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The first step in understanding any
technology is to understand the reason
why it exists. ROVs were developed
because there is no other practical, safe
and economically feasible way to perform
deep-sea exploration and/or intervention.
Throughout history, man has explored the
seas for such reasons as gathering food
and salvaging cargo of sunken ships. To
reach any significant depth or stay an
extended length of time, the development
of diving apparatus was required. The first
use of such technology was recorded in
the mid sixteenth century, when the first
diving "helmet" was used. Since then,
open water dives have been made to
nearly 2,000 feet, a depth which involves
an enormous amount of cost and risk to

human life.
Manned submersibles were then
developed for deepwater exploration.

Unfortunately, these vessels still required
substantial support from above and still
put humans at risk of serious injury or
death. In addition, they were slow to
launch and recover and had limited
bottom time, making them economically
infeasible. The introduction of commercial
ROVs in the mid-seventies has made
manned submersibles virtually obsolete.
Although many groups have been
involved in the evolution of ROV
technology, the United States Navy is
credited with advancing the technology to
an operational state in its quest to develop
robots to recover underwater ordnance
lost during at-sea tests. Since then, ROVs
have been used for everything from
rescue and recovery efforts of downed
planes to the observation and repair of
subsea oil rigs, in addition to deep sea
exploration.
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ROVs come in all shapes and sizes
depending on what they are designed to
do but all ROVs have a few structures in
common. ROVs have a rigid frame that
must withstand high pressure and extreme
temperatures as deepsea temperatures
can range from near freezing to over 400
degrees Celsius. Mounted to the frame
are motors to provide propulsion,
floatation and ballast that combine to
provide neutral buoyancy, and a tether or
umbilical cord linked to the ship that
provides power and is used to control
movement. Other equipment such as
lights, cameras, sensors, and collecting

devices are often attached as well.
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Motor Floatation
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Frame
Mechanical Arm
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The first step in designing our ROV was to select proper thrusters. Two reasons

behind this selection were impacts on overall cost and size of the ROV. Our final
decision for thrusters has been sea-scooter thrusters.

In the ROV structure the center of gravity and the center of buoyancy were intended to
happen in such a way that it became passively stable
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The #1 Rule when it comes to Rov buoyancy is "It's easier to add more Weight than it is to add
more Floats." Rule #2 is "You always want the Floats at the Top and the Weights at the
Bottom." This keeps the Rov stable when it is in the water.
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Mass of Ballast = (Density of Water* Volume of ROV)-Mass of ROV
1- (Density of Water/Density of Ballast)
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The biggest question | get is "How do you know how much to add?" You could figure out
displacement, weight, mass and all that fun stuff but | take the easy way out. (Remember your
Rov should float first) | place the Rov in the water and using a mesh bag centered on the Rov |
add weight (washers in this case) to the bag until | get the Rov as close to Neutral buoyancy as
| can. | then divide up the washers into 2 even piles and thread them onto two dowels and
stuff one in each skid. | then fine tune everything on the actually dive.
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(o L) 28USY Loy Ay lane S el A0 ABLD (<5 Al 038 ) (sabnd) gilall dlaye ) Josy o) (6 e Ll

The next biggest question | get is "Neutral, Negative, or Positive Buoyancy?" Well its a matter
of personal preference.

Positive > sl Negative Buoyancy s sl Neutral Buoyancy b séhll da 1 Sl Sl J) sl
¢ Buoyancy

Negative Buoyancy Ll 5| Neutral Buoyancy ¢t sihll g sill Ga 8 5alls aladl sdlall )5S Lo
Gand L5 A el Jid gl Ju ) il Lee gl e alaiyy) die Up Thruster Sy &8l As g ye Joadil - liai,
ABTINEYTRYE PORY PR
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Propulsion System
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Propulsion System i) ali

Propeller gl = 5l

The best choice for the thrusters of designed ROV are the brushless DC motors to achieve minimum
dimension for the same power rating.

Regarding the fact that in most industrial applications surge, heave and yaw motions are satisfactory, only
three thrusters would meet the demand. In the so called three-thruster arrangement two thrusters supply
parallel propulsion for surge motion which also give yaw moment in differential mode and one thruster to
propel the vehicle for heave motion. The other common distribution provides the same 3 degrees of
freedom with more actuators

Body-fixed U
S (surge)

Earth-fixed
AANASY
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In general, ROVs in the water would have at most six degree of freedom; three rotations and

three translational motions.

Propulsion systems & 1aLiif £/ 54/
. Electro-hydraulic Sig nn )¢Sl adall olai o
. Electric eIl adall ol o

o 8 e LSy ST gy Al paum g eIl Al

(N 2l allial 4y glhal) Cilia) gall
Motor Maximum Current in Full Load (Amperes) JalIl Jaall Li Laaly culS ymall chlialga L
. Maximum Rotation Speed (gsadll (j))sall de

e Powerful, resistant to saltwater corrosion

e Had the high torque and low speed needed for a marine propeller.

e Thrusters output lbs (Newtons)

Gear )y dlaay buaa bl (Sayy, Direct Drive Jgise @lyae alasiuly Thruster gy JS dadts oSy

. Multiple Output Gearbox glaall axxise (yss 55 (§s3ia alaiiul Drive

Buoyancy System
In the design it was desirable to have 0.3m meta-centric height and no offset in the x or y axes
direction between center of gravity and center of buoyancy.
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ROV circuit which use a joystick as a controller
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There’s several ways to create a sealed shaft: you can use sealed bearings with grease or

you can use a magnetic coupling.

Cylindrical Magnet.

Potting otting

DC Gearmotor

Note that magnets are configured in alternating polarity- this provides greater torque transfer both allowing opposite
polarized magnets to attract each-other, but prevents skipping by repelling neighboring magnets
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Then transistor Q3 becomes ON since it is PNP, it needs LOW voltage to turn ON. But

transistor Q1 remains OFF, because it is NPN and requires HIGH potential at the base to turn

ON.

Toggle Switch glids p/a3iuls DC Lsaall 194 olad] s

Toggle Switch

N.O.

One—

Microswitch

Schematic Diagram of The Useless Machine
| HONONON®

1 - Initial State:

Arm is in contact with Microswitch
keeping the motor turned off. This
is the normal steady state of the
maching, and no power is being
drawn from the battery.

G yaall olail ypadl Lpdadll il 58l

S ASally Sl Aagd s Janll QIS (5sSa JUlls ¢ @l IS5 aSatl) Aagd g DL dag)l a3 AL 5530
sy oadad) oSl dagl Jaly (AT dagly AGal e o w83 dag) Gn dealst JiSs3g 0 dae iy 130 ¢ aaal
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Obysa oladl uSe

I

w32 0volt.com Toggle Switch CtﬁA

w32 Ovolt.com

http://320volt.com /wp-
content/uploads/2010/01/taggle-switch—animasyon-—

motor-bagli.gif

A BSlaal) al epa ill (pe el g

Abdul-Majid Amin

Toggle Switch zlae alasiuly &l jaa olad) (uSe
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Vectored Thruster Diagram <\S s day ¥ ALY adall hhia

oy
Direction oY)
No.
Forward »Ly!| 1
Crab Right gedl sla| 2
Reverse g5l 3
Crab Left [lull il 4
Rotate/Turn Left - Forward oW — Ll ofysafs)lxiad | 5
Rotate/Turn Left - Forward oW — cpadll ofysafs )il | 6
Rotate/Turn Left - Forward <alall — el oys3fsylaind | 7
Rotate/Turn Left - Forward <alall = jluall ofyeafs)lxivd | 8
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Thruster Control Board ualé ) (2 asail) 5 il

— Change Direction slay) juad — Glay)/Judi (e adall Gl jaa A aSail) Jigud L3Sy shaladl yilgall (yany
el daalall oSl 35L3Y b llag Vary Speed deyull ypis

DY) s e GlSjan 4 b aSatll e 5yl g ol aa 08 Db ¢ H 3yl (e ST e giat 38 oSaill dag)
. Motor Driver aul lele 3llay 885wl aSail) Ui (e daaldll

Power System 4;3a3) 3 il

It 1s possible to charge the Batteries during operation through a pair of cable over the tether. To
provide regulated power for video camera and other electronics, a highly efficient DC/DC
converter MPW1033 is used. This converter provides a 12V for the Camera and feeds the
regulated 5V & 3.3V power supplies for other electronic parts.

lgindgs oy glhaall Slaa ¥/
Thrusters g8l GlSjaa @
. Lights scLay) e
. Cameras &yl o

. Sensors ciluluall o

- A Gaga 613 dilias o)af lsd Gy Jleal T @

ROV BACKBONE CONTROL
SYSTEM
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sl gl Ll il g

. ol BaleY AL cly)lay Aauds L33 o

. ROV a8 0 Jaidll Lg)id\ JSI e dail)l e

Navigation And Control System 4a>lall g aSaill sl

ikl & 35S0 Auglaal ilagall 5 ikl (pe uanll s 5130 3 oo ASadll oLl cint ALelall LSl i
Cleacadill Cilide 3 dacadial Ll aleall o vl Sl 038 g5 of (S iy Sually dlailly dudlal
S g 5 Sl Aty ooyl ol 5 Gindl B3 5 SEY) 5 oyl gl 5 Slally kil Jha Relial
saa)l el et LSl el alee Capial (Says LAnlgdl Y el e ey el Cindl (el 5 4l
LAY ing ) Jalal 5 oLy 5 mad) 5 Ailedl

Gl Cilide daod] Lapad deaah 5 2 go led KA dS5a0 dyyay cligg) ge e ROV I ailSye )
G 7ok ddauly a go Al @lKia 8 HSal) g Al 8yshall S elad) Caad Baaie alear aldlly dglal)
b/ el deasi &y Lelpayl 5 ChalSll 5 clalill/cileilall e sae saclue sl B lgaas o doxy
Chla s AleSh 5yl sy 3 Tether coll anls Cipy QIS Aanlsy aay e oSa3 3250 ROV 1 485

A Al e Uyl () mShal) ) el 8yeall gy 5 oS

Using an onboard autopilot with the given set of onboard sensors. In this case the operator
only sends high level commands. The autopilot is mainly based one Atmel AVR
microcontroller which is interfaced with all electronics modules and sensors in the ROV
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Surface Contro
Console

] . Vi Camera '
| Batteries Water _eakage Sensor

4-20 nA| 2-Axis Inclinometer

s AVR
Controller
12v.5v, 3.3V
. Pressure Transmitte
DC/DC l
Converter -
e Dita Qﬂ* ==
T Power ;
Mctor Derivers Scooter DC Motors  Orizntation and 3-Axis Acceleromet:
Attitude
sensor

Schematic view of the autopilot syst.em 4adl s aSa3 alail =3 gal
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Surface Control Console (Ahwl) aSadl) 3aa 4

-

SeaOtter-2
& e

ROV Control Console alaud) aSaill 32
i (e oSall Graphical User Interface duegm) 4aly (3 4358 SCC adau o805 309 aladiul (Say

toas dagliag ¢ Aaledl lydigally e} jall Juin) @ Monitor the state of the ROV &S jall Alla Aalia @

Syl A jaie AR5 By e A el ol
: Activate or deactivate onboard controller 4. el Js)all aSatiall calay) o i e

. Give trajectory commands Jludl jalfl clac) @
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Sand Direchion

8: ¥ Dewctian : : Dheeral Galn

 iarf & I

Sheerang
Edeing Mods

Motaor 1
Mainr &

Motor 2

Motor3

Motce 4

Motee &

Ariana-I graphical user interface g sill (s 40 gy oS3 dgal
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Hand Controller zlia 4a sty asail

Camera Start/Stop
Pitch Recording
Up

A
Camera
Pitch op
own )
Roll Roll Yaw Ya
“left Right eft F€|g%

Down =R

Forward

PS2 ROV Controls & sill (3 4 s a8a% 4a

Sensors <bubuall

. Sensing Depth Geall (uldl laxall (ulus a2iiy ¢ Pressure Sensor haall (ulua

: Temperature Sensor 3 ) all ulua
: Inclinometer sensor Jiall jaiiiae
: Accelerometer g ludll (ulus
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Dbsw Dle

g Al Al sy

ROV 48)al dalgl) Gl all (amy ) slae copudd Sagany HIY © Water Leakage Sensor sbuall oy (ulus
clylad) saiay Electronics Compartment 4wy iSly) laslll sass Jie JUW (e leiles cang Al

Gl 39 5 L jladiind Al 35 water conductivity sbull duyeSl dbuagll e adiad 4, . Battery Box

a5 iKY Glaa ) Jee calals Operator Jaial) ?53733 | C.ja.u Y RS;IJ\ 4 ,e ‘_g (e ) i oLl
 Ae o mdaad) ) 3 seally A€ 5all yal slac ] 5 Al

Water leakage sensors are devised in different location in the electronics compartment and
battery box. Sensors are operating based on water conductivity. In the case of water leakage
the conductivity of water drives a buzzer in surface control station, so that operator can shut
down the sensitive electronics and command the ROV upward quickly.

G ) asly O Lelis s Ethernet cuifil ) sl cibLa) Jasad oSas rlubinll o sl CilyualS iiad
ke aSal

A video camera is mounted in front of the ROV. Video Signal is converted to Ethernet and
transferred by a single cable between the ROV and control consol.

Cameras <) sl

Hlpailiad ?‘*i
. Power ,3:131) o
. Visual Angle (Degrees) au5,l) 435 o
. Resolution zsagll e

LSl (e dala e lyal e — Jasd) clgal dad)ye — Caliasind @ Laida, @

“ o s

il g ASTY) 48 o
CASa) ali g Jlaed 8 Canilly Waterproof sluall Gajd s dicass dgsla Jaly 4355 5y jilall sy sy
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Umbilical Cord (s ! Jis!!

NYLON ‘VENT'
1.0 SQ MM CONDUCTOR
(9 OFF)

OVERALL SCREEN

. 0.22 5Q MM CONDUCTOR
— (4 OFF)

2 PBT TUBES, ONME CONTAINING

2 X 50/125 MULTIMODE FIBRES +
ONE CONTAINING 2 X 62.5/125
MULTIMODE FIBRES

~0.22 SQ MM TWISTED

SCREENED PAIR (4 OFF)

PETROLEUM JELLY FILLER COMPOUMD
~—__ARAMID FIBRE BRAID (B.S. 1920 KG)
POLYURETHANE BEDDING

SHEATH (R.T. 1.5 MM)
POLYURETHANE SHEATH

0.D. 20.5 MM £0.5 MM (R.T. 3.05 MM)

CABLE No. CS 13884

ROV Il il jo (A aSaill axdiiia (g 3 JoSI alaial 3 g

Eng. Abdul-Majid Amin Algendy



Tethers supply the vital link from the ROV to
the surface or control module. Either directly
or via the tether management system through
the main lift umbilical. The total services
provided by the tether are power, CCTV,
signal, & communications via optical, coaxial,
or twisted pair conductors.

Mechanical strength is normally incorporated
into the design using aramid fibers by multi-

layer braids or center strength cords of aramid
fibers.

ROV tethers are a strategic component in the
supporting performance of the cubicle, so the
design & construction has to address, crucial
factors such as small diameter, flexibility,
ruggedness, buoyancy, depth & handling
requirements.

oSl 535 a0 ROV 350l spm By s Tl IS
GBS 5oy Aashia yo ol il Tl (64 ¢ adand
< @leadlly . Tether Management System ay)l
5L 5 Power duweS) 4l Ju o L) Leaddy
Twisted Ugane iy Dl yie L) oSailly sl
<l Coaxial (5ysse Ji& i Pair Conductors

. Optical Fiber ifsa

Glll cBLS dilal Bl 4 3Kl B8 ped A

TS SPREiN o calaall saneie Jilasy deyre

el acal adliiu) yaie ROV tether 4Sall Ly,
o a esSily meaill 13 ¢ Cubicle gyl i<l
Small el pladll Jie da)jall Glllid) (aey b
Ruggedness ssills Flexibility 43 alls Diameter
Jall cllkias Depth  (3ealls Buoyancy sakllg

. Handling Requirements Jslxills

. Neutrally Buoyant JiSIl & apdal) shall duald 550 o) agall o
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Cable Floats &/ Jils cila) g2

Cable Floats L)l JiS cilal 5o

st pxe Al 8 ROV 4S)all Umbilical ¢gedl JASU 1 ( Tether Jaubll) Japll S e cyfill faiaia
LI A lal) dals
Cable floats are specifically designed for use on ROV tethers and umbilicals. Umbilical

buoyancy is used in conjunction with ROVs to keep the required length of umbilical buoyant
underwater.

The tether needs to have floats attached to help keep it from dragging. The floats are made of
foam and are attached using velcro.

- a3ys il g Al dms aae s e Wl Jaly il 4) ey QS e cilelse a5
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Vertebrae Bend Restrictors sUly/ ;e 4ilaal

Vertebrae Bend Restrictor Wyl (e LK laa jaic
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Launch & Recovery Systems LARS 4 529 1) dual gal) 3alatieid 5 (D) ila gliia

Surface
Power Supply Unit
!
= [
= L e [~ Monitor
|
| S— —
== - e
e L et
B B B _
= {;e_egtal:nﬁ;nq o o
6 © mE e T 19 Rack Mountable ship’s Crane, Davit
@ ',: Surface Control Unit or *A° Frame
—
Umbilical

Sheave

Hamd Warping Drum
Controller Umbilical ——=

SEAEYE ROV
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Surface .
Power Supply Unit

e
! |
=L [ Monitor
B 8 O [
B Free Stand L h&R 5 LARS)
ree Standing or aung eoovery System |
0ee . ;‘J'fﬂackmrz'lounmale
I =T urface Control Linit
@ 5] -_l:_",_c::::: o " Dineorporated T S
3 Eam i HI wurface controd cinouitry) ——
I fa e e | e
u‘ . Armayred L

Deck Cable —
 evernat @‘ /
Ll N

POwEr Armousred  —»
Hand Controller RO Lift Winch & frame Lift Limbbilical
rsarporatel TS, tether cable
bale infoul Contred)

Tether Management System (T.M.S) i

SEAEYE ROW

Tether
Management
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Tether Management System TMS L) 5)3) 4asbiia

Tether Management System TMS dail )1l 53] 4 slata

The benefits of a TMS system include: : TMS daslaia aladin) ils

« Operations to greater depths
« Elimination of the effect of considerable
drag forces on the umbilical at greater

depths A e 5kl candl g8 il e oLl e
-5yl BleeY) 3 gyl

+ Protection of the ROV during launch Zshic je l@obaiuly @) DA L0 Lka o

and recovery through the splash zone
. Splash Zone

LG i asllaall Gaad) ) Jseasll Gy @
o Faster deployment to the working depth e o sthdl ) Iyl Aoy

governed only by the speed of the _all agll Jaxs ) 4Lyl Winch 4xs)))l de ju

winch, rather than the rate at which a ) . . ) )
free swimming ROV could dive using Vertical bl gl Daa Al 4S540

its vertical thruster(s). Thruster
o A safe haven at depth for the ROV
between tasks. - ALy Aaga n ASHall (l Dl Jiay @
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Load Stabilizer

Heavy tether

ROV

Lander Light tether

) Cilage Tapll 33505 daglaial 73503
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Frame &) kY
AL &l A€l arana Jumiall (e ail Cumg, Aol jualiall G ol T )lls sanal) g8 apladl Y
L anll B Y 005 of Qi Jil) dlee Jens Cymy Modular el

. Limiting Obstructions To Thrust <ibald)ll xds &ile) Jilis e Jary of oy

c kel GlsSall Y el sl ransys B Gans J81 ana iny 8 35 alasiiud

Less material equates to less bulk, less drag, and allows for easier access to components.

Lights 3sLaY)
daialysypa o Jpanll Alady 358 sl dalall el 130y Lalall Jladl olue 3 Jia DUl o) Geal) ol LS

AUa) LgSlgind (aliily Lis WS LED g5l (g claad a2iinsi Lo saley . 1yalS

Lift Bag sdhll L.<

Lift sib (a€ Cuf & g @) e Al alual Ly
e o Dkl e hagrias else 4sdi & | Bag
eV JE) sl Gl i ¢ gl Al
S Al Aalsll oS o s - osbd) mha
pally silall (aS Gy e Al (SolSuall Sl
-l oY ams Giglladl)

PRESSURE GUAGE
/(D 2-POS VALVE

—
PORTABLE : 4 LIET BAG )
COMPRESSED AIR TANK
|

PRESSURE REGULATOR

sial) e i A slaie
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( Robotic Arm 4515, £1,3) 48 sall Sl £ )3

II'IE-:‘__—‘_:.-'-’" Kraft TeleRobotics Predator-T

ekl ol Jie olyall Jiu] dage 2l 1) o ggind 88 5 el ¢ 1 (e o L] U5kl Grabber @llus) g 13 Jasd

Al dlayy dae PA e 4e g 2ty Sl Sl aladll

45| Page Eng. Abdul-Majid Amin Algendy



Laptop

USBE

-

__Surface
ROV
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Television
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System Integration Diagram SID 4ashiall JalSial) il
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P53
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O
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DC/DC Converter 48 Voits DO
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!r"‘ USB Camera
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=l s Camera
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Cameras
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L Digital /0 & P
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33 AN adsal e . MATE ROV COMPETITION adsl iildl o

. [http://www.marinetech.org

. ROV Egypt Competition 4 padll daliddl o
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AUV All&idll 30Y) Al il
Center of Buoyancy sahll Ky
Center of Gravity Jal Ky
Degrees Of Freedom DOF iall clags
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Gl Al

Onboard Sensor

Al (e e clalaa

Operator Jadia
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Pitch Rotation 3yaie AS
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iy ) sl
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Chsally syl ol
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Roll Rotation

SUTS

Splash Zone
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