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1. Introduction  
 

The 2015 team has several very important goals that we are working towards. First and 
foremost our team has decided that we want to perform well at ISR13, and develop as a 
sustainable organization. Several subsets of goals have been established in the effort to attain 
our top level outcomes, which will be discussed further in this report. The culmination of our 
effort leads to the most aggressively designed submarine our team has ever produced. 

 

 
 

Figure 1.1: General Design 

Table 1.1: General Specifications 

 
  

Dimension Specs Hull Only (in) ²ƛǘƘ !ǇǇŜƴŘŀƎŜǎΩ όƛƴύ 

Length 96 103 

Beam 20 43 

Draft 25 43 

Crew Egress 36 36 



 
 

 
 

2. Hull  
 

The Hull Design was performed primarily in the 2013-2014 year by a senior AA student and 
the past captain. Their methodology was to first use biometric human measurements to 
constrain the minimum dimensions of the hull. The primary human measurements were the leg 
room around need to run the previous gearbox and the shoulder width. With the human 
constraints set, they generated several different concepts. It was agreed that the optimal 
design would maximize the speed achievable in the first 50 meters of the race course. To 
compare the concepts an equation was created by applying the basic equation of motion. This 
equation made velocity a function of mass, cross sectional area, and coefficient of drag. The 
coefficient of drag was determined by using CFD through ANSYS. The final design selected had 
large reduction in mass and a slight increase in drag coefficient compared to hulls from 
previous years. 
 

 
Figure 2.1: Sample CFD Analysis 

 
In order to produce the hull, the team reached out to Janicki Industries as a sponsor, who 

assisted us in hull manufacturing in previous years. With large envelope 5-axis milling 
capabilities Janicki was able to mill us a female mold for the submarine with great precision and 
detail. The mold design chosen would extend one inch past centerline to allow a wax strip to be 



 
 

laid along the top edge for the top half of the submarine. The intention was for this to make a 
uniform lip with would mesh with the other half in a lap joint. Also included was an offset lip in 
the front of the submarine as a mounting point for the window and a 45 degree flange around 
the entire mold to give a precise cutting edge and real estate for laying down the 
reinforcement fibers. 

 
Figure 2.2: Female Mold Drawing 

 

For the layup we chose to use 4 layers of fabric. One glass layer on the inside and outside 
ŀƴŘ ǘǿƻ ƭŀȅŜǊǎ ƻŦ ǘƘŜ ŎŀǊōƻƴ ŦƛōŜǊ ƻƴ ǘƘŜ ƛƴǎƛŘŜ ǿƛǘƘ ŀ ŦƻŀƳ άƪŜŜƭέ ōŜǘǿŜŜƴ ǘƘŜ ŎŀǊōƻƴ ƭŀȅŜǊǎ 
on the bottom of the submarine. The foam keel was primarily used to increase the moment 
inertia of the hull, to make the stiffer and so less like to bend while doing body work. The glass 
layers were selected for several reasons. First the glass layers would afford us the ability to do 
some bodywork, without touching the primarily structural carbon fiber in case we chose later 
to exhibit that later. Additionally the glass fibers have a greater ability to elastically deform 
then the carbon fibers. This meant that outside fibers are less likely to fail in case of a larger 
internal moment occurred. 
 

 



 
 

 
Figure 2.3: Fiber Laying 

While the mold was originally meant to be two halves, significant issues during the 
production process. When making the first half (the bottom half), the sealant applied to the 
outside of the foam mold was chosen incorrectly and actually bonded with the infusion resin. 
Unfortunately, this meant we had to destroy the mold to remove the half. In order to 
compensate we used the first half as a male mold instead of building a new mold due to time 
limitation. Using the first half as a male mold meant that significant body work and faring on 
the top half was required to properly connect and align the two halves. 

 

 
Figure 2.4: Creating the Top Half 



 
 

 
3. Propeller  

 
In this year's competition, the UW team decided to design its first controllable-pitch propeller. 
This rotating functionality extends the optimal performance of the propeller into a broader 
range of operating conditions which is why it was selected over the traditional fixed-pitch 
propeller. The propeller blades were designed and optimized using OpenProp, a free Matlab 
code for Propeller design and analysis. The airfoil used was the NACA 65A010. The code 
required basic design parameters such as: desired speed, number of blades, rotational speed, 
propeller diameter, hub diameter and hull drag force at desired speed. To determine the drag 
force that the propeller must overcome, a computational fluid dynamics program via Ansys was 
used to simulate the underwater condition of when the submarine is traveling at 7.5 knots. The 
team took a conservative approach by attaching a "place-holder" propeller onto the model. 
The final design parameters are listed in Table 1. 
Table 1: Design Parameters 

Design Parameters 

Number of Blades   2 

Desired Speed [knot] 7.5 

Propeller Diameter [m] 1 

Hub Diameter [m] 0.127 

Rotational Speed [RPM] 200 

Hull Drag Force [N] 190 

Table 3.1: Propeller Specifications 

 
The Open Prop optimizes the airfoil shape for each blade section of the propeller and 
generates several efficiency curves for a range of angles (shown in Figure 2). The final design is 
shown in Figure 3. 
 



 
 

 
Figure 3.1: Efficiency Curves for the optimized Propeller. 

 

 

 
Figure 3.2: General Design 

 



 
 

The addition of the rotating functionality of the propeller blades added new challenges, which 
was how to determine the most optimal blade angle at different operating conditions during 
the race. The team's solution was to develop an algorithm that sifted through thousands of 
operating conditions and selected the angle of rotation that would allow the blades to provide 
the most thrust given the power constraint from the pilot. A graphical representation of the 
result from this process is shown in Figure 4. 

  
Figure 3.3: 3D plot of the maximum thrust (left) and corresponding pitch angles (right) that the 
propeller can produce at different operating conditions  
 
 

4. Controllable Pitch Mechanism  
4.1. Utility  

 
Propellers are optimized for a certain angle of attack distribution.  This angle of attack 

distribution is controlled by the pitch of the propeller and the ratio of forward speed and angular speed 
of the propeller (known as the advance coefficient). Unfortunately over the race, the advance 
coefficient varies due to the change in speed and the relatively constant rotation of the propeller. While 
we can do very little to control the advance coefficient, by using a controllable pitch propeller we can 
change the pitch as the advance coefficient changes. Thus with a controllable pitch propeller, we are 
able to maximize the efficiency of the propeller blade over the course of the race. 

 
4.2. Requirements  

 
Creating a mechanism to control the pitch of the propeller is difficult because the blade must be 

held securely yet be able to rotate about their axis. This is difficult because of the two uncontrolled 
loads:  
 

¶ Friction between the blades and the mechanism holding the propeller in place 

¶ Any Induced Moment caused by the flow of water over the blades 
 

Additionally having a closed loop control system control the propeller would lead to better 
results than an open loop control system. This requires sensors that can accurately measure the 
rotational velocity of the propeller and forward velocity in real time and then use the collected values to 
maintain the optimal angle of attack distribution.  



 
 

4.3. Design 
 

In order meet the closed loop control requirements, an electronic system was used. An 
electronic system was used because it would be more flexible in the types of sensors used to collect 
data and motors used to control the rotation of the propeller. Additionally an electronic system would 
have more control in determining the optimal pitch.  It was then determined that this electronic system 
would be completely contained in the hub, designed as a continuation of the hull foils. This is due the 
difficulty in maintaining a connection between any non-rotating parts not enclosed in the hub and the 
rotating parts enclosed by the hub.   
 

To collect the data, a two axis accelerometer was used to collect both the rotational velocity 
and forward velocity. These are connected to one of our custom microprocessors which processes the 
collected data and sends the output to a relatively large high-torque stepper motor and then a 1:3 gear 
ratio bevel gear set was used to connect the stepper motor to both propeller blades. To power these 
electronics, two parallel sets of 10 standard rechargeable NiMH batteries in series which produce 12V 
and up to 2 amps. 

 
Due to the use of electronics, waterproofing was required. In order to minimize the required 

parts for waterproofing, all electronics and batteries were placed in a single cavity. This cavity is 
accessible with the removal of a single large waterproof shell. To ensure the waterproof, the shell was 
3D printed, then covered in epoxy.  While not necessary for the structure or function of the hub, this 
allows easier testing and development of the electronic system.  

 
 Two primary concern areas for water entering the cavity were where the hub body and 

waterproof shell join and connecting to the propeller blades. To compensate for the former, an O-ring 
was placed at the location where the two parts join. To compensate for the later, a mechanical shaft 
seals was placed around the propeller blades shaft. Because of the inherent unreliability of 
waterproofing moving parts, a second mechanical shaft seal around the stepper motor drive shafts 
were used for additional reliability. 

 

 
 

Figure 4.1: Exploded View of Controllable Pitch Propeller Mechanism 



 
 

5. Gearbox 
 
The Gearbox used is the only part that that was re-used from a previous years submarine. In 
ǘƘŜ нлмп ŜL{w ǘƘŜ ƎŜŀǊōƻȄ ŜȄǇŜǊƛŜƴŎŜŘ ŀ ŦŀƛƭǳǊŜ Řƻ ǘƻ ŀ ŘŜǎƛƎƴ Ŧƭŀǿ ƛǘ ƛǘΩǎ ŀƭƛƎƴƳŜƴǘΦ {ƛƴŎŜ ǘƘŜ 
system was otherwise quite robust and came in a highly modular setup it was used as a 
platform for the gearbox on the new submarine as well. 
 

 
Figure 5.1: Complete Gearbox Before Alodine Coating 

 
The original gearbox relied on dynamic oil seals to prevent water from getting inside and 
touching the gears and bearings. All parts also received a surface treatment with Alodine to 
prevent galvanic corrosion. The gearbox has now been updated with nylon bushings and 
dynamic double o-ring seals. 
 
 

6. Control Surfaces 
6.1. Control Surface Design  

  
In designing the fin control mechanism the primary concerns were quality of 
waterproof seals, ease of manufacturing, ease of maintenance, and modularity with the 
rest of the interacting systems. 
 The final design chosen, as displayed in figure 6.1, consist of a central frame 
which is mounted to the hull from flat mounting points on studs. This frame holds each 
of the custom designed stepper motor housings on the front side, which connects to 
the control planes with an acetal pulley and belt drive offering an extra 1.6:1 ratio for 
added torque. The motor and torque specifications of this system are further outlined 
in section 7, with the other electronics. 
 



 
 

 
Figure 6.1: Control Planes Mounted on Submarine 

 

6.2. Control Surface Manufacture  
 
 The control planes in addition to providing control and stability protect the propeller in 
the event of a wall or bottom hit, so they must be sufficiently strong to take moderate impact 
and large enough to be effective in protecting the propeller. The material chosen is a  
Urethane casting. Although tooling cost is high, a new ready to use fin can be produced in less 
than one hour 
 

 
 
Figure 6.2: Casting Control Planes 
 
Table 6.1: Control Plane Specifications 

Class NACA 0018  

Mean Span (m)  

Mean Chord (m)  

Surface Area (m2)  

Taper Ratio 0.45  

Root Chord (m) 0.163  

Tip Chord (m)  

 

0.354 

0.119 

0.0417 

0.45 

0.163 

0.073 



 
 

7. Electronic Controls  
 
Being one of the only two teams in the world to successfully pull off using a fly by wire control system in 

eISR2 the team was looking for ways to further distinguish ourselves above our competitors this year. 

The three aspects that we decided to optimize were 

1. Reliability and robustness of the electronic control system 

2. Safety 

3. Building a system capable of handling commercial application 

All three of these goals led to the decision to completely scrap the old system of Arduino and servos in 

favor of a custom processors and geared and encoded stepper motors.  

After only several days of racing in eISR the hi torque servos used were broken down and analyzed for 

wear. We found that even though only one servo burned out the entire week all servos showed 

significant wear on their internal circuit boards. It was determined that no off the shelf servo product 

would satisfy our minimum design requirements, so we developed our custom servo system. The motor 

chosen provides 416 oz-in of torque and is further geared at a 1.65:1 using a belt drive, which connects 

servos to fins for a total of 680 oz-in (3.5 ft-lb) of torque delivered to the control planes.  

 

Figure 7.1: Stepper Motor and PCB Assembly 

Each motor is connected to the system network through a custom built driver board running an 8MHz 

processor. With a simple Arduino running the power and feedback of fours servos the code would 

reiterate from the top every time a feedback was returned that did not match the desired output. This 

ŎŀǳǎŜŘ ǘƘŜ ŎƻŘŜ ǘƻ ƭŀƎ ŘǳǊƛƴƎ ƘƛƎƘ ŘŜƳŀƴŘ ǎƛǘǳŀǘƛƻƴǎΣ ŀƴŘ ŎŀǳǎŜŘ άƧƛǘǘŜǊέ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ǇƭŀƴŜǎ ŜǾŜƴ 
















