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ABSTRACT

Design and construct a remotely operated vehicle (ROV) which fitted with three
thrusters, a video transmission and a control system for the manoeuvrability is the
main target of this project. This ROV is made up from aluminium frame and water
proof enclosure to protect the controller system. Besides, this project also develop a
closed loop system for auto depth function. This auto depth function is very
important to make sure that the ROV is always at the desired depth. In addition, this
ROV is also equipped with on board power to avoid the voltage drop along tether.
The scope of studies for this project divided into two which are electrical and
mechanical part. For the electrical part, the best controller circuit design need to be
designed to ensure it gives the best manoeuvrability. Meanwhile, for mechanical
part, the frame of the ROV need to be designed based of few considerations.
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INTRODUCTION

1.1 Project Background

An unoccupied underwater vehicle being controlled from the surface by a trained
operator is called remotely operated vehicle (ROV). Joystick will be used by the
trained operator to control the position of the ROV with the help of video that display
the surrounding of the ROV. A tether will be used to send the control signal from the
surface to the ROV.

The first ROV was developed by Dimitri Rebikoff in 1953. The main objective of the
development is for archaeological research. Later, the US Navy takes further step by
producing an operational system in order to recover the lost torpedoes on the
seafloor. The development was awarded to VARE industries where they develop
XN-3. This industry grew rapidly and it is estimated that there are more than 3000

vehicles have been developed [1].

The demand of ROV in various industry also grew rapidly. For example, offshore oil
industry required an advanced underwater vehicle. The development of underwater
structures and complexes are exceeding 3000 meters which is far beyond the diver's
depth. Therefore, offshore industry has teamed with ROV developers to ensure
integrated systems are being designed. For instance, during the Gulf of Mexico oil
spill, ROVs have been used to stop the gushing oil well. ROVs are the unsung heroes

of Gulf of Mexico oil spill.

Thus, develop and produce an ROV prototype for underwater inspection is the main
target for this project. Video camera, lights and other basic equipment will be
equipped together with this prototype. Besides, auto depth function and on board

power also will be installed and considered as the improvement of the ROV.



1.2 Problem Statement

ROVs have become a crucial tool in the oil and gas industry. Various types of ROV
has been developed in order to supply the demand of the offshore industry. They
inspect the pipes, being an observer during oil exploration and placing underwater
manifolds are among their tasks. However, most inspection ROVs do not equipped
with auto depth function which will maintain the ROV at the desired depth. In

addition, most ROVs are being powered from the surface.

1.3 Objectives

The main objectives for this project are as follow :
1. Design and construct a working ROV prototype.
2. Install auto depth function.

3. Install on board power.

1.4 Scope of studies

This project consists of two scope of studies which are electrical part and mechanical
part. For the electrical part, the suitable electronic circuitry need to be designed to
control the manoeuvrability of the ROV. A basic programming knowledge is
required to write programming for the microcontroller to control the thrusters.
Besides, the suitable motor driver circuit also need to be designed to drive the motor.
Mechanical part is the most important part where the ROV should have almost zero
buoyancy so that the ROV can achieve maximum stability. A waterproof enclosure
also need to be designed. The main function of this waterproof enclosure is to make
sure that the electronic circuitry is always dry during the operation. These two areas
of knowledge are very important to achieve the objectives of this project. Study of
previous projects would become really helpful in order to gain more knowledge and

better understanding.



1.5 Relevancy of project

The notion of the project is to design and develop an ROV prototype. The aim to
improve the ROV system which can give the maximum performance during the
operation. In order to make further improvement to the ROV, a good understanding
in basic physics especially in Archimedes' principle is needed to ensure that the ROV
achieves the hydrostatic equilibrium. Besides, advanced knowledge in electrical is
required for ROV manoeuvres and advanced knowledge in mechanical to design the
ROV. Therefore, it is relevant to start this project.

1.6 Project feasibility

ROV consists of electrical and mechanical part. The electrical will be developed
during the first semester. The best controller design will be produced during the first
semester. At the end of the first semester, the best controller design for the ROV
should be produced. For the second semester of the final year, the mechanical part
will be developed. Besides, further improvements also will be made during the

second semester of the final year.



LITERATURE REVIEW
2.1 ROV Classifications
There are few ROV categories and they are:

e Micro Observational Class

e Mini Observational Class

e Light & Medium Work Class
e Heavy Work Class

e Seabed Working Class

2.2 Micro Observational Class

This category of ROV typically light weight, optimised for portability and designed
only for observation in water for less than 100m. Typical uses include ship, pier and
pipe inspections. VideoRay LLC is an example of this category :

Figure 1 : VideoRay LLC
2.3 Mini Observational Class

The role of this category is quite similar to micro observational class vehicles but the
only difference is it is designed with heavier duty construction techniques that make

them more suited to the deeper depth which approximately about 1000 m.



2.4 Light & Medium Work Class

This category of ROV is quite big compared to two categories above. These light and
medium work class ROV's are typically equipped with a small manipulator to give
the ability to hold or handle an object. Besides, this category of ROV has less power
thrusters compared to heavy work and seabed working class which gives less power
payload lift capacity. Saab Seaeye Lynx is an example of light and medium work
class ROV :

Figure 2 : Saab Seaeye Lynx

2.5 Heavy Work Class

Designed to perform the most challenging underwater tasks and extreme depths
which up to 6000 m. At least two manipulators, specialised tools, multiple cameras
and lights and self- stabilisation system being fitted with this ROV. Besides, this type
of ROV fitted with the most powerful thrusters to give the maximum payload

capacity.

Figure 3: Saab Seaeye Jaguar



2.6 Seabed Working Class

Lay undersea pipes and cables are among tasks for this category of ROV. Most of
them are equipped with special tools that adapted them to specified underwater
project.

iz
;‘/,‘/” \u‘n
o

- ",__ s i

Figure 4: Seabed working class ROV

2.7 ROV Buoyancy and Stability

Basically, any vehicle that moves has six degrees of freedom and three rotations as
shown in Figure 5 [3]. Pitch and roll are normally not equipped together with ROVs.
As shown in Figure 6, the ROV will the maximum stability when it has a high centre
of buoyancy and a low centre of gravity [4]. Almost all small ROVs are equipped
with a fixed ballast with variable positioning so that the ROV can nose up or nose

down.

Pitch

Figure 5: Freedom degrees of ROV



Center of
buoyancy

1

Center of
gravity

Figure 6: Stability of ROV
2.8 Hydrostatic Equilibrium

When an object immersed in the fluid, it will experience a buoyant force that is equal
to the force of gravity on the displaced fluid. Therefore, underwater vehicle flotation
systems need to balance the negative buoyancy so that the vehicle can produce

almost zero buoyancy [5].

Figure 7 shows the displacement of fluid due the weight forces which being centred
at the body of the ROV. The centre weight is called centre gravity. The righting
forces acting on an ROV is shown in Figure 8. 'Centre of buoyancy' is the result of
the buoyant forces that counter the gravitational pull. These buoyant forces acting
through the centre of the displaced fluid. Metacentre is the point where the centre
buoyancy is intersect the hull centreline and metacentric height is its distance from
the centre gravity. The main consideration of building an ROV is that the vehicle is

very close to zero buoyancy [6].



Figure 7: Hydrostatic equilibrium of ROV

Righting Righting
moment moment
ok

Figure 8: Righting forces acted on ROV
2.9 Dynamic Stability

A low weight and high buoyancy of the vehicle caused a positive longitudinal and
lateral stability. Therefore, a stable vehicle on the pitch and roll axis can be
produced. With the highest stability, the ROV can be manoeuvre easily. In addition,
external forces such as the underwater sea current may effect the stability of the
ROV.

A good design of an ROV is to have an aspect ratio between the width and length.
Normally, the length of the ROV should be twice of the width of the ROV. With this

kind of design, the maximum stability can be achieved [7]. Figure 9 shows the which



design gives the best stability. Besides, the placement of the thrusters is also
important. The thrusters should be placed at the edge of the frame so that it would
give the maximum stability. Figure 10 shows the best thrusters placement.

% I

% e
= & (1 ]
Less : ﬁ %

stable More
stable

Most
stable

Figure 9: ROV design and stability
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Figure 10: Placement and stability of thrusters



2.10 Drag

Drag is another critical part building an ROV. The drag must be considered first
before start building an ROV to ensure the ROV can give the maximum performance

during manoeuvrability. Two types of drags may acted to all bodies [8]:

1. Skin friction drag - Friction drag will be produced when there are frictional forces
that acted between the skin of the body and the water. Production of resistance of the
vehicle is caused by viscous shear drag of water flowing tangentially over the surface
[9]. Resistance can be reduced by minimizing the exposed surface area and the
velocities over the skin. Besides, having a smooth surface also will reduce the
resistance. 'Reynolds number' can be used to determine the condition of flow about a
body and the relative effect of fluid viscosity:

R, = — Equation 1
R, = — Equation 2

where:
_ . .. kg
p = density of fluid ( /m 3)

V = velocity of flow (m/s)
m = coef ficient of viscosity (kg — s/m?)
v = m/p = kinematic viscosity (m?/s)

[ = characteristic length of the body (m)

2. Form drag - When the water moved outward to make room for the body, form
drag happened. This drag is actually a function of cross-sectional area and shape.
There is no resistance in an ideal non-viscous flow and the net result is zero force in
the direction of motion even though there are pressure differences between the bow
and stern of the vehicle. The action of viscosity will reduce the momentum of the

flow but there will be pressure build up over the bow of the submersible, the

10



corresponding pressure recovery at the stern is reduced, and as the result there is no
resistance in the direction. Varying sections over a long body will minimize this form

of drag. The vehicle drag can be calculated using Equation 3 below:
Vehicledrag = 1/2 x cAV?C, Equation 3
where:
o = density of sea water/gravitational acceleration
A = cross sectional area of the vehicle
V = Velocity in metre per second

C4; = Non — dimensional drag coef ficient. Ranges from 0.8 to 1.

Total drag

Coefficient of drag

Length to width/

Figure 11: Drag curves of vehicle
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2.11 Tether effects

A stability testing on a small ROV using water tunnel. The characteristics of the
vehicle's handling is being observed and computed while the water flow being
brought up slowly [10]. There will be 'bow up' turning moment since the line of
thrust is considerably above the tether pull point of this vehicle as shown in Figure
12. The vehicle still able to maintain control by counteracting the 'bow up' shift with
vertical thrust-down as the speed being levitate with little tether in the water. When
the tether being lengthened at a constant speed, an increasingly higher tether turning
moment will be produced and therefore will subjugate the vertical thrusters and pull

the vehicle to the surface in uncontrolled manner.

There will be parasitic drag due to the skin friction and form drag from the thrusters
discharge flow across the tether if the tether is placed in close proximity to the
thrusters. A good tether placement is where the tether pull point is close to the centre
point of thrust to balance any turning moment due to the tether pull point.

i

| s

%

|

J
"'“‘""'E‘Z:_"D I ‘Bow up’

tuming
moment

Flow drag

‘Bow up’ turning moment countered
Tether lengthening )

by vertical thruster
To the
surface
uncontrolled
7

Flow drag el ‘Bow up'

m’ g tuming moment
| is much larger

\/

‘Bow up’ turning moment exceeds
thrust available to vertical thruster

Figure 12: Considerations of vehicle stability
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2.11.1 ROV and tether hydrodynamic

Normally, the tether settles behind the vehicle and slopes in the current as it feeds
toward the surface. The flow drag on the tether correspondingly melds the tether into
its wake when the vehicle speed ramps up and therefore forming a 'sail' of sorts
behind the vehicle as shown in Figure 13 [11]. The reduced angle of incidence to the

oncoming water flow reduced the drag.

Natural tether lay in current

==

Figure 13: Drag caused by tether.



METHODOLOGY

3.1 Research Methodology

Literature Review

Planning

Design

Development

Testing

Improvement

Figure 14: Research methodology flow
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3.2 ROV System Block Diagram

| IR

PIC16F877A | PIC16F877A ‘ PIC16F877A |

Vertical Motor | Right Motor ‘ Left Motor |

Figure 15: ROV system block diagram
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3.3 Project Activities

Table 1: Project activities

Activities

Description

Literature Review

The main objectives of this project have
been determined. Outlining the direction
of the project by referring to the previous
research.

Planning

Planning which part should be done first
as this project consists of mechanical and
electrical part. Each part of the project is
crucial to make sure this project will

succeed.

Design

The electrical part of the ROV is being
designed using Microsoft Visio
meanwhile the mechanical part using
Solidworks 2012.

Development

Develop the electrical circuitry and apply
it to the mechanical part which is the
frame of ROV.

Testing Testing the developed ROV and analyze
the performance of the ROV.
Improvement Start to make further improvement on the

ROV.
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3.4 Key milestone

+ Topic selection confirmation and submission of the title
proposal.

« Gain further information about ROV.
* Thorough study on ROV system.

« Design the electrical and mechanical part of the ROV.

 Submission of Extended Proposal.

+ Develop the electrical part.
« Troubleshooting and testing electrical part.

* Develop mechanical part.
» Bouyancy test.

« Attach the electrical part with the mechanical part.
* Prototype testing.

+ Submission of Interim Report.

v
v
v
v
v
v
v

Figure 16: Key milestone

17



3.5 Tools

3.5.1 Hand Tools

Table 2: List of hand tools

No. Tools Use
1 Wire cutter Strip wire.
2 Screw driver | Driving screw
3 Multimeter Measuring voltage, current and connectivity
4 Soldering gun | Soldering electronic parts
5. | Allen key Drive bolts and screw
3.5.2 Software
Table 3: List of software
No. Software Use

1. | Microsoft Word | Report writing

2. | Microsoft Visio | Circuit drawing

3. | Solidworks 2012 | Mechanical part drawing

3.5.3 Hardware

Table 4: List of hardware

No.

Hardware

Use

Aluminium square tube | Frame for the ROV

Washers

Provide weight to achieve neutral buoyancy.
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RESULT AND DISCUSSION
4.1 Frame Design

The main purpose of the frame is to give support to the water-proof enclosure,
thrusters and any trimming weights. The frame design was initially draw using
Solidworks 2012. The main consideration of this design is to make sure that there is
maximum water flow through the frame to minimize drag. Below is the drawing of
the ROV frame. The dimension of the frame is 25cm(W) x 25cm(H) x 50cm (L). 1.5
inch square tube aluminium will be chosen to be used as the material for the frame.
Below are the reasons why square tube aluminium has been chosen to be used as

frame:

e Provide positive buoyancy.
e Robust and tough compared to PVC pipes.

e Easily available.

Figure 17: Isometric view

19



Figure 19: Front view
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Figure 20: Side view

After doing some buoyancy testing, it is found that the aluminium frame is leaking at
every joint and water fill the aluminium frame at certain places. The stability of the
frame was affected since water fill the aluminium frame only at certain places. Even
though epoxy has been applied at the frame, water still get inside the aluminium. To
solve this problem, few holes has been made at the frame to let the water fill the
frame. Since every part of the frame has been filled with water, the maximum
stability can be achieved. In addition, to achieve the neutral buoyancy, several metal
plates and washers has been attached together with the frames. The main reason why
washers have been used is because the total weight of the washers can be easily

manipulated by adding or reducing the number of the washers.
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Figure 23 : Washers
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4.2 Waterproof Enclosure

All underwater electronics will be put inside the waterproof enclosure. The hardest
part of this project is how to keep water out from this enclosure at all cost. A

considerable research was done and the requirements of this enclosure are:

e Waterproof
e Accessible
e Modifiable

e Uncompressible

Lock and Lock food container has been chosen to be used as the enclosure since it
meets all the requirements above. This type of food container used a lock system and
a layer of rubber to keep the container waterproof. Few holes have been made at the
food container for the thrusters wires and controller wires. To prevent the water from
getting inside the food container, epoxy has been applied at every hole that have been
made. The epoxy has been applied at the inner and outer part of the food container

for double protection.

Figure 24 : Lock and Lock food container
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Figure 25: Epoxy has been applied at the enclosure

4.2.1 Waterproof Testing

Keeping this enclosure waterproof is very crucial. Therefore, several waterproof
testing has been done. Before the waterproof testing is being done, the epoxy that has
been applied to the wire holes have been checked to ensure that all epoxy were
already perfectly bonded to the enclosure. During the first test, it is founded that
there were some water in the enclosure. The tether was found ripped and the water
flow through the tether to get inside the enclosure. To solve this problem, epoxy has
been applied at the ripped part of the tether. For double protection, epoxy also has
been applied at the end of the tether inside the enclosure. There was no water

founded in the enclosure during the second testing.
4.3 Thrusters Modification

This project will use three units of Rule 27D 11000gph Marine Bilge Pump. This
bilge pump has been selected to be as the thrusters because this pump is made up
with a powerful DC motor which is very crucial in order to give a sufficient thrust to
the ROV. Besides, this pump is also totally sealed which will keep the DC motor dry.
However, a slight modification will be needed so that a propeller can be attached at
the pump. The turn the bilge pumps into ROV thrusters, following steps were

undertaken :
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Unclip the blue protective shroud.

Machine away the white outer shell to expose the sealed body and impeller.
Remove the impeller

Apply epoxy to the motor shaft and propeller.

o M 0w D P

Repeat two more times.

Figure 26 : Conversion of bilge pump to thrusters

4.3.1 Impeller Selection and Rotation

Finding an impeller that fit with the thrusters was a very difficult task. 2 blade
remote control motor boat impeller has been used as the impeller for this project. The
size of the impeller must not too big because it will draw high current. Therefore, this

2 blade remote control motor boat impeller is the best option.
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Figure 27 : 2 blade impeller

To manoeuvre the ROV, two thrusters were used simultaneously for horizontal

movement while only one thruster will be used for vertical movement. For horizontal

movement, both thrusters rotate in the opposite direction to the other to steer right or

left. Table 5 shows the propeller rotation and its response:

Table 5 : Propeller rotation and response

Horizontal Right | Horizontal Left Vertical Response
Clockwise Counter-clockwise Steer left
Counter-clockwise | Clockwise Steer right
Clockwise Clockwise Move forward

Counter-clockwise

Counter-clockwise

Move reverse

Clockwise

Level up

Counter-clockwise

Level down
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4.4 Controller

The thrusters are being manipulated using the controller. This controller consists of
two variable resistors and two push buttons. The variable resistors are for the
horizontal thrusters. The speed and the rotation direction of the thrusters are being
manipulated using these variable resistors. Another two push buttons are for vertical
thrusters where one for level up the ROV and one for level down the ROV.

‘ Variable resistor
. Push button

Figure 28 : Controller design

4.5 Tether

Tether is the physical connection between from the main controller to the ROV in the

water. The responsibilities of tether are:

e Deliver instructions from the main controller to the ROV in the water.

e Deliver video up to the operator.

Two 10m Ethernet cable (Cat. 5) has been used as tether in this project. Each of this
Ethernet cable consist of four pairs of wires. Three pairs of wires are used for
manipulating the horizontal thrusters while two are used for the vertical thrusters.
Three pairs of wires are unused but available for future use. The maximum depth the
ROV can dive is only 10m since the tether length is only 10m. The main physical
requirements for the tether are it must be as light and small as possible in order to
minimize drag through the water and neutrally buoyant. A number of flotation

devices are attached together with the Ethernet cable since the cable is not neutrally

27



buoyant. In addition, epoxy has been applied at the end of the cable to avoid the
water flows in the waterproof enclosure if the cable ripped.

Figure 29 : Epoxy has been applied at the end of the Ethernet cable

4.6 Controller Circuit

Peripheral Interface Controller (PIC) has been used to control the movement of the
ROV. PIC16F877A has been selected to control two horizontal thrusters and a
vertical thruster. The reasons why PIC16F877A has been chosen over Arduino are as

follows:

e PIC16F877A cheaper

e PIC16F877A easily available

e PIC16F877A required less jumper
e PIC16F877A flexible and powerful

For this project, three PIC16F877A has been used to control the three thrusters since
each PIC16F877A only have two pins of PWM which is for clockwise and counter
clockwise rotation. Three motor drivers are then being connected to the PIC16877A.
These motor drivers receive the signals from the PIC16877A and drive the thrusters.
The relay has been used to manipulate the rotation direction of the thrusters. Below is

the schematic diagram of the motor driver :
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Figure 30 : Motor driver circuit

For the motor connection, H-bridge connection has been used to manipulate the

rotation of the motor.

High Side
(left)

Low Side
(left)

Motor Power (+)

/ /

LS

o/ MOTOR o/

Motor Ground (-)

High Side
(right)

Low Side
(right)

Current Flow when
both High side left
and Low side right
are switched "ON"

Figure 31 : H-bridge

High side for left and right are normally open while low side for left and right are

normally closed. Table 6 shows the condition for the motor :

Table 6 : Motor condition

High Side Left | High Side Right

Low Side Left

Low Side Right | Description

On Off

Off

On Clockwise

Off On

On

Off Counter-clockwise
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4.6.1 Pulse Width Modulation

Pulse Width Modulation is normally used to control certain devices such as DC
motors and LED lights. PWM signal consists of high and low levels of pulse which it
can be manipulated by varying the duty cycle. Duty cycle can be described as high
level over a period of time. The main advantage of PWM signal is very low power
loss in switching devices where there is almost no voltage drop across the switch
when it is on. Therefore, by using PWM signal, the speed of motor can be controlled
effectively.

Clock T riririrtrirtrrirird

20% T 1 [T 1

40% T 11 [T T
60%

80% L

Figure 32 : PWM signal

As seen in Figure above, when the duty cycle is 20%, the effective average voltage is
only 20% of the maximum output voltage. For example, if the maximum output
voltage is 12V, then the effective average voltage is 2.40V. When the duty cycle is
80%, effective average voltage is 9.60V. By varying the duty cycle, many different

effective average voltage can be obtained.

4.7 Power Supply
4.7.1 Power from Surface

Most of the ROVs are being powered from the surface, but there is a major problem
using the surface power option. There will be voltage drop along the wire caused by
the resistance of the wire and therefore the ROV is being underpowered. There is a
way to solve this problem by using a larger gauge wire. However, this large gauge
will increase the drag and buoyancy requirement since it is heavier than the normal

tether. Table 7 shows the voltage drop of the ROV during testing :
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Table 7 : Voltage drop

Supplied Voltage

Voltage Drop

Available Voltage

12V

312V

8.88 V

15V

3.04V

11.96 V

During prototype testing, the power supply that was used is 12V 7.2Ah battery. The
thrusters only receive 5.2V during full speed. Since the voltage received by the
thrusters is too low, the thrusters only rotate at a slow speed and therefore the ROV
unable to manoeuvre smoothly. Besides, the current drawn by the thrusters also been

measured as shown in Table 8:

Table 8 : Current drawn

Supplied voltage Current
12v 0.3A
17v 0.6A

Figure 33 : Current drawn by thrusters
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4.7.2 On Board Power

The third objectives of this project is to install on board power. There are few factors
that need to considered in order to have on-board power :

e Voltage

e Size and weight

e Power capacity and energy density
o Cost

There are few different battery technology that available on market:

e Lead acid
e Nickel Cadmium
e Nickel Metal Hydride

e Lithium Polymer

Lead acid batteries normally used in automotives. They are too big, heavy and prone
to leakage. Lithium Polymer (LIPO) batteries are the best option for ROV. They

offer:

e Can be easily configured
e Light weight
e Greatest power capacity and energy density

e Reasonable cost

For this project, FullyMax 14.8V 3300mAH 4S 35C LIPO pack battery has been
used as on board power. This battery consists of four cells which is 3.7V each
connected in series. This battery can be charged up to 15.6V using LiPro Balance
Charger. The 35C rating of the battery indicates the maximum continuous discharge

current the battery can deliver without overheating and damaging the battery.
Maximum discharge current = capacity (Amp hours)x C rating Equation 4
Maximum continous discharge current = 3.3 A x 35 Equation 5

Maximum continous discharge current = 115.5 Amps Equation 6
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Based on the Equation 4,5 and 6, this battery is more than suitable that can be used
for the ROV since the ROV does not draw more than 2-3 Amps at any time. This
LIPO battery can give a typical run-time of around 20 minutes. To extend the run-
time, another LIPO battery can be added by connecting it in parallel.

Figure 35: LiPro Balance Charger

4.8 Video Camera

There are few considerations that have been made in choosing the right video

camera. The considerations are:

e Cost
e Ease of application

e Image type and quality

The video camera that has been used in diving is easily available but it is very
expensive. Since the main aim in choosing the video camera is the cost, this diving
camera is not suitable for the project. Therefore, a sewer inspection camera has been
chosen to be the video camera for this project. This camera is small, waterproof,
average image quality and uses USB cable. Since this video camera uses USB cable,

no additional power source is needed because this camera will be powered using the
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USB cable. In addition, this video camera has build in adjustable lights. Table 9

shows the specifications of the video camera :

Table 9 : Video camera specifications

Specifications Details

Waterproof Level IP67

Camera head outer diameter 14.55mm

Resolution 640x480

Sensor % CMOS Image Sensor
Pixels 300k

Wide visual view angel 62°

Light 4 adjustable led switch
Colour 24 colours

4 LED Lights

Figure 36 : Video camera

4.9 Depth Sensor

MPX 4250 gauge pressure sensor has been used in this project. This pressure sensor
is very important in order to keep the ROV at the desired level. The ROV may be
pushed up and down by underwater sea current and therefore it is very difficult for
the operator to keep maintain at the desired level. With this pressure, the level of the
ROV can be maintained automatically. Table 10 the specifications of the pressure

Sensor :
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Table 10 : MPX4250 specifications

Specifications Details
Accuracy +1.4%
Analogue Output 4.9V
Housing Material Epoxy
Maximum Operating Temperature +125°C
Minimum Operating Temperature -40°C
Maximum Pressure Reading 250kPa
Pressure Reading Type Gauge

|

Figure 37 : MPX4250 gauge pressure sensor
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4.10 Prototype Testing

Several prototype testing has been done to test the operational capabilities of the
ROV. The testing has been done at two different places which are UTP swimming
pool and lake. From the first test, it is observed that the ROV has negative buoyancy
where it sinks in the pool after few minutes. By removing some of the washers that
attached at the ROV, the problem is solved.

Figure 38 : Prototype testing
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RECOMMENDATIONS AND CONCLUSION
5.1 Conclusion

The development of ROV grew rapidly since it was first development by Dimitri
Rebikoff. ROV has been involved in so many operations such as recovering Titanic
and rescuing Gulf of Mexico oil well. Therefore, there are so many improvements

that can be made at in ROV to make it powerful and wiser.

Upon completion of this project, all three objectives are met, which are design and
construct ROV prototype, installing auto depth function and installing on board
power. By having this features, this ROV prototype is a step ahead compared to other
observation class ROV. There is no more issue for the ROV operator to maintain the
ROV at certain level since the auto depth function will solve the problem. Besides,
thick wires for power source are no longer needed since the ROV has on board

power.
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5.2 Recommendations
5.2.1 Leak Detector

A leak system detector is required to ensure that the water-proof enclosure is always
dry. This leak system detector will give warning if any leaks may occur inside the
water proof enclosure. This system consists of a small section of copper-coated-strip
board with the connecting wires attached to adjoining tracks. If water presents inside
the waterproof enclosure, it will signal by light up an LED.

Figure 39: Leak detector

5.2.2 Auto Ballast System

When the leak detector detects water inside the waterproof enclosure, this auto
ballast system will be automatically activated. The main function of this auto ballast
system is for safety purpose, where it will change the buoyancy of the ROV to
positive buoyancy by forcing the water out from the ballast tank using valve or pump
whenever there is water inside the waterproof enclosure. Moreover, all the controller

circuit will be shut off when this system is activated.

Figure 40 : Auto ballast system
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APPENDIX A - Gantt Chart Final Year Project 1

No Details/Week

1. Topic selection
2. Preliminary research work
3. Submission of Extended Proposal

4. Project Work: Designing electrical part

5. Proposal defence

5. Project Work: Troubleshooting electrical part

6. Project Work: Testing electrical part

7. Drafting interim report

8. Submission of interim report
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APPENDIX B - Gantt Chart Final Year Project 2

No Details/Week

1. Troubleshooting electrical and mechanical part.
2. Progress report

3. Further improvement of the prototype

4, Pre-EDX

5. Draft Report

6. Final Report

7. Viva
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Appendix C - Programming Code for Horizontal Thruster

LIST P=16F877a

ERRORLEVEL -302

ERRORLEVEL -305

#INCLUDE <P16F877a.INC>

__CONFIG 0X3F32
; MACRO
BANKO MACRO ;CHANGE TO BANK 0
BCF STATUS,RPO
BCF STATUS,RP1
ENDM
BANK1 MACRO ;CHANGE TO BANK 1
BSF STATUS,RPO
BCF STATUS,RP1
ENDM
BANK?2 MACRO ;CHANGE TO BANK 2
BCF STATUS,RPO
BSF STATUS,RP1
ENDM
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BANKS3

status equ

ADCon0 equ

ADConl equ

cnt500u

cntlm

cnt100m

cnt500m

cntls

tmrl0

addrent3

addrent3x

addrent3y

buffl

buff2

buff3

buff4

ton

toff

polarflag

sppolar

inpwm

MACRO
BSF
BSF
ENDM
03h

1fh

9fh

cblock 0x20

;500usec counter Address

;1msec counter Address

;100msec counter Address

;500msec counter Address

;1sec counter Address

STATUS,RPO

STATUS,RP1
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pwmindex equ

VARIABLE

endc

d'50'

;pwm cycle

;DATA MEMORY ADDRESS =20h - 7Fh (BANKO)

INIT

AOh - EFh (BANKY)

110h - 16Fh (BANK2)

190h - 1EFh

RESET VECTOR
ORG 00
GOTO INIT
INTERRUPT VECTOR
ORG 04
GOTO INIT
INITIALIAZATION
ORG 05
BANKO
cirf PORTA
CLRF PORTB
CLRF PORTC
CLRF PORTD
CLRF PORTE
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BANK1

moviw  b'00000000'

movwf  ADCON1

moviw  b'00111111'

movwf  TRISA

moviw  b'00000111'

movwf  TRISE

cirf TRISB

moviw b'10110000*

movwf  TRISC

clrf TRISD
;input
;rel = propeller dir and speed
;output
;portB = analog value
;rd4 = reverse
;rd5 = forward
;rd6 = speed control
datum
BANKO
CLRF PORTB
clrf PORTC
clrf PORTD
clrf PORTE
main
call stanalogl

btfsc polarflag,00
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;PORTA analog

;ADC all digital input

;PORTA AS INPUT

;PORTC AS INPUT

;PORTD AS INPUT N OUTPUT

;clear output



goto toforth
goto toreverse

toforth
call forward
goto kkk

toreverse
call reverse
goto kkk

kkk
goto main

;rd4 = reverse

;rd5 = forward

;rd6 = speed control

forward
bsf PORTD,04
bef PORTD,05
bsf PORTD,06
call mainspeed
return

reverse
bef PORTD,04
bsf PORTD,05
bsf PORTD,06
call mainspeed

48

;motor forward

,motor reverse



return

mainspeed

reload

on

onwait

off

offwait

moviw

movwf

moviw

subwf

btfss

goto

movfw

movwf

movfw

movwf

bsf

nop

nop

nop

nop

nop

nop

decfsz

goto

bef

pwmindex

inpwm

d10'

buffl,w

STATUS,00

off

buffl

ton

buff2

toff

PORTD,06

ton,1

onwait

PORTD,06
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;minimum speed

;reload counter to ghost location

;on time delay



nop

nop
nop
nop
nop
nop
decfsz toff,1 ;off time delay
goto offwait
decfsz inpwm,1
goto reload
return
stanalogl
moviw  B'01110001' ;Fosc/8 [7-6], A/D chO [5-3], a/d on [0]
movwf  ADCon0
bsf ADCon0,GO ;Start A/D conversion
Waitl
btfsc ADCon0,GO ;Wait for conversion to complete
goto Waitl
movf ADRESH,W ;write A/D result to temporary location
movwf  buff4 ;copy value
movwf  PORTB
movfw  buff4
sublw d154'
btfss STATUS,02 ;z=1if zero (buff4 = 154)
goto nextsp
goto displax ;do nothing
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nextsp

advance

backward

lagi

277

movfw

sublw

btfss

goto

goto

moviw

movwf

moviw

subwf

movwf

movwf

goto

moviw

movwf

movfw

sublw

movwf

movwf

buff4

d'154'

STATUS,00

advance

backward

b'11111111'

polarflag

d'154'

buff4,w

buff3

buffl

lagi

£'00000000'

polarflag

buff4

d154'

buff3

buffl

moviw do’

xorwf buff3,w

btfsc STATUS,02

goto displax

decfsz buff3,f

goto 22z

goto lagi

;c=1if +ve (buff4 < 154)

;buff3 containing speed index

;buff3 containing speed index
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displax

movfw  buffl ;buffl containing on time index
sublw d'154'
movwf  buff2 ;buffl containing off time index
return

; Analog Stuff

sHkkksokkkkkdkkk T msec Timer Subroutine *** % skskdokkdokkkxx

tIm  moviw d2' (1)  Setloopcntl
movwf cntlm (1) Save loop cntl

tmllpl moviw d249' ;(1)*2  Set loop cnt2
movwf cnt500u ;(1)*2  Save loop cnt2

tm1lp2 nop ;(1)*249*2 Time adjust
nop ;(1)*249*2 Time adjust

decfsz cnt500u,f  ;(1)*249*2 cnt500u-1=0 ?

goto tmllp2 :(2)*248*2 No, continue

decfsz cntlm,f ((1)*2  cntdm-1=07?

goto tmllpl (2) No. Continue

return i(2)  Yes.Cntend

;Total 2501*0.4usec=1msec

sk kR kAR xRk 1 0msec Timer Subroutine ****skksxkkxkkkrx

t10m moviw d'10' (1)  Setloop cntl

movwf tmrl0

loopt10

call tim

decfsz tmr10,1
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goto loopt10

return

skkkkkkhkkkhkkhkhkhkkk 100mSEC Timer SubrOutine K*hkkkkhkkkhkkkhkhkkkhkhkx

t100m moviw d'50' ;Set loop counter
movwf cnt100m ;Save loop counter
tm2lp call tlm ;1msec subroutine

decfsz cnt100m,f ;entl00m-1=07?

goto tm2lp ;:No. Continue

return ;Yes. Count end

Skkkksokkkkokkxk 500msec Timer Subrouting ** s skkkxkkxx

t500m movlw d'’5' ;Set loop counter
movwf cnt500m ;Save loop counter
tm3lp call t100m ;100msec subroutine

decfsz cnt500m,f ;ent500m -1=07?

goto tm3lp ;No. Continue

return ;Yes. Count end

sHkkkdokkkokkkkkk ] gac Timer Subroutine ****sxkskkkkkkkrk

tls moviw d?2' ;Set loop counter
movwf cntls ;Save loop counter
tmdlp call t500m ;500msec subroutine

decfsz cntls,f ientls-1=07?

goto tmélp ;No. Continue
return ;Yes. Count end
END
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APPENDIX D - Programming Code for Vertical Thruster

LIST P=16F877a

ERRORLEVEL -302

ERRORLEVEL -305

#INCLUDE <P16F877a.INC>

__CONFIG 0X3F32
; MACRO
BANKO MACRO ;CHANGE TO BANK 0
BCF STATUS,RPO
BCF STATUS,RP1
ENDM
BANK1 MACRO ;CHANGE TO BANK 1
BSF STATUS,RPO
BCF STATUS,RP1
ENDM
BANK?2 MACRO ;CHANGE TO BANK 2
BCF STATUS,RPO
BSF STATUS,RP1
ENDM
BANKS3 MACRO ;CHANGE TO BANK 3
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BSF STATUS,RPO

BSF STATUS,RP1
ENDM
status equ 03h
ADCon0 equ 1fh
ADConl equ 9fh
cblock 0x20
cnt500u ;500usec counter Address
cntlm ;1msec counter Address
cntl00m ;100msec counter Address
cnt500m ;500msec counter Address
cntls ;1sec counter Address
tmrl0
buffl
buff2
buff3
buff4
ton
toff
speedid
inpwm
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endc

;========== VARIABLE

;DATA MEMORY ADDRESS =20h - 7Fh (BANKO)

AOh - EFh (BANK1)

110h - 16Fh (BANK2)

: 190h - 1EFh (BANK3)

:========== RESET VECTOR

ORG 00
RESET GOTO  INIT
;========== INTERRUPT VECTOR

ORG 04
INT GOTO INIT

;==========INITIALIAZATION

ORG 05

INIT BANKO

cirf PORTA
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CLRF
CLRF
CLRF
CLRF
BANK1
movlw
movwf
movlw
movwf
movlw
movwf
clrf
movlw
movwf
movlw
movwf

;input

;rel = spare analog

;output

;portB = analog value

;rd3 = fastup

;rc4 = slowdive

;rd2 = fastdive

;rd4 = reverse

;rd5 = forward

PORTB

PORTC

PORTD

PORTE

‘00000000

ADCON1

b'00111111"

TRISA

b'00000111'

TRISE

TRISB

b'10110000'

TRISC

b'00001111"

TRISD
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;PORTA analog

;ADC all digital input

;PORTA AS INPUT

;PORTC AS INPUT

;PORTD AS INPUT N OUTPUT



;rdé = speed control

datum

BANKO

CLRF

cirf

cirf

cirf

buttonscan

btfsc

goto

btfsc

goto

btfsc

goto

call

goto

normalise

bef

bef

bef

nop

nop

return

;rd4 = reverse

;rd5 = forward

;rdé = speed control

up100

PORTB

PORTC

PORTD

PORTE

PORTD,03

upl00

PORTC,04

dive50

PORTD,02

divel00

normalise

buttonscan

PORTD,04

PORTD,05

PORTD,06
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dive50

divel00

pwming

bsf

bsf

nop

moviw

movwf

goto

bsf

nop

moviw

movwf

goto

bsf

bsf

nop

moviw

movwf

goto

moviw

movwf

moviw

xorwf

btfsc

goto

moviw

PORTD,04

PORTD,06

a1

speedid

pwming

PORTD,05

d2'

speedid

pwming

PORTD,05

PORTD,06

a3

speedid

pwming

d10'

inpwm

d1'

speedid,w

STATUS,02

buttonscan

d2'
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xorwf speedid,w
btfsc STATUS,02
goto pwm
goto buttonscan
pwm bsf PORTD,06
call t10m
bef PORTD,06
call t10m
decfsz inpwm
goto pwm
goto buttonscan
; Analog Stuff
stanalogl
moviw  B'01110001' ;Fosc/8 [7-6], A/D chO [5-3], a/d on [0]
movwf  ADCon0
bsf ADCon0,GO ;Start A/D conversion
Waitl
btfsc ADCon0,GO ;Wait for conversion to complete
goto Waitl
movf ADRESH,W ;write A/D result to temporary location
movwf  buff4 ;copy value
movwf  PORTB
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skkkkkhkkhkkkhkkhkhkhkkk 1msec Ti mer SubrOUtine R e e e

tim  moviw d2' (1)  Setloopcntl
movwf cntlm (1)  Save loop cntl

tmllpl moviw d249' ;(1)*2  Set loop cnt2
movwf cnt500u :(1)*2  Save loop cnt2

tmllp2 nop ;(1)*249*2 Time adjust
nop ;(1)*249*2 Time adjust

decfsz cnt500u,f  ;(1)*249*2 cnt500u-1=0 ?

goto tmllp2 ;(2)*248*2 No, continue

decfsz cntim,f ;(1)*2  cntlm-1=07?

goto tmllpl (2) No. Continue

return :(2)  Yes.Cntend

;Total 2501*0.4usec=1msec

SHkkkdokkkkkRkkk 1 0msec Timer Subroutine ** sk sksokkkokkkkkx

t10m moviw d'10' (D) Set loop cntl

movwf tmrl0

loopt10

call tim

decfsz tmr10,1

goto loopt10

return

sHkkkkkkkk ARk 100msec Timer Subrouting ***xsskksxkdxx

t100m moviw d'50' ;Set loop counter
movwf cnt100m ;Save loop counter
tm2lp call tilm ;1msec subroutine

decfsz cnt100m,f ;entl00m -1=07?

goto tm2lp ;No. Continue

return ;Yes. Count end

rkkkkkhkkhkkkhkkhkhkkhkkk SOOmSEC Timer Subroutine *khkkkkhkkkkhkkkhkhkkhkhk
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t500m moviw d'’5'

movwf cnt500m

tm3lp call t100m

decfsz cnt500m,f

goto tm3lp

return

;Set loop counter

;Save loop counter

;:100msec subroutine

;ent500m -1=07?

:No. Continue

;Yes. Count end

shkkkskokkkokokkkkk ] gac Timer Subroutine ****#xkkkkkkkkkrk

tls moviw d?2'

movwf cntls

tmdlp call t500m

decfsz cntls,f

goto tmdlp

return

;Set loop counter

;Save loop counter

;500msec subroutine

ientls-1=07?

:No. Continue

;Yes. Count end

END
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APPENDIX E - MPX4250 Datasheet

Freescale Semiconductor MPX£25]
Rew 7, 1/2009

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned, MPX4250
Temperature Compensated and Series
Calibrated T 2t aa v Cuigt
The BIFR4250 serdes plezoresistive ansducer |s 2 state-of-the-art

monolEhic slioon pressune sensor designed for a wide ange of applicabons,
paricukarly Sose employing a microconroler or microprocessor with AD

rputs. This ransducer combines advanced micromachining technkgues, B Application Examples
Tim mefalization, and bipolar processng bo provide an accurabs, highrieved

* dealy Sulbed for Bomoprocessor or
analog ocufpet signal that Is proportional to the applled pressune. The small Microcontroler-Based Syst

Tormi Tachor and Righ relabIEy of onChip IRdegraton make e Fresccale
sanor 3 logical and aconomical ohaice for the automotie Systerm Engineer.

Features

* DHe=rental and Sauge Applications Avalable

* 1.4£% Madmus Ermor Over 0° b 85°C

* Falenied Slicon Shear Ziress Sirain Gauge

v Temperabure Compensaied Cver —I0" o +128°C

*  Ofers ReducHon im Welght and Yolurme Compared o Exising Hybrid Modukss
* Durable Epory Unibody Element

CRDERMG INFORBEATIDN
Cape | Fof Poric | Pracours Typa |
Mo. [ Tome | Singie | Dual | Gauge | Differsriial | Alboaids | o e
287 - ' W=Ea2:00
BSTE ' L MFEA2S0CP
BETC n v MFEAZS00F

UHIBODY PACKADESR

WMEX4250D
CASE BET

T Freescale Semiconducior, Inc., Z006-2005, All rights reserved.
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Cperating Characteristics

Table 1. Operating Charagderictios (¥ = 5.1 Wdc, Ty = I8 unless otherslse noled, P11 = F2.
Cecoupding drout shown In Figure 3 requirsd 1o meet elecirical speciicabions. )

Charapferictio fymbol | Min Tvp Max Untt
Fressue Rangsl'! r 0 — =0 k=2
Euppiy Vol bage s 438 = 53g Ydc
Euppiy Cumen: L — 70 10 —icic
Minlmum Pressuns Offset & 'y = 5.1 Voits™ 10 EET Vim o33 | paoe | osss Yo
Full Ecaie Crpak W = 5.1 vollsh! FEER Vpgn | 4834 | 4sos | ssme Wdc
Full Ecaie Span @ Vs = 5.1 Yoilg™ e = - 4705 — Yo
Arcuracy™ 10 B B8N — — — 214 Hpne
Senskity AW - 128 — k=
Regponse Timet™ = - 10 — s
CARPAR Sounce Caament at Full Scale Cutput s - R — i
Warm-Lp Timest — - N — e
Ofset SaniiyE — - =05 — Hrng

[H]

i

=1

. 1.10kPa (HioPascal ) equals 0.145 psl
3
. Ofiset (V4] |5 dzdned as the oupr woitage al the minimum raled pressune.

. Full Bcaie Culpil (Ve g~ 15 defined as the fulput voiage af the masmum o full Ried pressune

. Full Ecae Epan (Vrns ) b5 defined s the aigebmic difersnos betasen the cutput voliage a full raied pressure and e output woitage o e

Deevice |5 rabiometric within this spectied esciiabon range

minimum rabsd pressure

. Apcuracy (eror budget) consishs of the following:

Lirpaaarisy: Carpur deviaion from a straight ins retstionship with pressurs over e spacifiad pressune rangs

Temperyure Hysierecis:  Cuput deviaiion at any femperaiure within e operaing iemperaiure ange, afler the Emperatune |s cached o
and from e mink U oF Farmum operaang iemparatune points, with 2ero diferential pressune appibed

Fracoune Hyshemnssis CHApLR devialion Al any pressure wihin the cpechied range, when this pressuns ks Cyded 1o and from the
ilnd mum o magEum Eked pressure, at 250G,
TeEpan it deviation over e iemperatuee mnge of 0 o S5, relathve 10 25°C.
ToO et (CHIPAR Dy aton with minimum raled pressure 3poiled, over the temperatune ange of 0o B5" G, reiathe 10 2570

oriaton fom Momina: | The vaniation from nominal valaes, for Oefset or Full Scaie Span, as a percen of Wiy, 3 25°C.

. Response Tire |s defined as e Sme for the incrementasl change In the output bogo from 905 D 50% of s Snal valee when subjecsd o a

speciied siep chanpe In pressue

. Warmrup Time ks defined as e Sme regquired) for the product o mest e spacified output woitage afier the Pressure has been stabllzed
. Offset Exability ks e products oulput deviadon when subjecied bo 1000 hours of Fulsed Frescure, Tempemture Cyring with Blas Test.

MPE42ED

SEnzors
Freescale Eamiconducior

64




Maximum Ratings

Tabls 2. Maximsm Ratings' !

Raing 2ymbol Valus Unit
Maxmum Fressare (P =F2) Pata 000 ¥
Sorage Tampantre Tera —a0m +125 C
TpeTatng TempEraTe Ta 0o += C

1. Exposure beyond the specified imis may causs peranent darage o degradation io e device.

Flgure 1 shows a block dizgram of the iniemal ciroulry Integrabed on a pressure sensorchip

W 3
r--1------—-=-=—-=- l
| | |
| |
| Thin Am Caln 3inge i
Temperstae end
| EErrkg | compensesm =T & el
| R e g Fieference i
[ CeinZagesl [ | ShftCeody I

| 5,8, 7, o B s HDOOMMEDTE
“or sl uline [pacoage dzdoms

Flgura 1. Fully integrated Precsurs 3ensor S2ohematio

MPE4IE%

CeEnsors
Freescale Semicanductor

(1]
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Cn-chip Temperature Compensation and Calibration

Flgure 2 [lustrates the diferentaligaugs pressure sansing periormance and long-i=nm relabd B Sontact the Tactory for
chilp in the basic chip camier {Cxse BET). A fucnslioone ge ricmmation regarding meda compabbliy In your appllcation
solates e die surtace and wirs bonds from the smdronment, Flgurs 3 shows the racommended decoupiing circult for
whlie alowing e pressure signal 1o be ransmiRed 1o the réerfacing the output of e Integrated sensor bo the AD Input
sansor dlaphragm. of & microprocessar o microcontraler

The MFX4250 serdes pressuns Sensor operating Flgure 4 shows the sensor oufpt signal relatve fo
chiaracteristics and inkernal relisblEy and qualfcation je=sis pressurs inpet. Typdcal, minimur, and magimom owlpet
are based on use of dry alr as e pressurs media. Medla, DurveEs are shown Sor operabion over a =mperature range: of
other than dry air, may Fave adverse =fTecis on sensor 0" ko 855 wsing the dacoupding cinculk shown In Figure 3. The

output wil saturabs cutside of the spacied pressune range

D= Comt Sininkes Shed

Flgura 2. Croce Beoflonal Dlagram (mof to coala)

1%

Flgure &. Reaoommandasd Fower 3upply Deacupling and Gutput Flladmg
|For a3dEonal outpus *Henng, piease refer b Applcation Mobe AMN153E)

depTrTTrTTrrrrrrrr
ag - Toamgiee: Funcliom:
T =, L0030 = B
Sl e LT
15 |- Tempersbee =0 k0 EE°C
;g 10 11 1
< ag | | |ﬁ\
i [YEkS
4 | Tha
15 L L]
E i
T H
- | LB
L :::_:;51
a
SERASFEBPESSCEAIEECERRCRRAEE
Frezare = kPa
Flgure 4_ Dwiput wercus Abeolsis Precourns
MPX42E80
CENSOrS
4 Fresscake Samiconductor
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— Transter Functlon (MPX4250)

Hominal Trancfer Valua: W, = x 000355 ¥ P = 0.04)
# (Prescure Emor  Temp. Sachor x 000358 ¥ V)
Wy = 51 £ 025 Ve

—— Tampsaratura Errgr Band

a0

30— \"x f_,.-
TaTpasre -
Broe 20 \ .//
Facoe

g —

. [ Y Y N N O

-0 -0 3 b1 ko o 1 1M 1= 14D
Temperabae In "C

MIOTE: Trie Temperature Mutipler [S 8 linesr response from 0°C 4o —20°C and fromi B5°C o 125'C

—— [Presgura Error Band

al
10—
Fresmye i —
Enr T p—
¥ : Lodololodololololol] i
- 0 25 5 TE oM 13 1ED 1T 200 23E o)
-8 —
=33 —
A —
=0 —

MPX4250

SEnsorn
Freezcale Semiconducior

i
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PACKAGE DIMENSIONS
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FACHAGE DIMENSIONS
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FACKAGE DIMENSIONS

HOTES:
1. DIMENSIONS ARE IN MILLIMETERS,
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APPENDIX F - Motor Driver Relay

HRS4 Series

mulicomp

PCB Power Relays

Specifications:

Coll Dt

Hominal YVofage

Komiral Fower Corsumpsan

Contacd Data:
Coniact ArmangeETent
Contact Maierial
Contact Rabing

Maximum Swiching vollage
Maximum Swiching Carent
Maximu= Swikching Fower
Contact Resistance | Inbal)

LI Expeaciancy Elscirical
Mecanical

Ganeral Data:
Mirimu Insulabon Resisiance
Cisledric Sir=ngth

Maximu Opaale Tme
Masimum Reisase Time
Operating Temperature Range
Shock Resklnce

Whration Resiskance

Features:

« EPCO contachs.
« Emaksd o aliow washing afer fow soidesing

3% dic bo 45\ do
350 bo 450 ML

1Form A, 1 Form C.

AgTda

104 1200V ac24N do (1.
1541200 acZ4N dr (1A)

1OV acZ40 ac

154

1200 A, 250w

SOmLl o 2N o 1A

100,000 op2rations 3 nomiral oad
10,000,000 operations.

100RALE ab S00% dc.

TSON ac , 1 minube bebwesn open contacis
1.500% ac , 1 mingtz bebween monbsos and col.
s,

s,

=30"C o SEETC,

106G

10 - 584z , Ampliude 1.5,

Page
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HRS4 Series g
PCB Power Relays

Dimensions
150 g
i
lo—E— ' o T I——
ca b L
r & ) T 1nﬁ 132
Ll mes TR HL&V
as [ 7 iz
D ided - Milimelion
HRS54 Characteristic Data
Tining ol Temperatune Fics
Time (me) Tempsraturs Fia (°C)
13 | | B g . _ |
T
| |
l: —— e —— e EJ]
b s EE »
£ \\ s 40 ’,‘-""
;H“u,._h___- f,f"'

il W SN S—— _—
= e | TR | 1 — -
| | k11|
. . SN SR M.
[ s o] B
O 01 0ol 33 04 05 05 00 10 72 14 1 ne i ona us% Ik
Coll Porwar [V Coll Power (W)

Fage 2 080506 ¥W1.0
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HRS4 Series

PCE Power Relays

mulficomp

Maximum Ewitohing Power

Conkaat Surmant (&)

L
Dparation (x12,000]

Ifa Cuarva

, EE ;
4o — | A 100 | |
Frex-d vn . = aledin !
10 @ | - 1200 nc Resistve. —————
| - |
o | l !
oC [ \\ MOV Fasisive |
| ~ |
A e | | |
| g L | \\Lh‘:’i“"-‘-\,_ |
3 | ) i — 1
| - | NS s
| \ : '-""\-n.__‘_‘_\__ i } 'l
e —— SEU— — —
a . 5 o=t o
| | 1
| | |
0 10 0 W 4 W 20 3w D3 i@ 5 € 5By £ By 10 12 418 T8 1 S0
contact VoRage [¥] Conkaat Currant {&)
Specification Table
Codl Hominal |Soll Reclekancs |Operate Wolage| Relmace Voltags]  Coll Homdnal art N
Tupe [¥ daj o =10% v dol v ) MW Lamer
5 =0 375 .50 HRtE4-5 DOEY
EFCO 1z 320 200 1.20 ) HRE4-5 DCAIY
) 220 18.00 220 HRE4-E Do2ay
Part Mumber Explanation
HRS4 - 5 DCaV
Type Enckisurs Hominal Voltage
Enalosurs & = Warhabi=
Mominal Voltage DGSY = 5V, DOAZY = 12V, DOIEY = 240
Page 3 OOAOSTE W10
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HRS4 Series

PCB Power Relays
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