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Thermo-Mechanical Behavior of Short SMA Reinforced
Polymeric Composite Using Shear Lag Theory

Tae-Heon Jeong and Dong-Joo Lee

Key Words : Shape Memory Alloy(SMA, 873719 ¥3F), Shear Lag Theory(ATAA ©]&),

Aspect Ratio(Z3H]), Array(#1¥), Thermal Expansion(& 3 3), Short Fiber(¢d )
Abstract

Thermo-mechanical behavior of discontinuous shape memory alloy(SMA) reinforced polymeric
composite has been studied using modified shear lag theory and finite element(FE) analysis with 2-D
multi-fiber model. The aligned and staggered models of short-fiber arrangement are employed. The
effects of fiber overlap and aspect ratio on the thermomechanical responses such as the thermal
expansion coefficient are investigated. It is found that the increase of both tensile stress(resistance
stress) in SMA fiber and compressive stress in polymer matrix with increasing aspect ratio is the main
cause of low thermal deformation of the composite.
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Table 1 Mechanical properties of SMA.

1005

Du: elastic modulus of martensite, Da: elastic modulus of austenite, v : poisson's ratio

M. finish temperature of martensite, M;: start temperature of martensite

Ag: start temperature of austenite, Ar. finish temperature of austenite
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Fig. 8 Thermal strain of SMA/polymer as a func-
tion of fiber aspect ratio and temperature
with SMA V=5% at aligned(e) and
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Wtk 2= #AGlo] ¥ EC] o] % FEM
Axrt dXEE 23k WA de) Ay 2%
Q25T ASE B 237 flol 7149 A
Fo g 43R AT Hold o LAH= o
HEE AFoln, FIuV FEsE dWEE
stk o) Ae Al BEitAse duy
Ebd Zlojok mst gWE Fo
0cY T30t TNETE

Zastglon 307k 1011
AAEE oA FUHE . gEE o &
65C 2 80C A= A 271A 9 ez
"}l sMAS AFol dug AFQ T3y
7HO0:1 Btk 3 A(s<10)9 ¢H a2 A%
AHs>102 FRES 23471 1001 A=
SMA2] A 3-8 H(resistance stress)©] EANA A
Aoz e 998 dvepdo. 380t Fe
FE SMAQ Ag-gFHo| Ao} JtaW 27 |MEE
HE H4A Y J|A By $¥ Ao &
oo AA HHAM5 ¥ E] A YEY
E 9ol HA =F FIuy FHESFE
SMAS] Ag-gHo| Frtste 71X dHF o
AR &S AAEU.

B3 65ToNA 714 R EQL ¢e,~ 03575%,
80CAAME 0.44%01H AAHII 1%, LE7F 65T
oA BYgAse] EUFEL s(FHYH)=10]H ¢,
=0.288%, s=100°]"H £,=0.203%°} 3L, 80CA=
77 £,=0369%, &,0275%°]tt. FULEZoA

e HNEE FA71 adde o EAs

o

£
&

ooy
o0

fr

!

5

&
65C 2

gy

L

ol
it

o
FiY-N
7}

e

Bl =l KoM
ML 2 o Y 2

(@]

3H 8-

=
o] & F
.5
oy, 11ansverse Direction
A4
®
£ 3
[
&
o Longitudinal Direction
E 23 |
2
=
1 i i ~e— Fiber Center
= }«'0/2 V=19 - & Matrix Center
: Pre-stiain 4% | Moty
e A=1001
0.0 T —

10 1 12 13 14 15
Position of x- direction

Fig. 9 Longitudinal and transverse thermal
strain along x-direction in SMA/polymer
with aligned array.

o g9y AA "AIYYL W Howgo 53
Ves%d @ Z1AlE 493 AN ERAsY
AEL £3vd wal & Fol& RYon AH
vzt S g E 39 ue ¥y JA &
7} F748rsi

Fig. 82 widol w2 sMA9 73 AnE
37 sl AANTE %Y @ TP wsto
w2 BdAEe dugES vl ust
ST E GEUTY @ E] Frieriled
10:1 M RE oA d¥gEol FoiEAT
=g FHu7E 1001 o3l A REH v, i0:1
ol TFAHQ wdo] gAY EC] WA Y
ehytnh 3 2307} 50:101 40 A= Z3nlo
FARel AT dUgES JElo. F3u5t
28 A4 Az wdo] SMA RE9 AHEgEH
2 7% REY E8Yol 7] iy FF
H)7h Z71E5E | wdo] dWEEo] E4
Vel A Q3% AR Alo] HHo] A E
o g wde 54 FHA o H4 A
u £ o]},

=3 wldel #ALle]l 80T wirt 65TE o
B} gEuske] AWg Fo|l FA e o
Ae A3 e Eyes 25(A=60T) o] F9
AEollX SMAY 379 T LAEH go
o 7= IRAAS A o8 ¢F @
g Fo] Foj=: Yo FAUh

Fig. 9 39 A wdofjA Fguist
2%} 65T w SMA FA(y=D/2)3} 71X
(y=2D3)oll A SWaFs kgl AyYH=
Age HYEL

10:1,
54

2%



AgAd ol €L o83 FHF Felo] SMARY ¥R EHAgs) 4¥d AF 4 1009

/7

Transverse Direction

Ve 1%
-3 | Pre-strain 4%
A= 1011

Longitudinal Direction

Thermal Strain(%}

A H —— Fiber Center
i«=0/2 ''''' Matrix Center
- Matrix

10 1 12 13 14 15
Position of x- direction

Fig. 10 Longitudinal and transverse thermal
strain along x-direction of SMA/polymer
with staggered array.

&= 27

Az v 74 B (mode)S Y

= y“&f’o-4 ] AXE vER
& Jehdth WA
I'{-‘/}] oz ¥wE o
B] %%B] 7} z7}§-_}-"r: %T

s
bafié% Eri‘: SMA *d%oﬂ*i 3439} E|
3 vebdoh =3 x3 T YA AA
x=10, 159} SMA 49 x=12.59 4
= o 4z W FAGol FAd
dUYES B o]AL SMA F4 FENA
T 349 &%y g otk E3 SMA9)
gl ]
H

|
w
o
o
e

HE 71AE ?%‘”71‘2] A& Z‘33.*—1?_1 &S
B

€m, B E"‘;ﬁé%% %7}5}“‘4
Wy AsL THILE sz 5‘-7] Uy g
(pre-strain)®] % &] o5 7A|%te] E¥E R
L F7ted BEES B4

Fig. 10¢] 0‘%}%‘ ] —?—“ TEZHA widr
o F o E3Y AFE B2Sivh WA 2WY A
FollAl x=10, 159} x=12.5914 ¢ diAe 93
THAH Wi Zo] FUYF I F —% Bolomn
AR FAM(fiber center)ol] X WP EL 73 ZH
Az A9 Zgon, 7R /el(mamx center) 2]
Ase 7AHd wEFH & ATE Btk
xFF AA o #AQlol A ‘Q’%?‘} AHEES
B3tk ol Fig 2014 9 W(upper layer)d}

ole} Y(lower layer)d] SMA7Zl wHf| Wfo=z H
galr] o] QAT 714 B2 d¥d AF
< $8 A7 2] dEoldt. wd g
F ATS THAA wd dE AFS B
AR FAy=DR)YIA AT FAETH 93
4% dHugE Bed 71X FA(y=2D/3)9
FAPL AHI SMAY YA uet d¥EY A
o] Z/ZEe ASL RYth Fig 9% Fig 10
A BAEE SMAY Ao o I EAQA &
By AZd 2 4L ByPon, SMAY Ay
7t Z7184E wdy v At Sk

5.4 B

#4719 el BAE a8 EdA5e €

1wy AF Mo Ag Ad o2& o] &% o]&
A 2 Multi-fiber 22L o] &3 a4 A
< 35, 4 2d vne FZdd G2

Ulfe] 2AEE 9 4 wEEL 2349 An
£ BYY FFuUt SUMESE EfRAEY ¢
‘_t‘g%o] 7LJ\15}- '6 ;}.}.] _7}5}.04 c:‘l}\ A-lo a
MA R7 EEJ_A dug Agol A3
1= o:%“j]jl' 22 7 $(s<10) GHH F SMAE
g4 As %mw} ST E @AY ASE
a3t %%Hlﬂ Z1EE sMA9 AE5H
Q1F-5=)0] T8t 71A9 dB3AE AA st
SMAS z7|AdE vE F£&& AAENY =
g A4 wjdol SMAY A#3HE, 71A 9 ¢F
S8o] #A veoen FTIYH 3 AL AP
4 oo, ZUkehE AR wdY F3H AT
g8 #2434 wdo] P WA Hersith

7|

o

EATE 1979 % ZHE 7]71]:;,11‘5} S|

a}zﬂ(ﬂrzﬂtﬂi 97-018-E00112) |Fulo] oJ3td
THHRoH B A e FA 84 @At
g =34
HOES

(1) Cox, H. L., 1952, "The Elasticity and Strength



1010

of Paper and Other Fibrous Materials," British
J. of Applied Physics, Vol. 3, pp. 72~79.

(2) Taya, M. R. 1, 1987, "A
Comparison between a Shear Lag Type Model
and an Eshelby Type Model in Predicting the
Mechanical Properties of Short Fiber Composite,”
Scripta Metallurgica, Vol. 21, pp. 349~354.

(3) Nair, S. V. and Kim, H G, 1992,
"Modification of the Shear Lag Analysis for
Determination of Elastic Modulus of Short Fiber
Reinforced MMC," ASME J. of Applied
Mechanics, Vol. 59, No. 2, pp. 5176 ~s182.

(4) Piggott, M. R., 1980, Load-Bearing Fibre
Composite, Pergamon Press, pp. 83~99.

(5) Tvergaard, V., 1990, "Analysis of Tensile
Properties for a Whisker-Reinforced Metal Matrix
Compostite," Acta Metall. Mater., Vol. 38, pp. 18
5~194.

(6) Gibson, R. F., 1994, Principles of Composite
Material Mechanics, McGraw-Hill, pp .156~189.
(7) Kim, H. G. and Grosse, I. R., 1994, "Finite
Element Mesh Refinement for Discontinuous Fiber
Reinforced Composite," Transactions of ASME,

Vol. 116, pp. 524 ~532.

(8) Schapery, R. A,

Coefficients of Composite Materials

and ~Arsenault,

1968, "Thermal Expansion
Based on
Energy Principles," J. Composite Material, Vol. 2,
p 380.

(9) Whitney, J. M,
Design Encylopedia (Micromechanical Materials
Modeling), Technomic Publishing, Vol. 2, pp. 4
9~90.

1990, Delaware Composite

394

o % 7

(10) Brinson, L. C., and Huang, M. S., 1996,
"Simplification and .Comparisons of Shape
Memory Alloy Constitutive Models," J of
Intelligent Syst. and Struct., Vol. 7, pp. 108~
114.

(11) Lagoudas, D. C., Boyd, K. G. and Bo, Z.,
1994, "Micromechanics of Active Composites
With SMA Fibers," J of Engineering Material
and Technology, Vol. 116, pp. 337~347.

(12) Furuya, Y., Sasaki, A. and Taya, M., 1993,
"Enhanced Mechanical Properties of TiNi Shape
Memory Fiber/Al Matrix Composites”, Materials
Transactions JIM, Vol. 34, No. 3, pp. 224~227.

(13) HTEXRME, 1993, MREEESOBHNYE
H, #¥E, pp. 62~122.

(14) Lagoudas, D. C. and Tadjbakhsh, I. G., 1992,
"Active Flexible Rods with Embedded SMA
Fibers," Smart Mater. Struct., Vol. 1, pp. 162~
167.

(15) Baz, A., Imam, K. and McCoy, I,
"Active Vibration Control of Fexible
Using Shape Memory Actuators," J. of Intelligent
Syst. and Struct., Vol. 3, pp. 437 ~456.

(16) e, olFF, B, 1997, “FA71o &
& 983 AFE nEA SFAsY AR
7| A3 =EZ@A), #21d, A10Z, pp.
1609~1618.

(17) Lee, D. J. and Jeong, T. H., 1997, "Smart
Polymeric Composite with Shape memory Alloy

of the

18th Riso Int. Sympo. on Materials Science, pp.
397~403, Denmark.

1990,
Beams

for Low Thermal Deformation,” Proc.



