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Abstract

This technical report is written to descrithe ROV known as APASCALO.
constructed by Notios Co. to complete mission tasks relatedinstallation, operation, and
maintenance of regional cabled ocean observing systems. m@jog innovation this year is
building awork class dry hull ROV with vectahrust This new combination has vouched high
speed and performance, easy maneuverability and uniqueness in shape. Regular reference to
hydrodynamics and classical mechanics, and latimg the suggested designs wetlee
fundamental approach used in every step during builthedrOV. PASCAL integates a clear

acrylic electronics can that comaiall the circuits, eight 11@PH thrusters, and 4 high resolution
cameras to provide a wide field of view during mission execution. The ROV is tethered using two
25m data wires each of 6 lines and 2 poeadles. The tether transfers data from the ROV to the
driving station and vice versa. The driving station contains an electric board, display screens and a
Graphical User Interfacenplemented usingabView and C# which displays the sensbdata and

aids in measuring the length of the designated location. Other payload tools are the vertical
levelers used to level the secondary node and the hook centered at the bottom of the ROV to carry
heavy objects as the SIA. Safety precangi have been on the tab the list wherethe staff
managed to build a welkolated ROV with a thermal protection system. eTibtal budget of
PASCAL is $1931.26Gncluding reused materials.

Staff from left to right:
Hossam Amr

Sondos ESayed

Mariam Abdelnasser
Shrouk Ashraf

Dina Wael

Nouran Soliman

Ahmed Hamdy

At the front Ahmed Ehab

Notions Co. staff

Special Features:
A Dry hull system with vector thrust|
A PASCAL has its own driving

station

A A graphical user interface i
designed

A Pan and tilt system is used f
camera

A Very thin tether with litle drag

Real photo for PASCAL
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Design rationale

PASCAL is characterized by a compact frame (56cm L x 40crm 86cm H), lightweight and

very stable body aall the weightis distributecequally and symmetrically.

1. Frame

Notions Co.managed to develop the frame of its pl’eviOlé%*’if: =
3

3390+003.

product(SINDBAD) yet without affecting the pressure and® =
the water flow on the vehiel The mechanical department| -
started looking up for a compromise between good shay
low pressure and steady streamline water fléMter doing
sometrials and researchthe dry hull systenmas proven to
be exactly whathe company isooking for. Thisis due to
its cylindrical shape, whichas a very low water resistance,
a steady flow and an equal distribution of forces whic
gives very high stabijt in water. Notions Co. has
succeeded idevelopinga betterROV design- with all the =
required specitiations - as compared to the previou
company o0 6INPBAD)D u c t

Fig.1 representthe pressureofce on the ROV body a
speed of 1m/s and it shows that a very small ar |
(represented by the dome and the front sheet) is subject
maximum pressure vich is low as compared to thkigh
thrust forceof the motors used Moreover the rest of the
body does not exgrsience any unbalancing forces.

Fig2s hows t hat water resistan Vos
very low. It simulates the streamline flow atspeedof 1 m/s
where the flow is very steady witekome water turbulence
behind the ROV which does notaffect the r ob ot
maneuverability or balance.

Coafficlent of drag

The ROV simulations presented in Fig.1 and Fig.2 wer

performedusing #equations (Reynolds str@sssteadof K- g, :
which improved the results as the gsere decreased to three et vy
quarters of the values calculated using the K Fig.3: Relation between

diameter and drag

PASCAL was modeled and tested step by step on SolidWrr<
and ANSYS programs untMNotions Co.cameup with the
most suitable P A S C A umdamental body structure
consists of: 1 electronics can (EC), 2 skidshéetfor fixing

the horizontamotorsand 2 domes.

The EC is composed of an optically clear acryljtinder of
an inner diameter £in and thickness 0.5cm which endur
very high pressure. The ratio between the length and ti
diameter of the cylinder is 4:lwhich is the ideal ratio to
significantly reduce the skin and form drags on the cylinder yet have a wide enough EC to contain
all thecircuits'™. This is clearly shown ifFig.3

Fig.4: Dome, end cap and cylinder

Calculating the drag on the body:
Ol ®QR,0 wo (1)
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The EC is tightly closed with 2 polystlene end caps of diameter 10.9cm and thicknessi.5
Each cap has 2 -@ngs incorporated in it to sustain complete sealidgplastic dome of radius
5cm is fixed on each cap to enclose the cameras from both sitieh allows fore and aft
movement of the ROWFig.4 depicts the structure of the mde, end cap and the cylinder.

The EC is held using 2 acrylic skids of thicknd€smm. The skids also hold the rest of the
components as thrusters, manipulators, spotlights and otAeradditional horizontal sheet, also
made of 10mm acrylic, holds the motors respo
plane.

2. Motors setting

Pitch ( (ﬂ! %h
-&

Fig.5: Degrees of freedom of ROV

Fig.5 shows thesix degrees of freedom of the ROFASCAL which

contains 8 motors:

2.1 4 Motors for heave, pitch and roll movements
Each pair of motors is fixed at the bow and stern of the ROV
forming a rectangular shape 3cm x 21cm (LxW)

2.2 4 Motors for surge, yaw and sway movements
One of the special features of PASCAL is the horizontal vector
movement as shown in Fig.6 The motors are fixed by metal
collars from one side and the other side slides to change the slop
of the motor starting from zero up to 3@ith the vertical line so

that the maximum speed of the motor can be varidgge minimum Fig.6: Mo t

>

— i L .

. e — " —

Fig.7: ANSYS simulation for motor with and without housing

distance between the motors when set at angle zero is tdsoh is wide enough to provide a
very stable motion.

Centre of otation:

The ROV desigmimanaged to set the motors such that the centre of rotation coincides with the
centre of gravity.
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3. Motor housing

31Thrustersd6 housing
As shown in Fig.7, busing each motor with a
polyethylene casing proved its efficiency Dby
providing a steadier streamline water flow and lowe
water pressur e othus reduang s
water turbulenceThe rest of theANSYS simulation Mard chrome
graphsf or t he nacetfoand i &ppendixdCy e

32mani pul atorsdé motor hou
The manipulat@d motors are copletely isolated
using a polyethylene casing covered by an end c
with an Qring incorporated in it. A detailed diagram

is presented in Fig.8. Fig.8: cross section of manipulator
4. Lighting
To make PASCAL more cloge the real ROV applications, Notions Gged a pair of spotlights
operaté using on/off switches at each
of the bow and stern of the ROV. This

. . .. . Colour absorption in water: Colour absorption in
maintans clear vision during the | & -ssyay - cloudy sky
performance othe required missions as X . 4
the light intensityis maximum at the air

sa interface andlecrease gradually as
the ROV dives deeper into tb water
eventualy reaching zero at almost 20m
underclear skyconditionsas presented
in Fig.9®. This cases not applicable
for the ROVs®d norm

5. Floating and buoyancy Fig.9: Colour absorption chart
High centre of buoyancy and low centre
of gravity was a primary coeen in building up PASCAL to give
the camera platfm maximum stability about thlengitudinal and A
lateral axe and balance the body rapidly if any vibrations occurred. | —
Using two cylindrical air chambers would be more efficient than el =)
using a sheet of cordr fiberglass because placing sheets above the e

Worm gear

O-seal

Bolody motor

" —10

— 20

30
water depth (m)

ROV©O6 s body woul d slightly b | omgko: Cenfretof gravityt e r

extra drag. calculated on SolidWorks
Centre of gravity:

PASCALOGs centre of e apntra ofithe ROVias thedls amd mdtorseerte
placed symmetrically as shown in Fig.10 _

The @ntre of buoyancy: 1wt
The centre of buoyancy of thROV is directly above the centre of
gravity by 10cm.

Referring to Fig.11the amount of air needed for zero buoyarsy

calculated
Total weight of the ROV=mg= 6.2 x 9.81=60.822N ) !
Up thrust= jgehA=1000) x @&). 81 [Jremcas B
= 32N _
FreEWeightup thrust = 60.8232 = 28.822N Fig.11: Forces on
¢ 1 wate=1000 kg/m PASCAL in water

C Weight of 1 m of water= 1000 x 9.81=9810 N
Volumeof ar needed = (28.822 x 1 )/9810
=2.94x 10 m’

6] Page
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Accordingly, twoair chambersre installed to the ROWach of radius 1.91cm and lengih
40cm. So, by adding both the air inside thledectronicscanand the air inside the air chambers
slight positive buoyancy is maintained so if the communication with the ROV is lost, it directly
returns to the surface

6. Handles

A firm acrylic handle is fixed to the air chambers at the top of the —
ROV to ensure afe handling of our ROV and for easier ) . Ox
transportation. £\ A S— %

7. Tether splitter
The tether splitteris placedaway from the body by ¥2m where it
carries the weight of thembilical cable(the part of the tether
from the splitt easshooniFidgle sovltat €
the buoyancy of the ROV is not affecte&urthermore, it allows
easier transportation as the tether can be separately transferred.
Calculating drag onmbilical cablé™:

Ol ®'Q,0 wo (4)
8. Clamps

PASCAL contains 2arallel clampspecially designed for the required missiorise
clamps are sized to firmly hold the circular structdilesthe CTA.

Payload Tools

[ ®9 o9

Fia.12: Tether Splitter

1. Transmissometer e
1.1 Mechanial structure —b‘
A PVC structurewas designed ashownin Fig.13in which I -
b““{;u

=i,

thesensolis placed This structure is installed to the vent field

from 4 points using cone structures made of polyethylene.
1.2 Electrical structure -

Fig.14 illustrates the componerdsthe sensoand the idea of -

S

its operation It is composed of a photo resistor and a lasdr N f"}
beam fixed on a very thin electric boar@he board consists Fig.13: PVC structure
of a microcontroller which takes an ADC reading from thq
photo resistor then sends it to the lapiopthe driving Laser Photo
station. The board is placed inside the PVC structure g | beam resistor
one side of the rotating disk and the laser beam is plac
at the other side.

1.3 Software Laser Photo
The electric board sends the data using serij | 2" resistor
communication.The laptop reads the gsial and draws a Fig.14: How sensor works

graph of the resultgsing Labviewas shown in Fig.15

VIS resource name

¥ [

i
£

v
100
=0
L]
n
@
50
“
E
x
U

...............
EMB0 S0 880 80 00 910 9N 90 M0 90 90 oM
Time.

Fig.15: Labview interface Fig.16: Visual studio terface
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2. Measuring distanceof the designatedocation
A software iscodedusing C# to measure the distance of the designated location usingnthe
camera.The camera captures an imagehaf location and sends it to the laptop where the user
has to select 2 points with a known distance between them and the 2 points of the required
distance. By carrying out several calculations, the distance is accurately measured and
displayed on the GUAs shown in Fig.16

3. Hook
A hook shown in Fig.17s centered at the bottom of the
ROV to carry heavy objects as the SIA from the centre of
the body so the ROVG6s bal a
affected.

4. Vertical levelers (VL)
Two manipulatorsare fixedvertically at the stern of the
ROV where a PVC Tonnector iscut into half andattached Fig.18: VL
to each motoas shown in Fig.18& adjust the legs to level the o
secondary node as the connector rotates.

Fig.17: Hook

Electrical System and &tware

1. Electronics:

P A S C Adledtrical system is composed ofdbdules any of v
which can be easily replaced when dajure occuss. < — T

1.1 Conversions V,MD_/DZSTVD c= R Tv
All the conversions take place dward of the ROV. Four T

buck convertersare installedto step down the 48V to 12V.
The buck circuit isllustrated in Fig.19.
Thesystem contains 4 converters:

1.1.1Driving motors converters:

The average current each driving motor needs is abautso
each 4 motors are supplied by 2DA converter. PASCAL
contains 8 driving motors, so 2 convertars sed

1.12Mani pul a tors,r sodétrol mystem and cameras
converters:

The control system and tharmmeras consume about 350 mA aso
5A buck converteshown in Fig.20vas builtto step down the voltage to 12V for the control
system and cameras.

Aseparade 5A converter is designed and built fo
consumes about 1.5A, so the total voltage if all the martgmslaare operated together i& 6

as PASCAL cont ai ns 4Howsvarnnotpalltheartampulatdese osedtab r s .
the same time.Notions Co. builta separate converter for the manipulators so that if any
jamming occurs, the whole system will not get affected.

Fig.20: 5A converte

‘Thrust Thrust Current/A
Motor Propeller [ o rwardikg | backwardkg EPM Forward Backward
. - Left 0.73 0.50 . 4.0 39
Bilge Pump Sem Right 075 050 7600 10 39
- Left 1.10 0.76 - 40 3.8
Johnson Pump | 5cm Right 100 075 T638 20 36

Fig.21: Sample of the results
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1.2 Motors

Notions Co.uses 3 different types ahotors
to build PASCAL: Rule pumps, Johnson
pumps and Bololu motors.Testing was the
criteria to pick out the motorthat would be
usal for this year, soseveral testswere o
carried out on different combinations of | =
motors and propellers in order to obtain the| 22222222z
best compromise(A sample of the resuitis
presentedn Fig.21)

1.2.11100GPH Rulepump

To minimize the expense&ule pumpswere
installedf r om | ast year 0s
C o . thirsl generation. Rule pumps are
operated using a 12V supplyFour Rule
pumpsare usedor the surge, yaw anglvay
movements where they are fixed and can b
devated with different angles.

As shown in the above results, Ryje@mps
have reasonable current draina@®) yet
produce a strong enough thrit7g) to
maintain fast and smooth mewent for the
ROV. To assure the results of thests,
the motor issimulatedusing MATLAB®

L

) [y _
softwareas shown in Fig.22 Fig.23 MATLAB Grapfor Johnson pump

1.2.21100GPH Johnsorump
Always seeking developmenlotions Co.
introducedJohnson pumps tthe ROV. From the aboveests, it is
shown that Johnsopumps have higher thrugtl.1kg) than Rule
pumps withthe same current drainagéA) and the same operating
voltage (12V). Having higher thrat than Rulepumps, 4 Johnson
pumps are used for the heave, roll and pitch movements so that tf
ROV easily cargs heavy weights as tiseA.
Johnson pump is also simulated on MATLAB as shown in Fig.23.
For both thrusters 5cm left propellers are used as this
combination provides high thrust with the most reasonable
current drainage.
1.2.3Bololu motors
Four Bololu12v motors ofL80 RPM are used for the manipulators.
These motors haveigh torque of 8.8 kg/cm which holds the clamps
very tight so that the robot can carry and transfer heavy objecti- 4
safely and without big loads on the motordn addition, these  F19.25: CCTV camera
motorsare so compact and light which makes them occupy less
space irthevehicle.

1.3 Cameras
One ofthe primary aspects Notions Clocused on while designing
the ROV is to provide a clear and broad vision for the working are
and t he ROVO sTheebone,BB bigh desotutmm darseras
are installedo cover a very wide range of view field (almost 800
on the vertical plane). Fig.26: waerproofed

camera

Fig.24: pan and tilt
system
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1.3.1Pan and tilt camera
This camea is enclosed insidie front dome The pan and tilt system is depicted in Fig.24.
The sytem iscomposed of a set of spur gears, powered by 2 servo motors, to rotate the
camera and is capable of providing a8€ld of view in the vertical and horizontal planes.
1.3.2CCTV camera
This camerashown in Fig.25s placed at the back dome oBtROV to allow bidirectional
movement and to view the water balance while adjusting the legs to level the secondary node.
1.3.3Waterproofed camera
This camerashown in Fig.2G6s mounted on the hook and the Vertical Levelers to provide an
unobstructed fiel of view during mission execution.
A wide angle lens of view angle 1¥@h air and 8% in water is attached to each camera to
cover a wider range.
1.4 Driving Station (DS)
The driving stationshown in Fig.27s built in order to make a full
ROV system as much close as in real life applications.
The DSC consists of:
1.4.1Displayscreens
Two 7. 8 &dieens are used to display the image of thg S
waterproofed camera and the CCTV camera placed at the stern
the ROV.
1.4.2Driving Station Circuit (DSC) e
The DSC shown in Fig.28eceiveshes ensor sé r ead i (Qm t h
on-board cirait to display thenon 2 LCD screens (4 x 16)
and process this data to take any action if neetlfedddition,
this data is sent to a laptop using serial ports to be display¢
The driving arms are connected to the M8sing USB
connector. An analogueqystick is connected to tHeSC to
control the pan and tilt system of the front camefae DSC O
interfaces the driving arms and sends this data to thmard e
circuit using serial communicaticio operate the motors. Fig.28: DSC
1.4.3Driving Arms
Notions Co. intefaced 2 driving armshown in Fig.29
AGamepad
An electric board is specially designed to operate t
Gamepad and send the data to the driving station using se
communication.
AJoystick
An electric board is specially designed to operate the Joystick
andsend the data to the driving station using serial communication.
1.4.4Laptop
The laptop receives the sersba nd t he transmi ssometer ds r ¢
displays them using LabVIEW softwareln addition, it receives signal from the front
camen to perform image processing and calcutatedistanceof the designated location to
install the secondary node.

Fig.29: Driving arms
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1.5 Tether

Cameral

Camera2

Total deag
Total drag
k

%

NN
rai
N

E ™
B Y

Camera3

e

Vehicle duther Tether length GND

e

Linear tether drg af varving '."l'f'"r with comstant diameter Linear tether drag @ cousiani ||"|'|'J with varyimg diamerer

Fig.30: Tether lines

Fig.31: Tether drag

PASCAL is tethered with a 25m two data wires (each has 6 lines) and 2 poweadiseéswn

in Fig.30. The cables afemly attached together usii)/C insulation tap& hetether weights

324g and has diameter of 0.dm. The relations between the tether drag and the speed, and the
diameter are illustrated in Fig.31The coefficient of drag of cables ranges from 1.2 for
unfaired cables; 0-9.6 for hairfaired cable; and 0-0.2 for faired cablesvhich depends on

the diameter of the cablé&ince the cylindrical form has the highest coefficient of drag, the use
of cable fairings to aid in drag reduction can have a sigmifitmpact’. Therefore Notions
Co.managed to reduce the coefficient of drag of the tether to 0.2 (faired bglile diameter
reduction p——

1.6 On-Board Circuits (OBC)

1.6.1Control Module (CM)

The CM shown in Fig.32receives the data of the

motorsfrom the DSC ad communicates this data to Fig.32: CM

the relay modue I n additi on, it sends the sensors

readings to the DSC to be processed and displayed.

Five sensorare interfacedn theROV:
ATemperature sensor:
Model: LM35
Usage: four temperature sensanewn in Fig.33are put inside the
electric can to monitor the temperature of the cahe sensor has
an output voltage that is proportional to the Celsius temperature
gg:alefactorof0.0lV/C. It covers a range j

AWater sensor:

Model: Seeedstudio Electronic Brick Water Sensor-&i#199)
Usage: 2 water sensors are placed in the electronics can as a s4
precaution to detect any water leakage.

This sensoshown in Fig.34works by having a series of exposed
traces connectetb ground and interlaced between the grounde
traces are the sensors tracdsresistor inside the sensor will pull
the sensor traces value high until a drop of water shorts the sensor
trace to the grounded trac€onsequently, as the amount of watef'9-34: Water sensor
increases, the output voltage increase§he sensor outputs an

analogue readin§'.
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ACurrent sensor:
Model: Allegro® ACS758 family of current sensor
Usage: eight current sensors are placed in the electric can: 1 for ga=k
motor to mortior the current drinage of themotor so that over
current drainage or failure of any of the motors can be detected.
The current sensor shown in Fig.3®nsists of a precision, lew
offset linear Hall circuit with a copper conduction path located ne 2
the die. Applied curent flowing through this copper conduction f
path generates a magnetic field which the Hall IC converts into
proportional voltage with scale factor 40 mV/Ahe output of the Fig.35: current sensor
device has a positive slope (>VCC / 3).can detect current up to
25A in bothdirections®.,
ADigital compass:
Model: Honeywell HMC6352 Compass Module (#29323)
Usage:A digital compasshown in Fig.36 is usetd determine the
heading of the ROV relative to the north.
The HMC6352 Integrated Compass Sensor circuit is composed
two magneteresistive (MR) sensors with orthogonal orientation for -
sensing the horizont al componen'qg' RSt 1 e
to 630 millrgauss), plus two amplifiers, a set/reset drive circuit,
and a microprocessor (UP).It outputs the data in Bytes using
12C communication protocdt.
ATilt sensor:
Model: MX2125
UsageTilt sensoishown in Fig.37 is usetd measure the angle of
tilt in x-axis and yaxis.
The MX2125 has a chamber of gas with a heating element in th
center and foutemperatue sensors around its edg&Vhen the
accelerometer is level, the hgas pocket rises to the taenter of thehamber. By tilting
the accelerometer, the hot gas will collect closer to some of temperature seBsors.
comparing the sensor temperaturese TX2125 converts the temperature measurements
into signals for microcontrollers to measiife
1.6.2Relay Modules (RM)
Two RMs are used as ON/OFF switches to operate t
motors. Each module consists of 15 relag shown in
Fig.38 which provides bdirectional movement to the

Fig.37: Tilt sensor

motors. A special feature of the RMs is that for each Fig38: RM
relay, an LED is used to indicate if the relay is working.
2. Software:

Graphical User Interface

Fig.39: GUI
12| Page
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