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This thesis concerns the design, construction, control, and testing of a novel self-

contained soft robotic vehicle; the JenniFish is a free-swimming jellyfish-like soft robot 

that could be adapted for a variety of uses, including: low frequency, low power sensing 

applications; swarm robotics; a STEM classroom learning resource; etc. The final vehicle 

design contains eight PneuNet-type actuators radially situated around a 3D printed 

electronics canister. These propel the vehicle when inflated with water from its 

surroundings by impeller pumps; since the actuators are connected in two neighboring 

groups of four, the JenniFish has bi-directional movement capabilities. Imbedded 

resistive flex sensors provide actuator position to the vehicleôs PD controller. Other 

onboard sensors include an IMU and an external temperature sensor. Quantitative 

constrained load cell tests, both in-line and bending, as well as qualitative free-swimming 

video tests were conducted to find baseline vehicle performance capabilities. Collected 

metrics compare well with existing robotic jellyfish.
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1 INTRODUCTION

 
Fig. 1. The JenniFish during ocean testing off Delray Beach, FL. 

This thesis work was started during the fall 2015 semester and pertains to the design, 

fabrication, control, and testing of a free-swimming soft robot (Fig. 1). Christened the 

JenniFish, this vehicle was first conceived as an eventual solution in low frequency, low 

power sensing applications. Current options for low power marine monitoring devices, 

such as gliders and various deployable buoy systems, provide researchers with much 

needed ocean data. Fresh water monitoring systems help maintain the health of natural 

and man-made resources such as lakes, rivers, water treatment plants, and aquatic fitness 

centers. Properly adapted, the JenniFish could be a small, cost-effective addition to 

current choices in both of these markets. Since its inception, the possible uses for future 

JenniFish iterations have grown beyond water quality monitoring; one day they could be 

implemented in swarm robotics or used as a STEM classroom learning resource (Fig. 2). 
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Most importantly, as soft robotics is a relatively new research field, the full potential of 

soft robotic vehicles is still being discovered. Hopefully, this thesis work will help 

contribute to the development of other novel soft robotic platforms. 

 
Fig. 2. JenniFish are relatively easy and affordable to manufacture. 

1.1 Goals and Objectives 

The purpose of this thesis project was to create a novel soft robotics platform. The 

goal was to design, build, and test a self-contained proof of concept robot. Its two main 

objectives were: (1) to implement a modified form of soft actuation to mimic an 

underwater propulsion method seen in nature and (2) then to test its capabilities, both 

qualitatively and quantitatively, for comparison to other propulsive methods used in 

similar systems. 

1.2 Literature Review 

A literature review was conducted to facilitate vehicle design, construction, and 

testing. It focused largely on how to (1) utilize current soft robotics knowledge, 

especially prior research into PneuNet actuator geometry/design, (2) achieve similar 
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swimming characteristics exhibited by a jellyfish, and (3) employ prior research done 

regarding the optimum size, shape, etc. chosen for existing robotic jellyfish. 

1.2.1 Soft Robotics and PneuNet Actuators 

Soft robotics was the chosen research area for this thesis work because it is a 

relatively new field with ample undiscovered potential. Much of this fieldôs initial 

motivation centered on applications involving humans in close proximity to machines; 

the compliant-material nature of soft robots lessens the difference in elastic modulus, and 

often weight, between humans and robots, helping abate the robotôs inherent ability to 

cause injury through contact [1]. This provides an additional advantage of reducing the 

amount of computing power required to maintain safe human-robot interaction and opens 

up numerous opportunities in wearable industries [2]. Researchers have also realized that 

compliant materials can make abstruse tasks become more viable because they require 

less complex control to accomplish delicate maneuvers, leading to significant work being 

done in areas involving grasping and other assistive gestures [3]. Furthermore, as 

researchers widen their focus, soft robotics is pushing the envelope in biomimicry [4]. 

Customarily, rigid robots do not enjoy the same kinematic freedom as soft robots [5]. 

Complex natural movements, such as those attained by animal muscles and marine life, 

are now starting to be imitated by soft robotic actuation [6]. Soft robots are successfully 

maneuvering through difficult terrain and obstacles, such as tight spaces, that challenge 

less materially diverse machines [1]. These great accomplishments are made possible by 

the multitude of soft actuation methods in existence today. 

The number and type of soft actuation methods available today encompasses a 

diverse selection. Some of this selection includes: fiber-reinforced (McKibben-type) and 
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PneuNet-type ópneumatic muscleô actuators, dielectric elastomer actuators (DEA), and 

ionic polymer metal composites (IPMC) [1]. Significant progress has been seen since the 

first usage and testing of artificial muscle actuators [7]. Utilization of the many soft 

actuation methods will continue to improve as new modeling and control protocols are 

created [8]. More efficient and cost effective production methods combined with user-

friendly interfaces will help to further increase the popularity of soft robotics [9]. This 

research, which focuses on modifying pneumatic network (PneuNet) type actuators to 

simulate the underwater propulsion style emblematic of jellyfish, will hopefully 

contribute to such advances. 

As a fundamental type of soft actuators, PneuNets have proven to be very 

versatile and propitious. Developed and publicized by Harvard Universityôs Whitesides 

Research Group, flexible pneumatic network actuators display relatively fast actuation 

times and perform well when tasked with bending mechanics such as grasping [10]. They 

consist of one or more elastomeric materials, have a protractile top layer, a reinforced 

inextensible bottom layer, and internal networks for fluid distribution [10]. A 

combination of geometry and material properties dictate these actuatorsô range and 

variety of motion, so intended implementation is of primary consideration during design. 

Lamentably, predictive simulation of this actuator can be very complex due to the elastic 

nature of the actuators and the hard-to-characterize actuation medium flow; sometimes, 

trial and error is the most reliable design tool [10]. Fortunately, PneuNets and other types 

of soft actuation have been tested in underwater designs. 

Soft Robotics has been seen applied to mimic swimming propulsion seen in 

nature. Fiber-reinforced bending actuators have been applied to reproduce undulating and 
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jetting propulsive methods seen in marine species such as Manta rays [11]. Octopus-like 

grasping was achieved by a semi-soft robot with silicone encased tentacles [12]. The 

flipper-like leg motions of a sea turtle were mimicked with a smart soft composite 

structure that incorporated shape memory alloy technology [13]. The PneuNet actuator 

type has been applied to underwater propulsion to mimic the wriggling motion of fish 

[14]. However, the author is not aware of PneuNets having been applied to mimic 

Jellyfish movement despite numerous other type of actuation methods having been 

employed in robotic jellyfish designs (see section 1.2.3). For this reason, among others, it 

was chosen as the basis for actuation in this research. 

1.2.2 Jellyfish Swimming Characteristics 

Portraying jellyfish propulsion accurately was of primary interest in this thesis 

work, so several theories were investigated to gain a general understanding of how 

jellyfish swim. It is commonly accepted that many jellyfish species use jet propulsion to 

generate thrust; however, it is not the only useful thrust generating mechanism despite 

some contest [15]. Jellyfish propulsion has been linked to bell shape and can be separated 

into two categories: jetting and rowing [16]. Jetting, witnessed in oblate medusae, is 

considered to be the faster of the two propulsion methods [16]. The slower rowing, or 

paddling, method, observed in oblates, is considered to be drag-based and contributed to 

the generation of vortices [16]. According to relatively recent research, jellyfish 

propulsion is enhanced by passive energy recapture [17]. Jellyfish have been reclassified 

as very efficient swimmers, especially since the definition of an energy consumption 

coefficient independent of body size [18]. Interestingly, it has also been suggested that 

swimming propulsion, including the type exhibited by jellyfish, is actually suction-based 
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[19]. This analysis in conjunction with the exploration of current robotic jellyfish systems 

was considered when debating different methods of actuation to implement in this 

project. 

1.2.3 Existing Robotic Jellyfish 

Past research has applied several methods of actuation to mimic the appearance, 

motion, and underwater propulsion methods seen in jellyfish species, most commonly the 

A. victoria and A. aurita jellyfish species. Papers were read on the following methods: 

shape memory alloys (SMAs) [20] [21] [22], hydrogen-fuel-powered SMA [23], ionic 

polymer metal composites (IPMCs) [24] [25] [26], engineered tissue [27], 

electromagnetic actuation (EMA) [28], tension-spring mechanisms [29], and iris 

mechanisms [30]. Conclusions made by these researchers were considered while 

designing the JenniFish. 

Regard was given to past designs for their experience optimizing robot attributes, 

such as size, number of actuators, etc. Scaling was considered to be an important factor in 

many of the robotic jellyfish designs. The Robojelly has a bell diameter of 164mm, and 

the A. aurita species can be as large as 260mm [20]. Actuator placement was also given 

attention in most designs. Both the Robojelly and the IPMC vehicle used eight actuators 

extending radially outward, because this was found to most accurately mimic jellyfish 

bell contraction [20]. Furthermore, this type of actuator placement was determined to 

mimic the more efficient but slower form of jellyfish locomotion known as ñrowingò 

[24]. Prior research also determined that passive flap inclusion increased swimming 

efficiency [20]. Moreover, it was found that a segmented flap design was the most 
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proficient [20]. The literature review on robotic jellyfish also revealed common tabulated 

vehicle characteristics. 

Common metrics for comparison included: swimming speed, proficiency, thrust 

force, and power consumption. The swimming speed of A. victoria jellyfish averages 20 

mms-1 [22]. Comparatively, the study done on a robotic jellyfish with four IPMC 

actuators reported an average swimming speed of 0.77 mms-1 which nearly doubled upon 

the addition of four more IPMC actuators to 1.5mms-1 [22]. A. aurita jellyfish attain a 

0.25s-1 proficiency whereas Robojelly attained a 0.19s-1 proficiency [20]. Past research 

was also very valuable in determining the types of testing procedures that should be used. 

Two methods of determining thrust production were seen during literature review. 

The first involved theoretical modeling based on experimental measurements [20]. The 

second involved exact thrust force measurement via load cell testing [24]. Virginia Tech 

reported the average thrust produced by different configuration of its shape memory alloy 

actuated robotic jellyfish (Robojelly); the configuration including a segmented bell with 

flap produced a maximum average thrust of 3.90mN [20]. Without a segmented bell but 

still including a passive flap, the maximum average thrust reported was 1.80mN [20]. 

Power consumption varied depending on the biomimetic jellyfish system, from as little as 

1.14W to as much as 17W. Also, the effects of implementing a control method on 

Robojelly performance, including thrust production and power consumption, were 

examined [31]. 
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2 VEHICLE DESIGN

After completing a literature review, several design hypotheses were formed and 

used to construct a vehicle body model in SolidWorks. Then, the SolidWorks Mold Tools 

Toolbox was used to generate a three-part mold. This mold was 3D printed and used to 

make a preliminary vehicle body for design verification. Following preliminary testing, 

improvements were made to the vehicleôs body and modifications were made to 

accommodate vehicle electronics in Revision #1. After both constrained and free-

swimming tests were conducted on Revision #1, a final set of design upgrades were 

made. Revision #2 was the last vehicle design that the scope of this thesis warranted. The 

following sections provide more details regarding each of these three design stages. 

2.1 Preliminary Design 

 
Fig. 3. Views of the preliminary SolidWorks model. 

The SolidWorks model views in Fig. 3 display the Preliminary JenniFish Design. 

This model reflects several major design considerations, including: vehicle size, actuator 
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type, actuator number, actuator placement, actuator size, and cavity dimensioning. These 

choices were made based on prior work regarding biomimetic jellyfish-like vehicles and 

PneuNet actuators. Many vehicle attributes, including the JenniFishôs maximum 

diameter, were desired to be on the same scale as prior research and actual jellyfish. For 

this reason, an initial total diameter of 180mm (including flap) was chosen. Prior research 

provided evidence supporting passive flap inclusion and segmentation. Therefore, the 

material that connects the eight actuators was extended slightly beyond the length of the 

actuators and only partial testing was conducted without flap segmentation. Bell diameter 

was used as a reference when determining actuator length. Previous studies using linear 

actuation methods influenced the decision to use eight actuators with a radial placement 

pattern. When designing actuator shape, existing knowledge on PneuNet architecture was 

utilized. 

One of this thesisô objectives was to implement a modified form of soft actuation to 

mimic an underwater propulsion method seen in nature. Actuators tested by the 

Whitesides Research Group were uniform in width and bent equally along their length 

[10]. It was hypothesized that using an oblong-shaped actuator, rather than a rectangular-

shaped one, would produce less curvature at the actuator ends. Reduced bending at the 

actuator tips would better mimic actual jellyfish bell shape and swimming motions, 

theoretically enhancing their propulsive characteristics underwater. The desire to mimic 

two other jellyfish characteristics, passive relaxation and neutral buoyancy, facilitated the 

selection of actuation medium, actuation method, and body material. 

Many of the design aspects are interrelated including actuation medium, actuation 

method, and body material. PneuNet actuators relax passively due to their elasticity, 



10 

which accurately mimics Jellyfish relaxation [20]. As jellyfish are neutrally buoyant 

creatures, water was the desired actuation medium of the JenniFish [20]. Body material 

selection directly effects elasticity, buoyancy, and cavity dimensioning. These factors 

combined with practical concerns of availability and ease of use made Ecoflex 00-30 

reinforced with paper an advantageous choice. The performance of the materials detailed 

in ñPneumatic Networks for Soft Robotics that Actuate Rapidlyò as well as classmate 

fabrication experience with 3D printer tolerance and soft materials were considered when 

assigning cavity dimensions [10]. The preliminary design was fabricated and wave tank 

tested (Fig. 4) to verify the many design and fabrication hypotheses made. 

 
Fig. 4. Preliminary design verification. 

2.2 Revision #1 Design 

After experiencing the preliminary construction process and conducting 

preliminary wave tank tests to ensure the design was feasible, it was concluded that the 

basic design would work. Since the fundamental design was confirmed, the bulk of 

Revision #1 Design focused on making the JenniFish self-contained and capable of two-

sided actuation. First, final details regarding actuation method were decided. Water was 

the desired actuation medium due to buoyancy, but it was not immediately apparent if the 
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water source should be contained or external. It was determined that impeller pumps 

would reasonably portray the passive relaxation seen in jellyfish, conveniently remove 

any need for valves (thus reducing electronic complexity and space requirements), and 

keep system power consumption to a minimum. Basic characterization of pump 

requirements associated with the preliminary design were determined during testing. 

Thus when inexpensive, commercially available self-priming submersible impeller 

pumps were found capable of meeting minimum performance requirements, using an 

external water source became the favored design choice. 

Impeller pumps fill the JenniFish actuators when powered and let water vent to the 

surroundings when not powered. The simplistic nature of this design helps reduce vehicle 

cost and logistics; since only a proof of concept vehicle was within the scope of this 

thesis, concerns for long-term vehicle maintenance and usage associated with an external 

water source, like bio-fouling and corrosion, were less important. Future iterations might 

be able to utilize the actuation means as a way to sample water quality monitoring or they 

could be adapted to use a contained water source for actuation. The volume and fill rates 

of the current system could be used to design alternative systems if deemed necessary. 

 
Fig. 5. Pump selected for use in this project and its measured performance. 
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Fig. 5 contains a simple graph of the chosen pumpsô performance during testing. 

After pump selection, it was determined that most of the central fluid chamber present in 

the preliminary design should be replaced by a void space. This space was then allocated 

for the electronics housing to fill. Ideally, the JenniFish would have two-sided actuation 

controlled by position feedback, which gave rise to the idea of imbedded resistive flex 

sensors. Then, fluid distribution was divided in two, creating separate fluid chambers 

each connecting to four adjacent actuators. This was designed to allow for two-sided 

actuation, theoretically providing the JenniFish with directional control. The author has 

not seen this in other studies. An external temperature sensor was also necessitated at this 

point in the design phase as a way to facilitate water quality monitoring. 

Other minor modifications to both the preliminary model and mold were 

implemented in the first design revision as well. Table 1 summarizes mold dimensions 

for the first revision. The max diameter was increased from 180mm to 210mm after 

experimentally determining that the passive flap could be larger (bell diameter of 160mm 

remained constant between iterations); this was done despite it making the JenniFishôs 

flap percentage larger than that found in natural A. aurita and the Robojelly [20]. 

Considering pump selection, the fluid distribution channels were increased in width by 

1mm with the intention of reducing required inflation pressure and thereby the time 

required to fully actuate the JenniFish. Also, space for pump hoses and sensor wires were 

accounted for in revision #1. Finally, mold tolerance issues were addressed after 

experimenting with the available 3D printer, culminating in the following SolidWorks 

model seen in Fig. 6. The hidden lines view shows the network of channels inside the 

JenniFish, with the wider middle channel being for fluid distribution. 
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Table 1. Summary of revision #1 mold dimensions in millimeters. 

Fluid Chambers 2.50 wide x 14.5 tall 

Distribution Channels 5.00 wide x 4.00 tall 

Walls 2.25 thick 

Ceiling 3.25 thick 

Bottom 2.25 thick 

Maximum Diameter 210 

 

 
Fig. 6. Views of Revision #1 SolidWorks model.  

After several failed 3D printable electronics can designs (including a vacuum seal 

idea and screws through the Plexiglas top) a 3D printable mason-jar-style electronics 

housing was designed in SolidWorks to fill the middle of the revised JenniFish design. 

An O-ring groove and O-ring help make a water-tight seal with the 66.5mm diameter 

circular Plexiglas top that is held down by a top that is threaded onto the canister. To be 

free-swimming, the JenniFishôs battery and motherboard had to fit inside the housing. A 

custom electronics design was completed based on pump voltage requirements, housing 
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space constraints, price, and availability. Additionally, a magnetic and visual interface 

was devised so that limited communication with the vehicle could be accomplished 

without opening its electronics canister. For more details, refer to the vehicle control 

section. 

Paper was used to reinforce the bottom layer in the preliminary design, and, 

because it worked, the author did not try alternative reinforcement material, such as 

polyester fabric. Concerns regarding the anisotropic weave of certain fabrics made it too 

risky to implement in the first revision due to time constraints. A small test PneuNet 

actuator was fabricated with polyester bottom reinforcement because it was hypothesized 

that the fabric would be a more durable reinforcement since the paper was prone to 

ripping inside of the cast silicone. Preliminary testing produced positive results, so 

polyester fabric was used in Revision #2. Upon completion (see Fig. 7), Revision #1 had 

a dry weight of 380g (plus or minus 5.67g) and a 160mm contracted diameter, which is 

approximately 24% contraction compared to the 50% contraction seen in A. aurita 

species. It has two Spectra Symbol resistive flex sensors which were imbedded in the 

bottom flap during the fabrication process. These flex sensors significantly reduced the 

bending capabilities of the two actuators they bisected. In revision #2 this was remedied 

by removing the stiff plastic casing on the flex sensors. 

 
Fig. 7. Revision #1 freely swimming in lab aquarium tank. 
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2.3 Revision #2 (Final) Design 

Polyester bottom reinforcement and uncased flex sensors were successfully 

implemented in the final design iteration. Apart from these two physical improvements, 

the upgrades in Revision #2 were all electronics and control based (Fig. 8). The 

motherboard was greatly enhanced with the addition of a 9 DoF IMU, onboard flash 

memory, battery voltage feedback, contacts for real-time serial communication during 

constrained testing, and repositioned light and magnetic interface sensors. A PD 

controller was implemented and tested on this iteration as well. See the vehicle control 

section for more details. 

 
Fig. 8. Revision #2 freely swimming in lab aquarium tank. 
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3 VEHICLE FABRICATION

Constructing a JenniFish involves a number of stages, including: a material and part 

ordering process, waterjetting, 3D printing, body fabrication, motherboard population, 

and a waterproofing routine. This section contains details of this process in the form of a 

How-To guide. It has been ordered in list format for simplicity, but asterisks denote 

stages that can be done simultaneously. 

3.1 Ordering 

Table 2. Itemized JenniFish parts list. 

Item Details Vendor Quantity  Price 

Fafada Water 

Pumps 

DC, Mini Submersible, 

120L/H Max Lift 3.6ft 
eBay 2 $1.99 

Buna-N O-ring 
036, 70A Durometer, 2-3/8" 

ID, 2-1/2" OD, 1/16" width 
Amazon 1 $0.15 

Ecoflex 00-30 400mL cartridge (1.0lb net) 

Reynolds 

Advanced 

Materials 

1 $23.70 

Resistive Flex 

Sensors 
Spectra Symbol Amazon 2 $7.95 

PJRC Teensy 3.2 

Microcontrollers 
without pins Amazon 1 $25.95 

Plexiglas 12"x12"x1/8" True Value 1 $5.00 

Latex Tubing Grafco, 1/4" ID, 3/8" OD, 1' Amazon 1 $0.60 

Clear RTV 

Silicone 
Permatex, 3oz Amazon 1 $5.72 

Motherboard Rev. 

2 

Including Parts (IMU, 

Flash, temperature, 9V, 

wires, etc.) 

Advanced 

Circuits 
1 $110.00 

Extras 

3-D printing material, 

epoxy resin, foam, electrical 

tape, magnet, polyester 

fabric, etc. 

various 1 $9.00 

Total $200.00 
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This stage should be done first, as it helps organize the builder and his or her 

timeline; product lead time can help to decide the next build step. The COTS components 

required for the JenniFish, in addition to possible vendors and approximate price, are 

included in Table 2. 

3.2 Waterjetting *  

The JenniFishôs electronics canister includes a circular, 66.5mm diameter Plexiglas 

piece, which was waterjetted in the FAU Boca Raton campus machine shop. An IGES 

file was delivered to the machinist along with a 305mm x 305mm x 3.18mm Plexiglas 

sheet. A sheet of this size contains enough material to make sixteen tops. 

3.3 3D Printing*  

The JenniFish requires several 3D printed components, which have been listed in 

Table 3 along with the type of plastic and 3D printer used in current JenniFish revisions. 

Printing directives vary between machines, so make sure to check bed size limitations, 

print quality settings, and tolerance adjustments. ABS is recommended for the electronics 

canister because acetone can be used to smooth plastic surface imperfections. In general, 

the SolidWorks model file is saved as an .STL file and uploaded into a printing software 

such as Cura. A G code file is then generated and sent to the printing machine. 

Table 3. 3D printed JenniFish components 

Item Printer  Plastic Quantity  

Bottom Mold Piece Ultimaker 2 PLA 1 

Bottom Mold Disk Ultimaker 2 PLA 1 

Top Mold Piece Ultimaker 2 PLA 1 

Electronics Can Axiom AirWolf  ABS 1 

Electronics Can 

Top 
Axiom AirWolf  ABS 1 

In-line L.C. Mount Axiom AirWolf  ABS 1 

Bending L.C. 

Mount 
Axiom AirWolf  ABS 1 
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3.4 Body Fabrication**  

Body fabrication is a multi-stage process that involves layering Ecoflex-0030, 

reinforcement material, and any sensors that get imbedded in the body. For this stage 

access to a desiccator is required. Be sure to wear the proper personal protective 

equipment, such as gloves and eye glasses, when working with chemicals. The following 

list walks through the fabrication process. 

1) Make stencil out of cardboard (or similarly stiff material) to trace actuator pattern 

onto bottom reinforcement, in this case polyester fabric. Be sure to use the true 

size of the pattern to make a stencil like that shown in Fig. 9. 

 
Fig. 9. Bottom reinforcement should have this shapeôs outline. 

  
Fig. 10. SolidWorks model of three-part mold. 
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2) After 3D printing the three-part mold model (Fig. 10), make sure that the mold 

sections are smooth and free of surface defects. Sand the mold surfaces and 

lightly wipe with acetone if printed out of ABS. Ascertain that sensor slots were 

printed the appropriate size; if not, sand the edges until sensors fit well. The 

yellow (A) and pink (B) molds are put together and filled with Ecoflex separately 

from the purple (C) mold. Depending on printer tolerance, Ecoflex may leak out 

of the mold before curing. To prevent this, hot glue is applied along the bottom 

intersection of A and B. Spray all three mold parts (A, B, C) with a mold release, 

such as Ease Release 200. Be sure to allow appropriate drying time (about 20 

minutes). Finally, prepare all sensors to be imbedded. Check to see that they are 

functioning and, if desired, remove any stiff casings (Fig. 11). 

 
Fig. 11. Glue molds together (left), spray molds (middle), remove casing (right). 

3) After the bottom reinforcement, sensors, and molds are ready, Ecoflex is 

measured, mixed, de-gassed, and poured. Ecoflex is a two-part formula that cures 

only when the components are mixed in a 1:1 ratio. Thoroughly mix the 

containers of Ecoflex and then measure out 100 mL of each Ecoflex part into 

separate cups. Next, pour the two parts together into a larger, around 400mL, 

container. Stir for at least one minute and put container into a de-gassing chamber 
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(Fig. 12). De-gas until no bubbles appear on the mixtureôs surface (approximately 

5 minutes). 

 
Fig. 12. Mix a 1:1 ratio of Ecoflex (left) and then de-gas (right). 

4) Coat the bottom mold (C) with a thin layer of de-gassed Ecoflex. Place the bottom 

reinforcement on top of this layer. Pour additional Ecoflex only where sensors are 

to be added. Place sensors appropriate side up onto the extra Ecoflex. Finally, add 

another thin layer of Ecoflex over the sensors. Fill the previously hot-glued 

together tops molds (A and B) to the brim with Ecoflex. This process should use 

most, if not all, of the Ecoflex (Fig. 13). 

 
Fig. 13. Intermediate pouring (left) and molds after being filled (right). 

5) Wait until the two separate pieces have cured (about 24 hours). Then, remove the 

hot-glue connecting the two top molds and peel them apart. Do not de-mold part 

(C). After the top silicone piece is de-molded, mix another 20mL total of Ecoflex 

in the same way as done in step 4. Then thinly coat the top of (C) with Ecoflex 

mixture. Carefully line up the top silicone piece with the bottom reinforcement 
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and lightly tap on the top of the silicone piece to ascertain contact with the wet 

Ecoflex. When the additional layer of Ecoflex cures, it will securely connect the 

two silicone pieces together, completing body fabrication (Fig. 14). 

 
Fig. 14. De-molded top (left) and connected top and bottom pieces (right). 

3.5 Motherboard Population**  

Upon delivery, the motherboard will need to be tested and then populated with the 

Teensy microcontroller and all other components (LEDs, capacitors, resistors, flash 

memory chip, etc.). All soldering was done in the electronics lab under the guidance of its 

staff members Ed Henderson and John Kielbasa. Most of the motherboard components 

are surface mount parts, with the exception of the IMU which requires reflow soldering. 

The JenniFish electronics parts list and schematics are used to inform proper part 

placement. Be sure to match the board revision to the revision listed on the parts list and 

schematics. 

3.6 Waterproofing Routine 

This stage involves putting all of the previously constructed JenniFish parts together. 

Due to Silicone and Epoxy cure times, budget several days of time before scheduling 

tests.  Be sure to work in a well ventilated area when using RTV silicone and epoxy. Let 

the following steps serve as a guide during this fabrication stage (Fig. 15). 
































































































































































































