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Table 1 Typical application of aluminum matrix composite

Classification Reinforced

phase content/% Application examples

Ventral fin of F-16 fighter,
hydraulic brake cylinder block of
military V-2 Osprey helicopter

Low volume

fraction 10~15

16~20 Aircraft camera frame
Vertical tail of F-16 fighter,
PW400 engine fan guide vane,

radar antenna

21~25

Medium
volume
fraction

Engine stator blade, leading edge
26~35 X
stiffener
Aircraft hydraulic pipe, helicopter
landing gear, valve body
Guidance gyro support, front
mounting plate, strategic missile
final stage booster

36~40

41~45

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

High volume

fraction 30~75
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Fig.1  Typical surface damages of SiC,/Al composites!??);

(a) SiC particle fracture, (b) SiC particle crushing,
(c) interface debonding, (d) SiC particle pull out,

(e) surface scratch, and (f) matrix coating
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Fig.2 Typical subsurface damages of SiC,/Al composites®®:
(a, ¢, e) conventional grinding and (b, d, f)ultrasonically

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

composites?®”!
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Fig.4 Sidewall observation of hole exit edge breaking damage of

SiC,/Al composites!*”)
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Fig.6 Compressive and debonding behavior of SiC particles at
different relative positions®?: (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®"): (a) contact,

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

Micro fracture

Cut throug}% ‘ ‘
’

random distribution*”: (a) round particles mode and

(b) polygonal particles mode



+ 1088 -

Mty @A RS TRE

W T % 2 TR 3 T 13 45 (0 A7 BR T 9, 3L 2
PiNLER AT AT i . Zhou V4 A\ e A4 B
S E SiCy/Al SE MR G AR EAT T H A VI
B ICU AR AT I . 45 RN, Ui sy vy
Ji 3 S URL T 2L L 51 RS DA SRR R M I 22
PR I R RN, e 9 B I g S
SiCy/Al 54 M Rk FLAR I B4 HEAT T A BR 70 1 L0
PO Bt S UE LV pIAD SOR Sl TR K AN T €3 QU]
A WL N AL WIROB R BB B S AN
Bto HEHEPIRIR R ER ) 6T PCD Sk KA = 1
3 SiCyAl E-A M BB A 3EAT 1 05 B AR
BomEI. g5 RARW, N LU B T D00 20 X a4
BHE BT D). 5 H M BEBEIE i), i 454 72 T
RARVIEI AR L LA Z Bl ), 5 2 LR il 5t
Kb 77 A AR A e 3 B HE 1 DX R K T S 9
TR . HuP 25 A Sicy/Al &+ BHE FL D184
(RIE RCBL B HEAT T AR RE, DA 24l Sk A Sk X I e K
N T AR R B R AR SRR, 25 AR R Gk
TR PE T2 5 ke 1) 3L Gt o« T SIC BURL 43 A7 A
AREBLE, FLN I S AS R 47 B b dee oK 6 Y 7 1R 38 3))
BR, FBORFALE AL G R AR . AR E
AR SCEREFSY, R LR AL T V49 16 L AR
5 E AV B B A L 2 — S0 .

LG SICy/AL AR AR U5 LB I 7 BIUIR
B 28 e o 2 o 7 20K T A7 308 I 0 T 3 L
B, I BB R ZI M5 7R T T F b SiC BUkLIK )
FAT R BRI AR A 5EEH, HRIIA
GHTH 0], B, X S AR R ) SE AT 5T
VIS 5635, R 23 A7 BTl BRI A 2% 18 5 I )
L, B AR TR B SR AR RS, 5 5 tH AR B
FIEMEE® . T SiCy/Al B A FHRLA I A H A7 (1)
ORI A AR, AR R L.

2 SIC/Al EEMHIMMTRGBIZIME =

TEXF SICy/Al B4 BHIN THUGHLEL IR TR |,
JELT N A4 0 5 e D) 3 R A TR, e IR £
TLERHEA EEE L. T RS AR THi 5%
W DR B A ST, o] A o A5 R A R T 11 1
e o LY ] —YERIORLRE [ 240 R, R VPH SiCyAl
SEMEHIUIE I LR TR, T SiC MUK FIIR
HATER B RIMYT, R, (HIFA GRS L S R B S,
Zheng R H) = 4R FLRE [ 2 50 S, AV R RVFA I L
RIHRELE, JHEH AR SiCyAl AR R Mt
T b UK 2R T 43 B AR50 DR R AEZR T i . Zhu> V%%
NS T AOFRHEA B [ . RIHDRE S . BB

K9 SiCy/Al B & HRHL G40 405 1 TE L 75

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

SiC,/Al compositest*®: (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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Fig.10 Surface damage morphologies of SiC,/Al composites with
different volume fractions®*: (a) volume fraction=17%,
particle size=3 pm; (b) volume fraction=55%, particle

size=60 um
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Fig.11 Surface morphologies of SiC,/Al composites machined

by monocrystalline diamond end mill'®!; (a) general view,
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Research Progress of Low Damage Machining Technology for SiC,/Al Composites

Bao Yongjie', Zhu Xiaochun®, Lu Shouxiang®, Zhang Hongzhe®
(1. Dalian Maritime University, Dalian 116026, China)
(2. Dalian University of Technology, Dalian 116024, China)

Abstract: SiC,/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,/Al composite products and restricts engineering
application. This research focused on the low damage processing technology of SiC,/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,/Al composites, and put forward the development trend and direction.
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