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ABSTRACT 
In the present work, the fatigue behaviour of a- 12% SiISiC, 

composite containin (10% wt) Sic, particles have been compared with Al- 
12% Si alloy. Dis f ocation structure and microprocesses of fatigue crack 
initiation and propagation in the composite have been investigated using 
SEM and TEM. The cyclic stress res onse characteristics and fkacture a behaviour of the composite were7also stu ied. The obtained results showed 
that the fatigue stren h at 10 cycles of the com osite is 1105 MP,, i.e. 
about 28.6% higher t ff an matrix alloy. The voids an d' microcracks initiated 
at and near the interface between Sic, and matrix, where the higher density 
dislocations are presented, will propagate and link up to form the fatigue 
crack. Cyclic response of the composite revealed hardening to failure at all 
strain amplitudes. The fatigue fracture sf the composite exhibits a 
macroscogical~y brittle characteristic at dl strain amplitudes, but has local 
matrix ductility. 

1. INTRODUCTION 
The emergence of novel processing techniques coupled with the trend 

to lighter materials having s ecific strengths and stifiesses has catal sed 
considerable scientific and tec LI ological interest in the development an d' use 
of numerous hi h erformance composites or hybrid materials as serious 
competitors to % ot -!I the traditional and newer-generation monalithk alloys. 
The majority of such materials are metallic matrices reinforced with high- 
strength, high modulus, and often brittle, second phases in the form of 
fibers, particulates, whiskers and platelets, embedded in a ductile matrix. 
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The reinforced metallic matrices offer the otential for significant 
improvements in structural efficiency, relia&lity, density, stiffness, 
strength ( yield strength and ultimate tensile strength) and wear 
resistance over the monolithic counterpart while maintaining adequate 
levels of ductility and fkacture toughness [ 1- 10 1. 

When the metal matrix composites are fabricated or annealed at a 
certain high temperature and cooled down to room temperature, plastic 
deformation is nnevitable to take place in the matrix region near the 
interface because of the sip8cant difference in thermal. expansion 
coefficients between the redorcement and the matrix. Therefore, 
numerous dislocations with high density are expected to exist in virgin 
s ecimens before cyclic straining. There is no doubt that the 
d!slocations will have some effects on the fatigue damage and the 
cyclic straining will in turn act on them. It is generally believed that the 
interfaces between dissimilar materials are the sites for mechanical 
stress concentrations and often nucleate during the overdl failure 
process. 

Aluminium alloys reinforced discontinuously with SiC particles 
are receiving a Feat deal of attention from researchers and engineers, 
because the enpeerin properties of them have much less dependent 
on direction and the I! abrication of them has an obvious advantage of 
saving costs. Therefore, applications of SiC composite materials to 
structural component of non-aerospace whick demand low cost and 
specific gravit as well as good fatigue properties were being 
considered an d' realized. However, the mechanism of fatigue fi-acture 
and the relations between the fatigue behaviour and microstructure 
were not well studied although some interesting results have been 
publically reported 11 11 - 141. 

So, it is the purpose of the present work to investigate fatigue 
behaviour and microprocesses of fatigue crack initiation in Al-12% Si 
alloy reinforced with (10% wt) Sic particles. This composite was 
fabricated by the s ueeze casting teclhnque. The effea of cyclic stress 
on dislocations an 1 microstmcture was also investigated for a better 
understanding of the failure process in the metal matrix materials. The 
Al- 12% Si alloy was chosen as a matrix for this study, because its 
widley used for load-bearing structural components as well as in the 
automotive industry. 

2- MATERIALS AND EXPERIMENTAL PROCEDURE 
Figure (1) presents the flow chart of the experiment. A1 the 

experimental procedures described in this section are referred to this 
chart. 

2-1 Fabrication of Composite 
In the present work, specimens of A-12% Si alloy reinforced 

with (10% wt) Sic, particles ( size range 63-180 
pm ) were used. This composite was fabricated by the s ueeze casting 

' 

Ii technique under a pressure of 60 MP, during solidi cation for a 
duration of 120 second according to the procedure described in Refs. 
[lo & 15 1, and as shown schematically in Fig.(l). The composite was 
also solutionized at 520°C for 3 hrs., water quenched and then aged at 
170 OC for 6 hrs. 

2-2 Tensile Test 
Flat tensile specimens of 3 mm thickness, 6 mm width and 24 

mm gauge length ( according to BS 1987 and ASTM E8-89b) were 



machined from the s ueezed composite with the gauge length of R specimens parallel to t e longitudinal axis of the casting. Tensle 
testing at room temperature was conducted on a 20 ton universal 
testing MC using constant cross-head speed of 3 d m i n .  

2-3 Fatigue Bests 
The fatigue specimens of 3 mm thickness, 8 mrn width and 25 

mm gauge len h, were machined from the squeezed composite. The P longest axis o each specimen was parallel to the longitudinal axis of 
the casting. Both sides of each specimen were carehlly olished by 
conventional metallogra hic techniques to remove a scratches. 'P B 
Fatigue tests were con ucted at room temperature on a 

P push-pu11 fatigue testing machine at a frequenc of 20 Hz. High-cyc e fatigue 
tests were performed under constant? oad control, to determine the 
fatigue strength of the composite at 118 cycles. A sinusoidd waveform 
was used the controBling signals. The stress ratio ( ratio ofminhunn 
stress to max. stress ) R = -1 was selected. On the other hand, low- 
cycle fatigue tests were performed at a constant strain rate of 0.1% per 
second, to investigate the cyclic stress response characteristics and 
fracture behaviour of the composite. 

2- 4 Metalllographic Examhation, SEM Fractography and 
TEM Fractography 

The initial microstructure of the as-received composite material 
was characterized by optical microscopy after standard metallographic 
preparation techniques. Fracture surfaces of the deformed fatigue 
specimens were examined using Jeol scanning electron microscope to 
determine the redominant fiacture mode and to characterize the fine R scale topograp y ofthe fatigue fracture surface. In order to investigate 
the relationship between fatigue properties and microstructure, 
dislocation configuration of failed specimens were observed by 
transmission electron microscope, R M .  

3- EXPERIMENTAL RESULTS AND DISCUSSION 
3-1 Microstaurcture 

Figure (2) shows the photomicrograph of the structure in the as- 
cast condition. It is clear that, s ueeze castin results in a, dense 
structure with a grain refining e 2 ect. Ass, t f t  e applied ressure 
achieves an uniform distribution of the hard ceramic phase (Si 8 . 

3-2 Fatigue properties 
The fatigue test results are presented in Fig. (3), in which 

comparison of high cycle fatigue properties of two paterials can be 
seen. It is apparent that the fatigue strength at 10 cycles of SiC 
reinforced M-12% Si composite is 105 MP, and increases by 28.6g 
compared with the matrix. 

3-3 Cyclic Deformation and Microstructurai Evaluation 
The manner in which stress response varies with number of 

cycles and plastic strain am litude is an important feature of the low 
cycle fati e process. T& stress response curves, which were 
determine ‘!Y by monitorin the stress response during total strain 
controlled fati e, provi e usefil information on the cyclic and b 'f 
mechanical sta ility of the material . Mechanical stability of the 
intrinsic microstructural features during reverse plastic straining, and 



the ability of the material to distribute plastic strain over the entire 
grain volume are two important factors governing the cylic response of 
a material [16&17]. 

Figure (4) shows the variation of the stress amplitude ,o, with the 
number of cycles, N, under dserent plastic strain ampfitudes,s. As 
shown the cyclic hardening was noticed in the initial stage of fatipe 
straining. With a continuous of cycling, the rate of hardemng 
progressively diminished and the cyclic saturation was reached. The 
number of cycles at which the saturation begins to occur and the 
magnitude of the saturation stress depend strongly on the applied 
plastic strain amplitude. Fig. (5) shows a plot of the stress amplitude at 
saturation as a fknction of plastic strain am litude provides the so P called cyclic stress- strain curve behaviour o the composite Al- 12% 
Si/ SiC From this figure it is dear that , the saturation stress- strain 
curve &r Sic, composjte exhibit5low strain hardening over the plastic 
strain region of 3x10- to 5x10 . The occurance of thh region is 

this may be due to a continuous increase 
alloy interfaces involved in the c clic 

the interface is the most signi cant 
dislocation source of cyclic deformation. 

2' 
Figure (6) shows the dislocation arran ements in cyclic 

hardening stage of AI-12% Si/SiC . It is evident t ?I at the dislocations 
interact strongly with the interdice which is not only the main 
dislocation source but also the main obstacle to dislocation motion. 
Fig. ('7) shows TEM micrograph for Fracture surface of f$tigued 
specimen subjected to 190 MIB,  cyclic stress about 8.8 x 10 cycles 
until failure occured . It is shown that. much high density dislocation 
tangles and few precipitations appear at or near the SiCd matrix 
interface and that high density dislocation networks are pinned by 
dispersed precipitation particles in the matrix. It is interesting to note 
that the isolated dislocation channel, where there are some curved 
screw dislocations appears at the corner near the interface of 
SiCdmatrix and that the dislocation 
extended due to the dislocation 
same time, it is evident that 
to bow round from the 
observations that high density dislocation tangles and the channel are 
formed near Sic4 matrix interface as the result of the dislocations 
interacting strongly with precipitations and SiC particles and that the 
dislocation activity greatly increases at the interface and the corner of 
Sic,, while the screw dislocation can easily move through the channel 
where the resistance is small. As a conse uence sf a91 the dislocation 
generation and movement, there is a possibi?ity of void formation at the 
SiC matrix interface. Therefore, the channel will be associated with i voi s and microcrack at the interface between Sic, and matrix. 

3-4 SEM FRACTOGRAPHY 
Figure (8) shows the morphology of fatigue crack formed on 

surface of Al- 12% SiISiC, composite. As shown, the cracks 
preferentially propagate along the path of ag egate Sic particles. 
Further microscopic observation reveals that t f e microcrack mainly 
initiates at or near the interface between Sic, and matrix. Sometimes 
only few cracks cross the SiC particles. 

Detailed SEM examinations were conducted also on the fatigue 
fracture surfaces of specimens. Typical fracture surface ap earances 
are shown in Figs (9 & 10). Representative fractograp 1 s of the 



specimen deformed at totd cyclic strain amplitude of 0.3% is s h o w  in 
Fig.9 . The si~con carbide particles ( SIC,) were found in dusters 
throughout the fracture surface ( Fig.9-a). High ma ification 
observation revealed the presence of multiple cracks in t ?? e matrix 
region (Fig. 9-b). Shallow dimples were found distributed in the 
matrix. Assuming the intrinsic stren th of each Sic particle is inversely 
proportional to the square root OF its characteristics dimension, 4, 
[18&19] : 

e 
where, E is the Young's modu'lus, v is the poisson9s ratio and 

G,, is the effective fkacture energy for dynamic grolpagatiot~ ofthe 
crack into the matrix. An increase in the tensile stress that occurs 
during cyclic hardening romotes microcrack initiation to occur at the 
particles. With continue 1 cyclic deformation the cracks propagate into 
the ductile matrix. Numerous such microscopic crack causing a drop in 
load carrying capability of the specimen and culminating in fatigue 
failure. Furthermore, it is also possible that mismatch that extsts 
between the brittle ceramic particles ( SiC,) and the ductile matrix ( AP- 
12% Si) favors concentration of stress at and near the reinforcement 
particle causing the matrix in the immediate vicinity to fail prematurely 
or the particle to separate from the matrix (Fig. 10). From the 
appearances of Mgue fracture sudaces it can be suggest that fatigue 
fracture of the &12% S E X ,  composite exhibits a macroscopica~Py 
brittle characteristic, but on the mlcsoscal it is ductile . 

All above mentioned results demonstrate that in the matrix near 
SiCd matrix interface, high density dislocations which are instable state 
move and interact with the precipitations and Sic particles. 
Consequently, the dislocations are pinned and bowed to form Frank- 
Read sources which can emit a lot of dislocation loops. The loop can 
be piled at the interface (see Fig.7). As stress increases in this region 
the particular array of di oles becomes instable, collapses and forms 
channel in which there is i' ow resistance against dis8ocation movement 
reported by Laird [20]1. These channels are then local weak spot of 
low flow stress where voids codesce and promote crack initiation 
indicated by Chevalier et al. [2 1 ]I. Obviously the channels in A- 12% 
SiISiC, composite display isolate feature and is located in the vicinity 
of interfaces, which can be distin ished from channels standing side 
by side in the conventional Al a1 r oys revealed by Mitchell and Tear 
[22]. Therefore, it can be understood that fatigue crack initiation and 
ropagation essentially occur in the vicinity of the interface even if the 

gond of interface is u~ te  strong in the composite 4 Finally, two actors can be considered tb account for superior 
fatigue properties of M-12% SiC composite in comparison with the 
matrix alloy. The first, it is well hewn that high dislocation density 
and small subgrain size in the matrix of the 
strengthening of the matrix and enhancing its 

performance usually improves. 
pe ormance o f  high cyclic fatigue in the 
could be attributed not only to the 
reidorced materials but also to 
thermomechanical interacting. The 
to low fatipe stress for long 
phases continuously such 
are always associated with t 



that high dislocations are ginned to enable the fatigue crack difficulty 
to form. 

CONCLUSIONS 
From this study, the following conclusions may be drawn : 
1. In comparison with AJ-12% Si alloy (matrix), the high cyclic 

fatigue strength at 18 cycles of the composnte is superior by 
28.6% . 

2. The dislocation channels observed by TEM are only located in 
vicinity of the SiC&mtrix interface and dis Pay isolated P feature . It is indicated where voids wil collect and 
microcracks initiate. Therefore, even if the bond between Sic 
and matrix is uite strong, the fatigue crack initiation an8 
propagation wi l essentially generated in the matrix near 
anterface. 

9 
3. Cyclic stress response of the composite revealed hardening to 

failure at all strain amplitudes. 
4. The fatigue fi-acture of the composite exhibits a 

macroscopically brittle characteristic at all strain amplitudes, 
but has local matrix ductility. 

5. The reasons for fati e property improvement of the 
composite are essentia I attributed to two factors. The first, 
higher strength level oft  5 e SiC reinforced particles and matrix 
strengthening by thermomechanical interaction. The second, 
the strengthening phases will be continuously precbitated for 
the fatipe process and then interacted with the PI1 h density 
dislocat~ons. Consequently, dislocations pime$ by the 
precipitations will move with difficulty and fatigue crack 
mitiation be delayed. 
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Fig.(6) TEM micrograph showing the 
dislocation structures at the cycllc 
hardening stage in At- 12% SI/& C,, 
composite (E = 1.3 x 10" ). 

Fig.(7) TEM micrograph showng the 
dislocatian structure for fracture 
surface of fatigued specimen at 
a =  190MP, 

Fig,@) SEM micrograph 
showing the fatigue 
crack propagation 



Fig.(9) SEM micrograph of  the fatrgue fracture surface of the 
composite specimen deformed at total cycllc stran 
amplitude of 0.3% 
(a 1 agglomerated mass of S iC part~culates, 
ib) craclung In the matrlx 

Fig.( 10) SEM m~crograph shawng an 
agglomeration of SiC 
partrculates on fatigue fracture 
surface of the transverse test 
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