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ABSTRACT Particle reinforced aluminum matrix composites (PRAMCs) have the advantages of high
specific strength and high specific modulus, and are important engineering materials for aerospace field.
However, due to the huge difference in the mechanical properties between the reinforcements and the
aluminum matrixes, the plastic forming of PRAMCs is quite difficult, which restricts their wide engineering
applications. In order to improve the quality of plastic processing, it is necessary to optimize deformation
parameters of PRAMCs. In this study, the hot deformation parameters of a 15%SiC/2009Al composite
fabricated by powder metallurgy were optimized using a simulation method. Firstly, true stress-strain
curves of the SiC/2009Al composite were obtained through hot compression tests, and then the strain
rate sensitivity index (m) map at the ultimate strain was established. Under the deformation parameters
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corresponding to various m values, the finite element simulation of the hot compression process was car-

ried out. The flow stress, strain and damage coefficient distribution of the hot-compressed samples were

analyzed. The results show that it is reliable to use the m value as the basis for optimizing the processing

parameters, which were further verified by the microstructural observations. The deformation temperature

and strain rate corresponding to the optimum parameters of the composite were determined to be 500 C

and 0.01 s, respectively.

KEY WORDS aluminum matrix composite, hot deformation, constitutive equation,

finite element simulation

WURL I 5 55 3 A PR ELAG B2 o 5 AR R
J L 25 R S AT 7 () EE L TR A RN, SR,
T oA SRR R A EE R ER &
T8I0 LB 388 5 AH B I 23 T8 BRBCR B 1S, 45 5 i
AR ZE SRR IR AR 3 A A R I T R B
NVRI e, A 29 302 R R DG B

NI, B FLE MR R E AR R R T S A
SUEACRFIETT R T KB 9T, £ B 1 0 AR
R ZHU(m) AL T B 7 ¢TIk B 5 H
I BB U PR AN R AR o A 5 T 2 SO AR T AL
A AT AR R, X SR IR T AR B
BARL EEA NS, sh S F R S R,
HEESL T AT T 2805 2L 2R B T
R N E A MR Y T 2S5 ig
BT RARTR T SR, SEFR AN T, AZLER )
LA AN S S L, 1T 3R T v R AR AR T AR 6 352
() 26 AE TR AR R Y BN A B R AT BT AR
M B B2 FH T T 2 A

LA PR TG PR T DLE R Ak & SR AL R AR A R
FE SR IN T3 R AR N g AR 5455 93 A S AR T3
REAE , 10 HL AT DLSS & BT 8 ST A L AR 1 3 A B 71
DUASERY , PR M o 24 (9 B N 1 T 2t e A4k
I 5 BRI 7] PA R K BRAR T 25 S 36 i Al A R 3R T 3K
AR AR, H AT AR R A MR VR TR (1 PR
TCHE FEAN A 2 B B9, B 78 28 2 A TR AR 4
SE NN TS HCT BRI RS 0T 50 K BIAS R
TSHF B & BAH BT R, R AR I R A A k)
BTSRRI . N T BN TS
T PEAN 1T 3 S 2 452 19 11 DRI, 1 vy 2 9 1
TEM &, 0 % EIF AR IR T A AR O I T
ZHT BARAER R A

A AR R4 9258, SR T 15%SiC (A
73 40)/2009A1 5 G M RHEAN[F ST 240N AL B
77- AR 2R, 1T AR A T N A R UK R
H(m)bE T S BB AT B U [F] m xS 1
IS EHAT T TN TA PR e, 503 T (K4
m EAAE AT T ES B S, I R H

TS %S SRS RE 34T T VWA .
1 L HE

SEES R O B AR e 4 ) & 1 15%SiC/
2009A1 B A KL, JE4AN Al-4.5Cu-1.6Mg (i & 4
B,%). HEIFEFRW N 1 Sk Sic Bk CF- 4k
17 pm) A G Sk R CP I KRR 13 pm) 3% L)
HUBIR A 6 h, 14 JUR ARG K (TR S 7% R, 58
Jo ¥ TR PR BN B 28 R R 8 B FA R e 4 k
HEMEHREE.

B PR AN TR B4R 8 mmx 12 mm F [ 4 [ 4
PR, SR 427, RIS o . Gleeble-
3800 HAR AR I8 AL 47 #0482 56, A8 T 3R R 4 )
79300.350,400.450 #1500 °C , & 48 3 2 79 0.001
0.01.0.1F1 1 s, B AFE B i A AT BN 0.8 (LI
AXYo N T IS L A R R R i T JBE R 7 %t
B PIRAS BIREI , 7EIRFE SR 4 fili 72 (R A7
B AT . AT BUESE 2 R, WL 10 C/s )
RN IE T E AR TR, FEORIR 10 min, SRR IR
P51 G AT IR 46 52 5 . TR 46 J5 0 5 Ak 2 4 i
DMI8 M 't . T 5i (OM)i#E 47 R ALk

H IR G 3L T DEFORM-3D 7 H A R TG540,
B W A0 4 S 56 T 3R AR (1 . - B AR B 5 N
BEHEE R AT, . B JUAT AR an B 1 s . SR
FH B AR AL, $RR}ER 46 RSF 8 HLA% 8 mmx 12 mm,
T AT VRS R JEBGRRE 1) /4 AT SR
DEFORM-3D %4 [ i 14 DU T 44% X A K1) 73 48 %o 28
FFHEAT AR 43, 0 S50 20000 A4, 99 BT
BRKEHR/NRSFHE BN 1. AR 2
L RS RT3 2 A AR, T B 5 22 DX A i A ik
FIWTAEARAS 1 0.7 BFHEAT PO (10 5 4, DA ERASEAU
H B e 1 o ORI R NI A, 7E Ao T
R B R TEA T, ORI . kLS
R R A R R A 0.3, TERLIE AR
HRE R R B O TR E AN o AR B A R AR T
RIRPEE T S N R e ENARTEA
KU FHR:



104 L Y% SiC/2009A1 Z A MR AR TN T2 8R4 7 B A 1331

1

direction|

1 A7 BRTTAEUL ) LA A

Fig.1 Geometric model of finite element simulation
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Fig.5 Effective stress distributions (a~c), maximum principal stress distributions (d~f) and effective strain distributions (g~1i)
under different deformation parameters for 15%SiC/2009A1 composite
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(a) effective strain distribution
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(c) curves of effective strain vs distance from the upper end to the lower end along the center of the sample

(d) curves of damage coefficient vs coordinate from the center to the bulge of the sample
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