Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.5.337

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 5 pp. 337-343, 2020

AN HHE ol&3t £FEEE T BT A+

Study on the Small Sized Robots Actuator using Piezoelectric
Ceramic Bender
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Abstract This study proposed piezoelectric ceramic bender actuators for application to small walking
robots. As the space where human access has recently become increasingly restricted (e.g., highly
concentrated radioactive storage areas, viral contaminated areas, terrorist zones, etc.), the scope of using
robots is becoming more diverse, and many actions that were possible only in the past have been
attempted to be replaced by small robots. This robotic concept has the advantage of being simple in
structure, making it compact and producing a large size work force. The dynamic modeling, using finite
element analysis, maximized the robot's mobility performance by optimizing the shape of the actuator,
and the results were verified through fabrication and experimentation. The actuator moved at a
maximum speed of 236 mm/s under no load conditions, and it could move at a speed of 156 mm/s
under load conditions of 5g. The proposed actuator has the advantage of modular additions depending
on the mission and required performance, which ensured that they are competitive against similar drive

sources previously created.
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Where the transverse load f(x,t), the transverse
displacement wlx,t), bending moment Mx,t),
and transverse shear V(z,t), density of the

beam p, sectional area A(x)

f(xt)
M(x, 1 M(x, )+dM(xt)

G

v(x, t) }-—dx {

Fig. 1. The Euler-Bernoulli beam model
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Where length of beam L, Young's modulus E, the

Foet 4Q)2 49

second moment of inertia of the cross section I,

density of the beam p, and sectional area A.
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Where angular frequency w = 27f, amplitude A,
and phase 0.

Fig. 2. Harmonic motion as the projection of the
end of a rotating vector
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Fig. 3. Fishbone Diagram of robot actuator.

_ Thickness of Ceramic(C)
and Carbon(D))

Fig. 4. The shape of piezoelectric bender and FEA
parameters

Table 1. FEA parameters of piezoelectric bender

Parameters Symbols Size & (ratio)
Total Length A 35
Base Width B 10
Fixed
Ceramic Thickness C 0.2
Carbon Thickness D 0.3
Widt.h ratio of Wi 0.1~0.9)
Tip/Base
Variable L N ;
ength ratio o N
Ceramic/Bender Lr (0.57~0.93)

<

Weight (mg) ¢ 400

450

Resonant Frequency (Hz)
40
Displacement (um)
300
39 4

Blocked Force (mN) |
38

Mechanical Energy/Wight (mJ/kg &

Mechanical Energy (uJ)

37
0.57

0.64 0.71

Lr(Piezo/Bender)

0.79 0.86 0.93
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Fig. 5. (a) The maximum mechanical energy/weight
depending on length ratio (Lr) and (b) width
ratio (Wr)

” Thickness of Ceramic(0.2)
and Carbon(0.3)

Fig. 6. Dimensions of piezoelectric bender reflecting
FEA results

Table 2. Parameters of piezoceramic materials
(PIC151, Physik Instrumente GmbH&Co.)

Physical and Dielectric Properties Unit PIC151
Density g/cm’ 7.80
Curie Temperature °C 250
in the - 2400
Relative polarization
permittivity i i "
dlrecnon- ~ 1980
to polarity
Dielectric loss factor 10-3 20

Table 3. Material properties of Carbon Fiber sheet

Characteristics [Unit] Carbon Fiber (Sheet, 0.3t)
Density [kg./m’] 1760
Young’s modulus [N/m?’l 83.2
Poisson’s Ratio 0.32
Tensile Strength 90° [MPa] 600

3.2 YTNMZHY HIE AFO0|EQ X X 25}

£ AToIAIE olFololelo] £ ZolA WAshe e
A L5 o8 AF TF AL Aot B

340

Al Wi - Shs dFolloly Sgoll HAAIsHL, &
HF olZH(oint, EFURE(ALGOGD) -2l ATE
FHZ AlERe] A HE7E R Q.
= 7he] Wl Zols ¢FrE(AL6061) A1 e] H(Tip)
o] Fa=ofglet. & A7l A Al At e 7}
29 dsolol8 e Aldto] goltt Tt 22 Fig 7
(@2} (b)e} o] 2Xe| Y7ol w2t o] e A4e
EEYor 74T 5 U= AHol o dsofolg <]
TE2 7IAA SRFuel ULt At AdS dY
sto] HSA Fup AR diu]ske] a4 ~ulu
o] W9 TAYo] 7RssHA Hof ad+tEe] Thsdt A
gt Aol

Adjustment of
ody length(Piezo bender)

Fig. 7. (a) Structure of actuator and (b) The segmented
myriapods robot

3.3 AFMOIHS #58E H 2Kt A7

Fig 8(a)2} o] 2BE9] 124} 73 RER ZE5dh=
el (Leg)f2 Al MH Q] =gk (X-axis) &
% FABody) i AARE HEe] ARk
(Z-axis) 2&0] TLRL Fuppol A WAYSH=E A SH
At Fig 8(b)2k &o] 90° 1 #ol& 2= T4 =
utro] 2709] AAut Heke AFofolE o trejet =4
ol Aeshd w29 E(Tip)F-2old B 250l
AR ot RIS ffste] o WiH o e -
90°% WSt Hgo R ofF 7RSS, 2l

Vertical(y-axis) bending vibrations

Horizontal(x-axis) bending vibrations

Applied voltages Elliptical motion at the tip

Fig. 8. (a) Vertical and horizontal bending vibration
of m-shape actuator and (b) Applied voltage
and elliptical motions.
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Fig. 12. Process of fabrication and experiement of
robot actuator.

Fig. 13. (a) Experimental setup for driving the
actuator and (b) measurement device.

Fig. 14. The assembled model of r-shape robot
actuator.
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