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ABSTRACT

The poseibillty aof initiation of interface cracks in the
reapidual etrass field after annealing a panel of dissimilar
thermeplaatics particularly near the adges i& sxamined. The
aasociated stresa intensity factors for extenaion parallel
tn the interfaca and parallel dabonding at the bond are als=o
reported.

NOMENCLATURE
Oy - peel straeas,
guy — #hear straea
g~ Atreas parallel to interface.
h - thicknesa of the Interafce

B.U - aemlilength,aemlwidth of bimaterial panel reapectively
a - edge crack length

ax - difference in coeffieisnts of linear thermal expanalan
E - sodulus of slaaticity

n - puah in preasure eMperienced by the adheasive film

3t - Pol=san"a ratio

T - temparature trip during annealing operatlian

KEYUORDS:himaterlal ,interface, reaidual stress,anneal,film

INTRODUCTION
Thin elastic filma Aepassited on subatrates often give riae
to zignificant residual Atresses in  the film. The
magnitudes af these stresses depend on  the manufAcCTturing
Proceaa. Tf the film—substrate konding ie streng and the
suhatrate is brittle a crack develeped at the intecface will
divert into the avhatrats and attains a trajectaory parallel
tn  the interface[Flg.1]. The initiation of asuch cracks

particularly near The sdges and thair initial growth have
bheen studied by gome inveatigators In terma of reaidual
#tress fielda in the virgin system[Kaa et . al 1988). Several
experimantal evidences Pertaining to the mxtenalan af wsuech
rracks  are presented by Suo  and HutchinunnfiPaﬂh. The
ohjactive of the predent paper 12 to axamine tha poaaibllity
af origination of A& crack at the edgn of a bonded Jdisaimilar
pair  of thermaoplastica in the reaidual streasses reported in
[5]. The aubsegquent course of extension and likely
accurrensa of parallal dehonding are alan studied. Some
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esults connected with experimentally observed geometry of
Zhe interface and SIFs too are presented.

RESULTS AND DISCUSSION
Annealing Residual Stress Fields

i is in Fig. 2.Each solid of the

etry considered is shown in )
g?emgiZTialypanel is assumed to be homogensous anc:h l:ne?;;{

- i i i d to be a smoo stra
ic.The interface is considere )

T!a:tlsithout thickness for estimating stresses.The tharﬁal
%n tch residual stress fields were meesyrad USLn%
m;zt:é;astirify and were computed using thadf:nftad ?;a?g?
. ' : a i 1. These are detailed 1 .
ter annealing the panel. ]
metho:eziu:;d 6x , 6 and 6xy stresses are reproduced 1?
T?a 3,4 and 5 respectively for a 'panel made ?
:;gs;o'lasfics CY230 and CT200 resins which a?e commonli
z; sor photoelastic investigations. We festrlct now ou

:itention to a small edge region near the interface.

Thickness of Interface

i be taken as a line but
jcally the bondline can )
M?crgzgggically this 1is not so. For th§ epoxy.epo;yf ?g?
m;crinium—epoxy material combinations consxqared in et:cal
:h:m interface geometry was examined in .fén t-op 1The

i i i 1:500 magnification
i e(Reichert Austrialwith : c
2;:;::23P bondline is schematically shown t;n 7Flg;?;rf322:
i ttern for e 2 i
total height of wavy pa " ) N
averag:d is 23 and 29 microns respectively. This is bet:er
t:aiurthe bond thickness of 30-300 microns reported or
adiesively sandwiched plates by Fleck et al, 18S81.

Crack Tip Stresses

k size is much smaller
er short crack when the crac ) 3 )
Fir 2 :heythickness attribute of the interface as dzf:??dmfz
:han above paragraph (a/h<<1) one may take the ;. ;2 i
f'Zld still unperturbed at the crack tip.The stress f1ie

1

i S1Fs are,
— completely parameterlsed by SI1Fs.These

J P
Kt  _ 4. & [a
o - 2w
o
u AN ¢ 3)

Kz | 4-@85 6_;_’% T |

gferefora the two SIFs are in proportion of the residual
peel ( 6y ) and shear (Gxy) stresses.

i the edge upto about
ack (a/h>>1) extending from )
Fortantgngo?rthe length of the bondline the reT;dTalt pegi
: . i lines paralle o i
on the interface and ?n !
TtrZiiscopically) is negative (Fig.4). The resxduaih sh:?g
t:essas gradually diminish and become zero' a;. 5e
Tength of the interface (X/2w = 0 ) as shown in Fig.5.
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Since the peel stress
subjected to
Hence

is negative the edge crack will be
compression perpendicular to its own plane.
it can not propagate further in mode 1. This .is in
conformity with the observation reported in [2], wherein a
ductile thin film is sandwiched between brittle substrates
and the residual stresses in the film are simulated by
loading shown in Fig. 7.

To substantiate the position let us consider some data.

We
consider the same bimaterial combinations as taken in [51].
The relevant material data are presented in Table 1. The

constant Gokesxsdfor the CYZ30-CT200 panel is 90 MPa. The
variation of nondimensionalised SIFs with the crack length
obtained through eqs. 1 and 2 for short cracks are shown in

Figs.8 and S.For all the material combinations the bond line
thickness is taken as 23 microns.

Effect of Large Residual Stress Parallel to the Bondline

We notice a near parabolic distribution of direct stress 6xin
the X direction on lines parallel(in macroscopic sense) to
the interface(Fig.3).This stress is zero on the bondline as
given by Rice and Sih,1965.At the edges it is zero and it
has a peak at mid lenth of the interface.The average stress
all along the bondline can be approximated after integration,

6x 5 6x

S0 = 3 G"O)mQK e (3)

Fig.10 depicts the actual and averaged values of this

stress.This tensile residual stress can be thought of as an
interface pushin pressure(Fig.7).

Parallel Debonding

Considering the epoxy-epoxy interface at microscopic level
and attributing a thickness parameter to it as done
we may consider the possibility of parallel
same as illustrated in Fig.11. From Ref.[6] we have the
scaling result for interface SIFs from the farfield results
of SIFs for homogeneous substrate materials.As elaborated in
that reference we shall consider Dundur’s parameter B{tJto be
zero so that the oscillatory effects at the interface
cracktip donot enter in our discussion.We use Irwin’'s
formula relating energy release rate to SIFs at the

earlier
debonding of the

upper
cracktip(Fig.%l).As done in (81,
- 2 *
G‘-%{KZ"'K!-] iEe o (4)
But we have under push-in pressure P, energy release rate
to be
2 b g
G- =Y () e )
T e N4
From eqns.4 and 5 we have
K= $PJh sinad o @
Kn_:_'ipm Cosd’ - . (7)
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TRELE 1

RELEVANT THERHDELASTIC PROPERTIEE OF RATERIALE

After solwing the Ffuil slasticity preblem Ref.[8] givas

HMATERIAL CY230 CTYI00 CARBOM KEVLARAS ALUMINIUM MYLON-&& E-GLASE
#=17.5% degrees.We can draw qualitative conclusions about EFDKY  EFOXY
parallel debonding now.Since the stress is nagative
iresidual tension) dabonding will be in pure mode il E, YOUNG 'S
sliding.lt may be rcepeated here as in [83 that if this mOpMLus, BFa 3 3 300 1= ™ Y Th
=tress was positiva (residual compression! a significant
amount of crack face opaning aleng with predominant siiding PAISSON"B

was possible. Hence in case of epoky-epoxy Iinterface RATIO 0.8 o308 0.3 0.3

0.3 0.3 o.3
sarallel debonding is wnlikely.
GTRESE FRINGE
COMSTRAT
COMCLUS [ONS ::‘:"T"t‘#n'? T » 1 4 + i
B.AT 1L C 280 300 - - - - -
In & bimaterial panel subjected ts anmmealing residual
stresses, the mode 1 SIF at the tip of an adge crack close COEFF ICIENT
i : OF THERFMAL
tn the interface decreases with the edge crack length.But EX 100
the +trend =hewn by S5IF for mode 11 is just the opposite. wml: So &0 =-0. 5 -2 (81 o0 a
The SIF for made 1 is the highest in the casa af carbon-
gmoxy and mode 13 SIF is tha largest for epoxy-BpPORY
material combinaticons.it appears that such extensicns inta Epouy resins,Herdensrs have trade nases of M/E Hindustan Ciba Beigy L¥d.
tha substrate wvery closa to tha interface are theoretical Iy
not feasible. In the casa of an opoay-apaxy interface,
paralle]l debonding is alsc unlikely. . h B, 9. Fig.Z2.Geonatry of
P AL I IV T | e the panel
Acknowledgement:The authors thank the managemant of Bharat T__;:::::==___ -
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Fig.l0.Averaga residudl &x Stress

Mcte:Please see next pages for Figs.3 to 5.
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Fig.3 Experimentally measured variation of o with x
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