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Abstract

The concept of drones involves aerial
surveillance from a specific height. Wh
en constructing a Remotely Operated
Vehicle (ROV) drone for underwater u
se, it is crucial to carefully consider the
various structural components to ensu
re optimal performance and durability i
n harsh underwater conditions. This ar
ticle provides an overview of the struct
ural design of an ROV underwater dro
ne, including key components such as
the frame, buoyancy system, thruster
s, and others. The backbone of an RO

V is the frame, which is often compose
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(https://www.ijraset.comdiign of the frame must be optimized f

or stability, strength, and maneuverabil
ity in the underwater environment. The
buoyancy system, comprising the balla
st and flotation devices, is essential for
maintaining stability and enabling man
euverability at different depths. This dr
one can be operated remotely from a

distance of up to 70-80 meters.

Introduction

I. INTRODUCTION

Japan developed the first underwater
drone in Asia, which was designed to |
ay and remove sea mines. India's first
underwater robotic drone, "EyeROV T
UNA," was launched and handed over
to the Kochi-based DRDO lab, "Naval
Physical and Oceanographic Laborato
ry (NPOL)[1]." The drone serves as th
e project's foundation and can be used
for a variety of operations, including re

scue and search missions.

In the coming years, seafloor observati
ons using fiber-optic cables and satellit
es will generate vast amounts of data f
rom coastal and deep-sea sites. This r
esearch aims to address the challenge
of manually exploring the underwater s
ections of anchored ships to inspect cr
acks immediately. Underwater drones
can help minimize risk and reduce the
need for humans to perform dangerou
s or time-consuming tasks. Remotely
Operated Vehicles (ROVs) are commo

nly used in deep-water industries like
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ROVs are driven remotely by a surfac
e operator through a series of wires th
at transmit signals between the operat
or and the vehicle. They usually have
a video camera, propulsion system, an
d lights, with other equipment added a
s required. Manipulator arms, water sa
mplers, and instruments that measure
clarity, light penetration, temperature,
and depth are among the additional eq

uipment.

The structural design of an ROV under
water drone is crucial to its performanc
e and durability in harsh underwater c
onditions. It must be optimized for stab
ility, strength, and maneuverability to e
nable effective operation at various de
pths and under different underwater co
nditions. This paper aims to discuss th
e design and construction of key comp
onents of the ROV, including the fram
e, buoyancy system, and propulsion s
ystem. Specifically, it focuses on the s
election and integration of BLDC moto
rs, servo testers, and electronic speed
controllers, and their role in achieving
optimal performance and maneuverabi
lity in underwater applications. The im
portance of testing and validation of th
e structural design, including hydrodyn
amic testing and underwater trials, is a
Iso discussed to ensure that the ROV
meets the required specifications and
can operate safely and effectively in va

rious underwater conditions.

Il. LITERATURE SURVEY
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and patrol missions, rescue operation
s, and sea exploration. Typically, these
drones are connected to a controller b
ox on a ship or the shore by a lengthy
tether or fastening belt. They are equip
ped with cameras and smartphones, e
nabling them to monitor underwater sc
enarios from the ground and collect w
ater samples to examine the suitability
of the aquatic environment for underw
ater life and rescue lost objects that ha
ve sunk. However, integrating wireless
technology and a robotic arm into und
erwater drones would greatly enhance
their ability to patrol the aquatic enviro

nment and produce benthic maps|[2].

Benthic mapping is the process of cre
ating a visual representation of differen
t physical areas of the seafloor that ar
e home to particular groups of plants a

nd animals.

Traditional methods of benthic mappin
g such as SCUBA diving are not only h
azardous for divers but can also limit t
he depth and area of the seafloor that
can be explored within a given timefra
me. However, the advancement of ne
w technologies has enabled more deta
iled and accurate benthic mapping. Fo
r example, high-resolution multispectra
| imaging sensors have provided the a
bility to gather essential data on benthi
¢ habitats and water quality parameter
s [3].
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ithout requiring specialized resources
or expertise. This study evaluates the
advantages and disadvantages of utili
zing cost-effective ROVs as a substitut
e for techniques like SCUBA diving in t
he creation of benthic maps within a re

asonable timeframe.

An idea for an underwater drone involv
es using a twin rotor system[5]. This sy
stem includes two motors that are cont
rolled by a user outside of the drone. T
he motors create upward or downward
thrust by rotating in a clockwise or cou
nterclockwise direction, respectively. A
ccording to the center of mass theore
m, the drone's PVC structure would be
assembled with motors on both ends. |
t is important to note that this propose
d design is only capable of vertical mot

ion within a water column.

Different types of propellers used in ae
rial and underwater vehicles, such as
helicopters and submarines, can impa
ct the amount of thrust generated. Apa
rt from the propeller parameters like di
ameter, pitch, and number of blades, t
hrust can also be influenced by extern
al factors such as air density, air temp
erature, water density, and the vehicl

e's load[6].
lll. EXISTING SYSTEM

The primary goal of the proposed desi
gn is to improve the horizontal movem
ent of existing hybrid platforms in unde
rwater environments by integrating the

advantages of multirotor UAVs and RO

:text=This article provides an overview,like carbon fiber or...
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ation and incorporating a modified ver
sion of the quadrotor-like thrust syste
m suggested by other researchers to i
mprove underwater performance. The
vehicle's actuation system includes tw
o types of thrusters: the first type inclu
des an upper air propeller and a lower
water propeller arranged coaxially to i
mprove vertical movement, while the s
econd type includes a horizontally posi
tioned aquatic propeller that generates
lateral propulsion in the underwater en

vironment.

Although the proposed system has so
me limitations, such as requiring static
stability and nonholonomic kinematics
of motion, which require the use of no
nlinear control methods, these are typi
cal characteristics of underwater platfo
rms and can be addressed during the
design phase of the project. For exam
ple, an extra propeller can be added to
the vehicle to facilitate movement alon

g the y-axis of the body frame.
IV. IMPLEMENTATION

A. Block Diagram

ESC1

~ ESC2
- Pawer supply

[T

ESC4

- Servo tester 1

Servo tester 2

BLDC MOTOR 18 2 [— —
Bt 55 ] peah ca e comtralie

{ noc moToR 3 84

Figl.

o ESC (Electronic speed Controller)
+ BLDC (Brushless DC Motor)
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n underwater ROV drone using BLDC
motor, servo tester, and electronic spe
ed controller. The propulsion system,
which comprises the BLDC motor, elec
tronic speed controller, and servo teste
r, is essential for attaining optimal perf

ormance and maneuverability.

The ROV's frame and buoyancy syste
m support the propulsion system and
other significant components, while th
e buoyancy control system guarantees
that the ROV maintains the required b
uoyancy level at varying depths. The s
tability and maneuverability feature is
crucial to ensuring that the ROV can o
perate efficiently and safely in underw

ater environments.
B. Methodology

1. Design Requirements: The first
step in the structural design of an
ROV underwater drone is to
establish the design requirements.
This includes the operational
depth, payload capacity, and
desired level of performance and
maneuverability. These
requirements  will guide the
selection of appropriate
components, including the BLDC
motors, servo testers, and
electronic speed controllers.

2. Propulsion System Design: The
propulsion system is a critical
component of the ROV
underwater drone, and the

selection of appropriate motors

:text=This article provides an overview,like carbon fiber or...
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and maneuverability. The design
process should consider the

following factors:

. Motor Selection: The appropriate

BLDC motor should be selected
based on the design
requirements, such as the
operational depth, payload
capacity, and desired level of
performance. The motor should be
rated for underwater use and have

a high power-to-weight ratio.

. Electronic Speed Controller (ESC)

Selection: The ESC should be
compatible with the selected
motor and rated for underwater
use. The ESC should be capable
of controlling the speed and
direction of the motor and
providing feedback on motor

performance.

. Servo Tester Selection: The servo

tester is used to test and calibrate
the ESC and motor to ensure that
they are operating within the
required specifications. The servo
tester should be compatible with

the selected ESC and motor.

. Frame and Buoyancy System

Design: The frame and buoyancy
system should be designed to
support the propulsion system and
other key components of the ROV.
The design should consider the

following factors:

. Material Selection: The frame and

buoyancy system should be made

of lightweight, durable materials

8/20
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8. Buoyancy Control: The buoyancy
system should be designed to
provide sufficient buoyancy for the
ROV at various depths, while also
allowing  for  adjustment of
buoyancy as needed during
operation.

9. Stability and Maneuverability: The
frame design should consider the
desired level of stability and
maneuverability, which can be
achieved through careful
placement of the motors and
propellers.

10. Integration and Testing: Once the
individual components are
designed and selected, they
should be integrated into the
overall ROV design. The ROV
should then undergo testing and
validation to ensure that it meets
the required specifications and
can operate safely and effectively
in underwater environments. This
includes hydrodynamic testing and
underwater trials to evaluate
performance, stability, and

maneuverability.

C. Components Used

1. Thruster: Brushless Motor 1800kv

A brushless DC (BLDC) motor is an el
ectric motor that uses electronic comm
utation instead of brushes and a com

mutator to control the motor's speed a

https://www.ijraset.com/research-paper/underwater-drone-using-brushless-dc-motor#:~:text=This article provides an overview,like carbon fiber or...
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The motor's operation is based on the
interaction between the magnetic field
of the rotor and the magnetic field gen

erated by the stator.

The stator windings generate a magne
tic field when an electric current is appl
ied to it, which interacts with the magn
etic field of the rotor to rotate it. In a 18
00kv BLDC motor, the motor's speed i
s proportional to the input voltage. For
instance, if the input voltage is 12 volt
s, the motor will rotate at 21,600 RPM
(1800kv x 12V = 21,600 RPM). The m
otor's torque output is determined by t
he current flowing through the stator w
indings. BLDC motors have various ad
vantages over traditional brushed DC
motors, such as higher efficiency, long
er lifespan, and lower maintenance re
quirements. They are extensively used
in electric vehicles, electric bicycles, a

nd drones.

To make the motor suitable for underw
ater use, it is typically designed to be
waterproof and corrosion-resistant. Th
e motor housing is made of materials s
uch as stainless steel or plastic that ca
n resist saltwater corrosion. The electri
cal connections are also waterproofed
to prevent water from entering the mot
or and damaging the electronic compo

nents.

2??°77?2. Propeller

10/20
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movement and efficient propulsion. Th
e size of the propeller is dependent on
several factors, such as the weight an
d dimensions of the drone, motor pow
er, speed requirements, and the opera
tional environment. Typically, small pro
pellers for underwater drones have a d
iameter ranging from 4-6 inches and a
pitch of 2-4 inches, but the exact size
and configuration will vary depending
on the specific application and require
ments. It is recommended to refer to th
e manufacturer's specifications and re
commendations to determine the opti
mal propeller for the drone. The blade
pitch is determined by the motor's rotat

ional speed in RPMs and the diameter.

The blade width impacts the amount of
water it can move and hence, thinner
blades are utilized for higher speed ap
plications. While these parameters can
aid in selecting the most suitable comb
ination, it is essential to consider other

aspects as well.

2?7?7773, Electronic Speed Controller

(ESC) 30amp

An electronic speed controller (ESC) is
a crucial component of an underwater
drone's propulsion system, as it regula
tes the speed and direction of the mot
or by controlling the amount of power

supplied to it.

Typically, in an underwater drone, the
ESC is enclosed in a waterproof casin
g to safeguard it against water damag
e. The rating of the ESC, which is 30 a

11/20
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the motor. It is necessary to match this
rating to the motor's power requiremen
ts to ensure the drone operates efficie
ntly. With modern ESCs, a built-in feed
back control system monitors the moto
r's performance and adjusts the power
supply to maintain a consistent speed,

preventing overloading or overheating.

The drone body is made of PVC mater
ial, which provides water resistance. A
brushless DC motor (thruster) is moun
ted under the body of the drone to con
trol buoyancy in the water. To achieve f
orward and backward movement, mot
ors are mounted on both sides of the d
rone, while the direction of the drone is
controlled using the side-mounted mot
ors. The motor's speed can be manag

ed using a servo tester.

Underwater drones use servo motors t
o control their movement, and a servo
tester is a tool that's used to calibrate
and test these motors. This ensures th
at the drone moves smoothly and accu
rately in response to the control signal
s it receives. Meanwhile, the BLDC mo
tor, which is also part of the drone's pr
opulsion system, responds to control s
ignals by adjusting its speed and direct
ion. This allows the drone to move in a
particular direction or change its speed

as needed.

??7?77776. Battery 11.1v
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to the remote control receiver, it is imp
ortant to never switch off the remote ¢
ontrol before turning off the power to th
e BLDC ESC. Doing so with certain re
mote control models may cause the m
otor to rotate at full speed. To prevent t
his, two servo testers are used for the
paired motors to control their speed. Si
nce a BLDC motor can rotate at 1300
RPM, which is high for a prototype, usi
ng excessive power and causing unne
cessary jerks can be prevented with th

e use of servo testers.

The drone has a cylindrical body made
of PVC pipe with a diameter of 8cm an
d a length of 50cm. The body is divide
d into four compartments to hold the fo
ur BLDC motors. Each motor is conne
cted to an Electronic Speed Controller
(ESC) which is responsible for regulati
ng the amount of power supplied to th
e motor. The ESCs are housed in wate
rproof enclosures to protect them from

water damage.

Two motors are mounted on the left of
the drone and two on the right. This co
nfiguration allows for precise control of
the drone's movement in all directions.
The motors are controlled by a remote
control receiver which sends signals to
the ESCs to adjust the speed and dire

ction of the motors.

The drone also has two servo testers
which are used to control the speed of

the motors. This helps to prevent exce

:text=This article provides an overview,like carbon fiber ...
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ortant to ensure that the remote contro
| is turned off after switching off power
to the BLDC ESCs to avoid full throttle

being applied to the motors.

E Equations
1) When pressure is applied, hoop stress occurs along the cireumference of  pipe, avting perpendicular to the axial direction. The
tensil hoop stress s generated to resst the ursting effect resuling from the presnre application. Meamoile, Longitudinal
s i the s prodaced when ppe is cxposed o il presre [ ks parallel i e ogitdinal wxis o the s
cemeine along the direction of th 5
In the dived cond reseure Iongitudieal . which. ofthe
hoop stress or circumferential stress. To prevent buckling and failure of the pressure fube, the eq\uﬂ-‘mﬂ) i used to determine the

required thickness of the tube and the scantlings of the stiffeners.
Where,

SH = hoop stress,
oL = longitudinal stress,
R =radius of eylinder,

T = thickness

Pl
s = (1) -sls2+ (2 e
Where,

3 The regional stability of submarine sediments in the study area was evaluated quantitatively with the limit equilibrium method.
The stabilty of an infinie slope is studied quantitatively with the safety factar (SF).

From equationt2),
g Vield strength
Gom i)

Where,

s =vou mile's comparison stress
F. Anlysis of Material
BLDC mtor, sero tester, and lectronic speed eontoleri el o ensurig hat the ROV can vitutand the b conitos of
the underwater operate safely and eff o consider in materi] selection:
1) Corrasion Resistance: The ROV will be constantly ucpeﬁtd to saltwater, which can cause comosion and rust on metal

components. Therefor such alumimn alloys, or

high-performance plastics.

2 Strength and Rigtdey: The structural design of the ROV should be strong and rigid enough to withstand the forces of water
pressure and the vieight of the components. Materials with high strength-to-weight ratios, such as carbon fber composites or
ttaniten, may be ideal for this prrpose.

3 Buoyaney: The ROV should be nentrally buoyant in water, which means that it should have the same weight as the water it
tisplaces. Materials with a lower deusity, such as igh-density oas, can be used o achieve the desired buoyancy

4. Compatibility with other Component
s: The materials used in the structural
design should be compatible with the
other components of the ROV, such as
the electrical wiring and connectors. M
aterials that can withstand high temper
atures and have good electrical insulat
ion properties, such as certain plastics
and rubber materials, may be suitable

for this purpose.

5. Cost: To ensure cost-effectiveness a
nd availability, materials for the structu
ral design must be carefully selected.
Although carbon fiber composites and
titanium are high-performance, they ca
n be expensive. Thus, more economic
al options such as aluminum alloys or
high-density plastics should be consid

ered.

:text=This article provides an overview,like carbon fiber ...
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reach while maintaining a safety factor
of 1.5 (as per formula 1), while also id
entifying the most cost-effective materi
al for this purpose. Different materials
will be tested based on the size of the
pressure vessel. This is a simplified ve
rsion of the actual model, which is bein
g used as a preliminary test to underst
and the effects of hydrostatic pressure

s on an object underwater.

Various factors were examined in this
study, including safety factor, material,
thickness, length, and diameter. The u
nmanned submersible will be construc
ted using a cylindrical housing that will
contain all the necessary wires, circuit
s, and cameras. The cylinder's behavi
or as the depth increases will be the fo

cus of the failure analysis.

The Table 1 incorporates all the materi

als acknowledged -

» 316 Stainless Steel (36X96 Sheet
- Unpolished)

e 7075 Aluminum (48x72 Sheet)

o Titanium Grade 2 (24X36 Sheets -
Ground Finish)

e PVC Schedule 40

e PVC Schedule 80

Table 1 : Safety factor of materials

Stainless Steel Aluminum Titanium
PVC Sch, 40 £l s PVC Sch. 80 (Grade 2)
Depth | FoS [ Depth | FoS | Depth | FoS Depth | Fos.
S0m 15817 S0m 15887 | S0m 17.634 | 3 3] S0m 33093
100m 8636 | 100m 8675 | 100m 9628 100 18.069
200m 4526 [ 00m 4546 | 200m 5046 | 200m 947
300m 3067 | 300m 308 | 300m 3419 | 3 6416
d00m 2319 | d00m 232 2 4332
S00m 1864 | 500m 3901
600m 1359 | 600m 7 3261
6l0m 1534 | 610m 1541 | 650m 1606 | THm 186
620m 1509 | 620m 1516 | 630m 1515 | 900m 1612 | 110Om 1793
624m 1499 | 627m 1499 | 697Tm 1499 | 96%m 1499 | 131Tm 1499
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\ ‘3/R 80, although having a p
")) mivesthatwas-slightly higher than that o
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h to Cost Ratio. This means PVC Sche
dule 80 reached a depth of 969 meter
s, while PVC Schedule 40 only reache
d 624 meters. All the other materials h
ad a low depth to cost ratio and used
much more of the money than the two
PVC tubes. In conclusion, the best ma
terial was the PVC Schedule 40, furthe
r testing will be done but this material
seems to be the best choice to house t
he body of the ROV.

V. TESTING

The testing of the basic structure of th
e underwater ROV drone using four B
LDC motors, ESCs, and servo tester h
as been completed. The primary focus
of the testing was to assess the streng
th and stability of the drone's structure.
The testing revealed that the basic str
ucture of the underwater ROV drone w
as sturdy and capable of withstanding
the harsh underwater conditions. The f
our BLDC motors were attached secur
ely to the frame and provided enough
power to move the drone efficiently in

various directions.

The ESCs were also securely mounte
d and provided smooth control over th
e motor's speed, which helped in main
taining the drone's stability during mov
ement. The servo tester played a critic
al role in ensuring precise control over

the drone's orientation and position.

VI. RESULT AND DISCUSSION

:text=This article provides an overview,like carbon fiber ...
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Two upthrust providing motors worked
well after making appropriate connecti
ons. 2 motors providing motors failed
due the failure in the functionality of th
e servo tester. As only 1 battery is con
nected to all the motors the prototype i
s able to work continuously for 15 min

utes.
VIl. FUTURE SCOPE

1. Remotely operated gripper
mounting on drone, with the help
of remote pick up and handle
underwater things.

2. With the help of machine learning
algorithm  drowning  detection

system can be installed in drone.

Conclusion

To achieve optimal performance and r
eliability in underwater environments, t
he structural design of an ROV under
water drone that employs BLDC motor
s, servo testers, and electronic speed
controllers requires a meticulous appr
oach to design requirements, compon
ent selection, and testing and validatio
n. This paper presents a methodology
that offers a blueprint for the design pr

ocess, enabling the development of ro
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) it‘)lnnﬂScETndable ROV underwater

5y rdrapegfordiverse applications. The fo

Applied Science and Engineering Technolo!

(https://www.ijraset.comfys of the proposed model is on the d
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esign of underwater ROVs. After analy
zing the material options, PVC pipe m
aterial was chosen for the outer body
and wings due to its 1.5 safety factor.
The drone\'s outer structure was const
ructed by assembling BLDC motors on
to a wing-like structure. A circuit for thr
ee motors was created using a single
servo tester, which functioned correctl
y after providing a power supply of 11.
1V.
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