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Abstract

TiNi alloy fiber was used to solve the problem of the tensile residual stress as the reinforced
material. TiNi alloy fiber improves the tensile strength of composite by occurring compressive residual
stress in the matrix using shape memory effect. In order to generate compressive residual stress in
TiNi/Al6061 shape memory alloy(SMA) composite, 1, 3 and 5% pre-strains were applied to the
composite in advance. It was also evaluated the effect of compressive residual stress corresponding to
the pre-strain variation and the volume fraction of TiNi alloy. AE technique was used to clarify the
microscopic damage behavior at high temperature and the effect of pre-strain in TiNi/Al6061 SMA
composite. The results of the microscopic damage evaluation of TiNI/A16061 SMA composite under
various pre-strain using AE technique can be divided into three stage corresponding to the AE signals.
AE counts and events were useful parameters to evaluate the fracture mechanism according to the
variation of pre-strain. In addition, two dimensional AE source location technique was applied for
monitoring the crack initiation and propagation in composite.
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(b) Specimen for source location
Fig. 3 Dimensions of specimen (unit:mm)

Fig. 4 Schematic diagram of experimental set-up

TiNi/Al6061 E 8714 &5 H@Agre] AZAEH
o] #48 vEhd o TiNi shelolg HFo
2 Azsger TiNi FolE AFEL 7%l
0. E3 Fig. 3(b)E 239 AE HAXFH& Yt
o] 300 90% 2(mm)S = A FHE A st AF
H Y% R=125mmd =& =Y AP
HAAE el Alolth

g gsty] Y8l Fig. 39 BAFE bk 2ol
TiNi/Al6061 F371 435 AlgHA st A+
AN 7|(SHIMADZU)Y| =& Z&sle] AlYPH 9
S22 363Ko0A 3087 A% F 1.0mm/ming



L
~
©
S
2
™
ox
&
o2
e

HESER AdZANE S Psiginh

Aol atFo| 7SR A HH AlgH e
A EAAS 4 AER o ddol LA
otgl Bdmrl B A "5y gae adgs
AE AAe] & ZAEE =& Y E(Preamp)l A
40dB FEHY. %I 4AZ= AE EA
(MISTRAS 2001)%14] AE #vlglE EAI}o]
AFe) AFdA. aga 129 = AEe
of FhA(wide band) AE AME Hzts}of
oA 9] TiNi/Al6061 HA71AFFe F3
2Zyelgsigen 9 ZAH, H714 Fs
(noise)S  AATE7] st E¥ WU gk(threshold
level)2 45dBZ A&t

o Kt at
o glo rlo (&

3. MEE

B odJoAs moA TiNi/Al6061 4712
&3 Bz 78 TiND a3 AVIA A
o d&AFSHY Jegs Hrhsy] gshd 9w

3

o 48& Akt

Fig. 514 HoFE vhet go] AWy S 9
& i

zt A DHANA 9 Young's modulus(E)= ¥ E
9 P3G A9 A F&g & F S

ojs} o] o go] T wet A =g
Z7tehe AL gdolA dF3elEel TiNiEA
7Ziggtgel At EAd 9t 363KAAM =
A2 elAlo) EAGIAN 2 @ 2E|UolEoR E
7l dojuez wo] gl Ay gz +
FA T ANAFEH] EFEAFEL 363KAAE o
H3o] agiz AAWEoR AFEA H==
TiNigt Al Abeje] Eshabe] Apojo] ofsf EH3hA)

2

FuldlY gEAaFSHo A3 A A
ety dudES /A AFE TINVAIG6TH

71988 SgAagde 4H5IREH Frtet

o AFFE FA S7tHHE ¢ F A
Fig. 6914 E TiNUAI6061 737155
o TiNi 59 ARE B2 Fx9 ¥gs

(o3

B oz 1%e dEds e A¥E I
TiNi &89 AHEol 3%, 5%, 7%= F7HEl
e Breo Was vehd Aojh IFdA B

i

Lol

~foh

——prestrain 0%
200 - - - prestrain 1%
------ prestrain 3%

stress

T T 1
0.00 00s 0.10 0.15 020 0.25
strain

Fig. 5 Stress and strain curve corresponding to

pre-strain variation

400 - [P

350J R D

105

300

<.

2504 :

200 _
: Prestrain 1%

Velume fraction 3%

Stress

150 {7
1:: = = = Volume fraction 5%
.7 S Volume fraction 7%
100 1
4
i
50
3
0 ¥ — T T 1
0.00 0.08 040 015 0.20 0.25

Strain

Fig. 6 Stress and strain curve corresponding to

volume fraction of TiNi alloy

T "l Zo] TiNi &89 #HHEC] 3%
A 1%k A AAFH R Zohge weEk AR
e HHen Zsste AFS HAFH Q)
th ojgid AdE 1294 TiNi &Y 4=t
1A A AlRTE @A Fr] 9P TiNi &
29 AHEe] F7MEFE BHA=Y AFBE
v E7hste EAHE hA etk E3 Young's
modulus= 2] Fig. 5o0A W&o Wslo] w
gE A WAsyr SYAT TN FEe AA
Fol 718 wElAE Young's modulus #E
AxH o R st A4S e

2

3.2 TiNi/Al606]1 SEAME2| o|lAlH 2MHE
e AE MSEM

B d3eME TiND @8 7% 9 AHE

2}A] &= TiNi/AI6061 B3AEE AZsld 1

oA FsFES WS W AE 7P &8

2 rlo e



TiNI/AIG061 F471d5E AR

250

stage | stage |l : stege Il
200 < -
.
’g [
g 150 4 ‘
2 ’ . » .
£ 104
® . . ]
@ '-_‘
o 504 ..
- 1]
.
od
] 50 100 150 200
200-‘
150
L]
>
2 100
Q
f=
w [ ]
50 H
L ‘-
©
o
z
°
2
£
g
<

-0 50 100 150 200
Time(sec)

w2 4

250

£AABH £RANF

ol #d a7 1791

stage | stage Il stage Ili

Cumutated AE counts

2000 4

Duration timefsec)

1
N
2
5 60
g s
[
w N
< % :
od e ﬂ_ﬂ'n—rul fal
0 50 0o 150 250
Time(sec)

Fig. 7 AE parameters vs. time (pre-strain:1%)

)

i

EgAge WAy &
=3

Fig. 7&
6061 HFAET JHHE 1%
Fol 7tete A& wf LAEE
AAES Ve Aotk

agoA BoFE vt o] AE 459 e
Elo} ARdre) @7 we} AA 39HeR
UE & gtk 9A &5271d AE FHEEIS A}
Aet dAlse dEel Frtetdetx W o)
FHEEI S} AT A WBA gE 199, 3%
o] %75t wel AE FHEEVF A SAH R
Z7rel ARG mE O dAEE 199, 2
. Ho A Fel ok 90% AN HREE AE 7H&
o} AP F43] TAsE mMYYges T
A& F Ao

AA sEx7], & 1990 8Fo] 71813
of wat Aa WEe FEH FHYF o
AE A&7 o4 $AEA "o olw TR s=
AE A3E oA BAFE ute) Zdo] 54

AAE

o

Jyeta A A

&)

TiNi &2 FNHE°] 7% TiNVAI
wgufol <143}
AE 2139 o

Zro] souse)ael AE, AEL 60dB ©lA, XA
7 "A 100ps olde) ANF7F BAEA "®d o
2 glFo] FxpH o R FIHe| wmep Shge
AE X137} A8 R TiNi 2 7]1AA
Al Alole] AR R o3 HAsA HH, 3F
o] 74atal A NP Yol =edtA Hd FAsA A
HiEg d4dol I thao AE Azt EA
A 2.

ol WS AE NI TiNi 53 Al A
olo] AW =AY ¥ T Ay LA
o5 AE FHErge o7 AAEE FHAS
XL JSE RgET WA FeATE
BE 25us0)8kR]2k 100pse] ANZE FAEH
Yz = 25018te] Asrt dg 2y JF
g 70dBolsle] AZ7F diRFety. an A&
A ZHE 100us ol AFRE] 230us7hA Y] Al E T
SAEgTh g o] A slFe] HAHH
o2 7hEAY o3 FAY AW AL
7‘*6}04 AE A3E Ag &z gl ad
I GEAIH e 90%AH, & MIGl TE3A

B2



1792 o)A A -

gu BgAgRe FA% 2498 qio BF
AT Wrel AxH Zde WA L TN BFE
ko] ojs) AE 437t WA FrahA Bk

SEEREE £

MAEAA A= AE A3 9 AEIAE 5

BEAE EFAR AXNAH FEo] LT
w2l 150pusolde] Az7h dAste TiNi §5e

gpkell QA= 250us7kA 9 A&t BAH

g3 oA, IE R AEND =¥ ge
oo skl AR we NEsh wAEn 55
TiNi B2 duadds 2ceAd e N3

7} EAstA At

33 ol¥E Eof wistol w2 AE MEZEYN

B dTddAe A
59 AHEo) 7% TiNi/Al 6061 EFA) &0l
et AR EIFITEY FF¢FS
st7] $ste AWMBEELS WA BFH Zze
AEH tste
Azl §E4& H7t At

Fig. 89l = oudE }a}x] ore. 0% 9
HIEE APAFY |, %2 d¥IS “7%]{
AN LA AE A5 AE 7}TEM A3
el Aoea GAd L #HF @z e ,\]5;
¢ 7§—°r stFz&7)9 stFo] A H e AE

TE Ay AR g dFo] AxHoen
Zhgel obet A g At sIAA Afole
ARE @i oa A AE FFSE I} LA
o AzRH oz FrtstH AWEe d4o]l dx
o] mz}l AE 7} LB E F53]
283l TiNI/Al6061 63*&71912}% B85 7t
23 2o ST wel AE 7hEE 9
7=
TiNi &59 doo] ofsf oAl
FdE e

U 1% iy S v

35S
szt s

mlm > f

r‘\"\

ANFRAME B3

AEE HiebgEo] TiNi

L

37

7}sbe] AT AR

0. o >

F7tskAl Ak

ol mli

ghaiA e goAd A FEo G

w&3] Frhshe

271 AE 7HEE7L BAste stF o] Jhef el -

2 Ao Zrhste AREe Aol F43
A A HE AE FtEHEE v& ARoZ =

T e UrEMJ s
01\:} :La

ﬂl

-

I sEol FUhgel wE @A eR FH
Fde vehdt a3y F 2AsE AE FheEl

Sl

18000
Seeeees prestrain 3%
15000
~--- prestrain 1%
2 prestrain 0%
€ 12000
3
Q
© ]
"'<" 9000 J
° H
] |
© 3
S5 6000 J
£ ;
=1 v
Q .
3000 o K
odunzmmmet o oo = .
0 50 100 150 200 2
Time(sec)
Fig. 8 Cumulated AE counts vs. time
100
s
50
25
|, ol d- 1 i
150 % 50 100 150 200 250
%)
1 |||
2 5
)
L B, ot :
< o 5 100 150 200 250
250
100
L mE 5, I N
o 50 100 150 200 250
Time(sec)
Fig. 9 AE events vs. time
P £ =)
o & dude F/AYA net dase 3
2} O
e el
Fig. 9% R &9 w2 AE N3 A3
o BAE YEh Ao oHE %Y AFEHY
A9 8% Z7] AE Alze 2R AW 3

Fol Z7hgol wet AQRee) oa Tl AE
AE7 WAST BARe] FAF 240Gl
BAe] webdE AAHoE AE MBI 44

3 HAFdY AFAAM tA Frkete AP
vehdch @8 1%, 3% ARy S F2 Ag
o]

A BF 7] AE 437t HAEH &F
71l wel 49 AE AZE7F RS L A g
of AWy o] F43] LA wet AE AE=
Ao et @A AFE R AAY FE
ol A 2 A gl TiNi ZA3Ae] mdald
= o AE A3 s A dd. Fig. 90l

rh ol g to



TIN/AIB0B1 B 37154z v

A RAFE

ihst ol
AP W WA = APAL JUPS W
& NP Aol7t debdg &+ Ark

AE AZo BAFFE
=]

3.4 2Kt AE #IXFH

B A7 M = TINVAIG061 B A7 o &5 li,lﬁt}x}]
ael via #do| TN, AFste AXE
a7] sty 4712 AE AAE AlEHY @
Fa&ste] 239 AE HAFRE 4 1%}‘314
°‘°ﬂﬁi 3 npel ol 234 AE A FH

& st 300>< 90X 2(mm)L = A]tﬂﬂ s Az st
04 A¥E 2o w25 =Yt 28 74
AAZE] AdE 190x 50mm)E Asgch. A
Fig. 109l AEZAE Vbl A0 ¥
A RaFEe uigl Zo] FF 271 stage 1 A
AME SFAS HEe AU FHPT o
3 Fde =X EE A9 ZgAS NAAY
AR AE AE7E SA445 BAsta 9loy
Fo)l AxRoz FThEA stage TN =E38HA
g9 2 TiNG 25 Al 71AA Alelg) A
Aol A AmFEaldddo] TAsIe oo whel A

27t 2t AH 2 $% FFA AR A

INY EAATS SAAAEHA B8 AT 1793

37 HRHeR Foksta deE 4 & dth
283l HFE FoA ") stage Mol EE5HA H
H AHHA AHAH gdol dATH FA
g9& ua v AE AlErh dAsn AlEd
AAH oz AL AWAlold M WEF AE
Az 7b @AAstA €. wekx] AE A E7F 2 A4S
t 9AE H3rtgeEd SFRAE R vAA
&4 4 £AEE HE & Qlow g4
wy ARsteE A" 4 AXE ALEA S
A8 F 98E ¢ F Ao

Q‘{‘%

488

[

[I

B oiME AEZIHE o838t TiNi &3
7 o de] ul2 TiNV/AG061 H3HA5

&g Frhe 23 den ge 4%

e
-

2

2
]
o

(0 7%4 TiNi AEEL 7R E TiNVAI6061E
A7 A48T EFARAAN JHEEol F7HE
gt AAFEY e Trhslgen TN AHE
o] Zyhite] waHE UdFFE L Young's
Modulus?} % 7FsFsich.

(2) AE 7[H& o]&38lo] TiNIVAIG061E 47 &
T 2Nz vANH &48 Frhe A AE
ANgzol Ay 2 A ge] wel A4 3 99
o2 g ¢ gden 7 dodA dAse

My lo fo
1=}
> 8o

;gz )

AE 21359 HEE o] gste B &
ARAEE Hotg $= gl]lrh

(3) A & ARANE EALZ AquFES ¢
A e A¥H 9 1, 3% JEFE e Ay
Aol o] AE 7H-2H 2 AbdSel HARFS
1o 2 A AE 4ol s «HdEe] 5% %

=S WAL + 99
@ 249 AE SXNFRAR dAFel FAAF)

e} 75 Ask BEA] ABEH o8 ARe)
A gl AE ALl BAHE A% wfw
SYSAA AR A5 FEAS W 37

e ¢ %+ si2lch mebd 23 AE 91 1
Age BgAne AREY 97 ¥ A=
g ddoz 2ve HUHY @ & Ak

olf! o>" o{



1794 ol

Bl(FE A elste] AFHUAS

b

s
D
ro

(1) Park, B.G., Crosky, A.G. and Hellier, AK.,
2001, "Material Characterization and Mechanical
Properties of Al203-Al Metal Matrix Composites,"”
J. of Materials Science, Vol. 36, No. 10, pp. 2417~
2426.

(2) Oguocha, IN.A., Radjabi, M. and
Yannacopoulos, S., 2000, "The Effect of Cooling
Rate on the Quench Sensitivity of 2618 Al/A1203
MMC," J of Materials Science, Vol. 35, No. 22,
pp. 5629 ~5634.

(3) Kim, YI, Chun, W.C, Baek, B.J, Kim, J.T,
and Pak, B.C., 1998, “Forced Air Cooling by Using
Manifold Microchannel Heat Sinks,” KSME
International Journal, Vol. 12, No. 3, pp. 709—718.

(4) Kashiwagura, N., Ohsawa, Y., Iwata, S., Jin,
J-Y.,, and Kamioka, H., 2000, "Ultrasonic
Behavior of Ti0.49-Ni0.51 Shape Memory Alloy
between 0T and 90°C," Japanese Journal of
Applied Physics Part 1-Regular Papers Short
Notes & Review Papers, Vol. 39, No. 5B, pp.
2928 ~2932.

(5) Kim, H.G., 2001,
Modulus in a Particulate Reinforced Composite by
Shape Memory Effect,” Transactions of the KSME,
A, Vol. 25, No. 1, pp. 25~31.

(6) Liu, M., Zhang, X.M., Liu, L., Li, Y.Y. and
Shelyakov, A.V., 2000, "In Situ TEM Observations
of Martensite-Austenite  Transformations in a
Ni49Ti36Hf15 High Temperature Shape Memory
Alloy," J. of Materials Science Letters, Vol. 19,
No. 15, pp. 1383 ~1386.

“Evaluation of Elastic

ZRECE RS TR

o1t

(7) Goo, B.C., 1998, “Modeling of the Mechanical
Behavior of a Shape-memory Alloy by a
Micro-Mechanical Approach,” Transactions of the
KSME, 4, Vol. 22, No. 6, pp. 1063~1072.

(8) Lee, JK., Lee, J.H., Choi, H.S. and Lee, M.R,,
2000, “AE Characteristics on Microscopic Failure
Behavior of Carbon/Epoxy Composite Prepared by
Cocure and Precure Process,” Transactions of the
KSME, A, Vol. 24, No. 10, pp. 2520~2528.

(9) Enoki, M.., Ohtake, S. and Kishi, T., 2001,
“Classification of Micro-Fracture Process Type in
Glass Matrix Composites by Quantitative Acoustic
Emission Method,” Materials Transactions, Vol.
42, No. 1, pp. 108~113.

(10) Fregonese, M., Idrissi, H., Mazille, H.,
Renaud, L. and Cetre, Y., 2001, "Monitoring
Pitting Corrosion of AISI 316L  Austenitic
Stainless Steel by Acoustic Emission Technique:
Choice of Representative Acoustic Parameters,” J.
of Materials Science, Vol. 36 No. 3, pp. 557~
563.

(11) Jhang, K.Y., Kim, D.J. and Lee, W.H., 1998,
“AE Source On-line Localization on Material with
Unkown Acoustic Wave Propagation Velocity,"
Transactions of the KSME, A, Vol. 22, No. 3, pp.
688 ~694.

(12) Li, Z.J, Li, FM, Li, X.S. and Yang, W.L.
2000, "P-Wave Arrival Determination and AE
Characterization of Concrete," J of Engineering
Mechanics-ASCE, Vol. 126, No. 2, pp. 194~200.

(13) Yano, T., Budiyanto, K., Yoshida, K. and
Iseki, T., 1998, "Fabrication of Silicon Carbide
Fiber-Reinforced Silicon Carbide Composite by
Hot-Pressing," Fusion Engineering & Design, Vol.
41, pp. 157~163.



