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Advanced composites show considerable promise for weight and volume critical applications , 
for example, aircraft and space vehicles. Aluminium alloys reinforced with S i c  whiskers and 
particulates are new, potentially useful, structural materials with high strength and high 
modulus. 

When a metal matrix composite (MMC) is cooled down to room temperature from the 
fabrication or annealing temperature, residual stresses can be induced in the composite due to 
the mismatch of the ther 1 expansion coefficients between the metal matrix and the 
reinforcement. The m of the residual stress has a very important effect on the yield 
stress and fatigue stren metal ma& c 
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HOLE DRILLING MEASUREMENT 

The holedrilling method involves monitoring the change in strain when a hole is drilled inio a 
ent is mad ial three-element strain 
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To obtain the gradient of the residual stress with depth , the hol lled by steps. For each 
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yield stress of the 6061 mamx composite is smaller than the 2124 matrix composite [4] .The 
results of the X-ray diffraction method is shown in table 3. It can be seen that the values 
obtained by the two methods of measurement are very close . 

The second example shows the results obtained with two extruded 2124 samples with 25% Sic  
reinforcement. Here the nature of the reinforcement ( SiCw or SiCp) are studied. Figure 4 and 
figure 5 show the residual stresses measured on the two samples. Compressive residual 
stresses were found for a depth of 100 ym . In fact, the surface of the extruded materials is 
blasted. So there is the same gradient as in a shot-peened surface but with a smaller prestressed 
layer because the blast peening is a surface finishing process and not a surface treatment 
process. The blasts used are often smaller. In this case, we have not the technological 
parameters, because the treatment has been realised by ACMC as a surface finishing treatment 
for their products . For this finishing condition, the nature of the reinforcement does not play a 
very important role concerning the level of the residual stresses. Table 4 shows the results 
obtained on the surface by the X-ray diffraction method. We can see for this case, that the 
residual stresses gradient is very important in the surface layer. 

The last example shows the effect of the volume fraction of whisker on the extruded and blasted 
composite with a 2124 matrix. Figure 6 shows the comparison of residual stresses obtained on 
the composites with 25% SiCw and 40% SiCw reinforcement. It can be seen that the volume 
fraction has not an important effect on the maximum residual stress but the prestressed layer is 
smaller in the case of the composite with 40% Sic,. In fact, except the yield stress the 
effectiveness of shot peening depends also on the hardeness increase, for the same shot peening 
intensity, the residual stresses and prestressed layer may be decreased . 

Table 5 shows the results obtained by X-ray diffraction method for 3 volume fractions (0, 
25%, 40% Sicw ). It can be seen that the level of the surface residual stresses decrease when 
the volume fractions increase for the same blasted and shot peening conditions. The maximum 
residual stresses is found in the case of unreinforced aluminium alloy. So the shot peening 
intensity must increase so as to increase the compressive residual stresses in MMC . 

CONCLUSION 

This study shows that the hole drilling method and the X-ray diffraction method are two 
suitable methods to evalute the residual stresses in AI-Sic metal matrix composite. The fom~er 
measure the mean stress in two phases ( A1 and Sic), the latter can separate the residual stresses 
in the matrix and in the reinforcement. In this study, the residual stresses induced by the 
manufacturing process (finishing and surface treatment ) were analysed. The results obtained 
by two methods are very similar in considering the scatter of the two methods, the stress 
gradient in the samples. 

Blast peening and shot-peening can induce the compressive residual stresses which are 
beneficial for the fatigue life. 

The residual stresses induced by shot-peening is deeper than the blast peening. The maximum 
level of residual stresses are very low in comparison with the yield stress of different 
composites. In fact, the intensity of shot peening used in this study is not very high. So, it is 
possible to find an optimum shot-peening condition to increase the fatigue life of the metal 
mamx composite. Further, the fatigue tests will be carried out to show the eventual effect of the 
shot-peening treatment on the fatigue behaviour and their relationship with the residual stresses 
induced by the treatment. 
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Fig2 Residual stresses measured on the shot peened sample (2124+15% Sicp )(il IMPa) 
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Fig.3 Residual stresses measured on the shot peened sample (6061+15% SiCp)(*l 1MPa) 
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Figure 4 Residual stresses obtained by the hole drilling method on an extruded composite of 
2124 reinforced by 25% SiCp. 
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Figure 5 Residual stresses obtained on an extruded composite of 2124+ 25% SiCw (k18MPa) 
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Figure 6 Comparison of the residual stresses obtained on two composites 2124 reinforced with 
two volume fractions of Sic  whisker ( 25% (k18MPa ) and 40% (120 MPa)). 

Table 1 X-ray elastic constants used for the stress calculation. 

Table 2 



Table 3 Residual stresses measured by X-ray diffraction method on the shot peened composite 
reinforced by 15% Sicp with different aluminium matrix (2124 and 6061) 

Table 4 Residual stresses measured by X- ray diffraction method on the compositen with a 
2124 matrix reinforced by 25% Sic whisker or by 25% Sic  particulate. 

Shot peened 

Table 5 The effect of the volume fraction of reinforced whiskers on the surface residual 
stresses in Al matrix obtained by X-ray diffraction method . 


