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Fig.1  Microstructure of MMC with SiC particle

20 µm
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Fig.2  Microstructure-based FEM (a), cell model (b), and mesh  

for simulation (c) 
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Fig.3  Temperature against time during thermal cycling 
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Fig.4  Von Mises effective stress in matrix (MPa): (a) 495 � and  

(b) 20 � 
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Fig.5  Von Mises effective stress in particles (MPa): (a) 495 �  

and (b) 20 � 
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Fig.6  Principle stress in matrix σ
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Fig.7  Principle stress in particlesσ
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Fig.8  Curves of σ
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 in matrix and particles vs cyclic number: 

(a) matrix and (b) particles 
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Fig.9  Von Mises effective stresses in matrix at volume fraction  

of 11.7% (MPa): (a) 495 � and (b) 20 � 
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Fig.10  Von Mises effective stresses in particles at volume  

fraction of 11.7% (MPa): (a) 495 � and (b) 20 � 
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Fig.11  Principle stresses in matrix at volume fraction of 11.7%  

σ
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(MPa): (a) 495 � and (b) 20 �;²
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Fig.12  Principle stresses in particles at volume fraction of 11.7% 

σ

22

(MPa)

 

: (a) 495 � and (b) 20 �;²

22

(MPa): (c) 495 � 

and (d) 20 � 

 

a 

σ 

b 

σ 

a 

σ 

b 

σ 

b 

σ

22 

a 

c 

d 

σ

11 

σ

11 

σ

22 

b σ

22 

a 

c 

d 

σ

11 

σ

11 

σ

22 

1          2          3 

Cyclic Number 

50

0

–50

–100

–150

–200

–250

T
h
e
r
m
a
l
 
S
t
r
e
s
s
,
σ

2
2

/
M
P
a
 

Heating 

Cooling 

b 

1          2          3 

100

80

60

10

20

0

–20

–40

–60

T
h
e
r
m
a
l
 
S
t
r
e
s
s
,
σ

2
2

/
M
P
a
 

a 

Heating 

Cooling 



� 11�                              �  �Q$SiCOPMN�
����BJ@A=e°±                         �1933� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 13  K�HC 11.7%¬
K¡MNOPB σ

22

¡@AjC®¯ 

Fig.13  Curves of σ
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 in matrix and particles vs cyclic number at  

volume fraction of 11.7%: (a) matrix and (b) particles 
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Fig.14  Thermal strain response curves with volume fraction 15% (a) , 11.7% (b) and thermal strain response curves for first cycling (c) 
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Thermal Cycling Behavior of Aluminum Matrix Composites 

 Reinforced with SiC Particles 

 

Zhang Peng, Li Fuguo 

(Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: A finite element modeling based on the actual microstructure is established to analyse the thermal cycling behavior of metal Al 

matrix composites (MMC). The distribution of Von Mises effective stress and principle stress is presented, and the results show that during 

the heating, the thermal stress is negative in matrix, but positive in particles; during the cooling, the thermal stress is positive in matrix, but 

negative in particles. Simultaneously, the principle stress σ

22

 after three thermal cycles is calculated to be steady after the two cycles. The 

effect of volume fraction on the thermal cycles is analysed in the cell model, finding that the distribution of von Mises stress is more 

uniform than the previous model. Through comparison, it is shown that the composites with high volume particle fraction possess a higher 

dimensional stability. 

Key words: particles reinforced Al matrix composite; microstructure; thermal cycling; thermal stress 
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