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Summary 

Observations have been made for deformational features due to mechan- 
ical load or due to electr ic force for thermoplastic matrix reinforced by 
short glass fibers. Morphological aspects common for both phenomena have 
been noted. 

Introduction 

There have been active researches on mechanical fracture (1-4~ and 
electric breakdown (5-6~ phenomena to understand the fai lure mechanism of 
fiber-reinforced polymer composites. In this le t ter  certain common 
features in mechanical and electrical fai lure phenomena wil l  be mentioned 
and an explanation wil l  be presented in terms of deformation mechanics of 
short f iber reinforced polymer composites. A short note on voiding wi l l  
follow. 

Experimental 

The injection molded polyethylene terephthalate {PET) or polypheny- 
lene sulfide (PPS) reinforced with short E-glass fibers were provided by 
Dupont and by Phil l ips Petroleum Company, respectively. The stress 
rupture unit (I) has been employed to induce mechanical fracture in air.  
The microstructure of fractured surface is examined by the scanning 
electron microscope. The electr ic breakdown of a composite sample has 
been conducted by the testing unit mentioned previously (5) and the 
microstructure of a failed specimen has been investigated by means of 
polarized l ight to reveal erosion channels inside the specimen. Occasion- 
al ly,  the ion-milling technique (7) has been employed to investigate th~ 
deformed microstructure. 

Results and Discussion 

As seen in Figure 1 f iber fracture under a tensile load occurs more 
l ikely near neighboring f iber ends. Such f iber breakage also appears 
under a compressive load where the rectangular bar-type specimen tends to 
buckle prior to fai lure. Thus, a horizontal compressive load was trans- 
formed into a horizontal tensile load by buckling of the sample column. 
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In these cases, the f i be r  f racture is induced by the combined action of 
tens i le  stress and shear stress. The shear stress from the neighboring 
f i be r  t i p  is transferred through the matr ix. There appears to be a c r i t i -  
cal distance above which the shear stress is not e f fec t ive  in inducing 
f i be r  f racture.  The net resu l t  of the interact ion with a neighboring 
f i be r  end is the increased tens i le  force on a plane at 0 ~ to the terminat- 
ing f i be r .  Depending on the re la t i ve  or ienta t ion,  a certain plane of a 
f i be r  w i l l  get the maximum increased tens i le  force. Note in Figure 1 the 
local debonding at places close to the neighboring f iber  end. 

Fig. 1 Localized view of f i be r  fracture under a tens i le  load 
(ver t i ca l  d i rect ion)  for (PET/glass) composite. 

Polymer f a i l u re  in a f a r - f i e l d  region (1) quite often occurs in 
para l le l  discrete cracks for  mechanical breakdown under a ver t ica l  tens i le  
load. The same kind of para l le l  crack feature is seen in e lec t r i ca l  
breakdown (5) in which the applied e lec t r i c  voltage is transformed into a 
mechanical force by various mechanisms (8), as in Figure 2. The t r i bo lo -  
gical f a i l u re  in the sub-surface zone also reveals such a para l le l  feature 
of discrete deformations, where the external force comes from the combina- 
t ion of normal load and f r i c t i o n a l  force (9,10). Such a ladder- l ike 
para l le l  feature common to f racture,  e lec t r i c  breakdown and t r ibo log ica l  
f a i l u re  has i t s  or ig in  in the morphology of semicrysta l l ine polymers 
(7,11). 

The basic bui lding block of semicrysta l l ine polymer structure is a 
lamel lar p la te le t .  The architecture of th is  p la te le t  for a given polymer 
can be of three kinds: planar, r ig id  sheet, and S-shape lamellae (12,13). 
The i n i t i a l  invest igat ion by TEM and SEM of the mechanical f a i l u re  process 
has been recent ly provided (14), where the ( f iber /matr ix~ in te r fac ia l  
f a i l u re  mechanism and the in te r lamel la r  matrix fa i l u re  process have been 
described. 



273 

Fig. 2 Discrete matrix f a i l u re  under e lec t r i ca l  breakdown 
(see the arrow mark~ of (PET/glass~ composite. 

Fig. 3(a) SEM micrograph of deformed (PET/glass~ composite. 

The SEM micrograph of deformed PET/glass composite is presented in Figure 
3{a~, in which both planar and ridged sheet lamellae are seen. The 
deformation causes p la te le ts  to be aligned along the stress d i rec t ion and 
the in te r lamel la r  amorphous phase can be easi ly  etched away by ion-beam 
bombardment (7~. The ridged sheet is a lamellar p ro f i l e  viewed down the 
crysta l lographic b-axis. When the b-axis is in the plane of the p ic ture,  
a curved lamellar p ro f i l e  is obtained as shown in Figure 3{b) revealed in 
smooth features. Also seen are ( f ibe r /mat r i x )  i n te r fac ia l  microvoids as 
reported previously (1,14). 
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Fig. 3(b) SEM micrograph of deformed (PET/glass) composite 
when the b-axis is in the plane of the picture.  

The fast  f racture technique is another way of revealing an i n t r i ns i c  
st ructura l  morphology, as shown in Figure 3(c) for a PPS/glass composite. 
The planar and ridged sheet pro f i les  are seen in the f racture plane, and 
under a high magnif ication the in ter lamel lar  voiding is seen. P ro l i f i c  
broken craze f i b r i l s  are also seen over the whole f racture plane. So, 
from the previous morphological features, i t  appears that the ladder- l ike 
deformation features are crack fa i lu res  along the boundary between adjoin- 
ing planar lamellar p la te le ts .  

Fig. 3(c) SEM picture of f racture surface of (PPS/glass) 
composite under a stress rupture. 
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Voiding is f requent ly  observed pr ior  to macroscopic crack generation/ 
growths. A void can be formed by cumulative breakdown of craze bundles as 
shown in Figure 4 or shear- l ike fa i l u re  along the boundary of local grainy 
feature. The tens i le  f a i l u re  induces a void morphology as on Figure 4 and 
impact fat igue f a i l u re  (15~ induces a void morphology, where craze f i b r i l s  
are not seen due to the fast  deformation rate in impact. The compressive 
fa i l u re  induces a matrix deformation, in which the compressive load is 
directed hor izonta l l y .  Because of buckl ing, a tens i le  force is induced 
along the horizontal d i rec t ion and consequently appears to induce deforma- 
t ion aspects along the boundary of local grainy features in para l le l  
fashion. Voiding occurs at th is  boundary. 

Fig. 4 Voiding of PPS matrix at room temperature and ~0 
inches per minute s t ra in rate tens i le  rupture. 

Conclusions 

(i~ The f i be r  f racture in short f i be r  composites tends to be enhanced by 
the presence of neighboring f i be r  ends due to the reinforced tens i le  
stress applied to the f iber .  

(2~ The ladder - l i ke  crack feature in both mechanical and e lec t r i ca l  
breakdown appears to be fa i lu res  along the in ter lamel lar  p la te le t  
boundaries. 
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