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Cooperative Motion Technology of Bionic Propulsion Hydrofoils

ZHANG Mingjun, LIU Xiaobai, GUO Shaobo, XU Jian’an, YAN Na
(College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: The cooperative motion principle and trailing vortex structure of sea turtle hydrofoils are studied while turtle is
adopting the hydrofoil propulsion method. A continuous aggregated vortex rope in hydrofoil trailing vortex will be caused by
the cooperative motion of hydrofoils’ stroke spin and azimuth spin, the aggregated vortex interference of hydrofoils’ trailing
vortex and the jumping phenomena of vortex rings shedding frequency can be eliminated by the cooperative motion of left
and right hydrofoils. The control system of hydrofoil propulsion experimental prototype is developed for the hydrofoils
cooperation motion. The subsection control method of hydrofoils’ two spin cooperative motion and the angular velocity
on-line adjustment method of double hydrofoils cooperative motion are proposed. And the pool experiments of experimental
prototype are conducted. Results show that, under the subsection control, straight-line navigation speed of the hydrofoils’
two spin cooperative motion with cooperation value 0.5 and 1 can be increased 0.45 times and 0.82 times respectively, while
navigation efficiency is increased 1.01 times and 2.49 times, comparing with the two spin alternative motion. And the angular
velocity on-line adjustment method not only makes the motion coincidence degree of double hydrofoils comes to 95.2%,
but also boosts 43.6% longitudinal thrust for the prototype when double hydrofoils doing cooperative motion rather than
non-cooperative motion.
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Fig.1 The trajectories projection of hydrofoils’ two spin
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Fig.2 Sketch maps of hydrofoils’ trailing vortex structure
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5 KEWMHEZzNEL (Experiments of hy-
drofoils cooperative motion)
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Fig.6 Experimental data of prototype’s straight-line navigation
speed with variable hydrofoils’ two spin cooperation values
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Tab.1 The experimental datasheet of the prototype’s
straight-line navigation propelled by hydrofoils’ two spin

cooperative motion

BUE | PN CTIIME W MR
I GIEE /(m/s?) f/s)  AEEC /s)
0 0.0162 0.163 1 0.108
05 0.0141 0.237 145  0.096
1 0.0178 0.297 1.82  0.088
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Fig.7 Distribution data of the prototype’s straight-line
navigation speed with variable hydrofoils’ two spin cooperative

values
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Tab.2 Experimental datasheet of the prototype’s straight-line
navigation efficiency with variable hydrofoils’ two spin

cooperative values

XE | PR P DhENRE MRS
PEME i | /(m/s) /N W

0.00 0.163 20.36 32.6 10.18%
0.25 0.211 24.26 34.1 15.01%
0.50 0.237 30.68 35.5 20.48%
0.75 0.272 37.12 36.8 27.44%
1.00 0.297 46.10 38.5 35.56%
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Fig.8 Angular velocity distribution data of double hydrofoils’
stroke spin before and after the double hydrofoils cooperation

motion control
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Fig.9 Experimental data of prototype’s direct navigation speed
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before and after the double hydrofoils cooperation motion
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Fig.10 Experimental data of prototype’s direct navigation
acceleration before and after the double hydrofoils cooperation

motion
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Tab. 3 Experimental datasheet of prototype’s direct navigation

before and after the double hydrofoils cooperation motion
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