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Mechanical Design, Fabrication and Test of a Biomimetic Fish Robot
Using LIPCA as an Atrtificial Muscle

Seok Heo, T. Wiguna, Nam Seo Goo and Hoon Cheol Park
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Abstract

This paper presents mechanical design, fabrication and test of a biomimetic fish robot actuated by a
unimorph piezoceramic actuator, LIPCA(Lightweight Piezo-Composite curved Actuator) We have
designed a linkage mechanism that can convert bending motion of the LIPCA into the caudal fin
movement. This linkage system consists of a rack-pinion system and four-bar linkage. Four types of
artificial caudal fins that resemble caudal fin shapes of ostraciiform, subcarangiform, carangiform, and
thunniform fish, respectively, are attached to the posterior part of the robotic fish. The swimming test
under 300 V,, input with 0.6 Hz to 1.2 Hz frequency was conducted to investigate effect of tail beat
frequency and shape of caudal fin on the swimming speed of the robotic fish. At the frequency of 0.9
Hz, the maximum swimming speeds of 1.632 cm/s, 1.776 cm/s, 1.612 cm/s and 1.51 cm/s were
reached for fish robots with ostraciiform, subcarangiform, carangiform and thunniform caudal fins,
respectively. The Strouhal number, which means the ratio between unsteady force and inertia force, or
a measure of thrust efficiency, was calculated in order to examine thrust performance of the present
biomimetic fish robot. The calculated Strouhal numbers show that the present robotic fish does not fall
into the performance range of a fast swimming robot.

43 289 FALFE JiSEA T B ol
.M 2 FAsuE T2 3% & £
olglg Fe AFHA FFAM A FI ¥
AEAE 2Hste dTASAA AEAE @ g4& Holdx o

2¢ 4 gek o2 ¢
3

®
Mo
i

[uc
m’#
=

£aAT onl de 2AUAL RAZTY. 250
A d9AE gnrlE i) dojo. 53, & 371 Hstel Em7

o I, oF
A7 Agete AR Azejne nagd £ AHEd A2 Rola It

2l 25

QA e

TFAE A

t AAA, 99, AT A7 &4Gt
E-mail : hcpark@konkuk.ac kr
TEL : (02)450-3531 FAX : (02)444-7091
* 39, AIFdER %—e%@l?ma
 AZosta Bate A7)&sTes

E1719 o= BCF (Body and/or Caudal
Fin) %3 MPF (Median and/or Paired Fin) &%
o] 2ch. BCF %& 3t %J_ﬂ a2 2349
gAste] wEA =33 &S & 4§ glon,

MPF &%& 3t Bisle ‘?r%’ﬂ% Fgol ¢



Sl

oz 7R ojFo)Z Exr] B 2R Ogh
ATE 29, JHg gol €8x MITY 28 R
(RoboTuna)”$}  Draper Lab®l 4= (hydraulic
actuated) 22 5% VCUUV(Vorticity Control
Unmanned Undersea Vehicle)?7} gith o] tj&
L REE FeHed, EHE F572 A8
st= Afde AA FA FAHRAG 2R &
17] WRee, 453 a7 A% F7hER
Aulg @At s, o] F$, ¥y T
o #FE #F7] A 2R B9 A7)
7b Aol e A7 Yot 3, ZHE &F
o] AX FF A 7MsAol AL, AR
7h A ed & Aol E g FAolth

o]Z <3dly, AF AFAEL Euv] B¢ =2
2o A5A8E o487 = stk Borgen 5
2 +dZE7|¢) THUNDERE o| &3t A3 &
Z LPAE AAsL 1, Ayers =020 gMAE 9
4% FolF 2R AFsgon, Guw 592
ICPF #Z57|& ol 4% 2% g7 2%& Mg
g wh gl

2 dFqe ddF: 4 F3719 Lpca?
(Lightweight Piezo-Composite curved Actuator)Z ©]
&% Exv] 2 2R 44, AF € g
usle] dwslgo. g4d AEVNE AMESE, 2
HEZ FFste 2R Euvld ulgtd, 2534
o] o] £F HEA 7psAo] FoAEm, T
THEA & F JolA, o8 tA ERd 2e
AANE FgHez A7} ZE 2R B3
Fo| Fztale REn #P¥L DHFEd fle
ol gt Jpgd 2R Bavje 4d FEr=
FEHE AP 949 nYA=Ynly &
5o 93ld =3 LA AriMe F2 1
grR=ene FEFITd Azgrje iAol
38 9 Y&z uAe FIFS dgFo=z
ZAMSH

£ o o

2. A H(Design)

21 B8 ENY| 2€ MY

B AP A 22 EurE A JAF
71, 717+ Al2", agn R oz o]&]
Ak, 2R ZTHPEZ o ¥ j)9 LIPCA FE7| S o
A GEZ AzE FRE deAA 2He

7] ek 2Rol AA, A 2 4y 37

Fig. 1 Biomimetic fish robot
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Fig. 2 Configuration and dimension of LIPCA
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Table 1 Area and aspect ratio of caudal fins

Caudal Fin Area (cm’) Aspect Ratio
Osctraciiform 22 1.64
Subcarangiform 22 l.64
Carangiform 15 24

Thunniform 15 24
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