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Table 1  Typical application of aluminum matrix composite 

Classification 

Reinforced 

phase content/% 

Application examples 

Low volume 

fraction 

10~15 

Ventral fin of F-16 fighter, 

hydraulic brake cylinder block of 

military V-2 Osprey helicopter 

16~20 Aircraft camera frame 

21~25 

Vertical tail of F-16 fighter, 

PW400 engine fan guide vane, 

radar antenna 

26~35 

Engine stator blade, leading edge 

stiffener 

36~40 

Aircraft hydraulic pipe, helicopter 

landing gear, valve body 

Medium 

volume 

fraction 

41~45 

Guidance gyro support, front 

mounting plate, strategic missile 

final stage booster 

High volume 

fraction 

50~75 

F-22 Raptor fighter remote pilot, 

power generation unit, pilot head 

display, electronic counting 

measurement array and other key 

electronic systems, module carrier 

plate, instrument module 
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Fig.1  Typical surface damages of SiC

p

/Al composites

[25,26]

:    

(a) SiC particle  fracture, (b) SiC particle crushing,    

(c) interface debonding, (d) SiC particle pull out,      

(e) surface scratch, and (f) matrix coating

 

a 

SiC particle fracture 

10 µm 

b 

SiC particle crushing 

10 µm 

c 

Interface debonding 

10 µm 

d 

SiC particle pull out 

10 µm 

e 

Surface scratch 

50 µm 

f 

Matrix coating 

20 µm 
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Fig.2  Typical subsurface damages of SiC

p

/Al composites

[28]

:   

(a, c, e) conventional grinding and (b, d, f)ultrasonically 

assisted grinding
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Fig.3  Edge chipping damage in orthogonal cutting of SiC

p

/Al  

composites

[29]

 

 

 

 

 

 

 

 

� 4  SiC

p

/Al0�12l¬ª«ab7®¯° 

Fig.4  Sidewall observation of hole exit edge breaking damage of  

SiC

p

/Al composites
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Fig.5  Three typical relative positions between cutter and  

particle

[31]

 

a 

Fracture of the SiC particles 

30 µm 

Fracture underneath the surface 

b 

30 µm 

Fracture of the SiC particles 

Smeared aluminum 

d 

30 µm 

Aluminum matrix 

Fracture of the SiC particles 

e 

20 µm 

Embedded SiC particles 

Fracture underneath the surface 

c 

Fracture of the SiC particles 

Smeared aluminum 

30 µm 

f 

Embedded SiC particles 

20 µm 

30 µm 

300 µm 

 

1 mm 
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Fig.6  Compressive and debonding behavior of SiC particles at 

different relative positions

[32]

: (a) particle at lower part of 

cutting edge; (b) particle debonding; (c) ploughing under 

flank face; (d) debonding of particles at secondary shear 

zone; (e) particle below cutting path; (f) particles released 

and remained form chip
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Fig.7  Fracture removal process of single SiC particle

[31]

: (a) contact, 

(b) breaking, (c) crack growth, and (d) grain breakage 
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Fig.8  Simulation results of finite element model of SiC particle 

random distribution

[42]

: (a) round particles mode and    

(b) polygonal particles mode 

a 

Cutting direction 

Particle at lower part of 

cutting edge 

b 

Tool-particle interaction 

Particle debonding 

c 

Ploughing under flank face 

Original position of particle 

d 

 

Debonding of particles 

at secondary shear 

zone 

e 

Particle below cutting path 

Plastic strain due to machining 

f 

Particles released 

form chip  

Particles remained 

in chip  

a 

b 

c 

d 

a 

Cleavage 

b 

Cut through 

Micro fracture 
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Fig.9  Formation process of the edge defects during machining of 

SiC

p

/Al composites

[46]

: (a) contact, (b) shear deformation, 

(c) grain breakage, (d) interface failure, (e) failure of SiC 

particle, (f) crack growth, and (g) edge defect  
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Crack growth 

g 



� 3�                                  ����.SiC

p

/Al0�12tab[)uv����                         �1089� 

2.1  ��������	
�� 

� SiC

p

/Al 
����xøù�0ÅÂ$B�

�x;÷%��¯�ÈÉ#;<=¤0��1åñÃ

>Tº6��x450;�¹��§ÀÎÏ3d§À

;÷�%&@>0ê(3w7Á7½0Í�:Â�x0

��$:;¶e?�ôõ	8Q/Rþ�Ì�l30

¡s2ÅÂ×37!^2@×34Å�0%'h!^

§ÀÎÏ3

[54, 55]

#�¶ç�xâÉ7$�45�n�

æ-{ôTÅÂX6è¯<�§ÀÎÏ3�ÈÉù3

%�¶ç0YZ0SiC

p

/Al
��wÂ�x45§�0

ÅÂ×3�§ÀÎÏ3ÈÉ
º02@6�D0ÅÂ

�3ÈÉ
C

[56]

uÔÁÂ�x45lz§�02@×

3�§ÀÎÏ3ÈÉ
º0ÁÂ×34ÁÂ�3�È

É1C

[57]

# 

SiC

p

/Al 
���xÆ�;÷�ÈÉJ<67

ß¯A�hÇ¯ÅÂ4½¾�x��Æ;÷#Zhou

[29]

I\� SiC

p

/Al 
��Ç¯ÅÂ�Æ;÷2jT4

567#lz§�0ÅÂ�3�ÈÉÆ�;÷DE�

ß¯J<0Å�£º0Æ�;÷DE£ºuÅÂ×3

�Æ�;÷DEÈÉ¶º#Huang

[58]

I\� SiC ��

�_`Bd 56%� SiC

p

/Al 
���½¾�x45

lz§�02@×B£º0�Æ;÷£��0ÔÅÂ

×3£º0�Æ;÷£C#C�

[30]

I\� SiC�_`

Bd 45%~65%� SiC

p

/Al
��}¾�Æ;÷�6

7tRST�Ìl3# 

2.2  �������	
�� 

�$$Bß¯*+�$��Ö34�$Ð,$

B#zh SiC

p

/Al
������ SiC��DEÖ3

oS 9.502h�ºNB�0Zz�$Ö3^h SiC

��Ö30êÅÂøùwIçh SiC��¶¿:×�$

�øù0�h�xøùd¶'#%67§�0�h�

x SiC

p

/Al
��0�$�Ö3£20§ÀÎÏ3

£^

[59]

0XÖr���$�x SiC���_`Bd 17%

� SiC

p

/Al
��0�§ÀÎÏ3^h2×F�$4

TiNX^�$

[60]

#�h SiC���_`B12� SiC

p

/Al


��0tAGH¢X�IJ�$# 

�$�Ð,$Bt� SiC

p

/Al 
����x;

÷% G�ÈÉ#%67§�0wÂ�xè0�$A

¯£º0§ÀÎÏ3£^

[61]

u½¾�xè0�ºK¯

��!^§À;÷

[59]

#�$A¯�Æ�;÷t%È

É0��A¯�º0Ç¯ÅÂ�Æ;÷�DEÛpC

��º

[29]

# 

?�ÔL0�$Ö3� SiC

p

/Al 
����x

;÷�ÈÉ��G.�0��$Ö3¶C�As�0

Mò�$Ð,$B�h!^�x;÷¼%/0# 

2.3  ��������	
�� 

SiC����_`B4¿ìÇµ� SiC

p

/Al
��

�ß¯$B0�GT���.r4äå./#Yan

[62]

4 Sun

[63]

`�4567T¶ç SiC ��DE4�_`

B�� SiC

p

/Al 
��WäWòN¨#lz§�0

������DE�º7�_`B!^0��OP

�3!^#Tan

[64]

67T����DE� SiC

p

/Al
�

�>{B�ÈÉ0Ìà�� SiC ��DE��º0

SiC

p

/Al
���>{B�2#SiC���DE4�

_`B¶ç0�xøù�ÅÂä4ÅÂ93¶ç0�

�ÅÂä4ÅÂ>cX��ÉWt¶ç0
Q{ô

T�x;÷ù3�¶ç#SiC ��DE£º0�_`

B£20zh SiC ��¿�7PQ4Nþ{ô��x

§À;÷£��0ZZ 10�¨

[25,65]

# 

SiC ����_`B�½¾�xÆ�;÷�ÈÉ

vd�e#��������_`B���0�ö�

Ö34
.�e��0¾þu��Æ;÷Ø���

[30, 58]

#

SiC ���_`B�ò���$:;%�¯ÈÉ04

567Ìà0������_`B£20�$:;6

4:;B£2

[58, 66]

0xn��x;÷£��# 

aøj�� SiC

p

/Al 
���x;÷ÈÉJ<

�%ª��RS0��ÌàÅÂ$B7�$$B4�

$B��x;÷�ÈÉ8rj�aøÅÂä4ÅÂ

>�W��ÅÂä4ÅÂ>�ÉWrsþ¤�#º

6�4567§�0!^ÅÂä%'h!^�x;÷#

�Ô0ÅÂ>� SiC

p

/Al 
���x;÷�ÈÉg

�TUã âÀ093��2�p9�	�� SiC �

��VWcX0~� SiC ��ØýPQ4NþuÔ 

âÀ0�	��2º>.©��29�XYhxn§

À0%'h!^§ÀÎÏ3#K10�	��XYà

�üýmnJ§À��0ÔJ§À;÷� SiC

p

/Al 


��mn�äå./�ÈÉX��Y0��xøù

��Z¹¯ª[J§À;÷�¹Ã>2 \67# 

 

 

 

 

 

 

 

� 10  �µÊË�Ì SiC

p

/Al0�12��abxÍ 

Fig.10  Surface damage morphologies of SiC

p

/Al composites with 

different volume fractions
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: (a) volume fraction=17%, 

particle size=3 µm; (b) volume fraction=55%, particle 

size=60 µm
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Fig.11  Surface morphologies of SiC

p

/Al composites machined 

by monocrystalline diamond end mill

[68]

: (a) general view, 

(b) high magnification view, (c) single SiC

p

 particle 

surface, and (d) high magnification view of the partial 

ductile machined surface 
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Fig.12  Wear morphologies of monocrystalline diamond end mill

[68]

:  

(a) chipping and (b) flank face wear 
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Fig.13  Diagram of rotational ultrasonic machining
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Fig.14  Effect of rotary ultrasonic machining on restraining 

grinding wheel wear

[28]

: (a) conventional grinding and   

(b) ultrasonically assisted grinding 
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Fig.15  Cryogenic grinding of SiC

p

/Al composites

[86]

: (a) schematic illustration of the experimental setup with liquid nitrogen; (b) ground  

surface SEM image of SiC

p

/Al composites under cryogenic condition 
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Fig.16  Machining SiC

p

/Al composites by ELID

[87]

: (a) schematic illustration of ELID grinding setup; (b) high magnification SEM image  

of SiC

p

/Al composite under ELID condition  
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Fig.17  Laser assisted machining method

[89]

: (a) schematic  

diagram and (b) actual setup  
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Abstract: SiC

p

/Al composites have excellent properties and are widely used in advanced aerospace equipment. However, due to the great 

difference in physical and mechanical properties between SiC particles and aluminum alloy, it is easy to be damaged in the process of 

processing, which seriously affects the accuracy and service performance of SiC

p

/Al composite products and restricts engineering 

application. This research focused on the low damage processing technology of SiC

p

/Al composites, analyzed the related research progress 

from three aspects: the formation mechanism of processing damage, the influencing factors of processing damage, low damage processing 

tools and low damage processing technology, summarized the current research status and shortcomings of low damage processing 

technology for SiC

p

/Al composites, and put forward the development trend and direction. 
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