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Introduction

* Trend towards biomimetic robot; to learn from nature
o Simulate earth's greatest examples of success, living organisms

 An alternative solution for underwater vehicles - less noise &
pollution

 Function better in the real world
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Fish Morphology
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Fish Swimming Modes

Fish Swimming M odes

Median and/or Paired Fin Body and/or Caudal Fin
(MPF) (BCF)

Undulation & Oscillation
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Median Paired Fin (MPF)
Swimming Mode
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Modeling of Mechanical Fin

'D- Flexible
membrane

fish body

Universal joint at

3 /_ the base of fin ray
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Median Fin Design

Spine ————

shown as fixed frame 1

Servomotors
shown as points A & E

Fin rays

To be assemb%i f

Cranks 2 & 5

Flexible membrane
made of thin acrylic sheet,
shown as links 3 & 4

] 1

showp ‘TiS revolute Slider C
joints B & D
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CAD Model

Nine fin Spine N\

segments
consist of ten
Servomotors

—

Sliding
Undulating fin
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Stingray
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Stingray Robot
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Undulatory Fin Motion
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Quiet and Environmental Friendly
Propulsor
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Stingray Robot -
Swimming Pool Test
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Velocity (cm/s)
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Experimental Results
(Swimming Efficiency)
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Buoyancy Control in Fish

(¢) As depth decreases and
water pressure, P decreases, the
bladder expands and the density
of fish, pgq, , decreases. Hence

the fish rises

( water pressurce)

(a) When the density of fish,
Piish , 1S the same as the water
density, puwater, the fish is
weightless and stays put

(b) As depth increases and
walter pressure, P, rises, the
bladder retracts and the density
of fish, pgen , Increases. Hence
the fish sinks
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Buoyancy Tank - Design

Manhol e,
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Buoyancy Tank -
Operating Principal

Depth Control Operation Tilt Control Operation
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Black Ghost Knife-fish
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Knifefish Robot
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Knifefish Robot -
Lab and Swimming Pool Test
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Experimental Results
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Fish Swimming Modes

Fish Swimming M odes

Median and/or Paired Fin Body and/or Caudal Fin
(MPF) (BCF)

Undulation & Oscillation
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Body Caudal Fin (BCF)
Swimming Mode

Spiny eel Trout Clupea Skipjack Longhorn

Undulatory Oscillatory
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CAD Model - Caudal Fin Design

Caudal Fin
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Conceptual Design

CaudalFin .- L
6, /4 Battery Pack  Fish Head Module

Tail Fin module
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onceptual Design with
Buoyancy Tank Module
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Asian Arowana

26



il NANYANG
A | TECHNOLOGICAL
733/ UNIVERSITY

Arowana Robot
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Arowana Robot -
Lab and Swimming Pool Test
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Fish velocity (cm/sec)
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Effects of Joint Angular Velocities
on Fish Forward Velocity
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Fish \iocity

Effects of Caudal Fin Sizes on

Fish Forward Velocity
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Effects of Caudal Fin Material on

Fish Forward Velocity
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Future Applications & Conclusion

» Surveillance

» Inspection

> Spying

» De-mining

» Sea Bed Mapping
» Team Mission

» Biological Research

Issues: Compactness,
speed, communication,
control, etc.
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