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Abstract

The research trends for metal matrix composites have been on basic mechanical
properties, fatigue behavior after aging and fractographic observations. In this study, the
fatigue crack initiation as well as the fatigue crack growth behavior and the fracture
mechanism were investigated through observations of the fracture surface on silicon
carbide particles reinforced aluminum metal matrix composites(SiCp/Al). Based on the
fractographic study done by scanning electron microscope and replica, crack growth path
mode! and fracture mechanism are presented. The mechanical properties, such as the
tensile strength, vield strength and elongation of SiCp/Al composites are improved in a
longitudinal direction, however, the fatigue life is shorter than the basic Al6061 alloys.
From fractographic observations, it is found that the failure mode is ductile in basic
Al6061 alloys. And because some SiC particles were pulled out from the matrix and a few
SiC particles could be seen on the fracture surface of SiCp/Al, crack growth paths are
believed to follow the interface of the matrix and its particles.
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Table 2 Mechanical properties of the SiCp/Al composite and Al 6061

P ile st h
Material Orientation roof stress Tensile strengt Elongation (%)
(Mpa) (Mpa)
L 287 331 10.5
SiCp/Al
T 274 301 8.5
L 280 316 9.6
Al6061
T 267 305 10.5
][ r o #2000 A #12007+ 2 ¢ ol v 2 =i o] 5 (emery
Detail of part A “ paper) 2 qint3, HEFAHoz AsdFrely Avt
AZ wpFe doks sto] E A AEIAT
2-g7 A
/ i 23 mzTEAM Ad
- ___697- 2 2 Ao A43" H2Ag7E Instronat AF
o] gt Ax =24 87| (hydraulic-servo fatigue
12
55 test machine : model 1332) 2 o £3& 20ton
110 olm, AYzAL FFu(R) 0.059 ¥y

(Demension:mm)  t=36

Fig. 2 Geometry of specimen

5%
{]

Fig. 3 identification for

Specimen orientation
extruded bar

ubgko] Aojst Hlm F A (notch)7b k&4
o] =R ze] s =& ulAsF(electro discharge
machining ; EDM) .2 71234t}

Aol 4 eAAhe] FAL HEFAY
4 246 vlAE G ALstsrl A, A
AHELE Fol F(hol)¢ %L ¥ EDMez
2¢=5mm, p=0.2mm2z YASA Z}FsgHe,
¥ 2 F 9 (fatigue crack) 2ol o] A&} FA = =
=27} (replica) 8| AAE Aol APHe Fdg

(sine wave), ol%-qlz sEHHE HHAL,
Fa4E 10Hzz RASA sz, 2o 5=
50+£5%, <HAWEe 4Jdo=52.5MPa(2¢=5mm,
AK=4.65MPa/m) 9] 2AHY oM s2Fd
A AL FPs
Ae Hzide 44, A4 ¥
A Aol & (cycle) st A 23
lodob sl AEe SA4 o
2E Az gl F9E F29 ¢
8o}l o]z} Al 6061 % SiCp/Al &
o] ulakal w7 WAl odie
2 7 LA 1A EFhAe] o=l 34
Az ol §slo] APHe 48 F F, A¥H
o] Z2AANE sdez AdHY - $&3, T
2. 2o el AZshE AHI 5008 7R
erbs FEdn) Al 1/1000 mm7 A 47}
3} OSM (optical scale meter)-& o|-&3te] T4
Aol & FA3%,
A F4e Ao 27 AFEAE 2F
3 FHdAel FHES Aazt AHelstn, Al 6061
=)ok SiCp/Al Z+z 674 AP Hol wHs) FdAol
(@)} 3EurEs4 (N dolgafy aN A=
%) da/dN-AK A= 5 gl 548 19
she] B gkel,

>
o o nd
2

o
o o oX S
lo

Q]
=4

o
2 a2 ofl

ol

o

Lo = e

|

ot
2
fru
2
>
2,
w8,
N

I‘

ol



SIiC 14 27 Al 2tz sz AAAE 125

3. 2T ZFHHS &Y

3.1 FAZol(a) o HHESSE (N2 BA

Al 6061 =19} SiCp/Al E@Als 247 6719
Aggo] e AzgdAd A4ge g§¢ F I
dlo] el 5 Folal Al 60617 SiCp/Al 7zt A& =ie]
HEA APd 17 (Al 6061:No. 2, SiCp/Al:
No. D)ol sy A 2 -+3F, F4d9 - ¢

FRol el FAA ol (a)et sHFLE3 4 (N)A

olo] AAE FZE(plote)d AL Fig. 4o
eblidich ol ez AollA °aL "?‘* 315°] g Al
Hol A A Fdof] A 2 - +5
4% siuksjy] A7Ae] FEANE 7)(71 ‘3}%
o 4 ok, ook L HaAL A7 60 AYH
o dald FEHog vehd HAbolglon, gt
A T4 Aol ol SiCp/Ald ¢ 0.4~3.6
mm HYelx, Al 60612 7-¢ 0.05~1.82 mme]
g2 SiCp/Ale] Al 606lv s ©h4& 24 el
skt

a8z AFHY A el N - & 74
+ Wil FdAe] adt F s No AAE
Al 6061 = SiCp/Al 77t 67Hel <lg=el e &
2z Aol BE E2Ed As: Fig 5 3 6ol
vetd el 9714 dFxA (2a=5mm)E A
3 F9ZAolsl 0.1mm F7HA] FFulEIFE
2FdUA sHor AHoE AR, Al 6061 =A
9 0.lmm SzFA w4 £9e 52,150 cycle
~220,000 cycle #H¢lolx, SiCp/Ale] 0.1mm 3
BFY w42 52,500 cycle~156,000 cycle

12 | e Frontleft
= Front right
w0l o Back |

« Back right
—Ave. crack

§ Al6061

MOGOG 00 8 0

Fatigue crack length, a (mm)
[
T

Ar Stress ratio : 0.5
Froquency : 10 Hz

2r 2el:5mm
405247 MPa

012’:;;5';;73910
Number of cycles, N {xi0F cycle)
Fig. 4 The relation between fatigue crack growth

length, a versus number of cycles, N at 4 parts
for Al 6061 and SiCp/Al

Az Ebyc, s Al
447,800 cycle~830,000 cycle ¥ $jo),
¥ 361,800 cycle~509,500 cycle 9=,
SiCp/Ale] Hz41
s,

NZEY AF ABelA L SiCp/Alb w7l o
# BARvhE JReRUdNE P dunt
Ba®Pel Assgicte B0t glgleh, 7]
A FEaol T AR £ AL esle 1
A ez sz4vol FA vehgne el
o ool g AU Y TRE 424004 A3
B2 skl

60612 A%
SiCp/Al
239
of HE 30% A= A e

. ol SYHYUAIT Yl A
ol 4z o] % a—N FANA H2FdAA
%% (da/dN) &= A} #A =4 (secant method) & o}
L3t Felda, LEAAS "9 AK) = oF
¢ Tadaof A|9Yg ARg3te] T8h3d,

_\;.l_

12 oAB061 No.i .

o AlB0B1 No.2

- AlB0B1 No.3 g

10 ¢ ABOBT NO4

+ AISO61 NO5 .

« AIB0B1 No.6 .
*
*

-
L

o
8
o
o
o

Stress ratio : 0.05
Fraquency : 10 Hz

:5mm
Ao : 5247 MPa

g
- 1337 oo
) r ..mggé Z'M

2+

Fatigue crack length, 2 (mm)
[+
T
*
0\.
qJU
<, I]“nnu
: %\%

T s s 4 s & 7 8 8 1w
Number of cycles, N (x10° cycle)

The relation between fatigue crack length, a

versus number of cycles, N for Al 6061

Fig. 5

Stress raiio : 0.05
Fraquency : 10 Hz

24l : 5mm
| 10 : 5247 MPa

Fatigue crack length, a (mm)
o
T

2 .") 6 7
Number of cycles, N (x10° cycle)

The relation between fatigue crack length, a

versus number of cycles, N for SiCp/Al

Fig. 6



126 A= -

K=¢g/naF(a)*
F(a)*=(1-0.025a*+0.060") ysec {(ax/2)

o714, e=2a/Wolz Wt A|gdHd Z& el
Td2el(a)9} 5234 (N)
o]-&35}o] Al 6061 % SiCp/Al z+7+ 6709 A1¥
oA Aw o Fue 2. 92 4B R 2 F
44 A<= (da/dN)9} -2 st A 44 9 (AK) 9
#AE F 171 (Al 6061:No. 2, SiCp/Al:No. 1)
of AldHo] g AE okd4(loglog) zelz
Aol 22 AL Fig. 7 9 8o vjrhigich Al

A]*g—]g, 04_0_

i o

6061 =je} SiCp/Ale FHz7d AALz9 o
10?
o Front left
— o Front right
2 - Back left
& 108t v Backright
T « Ave. crack
£
]
g w0}
)
[
£
é 10° |
8
g, 3 Stress ratio : 005
= Frequency : 10 Hz
o 2gi: 5mm
10—7 al
1 10 100
Stress intansy factor range, AK(MPa/m)

Fig. 7 The relation between fatigue crack growth
rate, da/dN versus stress intensity factor
range, AK at 4 parts for Al 6061

107
o Front left
— o Front right
s Back left
g 1% | v Back right
E e Ave. crack
E 7
g SiCp/Al A
g 10}
g
[
F -
§ 10° |
(=1
]
5
3 Stress ratio: 006
s Frequency : 10 Hz
u. 231 : 5mm
7 —_— L
hd 1 10 100
Stress intansity facior rangs, AK(MPa/m)
Fig. 8 The relation between fatigue crack growth

rate, da/dN versus stress intensity factor
range, AK at 4 parts for SiC/Al

o - R4

= otk
o
2

[}
A da/dNej Habel ot A%
]

[, 2 4 A&

2 m
X
Au
T
(o3
2
o,
e i
ox
o
A
r{u
2>
oo
-3
2
> Ho
bt

ﬂol',

A gholgiet, J%MM:mi%ﬂiﬂ%i+
429 9% = SiCp/All4 27 (Si
SEICE TEIREEY

et oleldt 24l BAEZ ol xoh A5
4¢ 797 At dolse BAR A} o
WA shchn Az,

F3x032 Al 60618 72 SiCp/Ale] ulal =
segaAs wel AKel AAH, FAAY 0

o AALEY Fo] Ehbx e How, o

22 oX, ofd o> L
2 ofm :
X o

p

4. AK-da/dN MToflM{2f E4 SiCp/AlL
o254y chE flol ¥ X

4.1 AK-da/dN METoO|Me B&

Fig. 9= Al 6061 % SiCp/Ale] dlg Al 7zt
17} (Al 6061:No. 2, SiCp/Al:No. 1)¢] A&
A B 2FdAad B34S A3 Y95t A
Zgk 57l A AbolFel A MHF =l YE
33 o] Ao 1002 sty g AR
AR AHA dehd Aoz Al606lel S A
w8 %%, SiCp/Ale] A4 Awe) zZo sty
o] A Aol AAA Aoz A2gd
< AA3de, Fig. 99 (a)+ Al 6061, (b)+=

S

Detail of part agff:ﬁ? :

»
e

Detail of part

¢

bc
I

a: N=420,000 cycle ¢ N=510.000 cycle e Nx680,000 cycle
o= b: N=480,000 cycle a: N=500.000 cycte f: N«740,000 cycle

(a) Al 6061

(b) SiCp/Al
Appearance of the fatigue crack growth in Al
6061 and SiCp/Al

Fig. 9



SiC 9}= 27 Al Bg¢Alg9 dA2gd AAAE 127

SiCp/Alel oi& 7oz Al 60618 HFAAA
°W°1 SiCp/Alel ula) =ll$ AAA AA}ATE
4 gk, oAy HAzFdAA Fao] s A
WA AR e gAAes Azgd AA
% (da/dN)oll F%E F F es Araeh
AZFAAA Aol Fzgd AALE] o]z
oJ3k-g oobn 7] ¢sted, Fig. 102 Fig. 7oA
7bzk Babo] A dlold, & Al 60619l Huief %
- AR HFAHNAN d& AK-da/dN A

ZT2gd Hez, 53 FA o (scatter
zone) HXo of AK=63MPa/m HEolA
da,/dNe] 3.83x107°~8.83%x107%
3} ¢k AK=8.5MPa/m HZoA da,/dNe] 2.67
X107~3.45%107%) ojZ+x EA3 AHd EA4
ol vielxkch, ol2d &AL Al 606lo4 Fx=2
A HAbolginy, FAAEE Al 6061 6709 AP
AAE £ o J3F AKs} 6 MPaym~7.6 MPa/m
Alolo A iz Halel Adtdm, = o|F4 AK
Heloj e Fdo Foeke dAle] 4% H2
FEAALE S e,

olg] & 3E Eol4d& Yy H3ted, Fig
100)] 4] £-4ko] 41dF 22 Fig. 99 (a)ellAl &4
2 a~f, 3 420,000~740,000 cycle Ateje] ZA o
2, 2 Tl Az FEE C FEAR LY
Add ot A, B $83 o] ¥HE FEE
ol 4 gk, ol g FAEL AzFd AAS
Sol A%d AFe vlHE Aor Aasn,
#d, o BAAoA AKda/ANA =9 ¥
271 Y8l Fig. 10004 H4 odo FEe
d ¢ ¥ 4%, da/dN o #
4 O, @ % @ Fig. 9

AAE Fhol AHse At

Ao a® of

rir

I
g =
f
F:P
nu?.

olz = ik

o&& 0}“
A

o 2

o2 gt A AAA Fdol AAT Lol wAHY
g)e] Fdol 8 Chatterjeed] "9 o] &by K3k
4 F3led ®ske,

<A, Fig. 119 (a)+ Fig. 9(a)9 e AH#AA
Al6061e] Tz FdAd AZE F4F He=4,
2452 e W TIAA A2 o A
A3 xA4DE st T A Abo]s} o] R
Z+e ZFARzolgtn Aoldgdch elekzo] 3l b
AAAR e HEgd FAL =dzld el Fig
118 (b)olx] oju} FRA=H(crack tip)oil S F
B A4 99 AK=5.44 MPaym~7} 5=, Fig

10?

o Front right
o Modeling data
10° | e Modeling data

10 F

10«5 5

10° |

Fatigue crack growth rate, da/dN(mm/cycle)

v, o 1w
Stress nensity facto range, AK{MPajim)
Fig. 10 The relation between fatigue crack growth
rate, da/dN versus stress intensity factor
range, AK at front right parts for Al 6061

(a)

8.07

1

(b) Model of point b

10.58

1

‘% 745
(c) Model of point d Q%
60°

11.43

(d) Model of point e

Fig. 11 The model of nonlinear shaped cracks

119 (a)olAl d AAAAY A2FadgLe =d
234 7] Fig. 119 (c)ol®] olu] FAARA
s g4 ¥y AK=4.63MPa/m7} srh,
3 Fig. 11(a)9 e AA7AAY H2FgdPAE
Fig. 118] (d)ys} 2o] mwlzlsied FAADNAE
L d)A4 ¥y AK=4.04 MPa/m7} ®t},

o] wlAdd #Hele Tl WA AKHEE A
K-da/dN Ax. 4bo] ZA)sh™ Fig. 10014 @5 %
A" @, @ ¥ @ st zolth st 7
£ Aoz Fig 109 ZE do/H ()& =&

%ﬂ



128

% Chatterjeet] & o] &3ted AAH #HES
FA)sted mgkeh o7)Af o & glRol

H odele o] FdAA 2719 ¥4 A
H2e

oL 4,'-_ olr,}

aelA, £ dFofide FhAlY L 749
Aels: HAHY Aoz 7|L7F kA AT
TAddole 4 FHYEHGE FodZojz &2
ol FRdAl e FE ool glvke A, T
oge = o Erl& da/dNel 43¢ =3 e
2 AR ET, o]eld %’2}9! BtE-o2 Al 6061 =
A 649 Aldd AAE £ o SHANAF ¥
AK7} 6 MPaym ~7. 6MPaf_ Apolo| A = 2
AdEE< Bepch =@kl sle o] 3o,
AK-da/dN K=o ti4e] 4ol dehd she
ddes AlzEch, ofge 7Y BIIFAE ¥
A = okl flodez ALE Aoz Az

¥

I‘Uﬂl

>

12 SiCp/Alel EHEAW s Yol ¥ HERY
ANH ol
Fig. 12¢] (a)s} (b)+ SiCp/Al 222 o

2gdAd AAL sASET] Ao FzFdA
ALY T dA Aol ZollA Algda e Aol A H=
A7be AT AL FFdojAA 100802 2ol
sto] &g AdlE Clﬂi’”i HAA B4 Aol
o, Fig. 12¢] (a)st o] F Fdo] A 7te
T olol FAA Ak FHelA mohE elagd
o] WAste A sieprt AFole F FAo] ¢
Aze @43, Fig 129 (b)Ha =3 Akl A

o] AAsIeirt mohl vjagde] AAHT 2
SiCp/Al, s0=52 5MPa{2e=5mm,sK=4 65MPa{m | | SIC/Al, a0=52 SMPa(2a=5mm,aK=4.65MPa{TT}
310,000 Cyde 270,000 Cycle
sK=8.72MPafT 4K=5.85MPa{T
D
i
340,000 Cycle 290,000 Cycle
#K=7.22MPa{i aK=5.70MPalm
——— D
344,000 Cycle 310,000 Cycle
aK=727TMPa{m 4K=5.92MPa{m
— w“'\f’
IR i
352000 Cycle 330000 Cycle
8K=7 42MPa{® AK=6.28MPa{m
ot ome | [T vamn o
sK=7.97MPa{ 4K=6.51MPaff

(a)

Fig. 12 Process of the fatigue crack growth for SiCp/

Al

(b)

(b)
Fig. 13 Scanning electron microscope micrographs of
surface of SiCp/Al

®
e g @ ® e ®
— e @ —F - © @
@ ~&-
8 a @ @ 2 8
(a) (d)

e "o ® o C @ @
— ] ® ® @ —& . ©® @
] 2 B ® 8 &
(b} (e)

o " @ ® o " o ©
ﬁ“@ ® @ %,@2 @
® 2 B L] e B
(c) (f)

Fig. 14 The fatigue crack growth model for SiCp/Al
composite



SiC alat w7 Al Bgaae J2Fd AAA% 129

A doldez BAE Aoz CYELS SiCUA}

(cluster) 24 o] H3-& vl«stA JAEF A3}s
Fig. 139 (b)s} 2o}, od7lM & 4 UKo} SiCsl
A5 apolol] maAlote] & Aol £ X FEol
A= gz, 71A (matrix) ok FEA 2 dAE
A Abel 7t EA S o 4 Uk, webA
3o HzgAdAAA] ofu] HAx o]
£FdaA F4E 4 ok, olegt HAE

o] ol SIC al=be} 7]=] Abole] ok B

o

(o]

=]
s

H
T

]

Fig. 1] n]4)
3 Al )

733, F Fdo| ¢4 SiCp/matrix A4 =
Latde] S FHH sk FHAA H2FE
do| tha w2 A AA3ted Fede] o] E Ao 4}
E8r,

Fig. 12¢] vehdl SiCp/Alel sjz#dad

Al 6061
Fig. 15 Scanning electron microscope micrographs of fracture surface of Al 6061

SiCp/Al
Fig. 16 Scanning electron microscope micrographs of fracture surface of SiCp/Al



130 AAE - F&0 - A

A, Fig. 131 vebdl EdAA 2 Fig 15 9 16
o] gl AS EUlZ Fte] SiCp/AlY FHzFAd=A
AHRE melglsie] Fig, 1dol A|Ashe] ¥gkr),
%, Fig. 14o] vebdl wheb Zo] SiCp/Alel 9
EFAAANL L5 2L uAz FEE 4 9o}
124 (@A F Fdol st AAsio
AAs e A

2 A (b) et Zol Z1A sk SiC YA Abolo] A
40l F4 Rt w4 Fhol A= e =
3A (08 DAY F FE2 g AASH

z, vja fde] SiC datst 7129 A=HE oz}
A AAE drbe 2

sA @9 (DANAY sla Fhol A%
AFske] & A FAse AR e BAS
sz ¥ 4 9ok

o] 4zt o] SiCp/AlL w2 4A %
Zggel AARGE Aoz AsHrt,

AHA )

ol

E- It

5. I3 9|

r

Ja2Ad & stk APgde shdofa] g9
427 SRA 3 HHo| 1 EA 2HEE FA
] 2} & u] A (scanning electron microscope ; SEM)
oz #AF AA g Yslod st 24 & B
Aetz, AZFAAA 717 Foll e Lolr et

Al 6061 =18} SiCp/Al 7+ 2x1 80 el H=
A4 A¥gs A9 F ggd shd$ SEMe
2 A3 g AE Fig 15 9 1601 el
c},

Fig. 15& Al 60619 stwl-g Azlde]7ddlA] 3
A Adoz, (a)e sy AAE Aoz
A2 Aoz 239 4% FES 2o} A4 T
de dede % 4 Uz, Belde 94 d=
saold % 4 9 AR sEetelolold
(striation) #}+= thZx|gt AE glo]oo] M3t FAgH

-

O

2 E(quasx striation pattern)o} Jeldg o 4 gl
o, =3 (gdAde THEAY stdy 458 5
o Er)o o3 ubEsle] Eal A3l Ele]ojEH

(tire track) & Zo}& 4 it

Fig. 162 SiCp/Al stwi& Aol B%
g AAs veld Aoz (a)old s AAH
o2 uw Al606lo] ulal m7FAel SiCel oo
2 oa HAHq shedel okate] velntm, (b)ot
@A vehg wieh ol shmiuvfe] PR

SiCqlatEo] AR

¢ 3+
of AU $¥E WAL 4 Yt Aoz no}
A5 3

F F9ol AAS UAE ADE we APUS
£ 9 4 9
2% 328 A& AYA3elA SICp/Alel @

38 AlRA) ¥oix oii FJ24vie] gL o
Bo}l, Fig 19 u]aFz AAA B 5o] SiC 9
Age]l FE AU 2FL shed SiC Y Foig

¢ ¥ 4 g9lm, Fig 12604 vehd 7943
#HA 3 Fig. 139 39 AAE v} F-o] ¥ o} matrix/

SiC gJ#k7ke] A &A (wettability) =, A4
(bonding strength) 7} oF3lel FAAAE F Fo
ol A matrix/SiC g AA}elel| =|4F < (micro-
crack) 9] AAog F FHo] 4A AAE 4+ 3}
%g Hez Azdch

6.2 &

§ IEFUAR A5 AABRE FAA G2
e AEE AL 4 U

(1) SiCp/Al E3FA g Al 6061 =R dx &
el ARAE, FHHE, dAFL P
AR o] z4e 2aAlel we of 30% B4
sheieh

(2) Al 60612] AK-da/dN Al=ollAe] 4 4
Qe slzelzh ARolA vhehd AR JE2FAel

Ao a(zigzag) P o2 AAFH H2FAY A
A o el o ez Agsz, SiCp/Ale
Al606lx o} sl 24wo] dh&d A2 SiC ¢i# &
Zo FFAAeE QA SiC Y= delgfEd, o
ERAAAAH R njFo] Mol AIFIAAAF
F Fodel A vlagde] Ao s FEA
o] b A AAHT AAE Alrde,

(3) =] Ao Al 6061 A= A4y
P 4 9lodn, SiCp/Alg SiC A5 o &
4 A e gz, SiC A 2 A
Fode A “Pz%»} FEe
2 Bol F Fho
Awg wet AAULE 4 4+ YUk

O

2 Y ogp Lo
°

jo

30 2 o oo
_Lrlr_}L}mm[o

o

A
7

o] A7& 1992d= It A7 24l



SiC gt 2.7 Al BdAey A=2gd AdAS 131

(AWML 921-0900-083-2) o] <8 o] Zo]z 0w,
ololl ofa] A ofzlFA ALE =Hc)

J

)

n
o
o

(1) King, J. E, 1989, “Failure in Composite
materials,” Metals and Materials, pp. 720
~726.

(2) Nair, S. V., Tien, J. K. and Bates, R. C,
1985, “Sic-reinforced Aluminum Metal Matrix
Composites,” International Metals
Vol. 30, No. 6, pp. 275~296.

(3) Logsdon, W. A. and Liaw, P. K. 1986,

“Tensile, Fracture Toughness and Fatigue

Reviews,

Crack Growth Rate Properties of Siclicon
Carbide Whisker and Particulate Reinforced
Aluminum Metal Matrix Composites,” Eng.
Fract. Mech., Vol. 24, No. 5, pp. 737~751.

(4) Bonnen, J. J., Allison, J. E. and Jones, J.
W., 1991, “Fatigue Behavior of a 2xxx Series
Aluminum Alloy Reinforced with 15 Vol. Pct.
SiCp,” Metallugical Transactions A, Vol. 22A,
pp. 1007~1019.

(5) Kim, Y. H, Lee, C. S. and Han, K. S,
1992, “Fabrication and Mechanical Properties
of Aluminum Matrix Composite Materials,”
Journal of Composite Materials, Vol. 26, pp.
1062~1084.

(6) Biner, S. B., 1990, “Characterization of
Short Fatigue Crack at Notches in SiC
Particulate Al

Composite,” Fundamental

Relatonship Between Microstracture & Mechan-

ical Properties MMCs, pp. 825~837.
(7) Ishii, H. and Tohgo, K., 1991, “Fatigue

Behavior of SiC/Al Composite Materials,” #i
HEEsMEER/CM 6 HX.

(8) Yu Weicheng and Yuan Jincai, 1990,
“Fatigue Behaviour of SiCp/Al6061 Compos-
ite,” FATIGUE 90°, pp. 899~904.

(9) Wu, S. B. and Arsenault, R. J. 1990,
“Crack Propagation in SiC/Al Composites,”
Fundamental Relatonship Between Micros-
tracture & Mechanical Properties MMCs, pp.
241~253.

(10) Knowles, D. M. and King, J. E., 1990,
“Fatigue of an Aluminium SiC Composit,”
FATIGUE 90°, pp. 641~646.

(11) Doong, S. H., Lee, T. C. and Robertson, 1
M., 1990, “An In-situ TEM Study of the
Fracture Mechanisms of SiCp/Al Compos-
ites,” Fundamental Relatonship Between
Microstracture & Mechanical Properties MMCs,
pp. 300~311.

(12) Levin, M., Karlsson, B. and Wasen, J.,
1990, “The Fatigue Crack Growth Character-
istics and its Relation to the Quantitative
Fractographic Appearance in a Particulate
SiC/Al 6061 Composite Material,” Fundamen-
tal Relatonship Between Microstracture &
Mechanical Properties MMCs, pp. 421 ~439.

(13) 1991, “Standard Test Mehod for Mea-
surement of Fatigue Crack Growth Rates,”
ASTM E647 ~88a.

(14) Murakami, Y., Stress
Handbook, Vol. 1, p. 3.

(15) Murakami, Y., Stress
Handbook, Vol. 1, p. 354.

Intensity Factors

Intensity Factors



