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The Multi-legged Small Sized Robot Drive using Piezoelectric
Benders
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[Abstract]

1 proposed small ambulatory robot actuators using piezoelectric benders. In order to make the motion of the biomimetic robot legs
similar to the movements of the cockroaches or similar insects, two pairs of legs in the diagonal direction in the four leg structures are
required to make the same movement. And elliptical displacement is realized by taking into account horizontal and vertical displacement of
multimode oscillations and driving them by electrical signals with differences step by step, for example of 90° the T-shaped robot actuator
showed wide range of speed (From 2 mm/sec. up to 266 mm/sec.) and ability of transportation (up to 10 g with 50 mm/s). Locomotive
performance of the robot was competitive to the preceding robots, and moreover, the modular type actuators of a segmented myriapods

robot could be added and removed for different tasks or performances.
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Table 1. Comparison strength and weakness of microrobot
actuators. (source : A survey of micro-actuator

technologies for future spacecraft missions [3])

Method Efficiency Speed S:Igiry
Electromagnetic high fast high
Electrostatic very high fast low
Thermomechanical very high medium medium
Phase Change very high medium high
Piezoelectric very high fast high
Shape Memory low medium very high
Magnetostrictive medium fast very high
Electrorheological medium medium medium
Electrohydrodynamic medium medium low
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Fig. 1. The shape of the bending mode of a cantilever.
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Dimensions of piezoelectric bender

Parameters Symbols  sizelmm]and (ratio)
TotalLength A 35
. Base Width B 170
g Ceramic Thickness C 02

Carbon Thickness D 03
1 tio of Tip/Base Wr 085
Vaniable E = L

L ratio of Ceramic/Bender Lr (0.86)30

O 3. AN I Hab 3 RErRads 2ot
Fig. 3. Geometry and FEA parameters of piezoelectric
bender.

o5
fru
e
1%
e
2
S
o,
rlr
m
i
B
ﬁ.‘
e
of X
2
=2

ol

e =
rH
oj
=)
e
fo
>
__):1_1“
b
ol
2
>
i

o o

o,

fi
o
oL

g
=
im
=2
— o=
ox
%
o
M2 ¥ W o2 rE

B
4
3

I )
=2

oo Lo
ob
N

o 2
=
4(21_1_4

e
m“g
o N

o
o

i)

O
==
(B
{o, oft
td il
o <

i s
1o

Nl

i E‘U 1‘)‘5
ol
R

2y
N,

N
==

Sy
©

~
%
'
ol
4y
BN
rir
=

4 B
32,
rr
olr
i)
o

F oo T
<t
N

in

iy &
4

ACh

1o

uj

s

N ;i{o

o
oo
o
4y
)
o

ot %

L

oo o
)

[
o
N
=
)
ml
o
oft
ne
ro
ogh
o
10
4
X
o,
o, 2

% ZRol

o1 ET

o 2
o 2

J (pin-joint structure)
o] thE] & Sl Auld-ss At ol F Aue-ss 1
H 4(b)s} 2ol 90°2] $1°dAHE ol thE] EHolA ] dHE
E AT R o] Bl Zhsates A AlEH Itk

9 5()= TARE 9] P43 AR Aot 7S
YERLAL, 28 5(b)= a3 € FEE Yl Al
AFrollo]E] 9] Z7]+= 2F 110 mm x 48 mm o]t} Hgh 13
ghte] ol QI ol whet B HES AAe] Tk

st A7 E Ak
3-3 M=MY L wiE

Fet8 2dA S Fall @2 Al 71x8ke] e A5
Aol & A st E=3he AEie] b Alete (Physik
Instrument GmbH&Co. AF PIC151 A A2} gk G2
H s A= AA1E X2 Fslal EPO-TEK A} 353ND of]
FA| BEE bt ed A Afolol] g $ 120°Ce|
A 303 7B AA] a2 FAste] Ak SFgiTh o] ol %

7] S1al el sk ehaAlehelo] AEshs 9lo] %A 5
D ShaL 1.8 QP4 el A 4 42 7
o). ol = bl Alete]e] 2152 b Aol eehz Aol A 4

Y
k=)
rot
0
X,
1
t



3% 4. (a) TH YFololEle] £8 & 7 AE 2
(b) 217 M & ERIRS

Fig. 4. a) Vertical and horizontal bending vibration of
T-shape actuator and (b) Applied voltage and
elliptical motions.

(a) T-shape actuator
(Four legs)

(Piezo bender)
Elastic body
(Carbon Fiber)

Extension rod
(Carbon Fiber)

Tips

(b) T-shape actuator (Aluminum)

(Two legs)
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Fig. 5. (a) The modular type actuators of a segmented
myriapods robot and (b) Structure and materials of
T-shape actuator.
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Fig. 6. Process of fabrication and experiement of robot
actuator.
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Fig. 7. (a) Experimental setup for driving the actuator and
(b) Measurement device
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Fig. 10. Speed of the T-shape robot actuator depending
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Table 2. The experiment results and comparisons with
previous works.

Robots Length | Weight | Speed | Body length
[ Measure point] (Unit) (mm) (2 (mm/sec.) /sec.
T-shaped Actuator 48 13.5 266 5.54
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Fig. 9. Speed of the T-shape robot actuator depending on
frequency and voltage.
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