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Abstract - Nowadays, with the continuous development of low-cost technologies such as 3D printing and open source hardware and 
software, the cost of building an ROV has been further reduced. This is why the present research aims to analyse the calculations 
necessary for the development of an ROV prior to its construction, obtaining significant improvements in design as well as a reduction 
of time and costs. This paper shows a comparison of the design parameters of a 3 DOF robot with 4 turbines and a 5 DOF robot 
with 6 turbines, to demonstrate the importance of CAD and CFD in underwater robots’ design.  The selection of actuators is 
based on the results of CFD, obtaining linear and quadratic, turbine rpm and  the friction coefficient to determine the stability of the 
robot. A reduction in time and costs was obtained through CFD analysis prior to robot construction. The comparison between the open 
and close structures is evident that the close structure design in this paper has more stability and is better option for underwater robots. 
3D printing is a good alternative for underwater robots, the infill should be 100% to avoid leaks and breaks based on the stress test. The 
mayor disadvantage of 3D printing is the manufacturing time. 
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1. Introduction  

It The development of underwater robots has revolutionized many industries due to its numerous applications in the 
offshore oil and gas industry, the defence sector, search and rescue, oceanographic research, and environmental monitoring 
[1]. Over the years, researchers have focused on designing underwater robots that can adapt to different environments and 
perform various tasks. For example, [2] made a modular underwater robot that could self-reconfigure by stacking and 
unstacking its component modules, which was used for monitoring and exploration, [3] designed an underwater robot using 
an Arduino based platform and handmade waterproof thrusters controlled by an android smartphone.  

In recent years, advancements in 3D printing technology have enabled researchers to manufacture underwater robots 
with complex geometries and intricate details using CAD designs, which in [4] review, there have been various uses such as 
sample collection, hydrodynamics, and coral reef restoration. For instance, [5] designed their underwater robot using 3D 
printing and a Xilinx Zyng-700 module. This technology has made it possible to create customizable robots that can perform 
specific tasks in underwater environments, while also reducing production costs. Additionally, as highlighted by [6], 
underwater robots can also be used for monitoring nuclear power plants. Sensors are an essential component of underwater 
robots that enable them to navigate, locate objects, and gather data. For example, [7] designed a robotic detection system 
based on the fish’s lateral line to monitor underwater environments. Such sensors help robots operate effectively in low 
visibility and underwater conditions according to [8]. The aim of this paper is to demonstrate the use of CAD and CFD for 
under water robots design by using 3D printing. 
 
2. Method  

The design of submersible robots has a degree of complexity and costs, so the use of CAD/CFD allows to reduce costs 
and estimate robot improvements. In this work we rely on the methodology proposed [9] which uses CAD/CFD design to 
obtain design parameters for submersible robots. A comparison of the design parameters of a 3 DOF robot with 4 turbines 
and a 5 DOF robot with 6 turbines is shown. Ensuring the operation of such a sophisticated machine is always a great 
challenge, so the project has been developed using high-level engineering software such as solidworks where it was possible 
to preliminarily design how the robots behave if they move. 
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3. Results  
 

3.1. CAD Design 
The CAD design of the 3 DOF robot consists of a 3" diameter waterproof capsule, a shell printed in PEEK and 

stainless steel clamps to join both parts. This robot has an open structure leaving the fluid pass inside the structure. The 
second robot structure consists of a plastic shell, printed in PEEK at a rate of 100% infill between printing layers, sealed 
with epoxy resin to seal any type of opening between the filaments. A layer of Carbon Fiber is added to increase its 
mechanical properties and resistance to water pressure making a close structure. It contains an airtight tube where all its 
electronic components are stored Table 2 shows the CAD parameters of both robots.  

 
Table 2: CAD parameters of both robots. 

 
Parameter Symbol Unit Robot 1 Robot 2 

Mass m kg 5.803 8.409 
Buoyancy B N 64.67 82.03 

Weight W N 56.92743 82.49 

Inertia 

Ix 

Kg∙m2 

0.06669207 0.121619 
Iy 0.08182423 0.217961 
Iz 0.131617 0.302178 
lxx 0.08182375 0.217961 
lyx -8.51E-05 -5.951E-05 
lzx 8.53E-06 2.572E-05 
lxy -8.51E-05 -5.947E-05 
lyy 0.06672717 0.302051 
lzy 0.001498977 0.0006786 
lxz 8.53E-06 2.572E-05 
Iyz 0.000149897 0.0006786 
lzz 0.000131582 0.12156 

Volume v m3 0.0045521 0.0081611 
Large L mm 347 510 
Width a mm 400 470 
Height h mm 164.64 240 

 
 

3.2. Stress test 
The stress tests were performed starting at 10 meters depth, reaching minimum deformations and with a safety 

factor greater than 3. In a second test, the stress study was performed at 25 meters depth as shown in Figure 1, reaching 
a minimum mechanical displacement for robot 1 and  the lower displacement in robot 2. The safety factor (FOS) for 
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robot 1 at 25 meters depth was just greater than 1 and robot 2 has a FOS greater than 4. The close structure is more resistant 
than the open structure due to its geometry and mass. 
 

 
Fig. 1: a) Stress test for the open structure; b) Stress test for the close structure. 

 
 

3.3. Computer Fluid Dynamics (CFD) 
Velocity tests are performed using CFD to determine the polynomial regressions based on simulations.  These equations 

are used to develop the dynamic models of the robot. Vorticity and flow direction tests are performed on the ROV in order 
to identify the hydrodynamics exerted on it. These tests show the hydrodynamic flows that are generated as the robot moves 
forward. Figure 2 analyses the hydrodynamics of the fluid now of impact with both robots. In the case of the open structure 
robot, a greater displacement of the water is observed than in the closed structure, generating a greater number of vortices 
inside the structure. These vortices are generated by the impact of the hydrodynamic fluid on the vertical turbines at a velocity 
of approximately 0.207 m/s. On the other hand, the closed structure robot only generates vortices when the hydrodynamic 
fluid passes through the vertically positioned turbines. Figure 3 shows the spheres in which the fluid behaves while the robot 
advances at 2.5 m/s, in the open structure the spheres moves down the robot creating more disturbance than in the close 
structure. 

 
Fig. 2: a) Frontal CFD test for the open structure; b) Frontal CFD test test for the close structure. 
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Fig. 3: a) Lateral CFD test for the open structure; b) Lateral CFD test for the close structure. 
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The results of the simulation can be found in Table 3, the dynamic pressure exerted by the fluid in the open-structured 

structured robot was higher than that of the closed structure, generated mostly by the vortices observed in the simulation. 
This pressure in both cases is lower than that of the stress test that was performed so the robot structures can withstand the 
the pressure. Regarding the fluid density and velocities both robots obtained the same behaviour since they are input 
parameters of the simulation. The force necessary for the robot to move at 2.5 m/s in this fluid is given by the force on the 
the Z-axis, while the vortices and disturbances create forces on the Y-axis. The friction forces and torques in both cases are 
low since the simulation is only performed on one axis. For this it is necessary to make a simple system with the 
hydrodynamics of the robot, on the other hand the hydrostatics is what allows an object to float or sink, so for the robot zero 
buoyancy is needed to avoid excessive use of the turbines.  
 

Table 3: CFD Comparison data results of 2.5 m/s 
 
  Robot 1 Robot 2 
Goal Name Unit Average  Min  Max  Average  Min  Max  
GG Maximum Dynamic Pressure 1 [Pa] 4283.0 4227.6 4329.4 3027.4 3027.3 3027.5 
GG Average Density (Fluid) 2 [kg/m^3] 997.6 997.6 997.6 997.6 997.6 997.6 
GG Average Velocity 3 [m/s] 2.5 2.5 2.5 2.5 2.5 2.5 
GG Average Velocity (X) 4 [m/s] 0.0 0.0 0.0 0.0 0.0 0.0 
GG Average Velocity (Y) 5 [m/s] 0.0 0.0 0.0 0.0 0.0 0.0 
GG Average Velocity (Z) 6 [m/s] -2.5 -2.5 -2.5 -2.5 -2.5 -2.5 
GG Force 7 [N] 91.6 91.5 91.7 77.2 77.0 77.4 
GG Force (X) 8  [N] -0.8 -1.0 -0.7 -1.0 -1.1 -0.9 
GG Force (Y) 9 [N] 6.7 6.6 6.9 3.8 3.7 4.0 
GG Force (Z) 10 [N] -91.4 -91.5 -91.3 -77.1 -77.3 -76.9 
GG Normal Force 11 [N] 88.5 88.4 88.9 74.64 74.52 74.80 
GG Friction Force 12 [N] 3.72 3.65 3.84 2.57 2.45 2.73 
GG Friction Force (X) 13 [N] 0.0 0.0 0.0 0.0 0.0 0.0 
GG Friction Force (Y) 14 [N] -0.1 -0.1 -0.1 0.0 0.0 0.0 
GG Friction Force (Z) 15 [N] -3.5 -3.5 -3.5 -2.6 -2.7 -2.5 
GG Torque (X) 16 [N*m] 1.8 1.8 1.8 -24.3 -24.4 -24.3 
GG Torque (Y) 17 [N*m] 9.1 9.1 9.1 12.9 12.9 13.0 
GG Torque (Z) 18 [N*m] 0.6 0.6 0.6 1.2 1.2 1.2 

 
Finally, the selection of actuators is based on the results obtained. An example of this is the obtaining of linear and 

quadratic coefficients in a robot in (1) and (2) based on the data obtained in Figure 4. These are achieved by performing 
several simulations by changing the fluid velocity and plotting the average force and torques as a dependent variable of a 
polynomial regression given by the velocity. It is also possible to calculate the turbine rpm by applying (2) based on [10]. 
Even the determination of the friction coefficient can determine the stability of the robot [11]. 

 
𝑓𝑓𝑟𝑟𝑟𝑟 =  −9.9469 𝑣𝑣𝑟𝑟2 − 7.7966 𝑣𝑣𝑟𝑟 + 3.9084   (1) 

 
𝜏𝜏𝑟𝑟 =  0.7927 𝜔𝜔𝑟𝑟2 − 0.1068 𝜔𝜔𝑟𝑟 + 0.0581   (2) 
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𝜔𝜔 =  −2.315𝑓𝑓2 + 149.75𝑓𝑓 + 52.15    (3) 
 

𝜇𝜇 = 𝑓𝑓𝑟𝑟
𝑓𝑓𝑛𝑛

         (4) 

 
Fig. 4: Polynomial regression based on simulation (PRBS) for robot 2. 

 
 
3.4. 3D printing fabrication 

For the manufacture of a 3D printed robot it is necessary to take into account the material with which the printing 
is going to be done. In the case of both robots, we chose to make the impression in PEEK material, is also known as 
polyether ether ketone, this is a high-quality material and excellent mechanical properties, thanks to its strength and 
hardness in environments with high requirements. When performing a 3D printing we have to take into account the 
printer with which the printing process will be performed, in this case we used an ender cr-10 max for its ability to print 
large parts, we must also take into account the time it will take to perform the prints, for the case of robot 1 two pieces 
were made while robot 2 was performed by 12 prints, their values are shown in Table 4. When performing 3D printing 
should be performed with a filling of 100%, this to avoid breaks between the filament and have a better performance at 
high depths. Robot 2 was printed with 100% infill because it is a closed design and with its electronic components inside, 
it had to be well protected. 

 
Table 4: 3D printing comparison between an open and closed structure 

 
 Robot 1 Robot 2 

Parts 2 12 
Mass 3054 3026 
Time 106 91 
Infill 100% 100% 
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4. Conclusion 

The method used for the manufacture of under water robots was validated, obtaining a notable improvement in the CAD 
CAD designs as well as in the final product. A reduction in time and costs was obtained through CFD analysis prior to robot 
robot construction. The comparison between the open and close structures is evident that the close structure design in this 
this paper has more stability and is better option for underwater robots as shown in Figure 5. 3D printing is a good alternative 
for underwater robots, the infill should be 100% to avoid leaks and breaks based on the stress test. The mayor disadvantage 
of 3D printing is the manufacturing time. Thanks to the CAD and CFD calculations we were able to observe small differences 
between an open and a closed design, considering its structural design, a similar printing time and amount of material used 
to make them. It was also observed that in this case the open design with a lot of space for water flow can be more affected 
than a closed structure. 

 
Fig. 5: a) Robot 1: Open structure render; b) Robot 2: Close structure render. 
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