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O n se t o f A d ia b a tic Sh e a r In s ta b ility in S tr a in G r a d ie n t

D ePe n d e n t M e ta lM a trix C o m Po sites

L
.

H
.

D a i
’ ,
L

.

F
.

L iu
,
Y

.

L
.

B a i

及“te Key L a b o r a to ry of NO
n lin e a r 五介eha n ie s (L灿叨

,

In s titu te of 人4乙
c ha n ie s

,

Ch in e s e A e a de my of sc ie n c es, B eij’ing 1 0 0 0 8 0, Ch in a

A b str a e t

in th is Pap er , e

ffe
e t o f str a in gr ad ient o n ad iab at ie she ar in stab ility in Part ie le re in fo rc ed m e tal

m atr ix c o m Po sites 15 in v e st ig at e d by m ak in g u se o f th e str a in g ra d ie n t d ePen de nt c o n stitut ive eq u ati
o n

dev elo Ped by D ai o t a l. [9 ] 规d th e lin e ar Pe rt u rbati
o n an a

ly
sis Pre sente d by B ai [10 ]

.

T he r es u it s ha ve

shown that the o n se t o f a d iab at ie shear in stab ility 认 m eta l m atr ix e o m Po sit e s r ein fo re ed w ith sm a ll

P叭ieles 15 m or e Pr on
e to o e eur th an in th e c o m Po site

s r ein fo re

th e stra in gr a d ie n t Pr o v id es a stro ng d e r iv ing fo r e e fo r o n se t

m atr ix c o m Po sites
.

ed w ith lar g e Part ie le s
.

T his m e an s th at

o f ad ia bat ie shear in stab ility in m e t al

K eyw o r d s : s

tra in g ra d ie n t
, a d ia bat ie she ar lo e aliz a tio n

,

m e ta z m atr sx eo m p o site s

1 In t邝d u e tio n

A d ia b a tic s he a r b a n d s a r e e o m m o n ly

o b se rv e d du rin g th e high stra in r

ate Pla stie

de fo rm at io n o f v ar io u s m at eria ls
,
a risin g in

su c h situ at io n s a s im Pa c t o f Proj
e c tile s an d

v e hic le s
,

hig h sPe e d m ate
ria ls Pro e e ss in g

a n d fo rm in g
.

D u rin g Pa st se v e ra l d e e a d e s
,

eXt e n s iv e r e se ar e h a e tiv itie s hav e b e en

m a d e to ex Plo r e the fo rm at io n an d e v o lu tio n

o f a d ia ba tie she a r Io e a liz a tio n in m o n o lith ic

m ate
ria ls [l

一

3 ]
.

ft 15 w id e ly re e o gn ize d that

the Prim a ry m e e ha n ism fo r a d iab at ie sh e ar

lo e a liz at io n fo rm at io n 15 th e th e
rm

o Pla stie

in sta b ility m e e han ism
.

D u e to in te ra c tio n s

o f m ie r o stru e tu r e s o f m at eria ls
,

the in itia l

u n ifo rm Pla stic d efo rm at io n m ay be e o m e

in h o m o g e n e o u s
.

A t hig h Io a d in g rat e s
,

th e

la e k o f tim e fo r g lo b a l he at e o n du ctio n

c o m b in ed w ith in h o m o g en e o u s Pla stie

de fo rfn at io n in d u c e in ho m o ge n e o u s h e a tin g

w hie h in tu rn le a d s to lo e a l m at e ria l

so
fte

n in g an d a dd it io n a lPla st ie d e fo rm at io n

5 0 that lo e a liz e d shear ban d s ar e fi n a lly

fo rm
ed

.

U n der fa v o ra b le c o n d itio n s
,

th e

fo rm a tlo n o f sh ear ban d s 15 o ft e n fo llo w e d

by d u e tile fr ae tu re
.

H e n e e
,

an in
一

dePth
u n d erst an din g in th e m e c han ism s le ad in g to

th e fo rm
a tio n an d d e v e lo Pllle n t o f a dia b a tie

sh e a r in sta bility 15 o f g r e at Pr a c tic a lin te re st
.

It 15 w e ll kn o w n that th e

m ie r o str u c tu r e s o f m at e ria ls hav e a

sig n ifi o a n t in fl u en c e o n th e o n set an d

g ro wt h o f she a r in stab ility
.

T his 15

e sPe e ia lly true
一

fo r e o m Po site m at eria ls
.

T he

d lft 七r en t e o m bin at io n s Of the r m o m e e h an ie a l

pro Pe rt ie s c o n stitu te
一

a n e n v iro n m en t fo r

th e rm o m e c han ie a l c o u Plin g
、

一

b etw e e n th e

p h a se s an d pr o v id e a de riv in g fo re e fo r

n o n u n ifo rm d e fo rm at io n
.

Fo r Pa rt ie le

r e in fo re e d m e ta l m atr ix e o m Po site s

C o rr e sPo n d in g aut ho r
.

E
一

m a il : L山卫止如企业巨姚过U 泣皿 (L H
,

n a i)
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(MM e p)
, r e ee n t e x pe rim e n ta l

in v e stig at io n s m a d e b y L in g e t a l
.

[4 ] hav e

d e m o n strat e d that the o n se t o f ad iab at ie

sh e a r ba n d s 15 m o r e r e a d ily o bse r v e d in

MM CP w ith sm a ll r e in fo r e in g Pa rt ie le s than
that in the lar g er Part ic le eo m Po s ite

.

T his

Phe n o m e n o n ha s a lso be e n d e m o n stra te d 勿
Z ho u in h is n u m e rie a l in v e stig at io n s o n th e

in itiat io n a n d Pr o Pa g at io n o f a d ia b at ie sh ea r

ban d s in tu n g ste n m atr ix c o m Po site s [5 ]
.

A PPar e n tly
,

th e Pre v io u s ly d e v e lo Pe d

d e fo rm at io n lo e a liz at io n th e o rie s that w er e

ba se d o n th e eo n v e , itio n a l Pla stie ity th e o ry
c an

n o t e aPtu re th is siz e
一

d ePe n d e n t

d efo rm at io n lo e a liz at io n b ehav io r
.

T o

e lar ify the s ize d ePen d e n cy
,

th e str a in

g ra d ie n t term 15 r eq u ir e d int o the

e o n stitu tiv e e q u at io n o f m at e ria ls
.

M o tiv at e d by th is Po int
,

A ifa lltis et a l [6
一

7 ]
an d B a r a e t a l

.

[8」 d e v e lo Pe d so m e

Phe n o m e n o lo g ie a l str a in g r a d ie n t Pla stie ity

th e o rie s a n d aPPlie d th e m to siz e
一

d ePen d ent
she a r ba n d in g

.

It 15 n o ted that th e

a fo r e m e n tio n e d in v e stig at io n s w ere

e o n e e n trat e d o n m o n o lithie m at e ria ls
.

Fu rt he rm o r e
,

a ll th e se in v e stig at io n s g iv e

th e an a lo g o u s re su lt that the str a in g r a d ien t

d e lay s the o n s et o f she ar in sta b ility
,

alth o u gh diffe
r e n t str a in g ra d ie n t th eo rie s

an d an alyt ie a l str at e g ie s ar e ad o Pte d
.

H o w e v e r
,

th is re su lt ean n o t g iv e a

re a so n ab le e x Pla in fo r the size
一

d ePe n de n t

d e fo rm at io n lo e a liz at io n be hav io r o fMMCP

d e m o n strat e d in [4 ]a
n d [5 ]

.

T he r e fo r e
,

h o w

to u n d e rst a n d th e e lfe c t o f the str a in

g ra d ien t o r th e re in fo rc in g Pa rt ie le siz e o n

a d iab at ic sh e ar lo c a liz at io n in tw o
一

Ph a se

MMCP 15 still o Pen
.

In th e v iew o f th e a fo r em e fit io n e d

o bse rv at io n s
,

the e
ffe

c t o f th e Stf a in

g ra d ie n t o n th e o n set o f a d iab at ie she ar

in stab ility in gr ad ie nt
一

dePe n d ent Part ie le

re in fo re e d m eta l m atr ix e o m Po site s 15

in v e st igate d by u sin g o f lin ear Pe rt u rb at io n

an a lysis in th is Pap er
.

Th
e a n a lyt ic a lre su lts

d em o n str ate that hig h str a in gr a die nt w ill

Pro v id e a str o n g a d e riv in g fo re e fo r th e

o n se t o f a diab at ie sh e ar in stab ility in

MM CP
.

2 Str a in g r a d ie n t d ePe n d e n t

e o n s titu tiv e e q u a tio n

U n d e r dy n a m ic lo a d in g
,

hig h str a in

gr a die n ts a re in itia te d in MMCP wh ie h are
a c eo m Pan ie d by a e ha n g e in te m Pe rat u re

du e to th e a d ia bat ic e ha rac ter o f hig h rat e o f

d efo rm at io n Pro e e sse s
.

In o rd e r to

c ha r a ete riz e the siz e d ePe n d e n t

therm
o m e c ha n iea l be hav io r o f MMC P

,

th e

str a in g ra d ien t te rm sh o u ld b e in e o rp o rat e d

in to the e o n v e n tio n a l c o n stitu tiv e e q u a tio n
.

T h is c an b e re a liz e d 勿 m a k in g u se o f the

stra in g r a d ie n t str en gt h e n in g law fo r
MM CP

w hic h w a s re c e nt ly d e v e lo Pe d by D a i e t

a l
.

[9 ] A e c o rd in g to th is str a in 盯a d ie n t

str e n gt h e n in g law
,

the fl o w str e ss o f the

c o m Po site a 。 c a n b e W ritt e n a s

(玉)
’ 一 l + z。

口m

(l)

Wh
e re 口 m 15 th e fl o w str e ss o f th e m a tr ix

,

叮str a in gr a die n t
, a n d 1 15 the e ha r a c te ristie

m ie r o str u c tu r e le n gt h sc a le a n d r e lat e d to

th e m ic r o str u c tu r e Pa ram
eters o f

e o n stitu ellt s
.

If th e m 以a l m a trix 15 a s su m ed

to be a stra in g r a d ie n t
一

in dePen d e n t

therm
o v iso Pla stic m at eria l an d its fl o w

Str e ss 15 rePre se n te d by a Pr o d u c t o f th r e e

sePar at e fo n ct io n s o f te m Perat u re e
,
stra in

君 an d str a in rat e 宕:

叮。 = g 、(口)9
2
(二)9

3

(若) (2 )

A e e o rd in g to the str a in gr a d ie n t
-

str en g tlle n in g law (l)
,

the str a in g r ad ie nt
-

d ePe n de n t fl o w s
tre

s s o f MM CP e an b e

ehar ae te rize d b y

。
。 = 石(口)几(

二)f3 (若)人 (粉) (3 )

w h e re

f4 (叮)一 (l+ l叮)
, ‘, (4 )

S in e e the m a in o bj e c tiv e o f th is PaPe r 15 to

in v e stig a te th e s
tra in g r a d ie n t e

ffe
c t on th e

o n set o f ad ia b at ie sh e ar in sta b ility
.

T o th is

en d
,

W e r ev ise d th e s
tra in gra d ie nt

c o n stitut iV e e q u at io n (3)
a s th e fo llo w in g
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fo rm :

: 。 = 石(8 )几(厂)儿(尹)几 (叮) (5)

w h er e 公
,

Z
,

尹
,

叮 a r e she a r str e s s
,

sh e ar

str a in
,

sh e ar str a in rat e an d she ar str a in

g ra d ien t
,

re s Pe c tiv e ly
.

ft 15 n o te d th at in eo rPo rat in g th e stra in

g r a d ien t term int o th e eo n v ent io n a l

c o n stitut iv e eq u at io n in o u r Pr e se nt

ap Pr o a e h 15 ba se d o n th e d e fo rm at io n

m e c han ism
,

in ste a d o f a d o Ptin g so m e

Ph e n o m e n o lo g ie a l a s su m Ptio n s
.

B y u s in g o f

th is g ra d ie n 卜d ePe n d e n t eo n stitu tiv e

e q u at io n
,

th e str a in gr a die nt e
ffe

e t o r

Part ie le s iz e e

ffe
c t o n d e fo rm at io n

lo e a liz at io n be hav io r o f tw o
一

Ph邹e MMCP

ean be in v e stig at e d
.

万 = (1 一 D )石
’

an d A
,

B
,

C
,

D ar e

v a riab le s w hie h

the

a f e

dim en s io n le ss

g iv e n by

又
2

兄2 k 2

竺呱乎
�

.a=

A = B =

那了Q
。

K 丁。几

那
v

Q。

。 K矾尹
。

七
二二

—
。
。

Q0

a 】l e

浑
。

D _

互
Q0

( 11 )

A S
e X a n lPle

,

w e s e le ct S IC Part ic le

3 P e r tu r b a ti o n a n a ly s i s a n d r e su lts

B a s e o n a bo v e s tr a in gr ad ie nt d e Pe n d e nt
e o n s t itut iv e e q u at io n fo r

MM CP
,

th e e ffe e t

o f th e stra in g r a d ie n t o n o n s e t o f a d ia bat ic

sh e a r in stab lity e an be in v e stig at e d
.

W e

e o n s id e r th e 勿n

am ie th e rm o m e e han ie a l

d e fo rm at io n o f a str a in g ra d ient- d e Pe n d e ni

th e r o v ie o Pla stie tw o
一

Ph a s e MMCP u n d e r

the o n e
一

d im e n s io n a l s im Ple she ar in g
.

Th e

g o v e rn e q u at io n s ar e g iv e n 勿

]广e in fo r c e d 606 lA I m atr ix e o m Po s it e

( 5 iCP/6 0 6 lA I) a s m o d e l m at e r ia l
.

T h e

6 0 6 IA I m a tr ix 15 a ssu m e d to be a str a in

gr a d ie nt- in d eP e n d e nt m at e r ia l an d its

e o n st itut iv e be hav io r 15 e ha r

act
e r iz e d by

Jo hn so n
一

C o o k e o n st itu t iv e e q u at io n [1 1] :

夕一夕
, 、 l

口二0
.

E 树
_

\ l ,
‘

,

尹
、 1 2 。 、

r m = 又l 一丁一一二一)又一华于 + -
亡‘ 万)LI + 吸下二一- )

’ ‘

尸
)

0
_ 一 e

. ‘ 、

J 飞 3
’ 、 ’

J飞n ““ 功 “ 尸 v J ‘ v J 夕O

A e e o r d in g t o the a n a lys is o f th e se c o n d
s e e tio n in th is Pap e r

,

th e str a in gr a d ie n t
-

d e Pe n d e n t the rm o v is e o Pla st ie e o n st itu tiv e

e q u at io n fo r S ICP/ 60 6 1A I e o

mP
o site e an b e

w r itt e n a s

、

,
才

�匕八J
声

产

门口门了

J

‘
、

: = f (口
,

Z
,

尹
,

粉)

日2公

即
2

日2

P
喇

万丁
陇

-

Z

K :

互
份

日夕
,

a Z夕
= 声叉了

, ~
二- 一 凡 一, 下一

优 次
‘

(8 )

W e e x a m in e th e e fl七e t o f th e str a in

gr a d ie n t o n the in it iat io n o f th e in stab ility o f

the ho m o g e n e o u s sh e ar d e fo rm at io n o f

MMCp e har a e te r ize d by E q s
.

(5 ) 一 (8 )
·

T o

th is e n d
,

th e lin e ar Pe rtU rbat io n m e th o d 15

u s e d fo r th e syst e m o f g o v e rn in g e q u at io n s
.

Fo llo w in g B a i [1 0 ]
,

w e o b ta in

舀3 + 五反2 + 材屁 + N = o (9 )

W h e r e

L = [C + (l + 且)万
’

对 = [注万
’ + l一 丑一 D ]万

’

: = : ,

(l + l叮)
, ‘, ( 12 )

T h e m at e r ia l Par am
e te r s u s e d in the

e o n st it u tiv e e q u a tio n ( 12 ) are
a s fo llo w s :

氏
。 = 2 8 6

·

8 M p a, 凡 = 54 2
.

6 G Pa
,

几 = 6 5 0 0 1/s
,

氏 = 6 5 2 “C
,

珠 = 2 0 “C
,

夕 = 4

户 = 2 6 8 6 心伽
, ,

e , = 9 3 7
.

4 服gK
,

兄 = 1 67
.

3 W /m K

In o u r n u m e r ie a l a n a lysis
,

the n o m in a l she a r

str a in rat
e 尹

。 == 2 0 0 0 1/ 5 w a s u s e d
.

Fo r

th is g iv e n MMCP
,

th e e ffe ot s o f th e str a in

gra d ie n t 粉 a n d th e c hara
e ter istie

m ie ro str u e tu re le n

gth
se a le 1 o n th e er itie a l

in stab ility she ar str a in 厂
二 a r e in v e st igate d

.

T he c a le u lat e d r e su lts a re d e m o n str at e d in

Fig
.

1
.

( 10 )
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O
。

任2 占

O
,

吸

厂c
0

.

含, 占

Fig
.

1 V ar iat io n o fer itiea lshear str a in w ith
str a in

g rad ie ni an d le n gth
se ale Par am

e te r

It 15 e lear fr o m F ig
.

1 that the c ritic a l

stra in Ze re d u e e s a s th e stra in g r a d ien t 叮

in c re a se
.

In stead o f de lay in g a d iab at ie sh e ar

lo e a liz at io n in th e m o n o lith ie m a teria ls a s

d e m o n strat ed by A ifa n tis et a l
.

[6
一

7 ] a n d

B at ra e t a l
.

【8」
,

th e str a in g r a die nt Pro v id e a

d e riv in g fo r c e fo r o n set o f a d iab at ie she a r

in sta b ility in tw o
一

Ph a se MM CP
.

F o r

MM CP
,
o u r Pre v io u s th e o r e tie an a lysis h a s

sho w n th at the sm a lle r th e r e in fo r e in g

P叭ie le s iz e
,

the hig h e r the str a in g r a d ie n t

in th e m et a l m at rix [12 ]
.

C o m b in in g th is

re su lt w ith th e Pre se nt lin e a r Pertu
rb at io n

an a lysis re su lt le a d s to th e e o n e lu s io n : th e

o n se t o f ad ia bat ie sh ear in sta b ility in

MM CP re in fo r e e d w ith sm a ll Part ie le s ar e

m o r e Pr o n e to o c c u r tha n in MM CP w ith

lar g e Pa rt ie le s
.

A PPar e n tly
,

this an a lyt ic a l

r e su lt 15 in ac e o rd a n ee w ith th e

e x Pe rim e n ta l o bs e rv at io n s o f L in g
, e t a l

.

an d the n u m er ie a l sim u lat io n r e su lts o f

Z ho u
.

4 C o ll Clll s io n S

In th is PaPer
,
a d ia bat ie she a r in sta b ility

in stra in g r a d ie n t d ePen d e n t therm
o

-

v ise o Pla stic Part ie le re in fo r c ed m e ta l m at rix

eo m Po s ite s 15 an a ly z e d b y u sin g o f lin e ar

Pe rt u rbat io n m eth o d
.

T h e re su lts hav e

d e m o n str at e d that ad iab at ic she ar in stab ility

in m e ta l m at r ix e o m Po sit e s r e in fo re e d w ith
sm a ll Part ic le s 15 Pr o n e to o e e u r th a n in

lar g e Pa rt ic le c a se
.

T his te lls u s that th e

str a in g ra d ien t w ill Pro v id e a stro n g

d e riv in g fo r c e fo r o n se t o f a d ia b at ic she a r

in sta b ility in m e ta lm at rix e o m Po s ite s
.

A e
kn

o w le d g em e n ts

Th e au tho r s g rat e fu lly a c kn o w led g e th e

fi n an e ia l su PPo rt s o f this r e se a r eh b y th e

N at io n a l N a tu r a l Se ie n c e F o u n d at io n o f

C h in a (P
r
oj

e et N o
.

1 9 9 0 2 0 1 7 )
.

R efe r e n C e S

【l』Z e n e r ,

C
. ,

H o llo m o n ,

J
.

H
.

Effe
e t o f str a in

rat e o n Pla s tie fl o w o f ste e l
.

J
.

A PPI
.

p hy s
.

,

14(19 4 4 )2 2
一

3 2

[2 ] R o g e rs ,

H
.

C
.

A d iab at ic sh ear d efo rm at io n
.

Ini
.

R e v
.

Mat e r
.

S ei
. ,

9(19 79 )2 8 3
一

3 1 1

[3 ] B叮
,

Y
.

L
. ,

D o d d
,

B
.

Adi a b a tic Sh
e ar

L o c a l讼a tio n
,

Pe r gam
o n Pr e s s

,

19 9 2

[4 ] L in g
,

2
. ,

L u o ,

L
. ,

D o d d
,

B
.

E x p e r im ent a l
stu dy

o n th e fo rm at io n o f shear b a n d s an d

e

ffe
et o f m iero str u etur e in Z 12 4 A I/S IC P

e o lllPo site u n d er d yn am ie e o m Pre s sio n
.

J
.

D e P场
siq u e IV

,

4(19 9 4 )4 5 3
一

4 5 8

[5 ] Z h o u
,

M
.

T h e g r ow th o f sh e a r ban d s in

c o m Po site m ic ro str u etur e s
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