u n d er n o d a l  l oad i n d s . 
A s e r i e s o f c omp u t at i o n of sour c e  ob j ec t s  st r a i n e d s t a t e  

wer e m a d e  f or v a r i ous v i b r at i on modes t o p r ov e  t h e p r op osed 

a p p r o a c h e s . T h e  r es u l t s  o f  c o m p ut a t i o n  and t e n s o m e t r y  wer e 

c o mp a r e d . I t  w a s  f ou n d  t h at " l o ad i n g by f or c e " r e su l t s  c o r r e l at e 

mor e b e t t er w 1 t h  t e n s om e t r y d a t a .  
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