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Abstract :

In order to investigate the behavior of fatigue crack growth of SiC-particulate- reinforced Al-Si alloy

composites, fatigue tests using single edge notched tension(SENT) specimens were performed. Composite materials
were manufactured by using both permanent die casting and extrusion processes with different volume fractions of 10%
and 20%. SiCy-reinforced Al-Si composites showed the increased levels of threshold stress intensity factor range, 4K,
for the increased volume fractions of SiC particles, which implies the increased fatigue crack growth resistance at the
threshold or-low 4K levels, compared to the unreinforced Al-Si alloy. In the Paris region, however, the composites
showed the increased rate of crack growth resulting in the unfavorable effects on the fatigue crack growth resistance.
Critical stress intensity factor range at unstable crack growth leading to final fracture decreased as the volume fraction
of SiC particle increased, because of the reduced fracture toughness of the composites. Extruded materials showed

higher threshold and critical values than the cast materials.
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Table 1 Mechanical properties of cast and extruded alloys
and composites

Cast alloy and Extruded alloy
composite and composite
(SiCp vol%) (SiCp vol%)

0 10 20 0 20

Young's modulus,
E(GPa)

0.1% offset yield
strength, ¢ (MPa)

69.9 | 864 | 99.1 | 764 | 113.0

12451643 | 191.7 | 126.2 | 230.0

Ultimate tensile

247.8 | 246.4 | 2180 | 340. '
strength, o,(MPa) 642180 | 340.7 | 350.5

Reduction in area,

49 | 45 | - | 352 | 62
RA(%) 6

Fracture strain, e, 0.063 | 0.031 | 0.004 | 0.591 | 0.10

Strain hardening

0.182 | 0.155 [ 0.186 | 0.181 | 0.137
exponent, n

Strength coefficient, | 43¢ | 479 9 | 7058 | 432.6 | 5944

K(MPa)

(a) Cast SlCPZO%vol/Al -Si composite

Fig. 1 Microstructures of SiCp/Al-Si composites

(b) Extruded SlC,,20%vol/Al -Si composite
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Fig. 2 Fatigue crack growth test specimen
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Crack length, a (mm)

Fig. 3

Crack length, a(mm)

Fig. 4

Crack length, a(mm)

Fig. 5

Fatigue Crack Growth Characteristics of SiCp/Al-Si Alloy Composites for Automotive Structures

8
©OCast 0%(AP=1.53kN, R=0.1) o
7 | [ 4 Cast 10%(4P=2TkN, R=0.1)
[y A
[o]
5 o
4 A
a
3
&
&
2 ° 0 o
oa @ o 0
1
[ 200,000 400,000 600,000 800,000 1,000,000
N (Cycles)
Cycle versus crack length. of cast alloy and SiC,

10%vol/Al-Si composite specimens

5

LCI Cast 20%(AP=1.26kN, R=0.1)

0 1,000,000 2,000,000 3,000,000
N (Cycles)
Cycle versus crack length of cast SiC,20%vol/Al-Si
omposite specimen

8

O Extruded 0%(AP=1.98kN, R=0.1)
DOExtruded 20%(@AP=2.07, R=0.1}

«»
oo
o

/

o‘“’

o
[m]
o
o
o

o 100,000 200,000 300,000 400,000

N (Cycles)
Cycle versus crack 1€ngth of extruded alloy and
SiCp20%vol/Al-Si composite specimens

°]-8-%} da/dN-AK A £+ Figs. 6 ~14¢} 2 ov o}
Aoz gk

da

N CAK™ @)

Fig. 69| A 318+ A1 S A7 A E LKt S
A ALE7} 10 m/cycleo] 31 A2 A2 & )
23 7179 AL AKp= oF 41MPavm 02
oAt HEd Fig. 60R2FE FoAle] AK ghol
30MPa vm ©) 2.2 K, = Ky = 4K /(1-R) S ©] 83}
K.3Ee ©F33MPavim 2.2 Astdch'? §absh w
© 2 Figs. 7, 8, 10, 11-& o) &3l Z+ A 8.9 4K,
Ko e 4& o 9ow, 1 A7+ Table 29} 2}
Table 26| A AKy= 78t AAbe] A A u) 7} F7hee
5 F7tete, QA EAN AT, K FaTs &
& Ak ek B3 gate) Arke v
A oA e TE ™) g A

] = %—X—l A g_] &] ]

[e]
¥ o

A, dHozE AHwo
AL G Bolmdy B FFolA ] 387d
ZAolg AA = A dFS 2 Th
29 SiCy20%vol B¢ AP A& Fig.
83} o] FAN AL =7} FrheiT} Baste
Aol wrAlsta glom ol e T A5
wo] 712 YA e BHAT SRAAGY, F %
SHANAS G FEAAA erbe
degddel 71Q9de? = Sic, AHn)7t
F52 FLLY ) o] Fheto] AKugtol
& Fig 92 0E) Hlastel R
O|ZHE EFAT EE SHFENA £

o

oO

NN
-

PNiR—QEVIO_\L\—EQL‘

i
™
o,

o
2
OQL
o,
mlo
i
u)
s
filo
S
&
X0,
_Q
o F
_\2
N
o

X

Jooft et X% ol ok Ml rlo

S 2 o0 ok % [o

D
A bt o) QA S
A

TAF MKz 7)Aol H5ko] oF 16% F

N
oo

Aok Ao 72 FAAAAS h5k vl

N

Table 2 Estimated values of 4Ky, and K. from crack growth

test
Cast Cast Cast | Extruded | Extruded
SiCp 0% |SiCp 10%)SiCp 20% | SiCp 0% | SiCp 20%
AKy, 4.1 52 5.4 5.1 5.9
K. 33 23 17 37 22
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Fig. 12 Schematic of crack growth behaviors of extruded
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Fig. 13 Crack growth behaviors of cast and extruded alloys
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Fig. 14 Crack growth
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Fig 15 SiC particle cluster before and after cracking for cast
SiC,10%vol/Al-Si composite specimen
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Fig. 16 SiC particles before and after fracture for extruded
SiC,20%vol/Al-Si composite specimen
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