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Fatigue Fracture Mechanisms for SiC Whiskers and SiC Particulates

Reinforced Aluminum Composites

Chitoshi MasuDA and Yoshihisa TANAKA

Synopsis :

Fatigue property was examined for three commercially fabricated aluminum matrix composites containing
SiC whiskers and particles under rotating bending in laboratory air. Fatigue strength at 107 was about
67% higher for composite than that for matrix alloy, while for SiCp/A356 and SiCp/A357 composites the
fatigue strengths of those composites were also higher than that for matrix alloy. Fractography revealed
that mode Il crack propagated through the whisker/matrix or particle/matrix interface for SiCw/A2024
and SiCp/A357 composite materials. On the other hand, for SiCp/A356 composite material crack initiated
at some small voids situated beneath the surface of the specimens. In the region of fatigue crack propaga-
tion the crack arrested to the whiskers or particles for small crack length (or lower stress level), while for
longer crack length (or higher stress level) voids or sub crack around the whiskers or particles situated
ahead of the main crack. Mode I and Mode [l fatigue crack propagation models was proposed and those
models could discuss the increase of fatigue strength of composite materials in comparison to matrix mate-
rials.

Key words : composite materials; silicon carbide whiskers; silicon carbide particles; aluminum alloys;

fatigue ; fractography ; crack propagation model.
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Table 1. Chemical compositions (wt%).

Material Si Fe Cu Mn Mg Cr Zn Ti Na
SiCw/A2024(10% ) 8.23 0.23 3.62 0.65 1.39 0.005 0.030 — —
SiCp/A356 (10%) 13.12 0.078 0.007 0.007 0.61 — 0.004 — —
SiCp/A357 (10%) 16.60 0.085 0.016 0.003 0.88 — 0.003 — —
A2024 0.50 3.50 3.8~4.9 0.3~0.9 1.20~1.80 0.1 0.25 — —
A3567) 6.5~7.5 0.11 0.10 0.05 0.30~0.40 — 0.05 .20 —
A3577 6.5~7.5 0.12 0.10 0.05 0.45~0.70 — 0.05 0.10~0.20 —
ACACH 7.40 0.10 — — 0.33 — - 0.10 0.0040

(a) SiCw(10)/A2024
Photo. 1.
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(b) SiCp(10)/A356
Microphotographs of composite materials.

(¢) SiCp(10)/A357
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Table 2. Mechanical properties.

i Heat treatment 0.2% yield stress Tensile strength Elongation Modulus Vickers hardness
Material cat freatmen ’ (MPa "*(MPa) (%) (GPa) (av)
SiCw/A2024 Fab. 221 407 2.6 89 117
(10%) T6 408 630 4.3 92 178
SiCp/A356 Fab. 103 193 9.2 80 83
(10%) T6 353 387 2.2 76 154
SiCp/A357 Fab. 149 165 7.6 83 67
(10% ) T6 345 372 1.6 79 157
A2024% T6 390 480 10.4 75 106
A3567 T6 206 284 10.0 — 95
A3577 T6 275 343 10.0 — 89
AC4CH T6 215 275 6.9 — 103
400 Table 3. Fatigue property (MPa).
© Rotating bending
e Material 105 108 107
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Fig. 1. S-N diagram of SiC whiskers or particu- B oTA.
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Photo. 2. Macrofractographs
of fatigue fracture surfaces.
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(a) SiCw(10)/A2024 (o, = 245 MPa, N;=1.17X107)
(b) SiCp(10)/A356 (o, = 137 MPa, Ny=1.01X107)
(¢) SiCp(10)/A357 (0, = 157 MPa, N;= 2.03X10°)

Photo. 3. Microfractographs of crack

origin.

fatigue
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material.
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Photo. 5. Microfractograph of fatigue crack ori-
gin for SiCy (10)/A2024 composite.
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(a) SiCw/A2024 (b) SiCp/A356
Model of fatigue crack initiation.
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HRPBEWEEZONSL. TOHEERETA-OICIES
BRLT 28 O SRFRE LG T H2RRONFHEEF
YRRDUENDD. KTFHEMOBEIS 7 1 A —
WAL DG LRI Staga I EREEIBOLNL
B, TAAA—ERFETREONEE, TARY MY,
GERREZR EARL B 120, BEERICEIDLLOD
ZOBEIE Mode Il o3, BIEFFELEEZELLR
5.

% BAMETHWZZREHIE Y 4 2 F — RRF OB
EESIAT I DSIEAE T 5 7%, # DOFEIZ DTk 4ol OFF
FROMMRLEL TR WD, SERENEHLE L TER
RO NEEREN LS L3S AL,

4-2 HHEREITHEE

WHEBIEOMR Y + 2 h —SBILEEME O & ZURITH
HICRA M ITAT—3 3 VRO E T4 v IV EDR
L CROO N, BIBEOWEIZEDSEIGIEHE
» o 72. Photo. 1 (a) DHMEEE L i, 5 S8EE
B % Fig. 3 10”7, Fig. 3(a) WP EWIEED
BV EREPEHAELETTOEFNT, E2ERITEK
ENDLWHEIEA/NE W0, EREERTDLY 4 XA H —
WK EEOBEENIEDOND. JBHHEDT LY 4 X
A —HmEBIcB LTIz ahRS FPAERKSI L L &5
LD, T4 AS =B REIBIIBWTEIIT 4~

(a)

Extruded
direction

Whisker
(b) : ‘l l,\l i Liefq
Crack | ,LI; ;.m}
oy ",«-\1\ {
f[‘“.’ T ‘:‘[‘;1‘:{[} Extruded
WAL AL direction

TI‘{[‘VOid”, ,

(a) For small crack (or lower stress level)
(b) For large crack (or higher stress level)

Fig. 3. Model of fatigue crack propagation for
SiC whiskers reinforced composite.
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Fig. 4. Model of fatigue crack propagation for
SiC particulates reinforced composite.
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Fig. 5. Variation of increase of fatigue strength
for volume fraction.
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