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ULTRASONIC MEASUREMENT OF

- MOTOR CASE INSU L AT I ON THI C KNESS

INTRODUCT I ON

An ultrasonic technique lot measuring the insulator thickness of a Kevlar epoxy missile

motor case before and after tiring has been devised. Tangential radiography could be used, but

it us expensive, and delineation of interfaces us somewhat uncertain because the x- ray beam is

broad and looks through chords as well itS th~ tanget ’t An ultrasonic approach offered promise

because it is simple , quick and inexpensive. This report shows that ultrasonics can be used to

measure the insulator thickness from the outside surface of motor case both before and after

firing, and possibly during firing.

APPROACH

The motor case is built of Keviar fiber reinforced epoxy and the insulator is EPDM

rubber. The uhrasonic approach is to send a pulse of ultrasound through the motor case and

observe echoes from the motor case-insulator interface and from the free surface of the insula-

(or. Figure 1 shows the ultrasonic probe used and Figures 2a and 2b show oscilloscope traces

of the echoes. Separation of these echoes in time depends on the velocity of ultrasound in the

EPDM. The ability to resolve these echoes is a quality the instrumentation. The purpose of

the stand-off , or delay line, in Figure 1 is to aid in this resolution by giving the very strong

transmitted pulse (or “Main Rang”) time to die out before echoes return. There is an echo
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front the iti -t ,i v line Ke’. l.ii interlace hut ii is not ne.ir It st i  strong its the Main h ang. A typical

ilogram is show n in Figure 2.i the echo .it the left comes from the delay line- Kev iar inter-

.i c I he idii ’ at 2 C’ is i i p1111 the kevlar - insulator interlace .insl the one .it 4 2 is front the f ree

sot I .ti’e ot the insu lator

I hi’. w.t ’ . ta ken on a pie~e p~l unt ireti motor case In Figure 2h echoes front equivalent

i i i t t ’I I .tt i’ s p Pt .1 i’R’ i I’ of lii eti motor ‘ .isi ’ .11 e show ii I however , t he third echo does not ~tctuaIlv

~ome I to ot t tic Ii cc su it lie of the insul.itoi Alter firing, t he f ree surface is not only c harred ,

hut is po rou s to .1 depth of .tpprosimiitelv .t m illimeter J’he third echo in th is ease comes from

the intert ’.t~c between the remaining solid and the porous layer. Figure 3 shows these layers

and i~art of ctt c Kt’’. l.tr ept’st motor ease ‘the fact that the ultrasound refle c ts front this porous

laser inter face is of course the best of’ information , f’or it is the amount of ’ insu lation remaining

after tiring that is of ’ interest . Ii may he noticed that the two echoes of interest appear t t

dillerent locations on the base line. l’his is due to the fact that the Kevlit r is thicker in the

second case. The baseline calibration is 2 ~sccontls per division in both oseillograms.

Such good clear indications are not attainahl~ at all locations on the motor case . I’here .ire

places where no Kevlar-insulator interface echo appears , ~tti e to poor tt’ttflsflhisSiofl in the

Kevlar, Once a good location is found, the probe assembly or at least the delay line should be

fastened on and left there durng tiring. A high temperature coupiant might he needed.

INSTRUM E NTAT iON

Figures 2a and 2b are oscillograms taken from a Krauikramer tISIP-l I ultrasonic ins t ru-

ment. The transducer was a Ifolosonics ‘15 mnt . 3 MU,, untuned, with a p1cm -ceramic ek-

ment , designed for immersed operation. The USIP-Il was operated in the 2-8 MUm hand, It

was found that unfuned transducers arc necessary because the tuned units ring too long for

—-~~~~~~~~~ 
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resolution of the tw o t’t’hot’s .\ ‘.~ ,iit ’i ih’Lt’P lint~ ‘.t .is used in out test t ’ PcC.iuse it is cottvt ’fl ient

Coupling is uttitoi’iii , .ittd it is c.i ’ .t It ’ ut1t ) vC ithttt it N,I t I ’ Pf .R’ t I ) i  echoes w t ’ii - obtained wi th .t

I u~ite ~lt ’Lt’. h u e  hut i t w as not cofl ’ .efl ieitt (0 most, about High temi t pe’la we plastic might hate

t~ he used I in application during tiring 2 2 ’. Mlii untunetf t t  ansdut’ei s .iist ~ gas e gooif i t’ s u t i s

Other ultrasonic instr uinemi ts ,t~ tl untuned t i ,insplui’eis ,its ,i pt’ttornted s.ii isl. it ’ lo i i t ’ .  . hut not as

well .is the t SIP. L I  w t i lt t he I lolosottics t t  ausdus’ei

l’he seloc i t t  of ’ iit tt ’asounif in t he unfired .tfltI fired , i i ’ .u l . I t t ) i ’ P  w as  uiit’itsiireil . I his w a s

done hs measuring the t unit’ between t h e  echoes front K e l.ii tisulait ’ i mmi t t ’ r f ii ’e ..nd I ht, insttlii ’

tot surf ,Ict ’ 01 the stiliti porous l.,vet m ien ace I he efocil i~’s wet  e I) I ‘P innh/~i sec t i l t  the

unt ireit , ,inil 0 itt tut u’  ~‘.ee tot the f ired In the case ot the flied insul.itoi , the potous Ia’. ci

w .is sliced oil’ to em it ”. tfi.it the ech o does indeed conic front t h e  porous-solid mntei’ f ice

It ma’. ,t lsp’ hi’ of interest to note h u h  i t t %. is possible to peel the unfired insul iioi’ fron t t h e

Kes I.ir , hut mitipt issible to peel the t ired rubber tiff ft is not known wheth e r fit ing hefpt’tl to

produce a st ronger bond om that the unf ired one ss .is ,ust ,in esaniple of ’ a ‘.t e.ik bond

the i tine between echoes w as nteasureil 1”. calibrat ing the time base of the ultr. ist’uiic test

imlstrilnuent h’. Inserting .It ’t ’ Ut , i te t ut t le markers front .in I Iltrasonic Flect ronic lest Block I lilt

~ l’he F I’ll tiroduces a pair of pulses the st’piirit mliii of ’ whic h can he set in m e t  ements of

0 I t 01 ~ see When these two ;~ulses are positio ned itt the same ;ilit~cs on t he lime base .is

the motor case ec hoes if; : time separation ian he t e.i it directly from the Fill Al te rnati ’ .r’ls ,

the 1 511’ II lime base can he .ittt usted so that the graticule markings cort ’espond to the time set

into t he I lB 
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S.D. HART

CONCLUSIONS

It has been shown that insulator thickness can be measured ultrasonically from the out-

side surface of the motor case. Not enough measurements were made to establish accuracy

limits but there can be reasonable confidence in measurements made at the exact same place

before and after firing. An easy way to do this would be to cement the stand-off in place. An

estimate of the lower limit of insulator thickness that can be measured can be made from ~t

study of Fcgures 2a and 21’., The thickness shown there is 2.8 mm, The spac ing could be much

closer , say equivalent to 0.5 mm, and still be measurable.
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Fig. I — Probe for insu lator thickness measurement
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