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A Study on the Fatigue Crack Propagation Behavipr of Al,O,/AC4AC
Composites Made by Squeeze Casting Process

iIn-Dong Yeo®* and Chi-Hwan Lee**
Abstract

This study has been conducted with the purpose of examining the fatigue crack growth characteris-
tics of AlO; short fiber reinforced aluminum matrix composites made by squeeze casting process with
different applied pressure and binder amount. Fatigue crack growth experiments have been performed
under constant load amplitude method with a fixed load ratio. The rate of crack propagation was de-
creased with binder amount as well as applied pressure. Also fatigue crack growth path in matrix was
changed from flat to rough mode with an increase of applied pressure. In the composites, fatigue
crack was propagated to interface between matrix and reinforcement at 10MPa, but it was propagated
to reinforcement at 20MPa. The major reason of the result was considered that interfacial bonding
force and microstructure of matrix were improved due to an increase of applied pressure. Localized
ductile striation in the composites was observed at low growth rate region and such a phenominon was
remarkable with an increase of applied pressure. At high growth rate region, the propensity of fracture
appearance was changed from interfacial debonding to reinforcement fracture with an increase of ap-
plied pressure.
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Table 1. Chemical composition of AC4C alloy.
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Material % Si % Mg % Cu % Zu %Fe % Mn % T1 % Al
AC4C alloy 7.2 0.3 <0.001 0.016 0.32 <0.001 0.15 Bal.
Table. 2. Specification of Al,Q; short fiber.
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Fig. 1. (a) shape and orientation of fatigue test specimen in the composite casting.
(b) compact-tension(CT) specimen for fatigue crack growth rate test.
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Fig. 2. Schematic representation of experimental
apparatus.
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Photo 1. Optical microstructures of composites used
5% binder with applied pressure.
(a) 10MPa (b) 15MPa (c) 20MPa
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Fig. 3. Relation between fatigue crack growth rate and stress intensity factor range (4K) at R=0.1, 15Hz.
(a) 5% binder composites (b) 9% binder composites
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Table 3. The value of constant ¢ and m resulted in
different manufacturing condition.

A7 ok | 7Y
LOG(C
(mol.%) (MPa) e i
; 10 -30.05 17.41
o L
CE:A: bmier 15 ~-28.66 | 16.44
omposites 20 -25.90 14.47
. 10 -24.50 | 1279
C’M bmier 15 -21.09 | 11.15
omposites 20 _18.50 9.55
- 10 -24.06 12.99
9% blnfiter 15 _29.5(0) 11.97
composites 20 _18.60 9.53
10 -22.46 11.09
Matrix 15 -20.80 9.84
20 -19.71 9.79

o] 10MPaclX= o] Afot 7= 2
ARE et AnEe Aol FAHIBAT, 71t
o] 20MPa2 F71gel we} #do] AFE
FAAFHA HAGEE AL & T Uth ojpge
Aie 7t o] F71gtel el 7)1x] 9 Az} Y
of W& 7|AXzA e XUst Y FFAF9 7%
o} o] Adaelz} AHAAE7] wiEelet Az
Photo 32 7|A¥% HRA|HHY] AGHE

FAF AR R JIX 2L FHGWATE Y
30Kgf/mm?®?ej| A B3dsgew 7}t o]

10MPacl| 4] 20MPa® F7}gel e} dAsd
8 ERH7} ZrbsE Ae BS Ak olshge
AT 71 Erld e AxzA Y XYsist
a2 Y<lelgt JzHEr). Photo 4= EgA] 324
P o ARleE 5% HAANE AREF
Egags 10MPas 71tz ez Azsgeod
L-HAYWATdge] 30Kgf/mm¥?e] (a)el A
45Kgf/mm¥? (b)E F71§el ot 27|19 32
SHYYATIGANA B2E VA A4 &5

N7 A AR AsAgohe] AREEe A

debonding®@Are] vtelhd A& B Qirt oleizt
< A= SHYAT ddo| S wel
& HEFIASREEr Frhgtel whel giohd o]
FAE HEFEAARL HelolA AFTIY oF
Ao 2 HolsHe AL FFE £ Ut AR
ol o)-Ne 7% HAAE A7 A8 FF
3 AR o), d)= 7o) 10MPas} #%-



, oA

— g

f4utzgos Azy ALOJ/ACLC A48 Y H2FE ARAF B¢ o

-394 —

Mo Dagale Ak, o
LS c&ﬁm%.w%of:mém :
sl o
m%woo 2730

I
M

o
)

AR
EnieToley

o

)

o
b2,

23
Sata
24

J

:

oo,

28504

LI
FEEER

o
1

&
2
Zo
o,

e

5,

S35k,
3053,
ta

o

5,
E)

2,

H Aoa

PO oc‘o.m_q
Seilale oy
PR

L]
et
folutal

o;
e
v... .OO

Mnommmmumm
2.7, s8e
52

o_..:...__...
o.o
ot o s el
LY LN Yol edeeelonpie A el A 3 I

FACE I T T S R TR T RS TS Eowq e
HME PRI R S

BEH
B
LSSt
-..O
? 150
SEEIC ICPI N
T
e

255
52038
Py
L)
FAMEE

e
R

oa
;&
LA AT

Ry XAttt
o Sy et g
2,220 et SRty L

R L

ot
2ol

52

a5e
LRt

)
g

T
& atan

wlatd
ot W%

S

&
AV 3T e
o,
&

KU
LT
L

moc“mw%mmw“ 4 i

iS22, ; .

eaderdaiae s 2%y : TR
RIS b ule 7

mno

)

Lohde
52,2 mm TG
: ot f T o e BiE s
il g _ ! %mmm%.wm R
SRR 2 ot & %mqnﬁmvw-%oo LA
. ey
I RO £osicd

L)
£alda

) 2Totanf e

LEs PALEEISA S OR ML PRSPt ST L e

T
i,

(a) matrix, 10MPa (b) matrix, 20MPa (c¢) 9%, 10MPa (d) 9%, 20MPa
(98)

'hoto 2. Optical micrographs of fatigue crack path of matrix and composites with different applied pressure
and binder amount.
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Photo 3. SEM fractographs of fatigue fracture surface of matrix.
(a) 10MPa (b) 20MPa

Photo 4. SEM fractographs of fatigue fracture surface of composites.

(a) 5% binder, 10MPa, 30Kgf/mm¥? (d) 7% binder, 10MPa, 45Kgf/mm?¥?
(b) 5% binder, 10MPa, 45Kgf/mm¥? (e) 7% binder, 20MPa, 30Kgf/mm?*?
(¢) 7% binder, 10MPa, 30Kgf/mm¥* (f) 7% binder, 20MPa, 45Kgf /mm?*?

(99)



—396—

$9UZHoE A2 ALOYACIC YA H22Y ANASH B AF-AUE, o|xp

)3, e), ¥ 7o) 20MPa, c¢), e)x 3
HdATdge] 30Kgf/mm*’dd, d), )&
45Kgf/mm¥*d v FAF A0 2 G Y
AT FGolAes 714 Sl B8 944 o
EVHES vehde A5-9 7)x719] debonding
olv} pull-out¥ArL FF=ZA it 2y
2 Y AFIdGdAE 714E 10MPa9)
734 AF7t #AH3r Aejel debonding@A}o]
BEEGeH, 713y 20MPag) A% 3 ¢
HJYdATIGd A 2RR A4 FFHe A
9 ggoy 7R FAR Ade] F& A
¥L zsle AL #ILE ¢ g

4 2

=

f4gdzoz AzxX §-Alumina FA§F}
2 AC4Cr) EgARe Wi A,
o33 2L HAEE 45 gt

1) FELAYFIGeINY H2FIISE
£ Aol F71%l oo} ARz W B
E EF 35 HAAY oo uEAx
ARSE7) £39 AL B3

2) 7|AzAe dHERFd AHREe IgHH)
10MPad| Ay 20MPaZ Z7}%e] uwlel flat mode
o] 4] rough mode® nvlH s, B§gxge
S 7}ree] 10MPaddw) 7|28k 73ha) Abo] ]
Adeze HAAYE 7, 71348 20MPadA&
ARARE 23 AYrhe U E ukA s

3) BERAFS IEAHS FAF A, A
AREE Qo He FH3HA 547 Bas
o, o]} HAL 71ty Fr)d| wet F8e)
TEE & ey 3 AAEE JQeX e 7}
%Hol 10MPagl A% 71xje} 73sAlf-Ale] e

AWl A debonding®Are TAIGAT, 7t
o] 20MPac]H= 53 ZHAYPEANo=m

debonding® 48 #2E & AP

(100)

!

%18

[1] T. Christman, A. Needleman and S.
Suresh, Acta Metall. Vol. 37, No. 11, PP.
3029-3050, 1989.

[ 2] W. A. Logsdon and P. K. Liaw, Engineer-
ing Fracture Mechanics' Vol. 24, No. 5,
PP.737-751, 1986.

[ 3] D. L. Davidson, Enginnering Fracture Me-
chanics Vol. 33, No. 6, PP.965-977, 1989

[ 4] Y. Sugimura and S. Suresh, Metall. Trans.
A. Vol. 23A, PP.2231-2241, 1992.

[ 5] David L. Davidson, Metall. Trans. 22A,
PP.97-123, 1991

[ 6 ] Musson, N. J. and Yue, T. S., Mater. Sci.
and Engngl35, PP.237-242, 1991.

[ 7] Harris, S. J. and Wilks, T. E. Proc. 6th
Int. Conf. on Composite Materials. Lon-
don. 1987 edited by F. L. Matthews, N. C.
R. Buskell and J. M. Morton PP. 2.113-2.
127 -

[ 8] ANNUAL BOOK OF ASTM STAN-
DARDS, Section 3, Vol. 03.01, PP.739-
759, 1985

[ 9] T. Christman and S. Suresh, Mater. Sci.
Eng., Vol. 102, P.211, 1988

[10] J. K. Sang and R. O. Ritchie, Acta
Metall., Vol. 37, PP. 2267, 1989

[11] D. L. Davidson, Eng. Fract. Mech., Vol.
33, PP. 965, 1989

[12] S. Kumal, J. E. King, and J. F. Knott, Fat.
Fract. Eng. Mater. Struct., Vol. 13, PP.
511, 1990

[13] P. C. Paris and F. Erdogan, Trans. ASME
J. Basic Eng., Vol. 85, PP. 528-534, 1963

[14] M. Levin and B. Karlsson, Composites,
Vol. 24 (1993), PP.288

[15] A%, <|X%: ¥xFx=F8 3, Vol 15,
No. 2 (1995) PP. 138-145

[16] H4l%, oA : #=FF2FE3], Vol 14,
No. 2 (1994) PP. 345-352



