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Abstract 

Function and strength were the basis on which this ROV was built. We wanted an ROV 

that would be rugged enough to withstand real world conditions, but yet be functional 

enough to be able to accomplish the denoted missions with the minimal amount of 

systems. The use of our engineering knowledge was critical in the building of this robot. 

We wanted to use more of our engineering knowledge and less intuition and word of 

mouth knowledge. This approach made it a little harder for us to accomplish our goals, 

but in the end it made our preparations more fulfilling as we applied our knowledge to the 

problems we faced. 
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Parts Used 

The Seabotix Thrusters 
 

    Depth rating …. 150 m 

    Weight in air…. 6.9 N 

     Max Power….. 110 W 

     Thrust………..  28 N 

 

http://www.seabotix.com/products/btd150.htm 

Seabotix arm                                               

 

http://seabotix.com/products/tjg301-2.htm 

Depth Rating…….. 300 m 

Weight in Air……... 4.9 N 

Max power used……. 120 W 

Clamping force …….. 63.765 N 
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Trolling motors 

 

Depth Rating………… 200 m 

Weight in Air………… 34 N 

Max power used……... 240 W 

Thrust………………… ~ 100 N 

Cameras 

 

Depth Rating………… 100 m 

Max power used……... 3.6 W 
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Vex Controller System 

 The system consists of a controller module and a transmitter. The tether needed for this 

system is basically a phone line consisting of four very small diameter wires 0.5 mm2 (20 

gauge). The Controller module has Power with Modulation (PWM) out puts that control 

the amount of power given to the motors via a Motor speed controller, and those PWM 

outputs can also control spikes that basically serve as remote ON/OFF switches. 

The reason simplicity of this system is the main reason why we chose it. 

 

 

Motor speed controllers 

 

 

 

Spike 
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Design 

This year we wanted an ROV that would maximize the robot parts that we already had 

from past years. The trolling motors were rated a at a max depth rating of 100 meters, 

which was the lowest rating of any of the existing robot parts that we currently have. 

Therefore we wanted a robot frame that would meet or exceed this expectation. The 

pressure experienced by the robot at 100 meters is about 1.0 Mega-Pascals (MPa). 

                            P=� gy………………………………..…………………………….(1) 

 We chose to have a pipe made of heat treated 6061 Aluminum with 0.635 cm thick walls 

and 0.635 cm thick end caps and an Ultimate tensile strength (Su) of 310 MPa. The 

outside diameter of the pipe is 15.4 cm. This will lead us to achieve the desired depth 

rating of 100 meters with a safety factor of 1.34 with respect to failure. With the 

maximum principal simulated stress being ~230 MPa. These high stresses were due to 

stress concentration around the flange-frame weld area. The nominal stresses in the tube 

wall were about 12 MPa, way below the materials Su. 

                        � a =Pr/2t………………………………………………………… (2) 

The following are the resulting pictures of our finite element analysis (FEA) carried in 

order to estimate the limits of our design. They also provide us with an assessment of 

were possible failure might occur. This will help us in determining future design 

improvements. 
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FEA- Mesh 

 

FEA- Total Deformation 

 

FEA- Boundary Conditions: P = 0.978 MPa 
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FEA- Principal Stresses 

 

FEA- Hoop Stress 

 

One of the caps will be permanently welded to one side of the pipe; the other end cap will 

consist of a flange welded to the pipe, and a removable cap attached with screws to that 

flange. In order to prevent leaking two 3mm diameter groves were machined into the end 

cap that attaches to the flange for the placement of an O-ring. 
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Tethering to robot to the deck was accomplished by a 30 meter long 22 element 0.5 mm2 

(20AWG) printer cable. We also decided to provide power to the ROV from the deck, 

this was accomplished by using a 2.0 mm2 (14AWG) three conductor extension cord that 

is also 30 meters long, this extension cord suffered a very small voltage drop, from our 

initial 12 Volts. This measured voltage drop was smaller than the accuracy of our reader 

.096 Volts. The decision to have deck power was also forced by the size of the robot 

frame. The 14.6 cm inside diameter frame could simply not accommodate the 20 cm wide 

battery.  

 

The size of the robot frame was determined by the weight of the components.  We 

measured the weight of the components in air. This measurement was used in order to 

find the weight of the components in water.  

 

The weigh in water of the Seabotix components were provided by the Seabotix website 

(www.seabotix.com), the weight in water for the trolling motor was then found. 

                           Fb= � gV………………………………………………………… (3) 
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Equation (2) provides the buoyancy force (Fb) we then subtracted this from their weight 

in air (W).  

                          W= mg………………………………………………………….... (4) 

We decided to use 4 Seabotix thrusters and two trolling motors. 

Trolling motors weight in water 26.8 N.                                             34N in air 

Seabotix thrusters weight in water   3.45 N                                        6.9N in air 

Total weight of propelling devices in H2O is 67.3 N. 

The weight of the rest of components in water was not needed since they will not be 

displacing any water. Their weigh in air is about 15N. 

 

From initial measurements it was determined that the cross-sectional density of the pipe 

was 7.13 kg/m. This provided enough information to calculate the needed length of pipe, 

which turned out to be 75cm.   

This lead to a total weight of the frame in water to be ~ -84.85 N and 52.5 N in air. 

 

Our goal was to have our buoyant force to be the same magnitude or slightly bigger than 

our weight force in water.  When we added the buoyant force to the robot weight in water 

we have ~ -2.55 N of force left. This means that our robot is slightly positive but not 

much. This is ideal because in case the tether brakes we would like to retrieve our robot, 

this small buoyancy force is enough to achieve this.  

 

Once the buoyancy calculations were performed we decided to use the four Seabotix 

motors for lateral and horizontal movement, this were placed at on the sides of the robot. 
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They were attached to the frame by bolting them to 5cm wide fins that were welded to 

the frame. Two on the front and two on the back, they were placed parallel to the frame. 

The two trolling motors are used for vertical ascension and dissension, where their extra 

thrust would be better used in case we have to pick up something heavy from the bottom 

of the ocean. For example, the plane’s black box in this year’s mission. 

 

The aluminum pipe both works as the frame and as the electronics container. The circular 

cross-section of the pipe provides a natural position for the electronics to be placed off 

the bottom of the cross-section, incase of a water leak; this would allow for the water to 

safely accumulate below the elevated electronics. We also added some diaper material to 

absorb this fluid. We wanted to eliminate all the possibilities of a short circuit occurring 

while the robot was underwater as this will lead to an early end of mission, to avoid 

liquid forming by condensation inside the robot frame also added a few packs of 

desiccant to absorb any humidity in the air.  

 

The electronics used in this case, the VEX kit, the motor speed controllers, the spikes and 

the fuse bar were all placed attached with Velcro to both sides of a piece of Plexiglas 

with dimensions of 14X50X0.6 cm , this configuration offers plenty off room for the 

electronics within the frame. The good thing about this configuration is that in case work 

needs to be done on the electronics, the piece of Plexiglas can be removed form the 

frame, providing more room to perform such work. 
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In order to pick up items from the ocean an also to active switches we applied our 

Seabotix arm, we place the arm at a 15 degree with respect to the robot frame, so that the 

claw of the arm would appear on the view of our drive camera which was placed on the 

sides of the frame above to motors.  
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Wiring Diagram  
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Future Improvements 

In the future we would like to make our own custom tether.  A tether that has the required 

number of 0.5mm2 (20 AWG) wire for signals and ideally four 5 mm2 (10 AWG) wire for 

power conduction with all elements contained within one single envelope. The bigger 

power conducts are needed in order to provide the Seabotix thrusters with their ideal 

voltage (19 V).   

 

We like to have a bigger diameter pipe so that we could have a shorter overall length and 

we would like to machine hemispheric end caps. This would eliminate the stress 

concentrations associated with the flat ends as well as improving our hydrodynamic 

performance. One end cap would be welded on to the actual frame, and the other end 

would be threaded onto the opposite end of the pipe, this would also eliminate the need 

for bolts which can brake or be lost. 
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Lessons Learned 

With this being our third R.O.V. we had a lot of previous experience from which valuable 

knowledge was gained. However, it always seemed as if we didn’t fully apply the lessons 

and concepts we learned in the classroom. This year was the exception. It might be that 

being further along in our engineering studies has made it easier for us to see engineering 

problems and apply engineering methods in order to solve them. Concepts such as stress 

analysis, body forces (pressure and weight), buoyancy, Finite Element Analysis and even 

using material properties in order to choose a material that fulfills your requirements are 

what practicing engineers face on a daily basis. Looking back it is easy to see how this 

experience will prepare us for what will come in the future and the decision making that 

comes with being a practicing engineer. Ultimately, we got to apply the classroom 

knowledge that we have been accumulating over the years. 

 
“Knowing is not enough; we must apply!” (Goethe)�

�
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Expenses 

5 Seabotix Brush Thrusters……………………………………. $1000.001 

2 trolling motors……………………………………………...... Borrowed* 

VEX Starter Kit………………………………………………... Borrowed* 

3 30.5X20X0.635 cm pieces of 6061 Aluminum………………. $8.00 

1 75X15.4OD cm 6061 Aluminum pipe……………………....… $20.00 

Machining……………………………………………………..... $150.00 

2 Cameras…………………………………………………......... $500.001 

2 LED Light set ………………………………………………… Borrowed* 

2PVC pipe Connections………………………………………… $30.00 

1 Seabotix Grabber……………………………………………… $1400.001 

1 40X25 cm Piece of .635 cm thick piece of Plexiglas……. …….Recycled 

1 30.5 Meter piece of Printer cable ……………………………... $40.00 

1 3 Element extension cord……………………………………… $34.55 

2 TVs/ Monitors…………………………………………………. $190.001 

Miscellaneous …………………………………………………… $100.00 

Total……..$ 3472.55 

* Borrowed from Carl Hayden Community High School Falcon Robotics 

1 Items  were purchased and used in previous year’s competitions, and do not represent part of this year’s expenses but they 

compromise part of the overall monetary value of the ROV. 
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Equations used 

 

Equation (1) 
                                                                    P=� gy 
P- Presure in Pascals 
� - Density of fluid (assume incompressible: 997 kg/m3 H2O) 
g- Gravitation acceleration ~9.81 m/s2 
y- Depth of gauge in fluid 
 
Equation (2): Thin wall tube with end caps 

                                                                  � a =Pr/2t 

� a- Hoop stress 
r= Outer radius 
t= Wall thickness 
 
 
Equation (3) 
                                                                  Fb= � gV 
Fb- Buoyancy force 
V- Volume 
 
Equation (4) 
 
                                                                 W=mg 
W- Weight 
m- mass 
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