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Abstract 
 

The objective of this project was to create a prototype of a low-power unmanned underwater 

vehicle (UUV) that resembles a jellyfish in appearance and mimics its movement. This task was 

completed via the design of a unique form of propulsion and by demonstrating underwater 

navigational control. The propulsion is achieved through the use of Nitinol ñmuscle wireò that 

shortens when heated by an electric current, thus contracting part of the shell of the mechanical 

jellyfish and creating a momentum flux that slowly propels the craft through the water. 

Navigation is achieved through the use of a photodiode array that senses an underwater optical 

light source. Controls on the craft determine which photodiode is closest to the light source and 

subsequently activate the collocated muscle wire. 
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1. Introduction  
An autonomous mechanical jellyfish is an unmanned submersible vehicle with a propulsion 

system similar to that of a real life jellyfish. A UUV that moves similarly to a jellyfish has been 

developed by FESTO [2]. This vehicle is electrically driven and uses 8 tentacles for propulsion. 

These tentacles utilize the Fin Ray Effect
® 

which is a design based on the structure of a fish fin. 

The tentacles move with a peristaltic motion meaning they contract in successive wave like 

motions and force the water onward to propel the jellyfish forward [1]. Figure 1 depicts the 

AquaJelly and displays the tentacles in peristaltic motion utilized for propulsion. 

 

Figure 1: Aqua Jelly utilizing peristaltic motion  

Source: FESTO Bionic Learning Network: Inspired by nature 

Since the AquaJelly uses tentacles with fins and moves in a wave like motion the team 

didnôt want to build off these ideas. The AquaJelly has similar movements to a jellyfish, but the 

concept behind the propulsion is not unique to a jellyfish since fins supply the thrust. The 

approach taken by the team was to design an entirely new propulsion system that had more of a 

resemblance to a jellyfishôs propulsion. 

Designing a UUV has many challenges and designing one with a unique propulsion 

system presented additional problems. Initially research was conducted on how a jellyfish 
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moves, feasible materials and methods to recreate jellyfish movement, materials to use for 

building a neutrally buoyant vehicle, ways to change the depth of a UUV, navigation systems for 

UUVôs, and power requirements necessary for the vehicle to operate. The mechanism used for 

the propulsion of the jellyfish must be able to provide the jellyfish with enough thrust in water to 

propel itself forward and the material must be able to be pulled in such a way that this thrust will 

be generated. The materials used on the jellyfish must be non-corrosive and close to neutrally 

buoyant in water so as little foam or weight as possible will need to be added to the vehicle. In 

the end the jellyfish must be a little heavy so that it sinks, but slowly. An additional issue with 

the vehicle is that it must be able to change its depth. Since it is not a submarine a traditional 

ballast system was not used. Instead the jellyfish will use generation of a gas rise. This method 

allows the craft to generate gas while underwater to rise and to vent that gas when the jellyfish 

needs to sink.  A navigation system must also be chosen for the jellyfish so that the vehicle is 

able to make it to a recharging station. In order for the navigation system to work the vehicle 

must be programmed in such a way that it is able to control which direction it is going and 

control its depth. The battery used will be required to be able to run the entire system of the 

vehicle for a sufficient amount of time while occupying as little space as possible. The 

navigation system, battery and other important electronics used will need to be housed in a 

waterproof box. Ultimately there are many things to consider when designing and constructing a 

UUV which makes it difficult for the whole system to function properly.  This is due to the fact 

that the components must be integrated in a way that will make the whole system run smoothly. 

The overall goal was to design and build an unmanned underwater vehicle that resembles 

a jellyfish in appearance and general movement. The propulsion method of the vehicle must be 

unique and move the craft in a way that mimics the movement of a jellyfish. The navigation of 

the vehicle was required to be capable of demonstrating the ability of the jellyfish to move 

toward a set destination. It was also desired that the mechanical jellyfish was a low power craft. 

 

1.1 Jellyfish Propulsion 

 The basic structure of a jellyfish is an exterior bell shape that is flexible and able to 

contort in order to propel the jellyfish forward. Figure 2 below depicts the structure of a jellyfish 

and what a typical one would look like. 
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Figure 2: Structure of a jellyfish 

Source: Cronodon Biotech: Building Bodies of Jellyfish 

The key to jellyfish propulsion is bell contractions. These bell contractions decrease the 

volume of the subumbrella cavity which causes the excess water to be pushed out in a method 

similar to jet propulsion. Different types of jellyfish propel themselves forward differently. 

Oblate jellyfish have demonstrated that they are capable swimmers and use a half-jet, half-paddle 

method [4]. An Oblate jellyfish is a jellyfish whose bell has an equatorial diameter greater than 

the distance between the uppermost and lowest point. It is essentially an ellipse that is longer 

than it is tall. Oblate jellyfish propel themselves forward by utilizing a technique that creates two 

opposing vortices which then propel the jellyfish forward. The first of these two vortices is 

formed when the jellyfish contracts its bell and expels water. The second vortex is formed when 

the jellyfish relaxes its muscles after contracting and water refilled the bell. These two vortices 

swirl in opposite directions and when they collide the jellyfish is propelled forward [5]. In figure 

3 below the frames of .63s and 3.73s depict the initial contraction of the jellyfish and the 

resulting first vortex. Frames 1.47s and 4.40s illustrate the point at which the jellyfish is relaxing, 

the initial vortex and the vortex formed from relaxing. Frames 0.0s and 2.47s simply show the 

jellyfish when it is fully expanded [4]. 

http://cronodon.com/files/Jellyfish_diagram_2.jpg
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Figure 3: Stages of a jellyfishôs propulsion and resulting vortices 

Source: Flow patterns generated by oblate medusan jellyfish: field measurements and laboratory analyses 

Some types of jellyfish stick strictly to jet propulsion and do not use the half-jet, half-

paddle method employed by larger jellyfish. The jellyfish that use this approach are generally 

smaller and their bells are always taller than they are wide and resemble a thimble, opposite to an 

oblate jellyfish [5]. The smaller jellyfish do not utilize the relaxation approach for propulsion. 

They rely entirely upon propelling water out of the bell to move and create only the single 

vortex. 
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2. Design 
When designing the autonomous mechanical jellyfish there were many aspects to consider. 

The structural characteristics as well as the material that the body is composed of are both 

important features. One of the most important design facets was the propulsion system that the 

vehicle would use and how that would affect the physical design of the device. How the vehicle 

would change its depth was another essential consideration. Sensors such as photo detectors had 

to be chosen as well as the equipment to process the data collected by them.  

2.1 Structural Design of Jellyfish 

One of the goals in the design of the mechanical jellyfish, was to convincingly mimic not 

only the motions but the general looks and behavior of a real jellyfish. However, real jellyfish are 

made mostly of a thin and structurally weak membrane which is the inspiration behind their 

name. The mechanical version of a jellyfish would have to be almost entirely composed of rigid 

materials in order to support the communications and controls hardware, energy storage 

hardware, and to prevent destruction from stresses experienced in an ocean environment.  The 

preferred basic design therefore called for a rigid bowl-shaped frame at the top of the craft that 

would support within it, the electronics box and along its rim, a flexible material supported by 

actuating flaps. As for buoyancy, spaces within the electronics box of the jellyfish were 

designated for adding weight in order to make the craft neutrally buoyant at a particular depth if 

it was too light, or foam could be added within the rigid top if it was too heavy. The overall 

design of the mechanical jellyfish met the requirements of jellyfish-resemblance as well as 

structural stability and strength. See appendix A for diagrams. 

2.1.1 Rigid Top Design 

The rigid top had to provide the system with a place to store the electronics box and space in 

which a ballast system could be implemented. The rigid top kept the electronics box in place by 

using stainless steel screws. Protruding off the bottom edge of the rigid top are 6 flaps that will 

connect to nearly identical bottom flaps. These flaps will be what the bottom flaps connect to and 

rotate off of. Holes in which the photodiodes would be able to observe out of were also created. 

Six holes were created around the dome and one on the very top. Besides being used to store 

electronics and ballast control the top was designed in such a way that it would not hinder the 

movement of the jellyfish through the water.  See appendix A for diagram. 
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2.1.2 Electronics Box Design 

The design of the electronics box had to cater to several factors. Firstly, it had to have 

sufficient storage space for all of the electrical components for the vehicle while fitting snugly 

inside the rigid top. It was also shaped in such a way that its surface was completely tangent to 

the inner surface of the rigid top. The electronics box had to have holes on the top and bottom of 

it that would allow the muscle wire attached to the printed circuit board (PCB) to leave the 

electronics box in order to be strung on the bottom of the box and then attach to a corresponding 

flap. The hole on the bottom of the electronics box would also be used in order to run a lead wire 

to connect to the end of the muscle wire attached to a flap. This is necessary because the muscle 

wire requires the voltage and current to be connected at both end points. The top hole in the 

electronics box is where the wires from the photodiodes would enter. Due to the electronics box 

containing electronic equipment that would malfunction if in contact with water the outside and 

inside of the box will have to be coated with a water resistant substance. The hole in which the 

wires run will also have to be filled with such substance. The method used to protect the 

electronics box from having water enter it was to coat the box with a water sealant type epoxy. 

The water sealant chosen would be applied with paint brush. In order for the water sealant to 

properly adhere to the surface it was necessary to rough up the box surface with sand paper. See 

appendix A for a diagram of the box. 

2.1.3 Flap Design 

The flaps that would contract and push had to be designed in a way that would expel the 

water from inside the umbrella shaped cavity efficiently whilst accommodating the unique 

propulsion system chosen. The bottom flaps and top flaps were designed to have flat surfaces 

that would allow a corrosion resistant hinge to connect them. Additionally, the outside of the 

both the bottom and top flaps had a knob extending from the surface where a restoring force 

could be attached. The bottom flaps required a panel extending from the inner surface in order 

for the muscle wire to attach to them and stay taught. For the muscle wire to stay taught the 

panels extending from the flaps were drilled and a screw was put through them. The muscle wire 

would enter this screw hole and then the screw would be screwed in to keep the wire tight. To 

determine where the panels would be placed on the flap a single initial flap was created that had 

panels at different locations. One panel was close to the bottom of flap while the other was 

towards the flat edge used to connect the flaps. The varying displacement of the flap was tested 
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using the two different panels. The final piece had two panels at optimal locations, both closer to 

the flat edge than the bottom, based off the testing. See appendix A for diagram. 

3. Manufacturing     
The initial thinking of how to manufacture the jellyfish components was to buy stock of 

polypropylene and use a computer numerical control (CNC) machine to build the pieces. 

Polypropylene would have been a good material to use because it will not allow water to 

permeate it and it is hard. However, due to the complex geometry of the jellyfish components it 

would have been extremely difficult, if not near impossible to CNC the pieces. To make it 

possible to CNC the components certain aspects of the pieces would have to be removed and the 

system in total would have to be toned down. In order to be able to manufacture the pieces with 

the ideal design a different type of system had to be used to machine the jellyfish components. 

The way chosen to machine the pieces was to use a 3D printing machine, a method similar to 

rapid prototyping. The 3D printing machine used by the group can be seen below in figure 4. 

 

Figure 4: 3D Printing Machine 

Source: Dimension Printing ï 3D Printers 
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Pieces created from a 3D printing machine are built one layer at a time from the bottom to 

the top. Depending how the piece is oriented when a file is imported into the machine the bottom 

can vary. Generally the piece is oriented in a way that will require the least amount of support 

material to be used while building the piece. The material used for the actual piece is 

acrylonitrile butadiene styrene (ABS) plastic and the support material is simply a material that 

will dissolve away when the piece it soaked in a base. The software the part file is imported into 

determines where support structures are necessary and provides a path for the machine to follow 

while building the part, depending on the orientation the user designates [7]. 

The way the ABS material is deposited is a cartridge of ABS is filament form is ñfed into an 

extrusion head, heated to a semi-liquid stateò [7] and then deposited layer by layer by an 

extrusion head. Each layer of the ABS material is thin and can be accurately sprayed for layers as 

thin as .007 inches. Once a part is completed it can be sanded, milled, tapped, painted and 

electro-plated [7].  ABS plastic is not quite as good at preventing water from penetrating it as 

polypropylene, but it is sufficient and in sensitive places the pieces can be coated for further 

protection. Polypropylene has a water absorption percent of 0.00-1.00% while ABS has 0.05-

2.30% [9]. ABS is also rigid and tough enough for the application required. ñDimension parts 

built in ABS have been used for functional and field tests ï from wind tunnel testing to camera 

mounts on a M2 Bradley tank and spray gun running at 60 psiò[7].  

All in all using the 3D printer was a logical choice. It allowed the design to be catered to this 

machine rather than a CNC machine, which meant a more complex piece that had optimal 

features, could be created. An additional advantage is that while still not entirely inexpensive, 

$5in3, it is a cheaper alternative to ordering stock of a material and paying to have it machined. 

If the piece was less complicated machinists might not have been needed to create it, but with the 

knowledge of CNC machines between the group members and such complicated pieces a 

machinist with more knowledge would have been required. 

The components of the jellyfish were all created using the 3D printer. The rigid top, 

electronics box and top, and 6 bottom flaps. The pieces created were overall satisfactory. A slight 

problem with the finished products was that the hole placement on the pieces was a little off in 

some cases. This problem was easily remedied as the material is fairly soft and easy to add new 

holes too. In the cases in which new holes were added the old holes were not in placed in a way 

that would cause issues and allow water to enter the electronics box or disrupt the device in any 
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other way. Once the new holes were added the electronics box top fit on top of the electronics 

box and screwed in well, and those two pieces combined fit snugly inside the rigid top. 

4. Buoyancy 
An important aspect of the jellyfish that had to be considered was its buoyancy. The jellyfish 

had to be neutrally buoyant. This was required because if the jellyfish was too heavy it would 

sink and if it was too light it would rise to the waterôs surface. While those two possibilities are 

the extremes and considering the fact that it will not be perfectly buoyant the jellyfish would 

have to be either a little heavy or light. It would be preferable if the jellyfish was a little light so 

that the propulsion and ballast system would not have to work against the jellyfish slowly 

sinking while attempting to reach the surface.  

Once it was decided that 3D printing was the method of choice and ABS plastic would be 

used some preliminary calculations using equation 1 below were made regarding the buoyancy 

of the system. Information about the weight of electronics in the jellyfish would also have to be 

known for the initial calculations. The simple calculation made to determine the buoyancy of the 

system is: 

Equation 1: ὡὩὭὫὬὸὌ20 = ὓὥὸὩὶὭὥὰ ὈὩὲίὭὸώ ὡὥὸὩὶ ὈὩὲίὭὸώ ὓzὥὸὩὶὭὥὰ ὠέὰόάὩ 

This calculation would be made for each piece in the system and the total weight in H20 would 

be added in order to find the total weight of the entire system in water. If the total weight in 

water was negative then the craft would rise. These calculations will only provide a general 

knowledge of whether the craft is too heavy or light and if weight or foam will need to be added. 

The system would need to be tested to fully determine the buoyancy. The density value of ABS 

plastic used for the calculations was equal to .038 lb/in
3
 [9]. This value is close to that of water 

which is equal to .036 lb/in
3
. One of the primary reasons the craft will need to be tested is that 

the given value for the ABS plastic is an average value for the density. 



10 
 

Table 1: Buoyancy Calculator 

 

This table includes all of the mechanical jellyfish components, besides minute devices such 

as screws, and excludes the electrical devices. Since it would be an unnecessary risk to test the 

buoyancy of the craft with all of the electrical components inside the electrical pieces were 

weighed and this weight was added to the electronics box.  

5. Propulsion System 
The propulsion system was, from the start, the main focus and one of the key challenges in 

designing a mechanical autonomous jellyfish. The primary objective was to create a unique 

mechanism by which the craft would propel through the water slowly and using very little 

power. The propulsion system was to be original, and ideally, would closely resemble the 

motions and fluid dynamics of a real jellyfish. Research was conducted on the fluid dynamics of 

a jellyfish to gain understanding about its motion and the forces involved in propelling it through 

the water. Several ideas for the propulsion system were explored. 

Initial sketches called for small mechanical actuators to cause fins surrounding the edge of 

the bowl-frame to contract quickly and then slowly release. However, this was decided to be too 

similar to what the AquaJelly utilized, and not as realistic to the motion of a true jellyfish as 

could possibly be achieved. Using mechanical actuators, whilst easier to implement than perhaps 

anything else, would not adequately demonstrate creativity and innovation in designing a unique 
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propulsion system.  Some other more technologically advanced option would be much more 

appealing.   

The possibility of using electroactive polymers or EAPs, was an enticing alternative. 

EAPs are special materials which react to changes in voltage across them with a change in shape, 

the displacement of which being proportional to the applied voltage. By varying the voltage, one 

can carefully control the degree and the speed at which the material changes shape. Figure 5 

below depicts an electroactive polymer in the process of deforming to a shape that is similar to a 

jellyfish contracting its bell. 

 

 

Figure 5: EAP Actuating in Jellyfish Propulsion Shape 

Source: WorldWide Electroactive Polymer Actuators 

 However, EAPs currently come with two disadvantages. One disadvantage is that they 

are not readily commercially available and therefore they are expensive. However given no other 

option, funding could have possibly been found to cover the costs of using EAPs. The other 

disadvantage is that the range of response times of the EAPs, though to an extent proportional to 

the applied voltage, is too small. That is to say, the EAPs move at roughly the same speed across 

small changes in voltage. Though the jellyfish would still move through the water, it would not 

likely create the signature vortices of a pulsing bell-shape as previously described. Furthermore, 

it would likely be very inefficient. Even without applying great voltages to increase response 

time, the EAPs require continuous supply of electricity throughout their deformation. Therefore a 

different kind of special material was selected to be responsible for the jellyôs propulsion. 
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Specifically, shape memory alloys or SMAs, commonly called muscle wire, was the material of 

choice.        

5.1 Muscle Wire 

In accordance with the goal of making the mechanical jellyfish move similarly to a real 

jellyfish, the propulsion method chosen for causing the characteristic contraction and relaxation 

of the shell membrane, involved the use of a wire composed of the shape memory alloy, nitinol, 

colloquially known as muscle wire. The nickel-titanium material responds to an applied current 

with a sudden change in length or shape. When the current is not applied, the material slowly 

returns to its original length and shape as it cools. The key advantages of muscle wire as the 

driver of the jellyôs propulsion are that it is inexpensive and that its dynamics are similar to that 

of a live jellyfish. To that end, the muscle wire with its fast contraction and slow relaxation 

seems to mimic closely the fast pulsing and slow relaxation of a jellyfishôs membrane. Samples 

of different diameters of muscle wire were obtained in order to experiment with their contraction 

and relaxation times. The relaxation time, which is a key disadvantage of muscle wire, is 

proportional to the temperature of the environment. This was predicted to be much less of a 

problem in the ocean environment for which the jellyfish was intended. 

The muscle wire was available in many different diameters, with each having a unique 

maximum pull-strength, response time, and voltage requirement. Thus, sample pieces of wires of 

various diameters were obtained and an experiment devised, to determine the optimal selection. 

Five sizes were selected: .005 LT, 0.01 LT, 0.01 HT, 0.012 LT, and 0.015 LT. Note that LT 

stands for low temperature and HT for high temperature.  

The experiment consisted of a variable voltage supply with leads attached to the ends of a 

length of wire. Sensors measuring the force and voltage were connected to the wire and logged 

using a computer.  The following is a description of some of the data and observations gathered 

as the experiments were conducted. The sought-after result was for the wire to have a short 

response time, forceful contraction, short relaxation time, and low power consumption.   

The first thing that was determined was the approximate voltage range for which the wires 

would respond. At too low a voltage, there would be a negligible response, while at too high of a 

voltage, the wire would become extremely hot. Figure 6 shows a situation where the voltage was 

too low to produce a result. Experiments showed that 2 Volts was the approximate minimum 
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voltage required to activate the wire. As expected, the thicker wire, such as the 0.015ò, required 

slightly more voltage, because the electricity required to heat the wire was greater.  

 

Figure 6: Low voltage Test 

 

  Figure 7 shows a typical result, in that case, for the 0.01ò diameter wire. The force/time 

curve shows a near linear increase of force with time at a constant voltage. Though this 

demonstrated the desired behavior of the wire, it did not produce a short enough response time. It 

took about 5 seconds for contraction and relaxation. However, the relaxation period would be 

shorter in cold ocean water, so that was not an immediate concern. The maximum voltage for the 

wire had yet to be determined at this point and so the voltage was increased.  
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Figure 7: Typical Result for 0.01ò Wire 

 

Figure 8 shows the same wire but at 5V, a higher voltage. Note that at the higher voltage 

there was a significantly faster response of the wire. The wire took less than 2 seconds to 

achieve maximum pull. Again, at the higher voltage the wire got hotter and therefore the 

relaxation time was longer. This factor was qualitatively assessed by instantly splashing 

about 200mL of water at room temperature onto the wire after it achieved maximum pull and 

the voltage switched off. The result is shown in Figure 10. At about 3.5 seconds, the wire 

started to slip, but the wire had achieved its maximum pull force. At just before 4.0 seconds, 

the water was applied. Gravity fed, the water could be modeled as forced convection which is 

not similar to the calm ocean environment. However, the ocean is much colder and therefore 

it is believed that this test was at least able to show that in the water, the cooling time for the 

wire would be significantly reduced. 
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Figure 8: 0.01ò Wire with 5V Applied Voltage 

 

A current limiter on the variable voltage supply did not allow for an effective voltage any 

higher than about 5.5V or 6V. It was believed that the case described above and shown in figure 

8 (0.01ò wire, 5.5V) was satisfactory; however, there was an interest in discovering what would 

happen at higher voltages. To get around the problem of the current limiter on the power supply, 

a 9V battery was used instead. The thickest wire, 0.015ò diameter, was used. The result is shown 

in figure 9. The wire took roughly half of a second to reach its maximum pull force; however, the 

relaxation time of the wire became enormous. Of course, under water this time would be 

shortened but not enough in all likelihood. The larger problem was that the experiment nearly 

drained the battery. The power requirements of instantly bringing the 0.015ò diameter wire to a 

high temperature were too great. Upon considering the power requirements and other factors, the 

0.01ò diameter wire was selected. 

 



16 
 

 

Figure 9: 9V Battery Test On 0.015ò Wire 

 

 There were several reasons for choosing the 0.01ò diameter wire. As expected, the 

thinner the wire, the faster the response and relaxation. Therefore choosing a relatively thin wire 

was an obvious choice.  The 0.01ò diameter wire was the second thinnest option. The thinnest 

wire was not chosen, nor was it even tested. The thinnest wire had a 0.005ò diameter and was so 

thin, that it was very difficult to work with. Also, thinness came at the cost of pull strength. For 

these reasons and considerations, the 0.01ò diameter wire was selected.  
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Figure 10: 0.01ò Wire Water-Cooled 

 

 Having selected to use the 0.01ò diameter wire, a sufficient amount of the wire was 

ordered. Experiments were done to determine the best configuration of the wire to gain the 

maximum displacement of the flap. The key factor was removing the slack from the wire before 

contraction so that the maximum contraction would translate to the flap. A restoring force was 

thought to be able to keep the wire taught, however, the presence of a restoring force reduced the 

maximum displacement. In Figure 11, the rubber band is the restoring force. A way to amplify 

the displacement of the flab was to connect the wire to different places on the flap. The closer the 

wire was connected to the hinge, the greater the displacement.  


