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Design of Morphing Airfoil Using Shape Memory Alloy Actuator

Mi-Rae Noh and Kyo-Nam Koo*
Department of Aerospace Engineering, University of Ulsan

ABSTRACT

Morphing wing which has a configuration optimized to flight speed and condition is
faced to a lot of barriers to be overcome such as actuator technique, structural
mechanization technique, flexible skin material, control law, and so on. As the first step for
developing a morphing wing with rapid response, we designed and fabricated the
morphing airfoil using a SMA(shape memory alloy) wire actuator and torsional bias
springs. The design concept of the morphing airfoil was verified through operation test.
The measured results show that the flap deflects smoothly and fast.
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Fig. 1. Morphing airfoil with multi—articulation
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Fig. 3. Mechanism of morphing airfoil

, Z Bl A}o] E(martenseite) 7ol Al 2
gk W3o] 4 wWol(phase transformation) =
2 2®lvo] E(austenite) 4
LR fs}aa% HH vy o HA=s 7

3 $rlolgeE A58 olgw B
° »ou] o] Fig. 3o YeRd 3l
o oo HAr| g2 E]-/“]Zﬂ—rﬂ‘
Aol HIEY ~Axg

o bl o

o
f
g
oE’L

M?J%OH HOi <= } &5t
BAFTE éEﬂUrOlE gol Hol Aol
sto] Aol wAst A4S ”Péﬂl A2

ez BAo] HAY 7]5< 3] AsiA
L ges e 744 #A 2 o] u}_‘_go}o

Ol#

Tﬁ
e
=

ko> kg >k 1

AZNA Ky ok kS 2 O/\Eﬂl/]_o]E A} 3} U]_E

oW, k= HEH Z:i%fll vﬂ Hey éE

B ol o] AgeEd @A E E 99

= A, AA Adolg L, WER 2xY FFE
ky Fe) WASL roleta W by 2ot

ky= EEAI M Ezjjlr K _% 2

o

o] W& As: U3 2

As=r0,+10, 3)

-

B Edgo] wEHIAIE A
o FA71dw Ao AEEt & Fs /HE o
‘ 2 o] AJZ+E T} Fig. 40 i%?‘ &

st E9Y AFEAEE Y
T= 3471985 Aol —’F——’%
[ L
l, i
Z —
3
WL
W,
(a) Deflection
[ L
A 0,
',

(b) Resroting

Fig. 4. Free-body diagram of flap part



o] &3t ¥ oojx Y A 565

044 4 7 9% 2016. 7. 471997 257
st wAshE A, we EARY T, W
SR FFolH [, ;v FFoZHE 7
ztel RAFAAAL Aeldh. & ER ¢
g3 Zgshe FHoln ¢ = 4 A
ZOoZHY dHIFTAAY Agelth. o] A
A B 58 & o &= IJH EHE
HYPAE 2+ FJHF dstd Aystd o3
2o 4+ s AF gt e IFH T o
St RHE HHAPAL oSy 2ot

Tr+ Wily + Wyly— 1, L=k, 0, (4.a)

Tr+ Wyly,— L=k, 0, (4.b)

Bes A Agae Y T—kAsoln
=]
|

< O 2ol ALt
kg 0y > Tr+ Wily + Wly =1, L

ko By > Tr+ Wyly— 1L (5.b)

22 24 ofoj=zdof MA A HE

NoIELPL ClackY oz HH3HoH
Al 2ol 300 mmE S TH oojx U] FA
1#Het EFY WAEFL 1 =r,=6 mm=
Attt gB A= HEde] ¢t vt
Aol AL HIZE(Teflon)o2 A 2atAtt.
=99 Al AFAES 257 HEE A9
A Aol ZAASaL Table 10 AAH
DynalloyAF] Flexinol-200LT #| &2 AF&-3}4Th
wE vkeEE 5 WaEe s A7) fste HA
200 pme] gk FA7Ides Ae ARSI
2 HE S = 719w Ao 2olvisrt
A BASES S Bgew wjAsdn. ¢

F 4B A FPAFF de A IO

ol e b o

il
of
il

S .
492H20)0] 257k 971 ARAE 4 @)o=
B 577 As=2618 mm7} FHojop gt}
3471908 Aol oW welw 283

A9 B Ao doluse AFw
stk AW A AF719 FE 9lo] ]
59 2z WYy ohdw gL axF E
AstEz FY7AFE Ao Yolwse Ass
% 2 g apEt & A7
2 nestel 3471983 A9
350 mm2 Aestsich. o Az

ok o
w =

Table 1. Specification of SMA wire

Flexinol-200LT (diameter = 200 mm)
Activation temp. | 68~78 °C | £, | 28 GPa
Relaxation temp. | 42~52 °C | £, | 75 GPa
Recommended deform. rate 3~5 %

Table 2. Spring constants of SMA wire

Spring constant Value
k, in austenite 6.73 N/mm
k,, in martensite 2.51 N/mm

Table 3. Spring constants of torsion spring

Spring constant Value
Required k, for 6, =30" 196 N-mm/rad
Required k, for 6, =30" 151 N-mm/rad

Designed k, 215 N-mm/rad
Equivalent k, for r= 6mm 5.97 N/mm
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