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Abstract

Robo-Tech is a marine company dedicated to developme
and manufacturing of ROVs to tackle multiple challenc
environments.The latest RemoteNOperated Vehicle from
our companyd ¢ K'S Y, s §pécidlized to do severa
tasksunder water in order to build itwe were split into
four teams (Administrative, Electrical, Software al
Mechanical), to be more organized ensure our
develgpment and fabrication of oumproduct The design
was based on leaving free space to facilitate handling err
a2NB2dSNI G(KS whz:Qa ¥FfSE
removing any extra hardware or required software.

We took into consideration the size and weight to ease ¢
mission under waterSoftware was developed and code
from scratch via C# and Arduino allowing the user sv
correction of any error.Electronics were assembled, iy 1: computer rendered 3D model of this year
modified and tested extensively to ensure the system ROV)

stability. The safety for environment and people is a priority in our product so we made suredfety
labels have been addedhrouded thrusters, no sharp edges, electronics housing wiring was as compact a:
possible als@lectronics system is protected from any unexpected increasing in current by adding a safet
fuse.This report will show théechnical information about the mechanical design, software and electronics
as well as the safety considerations and the future improvetsie
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(Fig. 2: Robo-Tech Co. The Kraken members)
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Design Rationale

A. DesignEvolution

Snce 2016, We have built two ROVs, first let's talk about
year ROV seen (ifrig.3) and the problems encountered us
we had two motors for up and down in sides which made
unable to dopitch and made the maneuver in missions
difficult.

We had an acrylic tubdts length was 25cm which made 09
take a big space as well as end cap weight was too much.§

had two plates beside each other which was so bad becag@ "
our limited space, and that made us in need to install forwa® &~ ’
and backward motors in another part. (Fig. 3: Last year ROV)

This year ROV:

We focused in solving the problems that we had in pineviousyear. We did this year lebf modifications
to fix the problems encountered us in ouit ROV.

We changed our design system to bee plate horizontallyand two platesverticallywhich helped us to
benefit from the area as much as possible, so that deenot need the other part to install forward and
backward motors and that helped us in decreasing the weight.

We used this year modified bilge pump to have a much more force which will help us to finish the mission
faster. we have also changed the motors angle to make use of the greater force component in the
forward/reverse direction. The acrylic tube was shoednthe motors guards were added to increase
thrusting and for safetywe put the motors in front and back to be able to maneuver and pitch.

(Fig. 4: Free-hand sketch of our ROV during brainstorming) (Fig. 5: 2D sketch of our ROV)
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B. Frame

1. Design

We used Solidworks CAD to design our ROV,

Design was purposetb let the motors work with the
best efficiency, provide the pilot with full display, us
the least parts and have ample space for tools,
order to achieve that we designealframe which is

mainly composed of three plates, the upper plate
put horizortally the up and down motors are
attached to it and the control box mounted in thi
middle to maintain theslightly positive buoyancy a:
it is our main source of flotation and it was fixed
crescent holders so we are able to change and con
electronicseasily The lower two plates are fixec
vertically by close fitting to the upper plates. Tt
forward/backward motors are placed externally ar
the left, right motors are placed internally in th
lower two plates and the arm is constrained in
slider. A mopveable cameravas constrained in the

(2L G2 Y2YAG2N] GKS F NNaw ..o 90 heliakenframe) L JAY

on missions up and down motorsvere put vertically.Our ROV i80 cm height, 50 cm in width, 50 cm in
length and its weight in air is 12 Kg.

2. Material Selection & Fabrication

We have chosen Artilon (Poly Ethylene) in the frame due to its superior mechanical and physical propertie
It is lightweight, durable, and easily fabricate8decting Acrylic for the arm was because it is Easily
Fabricated andShaped, Highly Transparent, Lightweight and its Strength so it can be loaded with the
missionskarried weighf®Ve modeled them using CNC router, laser cutter and 3D printing

3. Drag

Drag is a force acting opposite to the relative motion of any object mawitigrespect to a surrounding
fluid. While designing our ROV we have tried our best to minimize the drag force to increase the velocity s
according to skin friction drag We have selected the Polyethylene material for smoother surface and t
diminish fricion and to minify the exposed surface to the fluid "water" according to the foam drag following
the equationFd = %2 P v*2 CAlWe have several choices for reducing the drag force first by selecting the
round shape for our ROV to reduce the drag coefficao that the drag coefficient is 0,45 and as We have
mentioned by minifying the surface ar@a

4. Buoyancy _,
Buoyancy force is the upward force exerted by the fluid on the body
immersed in order to compensate for the weight of frame, electroy,
components and the other components a buoyancy foam seen inm:i ;
was fabricated and mounted on the top, the glic tube provided us with
high Buoyancy force as wellhese things obtain the slightly positiv:
buoyancy (Calculated and basedtgirchimedes' Principlg) Our ROV isf
5% slightly positive.

(Fig. 7: Buoyancy Foam)
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5. Fiberglass
The main reasons why we made fiberglass:

1- To reduceskin friction drag and from drag by customize the fiber to be very smooth and make the shape
of the fiber aerodynamic to the extent possible.

2-To make the shape of the kraken look more better twering the wires, electronics and to protect control
tube. We also painted the fiberglass in yellow because it tral@lsFTunderwater and this wilprovide a
clear vision of The Kraken

997 .56
Density (Fluid) [kg/im*3]
Flow Trajectories 1
w. [teration=89

S

(Fig. 8: Flow simulation o

C. Propulsion System

In our journey this year to build a cheaper and best ROV, after many discussions within the company we s:
that the Blue robotics T100 brushless motor thrusters seemed to be very expensive for us. So, we decid:
to use a bilge pump with 3printed base andgillars were designed and fabricated by company members
and were used to hold and support the kort nozzle, these pillars are designed to make the flow smoothe
and streamlined through the kort nozzle. We used the modified bilge pumps from last year.otdrs are
constrained in a way to achieve all the possible motions and to preserve all the thrust and power by puttin
them parallel to each other and controlling every motion using only two motors instead of putting them with
a certain angle and contrally every motion by four motors which wastgortion of the thrust and power.

In order to achieve that the forward and backward thrusters are put with an andle 90e corners and the
other two motors are put internally with an angle 1%&0r rotating.

(Fig. 9: The modified bilge pump)
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D. Grippers/Manipulators
Our manipulator is made up of a pneumatic cylinder responsible for opening and closing with a DC motc
responsible for its rotation.

1) Materials
-We usedPolyethylenefor base, fork in the gripper, tube and end cap in rotating padause Polyethylene
is strong, water resistant and it can be easily machined.

-We used Acrylitor end effectorsand gearsbecauseit is water resistantachieves clear vision for the pilot
and smoothly machined to ensure the accuracy of the gears.

-We usedCopperfor the coupler and extension part (Fig. i&causat is strong and light in weight.

2) Fabrication
-CNC: In polyethylene and acrylic parts.

-Center Lathe: For extension parts.

3) The Gripping Mechanism
Our company designetthe gripper to hold bodies firmly under water. This mechanism utilizes the 50 mm
piston to close and open two end effectors parallel to each other keeping the force perpendicular to the hel

object. It can hold objects with diameter size up to 9.8 cm. i effectors are straight and elongated in
shape ensuring a large contact area with the held object as long as it is not spherical in shape.

The pneumatic manipulator rotation is supported by 2 ball bearings to facilitate its rotation by minimizing
the friction force. The arm can rotate 8@ both directions.

4) The Rotating Mechanism
The rotating mechanism is a very important part to give the gripper the ability to interact with object on
both the horizontal andd SNIi A OF € LI Ay ® ¢KS 3ISIE NI 62E 41 & AYLIH

(Fig. 10: Real view of our manipulator)
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E. Sealing -
End Cap
1. Acrylic Tube (Control Box Sealing) L oo
Weuse in the control box sealing 2 end caps each one of the
has 2 &ings, 1 of them is basic and the other is for safety PSS < —
One of them have only one hole to get out all wires out of i
and the other is completely closetlVe use polyethylenen
the manufactiring of the caps for its cheap price and its light

weight and easy cutting

(Fig. 11: Control box sealing)

1 Acrylic tube
1 rubber Orings
1 Polyethylendor end caps

2. Arm sealing
We seal the wire hole with end cap. It is like hose and inside it a perfor
rubber, the wires get out from th&oles in the rubber and it bind them wit
zip tie and behind the motor's shaft we use oil sealing to prevents water f
entering

We bought the isolated cameras seen in (F8).decause of its excellequality
and its cheap price, also we for saved time and efforts.

F. Vision System

In order to give our pilot, the best viewing angles for manipulators &
surroundings, we use two cameras, first is directed forward which hibkps
pilot in navigation. The other one is directed to see the manipulators. These
cameras are related to amplifier seen in (Fig) then toDVR to be monitored
2y  GKS LIA.fVeiuses DVR OaHBSS (Figs) Iwith the following  (Fig. 13: Insolated Camera)
specifications to gethe output of camera and show it on the screen and laptop.

AType: HDCVR.

w wSaztdziazyy 7
w *ARS2 AyLlziyY
w '{. LE2NIY H L
W
W

t 26 SNJ adzLJLJ &Y

HDML (Fig. 14: Amplifier) (Fig. 15: DVR)
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G.Electronics and Control

1. Mother Board (Onboard Circuit)

1) Circuit Layout

As we broaden our aim every year the amounts of tasks

depending on the electrical power increases in returhis

year our electricaldepartment sustained two major

problems one of them was the insufficient space that have

forced them to create and design an immaculate electric

OANDdA G H6KAOK LINPOARSEA FdzZt O2y iNRf 20SNJ G§KS v
distribution and communication systems. Containing the

followingitems as the main components:

1 An Arduino megamini development board

1 4 Cytron 10Amp DC Motor Drivers

1 Power regulation system providing 3.3, 5 and 9 volts
i Two Mosfet transistors

l SPI module for communication (Fig. 16: The motherboard circuit via Eagle)

All located on a circular board with the diameter of 14 cm. We used an Arduino-miegaevelopment
board for not only its small size but also for it capabilities providing more digital and analogue pins. Th
connectors are suited in one direction anddieed in parallel to simplify the overall flow of current. Extra
analogue and digital pins are supplied from the Arduino board to try and test new ideas and concepts. T
tracks are adjusted to a specific width according to the rate of current flowinga gsdaund pin headers are
used in urgent supply cases and Extra 5V and 9V pin headers are outputted from the two regulators as we
We used Eagle CAD in order to design our PCB.

2) Board Components

1 Arduino board

Our MegaMini board seen in (Fid.7) is the Control Unit of the circuit as it

overtakes several tasks. It is supplled by a 9 Voltage supply from the 9V

NBE3IdzZ F 62N LG NB O Scangeteaated $triig of datbanl Qa aA Iy L€ & |
the GUI software using the SPI protodbyathers the overall data and resend

it back to the GUI software asancatenated string of data with all the  (rig. 17: Arduino Mega-Mini)
sensor readings and overall changes in the system.

1 DC Motor Drivers

¢CKS /@GNRBY wmMn !'YLA Y202NJ RNAGSNAR O2yiaGNBf (GKS Y2
GKS NBOSAOSR aradaylfa IyR O2yiGNRfa GKS Y202NRQ a
PWM signal from the Arduino board seen in (Ri§). There are 4 motor

drivers in totalin the ROV controlling 6 Bilge pump motors and one dc motor.

(Fig. 18: The Cytron motor driver)
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