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Study of a submersible geared servomotor

for a penguin-mimetic underwater swimming robot
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In this study, a submersible geared servomotor was developed to realize a penguin-mimetic underwater flapping-
wing robot. The mechanism was composed of a commercial brushless servomotor and a lab-made plastic planetary
reducer. The required rotational speed and torque were determined based on the previous data of actual wing kinematics
of swimming penguins and hydrodynamic calculation of the lift and drag for the wings and body. The fabricated
mechanism was 66 mm in diameter and 53 mm in length, weighing 0.35 kg. Underwater experiments demonstrated
that the output power of the mechanism was 107.4 W with 160-rpm rotational speed and 6.41-Nm torque. The positional
accuracy was as large as 2.7 degrees, with simple proportional control only.

Key Words: Brushless motor, Planetary gear reducer, Flapping wing, Lift-based propulsion

1. #8

RET=XV V7, WHERE, MBS, SEIE20
ek rRy MIRERZRBONEZLTEY, A7 U a—
HeED BB KF 2R > b (AUV: Autonomous underwater
vehicle) 733t < BZE SN C&72[1]. —J7, WEREHOHIZIT
BETFD AUV L0 b, B8, fellitkse, HEtEicB L TER
TWBEEDH VB EEZNTWAR]. TEHKEHOTT, PHIE
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(a) 3D model of the robotic penguin. (b) 2-DOF flapping and
feathering mechanism.
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Fig. 2 (a) Planar outline of the wing and wing elements for

hydrodynamics calculation. (b) Dimension parameters in each wing
element.
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Fig.3 Hydrodynamic forces and the angle of attack. (a) Orthogonal
schematic. (b) Cross-sectional schematic.
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Fig. 4 Input wing kinematics for hydrodynamics calculation. (a)
Flapping angle. (b) Angle of attack at the wing element of j = 7. (c)
Feathering angle.



—~
QO
R

“s
)
= 2
(5]
215
T Acceleration mode
g ——Max. speed mode
g 0.5
5 U
20 05 1 15 2
(b) Time [s] (c)
g E‘ 200
2 g ]
> 3 = 100%
= B ;
E 0 o 5]
g a 0
53 5 -100
S . S
= -6 : = 2200
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Time [s] Time [s]

Fig. 5 Results of the numerical simulation. (a) Swimming speed.
(b) Output torque of the geared motor 1. (c) Output rotational speed
of the geared motor 1.

Table 1 Requirement for the geared motor
Max. power [W] 94.3

Max. torque [Nm] 5.69
158.3

Max. speed at max torque [rpm]
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Table 2 Specification data of RIS0 KV100

Weight [g] 180.8
Voltage [V] 48
Rated power [W] 183.4
Rated torque [Nm] 0.58
Peak torque [Nm] 1.67
Max. speed at rated torque [rpm] 3020
Torque constant Kt [Nm/A] 0.1095
Speed constant Kv [rpm/V] 96
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Fig. 6  Structure of the geared motor.
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Fig. 7
magnetic encoder (c) were embedded in epoxy resin for waterproof.

(a) Completed geared motor. The hall sensor (b) and
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Fig. 9 Time history of motor speed recorded by ESCON. The
experiment was conducted three times.
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Fig. 10 (a) Experimental setup to test positional accuracy of the
geared motor with a wing in water.
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Fig. 11 Time history data obtained from the magnetic encoder. Data
were obtained for 5 flapping. (a) Time history of the target
and actual flapping angle. (b) Time history of the angle error
(difference between target angle and actual angle).
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