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ABSTRACT: In this proper the perfommm~ of ~ strain gages 
in a radim~m envinmmmm is e u m i m ~ .  Vallm~ of qq~rent swain are 
measured by strain g a g ~  ~ om two kinds of  backing mmerials 
(polyes~ ~ polyimide) a s ,  hugtioe of  X-~ray flux. ^ 
of the behavior of  both types of  sn'ain gNges ht ~ and discussed_ 

KEYWOPJ)S: ~ strain, h'radiatio~ X-ray. strain gages 

Electrical resistance strain gages are the main technique for 
many p~btems in the field of  ex l~mtmmd ~ analysis. How-  
ever, in using this tedmique, oue has to take mw account each 
parameter that may affect the res isumce o f  the strain gage. When 
in-pile strain ~ have to be perfmmed, temperature and 
radiation damage are, among others, the most important sources 
of parasitic effects [1-3]. 

The rate of change of  resistivity with bradiatkm dose is depen- 
dent upon sevexal strain gage initial conditiom. The exact rates 
cannot be predicted for all kinds of m gages,  so experimental 
data must be obtained for each combinatitm of gage and bonding 
technique of  interest [3-5]. The pt~sem/work concentrates on the 
influence of X-my flux on bonded ~ strain gage installa- 
tion with two different encapsulating layers (backing materials). 

Two sets of  identical ~ strain gages, mounted on two 
different p l a ~ c  b~k ing  ~ s  (polyimide and polyester), were 
tested. The polyester strain gage was made by Tokyo Sokky Ken- 
kyujo Co. Ltd., Model PL-5 (gage resistwwe: 120 ___ 0.3 fi). The 
polyimide strain gage was made by Tokyo Sokky Kenkyujo Co. 
Ltd., Model NSLA-6 (gage resistance: 120 -I- 0.3 fl). The backing 
materials were made Withthe same dimeasions (15 by 6 by 1 rnm). 
The strain gages were used as full b r i d l e .  Temperature was also 
.measured by using a ~ - a l u m e l  thmmoco ,a~  and a strain 
gage (Model TFL-10, made by Tokyo S o k ~  Kenkyujo Co. Ltd.) 
mounted on polyimide tlwotqghout the test. 

Rectangular plates e(  stainless steel AISI 321 (50 by 30 by 3.2 
ram) were instrumented with s p o l y ~ k i n g  strain gage. a 
polyester-backing swain gage, a t e ~  gage. ~ d  a thernu~ 
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couple, as ~ schematically m Fi s. I. The s m ~  p l ~ ,  were 
bonded with ~ 610 epoxy, and they were oveccoswd wish 
a polyester-bsmml resin. The ~ v/ss~nn for the minim 
/~q~es was cc~[~e0d of a ~ brid{F-, an ~ ~ d  
ffltetx and of  s Ibmmecouple as descn'bed ia Ref 3. 

One inmmalmed plme, ide,dfied - -  PIme I, wm immlied in 
an X-ray irradimim dmmber. This plate was initially 
to an irradiafioli ISte of  ! 4 000 R/s atml tm ~ of  400 W dut, i ~  
901L Then, it ~ I s  exposed to mn ~ raSe of  28 000 R/$ ~ d  
energy of 800 W dm'ing 4O0 h. An  X-ray source with Mo t m g ~  
voltage o f  40  k ¥ ,  m d  current o f  20  m A  was  used. Another inmm- 
merited plate, idem/fied as Plate 2, was  imtai led without radimion 
exposure, This ~ was  used as a re fe~nce .  

Faqsedmem~ I m m ~  

mmely 2g°C is INmc 2. Vmmion ~ mnpmmme was nm ahse~0d 
ckmng expmbm  memos mupemmm remam0d cm=mL 
The ~ i f f m e n c e  ben,em ~ e  ~ md ~ e  mupma- 
u~e sUsin gaS~ sms_+ 2 ~  in m ~  plme d~mshom ~e  EmL 

In Fig. 2 a ~  drown u~e n ~ u ~ s  c lxained in Plme 1 dueing al~ 
first experimem 4400 W, 14 0/]0 R/s, 90 h). Both m'a/m gN;m 
showed a s imJw bdmvior, m d  the ~ diffennnn~e i~ d z  
apparent s m ~  Mira, 90 h is small. 

Afu~ 4U0 h mml~ m izradi im~ r~e of  28 000 R/s md eneqD, 
of 8~0 W (F'q~. ~ o m  c m  observe a q u ~  diffe~'m ~ d 
tl~ strain g a l ~  Wh~l~ d~  ~ slrmhn m ~ m ~ [  by I ~  [~d~m* 
id~ swain ~ m m i n e d  ~ q ~ o ~  cmmm~ ~ 
sumin ob~ined I¢/M~ potyes~e~ smdn Snge showed a sharp imcn~se 
with the increm~ of  the irradiation dose. 

During the f m t ~ t  of irradim/m exposure, b o ~  typm 
of strain gages Imkved  in a simil~ mmm~. Tbe diffennwe o(d,," 
measured appmmt slra/n is likely robe  due to adrif t  o f ~ e  
ucmc measurms cqmpmem (U k or equm r m of e 
bridge circuit). ~ ~ were ol~imed f ~ m  • symmn 
without initial ~ (initial zero).  In this way the initial vMmes 
obtained for ~ m gage ~ o ~  of  ~ .  Th~ 
evidem on a n ~  Fig. 4 which ~ d~e ~ d time ca  
the appanem sms~, ~ by both main gages n m u m ~  on 

2 ( w i t h ~  ~ exposure). 
During the stlmml experiment, it w ~  observed thai the polyam¢ 

strain gage shosmd a sharp incce, ase in appmm~ strain on im:mas/mg 
the im,diafion ~ while the polyimide s m m  gage e x l ~  no 
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FIG 2--Influence o f  X . r ~ m ~ o ~  on strain gages imler m in'ai6~on 

rate of ! 4 000 R/s ~ 90 h. 
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FIG. 3--Influence ~f X - radmr~  on strata gag~ mwk, r m b'mdkmo~ 

rate of 28 000 R/s ~ 400 k_ 

influence of inad ia l i~  dose on apparent strain. ~ m gages 
were mounted in i ilkatical numner, a ~  the ~ ~ n g  
was also identical. 'l'Ite only difference betwem k two I~rain 
gages was the ~ n g  layer (backing mineral). ~ this 
difference is due FtlWil" y to the disard~ ~ by the X-radia- 
t ion on the polyester II~king material. In this ~ am X-ray 
produces a nucleatiol of  defects in the lattice, which ~ cause 
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FIG. 4--Influence of time on apparent strata of strain gages mounted 

o~i ptate withma irradiatio~ 

the resitivity to increase as the irradiation dose (and number of 
defects) increases. 

in this work the behavior of swain gages under irradiation expo- 
stm~ was dmennined by comparing two kinds of encapsulating 
layen (backing materials): polyester and polyimide. From the mea- 
~ t s  it can be concluded that strain gages with polyester 

materials undergo Ugnificant appanmt s tn,n incre, a s ~  
¢k~llt8 X-ray irradiation, the n l a ~ t u d e  of which depends on the 
intensity of the flux and on time. On the other hand, strain gages 
with polyimide backing materials have shown no influence of irra- 
diation on the values of appmem strain. 
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