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Introduction  

 

Since the beginning of the 1990s, the OMER Submarine Club members manifested their will to raise 
the standards of the International Submarine Race (ISR). Up till  now, the OMER Club has held the 
speed record in all four categories.  

Table 1 - Last speed world records by OMER submarines 

SUBMARINES CATEGORY YEAR SPEED (Knots) 

OMER 4 One person, propeller 2001 7.192 

OMER 5 Two person, propeller 2007 8.035 

OMER 6 One person, non-propeller 2007 4.916 

Omer 7 Two persons, non-propeller 2009 5.133 

After having made these 4 records, our team wants took up the challenge of beating our previous 
record set by Omer 4 with our new prototype Omer 8. With the experience acquired in the 
fabrication of Omer 6 and Omer 7, the team has improved it`s abilities for designing hull and 
mechanical systems. The team Omer developed new techniques of fabrication that make better 
quality pieces.     

Omer 8 has a number of improvements that push the limits of a fast and stable submarine.  In this 
document we will review in detail the hull, the propulsion system, the fins, the direction system and 
the security system.  

The team is currently putting in many hours of hard work in order to finish the fabrication and testing 
of the new prototype. 
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1.  Presentation of the submarine  

1.1. General characteristics 

Omer 8 is a one person submarine with propeller. We decided to come back to using a propeller 
system, because with the years we accumulate a lot of experience with dimensioning of the hull and 
propeller. We decide that using the knowledge we developed with Omer 6 and 7 would give us the 
best chances to reach our goal which is to beat the record set by Omer 4 in 2001. This year, we did all 
the modeling and designing of all the submarine parts in 3 dimension using CATIA V5R19. We shall 
now present the main components of Omer8 

The hull 

It`s hull is the smallest in volume we have ever made with a length of about 105 inches and a 
diameter going up to 24 inches. The design which is made with NACA airfoils and ellipses will be 
explained in more detail in the section 2.  

 

Figure 1- SubmarineΩǎ Length 

 

Figure 2- SubmarineΩǎ diameters 
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The Propulsion 

The submarine`s propulsion system has a similar design to Omer 4. The system consists of 
transferring the power of pedaling to a rotor installed at rear of the submarine. We used the same 
design for the gear box but we added a variable pitch control in the rotor. The variable pitch control 
varies the angle of the propeller in order to have more effective propulsion. The control of the angles 
is done electronically. More details on the propulsion system are in section 3.  

 

Figure 3- Assembly of the propulsion system 

The Direction 

The submarine is directed by four fins that are positioned at the rear of submarine.  These fins are 
controlled by a fully mechanical system composed of a joystick and a gear box. The link with the 
joystick and the gear box is made with stainless steel cables. So, the direction is made of cables that 
move linearly due to the joystick and generate a rotation movement in the gearbox.  More details 
about the direction are in section 6.  

  

 

 

                       

                          

 

 
Figure 4- 5ƛǊŜŎǘƛƻƴΩǎ ƧƻȅǎǘƛŎƪ  Figure 5- 5ƛǊŜŎǘƛƻƴΩǎ ƎŜŀǊōƻȄ 
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The security system 

Since the security system used in Omer7 was very effective, we decided to use the same one for our 
new prototype. The system is a pneumatic circuit with actuators and switches that control the 
opening of the door and the release of the pop-up buoy.  The system has a switch to only open the 
door and the pilots also holds a switch that opens the door and releases the pop-up buoy if the pilot 
releases it. More details on this system are in section 6.   

 

Figure 6-Door release mechanism  

 

 

Figure 7-Deadman switch 
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2.  Hull  

2.1. Constraint 

We first had to evaluate the minimum required space to be able to pedal using or gear system. In 
order to acquire these measurements, we used a mannequin which had the same dimensions as our 
destined pilot positioned in a pedaling position. As you can see in the image below, we positioned 
the knee in 90 degree to evaluate the worst case in pedaling. The other thing is the position of the 
feet. With the propulsion system and the feet width it is another limit to dimension the hull. After 
that, we have the shoulders width that is important to be considered. Finally, the position of the 
head that represent the length taken by the mannequin limits the length of the hull. In the table 
below, there is the dimension of the constraints.     

Table 2- Dimension of the constraints 

hip length 19 in 

Feet width 16 in 
Shoulder width 19 in 

Total length  70 in 

 

 

Figure 8- Mannequin fitting 
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2.2. Methodology 

After having found all the constraints, we begin to choose the rights airfoils that fit with the 
mannequin and decide to use NACA series 6 airfoils.  We then decided to use the same technique 
used with Omer 7 to do the modeling the hull. The technique consists of having an airfoil in a 
horizontal plane and an airfoil in the vertical plane. To links those airfoils we used ellipses that 
separate the submarine in four. With the ellipses and airfoil we can generate a surface in our 
software. In order to have a perfectly symmetric hull we modeled only a quarter of hull and we use a 
symmetry operation to make the complete hull.       

 

Figure 9- Hull modeling in Catia software 

 

To choose the vertical airfoil we take the hip length and the minimum length needed for the hull. For 
the horizontal airfoils is dimensioned in function of the shoulder width and the feet width. The 
airfoils used are formed in function of the chord length. In the NACA series 6, we chose the airfoil by 
the maximum width (depending on the chord length) and the position of this maximum width.  In 
this case, we choose a maximum width near the front of the hull to place the shoulders and a 
maximum height further back for the hip length. 
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2.3. Ergonomic test 

After we modulated some tests hulls, we analyzed if ǘƘŜǊŜΩǎ enough space to pedal with all the parts 
like the tank, the propulsion system and the direction system. As shown in the images below, our 
analysis was done section by section to see if there is any contact with the hull.     

              Fitting the knee   Fitting shoulder and tank            Fitting Pedals 

 

Figure 10- Section view of the submarine 

After having fitted the knees and the shoulders, we identified the position of the pedal and the foot 
when pedaling.  For that, we did some test with Omer 4 in a basin to see if the heel has to be higher 
than the pedal axel when the pedal board passes in the top section of the hull and concluded that 
the pilot can pedal with the sole of his shoes flat against the pedal board.  
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2.4. Hydrodynamic analysis 

After we fitted the hull prototypes with the mannequin, we tested them with CFD (computational 
fluid dynamics) software to choose which has less drag. The software is called Cosmo Floworks made 
by Solid works 2007 and permits us to simulate a fluid (water) with a speed of 4m /s that goes 
through the hull and thus runs a simulation that gives the trajectory of the fluid and the force of drag 
in Newton.  Our selection of the hall is based on the hull that has the least drag.   

To obtain optimal results we simulate and compared with the hulls of our previous submarines 
(Omer 3, 6 and 7).  Since Omer 3 was the smallest of the hulls, we decided that it`s drag level was the 
one to beat. We wanted to simulate the hull of Omer 4 but ǿŜ ŎƻǳƭŘƴΩǘ Ŧƛƴd it`s 3D model. 

 

2.1. Fabrication 

The process used to fabricate the shell of the new prototype of one person propelled submarine is 
called resin infusion process. This technique has been selected because it does not require any 
expensive tools, it allows us to obtain a good surface finish and, most importantly, because the 
molding of the shell can be done in one operation (fiber + foam core). This process allows us to save 
money and time and to obtain the best mechanical properties possible of the sandwich construction.  

IŜǊŜΩǎ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴŦǳǎƛƻƴ ǇǊƻŎŜǎǎ ǿƛǘƘ ǘƘŜ ǊŜǉǳƛǊŜŘ ƳŀǘŜǊƛŀƭΥ  

 

Figure 11- Infusion molding setup 
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Just like its predecessor Omer7, our new prototype uses a combination of carbon fiber and epoxy 
resin. TheǊŜ ƛǎ ŀ ǎƭƛƎƘǘ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ƻǳǘŜǊ ƭŀȅŜǊ ƻŦ ƻǳǊ ǇǊƻǘƻǘȅǇŜΤ ƛǘΩǎ a combination of carbon 
fiber and innegra fiber. This fiber has been developed to have a better impact resistance than carbon 
fiber only and it gives a nice look to the shell.  

IŜǊŜΩǎ ŀ ǊŜpresentation of the carbon/innegra fiber:   

 

Figure 12- Carbon fiber used for the hull 

The window of the nose of the submarine is made of polycarbonate (Lexan) which gives a good 
impact resistance and is completely translucent. The window is thermoformed using a combination 
of high temperature and vacuum process in a radiant panel oven. 

IŜǊŜΩǎ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻƭŘ ǳǎŜŘ ŦƻǊ ǘƘŜ ǘƘŜǊƳƻŦƻǊƳƛƴƎ ǇǊƻŎŜǎǎΥ  

 

Figure 13-front window mold 
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2.2. Final hull 

 

Figure 14- Final hull shape 

The selected airfoils are the NACA66020 for the vertical plane and the NACA63013 for the horizontal 
plane. With these two airfoils we obtained the smallest hull possible that will fit the mannequin. With 
this hull we were able to obtain the lowest drag of all our submarines with a drag of 53.7 Newton. 
The surface area is close to 4 square meters and the length of the hull is 105 inches. With all the work 
we put into the choice and fabrication of this hull, we truly believe that it will be fastest and most 
stable of our submarines.  In order to do a small comparison of the improvements, here is a table 
with the specifications of Omer 8, 7 and 3.        

Table 3- HullΩǎ specifications of OMER 8, 7 and 3 

 Omer 8 Omer 7 Omer 3 

Volume (m3) 0.392 - 0.4 

Surface Area (m2) 3.997 7.712 3.656 

Length (in) 105 193 107 

Estimated Drag ( N at 4 m/s) 53.7 161 76 

Biggest diameter (in) 24 29.3 24.8 
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3.  Propulsion  

The propulsion system is designed to transfer the power of one person pedaling to the propeller. 
Thus, we decided to use the same system as Omer 4 for the gear box which readjusts the rotation of 
a pedal board to a propeller. This choice was made considering that the gear box of Omer 4 was 
optimal and a new design would be a waste of effort.  Nonetheless, we designed a new propeller and 
the variable pitch of the new propeller. By doing so, we think that we can optimize their functioning 
compared to Omer 3 and 4 (1-person submarine with propeller). In the next section, we will explain 
the functioning of the propulsion system and all of its components.  

3.1. Propulsion system modeling 

The first thing that we did, before modeling in 3D, was to draw on a paper what the design will be 
globally. Some sketches were made to determine what parts are needed such as bearings, bevel 
gears, seals, motors, etc. After the global design is made, we began modeling with the software 
CATIA V5R19. All the parts needed were modeled. For some parts that we bought, the 3D cad file 
ǿŀǎ ŘƻǿƴƭƻŀŘŀōƭŜ ƻƴƭƛƴŜ ŀƴŘ ǘƘŜƴ ǿŜ Ŏŀƴ ƛƴŎƭǳŘŜ ǘƘŜǎŜ ŎŀŘǎ ƛƴ ƻǳǊ ŀǎǎŜƳōƭȅ ƳƻŘŜƭΦ LŦ ǿŜ ŘƻƴΩǘ 
have the cad file, we referred to specs sheet of the part and we modeled the part.  For the modeling 
ƻŦ ǘƘŜ ǇǊƻǇǳƭǎƛƻƴ ǎȅǎǘŜƳΣ ƛǘΩǎ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǳǎ ǘƻ have all the parts that will be present in the 
assembly. In the past, we learned that if the 3D model is not similar to what we want it to be in 
reality, there are chances that we have mismatches.    

For the design, we began modeling the variable pitch. As it will be explained in another section, the 
variable pitch is designed to be in a conic rotor. The use of two bevels was decided before modeling 
and after, we designed the rotor depending on the decisions in the preliminary design. During the 
modeling, we tried to fit all the parts needed in the rotor. The other thing was that we tried to make 
a design that will be simple and fast to assemble and disassemble the submarine. As a result, if there 
is a problem with the module, we can replace it very fast with another. The challenge in designing 
this module was to fit all the parts in the rotor as we said but also to make it waterproof because of 
the presence of electrical components.  

For the modeling of the gear box and all the parts connected to it, we used the 3D Cad files from the 
gear box of Omer 4.The gearbox consists of an assembly of bevel gears connected to a driving shaft 
and a pedal board. With the gear box, we modeled the other parts needed to fix the propulsion 
system in the submarine. In the next section, you will see the assembly of the gear and all of its parts. 
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3.2. Propulsion system description 

From an outside view of the propulsion system, you can see in the figure the parts modeled to fix the 
gearbox in the submarine. Overall, we have a gear box, 2 plates glued to the hull, 2 structure parts, 2 
gearbox cover plates and one protection tube for the driveshaft. 

3

2

1

6

5

4

 

Figure 15- Components near the gearbox 

1- Plate glued to the to the hull to fix the propulsion in the submarine; 

2- Structure support to join the gear box with the plate glued to the hull; 

3- Top cover plate of the propulsion system; 

4- Tube that covers the driveshaft.  Protects the driveshaft and holds the propulsion system in 

position; 

5- Bottom cover plate of the propulsion system ; 

6- Gear box which holds an assembly of two bevels gears to orient the power to the rear of the 

submarine. 
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Here is a view of what is inside the gearbox.  The assembly consists of two bevel gears to orient the 
rotation of the pedals towards the back of the submarine thanks to a driveshaft. The bevels are 
designed to offer a ratio of 1 for 2 which means one turn of the pedal board will produce two turns at 
the driving shaft. This ratio was decided according to the design of the propeller and the average of 
the pedaling speed of the pilot. In the assembly, the parts are pedals, pedal levers, bearings, side 
plates, a gear box case, bearing covers and a button bracket shaft.        

1

2

3

4

5
6

7

10
1211

8

9

13

 

Figure 16- Components of the gearbox 

Table 4- List of the components of the gearbox 

1- Pedal 

2-Level  of crank set  

3-Lateral cover Plate 
4-Bearing housing 

5-Lateral structure of propulsion system 

6-Button bracket 

7-Big bevel gear 

8-Gear box case 

9-Button bracket bearing 

10-Small bevel gear 

11-Drive shaft 

12-Drive shaft bearing 

13-Bracket for supporting driveshaft cover tube 
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In this figure, we can see a section view of the gearbox. The arrows show the sense of rotation of the 
bevel gear connected to the pedal board and the sense of rotation of the driveshaft.  

 

Figure 17-Rotation of the pedal and the driveshaft 

3.3. Technical specifications 

Table 5- Specification of the propulsion system 

RPM Propeller 100 RPM 

RPM driving shaft 200 RPM 

Weight 50 kg 

Height 24 in 

Length 43 in 

Material Used Aluminum 6061 T6  aeronautic grad 

Max Torque 150 Nm 

Number of parts 20 parts 

Length of pedal lever 170 mm 

Bearing SKF ball bearing 

Pedal Look patent pedal 
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3.4. Variable pitch 

We call the variable pitch the module of the rotor which handles the propeller. The purpose of the 
module is to rotate the propeller and to hold the two blades in a certain angle. The reason of a 
variable pitch is to keep the pilot pedaling at the more effective RPM. To make a system which 
adjusts the angle of the blades, there is not a lot of solution. The most common used solution is a 
linear system controlled by an actuator. This system is used for the variable pitch of a helicopter and 
it has been used for Omer 4 and Omer 5. While seeking a more simple solution, we determined that 
we might be able to fit an electrical system in the rotor and it will be completely independent. Thus, 
it allows a simpler assembly and can be more precise. Furthermore, we wanted to simplify the 
assembly of the rotor to the propulsion system. In the other submarine, disassembling the rotor 
required disassembling all of the propulsion system. Since we put electrical components in the rotor 
and we wanted to make adjustments with the variable pitch program, we wanted the rotor to be 
disassembled very fast from the submarine.         

Looking at the assembly, the cover tube (5) of the driveshaft (6) is inserted into the hub (4). 
Afterwards, the turning plate (3) is connected to the driveshaft. On the turning plate, the rotor cone 
(2) is screwed on. In the end, the head cone (1) is screwed to the rotor cone.       

1

2
3

4

 

5

6

 

 

As it is shown, the hub is used to support the cover tube and is used to position the propulsion 
system. This part is fixed to the hull with glue so it is not moving. The turning plate is necessary to 
make the link between the driveshaft and the rotor cone. The reason why we do not directly connect 
the rotor cone to the driveshaft is that we want to be able to remove the entire rotor without 
disassembling the head cone and other components located in the rotor cone. The assembly is held 
by four screws so it is really fast to disassemble. The rotor cone contains a lot of parts such as 
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batteries, bevel gear bearings, bearing inserts and the blades of the propeller.  The main purpose of 
this part is to hold the blades of the propeller with the mechanism of the variable pitch.  Connected 
to this part, we have the head cone which includes the motor and electronics to control the 
mechanism of the variable pitch. In the next figure you can see the parts inside the rotor cone and 
the head cone. 

1 2
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3

8
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7
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Figure 18-Components inside the rotor 

 

Table 6 - List of the components inside the rotor 

1-Electrical motor 

2-Motor support 
3-Seal  of the head cone 
4-Motor bushing 
5- Seal of the rotor cone 
6-Balde propeller bearing 
7-Battery pack 
8-Bevels gears 
9-Bearing insert 
10-Water proof connector 
11-Electical board 
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The mechanism inside the rotor, shown in the figure, controls the angle of the two blades. Those two 
blades are assembled in two bearings to hold them in place and allow their rotation.  The bevel gears 
are also connected to the blades.  For the design, we wanted to choose bevel gears with a high 
number of teeth in order to have better precision and to limit loose fits. Due to the rotor cone being 
relatively small, we were limited in choice of bevel gears. The gears that we decided to use for the 
design offer a ratio of 1 for 1.3 and 35 and 29 teeth. The ratio is not very high which offers less 
precision. However, we decided to use an electrical motor with an integrated gearbox that has a ratio 
of 1 for 256. This motor is installed on a support to be perfectly placed in the head cone.  The seals in 
the assembly are necessary to keep the entire rotor waterproof. To make sure that there is no water 
that goes through the motor and the electrical board, we designed the head cone to be perfectly 
waterproof independently of the rotor cone.  The rotor cone is designed to be waterproof too, 
although with the blades moving, we are not sure if the seals will be waterproof. Here are some 
more information of the variable pitch mechanism: 

Table 7-Variable Pitch components information 

Battery pack voltage 24 volts 

Motor  Maxon, 100 watts,24 volts 
Bevels Gears Cobalt 
Weight 100 Kg 
Number of parts 25 parts 
Bearing 17mm(NSK6002),  15 mm (NSK6000) 
Seal SKF CR SEALS   6mm and 17 mm 
Connector Seacon Hummer  1.15 amps 
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3.5. Functioning of the variable pitch  

As mentioned earlier, the mechanism of the variable pitch consists of controlling the angle of the 
blades mounted to the rotor. In the picture below we can see an example of the possible positioning 
of the propeller blades. The variation of the angle increases or decreases the propulsion to get 
maximum force out of the pilots pedaling, it`s like when you are changing speeds on a bicycle.    

0°

15° 45°

90°

 

Figure 19- Different angles of blades          

To simplify the explanation of the phenomenon we displayed the situation when rotor is turning in 
the image below. When the water hits the angled blade, it creates a force which is decomposed in lift 
and drag. The lift pushes the submarine forward and the drag resists the rotation of the blade. The 
variation of the lift and drag is influenced by the rotation speed and the angle of the blade. To 
increase the lift you can keep the same rotor speed and just increase the angle of the blades. In our 
case a lower angle will give more lift. In the picture the blade drawn flat but in reality the blades are 
dimensioned with aeronautics airfoil.  There are limits to how much you can increase the angle. For 
example, if you drag horizontally with and angle of 90 degrees the drag is a lot stronger then the lift, 
just like try to push water aside with a flat hand. On the other hand, if the angle is near 0 degree the 
drag will be small but the lift will be close to non existant, it`s like slicing trough water with a sword . 
With our blade design, the maximal pitch angle (angle with which we get maximal lift/drag ratio) is 
about 20 degree.  The designs of the blades of propeller are more detailed in the section 5.         

 

 

 

 

 


