




Introduction 
-. 

The use of moir6 f r i n g e  method f o r  t h e  determination o f  dynamical s t r a i n s  

has t h e  following advantages: t h a t  being an o p t i c a l  method it has no d r i f t  

nor l a g  i n  response; t h a t  it can be applied t o  a c t u a l  mater ia l ;  and t h a t  t h e  

moire information is  s u f f i c i e n t  f o r  whole-field determination of  s t r a i n s .  

The l a s t  two a b i l i t i e s  a r e  lacking,  f o r  example, i n  t h e  technique of  dynamic 

pho toe las t i c i ty .  In applying moire method t o  s t a t i c  problems one usual ly  

p r i n t s  a c r o s s  g ra t ing  on t h e  specimen and uses a un id i rec t iona l  g ra t ing  f o r  

master and ob ta ins  t h e  u- f ie ld  and v- f ie ld  p a t t e r n s  by r o t a t i n g  t h e  master 

g r a t i n g  90°. This procedure of  course cannot be appl ied  t o  dynamic problems. 

Moirk workers a r e  r e l u c t a n t  t o  use cross- grat ing a s  master because t h e  

r e s u l t i n g  moire f r i n g e s  a r e  usual ly  s o  entangled toge the r  t h a t  it is d i f f i c u l t  

o r  even impossible t o  d i s t i n g u i s h  t h e  u and v fami l i e s .  A s  a r e s u l t ,  t h e  

problems t h a t  a r e  access ib le  t o  moire methods s o  f a r  a r e  problems involving 

symmetry. In such cases  e i t h e r  a  un id i rec t iona l  g ra t ing  i s  s u f f i c i e n t  f o r  i 
t h e  complete determination of s t r a i n  f i e l d  [11 o r  one can use two un id i rec t iona l  

g ra t ings  with perpendicular o r i e n t a t i o n  p r in ted  on two h a l f s  o f  t h e  specimen 
t 1 

1 ; 
C21. This o f  course puts  a  severe  l i m i t a t i o n  on t h e  a p p l i c a b i l i t y  of moirt? I >  : 1 
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methods t o  dynamic problem. Furthermore, t h e  technique of using t h e  u n i d i r e c t i o n a l  

g r a t i n g s  a l s o  runs  t h e  r i s k  of having l a r g e r  shear e r r o r s  i f . t h e  two s e t s  of 
i 

l i n e s  a r e  not exact ly  perpendicular f 31. 

In  t h i s  paper t h e  technique o f  o p t i c a l  s p a t i a l  f i l t e r i n g  i s  extended t o  

dynamic moir6 pa t t e rns  whereby c ross  g ra t ings  can be used both a s  model and 1 
i 

master g ra t ings  and t h e  r e s u l t i n g  dynamic moirQ p a t t e r n s  a r e  o p t i c a l l y  

f i l t e r e d  t o  y i e l d  u- f ie ld  and v- f ie ld  f r i n g e s  individual ly .  Thus t h e  

ambiguit ies  of  cross- fringes a r e  completely el iminated,  s o  is t h e  p o s s i b i l i t y  



of  shear e r r o r s  due t o  misalignment. With t h e  proposed technique,  t h e  moire 

method can  then be used t o  so lve  genera l  two-diraensional dynamical problems. 

The Experimental Set-up 

The problem chosen f o r  t h e  demonstration o f  t h e  technique was a f l a t  p l a t e  

under the impact o f  a f a l l i n g  weight. The model was made of  urethane rubber 

and one f a c e  of  it was p r in ted  with a cross- gra t ing  of  300 l p i .  The master . 

grating ( a l s o  o f  300 l p i  c r o s s )  was erec ted  i n  f r o n t  d f  t h e  model with a gap 

o f  abou t  1 / 8  inch.  The reason f o r  introducing a gap i n  between t h e  g ra t ings  

is t h e  fol lowing:  t r a d i t i o n a l l y  master and model g ra t ings  a r e  i n  c l o s e  contac t  

t o  y2el.d moir6 p a t t e r n s  of deformation. While t h i s  approach i s  p e r f e c t l y  sound 

f o r  stattc problems, it r a i s e s  quest ions a s  t o  i ts  a p p l i c a b i l i t y  t o  dynamic 

problems because of t h e  f a c t  t h a t  f r i c t i o n s  between two g r a t i n g s  may s t rong ly  

i n f l u e n c e  t h e  c h a r a c t e r i s t i c s  of  t h e  propagating wave. The use of  l u b r i c a t i n g  

o i l  between t h e  g r a t i n g s  w i l l  reduce t h e  f r i c t i o n  but  not completely e l iminate  

it. With t h e  in t roduc t ion  of  a gap f r i c t i o n  is completely el iminated and t h e  

i n i t i a l  moir6 p a t t e r n  thus  crea ted  corresponds t o  a compressive l i n e a r  mismatch 

C4, 5, 61 which can be u t i l i z e d  advantageously f o r  t h e  i n t e r p r e t a t i o n  o f  moir6 

p a t t e r n s  C7, 81. 

The camera w a s  then focused on t h e  master g r a t i n g  and t h e  ape ra tu re  w a s  

set such t h a t  t h e  model g r a t i n g  was within t h e  depth o f  f i e l d .  (The f i l m  

and the l e n s  system should be of such q u a l i t y  t h a t  t h e  l i n e s  of  t h e  master 

grating can be recorded. )  The schematic of  t h e  experimental set- up i s  shown 

i n  Fig. 1. The wave was captured by microflashes and a s e r i e s  of  p i c t u r e s  

showing t h e  waves a t  d i f f e r e n t  s t ages  of propagation i s  shown i n  Fig. 2a. 
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Separ~atio:? - o f  Dynamj-c PIoir6 P a t t e r n s  -"----.-..-- 

The s p a t i a l  o p t i c a l  proc9:;sor descr ibed  i n  r e f e r e n c e  C91 ,!as used f o r  

t h e  s e p a r a t i o n  of t h e  dynamic moir6 p a t t e r n s .  The nega t ives  o f  t h e  p i c t u r e  

shown i n  F ig .  2a w a s  i n s e r t e d  a t  t h e  o b j e c t  p lane  of t h e  p roces so r  and 

f i l t e r i n g  was performed a t  t h e  f i r s t  irnags p lane  by p l ac ing  a  mask wi th  

5 
a  s inal l  ho le  t o  l e t  through t h e  f i r s t o r d e r  a long  t h e  h o r i z o n t a l  a x i s  of 

t h e  d i f f r a c t i o n  spectrum t o  y i e l d  t h e  u- f i e l d  f r i n g e s  and then  t h e  f i r s t  

o r d e r  a long  t h e  v e r t i c a l  a x i s  t o  y i e l d  t h e  v - f i e l d  f r i n g e s .  The r e s u l t i n g  
& 

p a t t e r n s  a r e  shown i n  F igs .  2b ;nd 2c ,  r e s p e c t i v e l y .  I t  is  i n t e r e s t i n g  t o  

no te  t h e  s t r i k i n g  d i f f e r e n c e  i n  q u a l i t y  between t h e  p a t t e r n s  s o  obta ined  and 

t h a t  shown i n  Fig.  l a .  The o r i g i n a l  p a t t e ~ n s  a r e  of  poor c o n t r a s t  (pal. t ly 
B 

due t o  t h e  gap e f f e c t )  ~ l t h o u g h  t h e y  were p r i n t e d  on No. 5 paper ;  and 4 
d 

t h e  f r i n g e s  a r e  not  w e l l  de f ined  e s p e c i a l l y  n e a r  t h c  loading p o i n t .  The f 
3 

f i l t e r e d  ve r s ion  hoxever not  on ly  possesses  good c o n t r a s t  ( p r i n t e d  i n  

No. 2 paper )  bu t  a l s o  have sha rp ly  de f ined  f r i n g e s .  Without f i l t e r i n g  one 

would ha rd ly  be a b l e  t o  e s t i m a t e  c o r r e c t l y  t h e  p o s i t i o n s  of  t h e  t w i s t e d  - 

f r i n g e s  e s p e c i a l l y  nedr  t h e  loading  p o i n t  and t o  assign them c o r r e c t l y  t o  

t h e i r  r e s p e c t i v e  f a m i l i e s .  Although t h e  f r i n g e s  n e a r  t h e  l oad ing  p o i n t  do i 
i 

n o t  n e c e s s a r i l y  have s i g n i f i c a n t  meaning i n  t h e  a n a l y s i s  of t h e  p re sen t  problem 

they  do however demonstrate t h e  powerful p o t e n t i a l  o f  t h e  p re sen ted  technique  
+' 
4 

i n  c l e a r i n g  ou t  t h e  ambiqui t ies  of moir6 p a t t e r n s .  

Discussion , 

From t h e  p a t t e r n s  i n  F igs .  2b and 2c, t h e  displacement  components u  and 

v a r e  givcn a t  each  and every p o i n t  i n  t h e  f i e l d  and they a r e  s u f f i c i e n t  f o r  

t h e  complete de te rmina t ion  of s t r a i n s .  A s  a r e s u l t  it i s  no longe r  necessary  

t o  r e s o r t  t o  t h e  symmetry of a  problem and o b t a i n  u and v  i n d i v i d u a l l y  from 



c o ~ r e s p o n d i n g  p o i n t s  a t  d i f f e r e n t  p a r t s  of t h e  model. 

The key, p o i n t  of t h e  -i:>chr~ique i s  t h e  a b i l i t y  ~f t h e  f i l m  t o  r e s o l v e  

t h e  l i n e s  of  t h e  master  g r s r i n g  which i s  necessary  f o r  t h e  d i f f r a c t i o n  of 

t h e  l i g h t .  This  of course p u t s  a l i m i t a t i o n  on t h e  r a t i o  of o b j e c t  t o  image 

s i z e .  Furthermore, -the t o l e r a n c e  of t h e  r e l a t i v e  movement between f i l m  and 

o b j e c t  dur ing  exposure i s  a l s o  sma l l e r  than  t h a t  r e q u i r e d  i n  convent iona l  

high speed phct-ography, because excess  r e l a t i v e  novexent can e a s i l y  smear t h e  

image of g r a t i n g  l i n e s  while i t  may no t  i n f luence  t h e  image of t h e  f r i n g e s .  

Conclusion 

I t  may be concluded t h a t  t h e  proposed technique has extended t h e  app l i ca-  

b i l i t y  of 1noir6 mcthods t o  gene ra l  two-diniensional wave propaga-tion problems. 
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