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Research Progress on 3D Finite Element Simulation of Cutting of Particle Reinforced Composite
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(Tianjin University of Technology and Education, Tianjin 300222, China)

[ABSTRACT] Particle reinforced metal matrix composites have been widely used in automotive, aerospace and
military and others fields due to their excellent properties such as high modulus, high strength and good wear resistance.
However, in the cutting process of it, due to the presence of reinforced phase particles, the tool wear is serious, leading
to the formation of debris and machined surface defects. Finite element simulation can realize the analysis of stripping
and breakage of particle, and give the other microscopic details. It is an important supplement to the research of cutting
experiment. In this paper, the research progress of three-dimensional finite element simulation of machining of
particle reinforced composites is reviewed. The latest research of geometric model, interface model, constitutive
model, meshing and boundary condition processing is introduced. The existing problems and development direction
are discussed. The research results are helpful to promote the research of three-dimensional finite element simulation
of cutting of particle reinforced composite, better reveal the cutting mechanism, and provide theoretical basis for the
optimization of process parameter.
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F 1 SiC,/Al E&#1#1K) Johnson—Cook AN S
Table 1 Johnson—Cook constitutive parameters of SiC,/Al composites

Ak WORAREUI 0% A/MPa B/MPa n

15 35821 263.86 0.375

SiC,/A16063 45 982 643.467 0.227
15 224 165 0.375

SiC,/A12024 30 294 219.3 0.332
— 352 440 0.42

Al2024 — 358 756 0.75
— 218 546 0.355

2.2 EHRAIIEE

SR PR AR S A AR ot LA e [, S
Ak FL AR I 25 SR, AN BB HES OO AR A AR TR F1 2k
B, R 0t A UL RN 5T A ) T A R A A
AL g E 32 S A KA AR TR | 3 1Ty %o ks 3 56 52 5 ARk
1T =4ETTHIA PRI
22,1 HARKAMAEA

Yu %5 B9 g Sy 2 R Uk 540 A R 3 8 4 JE 3 B
BRI AT BR TR, i 5% A T R AT
K, K JH Johnson—Cook AHHHiA Al2024 FEAAR IR BHRE
P, HE U Johnson— Cook AR i L) IR i40s , He

B = {d] +d, exp[d3 gﬂ% +d, (m giﬂ
0

T-T
1+d room
|: ’ [Z‘nelt - 7:'oom j:l ( 4 )

K, di~d R ZE p o P F 07, B
F15 G HTEIN ST 5 ENBBPERI AR e N B HIAR R &
R B AR A o 38 AT AL LR IR, TR R SR AR
Ik, VI BARES 5y 435 UKL R A 1 S ™5, YT HI
TR TP 4 B DT IR B A B i B, 5 e 45 SR A V)
A BE T A BRIT R R TR

Fan 45 P73 1o i 4306 43 18 28 3 4 7% R AT
I 3R 158 T A12024 11 Johnson—Cook BRI S $ (% 1),
SR FH 14 13 A5 2R3 [ oA 3000~8500 s, i B 51 [l ol 20~
520 °C; L5/ NARME S BB UL XK R C R, IR
1948 1E J5 11 Johnson—Cook AR, >R & IE J5 B A
TR HEA 7405 L, AU A5 SR A g0 5 R AR — 2, Bk
TAEIEAS RGBT (A R0, SE T 7 1 B % T LA wh 2547
B B s 25 R FE VT AR v, mnR A T
IR ZLE 3, I RS YT EBGE 5 f TL AT b 2
B FER N

c m oo/ C T/ C ik
0.006 0.877 20 400 [24]
0.015 1.223 25 500 [36]
0.006 0.877 20 450 [37]

0.01013 4 20 520 [38]
0.0083 1 75 550 [34]
0.014 1.63 20 520 [39]
0.038 3.73 20 775 [40]
KA O 3 3 o S A B S 4 A B AL 44

) Johnson—Cook Ay Z 8, #£47 T SiC,/Al B & # KL
A 25 B OUL R S , 3o 22030 i A8 v S5 R TR 4 )
FERGHEAT T BTSE, SRR, BE L AR SiC BURE HL B
SRR, b TSR REX B AS TR I B EBR TR
JRy PRI IR S AR W B A B, [ L2
5 2RI AS AT A Sk TR A IER
222 HRmBAAMEEA

UL G 1 by 247 52 A A DTN T A kA 4
MO T TR G LR SEURL Y T 2L, SR LR P R
BWARIATOITE: (1) 383 5 AP i 24 ), 52 3008 Rt
BT RAG07 B (2) 2 s AT RIASE TR v b g 1 7 22
P, S W ORLZ T 1 B0, 0BT R T REE . 5 2 b
IRARE N T 5, SCHR [41] M, 20K A 2R TSR AT
PR JE I FAE 200 1500 MPa., SiC ik % A= 1k 4
J5i » AT LA SR BT 2R Fl 4 D) A LR A0 A A5 o 1 A
BRI u,, T LAESE (5) T

Uy =2G) /o, (5)
X, GORPEHE T BB RAE s 0, o T RSB0 A 1
KRBT

3 5t By YIRS A SiC R e R0 A B o
BYVINE IR . A BT OISR G h

Gs = p(en)G (6)
2, GBS DB p () o bERHIBY
DR A, A O

gck P
p(s::){l—%] (7)

P, e SIC ORI TF LN AL s P e HRISHL
Liu 45 030 55 B AL 1k A0 G 1 e A RO B 5 1 D10 1]
L 1 T L — U A ELAE A O GO T e
RLAT R I TR Y 52 ), & 30 T HLU0 ) A A E kL T
PRI IR, SiC U0k 2 R IF 3 LU 4 T T 3 T e 4
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SO i P B 2R o DU % 155 A [T 0 2 30 T ORI T 55
B BT SIC, /AL Z A M RHITHIIN T, SiC Bk
AR BRI B S . B Y FEXT SiC, /Al B A4
BHIEATUTEI 5 BRI RR T et 248, DL L
3R T AR SE (£ 2),
223 Bk - AR @AM

SRR S JZ R AEAD R A B, SRR R 5 5
SERAF A IREAH EL A FH AR B AS (] 35K 9 AE AR 26 —AH
MRk, AT, B A A A G I S8 3 A AL
ARA KR, ST B 2 0 R & A AR 24
RERIBIFFE T IG5 BTSN B 12 24588, EZ AN R T
RS E

PN SR A SE o i 2 K ) SR S B e R
HEAT RN, A LR WL M 85 BB S 2K, FohoL
AR AN R 2, i 19 Fios . F R sud # o h
PIA B Be: (1) OA B4tk B B, B 5L 1w 2 % 1Y
B AR BRI K (2) AB B R AL R B
IR S I ARG, WA B2 B K LA 18 1 i st
ANo TTRIE Y NI RTTI I ) — RS i 2T DL
TR (119 h = AMAIE e ) A 58 42 2R 50 1 ok
fiF% (B 19 h =fMIE R EE ) At m b 24 aE (& 19
T = AR AR TR A . AU 2R RN 5T
ERBIKNBI RN

G°=-0,.0, (8)

X, GOAFHIIBTRAE ; 0, ST TGRS 5 O, o W
ST 57 A R A R KA

P gpapa 0 (TN 3R g BT SRR, A
RPTUAM R T LAFRIE N

F@)=%}om“a—2é+sﬁ (9)
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Table 2 Parameters of SiC particle brittle fracture model

d\,/MPa G/ (T m?) P ek

1500 30 1 0.001

T (Tonan) __A Damage begins

Debonding begins

O se(0) S (o)
E19 ARNETHES - BXE ™

Fig.19 Stress—displacement relationship of cohesive element'’

120 LTS BEAR - 20244 55674855 1/210]

K, 0 ARIATTIRSE , GPa; & R R T FAITHI(E
PN 2R 3 BT AT W R 405X (10) fzR, 2 IR
JITEHHED 1B, BT R

1

5:{Eaj+[&}+{&J]2 (10)
s ) \s, ) e
R B A B GRS B
SRS BRI £ 8, O A I 6 U0 5y B R B
0.9 N AITEHE o A LR B

e SIC, /Al 5 & bR I A BROTHEIAT , 2%
SRRSO TR RN, 2 319 gl
TSRS R

3 MRS Rin RS E

3.1 Wigxlsy

TER FRITo BT 0Ri G 5 2 A MR — 2 A
% T 2 AR R A5 I B R L — LA TR P A
R0 v HEAT 43 B Rl 43, B0 S0 LA | 398 i R A AL
AT R

Fr/NGR BB FH S T A RS S 43 i, Herb AL SRR
SIC UKL A\ 45 R 7S THHAS BT, T R/ \ 1 s ) =4
B0, 4R W SR R ST TR RIS
TR BRI ISR TR AR I . GHRARAE 7 SR F ek
JF 4 4 8 9 B9 ( Advancing front technique, AFT ) 43
IR S A B P9 A0 S TR AR S i O R AT DR A% ] 4
B AT, 3L T AFT 4 A& A il A 2 i A0 Bk an 1
20 IR o Zhang %5 USRIk = 4k ST R PR IT X IR A
SiC kLA T WA K] 43, A FH 40 A% ( SiC ok 3 4
A R3320 0.5 mm A1 0.8 mm ) X JLAM ALY 256
PASTRALR FH 75 s\ A = 4E N R J1 50, Su
s 21 g 5y 7 ORVE B8, ALK R SiC URE SR FH DU T
PRBAITIAEG H shki 4307k X St A A Y Ty ) 2 A T
FHE R RO B P9 XF Al LA SR FH C3D4 e
HEAT RS S 4, SR FH/N T AL SRR 1 SiC JB0kEFn 5 i 1)
PR R LA R AR B
3.2 hFREHAE

R 3 2 5 AR FR TR X i A A5 1 i A
PR B NP . X RVE BERLR R 0 1 A5 5 X

%3 REERNRNRESH

Table 3 Parameters of cohesive model in interface layer

G,/ MPa G/(J-m?”) E =BT
224 50 [13]
500 28 [34]
326 91.9 [46]
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Fig.20 Grid generation and assembly steps based on AFT""”
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Fig.21 Boundary processing of RVE model
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Fig.22 Boundary treatment of cutting finite element model'"
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