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High-cycle fatigue behavior of 15%SiC,/2009Al composite
prepared by powder metallurgy process

Z0U Li-hua, FAN Jian-zhong, ZUO Tao, MA Zi-li, WEI Shao-hua

(National Engineering and Technology Research Center for Nonferrous Metal Composites,

General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The fatigue behavior of naturally aged powder metallurgy 15%8SiC,/2009Al (volume fraction) composite was
investigated. The fatigue lives were determined using load-controlled rotary bending and axial fatigue testing ,the fracture
surfaces of samples were examined by scanning electron microscopy. The results show that the high-cycle fatigue
properties of 15%S8iC,/2009A1 composite are superior, the fatigue cracks initiate from several different microstructural
defects known as some fractured SiC particles with relatively bigger size at sample surface, intermetallics and so called
no specific microstructural feather area. The voids and dimples, tear ridges, SiC particle fracture and SiC,-Al interface
decohesion are the main mechanisms during fatigue crack propagation. The microstructure consists of the large size
reinforcement, homogeneous distribution of reinforcement and well combination of reinforcement-matrix interface and
plays a significant role for fatigue properties of 15%SiC,/2009Al composite.
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Fig.1 Optical micrographs of 15%SiC,/2009Al composite
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Fig.2  Specimens designed for fatigue test (mm): (a)
Specimen for rotary bending fatigue tset; (b) Specimen for

axial fatigue test

Table 1 Chemical compositions of 2009A1 powder and 2024 Al alloy for experiments

Mass fraction/%

Material

Cu Mg Fe Si Zn Mn Cr Ti Al
2009 Al 3.2-4.4 1.0-1.6 0.05 0.25 0.10 - - - Bal.
2024 Al 3.8-4.9 1.2-1.8 0.50 0.50 0.25 0.30-0.90 0.10 0.15 Bal.

2 15%SiC,2009A1 E KL 2024A1 5 11 5 5Pk e

Table 2 General mechanical properties of 15%SiC,/ 2009A1 composite and 2024A1 alloy

Material Direction Tensile strength/MPa Yield strength/MPa Elongation/% Reduction in area/%
) 550 367 7.8 10.2
15%8iC,,/2009A1
523 342 6.7 9.2
2024A1 470 325 15.5
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Fig.3 Fatigue test results of 15%SiC,/2009Al composite: (a)
S—N curve of rotary bending fatigue; (b) S—AN curve of axial
fatigue
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Fig.4 Photographs of fractured specimens: (a) 15%SiC,/
2009Al; (b) 2024A1
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Fig.6 Fatigue initiation of 15%CiC,/2009Al composite: (a)
Fractured SiC particle; (b) Intermetallic inclusion; (c) No

specific microstructural feature
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Fig.7 Morphologies of fatigue crack propagation zone: (a) A in Fig.5; (b) B in Fig.5; (c) Voids and dimples, tear ridges; (d) SiC

particle fracture; (€) SiC,-Al interface decohesion; (f) Detail of Fig.7(e)
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Table 3 Relationship between ultimate tensile strength and fatigue strength in particle reinforced aluminium composites

Material oy/MPa o/MPa 0v/ 0, Production Literature
2024A1" 470 180 0.38
Present study
15%8SiC,/2009A1" 550 260 0.47 PM
20%A1,05,/6061A1" 364 108 0.30 MMP? [15-16]
17.5%SiC,/6092A1” 470 240 0.51 PM [17]
15%8SiC,/2080A1” 397 240 0.60 PM [10]
20%SiC,/2080A1” 424 200 0.47 PM [12]
9%S8iC,/2024A1(5 pm SiC,)* 490 150 0.31 PM [18]
9%SiC,/2024A1(20 pm SiC,)” 530 140 0.26 PM [18]
9%SiC,/2024A1(60 pm SiC,)” 460 140% 0.30 PM [18]
18.4%(TiB,+AlLO3),/Al” 294 100 0.34 In-situ [19-20]

1) For rotary bending fatigue test; 2) For axial fatigue test; 3) MMP: molten metal process; 4) Fatigue strength at 10° cycles.



#2055 10 AR,

e B ARIR AR 15%SiCy/2009A1 &4 Wk oy F 57 P R

1961

Ry BB T gt L SiC BURLR SO 75 440, 4L
Iy RIS TERGR AR AT 1, RGN
JIBE R IR, JEARu B X K. BIAE SiC
RLIR R H. SiC,-Al FRITEE A R AT, 55840
AT LUBSCOR s 38 21 ¥ SiC ORI G, IR 1 5 Rk
TN S ORI T 2R a0 g Rk, i Ok X
15%SiC,/2009A1 5 & #4 KM 57 MERE A4 w12 A 2
FEARINE v 74 i ) i J 93 55 v

3 it

1) 75 107 AL S F 6 K, 15%SiC,/2009A1 4
FARL e 25 Hh% 55 9 E Ky 260 MPa, il 7] (R=0.1)3 57
SRIE A 182 MPa,  HAT RG] i i 9 57 1 B

DEEMENETT R BN A L KR HY], R
(090 57 Ik e A5 2 T A 450 SiC BURDRLEE . LAk 1
KEIT AL SiC UKL A) 7341 T~ 2009A1 FEAk, BL A
PRAE SiC RORL AR H AT R AN gs & .

3) 15%SiC,/2009A1 KA FHRHKIIE 55 2RS0T AL
A 2 2 G s R T L AR T e RIZE Bk
I R 57 BELUT AL LA R A TG I 8 O 2 SRR AIE
D)3 AR 57 2L, Hoh R h A R 57 R
AT A BRI o AT W I B8 i O — A S T RS
A9 55 LI

4) 15%SiCy/2009A1 &AM RLI9E 57 Wi 77 X
PITEWRL, WS Ray R EEREH WAL, 5.
Wiy, BEOREUR TS B SR Uk — 5 A S RS -
58 SR T 28 R 358 i ORE — i Ak T JIRG (5 A 9 5 54
g IR, BB DTREUEK, I Bk
A TR B ORE LG A5 36 K

REFERENCES

[1]  SRIVASTAN T S, MESLET AL-HAJRI, VASUDEVAN V K.
Cyclic plastic strain response and fracture behavior of 2009
aluminum alloy metal-matrix composite[J]. Int J Fatigue, 2005,
27:357-371.

[2] LLORCA .
metal-matrix composites[J]. Prog Mater Sci, 2002, 47(3):
283-353.

[3] TOKAII K. Effect of stress ratio on fatigue behaviour in SiC
particulate-reinforced aluminum alloy composite[J].
Fract Engng Mater Struct, 2005, 28: 539-545.

[4] HUANG J, SPOWART J E, JONES J W. Fatigue behaviour of

SiC-reinforced aluminium composite in the very high cycle

Fatigue

of particle-and whisker-reinforced

Fatigue

regime using ultrasonic fatigue[J]. Fatigue Fract Eng Mater
Struct, 2006, 29: 507-517.

[3]

(6]

(7]

(8]

9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

AYYAR A, CHAWLA N. Microstructure-based modeling of
crack growth in particle reinforced composite[J]. Compos Sci
Technol, 2006, 66: 1980—1994.

CHAWLA N, ANDRES C, JONES J W. Cyclic stress-stain
behavior of particle reinforced metal matrix composites[J].
Scripta Mater, 1998, 38(10): 1595—-1600.

CHEN Z Z, HE P, CHEN L Q. The role of particles in fatigue
crack propagation of aluminum matrix composite and casting
aluminum alloys[J]. J Mater Sci Technol, 2007, 23(2): 213-216.
PARK B G, CROSKY A G, HELLIER A K. High cycle fatigue
behaviour of microsphere AlO;-Al particulate metal matrix
composites[J]. Composite B, 2008, 7/8(11/12): 1257—-1269.
KAYNAK C, BOYLU S. Effect of SiC particulates on the
fatigue behaviour of an Al-alloy matrix composite[J]. Mater Des,
2006, 27: 776—782.

BONNEN J J, ALLISON J E, JONES J W. Fatigue behavior of a
2xxx series aluminiun alloy reinforced with 15 vol Pct SiC,[J].
Metall Trans A, 1991, 22(5): 1007—1019.

DI S, YANG X, LUAN G, JIAN B. Comparative study on fatigue
properties between AA2024-T4 friction stir welds and base
materials[J]. Mater Sci Eng A, 2006, 435/436: 389-395.
CHAWLA N, WILLIAMS J J, SAHA R. Mechanical behavior
and microstructure characterization of sinter-forged SiC particle
reinforced aluminum matrix composites[J]. J Light Metal, 2002,
2:215-227.

HIROYUKI TODA, TOSHIRO KOBAYASHI. Growth behavior
of microstructurely short cracks in the 6061 aluminum alloy with
and without 22 Vol Pct SiC whiskers[J]. Metal Mater Trans A,
1996, 27: 2013-2021.

CHAWLA N, WILLIAMS J J, SAHA R. Mechanical behavior
and microstructure characterization of sinter-forged SiC particle
reinforced aluminum matrix composites[J]. J Light Metal, 2002,
2:215-227.

COSTANZA G, MONTANARI R, QUADRINI F, SILI A.
Influence of Ti coatings on the fatigue behaviour of Al-matrix
MMCs. Part I: Fatigue tests and materials characterization[J].
Composites B, 2005, 36: 439—445.

CESCHINI L, MINAK G, MORRI A. Tensile and fatigue
properties of the AA6061/20vol.% Al;Ti, and AA7005/10vol.%
Al3Ti, composites[J]. Compos Sci Technol, 2006, 66: 333—342.
DWA Aluminum Composites. 2009 and 6092 alloy DRA
mechanical property summary [EB/OL]. http:// www.dwa-dra.com/
prpchars/index.html. 2009-04-15.

UEMATSU Y, TOKAJI K, KAWAMURA M. Fatigue behavior
of SiC-particulate-reinforced aluminium alloy composites with
different particle sizes at elevated temperatures[J]. Compos Sci
Technol, 2008, 68(13): 2785-2791.

TIONG S C, WANG G S, MAI Y W. High cycle fatigue
response of in-situ Al-based composites containing TiB, and
Al O; particles[J]. Compos Sci Technol, 2005, 65: 1537—1546.
TIONG S C, WANG G S. High cycle fatigue properties of
Al-based composites reinforced with in situ TiB, and Al,Os
particulates[J]. Mater Sci Eng A, 2004, 386: 48—53.

(4miE TR



