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Modeling and Simulation of SiC /Al Composite Under Working Conditions
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[ABSTRACT] This paper developed a parametric modeling program to simulate SiC /Al composite based on the finite
element method. This modeling program developed by Python script in Abaqus, was able to achieve the visualizations of
the modeling process by implementing graphical user interface (GUI). The parameters of particles like sizes, shapes, vol-
ume fractions and distribution are controllable in this user interface. In addition, a 3D representative volume element (RVE)
was created for studying the microstructures of SiC/Al composite. In order to simulate the composite’s elastic-plastic
deformation process as well as its crack generation and propagation, different deformation behaviors were considered in
the simulation, including the particle’s elastic-brittle failure, the matrix’s elastoplastic-damage, and the interface’s traction-
separation behaviors. To investigate the relationships between the microstructure and the mechanical properties of SiC /Al
composite, this paper built the finite element models with different particle volume fractions under different working condi-
tions. Firstly, the impacts of particle volume fractions of 7% and 14% on the composite’s deformation and damage behavior
were studied through out the tension process. Secondly, for the 7% particle volume fraction model, the compression process
was simulated and compared with the tension process. Finally, the mechanism of the composite’s deformation and dam-
age under various loads conditions was analyzed. It had been proven that this parametric modeling program was feasible
to build the particle reinforced metal matrix composite model based on its microstructure, and was of great significance in
studying the strengthening and toughing mechanism of composite as well as the relationships between the microstructure
and mechanical properties.
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Fig.1 Structured modeling of SiC single particle
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Fig.6 SiC,/Al composites structural models with different shapes
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different particle fractions (RVE size is 50um and particle is 7%)

ARG 14%

ERHRPERE DRI I (B

2 SiCp/Al E S HEBFHEE

SiC /Al A REHE SiC BURLAN Al SR ST AL,
SiC 45 Al FPERE L2 S AP ZZ WLERE , TR
FH AW IEE SO X R SRR 23 A TR RE ™ A
Wi, P HAE SiC/AL A FHRHEE TR A FROT T

70 B EA - 2017 4555 17 W]

B ISR L 4k2 8 1B S MORMS AR AN [ A9 AR I A 4
TR CAL SRR TSN — B MEBTRRIRL, SiC kL Y5
i PR B SRS, SR (A — RS AY ), AT LLSEEL Sic Y/
Al B G RHE AR 1 R P A A8 TE R 244 7 R A
2.1 AIEFREEE-FMERGER

AR SCHARKT R TA04 514 4, HAE 32 S fuf s
SefR DAY BAYERE AL AR B 3 KB B,
ABAQUS 7 ) A5 0 v | 5P A8 I Bz Ad H % e 2
o = Ee JAVERIALELE H] Johnson—Cook #5284 BT : HpRi
BAUAI TS A B ) — AR h R, HpR R A =
nre

o= (A+Ba”)(1 +Cln(l + éio))(l -7 (1)

BEAI RN 3 AR, 43 1) S e 1 1 AR BEAE | iy
AR AR FE A, AR S % B TR =R T DA
B A TR, P F iR RIA AT AR
o=A+ Bg (2)
AT fLJ5 1Y Johnson—Cook BIRIHR A S 7 F 4k
MifE R B RS EE , B A n S S5 0RA HH 5,
PORHME AL B B, AP B AR AW R Y 5 BRI A ik A2
—EAH, s (3) B, MR B

Ae”" _ (3)

"

L DA YR e v %L by NI | SN AY N Bl N P [
WA AT SRR RS R AR 2R ARk, R B 58 A Rk
BRI RS ] DL It A 24 ) 45 2RHRHAI R A5 5
D,

Pl pl
D = Lez =AU T (4>
u,” u,”

1,0 <D < 1,4 D=1 i, MRIE K%,
2.2 SiCHURLASH A 14 i FAE Y

W, SiC MM T R A AWM, Akt
IRVEAIE | 24 38 far #E T A4 RE R AR 23 L, B4R AR P FE R
FEAERE, AL S N 3 B, HAER IR e
v T, Wy N A BT R Ak T R S 2 (1
R, #4005 85 N ST, LAY RN AR T H80E
TRy, R T 10 5 85 N T R — A B, D A v T R B
CI1 7)), S A Py S [] s A2 1) 1E 7 g Fs iy g [R) A
FHE L5 1 N ) s — 1, W RIS A7 1AL 1 A
SRR E AT ) E ABAQUS B i T Y
SiC kL B FH IR vl e HEROR BT 24 Be i F Sic it
BEASKL 3 TUART AME T 3500 1 07 o] HLA ASHf e 0 , 75 25
H I T RUR 1 R AR, /e R Rankine FW%Y
SUNHTA B Y oT N KR 1 B8 T K o I
YU 5N S IEAS W T I R, A T RS, R



PN
RESEARCH mﬁbr&l

FH L RYRASCHE AR BT U iR Ak, Ha kxR

G. = p(e;)G (5)
Kb, G, I RPN S IR R, G R R G 5T
VIR, ple,,) A5t A8 s, S g A8 e, SR :

plety = (1 - Gy (6)

€
K, €5 p BMESEL
2.3 AI-SiICHERM L fh-FFHIRE
S PV EBE AL SRR SiC R, AL 16 27
AT LABH IR G | 28800 ', %) SiC /AL =AM EHEY
HEREAL BHEH HE AR . AR SCHFIH Cohesive HLITHEL
I ALI-SiC FLifi )2 , FFMRT-Pif — TP 200RHEPE P, K
10 e M6 = i, Ak, it o = o5 46 = o™
TR AN
5 ST B TT Y BE S T, I 2 kG 45T E 1 7 ¢,
BT ¢, 1 2, WA SRS A3 5 A
b o= 6= (7)

n s

& = 8= &=
S < &0, BN B A

t, K, &,
t= t.v = K.m' &y ( 8 )
t, K, &

TEARABE S R, 24 B i 2 T R Rk st
FHHRIT UG .

AR AN
(i) L) e ) = 9)
XL 1R A3 IR R A PR T — A 1 )
ANBY R 7 B (s ) .
Wii)e , b R i, B 2 80 < 6 < 6™

Hd‘aﬁ:
1, (1-D)K,, &,
= tx = (1 - D)Kss &y
t, (1 _D)Kn &
(10)
A, D REBGTRBL,0 <D< 1,2 D=0}, Fm A
a
o,
koo
5() 6m;u 6

BE10 SFEAH-FF R

Fig.10 Traction-separation behavior of interface

WA R ECE NITF IR JE s >4 D=1 i, R SRR,
LR EEe T, BN

3 SiC,/Al E &R TR MER T ZEN
FH ER Y GUI SRR TR TET LA AL KR
TRBIAYEARIE — FIPERIRE | SiC ORISR PEARTE — b
HL) T Al-SiC FHEHAR - FFR AR 2 )5, Riaf
XF SiC /Al B G MORHEMIB A T AT A TR
3.1 SiC/AIE &M HIE TR A AR TR
ARSCHET SiC /AL Z A M BHY AN EE 1, @ T
SiC/Al Z &M EHI RVE #8), H RVE BRIFESN 1 1E
B R R 2 WL B B RHA B A B
SR B SiC /AL A PR S T A
FNB BTy o AL 1) TUAAT A S 00 T 2 I
MEZSEANER 1~4 FTR
BT AR C A5 K AT AR, Bk 2%
SCilk P, AR R SR O T i A A
PFF SiC /AL ZAMEHRROC R A SCo 5 s 1
KIARTRE 58 7% F1 14% W -G EHE BROTERL, B9
TR R ORE AR e A ARSI R 451 T
RSN 5 I8 X R RRE 1 7% R A EHE R
AT AL AT T A BROTI SR, 73T T EAN R) 3
W5 T G RPRHASTE R LA,
3.2 FhERREEXISIC/AIE AR RIERERI RN
XS B ORCRLAR 13 m, AR 3R 7% F1 14%
19 SiC /Al B G Ak RVE B AT R, an 11

®1 RVEEEEMESH

pum
BAGRIARRIRE | Cohesive HLJG
50 x 50 x 50 0.5 0.8 0.8

R2 TAABREESMAMBERSE

A/MPa B/MPa n e u!

504 193 0.45 0.11 0.001
#3 SICHAMRESH
7} /MPa € € p
1000MPa 0.2 0.2
F4 A-SICREMAERESH

t,/MPa t,/MPa t,/MPa O

500 500 500 0.00025

2017 435 17 W] - pillsEseA 71



PN
mﬁrﬁi RESEARCH

4 li VII
Jr R Jr TR

Ca) RS 7% () RS R 14%

E11 FEEREEHSIC/AIE S RIRIHHEE
Fig11 Tension models of SiC,/Al composites with different
volume fractions

(a) RELE R 7%

E12 FREGFHRESEMSIC/AIZEEHMBMEETRE
Fig12 Strain contours of SiC,/Al composites with different
volume fractions

(b)) RBIE RN 14%

IR REAEE N TE 12 7R, A] DL B IS SiC /Al
SAAMRE RVE KR b [R]85 22 73, [] i ) LU
HRABURL I RS TR X SiC /Al S G RDRH RS HE FUK
JEASEM IR . 1 7% PRARE B S A APRHI (i 7
SRR Bl o S A, TR AR B AR S BT B
SR, UKL 5y K LEIETE T 28, 7 2 805
SRR RS A T T 149% B R E SRR,
T SICRUREL ] A TR BE AR XN, AP RDRSZ SN AT
o7 5 AR IURE R S B R AIE I 22, 7E SR 3 it — 204
T, REARA Ty Ar B PR P He sl S ORI 3 St T
et R REL . R AT LUK B, SiC /Al 5 F1R
TEARERIN 22 A AR SRR BIPEWT 2E S st (R IETE r 24-55 St i
TP AR SiC RS R S Gk, REUE 5
FHGRR, MR SiC RS B Sk b, R
oG E A

N T 2L WAL ) n] SR OBORL IR B
b 79%"" F 14% 1 SiC /AL AR FIH Zwick Roell
2100 HURLAF IR G AL AR HUCRL AR IR B 1 g — 1A% ih 2, 1]
FH LR AR P AR UL (N ) — AR IR, %o st
SRV Z, P 13 fas . ARREZRY SiC /AL SRR
AR LD AR AN 5 R o

13 H AN [ ORS00 MRS H £
PIREAR L HUW) 5 , DLW HIAS SCHE ST AR TR UL AN [a] (A
M A PRHRI T R AT FER . AL, 14% AR

72 B EA - 2017 4555 17 W]

600 -
500 F
<
[am -
E 400
b
= 300}
= — 7%SiCp/Al K5
200 F  —— 14%SiCp/AL XS
7%SiCp/Al F541]
100 —— 14%SiCp/Al B4
0 Il Il Il Il |
0 1 2 3 4 5

WAE &/%
BE13 7%514%6FRE&BMSIC/AE BRI 1R 35 fh 4k
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