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Design of Anisotropic Piezoelectric Actuators Using Smooth
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ABSTRACT: This study investigates the optimization of piezoelectric actuators by integrating anisotropic material
properties with topology optimization (TO) techniques to enhance performance and manufacturability. The finite
element method was employed to analyze the behavior and performance of piezoelectric actuators, revealing that
anisotropic materials exhibit superior design potential compared to isotropic and moderately anisotropic materials.
Optimized designs demonstrate complex polarization and deformation patterns, significantly improving actuator
efficiency. However, anisotropy introduces challenges, such as stress concentrations and potential structural
weaknesses, requiring careful design considerations. Building upon existing studies, this research not only addresses
these challenges but also presents a novel approach by combining anisotropic material properties and smooth TO
techniques, optimizing both structural performance and manufacturing feasibility. This integrated method provides
practical advancements for additive manufacturing and expands the potential of piezoelectric actuators in high-
performance aerospace and industrial applications.
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Fig. 1. Piezoelectric plate situated between two electrodes
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Table 1. Material properties of each sample case
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¢

(b)

Fig. 2. Design configuration of the pusher: (a) illustration of the
pusher and movable object, and (b) corresponding
boundary condition
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Table 2. Optimized results of pusher’s sample case

Sample case| E,(GPa) | E,(GPa) Vy Type Methods Case 1 Case 2 Case 3
Casel 81 81 0.3293 Isotropic Non-Smooth TO 170.590 206.773 333.527
Case2 81 50 0.3293 Anisotropic Smooth TO 165.9568 202.9404 321.6428
Case3 81 20 0.3293 Anisotropic T 0.00141 0.0012 0.0011
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Fig. 3. Optimized topology of the pusher
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Fig. 4. Piezoelectric actuator (gripper): (a) specifications for
practical use and (b) finite element software implemen-
tation
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Fig. 5. Optimized topology of the gripper

Table 3. Optimized results of gripper’s sample case

Methods Case 1 Case 2 Case 3
Non-Smooth TO 430.7828 462.8854 651.3327
Smooth TO 423.040 457.461 641.992
T 0.00137 0.00156 0.00189
500 .f. -

Objective
g 8

100+ | -....‘

50 - v 28,5073 l

DI':I‘ 20 40 B0 M 100 120 140 160 180 2]]0

Iteration
Fig. 6. Evolution of optimized structure
i Askd 4= ANk, g -] atEAY Az A
o 27g Wef3t o) AgHQ Ao o etk
upAlefo 2, Wk S4Bk 2|25 ATk Fig 62 5

s YL BIg 4 9k

(é)]
Y
rhu

AT A ol e A oA o]/ 3t
93} (Topology Optimization, TO) HLHE 584
k. Sl Wy 2holzh 2 o4 A (Case 3)
W 25 ARl vs) e B84 7}
iEofol el FFs g el ol 4

2 1Y wES yEr
o gk 1
= Qg ge 4
A7 A 58 R

fr

o 4l

o B b
ol
ok

L ol
:

i)
lo &®
B s
> i)
ot
i)
O
0?~
r l

[UIO rz 0:
o
g M

Mgl o
4w 4y lo
e -

o
_?L
Kl
12
il
k3
o
i
1o
>

S ox
2= )
ol
o
ox
> o
ot
~
2
>
Y

0
il
A
i
g
e
oM,
é
Hu
o
o
2
2
h =)
oo

Ho 1%
o

ot
NI

]

=2 2
iy

2

¢
a7 o %
B 4AE wa%ﬂﬂw*Eﬁ%ﬂ%@qow
4 Avhs AR EATH A% AokS BE Lejste] 1
e 2% 71712 AL gl B

$4E 7lohe 4 9k

o]
Jﬂ

B ox ot -1N' (R )
HO wE

o

fru

jg

nﬂ

bo

ol g

fon
N

2 QI WS AR} A ks AT (RS-
2024-00397400) &} ZF A=+ F o st iaq 5k 30 AFL 9
Z| YL vro} 3= Ao, x| Yof T3] Ao &2 A=
Ay,

REFERENCES

1. Chaillet, N., and Régnier S., Microrobotics for Micromanipula-
tion, John Wiley & Sons, 2013.

2. Zou, ], and Xia, X., “Topology Optimization for Additive Man-
ufacturing with Strength Constraints Considering Anisotropy,”
Journal of Computational Design and Engineering, Vol. 10, 2023,
pp. 892-904.

3. Park, J., Kim, S.-R., Kim, K.-S., Kim, G., Kim, S.-H., Lee, B.-].,
Jeong, A., An, J., Kim, S.J., and Lee, S.-M., “Effects of PZT Pow-
der on Vibration and Compression Properties of Ti Powder/
Polymer Concrete Composites,” Composites Research, Vol. 35,
2022, pp. 134-138.

4. Zhou, Y., Nomura, T, Zhao, E., and Saitou, K., “Large-Scale
Three-Dimensional Anisotropic Topology Optimization of
Variable-Axial Lightweight Composite Structures,” Journal of
Mechanical Design, Vol. 144, 2021.

5. Liu, B,, and Cui, Y.J., “Topology Optimization of Multi-material
Structures Considering Anisotropic Yield Strengths,” Computer



Design of Anisotropic Piezoelectric Actuators Using Smooth Topology Optimization

49

10.

11.

12.

13.

Methods in Applied Mechanics and Engineering, Vol. 418, 2024,
116520.

. Anurangi, J., Herath, M., Galhena, D.T,, and Epaarachchi, J.J.,

“Electrochemical and Structural Performances of Carbon and
Glass Fiber-reinforced Structural Supercapacitor Composite at
Elevated Temperatures,” Functional Composites and Structures,
Vol. 6, 2024, 035004.

. Silva, E.C.N.,, Fonseca, J.S.0., and Kikuchi, N.J, “Optimal

Design of Piezoelectric Microstructures,” Computational Mechanics,
Vol. 19, 1997, pp. 397-410.

. Kang, Z., Wang, R., and Tong, L.J., “Combined Optimization of

Bi-material Structural Layout and Voltage Distribution for In-
plane Piezoelectric Actuation,” Computer Methods in Applied
Mechanics and Engineering, Vol. 200, 2011, pp. 1467-1478.

. Wang, S., Rong, W,, Wang, L., Xie, H., Sun, L., and Mills, J.K.J.,,

“A Survey of Piezoelectric Actuators with Long Working Stroke
in Recent Years: Classifications, Principles, Connections and
Distinctions,” Mechanical Systems and Signal Processing, Vol.
123, 2019, pp. 591-605.

Schlinquer, T., Homayouni-Amlashi, A., Rakotondrabe, M.,
and Ousaid, A.M.J., “Design of Piezoelectric Actuators By
Optimizing the Electrodes Topology,” IEEE Robotics and Auto-
mation Letters, Vol. 6, 2021, pp. 72-79.

Fang, L., Meng, Z., Zhou, H., Wang, X., and Guo, X.J., “Topol-
ogy Optimization of Piezoelectric Actuators Using Moving
Morphable Void Method,” Structural and Multidisciplinary
Optimization, Vol. 66, 2023, pp. 32.

Latifi Rostami, S.A., Kolahdooz, A., Chung, H., Shi, M., and
Zhang, J.J., “Robust Topology Optimization of Continuum
Structures with Smooth Boundaries Using Moving Morphable
Components,” Structural and Multidisciplinary Optimization,
Vol. 66, 2023, pp. 121.

Li, S., Yuan, S., Zhu, J., Wang, C., Li, ], and Zhang, W., “Additive

14.

15.

16.

17.

18.

19.

20.

Manufacturing-driven Design Optimization: Building Direc-
tion and Structural Topology,” Additive Manufacturing, Vol. 36,
2020, 101406.

Ooms, T., Vantyghem, G., Thienpont, T., Van Coile, R., and De
Corte, W,, “Compliance-based Topology Optimization of
Structural Components Subjected to Thermo-mechanical
Loading,” Structural and Multidisciplinary Optimization, Vol.
66, 2023, pp. 126.

So, S., and Kim, D., “Topology Optimization of a Lightweight
Multi-material Cowl Cross Member Using Matrix Input with
the Craig Bampton Nodal Method,” Composites Research, Vol.
32, 2019, pp. 243-248.

McClintock, H., Temel, EZ., Doshi, N., Koh, J.-S., and Wood,
RJ., “The milliDelta: A High-bandwidth, High-precision, Mil-
limeter-scale Delta Robot,” Science Robotics, Vol. 3, 2018, pp.
eaar3018.

Homayouni-Amlashi, A., Schlinquer, T., Mohand-Ousaid, A.,
and Rakotondrabe, M., “2D Topology Optimization MATLAB
Codes for Piezoelectric Actuators and Energy Harvesters,”
Structural and Multidisciplinary Optimization, Vol. 63, 2021, pp.
983-1014.

Wang, Y., Luo, Z., Zhang, X., and Kang, Z., “Topological Design
of Compliant Smart Structures with Embedded Movable Actu-
ators,” Smart Materials and Structures, Vol. 23, 2014, 045024.
Porn, S., Nasser, H., Coelho, R.E, Belouettar, S., and Derae-
maeker, A., “Level Set Based Structural Optimization of Dis-
tributed Piezoelectric Modal Sensors for Plate Structures,
International Journal of Solids and Structures, Vol. 80, 2016, pp.
348-358.

Zhang, X., and Kang, Z., “Dynamic Topology Optimization of
Piezoelectric Structures with Active Control for Reducing
Transient Response,” Computer Methods in Applied Mechanics
and Engineering, Vol. 281, 2014, pp. 200-19.



	매끄러운 위상 최적화 기법을 활용한 이방성 압전 액추에이터 설계
	1. 서 론
	2. 압전 플레이트 유한요소 모델
	2.1 선형 압전 분석
	2.2 압전 플레이트의 구성방정식
	2.3 압전 액추에어이터의 이방성
	2.4 유한요소 정식화

	3. 위상최적화 정식화
	3.1 재료 보간 기법
	3.2 결정론적 위상 최적화 문제 정의
	3.3 매끄러운 위상 최적화 표현

	4. 결과 및 고찰
	4.1 푸셔(Pusher)
	4.2 그리퍼(Gripper)

	5. 결 론
	후 기
	References


