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Abstract - This paper presents a 3D modeling of Observation Class Remotely Operated Vehicle (OCROV) for underwater 
tunnel inspection. The recent design and developments of the OCROV are brought under-light through this research. The 
detail CAD modeling of ROV elements are explained and static structural analysis of complex elements is carried out and 
CFD analysis is performed on side plate to achieve low drag in lateral direction. The selection of appropriate material for 
designing of an OCROV is proposed in this paper. 
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I. INTRODUCTION 
 
Robotics in utility is most trending in multinational 
companies, developed and developing countries. 
Robotics in utilities is nothing but robots being used 
for different tasks like inspection, painting, 
packaging, assembling, etc. In this area of 
automation, many organizations are working on 
robots for underwater inspection purpose in order to 
acquire agility, accuracy and precision for 
sustainability in this rapidly changing scenario. Also 
oceanography, under water oil platforms, sea 
cartography, and underwater defense require under 
water vehicles operated from long distance. 
Underwater tunnels are inspected with the help of 
humans. As the underwater tunnel inspection is risky 
task because while inspection, the tunnel is always 
filled with water and can’t be depressurized. With 
unlined tunnel inspection there is always possibility 
of rock fall and hence in such a situation there is 
always risk to human life. To overcome the 
inspection drawbacks done by manual inspection 
underwater robot as an alternate can be used. The 
motivation for this is to stop fatal accidents from 
occurring by relieving humans the necessity to enter 
hostile environment as requisite of manual inspection 
while simultaneously utilizing robots to perform 
time-consuming continuous operations. 
Inspection is not an easy task to perform, especially 
for underwater tunnel. Due to the size of manhole and 
pressure condition inside the underwater tunnel, a 
simple ROV is not able to meet all the requirements. 
Application of ROV has changed over the years, 
moving from simple inspection to more demanding 
circumstances and maintenance. 
This paper presents the mechanical design of 
observation class remotely operated vehicle 
(OCROV), used for depth rating of 50 meter. While 

designing OCROV it was segregated in to the 
different components as 1) Mechanical system, 2) 
Visual system, 3) Propulsion system, 4) Electrical 
system 5) Sensors, and 6) Ground control system. 
Proposed design is prepared in solid-works software. 
Design is prepared in the symmetric manner so as to 
achieve stability of ROV. For underwater tunnel 
inspection this design is proposed. 
The paper is organized as follows. Literature survey 
related to underwater robotics is done in part 2. Part 3 
describe design elements of ROV system. Part 4 
describes 3D modeling of proposed design. Structural 
analysis is done in part 5. 
 
II. LITERATURE SURVEY 
 
Early in the 1960s commercial underwater work, like 
oceanography or defense related activities were 
carried out with the help of manned underwater craft. 
In 1960s defense contractor such as General 
Dynamics, Rockwell and Westinghouse were 
working on this system at that time production was at 
peak position [1]. As per the safety of humans the 
idea of unmanned underwater submarine was born 
[1]. The very first ROV was developed by Dimitri 
Rebikoff in 1953 and named as POODLE [1]. Further 
the baby ROV grown up with eliminating all its 
technical problems day by day and early in the 1980s 
it starts to improve its originally designed objectives 
and beat the manned underwater craft such that ROV 
was in the position that it was able to do those task 
that were impossible by manned underwater craft[1]. 
However vast use of underwater manned craft or 
ROV is not possible due its limitation of operating 
cost and manufacturing cost. 
Gomes, Rui MF, et al. [2] developed an ROV to 
minimize the directional drag this is done by modular 
configuration that are optimized at different operating 
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condition. Salgado-Jimenez,T., et al. [3] design a 
deep water ROV for visual inspection and collecting 
samples underwater. Zain, Zainah Md, et al. [4] 
developed ROV to be used for visual observation of 
underwater system which is in hazardous 
environment. Marzbanrad, Alireza, et al. [5] 
developed ROV which has six degree of freedom 
equipped with roll, pitch, heading and depth sensors 
which gives better stability. 
 
III. DESIGN ELEMENTS OF ROV SYSTEM 
 
ROV design is one the critical part hence for easy 
understand ROV is divided into the different 
subsystems as mechanical system, electrical system, 
visual system, propulsion system, and ground control 
system. 
A) Mechanical system: Mechanical systems consist 
of structure frame, pressure hull (electronic housing), 
buoyancy material, and external accessories. 
Structure frame provide platform for sensor 
mounting, support for housing, and work as base of 
ROV. Pressure hull (Electronic housing) is mostly 
used in the cylindrical shape, and it’s watertight 
sealed so that all electronics components like 
microprocessor, microcontroller, sensors and camera 
are mounted in housing. Buoyancy material Light 
weight material is used to bring ROV in neutrally or 
slightly positive buoyant condition. External 
accessories as per the requirement added to the ROV 
like robotic arm or tools. 
B) Electrical system: Tether and Power system come 
under the electrical system. Optical fiber, CAT6, 
CAT5 these are the cables available in the market and 
as per the distance to be covered by ROV the cables 
are selected because the performance of transferring 
data depends on the length of cable. Power system is 
used for small ROV power requirement is less hence 
battery can be use. And if power requirement is high 
then power cable (two wire tether) is use. 
C) Visual system: It is an eye of an ROV. Visual 
system mainly depends on camera system and 
lighting system. Depending on application camera is 
selected, like for small ROV inexpensive charge-
coupled device (CCD) is use as visual system and if 
observation is main task then high definition camera 
are preferred. Incandescent, fluorescent, high 
intensity gas discharge and light - emitting diode 
(LED) are one of the important classes of lightning 
use for underwater purpose. Sensor is used for 
sensing purpose. Sensors used in ROV are as pressure 
sensor, gyro-accelerometer sensor, temperature 
sensor, ultrasonic sensor, etc. Ultrasonic sensor is 
used as obstacle avoiding sensor and also can be used 
to measure distance from obstacle. Pressure sensor 
use to measure pressure of water and hence as per the 
pressure depth of ROV is measure. Temperature 
sensor is mounted on electronic circuit in electronic 
housing to measure inside temperature of housing and 
electric circuit. Gyro-accelerometer sensor is used to 

measure pitch, roll and yaw of ROV. As per the 
requirement many more sensors can be added. 
D) Propulsion system: Thruster is used for 
manoeuvring of ROV. Drag force require to 
overcome by ROV is calculated first and accordingly 
the thrusters are selected. Drag force can be 
calculated as [6]: 
D = ×  × ×                                (1) 
Where, 
D = Drag force for vehicle (kg), 
g = gravitational acceleration (m/sec2) 
ρ  = density (kg/m3) 
A = cross sectional area (frontal area) 
U = velocity (m/s) 
Cd = Coefficient of discharge 
E) Ground control system: From remote station with 
the help of graphic user interface (GUI) ROV is 
controlled and observed. 
 
IV. 3D MODELLING OF PROPOSED ROV 
 
This model is good in aesthetic as well as the 
maneuvering is also easy and stable due to use of four 
thrusters. The drag generated in X direction was 2.26 
kg which is also less. And this model also have the 
provision for the future modification means if a 
person from organization wants to improve the pay 
load capacity, he can easily improve it by just giving 
a simple arrangement. 

 
Figure 1: Proposed design of OCROV 

 
Figure 1 shows proposed design of observation class 
ROV. This proposed design is designed to sustain 
pressure of 5 bars with still water condition. Part list 
of design is discussed as follow: 
1) Side plate: As shown in the figure 2 side plate is 
design so as it would have low drag force in lateral 
momentum. Material used for side plate is high 
density poly ethylene due to its good weight to 
strength ratio as compare to other. Side plate is one of 
the parts of frame structure. 

 
Figure 2: Side plate of proposed design 
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2) Top plate: As shown in the figure 3 top plate is 
design so as it would have low drag force in vertical 
momentum. Material used for top plate is high 
density poly ethylene plastic due to its good weight to 
strength ratio as compare to other. 

 

 
Figure 3: Top plate of proposed design 

 
Top plate is one of the parts of frame structure. 
 
3) Frame support: As shown in the figure 4 frame 
supports is so designed that side plate and top plate 
are assembled on it. 

 
Figure 4: Frame support of proposed design 

 
Material used for frame support is Aluminum 
6061T6. As aluminum is corrosion resistant material 
available at low cost and required strength capacity. 
 
4) Electronic housing: Electronic housing is used as 
pressure hull. As shown in the figure 5, the shape of 
electronic housing is in cylindrical shape. 

 

 
Figure 5: Electronic housing of proposed design 

 
Material used for electronic housing is Aluminum 
6061T6. 
 
5) Electronic housing lower support: Electric 
housing lower support is used as supporting member 

for electronic housing. The shape of electric housing 
lower support is as shown in the figure 6. 

 
Figure 6: Electronic housing lower support of proposed design 
 
Material used for electronic housing lower support is 
Acrylonitrile Butadiene Styrene (ABS) as it is easy to 
machine complex geometries on it and it is easy to 
machine. 
 
6) Electronic housing upper support: Electric 
housing upper support is used as supporting member 
for electronic housing. The shape of electric housing 
upper support is as shown in the figure 7. 

 

 
Figure 7: Electronic housing upper support of proposed design 
 
Similarly, material used for electronic housing lower 
support is Acrylonitrile Butadiene Styrene (ABS). 
 
7) Dome of electronic housing: Dome s fitted front 
side of electronic housing. As it is transparent, there 
is clear image of outside when camera is fitted inside 
the housing. Figure 8 shows dome of electronic 
housing. 

 
Figure 8: Dome of electronic housing of proposed design 
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Material used for dome of electronic housing is 
acrylic material. 
 
 
V. STRUCTURAL ANALYSIS OF DESIGN 
 
Proposed design of ROV was tested for static 
structural analysis. Structural analysis is done in two 
steps as structural analysis of electronic housing and 
structural analysis of full body. 
1) Structural analysis of electric housing: 
Load applied: hydrostatic force 
Pressure applied 5 bars 
Fixed support: bolt joints 
 

 
Figure 8: Structural analysis of electric housing 

 
Total deformation in all direction is 0.001mm and 
which is acceptable. 
2) Structural analysis of full body: 
Load: hydrostatic force pressure applied 5 bars 
Fixed support: bolt joints 
 

 
Figure 9: Structural analysis full body 

 
Total deformation in all direction is 0.15595mm and 
which is acceptable. 
 
VI. CFD ANALYSIS OF SIDE PLATE 
 
CFD analysis is performed on side plate to reduce the 
drag force in lateral direction. The results obtained 
from the CFD are validated using theoretical results 
obtained using formula 1. 
 
A) Geometric design: 3D model of side plate 
without slot and side plate with slot is designed in 
solid-work software and save as STEP file. Figure 10 
shows solid-work model of side plate without slot. 
Figure 11 shows solid-work model of side plate with 

slot. Domain of 900 X 900 X 1180 mm is modeled 
for the analysis. 

 
Figure 10: solid-work model of side plate without slot 

 

 
Figure 11: solid-work model of side plate with slot 

 
B) Mesh generation: mesh of side plate without slot 
and side plate with slot are generated in ICEM CFD 
software. Mesh type use is all tri and mesh method of 
patch independent. Figure 12 shows meshing of side 
plate without slot. Figure 13 shows meshing of side 
plate with slot. 
 

 
Figure 12: Inlet and outlet of the mesh of side plate without slot 

 

 
Figure 13: Inlet and outlet of the mesh of side plate without slot 
 
C) Problem setup: Reference speed of 0.5m/s is 
considered. The line pressure is set constant at 
506625 Pa for all simulations. The pressure boundary 
condition is set at outlet. The reference speed Vref 
was applied at inlet section, while no-slip boundary 
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condition was applied on the walls. The standard k-ε 
model was used for analysis. 
D) CFD simulation result: Values of Coefficient of 
drag (Cd) and drag force is obtained from CFD 
simulation and theoretically using formula (1). Table 
1 shows comparative result obtained from the CFD 
simulation. 
 

Name of 
model 

Ansys result Theoretical 
result Drag 

force (N) 
%ERROR Cd 

Drag 
force 
(N) 

Side plate 
without slot 1.362 29.51 29.356 0.52 

Side plate 
with slot 0.952 14.05 13.504 4.05 

Table 1: Comparative result obtained from the CFD simulation 
 
From table 1 it is clear that drag force of side plate 
without slot has 29.51N drag and drag force of side 
plate with slot has 14.05 N. hence drag force is 
reduces from 29.51N to 14.05N and which was 
acceptable. Again values obtained from simulation 
compare with theoretical results gives 0.52% and 
4.05% of error for side plate without slot and side 
plate with slot respectively. 
 
CONCLUSION 
 
The proposed model is design by taking it’s 
constrains like size, pressure, material and functional 
requirements into consideration. Structural analysis 
was carried out under hydrodynamic pressure to 
check the effect of stresses acting on the body. The 
simulation study shows that under constant 
hydrodynamic pressure there is negligible 
deformation of the body. Side plate with slot is better 

choice compare to side plate without slot as drag 
force of side plate without slot is 14.05N which was 
acceptable. 
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