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INTRODUCTION

Mines have long been recognized and used as effective

& 0... barriers to retard or restrict the advance of enemy forces. Mines
contain a sensor for target acquisition and an explosive kill( C) mechanism that is directed towards a vulnerable area of an acceptable

J target. Mine explosive kill mechanisms include blast damage to
LJJ armored vehicle tracks, wheels and suspension systems, shrapnel

• ~~~ damage to personnel or non—armored vehicles, and shape charge damage
~~~ LL... to the “belly” of armored vehicles. Mine terminal effects can be

defeated through the use of high strength , light weight composite
C..3 materials. Vehicle components and countermine structures can be

~~~~ made from composite materials that will retain their functionality
after being exposed to blast loading or high velocity fragments.
Although these components are damaged by the mine, the retention of
functionality permits the completion of mission. It is in this sense
that vehicles and countermirie structures are hardened against mine
blast and shrapnel damage.

Computer codes a e b ing developed to evaluate mine blast
and shrapnel damage to counterm ne structures and vehicles. These
codes are presently predicting damage to traditional armor steels for
which a wealth of experimental data exists. The composite literature ,
while rapidly expanding, is not adequate to establish the shock
compression equations—of—state for these materials. The objective
of this investigation is to provide an experimental base for con-
structing the shock compression equations—of—state for selected com-
posite materials.
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SHOCK ( MP R L S S iON EQUAT I ON -- OF—S T ATE

The u t i l i t y  of compu te r  codes t o  m e a n i n g f u l l y  p r ed i c t
s t r u c t u ra l  response to shock d e p o s i t i o n  Is l ar g e l y  d e t e r m i n e d  by the
accu racy  and comp let  eness of t he  d a t a  used to  d e t e r min e  the  shock
compr ess ion  equat  l o u s— e f - - s t a t e .  Because s t r u c t u r e s  ‘ir e bo th  heated
and compressed d u r in g  shock ead ing  It  Is  nec es sa ry  to ~h t  c nil me the

en ipe r atu r e  dep end ence  of a l l  In d e p e n d e nt  v a r i a b le s  In o r der  to
p r e d i c t  the  t ime dependen t  response of the s t r u c t u re .  The app ro ach
chosen to  d e t e r m i n e  the m a t e r i a l  c o e f f i c i e n t s , A and B , In  t he  shock
coinp r •  ss ion . ‘q&ia t I o n — o f — s t a t  e

P ~~A ( ~’/J~— 1 ) + B ( f / f .— l ) 2
~ (1)

wheref is the material mass density, also determines whether A A(T)
and B=B(T) can be obtained from experim ental data.

One d i  F e et  met  hod to  ob t a En the  t em p e r a t u r e  dependence
of the m a t e r i a l  c o e f f i c i e n t s  is t h rough  the  G ru n e l s en  f o r m ul a t i o n  of
the Deb ye theory  of so l ids .  An approach  suggested by H ar r i s  and
Avram i ’ expands Eq u a t i o n  1 above In t er m s  of V fo r  sma l l  vo lume H I
changes as:

P V = A ’ V0 + B ’V0 + C ’ . ( 2 )
V

The Crunel sen  p ar a m e t e r , r , can he expressed In  t e r m s  of t h e  speed
of soun d , c , as

r = — v  (3)

~ O ~~
V/T

where ‘01s defined in terms of the long i t u d i n a l  sound velocity, c1,
and the transverse sound v e l o c i t y ,  

~ t

13 1 3 + 2
3 

(4)
C

1 
c
~

Fqua t ions 2 and 3 c, in he comb ned to  g i ye t ho speed of ~~~ nd In  t erms
of the  shock p cc ~sur e  , P , t o g i v e

C.(f) = (~~~i~~~ ( 5)
-‘ 
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Fr om t q t I . t t  I on  5 , t h e  speed ot  sound c iii  he -~~~~ t i - ~~;od I n  t o t  ins of t h e
c i i i  cri.il coo t f t c  I o ft  s by

C0 (~~) ~
.
(A~~~ (i  ~- ? R  

(S  

- , (6)

w h i c h  c ar t  be ip p r e x  i m a t  ed to  g i v e :

C (~~ ~~ C4i + B f — (7)

For ( B / A )  ( ( ~ /~f~ ) — 1) ~~~
_ I , e t lu a t  i~~n 7 r educes  t o

V ‘
~~C V () c C B iv - i~l (8)

t) ~~.. ~ 0 (~~~O
c 2)v c lJv L.. A V

— v B v,,, • (9)
C A v 2 J

0

g i v i n g  t lie C r u ne i s e n  p a r a l t i t ’t or  at  V V0 as

~ B . (10)
A

The i mp o r t  a u c t ’ ot  t h i s  r e s t i l  t i s  t h a t  t h e  m at  or  lal , - o c t  f t c  l o u t s  for
t he  shock ~- o m p i e s s  ion o~~t ia t i on  — o t  - s t a t e  car t  be est  it i l i_ shed  I rout
ft i i idamt ’nt a t  t h e r m o d y n a r n i  c p r o p e r  t l o s  ~i f t h e  ma t  c i  (a I s I lit znsel  yes
The t enipe t i t  ur e  dependence  of t h e  Crime (s en  pa r amt~ icr is g iven  by
t h e  t t i e  i m , t  1 e xp . i  us I on coo If I c  b i t  t , , t h e  spec i t  I t ’ l ica t , C,~, • ~~~ t he
I s o t h e rm a l  t ompros s  (bit i ty, K

~
, as

r(r) I’\ (T )  V( I ’ ) . (ii)
Cv (T ) KT (T)

‘fliti ~~, t h e  t e n ip e l a t  n r c  d e p e n d e n c e  t i t  t lit ’ i t t  t o  of t h e  i i i t  or (al
c o o l  I I c  I c i i i  s of  t h e  shock c o mp i  c c t  on e t ( u _ i t  i on  — o f — ~i t a t  o na be
deC cc i i i  ( t i e d  ti i t e e  t ly  I h i  t ’ i i t ~ ) i  cs’ . i s I J z  ,~~~ t i i t  5 c i  I l i t ’ I t t i ma I ~~~ ( 1 i l ’~ i o n
t c t t I j t  l en t , s p e c i fi c  h ea t  and ( S 0 t  l i t  n i l  t t i n 1 i r t s i b i  l i t  V .  t h i s
~~ t~ i e t  r ep e l t  i x p e r  w en t  a l  t h i t  a o f  t e l i t  i V t ’  y o l t i ~it ’ t li illi ~,’5 , I h o t  t i i , i t

t . ’~ ’ t t i l t t i ~ 1 1 1 0 1 1  L I ’ It ’i it , t i i t l i j ) t ’ ( ’ I I  11 l t ’ , i t  is I i i i ) t ’l 11 1115 ol I cm S t  i t t i t  e

l t ~1 t  oti t - t i i ~i t ’ sItt ’ i l l  , i  jal s t ’~ er I l ie I o ’e r  ~i t  l i l t ’ j u t  t i  ‘ i i
‘ .

~~ () Ic 1,1) K. Iiie~~e t i a t  a ~ heii  t , ’ ii i l t  I ned w i t h  ~c i i i i d  v~~lo~ i t  v d a t  i

i t , ’ i t s e t I  I i i  t t ’ n S t  t u t c i  t h e  t ( nit ’ ~l t j ’c is ! t ti t , hock c~~ I n p l  1 5 5 1(1 11 e t l I l i t  I o n —
et  ‘~ t a t e  ¶ t ’ u  i t c h  n a t  i i  t a t  . t ’hi e ’ I~~t t u t u  i t  ion  ot  t he  ct ’in p iit  or ~-~‘dt ’

i t s  t h a t  l i r t ’e i i idt ’pt ’i i t l~’nt  t ( t t i I  ( o t i s  I ci shock pu ~~~si t i  i t ’ ,

~
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chan ges in  i n t e l  nal e n e r g y ,  and  t he  eLi s t  Ic p r e s s u r e  ar e  c x pr c s s ed  In
terms of the  m a t  er l , i l  t o e f  f i r  t en t s  and the mat  erial mass density such
t h a t  spec If [ca t  ion o initial cond i t ions  and the shock c o n d i ti o n s
d e f i n e s  t he  shock depos i t ion process .

APPARATUS AND TECHN IQUES

The a p pa r a t u s  fo r  m e a s u r i n g  the l e n g t h  changes In t he
c o m p o s i t e  samp les I s  shown in Fi gure  1. The changes In  samp le l eng th
wore observed as changes  in  c a p a c i t a n c e .  The c ap a c i t o r  was of the
three—t erminal type. The area of the fixed , guarded pla te was 6.41
cm 2 . The c a p a c i t o r  gap was n o m i n al l y  0.020 cm , r e s u l t i n g  in a
cap ac i t a n c e  of a p p r o x I m a t e l y  20 pF . The c a p a c i t a n c e  was measured
to approximatel y 1 part in iO5, giving a leng th resolution of 10 7cm.
Sample lengths were typ i ca l ly 0.254 cm.  A calibrated pla tinum
rt ’sistance—thermcumether was situated in a well in the sample platform.
The s t a t e d  ca l  ib r a t  ion  was che cked both  at t he  Ice p o i n t  and a g a in s t
the vapor pressure of li q u i d  n i t r o g e n  b& ’t we~ n 64 and 77 K.  The
c a l i b r a t i o n  p o i n t s  f o r  the r e s i s tan c e  R and t emperature T were used
in the r e l a t i o n s h i p ,

R R0 ( 1 +~~ T + Y ~T2 ) ,  (12)

to determine values fo r  the  c o n s t a n t s  and 1~ . Values  for  these con-
s t a n t s  wore found that represented the stated calibration to an m s
dev iation of 0.03K over the temperature interval 230 to 370 K.
Tempera ture changes were detected as resistance changes using a Hew-
l et t  Packard 3490A Mult imeter. This instrument uses a four terminal
me a s u r em e n t  t e c h n i q u e  d e t e c t i n g  changes as smal l  as 0.001 ohm. The
s tat e d  a c c u r a c y  of the r e s i s t ance  measurement  is 0.000 1 p e r c e n t .
D u r i n g  the course of the  e x p e r i m e n t s , the  H e w l e t t  Packard  3490A
M u l t l m e t e r  and the  H e w l e t t  Packard  4270A A u t o m a t i c  Capacitance Bridge
wore  used in the  r emote , addressed mode fo r  a c q u i r i n g  d a t a  and
t r a n s m i t  t ing i t  to a Howl ot t P acka rd  98 30A C a l c u la t o r  f o r  d a t a  s t o r —
i i ~ P and d i s p l ay .  T u e  sainp i e chamber  was su r r ou n d e d  by a can i n t o

wit I ch h o t  i u r n  t ’x ch - uge gas was In  t r o d i u c e d  . A v a c u u m  space t h e r m a l l y
i- ;cl  a t e d  t h i s  can f r o m  a s u r r o u n d i n g  li q u i d  b a t h .  A h t ’u i t e r  was
wcund  on the  exchange  gas can to  ma h i t  a i m  the  e n t i r e  samp le chamber
itssomh l y sh own in Fi gure  1 at  t h e  d i s i  red t emp era t  t i re .  The d a t a
a c q u i s  I t  ion s v st  em was p i t i g r iiuuum d to  m a i n t a i n  t~ w h 1  t c i np e r . t t  u r e  fo r
a t o t a l  of t h i r t y  m e a s u rem e n t s  at  each I t ’mper . l t  t i r e .  The c a p a c i t a n c e —
t em p er a t u r e  d a t a  were then  averaged be fo re  b e in g  s tored in the  memory
of t h c  HP 9830A C a l c u l a t o r .
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The sample chamber used for the heat  cap a c i t y  measurements
i s shown in F i g u r e  2. The samp le chamber was s u r r o u n d e d  by a vacuum
can which  was used as an a d i a b a t i c  hea t  sh ie ld  about the  samp le dur-
ing the heat  pulse  m e a s u r e m e n t s .  A 100—ohm h e a t e r  was wound on the
o u t s i d e  of t h i s  Inner  vacuum can . The inner  vacuum can was t h e r m a l l y
isolated from the  bath t e m p e r a t u r e  by an o u t e r  vacuum can .  D u r i n g
temperature calibr ation , the inner vacuum chamber was filled with
helium exchange gas. This insured that the sample temperature was
the same as that of the sample chamber assembly. The composite
s c i p les were  suspended  by two 0.002 cm dIameter ny lon wires from the
w ;i i l s  of t h e  s imple  chamber .  The t h e m o m e ter  and heat e r  leads to the
samp le w er e  t h e r m a l l y  anchored  to g l a s s — t o — m e t a l  seals , which  were
solde red  i n t o  t h e  base of the  copper samp le chamber.  Copper wi res ,
0.002 cm in d i a m e t e r , were used as leads f rom the  glass—to— metal
seals to the  sample to minimize the heat leak from the sample chamber
to the samp le .  The sample h e a t e r  was a 0 .004 cm d i a m e t e r  c o n s t a n t i n
w i r e  n o n i n d u c tiv e l y wound on the  o u t s i d e  of the  sample .  A four
t e r m i n a l  c i r c u i t  was used to measure  the  c u r r e n t  and vo l t age  across
the  samp le h e a t e r .  The samp le h e a t e r  c u r r e n t  was measured  in te rms
of the voltage drop across a 1—kilohm resistor maintained In an ex-
ternal oil bath. The voltage across the l—kilohm resistor and the
voltage across the heater were measured with a Hewlett Packard 3490A
Multimeter. The time duration of the beat pulse was detected with
a Hewlett—Packard 5328A Frequency Counter. The stated acurracy of
these measurements was better than 0.001 percent for the ranges which
were used . The primary themometer used in these measurements was
a calibra ted platinum resistance—thermometer as described for the
rela tive length change measurements. The platinum resistance thermo’-
meter was situated in a well In the base of the sample platform shown
in Figure 2.

Because the size of the sampl es was generally small
(typ icall y less than 3 grains), the mass of the  samp le the rmomete r
was a ma jo r  f a c t o r  in m a i n t a i n i n g  t he  a b s o l u t e  iccur icy of the heat
c ap a c i t y  m e a s u rem e n t s .  The use of s tan d a r d  r e s i s t a n c e  t h e r m o m e t r y

prec luded  by the s ize  and w e i gh t  of conimer c i a l  l y a v a i l a b l e  p 1 a t i —
nun , ge rc~i n i u m , and carbon resistors . The cho ice  of the samp le
thermometer was also based on the nominal resistance of the tempera-
ture sensor , I t s  t e m p e r a t u r e  s e n s i t i v i t y ,  and its rep roducibility on
t h e r m a l  c y c l i n g .  The s t u n p i e thermometer chosen cons i  sLed of a 5 cm
p iece of 0.0004 cm t u n g s t e n  w i r e  wound n o n — i n d u c t i v e l y  about  the
samp le. The wire was obtained in the form of a 100 ft (30.3 m) spool
f rom Si gman Cohn C o r p o r a t i o n . The t u n g s t e n  w i r e  was attached to the
composi te  samp les  u s i n g  a f i n e  resin spray . This  method of a t t a ch -
ment  proved to p r o v i d e  good t h er m a l  c on t a c t  be twe en  the  t h e r m o m e t e r

- - -
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and t he s imp le. rho room t ~mpo rat nrc resistance of 11)0 1 un g s  t en
r .s st mnc e—thermometer was typ i ca l l y 100 ohms. The total ros I s t a n c e
of the t ungs t c i i  resist 3 h 0 t h u  i ’I’ Ie lne  t • changed b a f a t  b r  of 1 .64
between 240 and 370 K. Changes in the  r e s i s tan c e  of t h e  t u n g s ten
resistance—thermometer were detected using a Hewlett Packard 3490A
Mnul tluue ter. the 3490A Mu ltImete r uses a brid ge princ i ple for measure—
F l e nt  such th a t  t h e  n o m i n a l  hea t  supp i led to the t i ’ ’ I pe r at  t u e  sensor
was less than I p i co w a tt .  In order  to m a i n t a i n  a h i gh p r e c i s i o n  of
L i n i p e r . i t  tire accuracy for the small temperature excursions of the sam-
ple thu r  lug  and after the appi icat ion of the heat piul se , a function
was ~l~~t erm i n e d  t h a t  gave the  t u n g s t e n  w i r e  r e s i s t a n c e  in t erms of the
temp erature. The fit of the tungsten resistance over the temperature
interval 240 to 370 K had an ruts deviation equal to or better than
th at for the primary p latinum thermometer. The function used to
d e t e t m i n e  the t e m p e r a t u re  f rom the res is tance  of the tungsten wire
was of the form :

( s lope) i
E A 1R (13)
1=0

Using t h i s  f u n c t i o n , the 9830A C a l c u lat o r  could  q u i c kl y and ac c u r a t e l y
c a l c u l a t e  samp le t emp e r a t u r e s .

The inner  vacuum chamber was evacuated  d u r i n g  the  heat
pulse  m ea s u r e m e n t s .  The inner  vacuum can and the  copper  samp le
chamber  were m a i n t a i n e d  at  a c o n s t a n t  t e mp e r a t u r e  d u r i n g  the heat
pu l se  measu remen t s  and , thereby , served as adiabatic heat  s h i e l d s .
The t e m p e r a t u r e  of t he  a d i a b a t i c  s h i e l d  and the  samp le were  m a i n t a i n e d  : 

-

at the  same t e m p e r a t u r e  f o r  a p e r i o d  of 60 seconds b e f o r e  a heat
pulse sequence was initiated . After equilibrium between the samp le
temperature and the sample chamber assernbly had been m a i n t a i n e d  fo r
a per i od of 60 seconds , the s it-ip le temperature was allowed to drift
cold f or a per iod of 30 seconds .  Th is t u ’~q~e1’a t uc e  drift before and
aft er the app lication of the ‘telL pulse wi s used to correct fo r  the
true temperature txc ur s ion d u r i n g  the  appi  I c u t  ion of a heat pu lse
The heat pulse dur ation was typ icall y 15 seconds d u r i n g  w h i c h  t ime
a Hewlett Packard 3490A M u l L  imeter was used to make at l eas t  15
scpu rate readings of heater ~‘o1 t a g e , h e a t e r  curitu t and samp le  t t ’ : i p e r —
iture. A f t e r  15 secend s , the current to the heater was shu t  o f f

a u i t e r i -u t  i cal ly and the temperature of the sample r ec o r d e d  as a f u n c t  ion
of time for 200 seconds. The change in s imp le temperature was
det  e r m i n e d  by extrapolatin g the t emperature dr ift both before and a f t e r
app lication of heat to the center of the heat pulse. The entire
process was cont r~d l ed by a p r o~~i’am entered into the memory  of the
9830A Calculator. All data collect ion and analyses were p e r f o r m e d

I

I
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•~n t  ( i  clv w t  t f i t  i i  t he t i t w i  o t t  f’ u c k i r d  ) t P l L )B  l ) i t  a -~~~tpu  i s  i t  i on  ~ \ ~- t  em.
A p e t  -~~u t t , n t  t t i e t ti ot  eat -ti  h e .mt  pn I ot . w i s  ccci  ! d  ~ t h .i flc~~l u ’t

l’ i , -~ ,,u md ‘1St, ’\ Ili ct ii  I l’ i I u t  i i .

I):\(A A N - \ l \ S I S

u - , w  d a t i I or  t lit t e l  u t  ( ye  li i tu ~t it • - L I u I i ~~e :I, ’ i o i l t ’ i I e f l t  S

• ‘ ui i s t e d et  .1 se t  los et  v a l u u -s u ’ t  ~‘ u p a c i t . m u i c t ’ v e i  ‘u s  t~~ - :~I 1 ) ( t  I t  t i l e  . i t

t s 5 t~f l t  j ul lv . c t o  p t  , o : . t t t  0 . h u e  c u p ac I t .uuice C I oF  .1 1 L u t e ,  - c u n t  I i i i !

u~~~ i~ - It eu u-i I t i t ~ a ~~t t i i  d u lu g  i s  r c l . m t  ott t o  t lie ‘. p l t i u g t  h l~ by

C . tr ,‘-‘ r F r.~ rw — ( I I w ( I  ~)
1 F 0 . ‘ w 1

1 J

r i s  t lie t id  i t u s  of  t h e  p l .m t e with t lie F u l l  d t ’ l u g ,  ~ is  t tue

i’. rnu t i t  i v  I t  v , au~l w t h e  l u a l  I -w I d t  lu ~ f t he o~’ m , ’ I ng l~~t ‘o em t he In s  i,Ic
u .ud I us ci  t Li e  t~m i .ut d r i t i c . and t h e  u ad h i t s  o f  t L u , ’ p 1 m t  e . The i ’\ 1’ , i  I —
m , ’ u t t  al u~.~~’o~e t v r ~~ w ~i . u d e  t lit ’ e t  f u ct  o t  t h e  1 t o t  t i - i  tit i n  l - q t t . u t  iou  14
on t I C/ C less I h u n  0. 1 p e u c e u t  au ,! s i s  nt ’gI  oct  • d  . Clt uut ~: t s  i i i  - copl e
1 i i i  I h I i t o  f o t u ~~tl d l  t e c  t 1 v i n  t 01 too o t  C i t  ~‘nt l~~~I u , i  i on  14 i ’ ’ , .mt toe

+ I , 
- ,~ ‘uot  an t . the I luue.t ~ t~~~ p . u i t s  i on  , , ‘et I h - l e nt  w u s  ~‘bt .m h ued

ltv d l  - I t t  l . i t  lu g  t ’ t L u t u t  t o n  i - u  w i t h  t ~ op ~~~ t t o  I ~~1 ’ ’ i  a t  I I I , ’ at  c~’n~
s t  . i u u t  pu  • - o s u u  • ‘ t o  ~ i y e :

( d 1~~ -
~ !~~,‘ r dC~ 4 r / dr ~ (1 6~

\a -r c~’ 
~. d r ~ C ~‘.._ d 1

‘t he l a s t  l o i n  l i i  t~~L t t u (  h u ’ i i  i S  was  .ul  so uue  l ed  to t  ~‘c c . u t i o o  ~t~ - i t d  I i i
- \ ~ ‘ u t i t ;  t o u t c i  I lu~’ .‘oppe r i~l i t  •‘s o t t ;  , t o i i  I ; i . e .

i (dc~ ~> 1t) 4( 1)(:li~

~ I t ic e t l ie  u~ . tp  I c~i ii c L u a I I ~~ , ’ I s  t ’~ 1 mi u I . u t u d  • ~‘j ’ ~ ’-~ i t  . t o  t ~t e  -
~~~‘ l e  I o t i t h

d l  
~ 

d l  • ,  ( l i t ’ 1 1 i t c h ’  , ‘~~~~~ i u t s  l~~t i  t e t i t e l  ~- t i t  i s  t~ i von  i v

t’ / dC’s i, 1 1”
t 

~
- - \ d r4~S

!~~‘~ ‘ i u u s , ’ ~~, ‘ . u s t i t • o ~~ t i t  o c t ,  t . ik e i i  a ? , ‘ t t t ~ i i i  • ‘c 
~~~~~ 

u if t uhut ~~* ‘ ;  t i

~- u ~ ’lt t i t I l I t ’, t h e  ~ , t  t o t , ’ t \ i l t t h. l o u t  , , ‘ t t  I I c  I • I i t  h i S  , ‘~ ‘t i i  te d  ~‘v i
L u , ’ t l i t - ce 1 i u i ~~~ u i ’ , - \ ~~~ I u n ;  i on  c o o t  f t c  I t ’ t i t  S t o r  t u c h  t : - - r l  0 .

rh o t .po c  i t  I c  L u ,  i t  1u f .~ t o u t  • ‘i I t  I I s h I i t o  -~I - t t }it ~ hi ’ .,
. , i p i , ’ i t  V iu ~~~i ‘t~~l t e d  j ’ e l  i t t - t i  • n ’ ,i l u t n e , o i  t o ’ l  e . F~’t  u t.~’l Id  ‘ t u i u t  a i n e d

1

- 
-
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i t  t O , ! i~~l l v  . - i c  ~ - - u i e , t u e  011 , 1 1 !  I c  li~’at i t  , t ’ u s t a n t  ~1i c’ t i r e ,
is ~ i V ‘ i t  b y

~ 1 ( A Q )  1 V~ t h ( 18)
m ( ~~T) in 1’

t o  m is  t }u~ ’ t t . I  - ; t ;  i l l  I I t , ’ — t o p  1.:’, .~~ 
Q t lie t i i ! J I I i ’ t t t i I t  of l ie u , t h l , d

t o  t h e  ~~~~~~~ V 1~ , I he volt I c e  ic  i , i t ; 5  t he  ho~t ter , t h .  t he c u r r e n t
in  t h e  h e a t e r , :uud St the t ot  a I t I t ie t he i t c , ,  or  w , u s  on .  ilie I u c , i
1 oak I i ~~a t h e  t I l t  or 1 , ‘ i d ~ to tl u 0 t i p  t o was c o F r e ~ t t ’d t l i i ’ot igh  t h e
t u - ;t ’ of  a t i t r e c — t  ci  - t I u . t l  t t o o i - ; t t i , t c  t i t, t o c i t n i~ pto  of lo u t  supp i l e d t o  t h e
h e _ i t t - t .  I n  t l u i  s t to l in  i , 1I R ’  t w o  I t t u t  c lu ed l e a d s  .u t ’e ,-otiih ’ ,’t ed t’ i ’ om t h e
g l u s s — t e t o t  i i  sea l s  in  t h e  h u s e  ~ t t h e  t ’li~utt I ier  . isst ’tob iv  t o  c i te  s i d e
o f the  sa t t ip  1 e i~ ’ I t  or  . A Iii rd t i l t  cited It ad e x t  end s  f [‘ t ’nt t u e o t  t i e r
s i d e  of t h e  s u t i p I t ’ h e at e r  to a tln rd gl I ss— to -i’i ~’t a I t ;, - u l t h i , ’ t : : u I l v
inch or ed  to t he  s a mp le p l a t  form • u o o ’t ’tbl y .  I n  t h i — . n u l i t i e r , , ‘ \ , I d t  l v

c i t e  — h a l f  of t h e  o h u t i u t c  l u e u t  i r u g  (l, t - u i r t ’ m h z  i n  lo se i t - at!  w i t , -s  i s  1 1 1 ( 0 —
t o l l i t - i l l y ~~~i t i t t t  ed in  t h e  lto ’a- itir, -o , ti t of p~’o~~r supp i I ott t o  t h e  s i m p l e
b e t  t o r .  ‘flue ot  i t o  r hi ,t If of t h e  O I I I t I  Ic bet t I i ig  i s  n et  co tu n  t ~-d b ecause
i t  is absorbed by the  s it-p lo  p l i t  fou’ tn ass1’ b l v .  ‘th e a d d i t  ioual
heat  c u p a t ’ i tv  of t h e  s i t i p l e  h e a t e r  and t h c i  et ’ t ’ t , ’ t -  o t s  much sm a l l e r
t han  I h i t  of t h t t ~ ce lt i po  s i t  e s a mp l es , C sa t i p Ic  ~ 10 (C 11t r ~‘ ~~t he r in 1

iri d c o r r e c t  i ons  to t h e  c - t 1 c u u l u t t ~d spec l I l t ’ h e i t  v u l u e s  f o r  t h e  ti loses
of the  lie. u t  or anti s,i :ip le t lie i tttoto’ t ci ’ 0, -r e  a l so  nec l~ ’~’t 0t h .

I I  E F\M l’l ES

the t ompo s i r e  s i t t i p i c-; w e r e  oht  t i t i o d  f v , :1l Dr .  1. D a n i e l ,
I I F  R cse .u  rch  I n s t  i t  u t  e , Chi t  c,i~ o , l i i i  no is. Flie sop it ’S s. ’l ee l  , ‘~I w e t o
r t ’pt ’ t ’ot i i t a t  (ye o f t h i  i f o r e n t  t y p e s  ot  c ’t1 1 1 ’s itt ’s ~s w e l l  t o  s i m i l a r
n i t  er Li is w i t h  t i l l  f e r e n t  p 1 l O S .  ‘f lu e c i ’ip ~~S I t o  sele ct i o n  i nd t ided
t r o s s — ’p ly  E— G i  ass , c r o s s — p l y S — C l a s s , u n t i L  I r e e l  t on a l  S— Cl ass , h or on /
.- i l t t m i n t i m  l ) 2 8 _ 9 , hcron/ tuliito i umm 1928— li and  R [V1 .\ R .  ‘l’he c -~ t \ i O  w a s
t u k en  as t b - i t  a x i s  pt ’r p vn d i t - u u l t r  t o  t h e  p h ~‘S. the a and b ax~-s \ , , ‘ i t ’
i~~~~ t i f  l ed  us  s p I t  i a i l v  o r t l i ’szi ’ l l , u l t o  ( l i e  C 1 X i S .

‘rite i es i  n ~‘e t t tpOS i t  t O  a l ’sorh  to ’ I it  t i r e  f r o n t  I lie a I r ~‘~~~‘t ’ •

pr o l o n g e d  p e r l l I s  o f  t ’xp lt ’s u re .  Ht - Iou’ e t h e  t~ t t - t p i t ’s O t t , ’ i t o i t i l t  ed i n
t he s t o p ie  ,‘ii i::tbe r , t o uch  t O t t t p i m ?  was h e l d  i n  11 t ’ \ t ’ t t  .ut  I / I K f or  a

r Led of ap p  t e x  I n t l  e iv  1 week . A I oF t h e  — s  p 1 O t t  \,‘e i t ’ t o l t a t  -d in
l i e  ‘; t o i p l e  ,‘h t o i h er  , I L I C  t t I  T i i ’S \ s t ’ F O  h e . u t  -d t o  h~(1 K , . u t u d  a V . t , I o t n

,‘st i l-u i I sho d abo ut  t t li~~ s i ’t t p l e . the iie i t ed S OIj I l eo  ~ e re tt , u i t t  t a i n Od i n
vu - no for ‘u period of , l .uv  Is’ Ic ri ’ t ’x pt- 1 i t - i - i t t  s weu - e m i  t lat od

‘ I

1
~~~ ~~~ —~~~~~-—- ‘ 

- - ~~~~~~~~~~~~~~~~~ — --- .- 

~—=- _
~

_
: , -  

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



‘

~~~~~~~~~~~~

I I ~ h ’ R I I I N

I S

A vp i~~iI p i t t  t i t  i , - l , t t  i v , ’ l , ’ii ~~t h  , l ; . t , o ’ ~~ V e l i t I : ,  t t ’ t t i t t t - F i t  t i r e
js -;l I ’ ,~ tt i i i  l ’ i c t i t ’ 1 ’ 1 t o t  t h t , - c i ’j s  e t  , m R I  VI  A R i ’ F R l  A .1 I 7  ; i t p l e .
F lu e I l u e a r  t’xputi s i t t i t  oct  t i t  l o u t  - i i  ho’ t ’b t  _ u i i ied t hutotugit a po l i t t  l iv  —

1 , t t i i t  t i l t  t , - t t ’ t u t  l i t  i o u  t ’t  t h e  t i u t  t -‘l i , ’w ii Iii  F i tuu’e  I . I ’ ht ~ st u t t e r
i t l o ’ i e u t  i n  t h i s  t ,‘c Lt i i  i q t ie  I- ; ap~’i x j t t  i t  c l v  I’ ‘c. . h u t  c i  P er  t o  lIaIu ,I io
t h e  t t t i t t t , - t ’ , t u - t  1 ’a 1, -u i u t  i t s  ‘ c t- o t t  t t lt  t ‘t o t e  ,h , u t  a w i l l  bc ii~~ , ’ti , a
ti l t ’ ci e at  t , , - l t i  I ‘ t u e  o s  ttscth t o  ~‘ ,t1  c i i i  u t  0 t he i I t o ~~ t i ’  t ’\ l ’ i t i S  I en t ’~~~, ’t Ii —

o h - t i  . \n  .in :u 1 t i t ’ I t i n e  t I on  o t o  c _ I  L i i  1 , 1 1  ed 1 0 7 i t  t i u t ’ i ~‘ i a 7  I V t ’

I t  c i i  i n  1 , - u i ’ t  i i .  I’ \ j’t i c - i ll v , S t o I Ft p s i  i t t  S I t ~t t  t lt~’ i c i  , t t  I \‘~ I ~~t t ~~ t h
jt,tn~ c vet s t  11 pc i t t  t i l t ’ i t i t \ t ’ S oc t e u - - i ’d t o  ( iii! ,uu , t t i , t  I v t  i c  t i t t i c  t i O n
of t h e  to rn:

I - N
,\ ~~~ [- ‘I 

~~~~~ 
I ( I  Q )

~~ ~~~~~~ 
L i  :\~ I’

i’he I I IO ’ , t t ’ ,‘‘t ~ ’a u s i eti  t o o l  j~~- f e n t  i s  t l ie ui  f o u n d  by d i f f e r e n t  l u  lu g  t h e
s i l l  v t  I c  f t unc  t i o n  f o u n d  I u ’om I’ iL tt ~It ion 1’) o’ I t  ii i t t - p t ’, ’ t t 0 t c.tt; ’,’i ’ ,i l i i i  0

The line _ i r expansion ,-o et I’ I c  ( c a t ,  c o t  F e O I i o t i ~l I ti c, t o  t h e  t i l l  ,i t ; h t ~’o’ i ’. I ui
F i gure  1 f o r  r e l a t  ly e  l t ’nt ~th  t -ht t t t ’, ,’s along t h e  c , i x i s  in KF \’ I  AR i s
shown Iii Fl ~;ti u’e 4 . ‘f lue v ol  ttOt ’ I I ’ i t ’ cx p~m~~ (on co,’ 1 1 le t en t is  t t t o n  oh~
t i  I it ’d h’)’,~ add I tug t lie 1 1 it e ut - e ’pt us ittu ,‘e~~t I i , - I ou t  s f o r  t hut ~ tlui’ee
I t !  Op~’:1 d i i i  I 0 11 , 1 1  t a t  , t x es  . ( ‘ it , ’ Vt ’ j t t i t t , ’ t  u’ Ic  ‘xp i t s  ion t ’uud or t i  t i l l )  l eo
of l’s i o u / i l  t o t  I nun i~~2 S -9 i o shu, ’wn in  E l  t’, t u  t o  S.

F1i1 ’ spec i t  I c  be lt  d a t  a o ~.‘re t t~~~ ’ii at  a p ’ i  ~ x i t t - i t , ’ 1 0. 5 K
t u e  I t~’ re.- t et t t s t’rctii ‘ t O  t o h , ’O K.  lit,’ t .iw S t o’e  i i  i t - lt t~,tt ti,ut , i

I c r c teSt ; p 1 V ~ - C l  I - S  i ’j’ i ’\V Ct ’ ~~eO I t O  i s  s l i wu  , t s  a f i t t i c  I ion  01

c-: per ,Ittii ’e in  Fi gtiu ’e ~u . to f u , - i  l i t  ~~~~~ l t . t t t i I lug st  t hi t S ~L , t t  ,u in

t u i , i l v t  Ic f i u i i c t  ion ct t lie term - -

C 1, (I ’ ) ~ 
~~~ ~~ ~i 

~
I 4)

\ , I S  t t t  (0  t t ’ i i  t ’\~ ’ot’ I o a t  i l  t — p ~~’ i ’ i t  i t ’ h e i t  t O t t O  I t ’ t j ’ t ’ l ’ t t  O t t ’ ,I,it~i
juts. Ft on t lie t - ‘ ‘ o .  I i t ’d ,‘tii \ ~~~~ 

, l , t  ,i i tool I o r  t lie ~‘ o i t t  ‘ t1 ’ t  t 1 0  L ’\ j ’ t t i s

I t ’ l l  i , ’,’ I l i e  I ou t  .miiul t i t s - t i ’ obt  ~u I t t , ’11 b r  t he tp e c  I I  I c  hea t  I t sin , ‘‘~~ t t , i  t ion
‘0 , it U; i ’ ’ ’ t  t b i ~~’ t o  -hew t lie I ‘ ~~i ’ t  i t  i t t ’ , ’ t ! t ’ p . - ’ , .  l i t ’ t l t  C 1 ’ , , o I ; ~~’r o

~~~1 I s the “ p o h  c i’ s i t - i , !  i n  lt~’ I i _ I  t ’ t ,  11 ‘1 1 - I I . I 0 I t  t i l t ’ ’ t t t , i i  ~~~~ S —

i t  er i t ;  ~ I v~’u by
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~ ~
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Id- hI N t F I N

‘i ’ lt ~- t - -- - t j , ’ t i t  i i  e ! ‘ - - i c i t e , - i i i ’ I lit’ ,
~~t i , u iu I i t  v 10 11 

~ / ~~~~~ 
~~~~~~~ c, ~ I s ‘ - l i  ‘s it

f o r  0 , 1 1  ~‘L’~ i t t  c l i  .0 p l y  ( ; - s : l~~~ ; l t t t l  i i i ’ S t l  j i l v  ~ t : i , u 0 s  t ~‘ “ \ \ ‘  t , t fl

p o t — I l  ~ - -. L i t  El ~~t i  i t S  7 a u t d  S is - j i b  iv ’ ’ l v  . l~~’ . t i i ’ -;e I he  _ pt  i l t ’ t t -  I I  , i  I
P i t  a thi ~u t  l ead s  t o  t h e  fit i t t  ion ‘1 Fi~~ t i r 1 ’s 7 and  S is t o  ‘ ltm m iti ’ilo
i t ’ l i t ~t~ t . t ’ I t t  l i t ~~i o U t , t ! t t ’ d i t  f~ ’ ’ ’ ,~~- ‘ o  i n  ( t i e  i i  I t t ’ t , , ’ t i t  i t O  u i - p  t i t I l t i’ I S

‘ i t ’ I t O  l ‘ci! . The t t , ’ , t t  i~~~p I t ’ 1 t  i l _ s  t l t  t iui ’ -CI t t ; i  t ’ i t : l ; ~~~~ _ I t t ’ S O t i s  b ound
t o  I i~ ’ h I ’ l ’ ., ’i ’ t b - t n  ( l o ot ’ ti ’ i t _ u t i d  f t  t h e  1’ C i t - _ t ;  t ’ _ ’ ip ~~ t i  I t t ’S . i h t t ’
t h i  o t t ,  i t  -\ ~‘ . l t t ; i o n  ,‘ , - i t  l u i t t i lt i , ~‘l t i l e  thi t ’ s i t t o ’  t u i h ’r  i t  it t - i  n i t u I c

f o r  b o t h  1 vp e  o f  CI St ,S ~~, \ V  , p o  I I  , ‘o , ‘ ‘ I t  i t ’ u t  ed a ~ t 1 h  5! t ’ ’ ; t l ’ , ’r

i ’  p u  F a t  t i r e ’ t ! ’ ~~i t ~ h t t , - i - f o r  t I t o ~ C I i t - ;  c - - p ’ s  I t es . I n  I ic t , l o t  Ii

~ - -C I t e ;  c t  1 i ’ o l t  ~~~ ‘\li i h ’ 111 ’d ,u top , 1 f o e  v , ’ l  - I i  I t ’ t ’ -,,
~

- 1 —  l O u t  , ‘ t ’t ’ f f  I—
t ’j, ’it( t t ’ r  I ,  ‘ t t p t ’ i  , t t u i ’ co ht ’ l t ’w ,, 1 j l i \ i i n a t cl y I i  K .  ih’ - t t i ’ -o  ( li t ’ i to—

.‘t ,u I co;I’1 u  coo i h i i i t i s  t~ 1-t o o , i h i  v o h  t.- i  v v a t  I iu ~~ w i t  li I ’  ~‘~~- i  a t  ti re
t l~ ’ , ’I ’ t h e  t ~~t l p ~~- r . t t  i t r e  I n t  e i  o il ot I at  u t o t  I t  ‘ i i i  be t - , - , ’ i i  f t  o t t i

(jon 21 t h a t  the  tp u tt;t i t y  u\/ C~, t l i t i 0 t ’i Iii FI giurt ’t~ 7 tad 8 is a
. 1 1 1 1 1 1  t ’\ I t ’ t , t l  l i l t  t o  t h e  t “ /p t 1 i t 1ur ~’ d i  , - i ’it h ’i ut ’c ‘7  I hu t ’ ( F u u u e l  it ~‘~ i F l ’ t i ’ t  ~‘ r.
‘t i  t h i o t t s ’, ii 1 1 , 1 1  l i i i ’ I ‘ s t  ~t i ’ i ’ t t i , i  I ,- ‘ o -  s i b l i l t  v t i - t o t -  td v ,  I t - i t  v

I i ’,’ pr , t ’ , ’ t i t ly  , u v i i l , i b l c  o ver  t h i s  t o o~~ t ’ t , i t t i i ~~’ i i i t , tv , uI ,
I t  i s  t’ e - i ’ e t t , t h l e  to  - u s s u i t t i e t h i t  t h e  ot  r o t h  N . ‘p i ’ F t t t i r t ’ th ’~~e:; h ‘ t i ’O
, f  ~~~~ sl t , ’oa ij ~ E j o t i r t ’ s  7 ‘ta d S ,1nd s i i : i i l  j u l y  f u ’ ; t t t d  f o r  t t ’ t i  ‘th ter

‘ i / p s  I t  ,‘s t’~ - l  s i t  F ~‘d i n  I it t o  i t i v , ’St  i t t  I on I ad i c i t  ~‘s t h i t  t 1 t O t ’ of
t ’ t i l v  t h e  i ’ , ’t ’:n 1 , - . ~s r , u t t i r e  \ , I l t i l ’ c l  t h e  ( ‘ , r i u i t c l s i ’ t t  par .nt ’t ci’ i i .  t - I i , ’t ’k

rn ‘ - n i t  ( O t t O  0 1 it  u t  ~‘ w i i  1 1 ~‘ - ~l I 0 , ‘ I  i i i i  t O O  r i i i  t i i t  t i ’ j ’i ’ et —

i i i  i t ’ p re d l e t  i t t  of t he t I toe d 1 - pt  t i t ’ ’ i u  t i i ’ ’~ p t t so of .i  i t t  po o i t  e
to i t  or  i i i  I , ’ ~ t t~~~k 1u’ ,id l u g .

l I O N S  tO )~ \d i Ot ’’l.  N [ ‘t I ,  WORK

C ’ . j o’s i t  0 - t a t  et  j i b  p t  - i t  I t  ‘ - c i  t ,i i n  ~‘h ys  I t ot  1 p F o j ’ i ’ r t  l o s
t h a t  m ak e  t h i m  j t ’i i t i I i  I n~ t O !  i d a t  t O  for use  i n  h t , i i ’,I~ ’t i  lug v i ’ I i i c l 1 -s t ad
, - o t i t i t  ~‘ i  m i n t ’ et~ n i j’  i ’ i i t  t o  m i t t ,’ hi  Sot  tad  s i t t ’ u p n e ’l u I I : t t t g t ’ . t h e  ho . it
u - p at - i t  ( O S  ;t ’ i ’ ,ts(ired I or t h e  t ’O t i t l ) i’i i t e  m at  i t ’  l o i s  ar e  ~‘f t h e  S l i t ’ o r ,h ’r
of t t t . i u ’jt it ude is t l t . t  t fontud for it  i ag net a I s . The u ’~~’ ’ ’ l p i ’s i t  0 n t , t  I i~ t I  ,t  I s
, u r ’e I - u p  ib l o  i t t  i l~ t t , t t ’ h i t l iC 1 , u t ’

~~ o (( t i ~ f l i t  l I l t ’S of ,‘iti ’i ’ o~
’ f~ 1 : ti

is hin g. flue thi~’t /ti l i’x[’~ tt sion of ~‘ot’ .pos1 t o t ’ . t u t  or  l i i i  i s  ~t ’to ’r , i l i v
o l  i~~1t t i v  l u i t -, l t , ’ r (bin I l l i t  it s’ u l in , t i : o r  t t t , t t e r l . i l s .  i ’h ie c~~’lp~’ s i t e
m .ttt ’ri ,uis I i i  ci ’tis i , 1 1 ’t .ihl v I i~~h t t ’r t it an , u l ’ - - i l t t t a t , ’ I  i , i h s  w h i l e  Ft ’l ,u lfl—
tug ‘ t i  i ’ , ’t u u ’ t h  j i u o p e ’l ’ t I i ’S i ’ pi a l  t o  t h t , t t  t tnud i n  , tt ’ :tt i ’i’ i t  001 5. i h i C

- ‘ C p s -  it o t t  ‘ , t i t  ho f c u i i ’ t t ’ , h ts’i t h  t l ie - ‘ n  t o t  ~~~~~‘ ‘ . i  t p 1 l ’ s  p ’ t  
~~‘

‘ i l l  ca l  ar
Ii ’ I I t o  d i  F~~’c t  i , ’n of , u u t  I c  I j t t  t ’d I i t , l,l i i i , ’, . A t  ‘ i  st  t e l  i , i t ’ i ’ i ’ ’ t - , , ’ t l t  in !  v

hit ’OttS i i ’ I i d o  0 1 1 t h  c t i t  I~ .1 1 1 0,5! l i i i ’ ,  - - t i  i t s  in  e l l i o t  t t ’p i t  I c f,u it —

ure to . t i t  t ’ i t t  I t  e it  i i  e u r o .  C, ’;  0 ’ ’s  it o mat t t  f , i l  ii , us - l u  i 11 ’ t~~~l i  l i i i  t I
1 n e i l  fa i l tir e to hi , t s t  l o  i t  i t t 0  , r e t  a i n  t I t o I i ’  i tt  t L u t - t n r a  1 t o  r to tad t has
t b 1  i t ’  I n o e l  I ,‘t t , tl li v. in , u d i l  I t  i o n , I i i , ’ ~‘;op os i t o  i” , u t  t ’i ’ i i i  , d ’ t i ’t  l’s

T~~~~~~~~~ -~-—~
-’= ~~~~~~~~~~~~~~~ ,~ — - ‘ z ~~~

-
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i i i ’ , ,,’ ‘i t ’ t , ’u int S of  t lie shock e n e r g y  and  does not  p iss t lii s energy
tb rough I t  t o  some c u t  lie r weaker  l i n k  in  t h e  st t ouc t t i r e .

For d evelopi iui ’n t work , i t  is ni- ct’oo ,ury to u ’onsider no t  t u n l y
t h e  p huys  ica l  p r op e r t  i i-s of t h e composite t t , u t  e r ia l s  bu t  a l s o  t h e  cost
of ;u(-qu it ; It lou t and I no ii lug workable structures. Shown In El ~; ui  r io 9
is a cy l i n dr i et ul form built pri nci pa l l y of low cost N 1-PJI,AR . This

p - u t i t ’ u lar  KEVLAR structure has boon s u b j e c t e d  to t h e  bI ;uot and
s h r ap n e l  from ten M—21 m i n e s  ( M — 2 1  m i n e s  c o n t a i n  10 lb  of 11—6
‘ ‘t-~p 1t ’’; ly e ) .  ‘Chic structure surviv ed t heoe  F t - p i t t  0th Sh i t t t S  a t  d l o t  l I n u s ’ s

r :ttipin g from 2 to 6 ft ’ot i t  t he  t ;ol  Id t ing le  f o u u t t d  to  have  the  h i ghiost
d e n s i t y  of lie ’ t iii m i n e  f ragnient  s . ‘flu is ~~~ i t  I cal ar s t r u t , ’ t ute was
d eveloped  to p ro tec t  a c o e i t u t e ’ r m i u u e  co i l  , used to c-i  o u r  magnetic
in  f 1 i t e n i -e ml nti S , f t - cm hlti s t ;tnd sit r ; u p n  ci d -Image. Shown i n  Fi gure 10
tire two f u l l y h a r d i ’u i ed  e i ’ t u u i (  e t ’m l n i ’ c o i l  s t o  he used in fie l d test ing
. ig ;u ln s t  1 iv e  m i n e s .  ( ‘lie ‘‘ ‘ 1775 1  t o  ‘i i t t - F  m l  used t o  h a r d e n  the i ’d 1
to bi ,u s t  and fri u ; t t t t ’t ut t b.i..;ui ; t ’ i - t u n Is to l ’ ’ ~s t i t a n  4 0% of t he  w u ’i ght  of
the total t i ’  i i  St rt u ct ure.

(uu N (’ I US IONS

Future Iii, , ’ , t t l l  F t / l i t  s of  t it o  - ‘ ‘ i t t  i i  v i’ ice I t_ y  of these  compos-
i t e s  w i l l  t i o f i n e  t h e  t t ; ; 1i t

~~
,

u t  arc 1’ p t , 1  l u t e t u f  t h e Cr u ne i s en
p ;u r t u t t l t t t e r  and t hie tt ’ot pu ’i . u ttit ’o P t - j ’ - t h ’ i i t ’o of th ue t o i l  lo of the u ’i,u torin l
e’u’effU’ i,’iits in the shiot ’k t ’i ’ .t p rt ’ssit ’n l i m i t  i , ’ t t s — o f - — s t a t e .  These d a t a
will permit the d e ve l o p m e n t  of p r e d i c t  i vto ct ’ t i i ’s t h a t  can t r a c e  t h e
t i m e  e v o l u t i o n  of shock deposit ion In various structures. The
hi gh sp ecific heat v ol  t ie ’S found  fo r  t ’uom pos i  tes indic a te s t h a t  t h o s e
t t t u t o u- i a l  s can be ut ;ed to absorb itt rpe quantities of e ner g y  and  t h e r e b y
prt .o - lude t h e  p a ss ag e  of t h is energy  to weaker  l i n k s  in the  s t r u ct u r e .
The t o;tipo rat tire dependence of th u e  qu au u t I Ly ~~~~~ I nd l i - i t  es a s t r o n g
tiep ’nuiotice of t he  Crttiueisen parameter, r , on t e mp er a t u r e  and t-onse—
qtien t ly the i m p o  i’t,ince of  do t i u t i n g  B (‘C ) /A (T) f o r  u ’or t tp o s  i t ’es be’ f o r e
d i ’\ ’ i’ 1 u ” I ) I I i l ’ t i  t of  p red l et  ive ci ’~I O S .

RFF I- R I NUPS:

P. h a r r i s  and L . Av u - ami , ‘‘Sonie Physics of the Cruineis~’n Ptir1it’’o(c r ”,
P l e a t  i any  A t s , ’t nu l  Techni  c i i  Report No . It ‘u2 3 , Si -p t1 ’ -;b t -r 1972.
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