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Design and Manufacturing of Robotic Dolphin with Variable
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Abstract Bio-inspired underwater robots have been studied to improve the dynamic performance of fins,
such as swimming speed and efficiency, which is the most basic performance. Among them, bio-inspired
soft robots with a compliant tail fin can have high degrees of freedom. On the other hand, to improve
the driving efficiency of the compliant fins, the stiffness of the tail fin should be changed with the
driving frequency. Therefore, a new type of variable stiffness mechanism has been developed and
verified. This study, which was inspired by the anatomy of a real dolphin, assessed a process of designing
and manufacturing a robotic dolphin with a variable stiffness mechanism. By mimicking the vertebrae
of a dolphin, the variable stiffness driving part was manufactured using subtractive and additive
manufacturing. A driving tendon was placed considering the location of the tendon in the actual dolphin,
and the additional tendon was installed to change its stiffness. A robotic dolphin was designed and
manufactured in a streamlined shape, and the swimming speed was measured by varying the stiffness.
When the stiffness of the tail fin was varied at the same driving frequency, the swimming speed and
thrust changed by approximately 1.24 and 1.5 times, respectively.
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Fig. 1. Robotic fish with joints and rigid links and
robotic fish with compliance. Adapted from
[211
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Fig. 2. Schematic drawing depicting the concept of a
variable stiffness structure. Adapted and
modified from [20]
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Fig. 3. Concept of the robotic dolphin adopted from
the anatomy of the dolphin. Adapted from [20]

2.1.3 71#H8d HAUS M

7PA73d wIAUEE ARl] flshAl - 2919 27
o 3= EEE CNC 7F871E ol&ste] daggos
AT Fig. 49F 2ol Ead] mjA L gn| 1R
AABELL T30 BHA BIE FHEste] Ao HjA|sto]
EEE AR ARRE 250 Smooth-OnAte] 4
2]Z AEQ EcoFlexE o] 4%% THo2 mIA=

ofn] 755 BES ARt melxein)o] 45t &

HES

Fig. 4. Manufacturing process of the driving parts:
First, mold is machined for flexible segments.
Second, rigid segments are placed in the
mold. Third, silicon is poured over rigid
components. Finally, the produced parts are
attached. Adapted from [21]
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Fig. 5. Manufacturing process of the peduncle part.
Adapted from [21]
(a) CAD of peduncle mold
(b) Each driving segment glued with silicone
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Fig. 6. Design of robotic dolphin. Adapted from [22]

(a) CAD model of the robotic dolphin
(b) CAD model of the inside of the robotic dolphin
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Fig. 7. Schematic design of the robotic dolphin driving
system. Adapted and modified from [20]
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Table 1. Specification of robotic dolphin adapted

from [22]
Spec.
Mass Approx. 2.3 kg
Dimension 520 mm x 230 mm X 160 mm

One Robotis MX106
(8.0 Nm at 11.1V)

Two Hitec HS-7980TH
(3.5 Nm at 6.0V)

One Robotis MX28
(23 Nm at 11.1V)

STM32F10x-64
(ARM based)

RF 40 MHz

One LiPo 11.1V,
One NiMH 4.8V

Actuator for driving

Actuator for
pectoral fin

Actuator for
changing stiffness

Controller

Network

Power source

Polycarbonate, Aluminum,

Materials Acrylic Plastic
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Fig. 8. Internal structure of the robotic dolphin and
an assembled robotic dolphin. Adapted from
[22]
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Fig. 9. Robotic dolphin with a bio-inspired variable
stiffness mechanism
(a) Flexible state of the robotic dolphin
(b) Stiff state of the robotic dolphin
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T= Ep U*CyA, . (1

Where, T denotes thrust, ¢ denotes density of
water, U denotes the speed of robotic dolphin, Cq
denotes the drag coefficient of robotic dolphin,
Aref denotes the cross-sectional area of robotic
dolphin

7A,

St = U” 2

Where, St denotes Strouhal number, f denotes
driving frequency of robotic dolphin, Amp denotes

amplitude of caudal fin
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{a) Compliant state

(b} Stiff state

Fig. 10. Snapshot sequence of a robotic dolphin when it swims.

(a) Compliant state (b) Stiff state

AERRE e e oke 24 YS d¥skt
ARERE FARsolH, 2 ]9t o] FAole &
S APAE vashy] flste] ARgEn. 23 Earee]
FE2 Ats] §%t M52 Table 29+ 2.

Table 2. Parameters for thrust calculation

Parameters Data
Frequency (f) 2 Hz
Water density (o) 1000 kg/m’

Drag coefficient (Ca) 0.1
Reference area (Ared) 0.08 m*
Amplitude (Amp) 0.07 m
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Table 3. Experimental results

Compliant state Stiff state
Speed (m/s) 0.25 0.31
Body length speed (BL/s) 0.48 0.60
Thrust (mN) 250 384
Strouhal Number 0.56 0.45
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Table 4. Comparison of swimming speed

Ours Al8] Bl11] Cl[13] D[14]
Speed (BL/s)| 0.60 0.68 035 0.50 0.40
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