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Since the begiming of the 1990s, the OMER Submarine Club memmearsfested their wilko raise
the standards of the Intemtional Submarine Race (ISR). tillpnow, the OMER Clubas heldthe

speed recordn all four categories

Tablel - Lastspeed world records by OMER submarines

SUBMARINES CATEGORY YEAR
OMER 4 Oneperson, propeller 2001
OMER 5 Twoperson, propeller 2007
OMER 6 One person, noipropeller 2007
Omer 7 Two persons, noipropeller 2009

SPEED (Knots)
7.192
8.035
4,916
5.133

After having made these 4 records, our teamantstook up the challenge of beating our previous
record set by Omer 4 with ounew prototype Omer 8. With the experience acquired the
fabrication of Omer 6 and Omer 7, the team hawproved it'sabilities for dsigning hull and
mechanical system The team Omerdevelopednew techniques of fabrication that make better

quality pieces

Omer 8 hasa number of improvementshat push the limis of a fast and stable submarindn this
document we will review in dail the hull, the propulsion systenthe 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 propel&e decided to come back to usiagpropeller
system becausevith the years we accumulate a lot of experience with dimensionirtge hulland
propeller. We decide that usinge knowledgewe developed with Omer 6 andwould give ughe
best chances to reach our goal which is to beat the record s€rbgr 4in 2001 This year, we did all
the modeling and designing of all the submarinetpéan 3 dimension using CATIBR19 We shall
now present the main components of Omer8

The hull
It's hull is the smallest in volume we have ever made wldngthof about 105inchesand a

diameter going up to 24 inche$he designwhichis made with NACA airfoils and ellipsal be
explained irmore detail inthe section 2.

105 in

Figurel- Submarin€ Bength

201in

24in

Figure2- Submarin&€ diameters
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The Propulsion

Thesubmarine propulsionsystemhas a similar design ©©mer4. Thesystem consists of
transfering the power of pedaling to a rotor instadl at rear of the submariné/Ve used the same
design for the gear box but we addedariable pitch control in the rotor. The variable pitotntrol
variesthe angle of the propellein orderto havemore effective propulsionThe control of the angb
isdone electronicallyMore details o the propulsion systerare insection 3.

Figure3- Assembly of the propulsion system

The Direction

The submarine is directed by four fins that amsjioned at the rear of submarine. These fins are
controlled by a fully mechanical system composed of a joystick and a gearHeobknk with the

joystick and the gear box is made with stainless steel cables. So, the direction is made of cables that
movwe linearly due to the joystick and generate a rotation movement in the gearbox. More details
about the direction are in section 6.

Figure5-5 ANB Ol A2y Q Figure4-5 A NS Ol A 2y
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The security system

Since the security system used in Omer7 way effective we decided to use the same one for our
new prototype. Thesystem is a pneumatic circuit with actuas@nd switctesthat control the
opening of thedoor andthe release of the pojip buoy. The system has a switch to only open the
door andthe pilots also holds a switch thapens the door and releases the pap buoy if the pilot
releases it. More details on this system aresection 6

Figure6-Door release mechasm

Figure7-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 measurementse used a mannequivhich had the saméimensiors asour
destinedpilot positioned in a pedalgp positon. As you can see in the image beJome positioned

the knee in 90 degree to evaluate the worst case in pedaling. The other thing is the position of the
feet. With the propulsiorsystem and the feet widtlit is another limit to dimension the hulBfter

that, we have the shoulders wid that is important to be considered. Finally, the position of the
headthat represent the length taken by the magguin limits the length of the hullln the table
below, there is the dimension of the constraints.

Table2- Dimension of the constraints

hip length 19in
Feet width 16 in
Shoulder widh 19in
Total length 70 in

Figure8- Mannequin fitting

10
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2.2.Methodology

After having found all the constraints, we dgin to choose the rights airfoils that fit with the
mannequinand decide to use NACA seriesiffoils. We thendecidal to use the same technique
used with Omer 7 tado the modeling tke hull. The technique consistf havingan airfoil in a
horizontal pane and an airfoil in the vertical plane. To links those airfoils we used sllipae
separate the submarine in fouMWith the ellipses and airfoive can generate a surface in our
software.In order to havea perfectly symmetric hull we modeled only aagter of hull and we use a
symmetry operatiorto make the complete hull

Figure9- Hull modeling in Catia software

Tochoose the vertical airfoil we take thep lengthand the minmum length needed for the hull. For
the horizontal airfoils is dimensioned in function of the shouldertiviahd thefeet width. The
airfoilsusedare formed in function of the chord length. In the NACA series 6, we chose the airfoil by
the maximum with (depending orthe chord lengtl) and the psition of this maximum with. In

this casewe choose a maximum vitdnear the front of the hull to place the shouldsand a

maximum height further back for the hip length.

11
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2.3. Ergonomic test
After we modulatedsome tests hulls, we analyzediifkK S MW@t space to pedal withll the parts
like the tank, the propulsion system and the direction system. As shioihe images below, our

analysisvas donesection by section to see if theredaaycontact with the hull.

Fitting the knee Fitting shoulder and tank Fitting Pedals

Figurel0- Section view of the submarine

After havingdfitted the knees and the shoulders, we identified the position of the pedal and the foot
when pedaling. For that, we didme test with Omer 4 in hasinto see ifthe heel hago behigher
than the pedabxelwhen the pedaboard passes the top section of the hulind concluded that

the pilot can pedal with the sole of his shoes flat against the pedal board

12
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2.4. Hydrodynamic analysis

After wefitted the hull prototypeswith the mannequin we tested them with CFcomputational
fluid dynamicsyoftwareto choose which hakess dragThe software igalledCosmoHoworksmade

by Solid works 200And permits us tesimulae a fluid (water) with a speed of 4m that goes
throughthe hul and thus runs simulation that gives the trajectory of the fluid and the force of drag
in Newton. Our selection of the hall is based tire hull that hasthe least drag.

To obtain optimal results we simulateand compared withthe hulk of our previous submarines
(Omer 3, 6 and)? Since OmeB was the smallest of the hulls, we decided that it's drag level was the
one to beat We waned to simulatethe hull of Omer 4 bug S O 2 dzfl iRs8riiodel. A Y

2.1.Fabrication

The process used to fabricate the shell of the nmawatotype of one person propelled submarine is
called resin infusion process. This technique has been seldeteduse it does not require any
expensive tools, it allows us tobtain a good surface finish and, most importanthgcause the
molding of the shell can be done in@woperation (fiber + foam core). This process allowisave
money and time and tobtain the best mechanical properties possible of the sandwichtogct®on.

| SNBQ& I NBLNBaSyidlidazy 2F (GKS AyTFdzarzy LINROS&a

Vacuum Bagging Films

Apply vatuum pressure over laminate

Resin Flow Mesh

Provide flowpath for air out & resin in

Release Films & Peel Plies

Redeass off cured part

Pressure Sensitive Tapes
Holdng vacuum manibd & matenals

Resin Flow Channels «

Provide high fowresa delvery TS

Sealant Tapes

Vacuum seal bag fim % tool

Tool Release Materials

£ nsure cured part remowal off tool

Laminate / Part

Connectors & Manifolds

Vac ag comnecton ke vacuem & resin

Figurel1- Infusion molding setup

13
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Just like its predecessor Omeyr new prototype uses aombination of carbon fiber and epoxy
resn.TheNB A& | aft A3KG RATFTFSNBYOS Jayombirtdn ¢f daib@NI f | & S
fiber and innegra fiberThis fiberhas been developed to have a better impact resistance than carbon

fiber onlyandit gives a nice look to the shell.

I S NB (peesentationddf the carbon/innegra fiber:

Figurel2- Carbon fiber used for the hull
The window ofthe nose of the submarine is made of polycarbonate (Lexan) which gives a good
impact resistance and is completely translucente TWindow is thermoformed using a combination
of high temperature and vacuum process in a radiant panel oven.

| SNBQa | NBLNB&aSyYyllGA2y 2F GKS Y2fR dzaSR FT2NJ (KS

14
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2.2.Final hull

Figurel4- Final hull shape

Theselectedairfoils are the NACA66020 for the vertical plane and the NACAG801% horizontal
plane With these two airfoils we obtained the smallest hpdissiblethat will fit the mannequinWith

this hull we were able to obtain the lowest drag of all our submarines with a drag of 53.7 Newton.
The surface area ose to4 square meters and the length of the hull is 105 inckiéish all the work

we put into the choice and fabrication ahis hull, we truly believe that itwill be fasest and most
stableof our submarines. In order to do a small comparisorthefimprovements here is a table
with the spedications of Omei8, 7 and3.

Table3- HullQ gpecificatiors of OMIR 8, 7 and 3

Omer 8 Omer 7 Omer 3

Volume(m3)

Surface Areém?2)
Length(in)
Estimated DragN at 4 m/s)

Biggest diamete(in)

15
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3. Propulsion

The propulsion system is deseghto 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 {derson submarine with propellerhn 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 sketchasere 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 f8® cad

gta R2gyt2IRFrotS 2yftAyS IyR GKSy ¢S OFy AyOf dzRS
have the cad file, we referred to specs sheet of the part and we modeled the part. For the modeling

2F GKS LINRLIzZ aA2y aeéald e alkhé padts taSMllbe prevenidnNBel v G F
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 pitchit Agll 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, ve 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 fashvéihother. 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 tiee@D 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 submarindn the nextsection, you will see the assembly of the gear and all of its parts.

16
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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 havesarghox, 2 plates glued to the hull, 2 structure parts, 2
gearbox cover plates and one protection tube for the driveshaft.

\/@

Figurel5 Components neathe gearbox

1- Plate glued to the to the hull to fix éhpropulsion 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 driveshafBrotects the driveshaft andoldsthe propulsion system in
position;

5- Bottom coverplate of the propulsion system

6- Gear boxwhich holdsan assembly of two bevels gears to orient the power to the rear of the
submarine

17
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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 desfighe 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.

Figurel16- Components of the gearbox

Table4- 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 boxcase

9-Button bracket bearing
10-Small bevel gear

11-Drive shaft
12-Drive shaft bearing

13-Bracket for supporting driveshaft cover tube

18
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In this figure, we can see a section view of the gearbox. The arrows show the seotsgion of the
bevel gear connected to the pedal board and the sense of rotation of the driveshatft.

Figurel7-Rotation of the pedal and the driveshaft

3.3. Technical specifications

Table5- Specification of the propulsion system

RPMPropeller 100 RPM
RPM driving shaft 200 RPM
Weight 50 kg
Height 24 in
Length 43in

Material Used

Max Torque

Number of parts
Length of pedal lever
Bearing

Pedal

Aluminum 6061 T6 aeronautic grad
150Nm

20 parts

170mm

SKF ball bearing

Look patent pedal

19
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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.réason 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. Thystem 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 welpatrical 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 insértedthe 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.

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 thetor 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 scews 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 meclsamiof 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.

Figure18-Components inside the rotor

Table6 - List of the components inside the rotor

1-Hectrical motor

3-Seal of the head cone

5- Seal of the rotorcone
7-Battery pack

9-Bearinginsert

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 iwo 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 ¢artitor 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 toauan 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 tratithno 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 surthe seals will be waterproof. Here are some

more information of the variable pitch mechanism:

Table7-Variable Pitch componentsformation

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 (NSK60
Seal SKF CR SEALS 6mm and 17 mm
Connector Seacon Hummer 1.1&mps
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3.5. Functioning of the variable pitch

As mentioned earlier the mechanism of the variable pitch consistscontrolling the angle of the
blades mounted to the rotor. In the picture belowe can see an example tife possible positioning
of the propeller blades. The variation of the angléncreases or decreases the propulsion to get
maximum force out of the pits pedaling, it'$ike when you arehanging speeds ambicycle.

90°

45°

Figurel9- Different angles of blades

To simplify the explanation of the phenomenon we displayed the situation when retturning in

the image belowWhen the water hits the angled blade, it creates a force which is decomposed in lift
and drag. The lift pushdebe submarineforward and the dragesiststhe rotation of the blade The
variation of the lift and drag is influeed bythe rotation speedand the angle of the blade. To
increase the lifyou can keep the same rotor speed and just increaseatigge of the blades. In our
case a loweanglewill give more lift Inthe picture the blade drawn flat but in realithe blades are
dimensionedwith aerorautics airfoil. There are limits to how much you can increase the arfgbe.
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 &f hand. On the other handf the angle is near 0 degreélee
dragwill be small but the lift will be close to non existant, it's like slicing trough water with a sword
With our bladedesign,the maximal pitchangle (angle with which we get maximal/tifiag ratio) is
about 20 degree Thedesigns of the blades of propeller are more detailethe section 5
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