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There is an ever increas d for better tive fuel econo- 
my and improved engine p nce. To nee worldwide need, 
one of the most effectiv eans is to reduce the weight of engine 

sium. This is g rigidity and str 

s of shot peening aluminum compos- 
ites which are reinforced with silicon carbide whisker (SiCw) or 
silicon carbide particle (SiCp). It further investigates the 
influence of shot peening on fatigue life by means of residual 
stress and MMC structure (distribution of whisker). 

It, after shot peening the fatigue of SiCp/2024 
ved but there was little effect on w/6061. The 

reason for this was found to be that, shot affected the 
surface's residual stress. 
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INTRODUCTION 

Using Metal Matrix Composite (MMC) for engine parts is considered 
to be very effective in reducing weight, fuel consumption and 
direct operating cost. Whisker and particle reinforced MMC are 
expected to have improved fatigue strength over that of matrix 
aluminum alloy. The shot peening process was investigated in an 
effort to further increase this expected benefit. 

This paper describes the use of the shot peening process on alumi- 
num composite (MMC) reinforced with silicon carbide whisker (SiCw) 
or silicon carbide particles (SiCp). It further describes the 
investigation of the influence of shot peening on fatigue life by 
considering the residual stress and the distribution of whisker 
and particles in the composite. 

EXPERIMENTAL PROCEDURE 

Table 1 describes the erials used in testi One material 
consists of an A6061 atrix with a 20 X v 
Sic whisker, casting. The other is 
matrix reinforced with a 20 X volume fraction of Sic particles, 
produced by powder metallurgy. These WMCs were then machined to 
70 ram# x 10 x 20 mm, heat treated as shown in Fi 
1, and then mach own in Pig. 2. 

Table 1 MMC materials used in testing 

Specimen S iC SiC VP Matrix Production Method 

SiCw/6061 Whisker 2 OX 6061 Squeeze Gastin 
SiCp/2024 Particle 2 OX 2024 Powder Metallurgy 

Fig. 1 Heat treatment condition Fig. 2 Sample dimensions 



Table 2 shows the mechanical properties of the test samples and 
ays their optical photom 
' hardness and Young's 

nical properties o 

Mater ial B 

b) SiCp/2024 tp--- I 
50 pm Fig. 3 Optical photomicrographs 

In Fig. 4 the distribution of Sic whisker in the SiCw/GO 
is evident in the SEM photomicrograph. A t  the surface the whisker 
concentration is higher and the whiskers are parallel to the sur- 
f ace. 

The shot peening process has the sample secured to a turn table 
revolving at a speed of 20 rpm as shown in Fig. 5. Glass beads 
are projected at the sample through a 5 mm diameter nozzle at 0.3  
MPa at a right angle to and 150 mm from the center of the sample. 



a b l e  

. 5 Schematic peening apparatus 



ent conditions 

covera time 

300 X 250-177 ,um 15 sec 

Fig. 6 Hardness distribution of MC sample after shot peening 
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Fig. 7 Correlation between shot peening conditions 
aluminum, rel 

and matrix 



Fig. 8 Surface properties of MMC after shot peening ( SiCw/6061) 

RESULTS AND DISCUSSION 

1. Results of Rotating Bending Fatigue Tests 

SiCw/6061 and SiCp/2024 materials were shot peened under 2 differ- 
ent conditions, and rotating bending fatigue tests were conducted. 
The results are shown in Fig. 9. Reinforcement with Sic particles 

the fatigue 
that, further 

SiCw/6061 was not i 

Shot Peening 
. -- 

A . H  0.35N 

A.H 0.1 8N 

non-peened I 

I I I I 

lo5 lo6 lo7 
C y c l e s  t o  f a i l u r e , N  

Fig. 9 a) S-N curves (SiCw/6061) 
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Fig. 9 b )  S-N curves  (SiCp/2024) 

The f rac tography  of  t h e  samples is shown 
o r i g i n a t e s  from t h e  s u r f  
a r e a ,  c a l l e d  of f r a c t u r e .  
There is no y, i r r e s p e c -  
t i v e  of s h o t  s of c y c l e s  t o  
f a i l u r e .  

a )  non-peened 6 )  A .  
F ig .  10 F r a c t u r e  s u  

2 .  In f luence  of Surface  Residual  S t r e s s  on F a t i ~ u e  S t r e n g t h  of  

Residual  stress on t h e  sample ' s  s u r f a c e  was measured i n  o r d e r  t o  
determine t h e  e f f e c t  of  s h o t  peenin  on f a t i g u e  s t r e n g t h .  F ig .  11 
shows t h e  X-ray d i f f r a c t i o n  p a t t e r n  of  MMC. A s  a  r e s u l t ,  Al(222)  
peak around loo0 was confirmed and r e s i d u a l  stress w a s  measured 
under t h e  c o n d i t i o n s  shown i n  Table 4. 



Table 4 Measuring conditions of 
residual stress 

diffraction plane 
Cr-Ka 
1222 I 
30 kV 
10 mA 
V foil 
3 x 4 mm 2 

Fig. 11 X-ray diffraction pattern of MMC 

Fig. 14 shows c L stress obtained 
by X-ray diffr 300 MPa stress 
amplitude. It 
of MMC by shot 
residual stress for both SiCw/6061 and SiCp/2024. 
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Fig. 13 Correl asured by X-ray dif f rac- 
tion and the a 
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CONCLUSION 

ti s 
0 t 

be drawn: 

2. The fati is 
peening. 

3. Residual stress infl 
by X-ray diffr 
should be further dire 
SiCw/6061 was not incre 
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