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Effect of Cold Rolling on Fatigue Crack Propagation of TiNi/A16061
Shape Memory Composite
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Abstract

TiNi alloy fiber was used to recover the original shape of materials using its shape memory effect. The
shape memory alloy plays an important role within the metal matrix composite. The shape memory alloy can
control the crack propagation in metal matrix composite, and improve the tensile strength of the composite.
In this study, TiNi/Al6061 shape memory alloy(SMA) composite was fabricated by hot press method, and
pressed by a roller for its strength improvement. The four kinds of specimens were fabricated with 0%,
3.2%, 5.2% and 7% volume fraction of TiNi alloy fiber, respectively. A fatigue test has performed to
evaluate the crack initiation and propagation for the TiNi/Al6061 SMA composite fabricated by this method.
In order to study the shape memory effect of the TiNi alloy fiber, the test has also done under both
conditions of the room temperature and high temperature. The relationship between the crack growth rate and
the stress intensity factor was clarified for the composite, and the cold rolling effect was also studied.

2o F2EL Pd AFsFRe B 2o

LM = AHgE7] Boke e gd9 B8HQ f=2s

' F2 w1 St 53 B AT7oA g&stnA

3L 1} HAF7IAES = o

ERRARIN BAARA Barlagae o/l MMEEMS gPIasHRE £

Rl A i o o wEA dF7 wek oje}l LFo

2 o488 FPAEEAEE Azsid FT2E ors ) ilorer eien ol el el e

o n one Mo A Abololelo el 5 ALaTo ThFE 719 2 uke] 4, ol H Bl Y

FEo2 38 Ay, A AEEY 4 N zEol 2A 1w gloamo w o -

_ R - = = & FR9 22 2 FJRIFE ¥ fEd I
avtel o3 BFAE AAY AFAEE F7HA o . . o

2 = goe gAe X7 Qo ey g 2alFo A% FArBERAEY} 2L Ho

oo ems A e T 8¢ WE@asde weA Fyseler @t

mebd B ATdMe fzeayte] ¢s)A

t ARz, s, Foldgta s A T A ZkE TiNVAI6061 FA71dEdAge] A2a9

E-mail : leejink@dongeui.ac.kr AA =ML Hrlaly] 98t H2AEL AAE

TEL : (051)890-1663 FAX : (051)890-2232 - N -

T éo],]:ﬂf;]-m PE BT ©sh Fom FTEH AWl o) AztE EFHE

o AT AT A FrHaE 7 FARHE By et PAFAL AN

39, FefviEra 714 @ BitAsd dala H2HFCVg AAER.

vere 391, FAboiekn 71 AR

L

# vlERAlol B TiNidl A dHF




1316 o] A% - urg A - o] 7%

(pre-strain)& 715X TiNi®] QAHUolE H
4z 229 AR oJNGeK)LE JHES 8t
TiNi®] A7 azte] 9ste] TiNigolol=
de) dolz 55 I0.° $5d AAEA
7H TiNi AFE Z3AE AR Ale06l 7)
EgAsd st Z3A TiNid el dE
Lxold HAZAFL FPste) W= AT
g sHgo| JzgdAod AE aRE 3

3

Xt o B &

oz FAHRY. £ Hz@dAe vz
& TiNi A9 3479 FE% 28 ¥
oA AEDFS] BgAne) WAL F
3} CERE B EEEEE R
o g Bee Ans dnA g

2 ATNE $52 AHEHL 7 TING 4
%2 22 AHe8T LTUES AANZ A
$3tel ABFNA RTA2W o Fw 2
FAEE AzsAT BW FHARE A

o 9 1mm2 WEHI NS FHAFD
nRse BPES AZO%gor o9 ge ¥

Hog AZxY FH EFAEA AFAEE F
Az717) YA Bagdg AAE 3agd
o o3 UsE 20%E TEARN FH FFAE
o JtaAg A sEA e Agdd dist
2850 dF #E3A 54E& Hrtstr]
Aste H2FdEANALEE A A

J2FIAALE AHgE AFVIE 2089
7} HRAEA 2 AP 7|(SHIMADZU) ™,
IR L F Aol WAooz Ao HI w
5t% S 7t e, F34 10H29 A8, §
v 0322 AXEY dFE FIPsIUT Fig
12 H=2AF0] AHEE CTAERES] 7 % A
FE vehdn. AdHe] 34 € ATE ASIM
E649-889) A AT AR o AFH
X FEo) o u}F <L precrack)E =57 A5t

£

Z

_L

e

e ofy X

IR

4% 3F S 718t 15mmd] d¥lEEE =9
sttt e AlgHe gAY @dHolE
A8ty fstd FAEES wE s0u el o] F Y
FAgn AL ojgdd FEAole FAs o
2794 AHSE dodNF 3F SdAFEA AK
o] #AE THAA

[[]

2500120

3125:50.25

Fig. 1 Geometry and dimensions of C.T. specimen
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Fig. 2 Relation between crack growth rate and
stress intensity factor at room temperature
(V£=0.0, 3.2, 5.2, 7.0%. R.O.A. = 0%)
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Fig. 3 Relation between crack growth rate and
stress intensity factor at 363K(Vf=0.0, 3.2,
5.2, 7.0%. R.0.A.=0%)
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Fig. 5 Relation between crack growth rate and
stress intensity factor at room temperature
(Vf=0.0, 3.2, 52, 7.0%. R.0.A.=20%)
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Fig. 6 Relation between crack growth rate and
stress intensity factor at 363K (Vf=0.0,
3.2, 52, 7.0%. R.O.A=20%)
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Table. 1 Values of the material constants, m and
C for TiNi/A16061 SMA composite under
each conditions

vt U3E(0%) | U3HE(20%)
m 4.06 3.79 3.86 2.46
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5.2%
C 1.63E-911.54E-9|3.70E-9]4.78E-9
3.2% m 5.03 423 4.56 3.48
“® 1 ¢ [1.888-9]3.65E-9/6.79E-9]3.75E-9
m 4.04 3.42 3.82 3.51
0.0%
C 2.36E-8|1.15E-7{5.83E-8(1.35E-7
25 293K | 363K | 293K | 363K
i RT & H.T
s oA =
s i . "N oA
e’ g’ b L
2 2
1 1
; RD‘;&:I:“ 3.z(a) 52 7.0 2 m‘:j:% 32 (b)s.z 70
iﬂ n :E&; —L -
g’ g g’ / / :
2 2 |l ol H|l b
11 i A A Al
et o
© @

Fig. 8 Comparison of the material constants(m)

gz soddd g YRyday 1319

Fig. 794 € 32t 4d& AN AdHd st
o Aes more FAA

WEEE g 2
Hojrt, ol AFF wpeh Zo] 20%9] ¥t
AL L AFHAAMY FEAASEE T2
A gEel Blste] dASA WA vedd & 5
ARG o2 A HA FA7IALGEFS I
Z19&sel o Fdddol 5438 AAEE ¢

F AR
Table 101],\1:

Ad m% Co L YEd 7A4°lﬁi Fig. 8ol A
= olE AFE =2 Yehd Aotk agd
A BolFE ule} Zo| Fig. 8(a), (b)E 2 4L
3 n2oA BgdAe JAEAE w2 53
89 m9 #&& UEd Aoz F 73% 25 TiNi
Al AFEol FoHgl wet pars 29 71
710 mé gkol #A¥E & F %lﬂ}. olglg A
= ZAsAY TiNi F7F 2EAAE A
© 94%E s gy ARd AHgo %
o gt #EAAEEE ARF o2 Pardte A
T Bole A & dAska Yok I8 A Fig
8(c) (elA = HitAA dAdAd st A
23 LA me] gL WuFd Aem F A
¢ 2% geoAe TiNi 44T Fad %t‘wﬂ
§EQ A% me go] 2o HEd & e
eI b 2o A TiNi 4 %«l i
NG &t o8 FIEAMREEN ZAFd wal
md #$= PA vetdE & £ g

e

4. Z2 2

TiNVAI6061 A7) Eaagel a7 da
o 93 PaFIAAAS Brlsly] g3t P2
TEJALGNA e Antg A

() vgdALd S *&201]/\1 TiNi A9 A
A Fagol F/NFE FEIAESEE T4
< Agg L}EHH%IOD% DR2ANMNE FEXNASE
SE A4en uladstA2 TiNg S 5=
43tE A¢E Jelidx g Zag %4 g4
A1 add o FIAIALEE AT PAT
)% :":

@ ¢ A% A3 vigas SR 4e
w0l N BEY4e AHAFHZ SIRol
9A49 A EFHE oo, &

2R

24



1320 7 - Hgd - 7R -

J

3] ;oM BigdA vt FIAAER
7t AA3] Frletdo

(@) e 12 9 ugdAe 3
2 BE 7$9 TiNi/AI6061 6“‘71
dlsiA TiNi Af2 A EF&ol %‘—7}%‘011 u} 2}
paris 49 7]&7]< m9] gtol u—l—s’r:}'% Byt

(1) Lee W. B, Jie M. and Tang C. Y., 2001,
“Constitutive Modeling of Aluminum Matrix NiTi
Fiber-Reinforced Smart Composite,” J. of Materials
Processing Technology, Vol. 116, No. 2-3, pp. 219
~223.

(2) Psarras G. C., Parthenios J. and Galiotis C.,
2001, “Adaptive Composites Incorporating Shape
Memory Alloy Wires - Part I - Probing The
Internal Stress and Temperature Distributions with
a Laser Raman Sensor,” J. of Materials Science,
Vol. 36, No. 3, pp. 535~ 546.

(3) Lee, J. K. and Park Y. C., 2004, “Fabrication
and AE Characteristics of TiNi/Al6061 Shape
Memory Alloy Composite” KSME International
Journal, Vol. 18, No. 3, pp. 453~459.

(4) Lee K. S., 2003, "Damage Tolerance in Hardly

Coated Layer Structure with Modest Elastic

[]

14d - 285 - o)EE

FN

Mismatch," KSME International Journal, Vol. 17,

No. 11, pp. 1638~1649.

(5) Ritter J. E., Jacome G. S., Pelch J. R., Russell
T. P. and Lardner T. J, 2002, “Controlling
Modulus Subcritical Crack Growth at Epoxy/Glass
Interfaces," J. of Electronic Packaging-Transactions
of ASME, Vol. 124 No. 4, pp. 328 ~333.

(6) Ando K., Chu M.C,, Matsushita S. and Sato S.,
2003, "Effect of Crack-Healing and Proof-Testing
Procedures on Fatigue Strength and Reliability of
Si3N4/SiC  Composites,” J. of the European
Ceramic Society, Vol. 23, No. 6, pp. 977 ~984.

(7) Song, J. H. and Lim J. K., 2003, “Low Cycle
Fatigue of PPS Polymer Injection Welds (II)-
Fiber Orientation and Fracture Mechanism,” KSME
International Journal, Vol. 17, No. 6, pp. 836~
843.

(8) Fuat O, 2004, "An Elastic-Plastic Stress Analysis
in Silicon Carbide Fiber Reinforced Magnesium
Metal Matrix Composite Beam Having Rectangular
Cross Section Under Transverse Loading," KSME
International Journal, Vol. 18, No. 2, pp. 221~229.

(9) Lee, J. K, Park, Y. C, Lee, J. H, Lee, S. P.
and Hur, K. D., 2004, "Nondestructive Evaluation
and Fracture Mechanism of Smart Material", Key
Engineering Materials, Vol. 261-263, pp.1379—~
1384.

(10) Harris, B., Ankara, A. O. and McGuire, M. A,
"Fatigue Crack Propagation in Metal-Matrix/ Metal-
Fibre Composites," 1976, J. Phys. D: Appl. Phys.
9, pp. 365~372.



