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Abstract 

Eripio is a highly maneuverable and powerful work class Remotely Operated Vehicle (ROV) designed 

to meet the needs of two separate competitions.  An additional goal was to design and build durable critical 

components that are reusable on future ROVs. Taking inspiration from various professional ROVs, Eripio 

exhibits exemplary maneuverability and manipulations that are ideal for the tasks at hand. 

A box frame constructed of high density polyethylene (HDPE) forms the main chassis.  Eripio has two 

thrusters per axis that provide six degrees of translational freedom and precise rotational control.  Two 

manipulators provide excellent versatility to accomplish a variety of tasks required of an intervention ROV.  

The 40 psi pneumatic system and regulated 24 volt electrical supply will be monitored by the tether control unit 

(TCU).  This system will ensure that a full 24 V will be available to all thrusters at all times. Onboard voltage is 

reduced to 12 V for the control electronics. A poolside laptop with a custom C# program will continually poll 

for input from two joysticks and a keyboard, communicate with the ROV, and display telemetry data. 

 Ultimately, our ROV was the result of brainstorming, group discussions, and a demanding, structured 

building process.  Systems were prototyped with Computer Aided Design (CAD) and ñCardboard Aided 

Designò (mockups).  The final product is well engineered and ready for two challenging competitions. 

 

Design Rationale 

 

Frame Construction 

High Density Polyethylene (HDPE) has always been our choice for primary frame construction.  The 

material is easily machinable, cost effective and almost neutrally buoyant thanks to its 0.96 g/cm³ density.  

HDPEôs primary drawback is its relative inability to bond to a surface.  To overcome this challenge we used 

various fasteners to join parts to the main frame. Eripioôs box frame closely resembles many other professional 

grade ROVs, consisting of upper and lower decks fastened to two side panels.  Separate watertight pneumatic 

and electrical control compartments are partially integrated into the frame and provide buoyancy. 

Thrusters 

Precise control, thrust, and efficiency were the teamôs primary concerns in the design and placement of 

thrusters.  A total of six thrusters power Eripio, two on each axis.  Four custom-built J-2 thrusters power 

forward and vertical motion.  The addition of two translational z-axis thrusters at the center of gravity provides 

a full six degrees of translational motion along with rotational control. 

J-2 Thruster Design and Build 

After developing the J-1 thruster and using it for a full season, we reviewed the design and made some 

critical changes. The thruster needed to be more reliable and easier to maintain.  We determined that the thruster 

would leak if the motor and shaft were not directly centered or if there was any imbalance on the propeller. In 

order to correct any manufacturing issues, the system would need to be cut apart and completely rebuilt.   
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The two opposing shaft seals in the J-1 thruster were redesigned as a single shaft seal on the outside with 

a ceramic bearing stabilizing the rotating shaft on the inside. The bearing provides motor and shaft stability 

while eliminating vibrations in the shaft seal to prevent leaking.  

The J-2 motors are free floating and are held in place by two steel spring wrist pins.  This allows the 

shaft to auto-center off the ball bearing. The shaft seal, grease sleeve and ball bearing unit are all incorporated 

into one machined piece of Type II polyvinyl chloride (PVC). The solid stock, Type II PVC, machines and 

glues easily, allowing for versatility and precision simultaneously.  PVC threading pieces were eliminated from 

the J-2 design due to the large taper that could not provide an adequate seal.  However, one drawback of the J-2 

thrusters is that they are unable to be disassembled. 

We performed testing on many of the modules prior to full assembly. We tested the J-2 thruster units for 

performance and reliability (See Figure 2 ï J-2 Thruster Figure 2 for a CAD rendering using SolidWorks 

showing thruster design). Voltage and current were measured and a thrust profile developed in our laboratory 

test tank using LoggerPro software (See Figure 2 for the results of the forward and reverse thrust profile for the 

J-2 thruster).  A timing strobe light was used to determine actual propeller revolutions per minute (rpm) once 

submerged in the tank. Our results suggested that our original gearbox motors needed to be replaced with a 

lower rpm motor that maintained higher levels of torque. The end result was a negligible loss of rpm and better 

current draw. As a result of testing, we determined that a 750 rpm motor at 1.2 A was reduced to 600 rpm when 

submerged (80% efficient), while a 950 rpm motor at 1.6 A had its speed reduced to 660 rpm when submerged 

(70% efficient).  

 

Figure 1 - J-2 Thruster Exploded CAD Rendering 
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Figure 2 ï J-2 Thruster Thrust Profile 

 

The two translational thrusters face opposite sides, and when combined, provide an average of 8 

Newtons of thrust at 5 A, as shown in Figure 3.  The translational thrusters are built from 750gph bilge pump 

motors and a radio control aircraft turbo fan prop. These thrusters are one of our numerous custom designed and 

built components integrated into this yearôs ROV Eripio. 

 

 

Figure 3 ï Translational Thruster Thrust Profile 
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Tether 

We had three main goals for this yearôs tether: 1) neutral buoyancy, 2) flexibility, and 3) reusability.  

The custom-built tether met all of these goals.  It includes a 10 gauge, 2-conductor power line, a pneumatics 

line, an Ethernet line for communication, a composite video, shielded audio, XLR microphone line, and a 

temperature probe.  Figure 4 shows the electrical components of the ROV tether.  Buoyancy has been integrated 

into the length of the tether and enclosed in polyethylene terepthalate (PET) expandable braided sleeving.   By 

using expandable sleeving and integrating the buoyancy along the length of the tether, we have developed a 

tether that is easier and safer to handle.  As a result of the components and the innovations to the tether, we 

believe we will have a tether that will last us for the next several seasons.  Additionally, the Tether Control Unit 

(TCU), as diagrammed in Error! Reference source not found., has been constructed to provide a single point 

of interface for all connections on the tether. 

10/2 Power

Pneumatic

75 Ohm Video 

XLR Microphone 

Venner Temperature Probe

CAT5 Data Line

 

Figure 4 - ROV Tether Components 
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Figure 5 - Tether Control Unit Electrical Diagram 

Electronics and Programming 

 Eripioôs control system is based primarily on the Phidgets line of USB-based microcontrollers.  The 

main Phidgets board has eight digital inputs and outputs and eight analog inputs and a USB hub.  Phidget sensor 
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boards are used to monitor voltage and current at various points in the system, as well as to provide other 

diagnostic information.  Other Phidgets sub-boards are an 8-relay controller for pneumatics and lighting, and an 

8-servo controller to interface with the speed controllers.  Three Sabertooth dual 10 A PWM motor controllers 

regulate Eripioôs thrusters and the rotational motor of the multi-axis manipulator arm.  The electronics container 

also includes a 24 V to 12 V power converter to regulate power to the electronics boards, as well as the video 

multiplexer described below.  Figure 6 shows the electrical schematic of the electronics module, and Table 1 

shows the power requirements for the ROV. 

 With the Phidgets USB-based controllers, programming Eripio is simple.  With the Phidgets event-

based API in Microsoft C#, operating a relay or motor, or reading diagnostic information only takes one 

function call.  On the pool deck, a laptop is connected to a USB joystick for input and a USB-over-Ethernet 

extension unit connects to the main Phidget board and USB hub on Eripio.  The main program polls the joystick 

for input changes and translates these into commands to send to the Phidgets microcontrollers to operate all of 

Eripioôs functions.  Our software flow diagram is shown in Figure 7 - Software Flow Diagram.  
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Figure 7 - Software Flow Diagram 

 

ROV Maximum Power Requirements 

Description Devices mA mA Total 

Front Bar Lights 1 1500 1500 

Rear Bar Light 1 200 200 

Phidget Interface Kit 8/8/8 w/6 Port Hub 1 2000 2000 

Phidget Interface Kit 0/0/8 1 380 380 

Phidget Advanced Servo 8-Motor 1 2000 2000 

Swann Quad Video Processor 1 800 800 

LCA7700c Infra-Red Lighting 4 300 1200 

SMC SY3000 Series Relay 4 9 36 

J2 Thrustersô 4 4500 18000 

750 GPH Bilge Pump Thrusters 2 4500 9000 

 
Total 

 

35116 

35.1 Amps 

Table 1- ROV Power Requirements 

Video Control System 

 Eripio is equipped with four LCA-7700 underwater color cameras from the Lights, Camera, Action 

Corp.  These cameras have functioned flawlessly in numerous competitions. With their built in infra-red lights, 

the ROV works well in low light visibility conditions.  Three fixed cameras are positioned to provide clear 

views of the rescue skirt payload, horizontal manipulator arm, and different objects behind the ROV.  The 

fourth camera is attached to the multi axis manipulator arm to clearly show the manipulator arm no matter 

where it is positioned. The four cameras are multiplexed into a four-channel video multiplexing board 

delivering thirty-two frames per second of video per channel to the surface via a new shielded video line.   



12 

Pneumatic Control System 

The pneumatic system provides the control functions for the two manipulator arms and is housed in a 

separate watertight container.  Air is fed to the ROV by a topside air compressor and regulated to 40 psi by the 

TCU.  Four SY320 SMC relays control bi-directional pneumatic cylinders.  Working with the SMC USA 

vendor we were able to select a cassette style relay making maximum use of space, thus providing enough room 

to add additional relays in the same container if needed.  A 12-port bulkhead connection allows for the easy 

transition of pneumatic tubing from the inside to the outside of the container.  Excess air is bled off and fed 

down a snorkel tube, then through a one-way valve to prevent water from reentering the system.  Figure 8 

shows the pneumatics control diagram of Eripio. Although a pneumatic control system would not normally be 

found on a production ROV, such an arrangement directly parallels the form, function, and principles of the 

hydraulic control systems deployed on similar work class ROVs. 

 

 

Figure 8 - Pneumatics Control Diagram 

 

Manipulators 
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 Two distinctly different manipulators give the ROV the versatility to perform a wide variety of tasks.  

The multi axis manipulator arm (MAMA) can have either a vertical or a horizontal orientation, operated by a 

pneumatic rotational actuator, and can rotate a full 360 degrees about its own axis with a 5 rpm motor.  The 

MAMA is ideal for tasks such as opening hatches and turning handles.  A second arm, the horizontal axis 

manipulator arm (HAMA) can extend an additional 20 cm from the main body with a pneumatic piston, 

enabling the ROV to extend without having to change positions.  Both arms have manipulator claws operated 

by pneumatic pistons.  Figure 9 shows the MAMA, while Figure 10 shows the HAMA grabbing an ELSS pod. 

 

 

Figure 9 - Multi Axis Manipulator Arm 

 

 

 

Figure 10 - Horizontal Axis Manipulator Arm 

 

 

Mission Strategy 

 The two robots, Eripio and GOD, were designed for different purposes; however, they work together to 

complement each other in completing the mission. Eripio functions as the primary work class ROV that 

completes the physically demanding tasks, while GOD functions as an auxiliary robot designed to retrieve 

samples.  

  

 With the extending capabilities of the HAMA , Eripio can easily retrieve and deliver objects.  Using this 

function, Eripio will free the research ship anchor as well as retrieve and deliver the scientific package.  The 

second manipulator arm, the MAMA, provides more precise movement than the HAMA, allowing Eripio to 

perform tasks that require accurate and exact movements:  Among the tasks required are activating the 

emergency ascent device on the broken ROV, turning on the work lights, and attaching the broken mooring to 

the sensory station.  Eripio is also equipped with a hydrophone, which the ROV will use to record sounds from 

the volcanic vent. A thermometer from Vernier is also in Eripioôs arsenal, which will be used to measure the 

volcanic ventôs temperature. 

 

 The small size of GOD allows it to travel inside the ice tunnel to complete the tasks that Eripio is 

physically unable to accomplish.  The claw that GOD is equipped with easily opens and closes to retrieve 

samples.  While in the ice tunnel GOD will use a Vernier pressure sensor to calculate the depth within the ice 

tunnel.  Once finished with the tasks inside the ice tunnel, GOD will collect the bioluminescent bacteria samples 

along with the ice core samples. The small ROV is ideal for these tasks because its small size and versatility 

allows for quick and precise maneuverability.  When done collecting all the samples GOD will provide 
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additional lighting for Eripio if necessary.  (Figure 11 shows GODôs electronic diagram.) GOD uses a 

Playstation 2 controller and a Parallax Basic Stamp 2 microcontroller along with three Parallax HB-25 speed 

controllers.  The Playstation 2 controller signal is extended to a 100 feet by using a RS-488 interface. 
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Figure 11 ï GODôS Electronics 

 

 

 

Figure 12 ï GOD CAD Rendering 

 

 

Figure 13 - Retrieval Basket Payload Attachment 

 

Lessons Learned and Skills Gained 

Team members have gained a variety of skills in the design, development, and building of this yearôs 

ROV project.  The ROV construction this year includes utilization of materials such as HDPE, aluminum, 


