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YU Yang, SU Yishi, BERTHELOT Yann, OUYANG Qiubao, GUO Qiang, ZHANG Di
(State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Particle reinforced metal matrix composites (PRMMCs) possess excellent mechanical properties such as high
modulus, high strength and high abrasion resistance, which own to the complicated material systems, complex composite
structures and numerous mechanical property indexes. Through the quantitative and systematical investigations of structural
modelling as well as mechanical simulation, the structure-property relationship and microstructure evolution in PRMMCs can
be figured out, thus providing guidance to the overall research on materials design, preparation, processing and application.
Based on the multi-scale materials computation and macro-/microscopic experimental tests, combining with material informa-
tion research containing database technology, high-throughput computing and big data mining, it can be carried out to indi-
cate the scientific description over the intrinsic relevance among composition, processing, structure and property of
PRMMCs. In this paper, the common research approaches related to the structural modelling and property simulation of
PRMMCs are firstly reviewed, while the research progress of structural modelling of PRMMCs is subsequently introduced.
Afterwards, the current achievements on interfacial characterization and mechanical simulation of PRMMCs are summarized.
Finally, an outlook to the future of modelling & simulation of PRMMCs combining Materials Genome Initiative is proposed.
Key words: metal matrix composites; structural modelling; interfacial behavior; mechanical simulation; Materials Ge-
nome Initiative

i

WREE: 2018-11-18  {EEE8: 2019-03-04 T B

BEWHE: EREAPAIT6H(2018YFB0704400) ; R A& WU 3 4 8 5% 4 bR ( particle reinforced metal
BleERE4 T H (51971132, 51501111, 51671129); #4%
SERFERMIET S R “ 1117 5 H (B16032)

FE—1EH. a7 P, B, 1993 4, Mg

matrix composites, PRMMCs) B A5 Sk | miiE . &%
BRI B i B 2 00 S 0 2555 1 A RE . DA S AR5

BRMEE: ot B, 1984 2, U, DL, R BT AR AT, AR | SO 2
Bl soyihi@ . e, n AR U B A K T 1 LB
W gk, B, 1957 4Rk, HR, MLAER, PRMMCs it 58 24 P e LG S MBI, JRE#ih
Email: zhangdi@ sjtu. edu. ¢n JRBIEEL | B, WA %%&%ﬂ%%ﬁxgt{:‘, Ll SiC,

DOI. 10.7502/j. issn. 1674-3962. 201811010 B, C 1 TiC 45 A AR 2 19 SR UKL 3 ik 42 i JL 2 6 b RLHE:



553 1 ar

ey SRt 4, LU ONT, 7 5B 4 A R i
PEREG K AHIG SR 4 J& 3 5 & BRI ARk & R il , i i
FIRIEE . B AR T 50806 R RE
SCEUHT AL PRMMCs A9 TR S5 0 TR, Sk H
A, AT DI O R 5 90 K RO FIUR 9 5 R TR 22

Bs, PRI T4 R A A MR I SRS T bR
PRMMCs &K REMPEA:, Afegsis . MilRIES

HLEI AT A5 5 ok TR I IRME, A2 BRF il 45 . RAE
A 2 W R, ik LI 0 R A B 5t 5
FALTE, ME LA R A XA R PRMMCs 198 S8, 7
TRFIE 5 15 PR Z [ HE A OC R B IR AT R G IE5E
18 B TSR R SRR RE R AR 58 O vk 1 B e e
SRz, v LA ZOhE EE R, Sl
SRR EB ARG S, AMEGR LA TR, B

HidE 78k PRMMCs B 55 P Y &2 2% () 80, LR 55K = 1 e
PRMMCs A9 31 0 S5 8F & e, 3T 30 4F 0k, 5

PRMMCs 454 A58 5 27 A 400 R G 1% SRR B3 it 1 5 | FH A
WKIREET;, EEFRFE LI (NE 1 FR), il e
PSR ARG TF B (A0 R TR . MLesei ) SHdE i
Z5) % PRMMCs JFJEIFIE % 2%

ARCESCE T PRMMCs FERH 80 58 07 5 HE
SRIGXT PRMMCs Z5A6 455 | SR 5 ) 2 B 53 F
JRHBEAT TRV, A TS e RS A A G TR,
PR T TAR L TR AR MR, 55Xt
PRMMCs A 25 8 AR 5 ) A AT 9T TAEEAT T B2

2 EMITEGE

2.1 BERMAE

& B HES AR IR I 2 LLAH L ) 25 A B A
TR Rt %7 3T Eshelby %30 24 BAE HY [ A 15
I H VA . Mori-Tanaka J5 i MU M ik, +
%ﬁ%ﬂﬂ%ﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁWMOMH%
Eshelby 520K A2 BIE A A TG B BUAH 255 5K i 52 G AT RHIY
PR, Yl ﬁﬁf Ui, A YA R BT T ) A7
ROMMERT R DR 2 AR s T SCETARRY SR e
PR TR R, Je 2 AR FHRIEL AR Fe A0 AT Bl i) AR R
Z RIS R SRR ST EL, AR BT s i
B 552G 0B SEBR SR H B [ﬁ]“ﬁ] ; Mori-Tanaka J5 2%
HR T AR G SRR Z ] A AR, ARG A
RN AR TR A OB AR B Y AR T AR L
TR FIREORE ™ 5 Aok e A A B e e I 5
ARARTR S B0 1 [R) 7 6 28 7 A 1 58 A5 OB 1t A 53 T
e, SKAREATASE G MR &R (E, (GEH] T34
SEAR B AR S AR R T AT 2 IR Y

VAR ORI TR 4 R A B AR S5 48 AR 5 ) S L 5T 215
Publications in metal matrix composites
150 from 1988 to 2018
100
0 -t
RERCC AR R ®@~?@o

m Metal matrix composites m Aluminum matrix composites q,

Publications and citations from 1988 to 2018 |L
2000 30000
1500 20000
1000
10000
500
. [ m
MMCs AMCs MMCs AMCs
u Publications m Citations
Citations in metal matrix composites
o from 1988 to 2018
3000
2500
2000
1500
o l l l l
500
0 - - — =~ ._-.-.-.l.l.l.l-ll-Llllll
R RS &&wﬁﬁ@

W Metal matrix composites ® Aluminum matrix composites q,

P 1 ZETEB AR & e 32 A AT 5 SCECE RS
BRKGEIE: (a) 1988~2018 4R )@ AL | RIER B AR
FFGEAR KA SCRAR A BE 735 (b) 1988 ~2018 4F 4 Jai ik |
BRFES G RH R AL( FORT SR OGS SCRCR A5 | AU T
(c) 1988~2018 AFGxJm Ik | 1AL A 3 MRL A4 FUAA SE TF
FEW T IR A BE 53 A

Fig. 1  The numbers and citation frequency of academic papers related

to simulation of metal matrix composites since 1988: (a)
Annual numbers of relevant academic papers; (b) Total num-
bers and citation frequency of relevant academic papers; (c)

Annual citation frequency of relevant academic papers
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Structural Modelling and Mechanical Simulation of Particle

Reinforced Metal Matrix Composites
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Fig.3 Several common representative structural models of particle reinforced metal matrix composites: (a) “One particle in the center” unit

cell model 7 ; (b) Randomly positioned reinforcements in RVE model’®); (¢) Three-dimensional structural modelling of actual

microstructure-based serial sectioning process 2! ; (d) Structural model of SiC/Al composites built by Voronoi method*?
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Fig. 4 Three-dimensional reconstruction modelling of particle reinforced metal matrix composites

[34-36] . (‘a) Flow diagram of reconstruction

modelling; (b) Modelling process of SiC/Al composites; (c¢) Modelling process of CNT/Al composites; (d) Modelling process of gra-
phene/Al composites; (e) SiC/CNT, CNT/Graphene hybrid structural model
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Fig. 6 The integration of feature count, structural modelling, interfacial characterization and property simulation applied to particle reinforced

metal matrix composites ( taking SiC/Al composites as an example)
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