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Coral restoration currently requires manual 
effort from s cuba divers , which is  difficult, 
time-cons uming, and cos tly. [1]

Remote monitoring of coral reefs  is  
unreliable, and conventional propellers  for 
locomotion dis turb marine creatures . [2]

Our s olution is  to develop an 
underwater robot powered by 
a fluidic actuation s ys tem 
that can monitor coral 
res toration efforts  without 
dis turbing marine life.

Our underwater robot would help researchers  gather more 
data  on coral reefs  us ing les s  invas ive/ dis ruptive methods  
by eliminating the need for propellers  in a  cos t-effective 
and easy to replicate robotic solution

ApproachProblem

ImpactResults
We’ve achieved succes s ful tethered 
underwater motion with a  robot built 
from a linear actuator, four flexible 
TPU beams , acrylic plates  top and 
bottom plates , and a  thin flexible outer 
membrane.

A future goal would be to integrate the 
control sys tem into the body for fully 
untethered locomotion, pos s ibly us ing 
a  ring oscilla tor to reduce the 
neces sary electronics .
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Literature: “Cephalopod-inspired robot capable of cyclic jet 
propulsion through shape change” by Christianson et. al [4]

Key takeaways:
● Underwater locomotion s trategy– fillable cavity covered 

with membrane that rapidly s hrinks  and forces  water out 

● Reference experiment us es  hard rack-and-pinion actuator

Literature: “An experimental s tudy of bellows -type fluidic s oft 
bending actuators  under external water pres s ure” by Sun et. a l

Key takeaways:
● Hydros tatic pres s ure neutrally or pos itively affects  fluidic 

actuator behavior → good for underwater us e

● Informed our s witch to a  s oft fluidic linear actuation as  the 
primary actuation mechanis m

Figure 1: hard-robotics-based jet propulsion approach. 
Adapted from [4].

Figure 2: our linear bellows-style actuator design
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Body Design Iterations

● V1: TPU frame with acrylic beams

○ Acrylic beams not flexible enough

● V2: Acrylic frame with TPU beams

○ Beams too flimsy

○ Hard to connect actuator

● V3: Redesigned actuator with tabs

○ Thicker beams too thick

● V4: Redesigned beams for better flexibility at 
attachment

○ Tested with different membranes

V1

V2

V3

V4



Membrane Iterations

● Hard to stretch over 
frame

● Too tight – actuator not 
able to fully extend

Balloon Rubber Glove Contraceptive Membrane

● Easy to apply

● Too loose – less volume 
change

● Opaque – not cool

● Consistent cylindrical 
shape

● Flexible yet strong

● Plenty of stretch – more 
volume change



Control Circuitry

Robot 5V Regulator Arduino MOSFET 
Board

12V Power 
Supply

Solenoid 
Valve

Pump

Push Button



Cephalopod in Action

http://www.youtube.com/watch?v=3VrLHaLZSPs


Project/Course Takeaways

- Learned to think 
differently about 
materials and how 
material properties can 
be leveraged to produce 
desired outcomes 

- Learned about jet 
propulsion and the fluid 
dynamics behind this 
concept

Engineering Knowledge 3D Printing Skills Project Planning
- Learned how to better 

design models for 
successful printing (ie. 
limiting overhangs and 
bridges)

- Gained experience working 
with GCode files & 
modifying print parameters 
to produce desired print 
properties

- Learned how to 
troubleshoot and repair 
clogged 3D printers

- Weekly check-ins helped 
keep us on track and 
pivot on designs and 
ideas as needed to 
develop a successful final 
prototype

- Learned to balance final 
project work with other 
assignments, including 
planning final project 
prints around those 
needed for labs



Thank You!

Questions?
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