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Coupled deflection analysis of SMA fiber hybrid active
thin-walled composite structures
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Abstract; A model for analyzing single-cell composite cross-sectional thin-walled beams incorporating SMA active fi-
bers was developed. The constitutive relationships for evaluation of the properties of a hybrid SMA composite ply were
obtained following the rule of mixtures. The analytical expressions of the actuation components for the active beam were
derived based on Tanaka’ s constitutive equation and Lin’ s linear phase transformation kinetics for SMA fiber. The
general form of constitutive relation was applied to the case of extension—twist coupling, corresponding to Circumferen-
tially AntiSymmetric ( CAS). Numerical results show that significant stretching and twisting deflection occur during the
phase transformation due to SMA actuation. The effects of SMA driving temperature ,the SMA composite ply angle ,the
volume fraction of the SMA fiber and the martensitic residual strain on structural response behavior are significant dur-
ing phase transformation from martensite to austenite.
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Fig. 1  Single-cell composite thin-walled beam
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Fig.2  Box-beam configuration and composite layout
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Fig. 3 The curves of tip displacement and tip twist angle with ply angle

B 3(b)k SMA £ 4 & w X RE [0 1 B8 w, LSS
o MIREI, S5HRM  7E SMA £F4EAHAR [ BL , Bl %
SMA ZF4E & 3G hn, SMA 2 4k () 728 1 5K 30 18 FH b
Z 3TN RE R A il AR LA LS AT T A Sk
. AR I 3(b) Al L, e AR L P S
ST R L AR T I SMA 5 2k (0 19 fin i 184

B3 (c) 2l SMA £ 4 (447) i3 1 A8 X4 1) 57 7% w,
T A o HSE, 25 SR W], 7854 )2 fA [
WL RITIR AR e AR TE 520 B &, A8 (L LA 5 SMA
2T 2 Fr i X AR T B M AR 2R AR

El4(a) . (b) . (c) 7 BI3RRTE 45 2 Al 2 M1 Bl
TR 3 PN ERRE 3 FORIE] SMA 74 55 i3
FRASIR] SMA £ 4 40] b5 0 2% () SMA £ 2 52 A b1 ki
BER BRI RS w, FHHEE A @ WP 32 « Tl A il

2, WK BT AL TE M AP BE SMA 0l IR |
SMA ZF 45 it SMA 27 440 ff W A% 14722 A BILEE 73531
& 3(a) (b) . (c) & RE—EH,

4k

=A

FLFAR S 1L Tanaka B9 SMA N JJ N AR ¢ &
DL R Lin BOZPEARAR B SR8 38 1 T B B -4
S ARTEAN A ) AL SMA F A 4RI ShVE Y
A MPRRERE 2SRRI N T (5 508 (Fe )
ARG TR, Horp 5 SMA 27 48 2 5 Ab BHE RE iR &
PEAT IO ; i T SMA A ) HIAE S AR
ek s, PraRAs B 45 R XS SCHR[ 6 ] 45 R Ay
7o ARGEE T A B R - - i AR R A R —
M2, 2 ] 1) SO RR MBS BC B (CAS HBY) HEpk

3 i



1390 4 % 2 #® 2010 4E55 35 %
9 9 9
=20 C . Sea w0 &0
E —— 7=50 C // E —_—— V5:0.35 E —_— 8(1:0.035
g 6 — 7=70 C // =] 6L — v=0.50 =} 6 — &=0.067
Z . = Z
@ . & 3@
& EE - &
24l a4l POt Z4l .
= 3 3= 3 £=0.067 8= 3 or=50C
=50 C v,=0.50
6=60° =% 6-60° A 6=60°
0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 07
x/m x/m x/m
0.9 —— 09 0.9
- T=20C - - =0 - &0
——T=50C g —— =035 — — &=0.035 Jp——
o6 —1=10C -7 oo — V=050 £ 06 — 60067 T
= 7 £0=0.067 | T e ~ - 7=50 C
:gkﬂé e v=0.50 g - EEE e - 1,=0.50
P o=600 | P Ed g 0=60°
HO3[ s E 031 /// 0.067 | B 03+ // _______________
i At 7=50 C 2Rt
/ e 6=60°
0 01 02 03 04 05 06 07 0 01 02 03 04 05 0.6 07 0 01 02 03 04 05 06 07
x/m x/m x/m
(a) (b) (c)

(1]

K4 Fegn e iz MO0 MR LR uy SHIEE S o B0 2K

Fig. 4 The distribution curves of transverse displacement and twist angle with given ply angle

T R A W EUE TR R T SMA
X HA — A 2 A T RE R 1 5% - il R A Y
FRPEMIVE IR BIFGR S TR, 76 25 FRfA ) B8 [ R
AR BE | a3 B R AE SMA LR 48R 3h T Y 72 A 4
Sh I AR T AL AR Y T SMA 21 4E 5K 3
YEF S 2 A MR R BHR 4 2 A Z RIS DT
RZ T SMA ZF 2 (19 Al T B2 28 SMA 27 4k 1
FrECFN SMA IRILR R AR  #RAE BH k3 SMA 1948 T
KSPERE .,

S Xk

Hansen M O L, Sgrensen J N, Voutsinas S, et al. State of the art in
wind turbine aerodynamics and aeroelasticity [ J]. Progress in Aero-
space Sciences,2006,42(4) :285-330.

Matthew W F. Elastically tailored composite rotor blades for stall al-
leviation and vibration reduction[ D]. University Park:The Pennsyl-
vania State University,2000.

Badir A M. Analysis of advanced thin-walled composite structures
[D]. Atlanta; Georgia Inst. of Technology,1992.

Tanaka K, Nagaki S. Thermomechanical description of material with
internal variables in the process of phase transformation [ J]. Inge-
nieur Achiv. ,1982,51.287-299.

Lin M W, Rogers C A. Analysis of stress distribution in a shape

(8]

[10]

[11]

memory alloy composite beam[ A ]. AITAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics, And Materials Conference, 32"
[ C]. Baltimore ,M D, United States;169-177.
Armanios E A, Badir A M. Free vibration analysis of anisotropic thin-
walled closed-section beams[ J]. AIAA Journal, 1995:33,1 905 -
1 910.
Ren Yongsheng, Yang Shulian, Wang Xiaohui. Structural modeling of
SMA fiber hybrid active thin-walled composite beams|[ ] ]. Composite
Structures,2009,91 :120-130.
B, B AR A, 5. 25 OB TE SMA EIR3) T iy AE
e[ )] B3] ,2009,34 (12) 1 724-1 728.
Yang Shulian, Wang Xiaohui, Ren Yongsheng, et al. Induced deform-
ation analysis of the cantilever box beam with SMA layers bonded to
faces of wall[ J]. Journal of China Coal Society,2009,34 (12):
1724-1728.
Hansen M O L,Sgrensen J N, Voutsinas S, et al. State of the art in
wind turbine aerodynamics and aeroelasticity[ J | . Progress Aerospace
Sci. ,2006,42(4) :285-330.
Yin Wenming. Study on structural dynamic of large turbine blade of
SMA composite[ D]. Qingdao ; Shandong University of Science and
Technology,2008.
Park J S, Kim J H. Design and aeroelastic analysis of active twist
rotor blades incorporating single crystal macro fiber composite actu-

ators[ J|. Composites; Part B,2008,39:1 011-1 025.





