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Initiation and Growth Behavior of Small Surface Fatigue Crack in SiC Reinforced

Aluminum Composite
Sang-Hyoup Lee™, Young-Geun Choi’, Sang-Tae Kim™

ABSTRACT

Reversed plane bending fatigue tests were conducted on SiC particle reinforced and SiC whisker reinforced
aluminum composite. The initiation and growth behaviors of small surface fatigue cracks were continuously
monitored by the replica technique and the causes of fracture and fracture mechanism were investigated by
SEM. The relationship between da/dn and Kmax show that da/dn increases in high stress level while decrease
and again increases with increasing of Kmax in low stress level for two materials.
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Table 1 The chemical composition of materix material(wt%o)

Si Fe Cu Mn Mg Zn Cr Ti Al

0.4-0.8/=0.7|0.15-0.4| <0.15|0.8-1.2| <0.25 | 0.15-0.35 | =<0.15 | bal.

Table 2 The mechanical properties of matrix and composite materials

Materials [0.2% proof stress| Tensile strength | Elongation E(GPa)

and Matrix 00.2(MPa) ob(MPa) 5(%)

A6061-T6 346 365 16.0 66.9
SiCy/

AGOBL-TE 407 460 3.6 103
SiCw/

A6061-T6 441 539 2.2 118
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(a) L direction (b) C direction

Fig. 2 SEM photographs of specimen surface.
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Fig. 4 Fatigue test machine.
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Fig. 5 Characteristics of frequency on bending stress.
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Fig. 6 S-N curves.
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Fig. 7 Example of observation of crack initiation.
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Fig. 8 SEM photograph of specimen surface after crack initiation.
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Fig. 9 SEM photograph of specimen surface after crack initiation.
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Fig. 10 Successive observation of crack growth behavior.(c:=140MPa).
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Fig. 11 Successive observation of crack growth behavior.(0.=180MPa).
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Fig. 15 The details of fatigue crack growth path.(0.=180MPa)
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Fig. 16 SEM photograph of fracture surface(c.=180MPa).
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Fig. 18 SEM fractograph of inside of specimen(c.=180MPa).

Fig. 18] spwApRlojA] jfelie @ Fah o] Sic
Fer] gofujeh "ojA Utk Fgo] HAHSM o]de]
WHEREH HGe SIC HaAe} mAe] AWS wep A
1 gl Aow whaEr),

ol

3.7 da/dn - Kmax ZA|

Fig. 199] SiC,/A6061-T62} SiCw/A6061-T62] FHu|4 I|Z
+E9 daldn - Knax HAE FATFC

140MPa  180MPa 200MPa
SiCyy/AB061-T6 o A
SiCp /AB061-T6 . . A
100
2
g
£ 8 a0
a =
. Fa og
SR Ty
] N
s Ly Ao By °
= g0 g o 9v
£ o0 *% %
0
% 00 © © @ é’
5 107 o ©0°
S
S
G 1o
102 T
03 06 1 3 6 10
K oy MPam "

‘max

Fig. 19 da/dn - Kmna relation.

SiCW/AB061-T62] 7S da/dn - Kmax TACNA 188 &a
M Knx@ 2710l whal da/dno] 27} fA|q, %22 a4
oA dadno] Zadlthrt Z7HTh o7l HlaE A<
Fo] H2 Ay oM 27 AHLHNA FEH
F4gh(unconformity)o] AY7]a1, 3132 ol Hste] AlEH



80

L R R S

93\‘71 HH

3 {EoA SIC Fl2Ao) olgk wAAA Aol F7

olc}.
SIC/AGE1T6S] 79 Age alefd oleile]
of AAskE, A Fol Yol omyE AALEL )
ai(satering)el Asieh. @ 18e AMels vad 5

Eejge 44 et gk

Fig. 1994 SiC\/A6061-T6=
AHE7} mEne
N B8 AASET} mejrhs

1

2)

2

—~

3)

4)

SiCy/A6061-T6X.T} +EX
Atk 53] AsH o
T

© o) A
Z’-‘\E‘_ E‘l‘?vlr’l—

o o) A
Ae ¢ F

4. 4 2

SiC YA+ 43t dFnjE7] STA=(SiC/A6061-T6)2} SiC
] =

37 2(SICW/AB0BL-TE) S o] L34
By vlavz gao gzt
e W} Anlgel o AR

S - NFA2 A9 Ul FAea yepd 4= 919t SiCw/
A6061-T6= SiC,/A6061-T69} =A2] Hlojele}l B met
o, s24go] PAEUSS AR

H2AFEL nAFeR S BAgle] XA
of| A ?F‘%l H T WA 7| 0 2= SIC Rt ©Hoje
PefE = o] SiC et mAe] AW, SiC 3|AA}
mAjel AW, 52 SiC YA E= SiC 3| AA7F HolA
Uk AR Gol #aHA 71He] Holrh
SiCy/AB061-T62] 739 S Wat BAglo] o8 71
o] WA, FAe] FitE Ho|A T SiCu/AB061-T6]
ASole 189 HEdAe oy e Fdo] M
Aol wlal], H&E oM A FE2 FAstL
1~-2749] wdrte] Mgt

248 mAet SiC A Ee BAL} SiC 3 A
ARE et ZAFE Eﬂ Fog2 AR R £
h= Ulﬂ%mﬂr FAE wHEstHA A o] ml4
g2 F Alcto 1—8— it RS 9SSl
sl wt A* Wloh Ae FEoltt.

da/dn - Kpax THAOIA 1288 I‘QOML Kmnax2] 371l
w2} da/dno] Z7F AT, A5 o= da/dno]
7L/\o].rq—7} 7].9},\11—4— 0]740 I:I]_u__7<4 61—;1]4 Oila‘l:o] 7(40
Aeq gHloXe 27| AALHNA FEHe FAF
(unconformity)o] A7]a1, 1182 Hol| nvlsto] AJFH
2 L ReA SiC FaAe et FEHH Ao
7157 wEolrt.

[«

L=l

1

2)

3)

4)

5)

6)

7

8)

9

10)

11)

12)

13)

14)

u>;

AL

TR 45,1991, “BEAMESIE OBUR & #H2 1), H
FeBEEeh, 3048, H4E, pp. 276-288.
K.Murayama, 1992, “Activation of Uses Development in
Advanced Composite Materials”, Material System, Vol.
11, pp. 5-12.
M.S.Han and J.l.Song, 2003, “Characterization of fracture
toughness of the short fiber reinforces metal matrix
composites”, International Journal of Modern Physics B,
17, 8&9, pp. 1827-1832.
YJJo and Y.C.Park, 2009, “Comparison of Fatigue
Strength Criteria for TiNi/AlI6061-T6 and TiNi/Al2024-T4
Shape Memory Alloy Composite”, Trans of the KSME A,
Vol. 33, No. 2 pp. 99-107.
Mohammed Noor Desmukh, R.K.Pandey, A.K.Mukhopadhyay,
2005, “Fatigue behavior of 7010 aluminum alloy containing
scandium”, Scripta Materialia, 52, pp. 645 - 650.
S.KWoo and I.S.Han, 2007, “Technology Trend and Prospect
of Silicon Carbide Based Ceramics for Energy and Environment
Application”, Ceramist, Vol. 10, No. 4, pp. 23-30.
S.Kumai, J.E.King and J.F.Knoot, 1990, “Fatigue crack
growth in SiC particulate reinforced aluminium alloys,”
Fatigue90, Vol. Il, pp. 869-874.
J.K.Shang and R.O.Ritchie, 1989, “On the particle-size
dependence of fatigue crack propagation thresholds in
SiC-particulate-reinforced aluminum-alloy composites:Role
of crack closure and crack trapping”, Acta metall., Vol.
37, No. 8, pp. 2267-2278.
IINKZER 414, 1991, SICHIFiE{b6061 7 )L I =7 2 DI
FARBUSRRR, A DEE e 9558, L% pp. 72-78.
A.F Whitehouse and T.W.Clyne, 1993, “Cavity Formation
During Tensile Stringing of  Particulate and short Fiber
Metal Matrix Composites,” Acta. Metall. Mater., Vol. 41
No. 6, pp. 1701-1711.
NS TE T A 245, 1989, “SiC Rifarft Al &89 K5
HE%, A4, Vol. 38, No. 433, pp. 1206-1211.
S.B. Biner, 1990, “Growth of Fatigue Cracks Emanating
from Notches in SiC particulate Aluminum Composite”,
Fatigue Fract. Engng. Mater. Struct., Vol. 13, No. 6, pp.
637-646.
E.R.de los Rios, Tang,Z.,
crack fatigue behaviour
Fatigue Engng. mater. struct., Vol. 7, pp. 97-108.
M.H.El Haddad., K.N.Smith., T.H.Topper., 1979, “Fatigue
crack propagation of short cracks,” ASME Journal of
Engng. Mater. and Technology, Vol. 101, pp. 42-46.

and Miller,K.J., 1984, “Short
in a medium carbon steel”,



2245 % 3 9% 2009. 6

81

15)

16)

17)

18)

19)

20)

21)

S.Pearson, 1975, “Initiation of Fatigue Cracks in Commercial
Alloys and the subsequent propagation of very short cracks,”
Eng. Fract. Mech., Vol. 7,pp. 235-247.

J.Lankford, 1982, “The Growth of Long Fatigue Crack
Growth in a SiC Reinforced Aluminum Alloy,” Fatigue
Fract. Engng. Mater. Struct., Vol. 5, No. 3, pp. 233-248
J.K.Shang, R.O.Ritchie, 1989, “Crack Bridging by uncracked
Ligaments during Fatigue-Crack Growth in SiC-Reinforced
Aluminum-Alloy Composites,” Metall. Trans. A, Vol. 20A,
pp. 897-908.

TR, 3214, 1989, “SiC 7 A4 2 H-5fb k¥ SiC
K- i BEEMEL O SMNE B #4245 Vol 75,
No. 9, pp. 1753-1760.

J.C.Newman, I.S.Raju, 1983, “Stress intensity factor equations
for cracks in three-dimensional finite bodies,” ASTM STP 791,
pp. 238-265.

FPEATOHE, (3224, 1989, “AlS4EE) 0 & ZMEI X
VR T HYEI DR H AR &ip R, 5543, 5165%,
pp. 1733-1739.

JJ.Ahn, J.D.Kwon and S.T.Kim, 1996, “Fatigue Life Prediction
of SiCW/Al Composites by Using the Monte-Carlo Simukation”,
Trans of the KSME A, Vol. 20, No. 5, pp. 1552-1561.



