BER SRR 1

2255t AEZIE ol8% 348929 712E404 W7t
ojRA* - o}FH*"

A Study on Fatigue Damage A ccumulation of MMC using
Ultrasonic Wave and A coustic Emission

JK.Lee" and J.H. Lee**

ABSTRACT

SiC particulate reinforced metal matrix composites(MMCs) are emerging as candidate materials for the
automobile and aerospace industries due to their significant increase in elastic modulus and strength
compared to conventional metallic materials. However, in order to make successful application of MMCs,
it is very important to understand micro-failure mechanism under cyclic loading because failure
mechanism of MMC is dominated by accumulation of micro-failure due to applied loading. In this study,
ultrasonic Lamb wave and acoustic emission(AE) have been used to monitor microscopic damage
accumulation under cyclic loading for SiC particulate reinforced metal matrix composite(SiCp/A356). It
was found that the change in velocity and attenuation of ultrasonic Lamb wave due to the increase of
loading cycles could be characterized by three different stages corresponding to the microscopic fracture
processes. The characteristic of AE signal at each stage was analyzed and discussed by comparing with
the change of ultrasonic characteristic in MMCs.
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Fig. 1. Schematic diagram of pitch-catch method
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Fig. 2. Dimension(a) and micro-structure(b) of SiCp/A356 specimen
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Fig. 5. Schematic diagram of AE measurement
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Fig. 6. Variation of Lamb wave velocity due to fatigue loading
cycle of SiC/A356 composite
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Fig. 7. Variation of Lamb wave attenuation due to fatigue load-
ing cycle of SIC/A356 composite

g g3 &5 W3te dutder S2FE AAFAH
FARH 3A A 9922 Uy ki U
& ¢ gt F Fig.69l (DF9e AgHA 7i6iAE
92 &5 Al|Z £ N7t 92 $9 Neg] o 20%]
ARARA o] 9] 223 Pt £ Wie
g2 85 Alo|Z9] F7lol wa} o 2~3% Feol 2
7] 748 Holx Yok ¥ HE 3F AolE £ Ni
7} AA 2549 Neo| oF 20~30% FHoAA 239
gyt £59 FAT F1EAAS B F oF 80%AF
7R AAA ez vwd dFsA st ADIFY,
A gte 2 wz2yEe 80% oA oA &2t F
7ietd Ba7lR] F&48 /RS Reole (IDYY
22 s F Utk @3 ol gL 2 3F Alo]F
9 Z7td) ©E 289 B9 &x I 3L A
73 2% EFA89Y uAlE sz &4 AA 7|7
7198 e Aeg (DYHad B E 255 Iof &




6 o]37 - ol&d

BEE AR

o 9xAQ &7 AL A2 8 F 2 & B
AR WolM doluke= ASl(dislocation)e] °]F &
°]59 SiC73l YA e 23 (pile-up)ez ¢
& AEH EW AN T A= WHE A3
(cyclic hardening)@4ol 7]dste Aoz Azt
R A 92 £ 60%0°]4S AAse (INFY
olale] g By &&= W3 B2 F2 SiCh3
UL FHoA gAY, A3t el BE wd FE
o gt Aus, =3 (IDFFlMe= (DG
A ARG olE A2 wik IS AaAZA(link-
up)@Rez WsE AA FId2Y FAT A
7198 Aoz YZEo A o|dd e o]Fd
(20), 234 (Q21) B9 AFAH 2L FH3FE |9
Bergman(22)52 979 $AR 295 Jehd. @
H AA 1D, () F9lM 2wz tee] H= 1)
2 #Ee 24, 4% A 2 4393 @4 74
Fig.10 2 Fig.119] 3% du|73& o]&3 Algs &
o HA A HEeA FEE-E 4 F AU

Fig.7& 92 313 Alo|22] Z7ld g 239 &
o 7k W3zt 48 JEl Aoz &3 Ao B
o F& vt o] 259 By e A= I} A
o|Ze] Z7ieg} vl AAF ez Fvleln Y RS
& &= gk & wHE A3 dido] A (DG lA
£ % Aol 471 92 $£9o 5% EenAe &
719l vz F4F 289 7449 7 A4e B
T gA gustA S7ksta Sidh olek 2 AAbAe
255 99 724 71 4L vy W v 7
o 24 L A Aol AwEQ IDFYAME A%
Aoz A= T Yok (INFYANY A&HQ 239
gut el F7 AL F2 AFHUY XA
234 Apolol] A, sl vid T i dE
2 % (crack density)Z7lo] @& Hog o|g} e 7
o] HAFQ ZIAAE WA viAFgdEc] I
S (IDFgartx aFsoxn it 53 ¢
Fig.69) g3 #ule] &xuizt 245, (DY GaAg
£eWsle Aol #aAHA] ge Wi 2S5 #@ule
#Aske A&Hoz Zrkslan ot gely 1RA
s} 3alA) Atole] wlATd 24, 43 ATel AuwAH
A (IDFHolM el JAds FL5BFAsS] Haesd
718 daMe 255 gyle) st S| &2
W3 2480 oS FE S ¢ & Atk

3.21= o159 oMl ME S8 WHEEH Y =
S T MHEENI0] HnHE

2 AFGAE IEEFARY vAA BkE 7 T7E
B} JgstA ojsfisly] Hstd B2 &F Aol
F7kl me SiCUA 4% 3% BY A e
W3l 547 ABAY Azl va, et

Fig.8& 32 315 AlolZ 49| Z7lo] m& SiC ¢
A 748 24 5% AR AE APdS(event) W3} &
e Jerd ez Hg Al 49 Z7b o
AEAMsE AaE o 37tea 18 ¢ 4 Aok
& £ A% Ao B FE upe} Zo] HAFQl o
2 3% Al $9 F7lel ©E AE AP s
E42 o] Fig.6, Fig.79 283 %y} W EAd
A BeiF uie} o] F2 whE st @abo] AujHQ
sz 27 9A9 (D9gelMe AE9 Balo] A<

=10 {n ) 4
200 -
£ 1504
§ I
>
w 1004
50 4
o P
) 20 40 L [*] 100

Fatigue Life(N/N)(%)

Fig. 8. AE events versus fatigue life

Ampitude(dB)

0 20 40 60 80
. T T v
250-] A, 8
300 ~
250 4
200
150 4
- 100 —
g
s0 4
>
v o
1] A 8
< 250
200
150
100
50 -
o N
o 20 40 60 80
Energy

Fig. 9. Energy, AE events and amplitude



#®13% 5458, 2000. 8

2509} AEZIY S 0188 S455HAg H2&30d B} 7

2354 gu Jd v 92 2de) 4 2 A4
% Aol AMAQ (IDILANE B2 Alol2e] 3
7hl wet AE AMSE ARHes 2vleln ee
@ & gk ole @l &% By} W SHNE
AF% wsh 2o ADFAoINE SICAZ At 7]
AR Aols) AR mel HyY ore PAFYe
)% AE AP 2714 7ste Aoz He)
Fig.10, Fig.118) #3801 4¢ o83 Ay Eds
9z vz 29 B AdIME BE ¢ & ok
olgt e AE AM4e 271 @AL B2 Aol 29
Fuhel (IDFLelA B o Fasd sy
3 92 All247} 92 $9e) 90%0| %} A, &
A% sivol ske AR Ul AE AMsE
(D eine AR Ae) 26 o8 FHaA 5
heh e Hel Fmglon ol (RFeelA o
5 9y s Nz 328 4% 2 ol vla 7
459 43 FZ(link-up)dl| o3 ArFA2e AR
Ao 7)Qeke Holok

Fig0e AE AM3%sh 243 AE 259 Z 9
auixiste] #AE UEhd Ao agd RoFe
uhe} zko] 40-50dB7IAIe] Y& WES ekl (A)
g3 S0dBol4e) Ee FEL uehle (B)ILo
2 U 4 UG (AR Be FS Yeuie
AE A& %) Fig8el AE APt 124wl
AolN 22 DYANN BT AEA5E) AZ
=4 2 MYLNN9) SiC ZaHIRsh 71AA Abole]
ARE we geel na Fhol el Y Aoln]
duix Eg 400)ste A7} g A 22
I (F YA 50dBol4e B& AES Yehle
AE Az5o] o wgsiglon duje) ojuixlE 40
olge] B& Ass BASAC A SiC 23 YA
st 72 Aole] ARelN wlaRPo] LAY He|
AE 25% 50dBojale] ¥|ma #e WE3} 400]8
o] oA UERyS, AR na7AEe] B2 <
ato} ANFLZ YA Pt S0dBole) B& A
Z 9 400149 A E Ukl AE A3} 24%
e Ae @ 5 U

N o

3.3 0= stEstiiM 35 S8 MR EMAY B
dtdeoz F& £ Aae] H2 gFd dig v
AA 2 & 717 A 5% Ass) g |
23 3P AFE JHAA B AR 52719 7
AReX e A9 o]F R FH(pile-up)es U3

APE BEE 2A9 $ERAYe] BYsy =it
B &3] F7idel wet ZgAg 1A Aol A
Heljxe] Eel(debonding) R wl& #Le] B4, vlA|
Goz A" v 3G 3% R 7€ AlY 42
(link-up)2 A AAA TR 4EAEE AAA
l=3

wzha] B A7 slojXe A= 1 AllEe T
7ol wE Algue 92 ui sE TE B
Azl A Ape]ZolAMel AlgHe] EUE FIAT
ez APt

Fig. 10 (a),(b)= H& 315 Alo|& + Nt 9=
8 Niol 65%5 = AIFA (ADFRlN F3dn
S o] &3l AP HR FEH e & v 7

Fig. 10. Micrograph showing the microcrcks of surface by opti-
cal microscope(a) and schematic sketch of crack
path(b)(Stage I)



8 0|77 - o] EH

BER SRR

b
23grAHE wet
4y
D:JIXNAE HMilsts 2Y

ABC :

Fig. 11. Micrograph showing the microcrcks of surface by opti-
cal microscope(a) and schematic sketch of crack
path(b)(Stage I}

o B4 9 amel Jz 7Y FA2 2AXE U
Bl Aoz #AAFN & & e uieh 2ol AH
B’ gZHox #AALGE vk 3E 7Y, A,B,CEF
SICA3gIA FAE nlet Fho] T4, AF Y&
< & 4 ok §9 92 §F Al STt AR
Z7letn 92 9o Futde] =g3id ojhY I
799 4% E4& (IDFQl YoM Er & b
ot Boz) Fig.ll (a), (b)) I 35 Al
2= N7t 91249 Neol 85%H e A4 F, (IDF el
A Ague] gdd #APE A2 799 47 54
2 oj59] A% ATl WP 2AXNE e Ao
FAAT ] BoiFE ule} go| i H2FE L 1
o] B, CollX e} o] SiCZs Ayt 24E ARS

ute} 2tz 34, 44 ¥ DolM HoFE uie} o
7IAAE Avsid A2 dd(link-up)H 2 A&E &
& gtk maky ols} 22 (IN), AMFHel 3ojxe
AEE FhoA FESE J= 79 4, 4 54
& oM AFe 255 ust As 54 L AE W
EAonyE 4 A¥AAY Y AA/AE B
AFn Y ¢ F Aok

44 &

(1) F&EFA 8 H238F Alo]2d] Sk e
289 &59 ZHHdsle d3d 2ol A 3842
2 UE F 9% ¢+ Ut

DFY : 2835 270 AREH 2Ase W
¥733}(cyclic hardening) @422 qF 27| 25
&5} 7o) $7199

(IDFY : 71AA G 33 A& el AwelA LA,
ARt uagdddl o8 233 Aie gusiA F
FbeiAlt £ Ao At gl 49

(DY : HAF v 2FYETY dZ(link-up)d
qoz AXNFER FAH Aoz g AT =
29 459 743 U199

(2) 2/ E ol &3ld vlAlA IAE|FE &
gl RUEYE A sF5ir] BRG] AH)
AQ (DAdFoHe AE Aze HASA gon, ula
FEo 24 2 Aol A (IDYF, vl 229
Aol g A e AN (IDHFH 3l
e tée] AE 237 g4t =8¢ (IDFHIA
WA AE Alse ¥ 2ZE JehiAE (ID)F Y
dHE ¥ AZS Yehlle AE A3} b 24
o}

(3) ¥ ArAE ol 8T B B Aud ¥ B
Fo M (IDQYGelie 23t e 71AA Aleld o
Fo| Madge 2R F AU ADIHAN =
oja7gel gl o3 7AAZe] ANY FLo] o
& HA=EAY g 34 57 Agdre vAH
#& 7175 Ak oM 2a3% R AENSS

< BAste o] FEAFE € & AU



#1334 B 45R 2000 8

2g99 AEZIY & o] 4% 55 UARS) J2E40d 3t 9

%z 7

2 a7e aee Ad ARadgn ¢4
¥ Qa4 W7k A7AHe AYle] olFoigon o
of A=Y

FnEd

1. Wei Shen., Dongning Chu., Lihua Peng., and
Jiachi Xu., ‘Experimental and Theoretical Studies
for Fatigue Damage of Short Fiber Reinforced
Metal”, Engineering Fracture Mechanics Vol. 51,
No.3, 1995, pp.479~486.

2. o8, HAZ, "2UNE 0|83} dAAE F&
ERdQ8 AR SPH/HL 0184 A7), 7| A®
3] At =30, 1993, pp.1~4.

3. Liang, Y.N.,Ma, Z. Y., Li, S. Z, Li, S., Bi,
J., “Effect of Particle Size on Wear Behavior of
SiC Particulate-Reinforced Aluminum Alloy
Composites”, J of Materials Science Letters 14,
1995, pp.114~116.

4. Ge, X., Schmauder, S., “Micromechanism of
Fracture in AVSiC Composites”, J of Material Sci-
ence 30, 1995, pp.173~178.

5. Hadianfard, M. J., Mai, Y. W., “In Situ SEM
Studies on the Effects of Particulate Reinforce-
ment on Fatigue Crack Growth Mechanism of alu-
minium-Based Metal Matrix Composite”, J of
Materials Science 30, 1995, pp.5335~5346.

6. 34, #7434, "AVALOYSICw E3jge] 3
Z2FIA A 27|17, d|ASE FASs
3 =2 2(), 1995, pp.218~223.

7. Hirano, D., ‘Fatigue Crack Growth Charac-
teristics of Whisker Reinforced Aluminum Alloy”,
Fatigue-90, Vol.II, 1990, pp.863~868.

8. Kumai, S., Ding J. E., and Knott J. F.,
“Fatigue Crack Growth in SiC Particulate Rein-
forced Aluminum Alloys”, Fatigue-90, Vol.II,
1990, pp.869~874.

9. Qing-Qing NI, “Application of Time-frequen-
cy Analysis to Acoustic Emission Signals for
Composites”, ICCE/5, 1998, pp.663~664.

10. Averanam Berkovits and Daining Fang,
“Study of Fatigue Crack Characteristics by
Acoustic Emission”, Engineering Fracture
Mechanics, Vol.51, No.3, 1995, pp.401~416.

11. Jens Gert Rasmussen, ‘Prediction of Fatigue
Failure Using Ultrasonic Surface Waves”, Nonde-
structive Testing, 1962, pp.103~110.

12. 013, 0|37, Ad4, #54, SPLEL °
2% mortar AR89 WNF BAAAFA VT AT T
zza2EE3A Vol.10, No.6, 1998, pp.203~
211. :

13. J. H. Lee, J. M. Park, “Acoustic Emission
Study of Micro-Failure Mechanisms of Dual
Basalt filaments Reinforced Epoxy
Composites(DFC)", AECM-5, 1995, pp.240~249.

14. J. H. Lee, J. H. Kim, D. J. Yoon, O. Y.
Kwon, “Acoustic Emission Monitoring of Frac-
ture Process of SiC/Al Composites under Cyclic
Loading”, AECM-4, 1992, pp.300~309.

15. o]F4, °|373, £87, SPLES ol&H F
3 A9 nAR BB L2 U,
324 v A A 2] Vol 19, No.1, 1999, pp.25~
33.

16.J. H. Lee, W. J. Sung, M. P. Kang, and J. M.
Park, “Evaluation of Interfacial Shear Strength
and Microscopic failure Mechanism of Metal
Matrix Composites by Combining Fragmentation
Test with Acoustic Emission Technique”, KSME
International Journal (to be contributed)

17. Viktovov, I, A., Rayleigh and Lamb
Waves : Physical Theory and Applications,
Plenum Press, New York, 1967.

18. o] 23, °|AA, &3, ‘AEue 53 &3
A% 2 &% Lambuls o]4¢ wiguy &4
77, d@zAgs s =23 AY, A 229 123,
1998, pp.2278~2285.

19. J. H. Lee and O. Y. Kwon, “‘On-line Moni-
toring of Micro-Failure Mechanism of SiC/Al
composite by Acoustic Emission”, J of Japan Soc.
for Strength and Fracture of Materials, Vol.30,
1996, pp.91~104.

20. ©]2d, “Line-Focus-Beam &3 du|3&
o] 83 FEEAAN RS W2Ego] BF AT, =]



10 R WEEOHEHRER

97 Z A, Vol.13, No.2, 1993, pp.40~47 “Effect of Statically Applied Stress on the Veloci-
21. A3A, oj2d, “22% ¥WHE o]£3  ty of Propagation of Ultrasonic Waves”, J. of
Al6061 29 In-situ H2&AAH 7V, 28] oy Applied Physics, Vol.29, No.12, 1958, pp.1736~
ALeta) A g s, 1994, pp.21~27. 1738.
22. R. H. Bergman and R. A. Shahbender,



