§56 % 59 i B S N - T Vol.56  No. 9
2022 4F 9 H JOURNAL OF XI” AN JIAOTONG UNIVERSITY Sep. 2022

7 S HLES ok B 15 SHMIEY F 2B A AR 5t

Eﬁﬂul.zﬁ’ E’gﬁﬂl.Z.3.rl’ ﬁ@ﬁj}izﬁA, RAUE@I.Z.HJ
(IR KRGV IEBE, 266237, IWARE 55 2. I AR R 2% i BT v DL B i 2 20 & 3R TR S S0 30 =, 250061, ¥R
IR RN T RER R LR H R O, 250061, Fig: 4. IR KEHUR TR 2: B, 250061, TFRE5)

WE: A XV HANZE AL HHIBRGE LA FERPA A A FPREXNRLAEE = AN
REWHETBHEST , R AW KAIELF Newton-Euler S5 2 S T MBS K A F MM /1 F48
SR, NS oY RBEAGEIXYT AZIAEEAD A FEAGEZHMA T T HMAH A
GREYEEA LR LER BIETRED N FEBG EHE, S THEEREILY A 481L £ 32
FAMEFREDREATNEEEHREN Y, 2REAV . EZDANEPRREFIBRELE TR
B AL T3k B Mo B, 5 k3R MR R L AB g T ¥ arik , kAR T AT X R AR £
R B R R R X T R AL 2R B R R LA SRR, X T hik—Fa
A EWE & B 5T 3R IR P AL AR AL AT R An b AR Al

KR AMNE & 488 248 Newton-Euler % K3 A 5 ;
FESKS. TP XHFEG: A '.'-mﬁ-f

DOI. 10.7652/xjtuxb202209006 X EHS: 0253-987X(2022)09-0046-11 =
OSID #4%

Coupling Modeling of Hydrodynamics and Mechanism Dynamics of
Bionic Robot Fish

BAI Fagang'??®, XUE Gang"**"', HUANG Jiankun®*"*, LIU Yanjun'?*?®"'

(1. Institute of Marine Science and Technology, Shandong University, Qingdao, Shandong 266237, China; 2. Key Laboratory
of High-Efficiency and Clean Mechanical Manufacture of Ministry of Education, Shandong University, Jinan 250061, China;
3. National Demonstration Center for Experimental Mechanical Engineering Education, Shandong University,

Jinan 250061, China; 4. School of Mechanical Engineering, Shandong University, Jinan 250061, China)

Abstract: For the complex dynamics modeling of the autonomous swimming process of the multi-
joint bionic robot fish, the joint driving signals of the robot fish are generated by the central
pattern generator, and the coupling model of the hydrodynamics and mechanism dynamics of the
robot fish is established by using the slender body theory and Newton-Euler method. The tail
joint angle swing of the robot fish physical model is taken as the motion input of the dynamics
model, and the accuracy of the coupled dynamics model is verified by comparing the numerical
simulation results with the physical model experiment results. Furthermore, the effects of the
phase difference between the tail joints, the swinging angular frequency and the swinging
amplitude on the swimming performance of the robot fish are analyzed. The results show that the
swinging angular frequency and the maximum swinging amplitude are approximately proportional
to the average swimming speed and inversely proportional to the head stability in a certain range.

Compared with the average swimming speed, the head stability is more sensitive to the change of
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the phase difference, and the larger the phase difference can obtain better swimming stability.

These conclusions lay a foundation and theoretical basis for further study on the complex

trajectory tracking of the bionic robotic fish.
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Fig. 1 The coordinate system of bionic robot fish
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Fig. 8 Swimming displacement diagram of bionic robot fish
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