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Fig. 1 Ejection and swimming states of manta ray
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Fig.2 Shape of manta ray

TS AT e i 2 28 U RAT HE R AR R
AT HERE R B, O T Ik BB H AR A vk 5
JRCRE 7, A 1 5 2 AT SR e I % e 3 A
o RAT SRR, O T R SR OK R AT B A BRi
P, SR 005 25 88 A g oK T HE ke L, ok ol 4 o 2
B UG TETE SEEARL, A T P

TEAT7 A 88 B AT 2 A B IRICAL S & 22, IR



SRR AT ¢ T AR A SO R 7 A T S AT AR T

L |

L R
—
b e

3 FUAT ST TS A B B
Fig. 3 Design of the vehicle body
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Fig. 4 Diagram of bionic fin retraction
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Table 1 Main dimensions of the vehicle
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Fig. 8 Underwater navigation of the vehicle
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Fig. 9 Flying vehicle in the air
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Design of biomimetic aerial-aquatic vehicle based on soft
cross-medium technology

ZHANG Lei", ZHANG Zhiyong", MIAO Yang", DUAN Jian"*, LIU Bin""

1 Sanya Science and Education Innovation Park, Wuhan University of Technology, Sanya 572025, China
2 Green & Smart River-Sea-Going Ship Cruise and Yacht Research Center, Wuhan University of Technology,
Wuhan 430063, China

Abstract: [ Objectives ] This study aims to develop a concept design for an unmanned aerial-aquatic cross-
medium vehicle that can fly in the air and navigate underwater, and features repeatable medium transitions and
superior hydrodynamic performance. [ Methods ] After analyzing the shape of batoid fish that evolved good
fluid dynamics performance through natural selection, 3D scanning and mathematical fitting methods are
employed to conduct a configuration study of the unmanned vehicle. To achieve covert propulsion underwater,
numerical analysis methods are used to determine the propulsion amplitude and frequency by fitting the swim-
ming gaits of batoid fish. To protect the rotor blades and enhance airborne efficiency, an innovative soft
hybrid cross-medium approach is developed that uses ducted rotor devices as flight propulsion units. The
numerical simulation method is then employed to study the unmanned vehicle's rapid underwater movement,
aerial performance, and cross-medium capabilities. [ Results | The results show that during underwater nav-
igation, with a biomimetic fish fin swinging cycle of 2 seconds and a maximum swing angle of 15°, the
unmanned vehicle achieves a speed of over 3 knots. During aerial flight, with an attack angle of 7° for the
hybrid vehicle and rotor speed set at 3 000 r/min, the aerial speed exceeds 100 km/h. During the transition
from air to water, the average load is 0.17 MPa, with the maximum load occurring at abrupt structural edges,
reaching up to 0.46 MPa stress. Structural strength calculations are performed for applying 0.17 MPa load at
the center bottom and 0.46 MPa load at the bottom edge of the vehicle. The maximum stress occurs at the cen-
ter bottom, measuring 47.94 MPa, with maximum deformation of 0.02 mm. [ Conclusions | The designed
cross-medium unmanned aerial-aquatic vehiclesatisfies the proposed requirements for both aerial and underwater
operation. Furthermore, the fluid loads andstructural safety during the air-to-water transition scheme are
assessed, ensuring the vehicle's ability to safelyand repeatedly shift between aerial and aquatic environments.
Key words: cross-medium unmanned vehicles; biomimetics; computational fluid dynamics (CFD); biomi-
metic fin propulsion; quadrotor
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