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ARTICLE INFORMATION ABSTRACT
Original Research Paper Nowadays, wobble motors are widely used as actuators with high torque, generating rotary motion
Received 20 March 2017 without the need for external gearbox. This study contains theoretical, numerical and experimental
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Avaiiable Onling 29 June 2017 analysis of a planar wobble motor with compliant mechanism driven by shape memory alloy (SMA)

wires. The cyclic expansion and contraction of SMA wires were converted to the plane curvilinear

motion with circular path and then to the continuous unlimited rotary motion by means of a compliant

Keywords: . S . -

Rotary motor mechanism ar)d a gear sy_stem consisting an |nt'ernal and an external gear. After gear system designing,
wobble motor based on achievable motion range by SMA wires length changes, the relation between output torque,
rotary shape memory alloy (SMA) actuator geometrical properties of motor and stress in SMA wire were derived. Also, compliant mechanism

planar compliant mechanism parameters consisting of length, height, thickness and number of flexures were analyzed in order to

mechanism stiffness calculating. Then the frequency analysis using finite element method was
performed to investigate structural robustness and operational stability of designed mechanism. The
designed motor was fabricated and its performance was evaluated. The experimental results
demonstrate motor capability in generating unlimited continuous rotary motion and repeatable output
torque. The Maximum output torque was measured as 29.9, 32.7 and 34. 3N.mm for 1.6, 1.8 and 2V
applied voltages respectively. This motor is appropriate for high torque and low speed applications with
limited workspace.
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: Rotor

1
2: Wobbler

3: Moving blocks with translation capability in X direction
4: Moving blocks with translation capability in Y direction
5: Beam flexures
6: Frame fixed on ground
7: Electric terminals

Fig. 1 Geometry and components of the SMA wire drive wobble
motor
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d- single activation of S2
Fig. 2 Operating principle of SMA wire drive wobble motor

Z,—Z,

- _ 2
R 7, @)
oS5 il F U ol 358 o loalibls (glapras 53,55 uilS 3 5]
Cwd 4y (3) Al 5l lei oo 1) ABBS  j50 ez y5ise (g sy

.0)51

Z,—7Z,
w, = 60 WZ ~f 3)

r

g oo adgi jslidS 5 (T7) H9is0 (29,5 HsledS G Alaly Guizron
Dy dplg> drwlxe b6 (4) Al 51 (T,,,) Hhgg

g
T 4
77 T @

15l 5SosS goae 5 Glowiog 2 e 005L 17 oo (@) dbaly o

T.=—-n

9 059) 6550 Aol (slodisg 1z plans 350 13 K0S e E5050

B 55 > sogamms ) sl alolh ol sl ol (6565, <l 55 g
Aol ol T M Ul laailso Jpos (1 bl ity o pulSie _liuws
amlre LB ) A, 51 @) S5 55550 S 50 Shsg 5 5955, 555 e

m

a==(Zy=72) ®)
Shog 5,589, slealiis Jgde 5 039 T2 L pln Shgy slaailais slaws 51
§ oS Curd «(B) 5 ) Luly, 4 az il o5 T il oo 05 L il
23l il Glisyge (35> 839a5m) Hhgg 5 559, 635 e Aol
AW pals og walss 1 Jeax b Gillas ¢85, sbrailass slaws Gl
ORIl g (55> Bogaze 2Bl cge Ghgg 9 595, laals st
5o 1, loalis J5I5 5 L8b Se wub Lol b anlss _zg )5 jglias

6 o leis 17 0951396 D93 1 g )30 Spilse (wdiae

e- dual activation of S2 and S3

f- single activation of S3
Jloaladlo SLIT (sl 45 ome (55,28 b K 55 3 Shos Jpol 2 S

Bl 5 oLl canl o6 pigoilan pplSie wd auiS as]
30 905 o lamio S oS > 4 og3 @ 1) loabisl 5UT slapen
SaS ol 285 ol 5 plSil 5 5350 Lle o ssle & > (e
ey

Sl o2 S oy, o Celsl g o Sel Gl ln
g arlys g S @ loalasl>
S1-S(1,2)-52-5(2,3)-53-5(3,4)-54-5(4,1)
S1-S(L,4)-54-5(4,3)-53-5(3,2)-52-5(2,1)

ZJ;CALL» Q‘)jd
w8 celmol g0

JWT Slapm &7 o0 S958 b I Heige (S (A3b -3
sloadl

Sloding ;2 s -1-3

ST Glopns Sy (il 3 5 oio S 1 ol 5ise (5 e
S 25 559, Oied S S 4 Wy g 0 STl laabadl>
Bl sl Hlgg 5 5559, gloailiis slaw iy w2y 57, 5 Jhgy S
by Olgs oo
@

z,
A

9 shos &S Cux yo Sl Sole (D) Al 3 Giie coadle S92y

S gige 50 LT Lmel cand b ssis Cund Sl g, o0 S

8,50 s 4y () dlal 5l )lg5 o

! Gear Ratio
2 Reduction Ratio

404



Ul 9 5 )lT wlie Joxo

)Ié&ébjh_]TsLmﬁa» A5 )xe 5900 b lazino i) jgige K 3 Shos () 9 (GIXE S 98 Jukxi

sleailass slass alisee yolio sl3l 4 Lg'e..\l&tﬁ s Slastins 1 Jou>

29
Table 1 Gear system characteristics for various numbers of rotor teeth
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Fig. 9 Simulation results of frequency analysis
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