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Table 1 Material constants for Johnson-Cook constitutive model and failure parameters of 2A12 Al alloy 8%
A/MPa B/MPa n C m Tr/K Tmen/K d]_ dz d3 d4 ds
370.4 1798.7 0.73315 0.0128  1.5282 293 863 0.116 0.211 -2.172 0.012 -0.01256
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Table 2 Physical-mechanical property parameters of 2A12 Al
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Table 3 Constitutive model and failure parameters of SiC

alloy!*®2! particles®
Material Value Parameter Value
Young’s modulus, E/GPa 71.7 Density, p/kg m™ 3215
Poisson’s ratio, u 0.33 Und Sheardmodulu;, G/GPa A (])'Z?é
Coefficient of thermal expansion/ X 10° K* 26.6 ndamaged strength parameter, '
. 3 3 077 Damage strength parameter, B 0.35
Density, p/ X 10" kg m ' Strain rate constant, C 0.009
Thermal conductivity, K/W {m K)* 175 Damage pressure index, M 1
Specific heat, C/J {kg K)™* 921 Undamaged pressure index, N 0.65
Reference strain rate/s™ 1
Cutoff pressure/MPa 750
g% i A oA /

DA TUAR N, SICIAl SLE IR 856 B H Maximum breaking strength/MPa 1300
RN & S BE 22, R SiC,/Al EHH Hugoniot elastic limit/MPa 11 700
R e P N SiCp/Al g A MR A 7 HugonloF elastic limit pres_sure, Puel/MPa 5130
= - (23] N n Elastic energy conversion factor, f 1
K AR BE HE R HC 0.563%° . 2A12 FR G & 1 A BE Fracture constant, D; 0.48
P 2B 0.64, Fracture constant, D 0.48

% IR o . Bulk modulus, Ki/MPa 220 000

T = D | 43 4 X g P

BT 2 A R BT R LT R O3 i A Secondary pressure coefficient, Ko/MPa 361 000
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TR 56 SR FH PR B R ) L AT 2 B — 3. B A ol

SiC/Al i1 FARAE B AT SR P E A 25200 [ b g 7
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Table 4 Experimental cutting parameters

. . Cutting depth, Cutting radius, Cutting Holding time, Feed speed, Spindle speed,
Radius of indenter/mm h/um r/mm speed/m s At/s v/mm min’* n/r min™
0.2 20 162 5.26 0.1~0.15 100 310
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Fig.9 Cutting force (a) and specific grinding energy (b) of three kinds of materials
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Fig.10 Overall scratch morphologies of three materials: (a) 2A12 Al alloy, (b) 45vol%-d=5 pum SiCy/Al, and (c) 65vol%-d=40 pum SiCy/Al



5 6 1) i S AFEEPU B SICYAl AR R BRIV 5 SRR AT 7E

- 2081 -

AAFTINANIE W, H W22 R AR, 9 003 AR 4
BHEIL T 2 AELI R, RI-TBE#E PR,
RMEF R ZE. nJA, BEHE SIC/Al &Mk
FORL BELAS AR B3 0, P RLEE A4 () B8 PR I B Ry
PEREHISS, MetERG R, RIVIREAGA R, KT
fs B, 5 2.2.2 Y05 A R A B — 2,
SiC UKL A 3 0 B T A R H ) 7 2% T =

i A FEI Q45 314 H B0 RIIR TOW % 35 3 47 WL
%<, [ 11a. 11b 537 9 RIIR i & AL B 1) 45v0l%-d=
5 um SiC,/Al LA K 65v0l1%-d=40 um SiC,/Al 2 [fi i M
HEOR o WLEEAT R IR & AR R RO, e DLR I
RLER A RIS, 5 R IR 56 4 B 4 B8 7 T 1 11
Mir, HRMARKEEBEERA R, RO
F 2.2.1 45 45v01%-d=5 um SiC,/Al 1j B 53 #7 1 B %
G FHREWRTERSBG NS GHRM
R ZE, IR & ORI ST R, B BSOS 4L
551 11a A bb S bR 2 100 5T & S 22 R TE K . (A AL 11b
HALUREL, HBLKEAAREN SR, S ADE
BIHEL T R E R, 5 A BRI T g, IREE
MERRT, 5 2.2.2 WO R 0 —8 Bz i o
TR 7B AEMORE R THI (V45 55 4 b T S a0 kI U0 BS54 )
(32 B it B L R A I 95 77 2 VR, IR — AR,
W 2 P RFL 53 2 SIC/Al 5 G4 KL 533 8 75 i ¥k 10 min
HMEE. 45 REW, 45v01%-d=5 um SiCy/Al A HiHL
BRI IE LS, 1T 65v0l%-d=40 pm SiCy/Al KT
LT KREME RIS, U 5 )2 1R 2
BN, SRANLVE, WAE T AR . B 11b X
MRHIR AL B I T BB MR E IR, HE— D
U T 2 A A T FEIQAS 4 4 Fi 45 %o X T 3 1t 47 L
%, ZRWME 11c fix, EWZEWMIT, JFEARRRTHE
2 NI . TSR Y R ok, AR T
SO E AT AT . BRI, SIC/AL TE BE I n 1A

I 7 55 2 AT HE R SIC BRI R R T B, gDl
F RS B VEAN m AR AL - B SIC/AL A MR I T
JRE AL, A% 5] N 2 1 B B B PE A bR
DNESAIE 2.2.3 72T GBI 6 58 (14477 B4 M, A3
KEYENCE VK-X250 Bt 3L R £ B issill &= 1 3 Mds
B KR AT A B, 5 Rl 12 foR. 2
Tl B A5 R S B ) TR B 38 /N F- 44 SCUTHIER P, 3X ol
LR SR R 22— AT DL AR AR B R R Ui B X T
SIC/Al EAEMEL, TEMRLR B FE R, SIC Bk 17
FEAG 15 B A ) B0 5 ) A i A 280, 6 k- b 7 T A
BT i 2 AN ], B R i A % R AR v, BEPEIR
Zh32 B INH N, TIE SIC/AL B A FHRERE 4 1 55 1
mTHEA S, WA SIC FRAR S HMits, BLHK
o A5 338 B RORL b, MR 22070 5 1 RE, s B &
JeE AR R B RO B P AR, PR P AR, i)
B UL 23 e N 77 48 B 4 B AR AT 2 P A i R v AR
W, RIVIE A2 7= A MR R SR 5, B fid S )
AN CAAE 75 B AR SR 7= A 71 (R Tk T R, T2
151240 0 52 R U0 IR BE /N T 44 CUTHNARBE . S oh— A
JE DR R AT B A KRR, T 2 BlOR R FT I 35
FPAEAR SRR T I G, DR 5 T A el SR B 1 25 B 11
AR TR AR Bk, W 5 S BUR R R IR R,
R SLBRUIER T4 LUNRIVI S . 65v01%-d=40 pm
SIC,/Al U 78 I 5 3 ™ B 2 L S s U1 11 1R A X B8 /N
T2 CYTHIREE RN 2 — . IWE 12 Fisar k8,
65v0l%-d=40 pum SiC,/Al (#1553l i@ FZ i K+
45v01%-d=5 um SiCy/Al, W] A7 H AT H (1 45 18 il B8 1%
BL% . HT 65v01%-d=40 pm SiC,/Al Fiki H 2K, B
W J5 5 BUBCK R Rk 2, [FIRT BT 5 5 4R 2
RIS, §7 KT B R e B (R AR iR e R
TH1) 5 5 A % 1T 8 P2 CRBURE 5 60 5 Ak ) I o 25 Bk 1 6
MR D 2 Z, IR T M kR TR R R BB

N o/ ~
v Partick breakansge <
B

11 45v0l%-d=5um SiC,/Al. 65v0l%-d=40 um SiC,/Al ¥ IR WK 51
Fig.11 Scratch micro morphologies of 45v0l%-d=5 um SiC,/Al (a) and 65V0l%-d=40 um SiCy/Al (b, ¢) composites
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Simulation and Experimental Study on Single Point Cutting SiC,/Al Composites
with Different Volume Fractions

Zhang Xu', Zhang Hongzhe', Bao Yongjie?
(1. Engineering Training Center, Dalian University of Technology, Dalian 116024, China)
(2. Marine Engineering College of Dalian Maritime University, Dalian 116026, China)

Abstract: SiCp/Al composites are composed of SiC particles and aluminum alloy matrix with great performance differences. The cutting
process is complex, and there are many factors affecting the processing quality, and the material simulation modeling is difficult. In this
paper, a parametric modeling method of SiC,/Al composites was proposed considering the random distribution of particles, particle size,
volume fraction and other factors. The removal process, cutting force, surface morphology and damage of SiC,/Al composites with
different volume fractions were studied and verified by experiments. The simulation analysis and experimental results show that the
parametric modeling is effective. SiCy/Al composites are characterized by severe surface damage, high cutting force, surface defects
covered by substrate coating, and small actual cutting depth. The processing quality of SiCp/Al composites cannot be evaluated by surface
roughness alone. SiC,/Al with large particle size and high volume fraction has lower cutting force, lower specific grinding energy, worse
surface quality, smaller actual cutting depth, more serious coating phenomenon and easier coating falling off. SiC particle size has an
important influence on surface damage, cutting force and specific grinding energy. This paper can provide some references for the surface
removal characteristics research and engineering application of SiCy/Al composite.

Key words: SiCy/Al composites; single point cutting test; material removal characteristics; simulation analysis; parametric modeling
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