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Design and Construction of a simulator of Plastic Bottle
Sanitation System.

1 Mechanical design

The act of designing involves the development of a plan that meets a specific need or solves

a particular problem. If this plan results in the creation of a physical product, it must be

safe, reliable, competitive, useful, functional, manufacture and marketable. Design is an

iterative and innovative process that also involves making decisions, sometimes with little

information, sometimes with the right amount of information, and sometimes with conflicting

information. Often these decisions are tentative, meaning that the right to make adjustments

as more information is obtained must be reserved. In the mechanical design of a simula-

tion of bottle sanitizing system, three stages must be considered, which are the dirt check,

the cleaning and the emptying. On the other hand, it should be considered if the system is

able to perform the cleaning process without any problem. At the time of design, it should

be taken into account whether the process it performs is didactic and easy to maintain. Or

if there is any failure, it should be easy to make the change without any problem, fulfilling

efficiently.

According to the book ”Industrial Design Manual” by Gerardo Rodriguez, design is a process

that involves decision-making based on different levels of information and constant iteration

to achieve a safe, reliable and functional product. In addition, in mechanical design, it is

important to consider the efficiency and maintainability of the system, as is the case in the

design of a simulated bottle sanitizing system.[1]

1.1 Technical specifications

The degree project consists of a didactic learning module with the following dimensions 350

mm x 750 mm x 750 mm, whose purpose is the cleaning of 600 ml plastic bottles. It power by

a 110 V AC. The module make of A-36 steel and plastic polymers. Its programming consists

in the union of a PLC with a HMI screen and an Esp32.

In addition, the bottles to be used in this process will be exclusively Dasani natural water

bottles, of the transparent type.

In tab 1. In this part can see more detailed technical aspects of the machine.
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Table 1: Technical specifications mechanical equipment

Power Supply 110V
General Dimension 350mmx750mmx750mm
Work space 350mmx750mm
Materials used for construction Steel, PETG, Aluminium, Wood
Work object 600ml plastic bottle Dasani
Main controller PLC LOGO8!
Display LOGO! TDE

1.2 Alternatives analysis

1.2.1 Design approach

For the final selection of the module, several sets of ideas were evaluated for both the me-

chanical and the electronic part. Furthermore, the composition of the computer part depends

on the combination of the mechanical and electronic part. In tab 2., In this part can see all

the alternatives that were considered to reach a final goal with the same working principle.

Table 2: Selection of mechanical and electronic alternatives of the model to be built.

Mechanical alternatives
Location of the colour sensor to
identify colour spots on the bottle

The sensor is fixed and the base
is rotatable.

The sensor is fixed and the base
is fixed.

Generate water pressure in order
to clean the bottle.

Water reservoir system and water
pump

Water pump system and different
sizes of nozzles at the water inlet

Direct water intake system
The bottle’s claw Mechanical claw that allows the

bottle to be picked up from the
middle.

Mechanical claw to fit the spout
of the bottle.

Electrical alternatives
Prototype control PLC and extension modules

PLC and Esp32
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1.2.2 Final alternative

To understand the process of the project and where it is headed, a sketch is drawn up

showing the composition, as shown in fig 1. This sketch consists of 3 stages through which

the bottle must pass in order to simulate the cleaning process. As mentioned, the stages

through which the cylinder must pass are: identification, cleaning and emptying.

Figure 1: 2D drawing of the simplified process of bottle cleaning simulation

1.2.3 Identification

In the Identification stage, color sensors will be used to determine whether the bottle is dirty

or not. It was decided to use blue and green color identification to signal whether the bottle

is dirty or clean. Fig 2. shows a sketch of how the color sensors would be located.

Figure 2: Positioning of the color sensor within the bottle cleaning simulation process.
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1.2.4 Cleaning

In the cleaning stage, the cleaning process of the cylinder carry out. For this stage, it is

considered to use the water pressure coming from the pipes. A hose connects to a servo

valve that will control the flow of water, allowing it to exit. In this way, the water pressure will

be used to clean the cylinder. A sketch representing the idea of this stage can be seen in fig

3.

Figure 3: Positioning of the pressurized water system of the simulated bottle cleaning process

1.2.5 Emptying

In this emptying stage, it is planned to use a claw that attaches to the spout of the 600 ml

Dasani bottle, picks it up, transports it and rotates it in order to extract the liquid used in the

cleaning stage. A representation of how this stage will be carried out can be seen in fig 4.

Figure 4: Position of the claw that performs the emptying of the bottle cleaning simulation process.
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1.2.6 CAD sketch

Once the ideas of the project process were clear, we proceeded to modelling using the CAD

software. As shown in fig 5, we can see the three stages mentioned above:

1.Identification

2.Cleaning

3.Emptying

Fig. 5 shows some circuits that indicate where each stage of the process is located.

Figure 5: 3D drawing of the complete bottle cleaning simulation process assisted by CAD software.

In fig 5. of the CAD model, it have a more detailed view of how the process carry out.

-Identification: At this stage, the location of the sensors can be seen more clearly. Two

brackets have been provided to place two sensors, one at the top and one at the bottom.

-Cleaning: During the cleaning stage, a mechanism can be observed that will facilitate this

process. This mechanism is simple: by using a rack and pinion system, it lowers the servo

valve that controls the water flow, allowing the cleaning to be carried out.

-Emptying: During the emptying stage, the claw used to pour the liquid used in the cleaning

process can be seen. This claw consists of 4 movements: the first involves a horizontal dis-

placement by means of the pinion-rack system, achieving the coupling to the bottle spout;

the second is the return of the pinion-rack; the third, a 180◦ counterclockwise rotation from
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the base of the claw; and finally, the fourth, a 180◦ rotation of the claw to remove the liquid.

In addition, to complement the materialization of the analysis of alternatives, the design of a

structure that allows us to support the electronic and mechanical parts was carried out, as

shown in fig 6.

Figure 6: Complete view of the CAD model with all its components.

This equipment must take into account that the elements are not connected directly to the

equipment, so a group of terminals were included in a connection board that allow us to

make the connections interactively, as shown in the fig 7.

In addition, it has a control panel that includes push buttons and switches to operate the

equipment, and a display to visualize the process through text messages, as shown in fig 8.

This whole process controls by a PLC that communicates with the different Esp32 via

pulses on its outputs.
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Figure 7: View of the connection board where the terminal blocks are located.

Figure 8: View of the control board with switches, push buttons and display

1.3 Dimension and selection of mechanical parts

1.3.1 Component supports

There are parts within the CAD design that play the role of supporting the elements and

giving them a functional location, where they perform their work or action. Fig 9 shows the

parts that fulfil this role.
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Figure 9: Location of the supports of the functional elements.

The elements are:

1.Conveyor belt support bracket.

2.Support of the color sensor lower part.

3.Support of the color sensor upper part.

4.Servo valve support.

5.Conveyor belt support.

6.Presence sensor support

Conveyor belt support bracket

This piece allows us to fasten the conveyor belt track to the aluminum profiles, as shown in

fig 10, preventing the track from slipping and maintaining its position to avoid any inconve-

nience to the conveyor belt.

Figure 10: View of the conveyor belt support bracket and how it makes the connection between the
aluminum profile and parts.

Support of the color sensor lower part
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This part allows us to hold the color sensor to identify colored spots on the bottom of the

bottle, as shown in fig 11. It can be seen that the part has a large surface area in relation to

the size of the sensor and is white. This is because, during identification, the sensor is pre-

vented from detecting colors other than the one indicated, as it has a white restriction in the

programming. In addition, as the bottle is transparent, the sensor can read colors through it.

Therefore, both sensor holders share this design to cover the entire bottle, preventing other

colors from the outside from being identified.

Figure 11: View of the color sensor at the bottom of the bottle

Support of the color sensor upper part

This part allows us to hold the color sensor to identify colored spots on the top of the bottle,

as shown in fig 12. It can be seen that the part has a large surface area in relation to the

size of the sensor and is white. This is because, during identification, the sensor is pre-

vented from detecting colors other than the one indicated, as it has a white restriction in the

programming. In addition, as the bottle is transparent, the sensor can read colors through it.

Therefore, both sensor holders share this design to cover the entire bottle, preventing other

colors from the outside from being identified.

Servo valve support

This piece allows us to hold the servo valve, which controls the water flow. In addition, this

support has the rack that allows vertical displacement so that the servo valve fits into the

spout of the bottle and can carry out the cleaning process. This can be seen in fig 13.

Conveyor belt support

This part prevents excessive displacement of the bottle on the conveyor belt and serves as

a support for the conveyor belt. It can be seen in fig 14.

Presence sensor support
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Figure 12: View of the color sensor on top of the bottle

Figure 13: View of Servo valve support

This part holds the infrared color sensor and must be placed on the conveyor belt support so

that it only detects bottles. If it were at the height of the conveyor belt, it would be constantly

detecting objects due to the continuous presence. Fig 15 shows its design and position.

1.3.2 Conveyor belt system

Dimension

In order to transport the 600 ml plastic bottles, a conveyor belt was designed. This conveyor

belt allows the bottle to be placed at the different stations where identification, cleaning and

emptying will take place.

The following dimensions were considered in the design of the belt: a total length of 635

mm, given that the work table is 350 x 750 mm. By default, The equipment have a space
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Figure 14: View of Conveyor belt support with plastic bottles

Figure 15: View of Presence sensor support in the three stages of the equipment

of 750 mm to install the belt, taking into account the other elements and the space needed

to tension it. In addition, the width of the band will be 70 mm, a measurement selected on

the basis of the diameter of the 600 ml Dasani plastic bottles. The main objective is that the

bottle is positioned on the band and, by means of rails, any deviation is avoided, ensuring

its correct position. Regarding the radius of curvature that the conveyor belt has, it was

chosen according to the criteria of the PVC belt manufacturer, whose minimum diameter is

30 mm. Therefore, the aim was to keep this measure as compact as possible, opting for the

minimum required.

Fig 16. shows more graphically where the aforementioned measures are located.

On the other hand, in order to move the conveyor belt, it is equipped with:

1.Roller support

2.Roller

3.Steel bar

4.Rail
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Figure 16: View of the overall dimensions of the conveyor belt

5.Conveyor belt support

6.Conveyor belt

7.Motor support

8.Motor roller

9.Conveyor belt support bracket

The list of elements can be seen in figure 17.

Figure 17: View of the parts that make up the conveyor belt.

All the aforementioned elements are mounted on aluminum profiles, which allows us to move

them on their rails and position the elements in the best possible way.

In this way, in order to be able to tension the belt, the roller supports move horizontally to

achieve the tension necessary to carry out the movement.

All elements shall be fastened with M4 bolts and M4 T-nuts.

Conveyor belt calculation

In this part, the calculations necessary to know the minimum power of the motor and to be

able to select the most suitable and available motor in the place where the module manufac-
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tured to discuss. A sketch of the conveyor belt system is shown in fig 18.

Figure 18: Outline of the conveyor belt

In fig 19 we can see in more detail where the data to be searched is entered.

Figure 19: Free-body diagram of the conveyor belt

First, you need to know the final length of the belt with the applied weight.Therefore ap-

ply the formulas for the factor of safety and for the stress. With the equation of the factor of

safety and the stress, can clear the stress, as shown in equation 1, to obtain the value of the

final length.Tab 3 shows the data

S

n
= E ·

Lf − Lo

Lo
(1)

Lf = 636, 01mm
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Table 3: Parameters for the calculation of the final length

Denomination Symbol Value

Traction force [2] S 51, 7 MPa
Safety factor n 10
Initial length Lo 635 mm

Young modulus of PVC[2] E 3, 25 GPa
Final length LF 636, 01 mm

Knowing the final length, it can determine how much the final length displaced. This is shown

in equation 2

.Tab4 shows the data

Lo = Lf · cos(θ) (2)

θ = 3, 23◦

Table 4: Parameters to know the displacement of the belt

Denomination Symbol Value

Initial length Lo 635 mm
Final length LF 636, 01 mm

Displacement angle θ 3, 23◦

Deriving the angular velocity that the band will have, used the equation 3. Tab 5 shows the

data

ω =
V

r
(3)

ω = 13, 33
rad

s

Table 5: Parameters to know the angular velocity of the belt

Denomination Symbol Value

Angular velocity w 13, 33 rad
s

Radio r 0, 015 mm
Velocity V 0, 2 m

s

Calculate the force needed to move the belt. In equation 4,seeing the formula. Tab 6 shows

the data



15

F = (mB +mC) · g · sin(θ) · eµ ·π (4)

F = 7, 35 N

Table 6: Parameters to know the force needed to move the belt

Denomination Symbol Value

Bottles weight mB 1, 8 kg
Weight of the conveyor belt mC 0, 22 kg

Gravity g 9, 8m
s2

Coefficient of friction[3] µ 0, 6
Force F 7, 35 N

Calculate the torque required using equation 5.Tab 7 shows the data

T = F · r (5)

T = 0, 11Nm

Table 7: Parameters to know the torque of the belt

Denomination Symbol Value

Torque T 0, 11 Nm
Force F 7, 35 N
Radio r 0, 015 m

Convert torque to power,looking for a commercial engine available at the construction site.Using

equation 6, Calculate the engine power.Tab 8 shows the data

P = T ·ω (6)

P = 1, 47W

Table 8: Parameters to know the Power of the belt

Denomination Symbol Value

Torque T 0, 11 Nm
Angular velocity w 13, 33 rad

s
Power P 1, 47 W
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In this case, needing a motor with a minimum power of 1,47W.

Knowing that the belt has a small stretch, it was decided to include a support for the con-

veyor belt. This will be limited by 11 steel rods with a diameter of 6 mm, connected to the

rail, which will prevent the bottle from slipping out of its path, as well as the belt. The corre-

sponding illustration is shown in fig 20.

Figure 20: View of the conveyor belt with rail constraints

Rolleres

The conveyor belt is moved by rollers that are subjected to a force and supported by their

respective bearings. The two rollers are different. The roller supported by the motor has

a hole through which the motor shaft enters and is fitted with a locking device to prevent

the motor shaft from slipping out. Fig 21 shows what the motor roller looks like.The roller

is made of grilon, as mentioned above. This roller has a hole in the side. This material

was chosen because of its hardness and compactness, thus preventing the hole from being

deformed by the force of the motor.

Figure 21: View of the roller that couples with the motor and moves the belt.
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In addition, it has a second roller that simply holds the belt and allows the circular movement

for the belt to rotate around it. In fig 22, they can see what this looks like.In this case, this

roller is made of PETG and printed on a 3D printer. Unlike the motor roller, this one did not

need to have a hole, so it was decided to use PETG for this roller.

Figure 22: View of the roller that performs the circular movement following the main roller.

On the other hand, the two rollers have a diameter of 30 mm, as the belt manufacturer men-

tioned to us that the minimum diameter for the use of the belt is 30 mm. Therefore, choosing

to make them as compact as possible, but functional, using the minimum size.

In the manufacturing or machining process, the elements are not always perfect and may

have minor faults. Therefore, in order to guarantee the circular movement of the rollers,

bearings incorporated at the ends. The bearings chosen for this purpose are 6803-2RS-SS,

which are the largest bearings available at the module’s manufacturing site. Their dimen-

sions are 17 mm x 26 mm x 5 mm. This can be seen in fig 23.

As mentioned above, the bearings will be attached to the ends of the rollers. In fig 24 can

see them more clearly. The use of the bearings is due to the fact that the circular motion is to

be cleaner and without complications and impediments to turning, and so the circular motion

is not only depend on the circular shape of the roller ends, but also on the smoothness and

ease provided by the bearings.
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Figure 23: 6803-2RS-SS bearings used for conveyor belt rollers

Figure 24: View of the conveyor belt rollers with the 6803-2RS-SS bearings in place.

As can be seen in fig 24, the white roller has a smaller end. This is because it is con-

nected to the motor shaft. While the red roller is attached to the brackets and only performs

the circular motion.

Roller force calculation

The force exerted by the roller to initiate the movement were calculated. With this calcula-

tion, the simulation of the roller supports carried out. The free body diagram is obtained as

shown in fig. 25.
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Figure 25: Free-body diagram of the roller relative to the belt

By looking at the diagram, equation 8 can be deduced.Where the frictional force is equal to

the starting force.Tab 9 shows the data

F = Fr (7)

Table 9: Parameters to know the force

Denomination Symbol Value

Force F N
Friction Force Fr N

In equation 8 can see the equality of the friction force. Tab 10 shows the data

Fr = m · g ·µ = 1, 76N (8)

Table 10: Parameters to know the friction force

Denomination Symbol Value

Friction Force Fr 1, 76N
Gravity g 9, 8m

s2

Mass m 0, 6kg
Coefficient of friction µ 0, 3



20

The equation for the frictional force is equal to the force required to perform the initial move-

ment.

Roller support

In order to support the rollers with their bearings, specific parts have been created. Fig 26

shows the roller support, which uses 3 identical parts. These parts are support the roller

and its bearing. It can be seen that it has perforations at the back that is facilitate the circular

movement of the roller without problems. On the other hand, fig 27 shows the motor support,

which is responsible for holding the motor and connecting it to the roller. For this reason, it

has internal perforations to allow for bolting.

Figure 26: View of conveyor belt bearing bracket that only follows the belt rotation

Simulation of the supports

knowing that the force applied to the bearings is 1,76 N, this force is applied to the entire

bearing. Therefore, choosing to do the simulation using this force.The following simulations

carried out to study the deformation suffered due to the applied force, the useful life of the

support and thus verify if it withstands various movements. The simulation of the safety fac-

tor, also be carried out to ensure that the support is designed correctly.

-Roller support
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Figure 27: View of the motor support that drives the conveyor belt

Simulation of deformation: In fig 28 can see the roller support. At the top, the largest de-

formation is 6.3651e-5 mm, which is almost negligible. Therefore, knowing that the part

deforms but does not break.

Figure 28: Simulation in ANSYS WORKBENCH of the roller support deformation

In the simulation of the life cycle, in the figure can observe that it supports 1e6 movements

before failing, so can conclude that the support has an infinite life. This is very helpful as the

belt is in constant motion and the part is not fail. This information is shown in fig 29
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Figure 29: ANSYS WORKBENCH simulation of the roller support life cycle

This indicates that the part is not fail, as it has exceeded the minimum required value, which

is greater than 1. This also indicates that the part is well-designed for the applied load. The

safety factor simulation is shown in fig 30.

Figure 30: ANSYS WORKBENCH simulation of the roller support safety factor

-Motor support

Simulation of deformation: In fig 31 can see the roller support. At the top, the largest defor-

mation is 6.78e-5 mm, which is almost negligible. Therefore,knowing that the part deforms



23

but does not break.

Figure 31: Simulation in ANSYS WORKBENCH of the roller support deformation

In the simulation of the life cycle, can observe that it supports 1e6 movements before failing,

so we can conclude that the support has an infinite life. This is very helpful as the belt is in

constant motion and the part is not fail. This information is shown in fig 32

Figure 32: ANSYS WORKBENCH simulation of the roller support life cycle

This indicates that the part is not fail, as it has exceeded the minimum required value, which

is greater than 1. This also indicates that the part is well-designed for the applied load. The

safety factor simulation is shown in fig 33.
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All simulations were done in the ANSYS Workbench software under the student license.

Figure 33: ANSYS WORKBENCH simulation of the roller support safety factor

The material used for the simulation was PET, which is used to create PETG, as this material

is obtained from recycled bottles and was used to print the parts.

1.3.3 Water removal system

In order to carry out the water removal system, a clamp was designed that allows us to carry

out the work, which can be seen in fig 34

Figure 34: Drawing of a system that allows the removal of the liquid inside the bottle.
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This system consists of several elements, which are as follows:

1.Rotating base

2.Pillar of the clamp

3.Clamp rail

4.Rack and pinion system

5.Steel bar

6.Support of bottle mouth coupling

7.Bottle mouth coupling

This clamp has 3 movements: a 180◦ displacement in coupling with the bottle, a horizontal

displacement provided by a rack and pinion system, and a 180 ◦ displacement on the rotat-

ing base.

Dimensions: Bottle mouth coupling

Moreover, the 600 ml Dasani bottle has a protrusion on the top of its spout. Therefore, it

was decided to use this protrusion to make a coupling that fits without any problem. It is

much simpler and quicker to design a part that allows the bottle to be gripped rather than

developing a complex mechanism to grasp it. In fig 35, the coupling would look like, which

make it easier to hold the bottle during the emptying stage.

Figure 35: View of coupling for 600ml bottle spout

In fig 35., there are letters ’X’ and ’Y’. The ’Y’ represents the lane where the bottle pass

through, while the ’X’ indicates where the bottle placed at the end of the process. This

whole process will be carried out by means of a horizontal displacement.

Calculation of the motor to bottle mouth coupling
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In the emptying stage, the liquid shall be removed, for which the designed coupling shall

perform a 180◦rotation with the bottle at its ’X’ point. It is assumed that by rotating the bottle

180 ◦, the liquid is placed horizontally, and its weight is evenly distributed. In addition, to

avoid any drop, the total weight of the bottle at its far end is considered. This is done to

avoid problems when determining the required motor power.

Taking into account the degrees required for rotation, a servo motor used to control the de-

grees effectively. In fig 36, a sketch is shown to help us in the calculation and understanding

of this process.

Figure 36: Sketch of the location of the servomotor and its applied forces.

In fig 37 can see a free body diagram that will allow us to analyze correctly and carry out the

respective calculations.

Figure 37: Free-body diagram of the force applied on the servo motor of the gripper

In order to know the force of the servomotor needed to perform the 180 ◦ turn, equation 9 is

applied. Tab 11 shows the data
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F = m · g = 5, 88N (9)

Table 11: Parameters to know the Force

Denomination Symbol Value

Force F 5, 88 N
Gravity g 9, 8 m

s2

Mass m 0, 6 kg
Coefficient of friction µ 0, 3

In order to select the servomotor and search the market, it is necessary to know the torque.

For this, use equation 10 to calculate it. Tab 12 shows the data

T = F · r = 2, 24N (10)

Therefore, a motor of at least 2,24 Nm is required to perform the action.

Table 12: Parameters to know the touch of the claw servomotor

Denomination Symbol Value

Torque T 2, 24 Nm
F F 5, 88 N

Ratio r 0, 040 m
Coefficient of friction µ 0, 3

Horizontal displacement of the rail

The clamp for emptying the bottle has a horizontal movement, as can be seen in fig 38.

This movement is achieved by means of a rack and pinion mechanism.As can be seen in

the figure, it consists of two positions. Position 1 is when it is fully retracted and Position

2 is when it is fully extended. For this movement, a servo motor is used which allows us

to control its displacement with greater precision.As can be seen in fig38, it also has 6 mm

diameter steel bars. These allow us to support the structure and prevent the rack and pinion

from suffering excessive stresses.

On the other hand, they know that the steel bars do the job of supporting the structure

in horizontal displacement. To avoid friction between the steel bar and the PETG, which

forms the clamp rail, LM6UU linear bearings were used. These allow the bar to move hori-

zontally without jamming or interference in the movement.

Calculation of horizontal displacement of the rail
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Figure 38: Clamp position

In order to carry out the horizontal displacement of the gripper, a rack and pinion mechanism

is used, which allows us to carry out the movement. It is therefore necessary to determine

the force required to execute this movement and to select the appropriate motor.Fig 39

shows a free-body diagram of the rack and pinion system.

Figure 39: Free body diagram of the clamp rail rack and pinion rack system

Looking at the diagram, a summary of forces is made, equation number 11 and equation

number 12 are obtained.Tab 13 shows the data

F = Fr (11)
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Table 13: Parameters to know the force

Denomination Symbol Value

Force F N
Friction Force Fr N

In equation 12 can see the equality of the friction force. Tab 14 shows the data

Fr = m · g ·µ = 4, 88N (12)

Table 14: Parameters to know the friction force

Denomination Symbol Value

Friction Force Fr 4, 78 N
Gravity g 9, 8m

s2

Mass m 0, 98 kg
Coefficient of friction µ 0, 5

Knowing the force, can calculate the torque required for the motor using equation 13.

T = F · r = 0, 11N (13)

Table 15: Parameters to know torque of servomotor

Denomination Symbol Value

Torque T 0, 11 Nm
F F 4, 78 N

Ratio r 0, 0225 m

Therefore, a motor of at least 0,11 Nm is required to perform the action.

Rotating base

To perform the complete 180 degree rotation of the gripper, a system consisting of 4 pillars

and the servo motor is implemented. This system supports the structure of the gripper, in-

cluding the weight of the water bottle. To avoid the motor overload, bearings were placed

in the 4 pillars, which facilitate the rotation and stabilize the base to prevent its deformation.

Fig 41 shows the composition of this system.
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Figure 40: Swivel base system that allows the clamp to be rotated 180◦.

In fig 41, the location of the bearings is shown, which are the 608zz. These are in con-

tact with the caliper abutment, allowing frictionless rotation. In addition, it can be seen that

the servo motor is located in the central part of the base.

1.3.4 Servo valve lowering system

In the cleaning stage, a mechanism is needed that allows us to clean the bottle. There-

fore, opting for the use of a rack and pinion system, which allows the valve spout to travel a

vertical distance that allows it to position itself on the bottle spout to carry out the cleaning

process. This system has a number of elements, which are:

1. Servo valve mechanism bracket.

2. Servo valve servo motor bracket.

3. Rack and pinion system

4. Servo valve support

5. Left servo valve support.

Figure 6 shows the above.
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Figure 41: Servo valve lowering system and its parts

1.4 Prototype control box

To support all the elements mentioned above, a metal structure made of A-36 steel with a

thickness of 1.1 mm was chosen. In addition, 9 mm thick MDF parts and parts printed with

PETG were used. This allows us to support the elements of the project. This structure has

several parts, of which 3 are the most important: the Connection Board, the Control Panel

and the Frame Box.

1.4.1 Connection Board

The aim of the project is to create a module that allows us to make connections from the

outside and provide a way to interact with the user. To achieve these connections, colored

banana jacks were used, which allow us to connect the elements to the PLC and vice versa.

This board is made of 9 mm thick MDF, on which are mounted the banana jacks and brack-

ets that allow us to connect them to the metal structure. As shown in fig 42
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Figure 42: Board to make the connections to the PLC

1.4.2 Control panel

In this case, in order to hold the start, stop and restart buttons of the process, and to visual-

ize the process it performs, a piece made of PETG was dimensioned.As shown in fig 43

Figure 43: Control panel for supporting the drive elements
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1.4.3 Frame box

In order to be able to support all the elements and structures designed, an A-36 steel struc-

ture was made to join all the elements together. This structure is made of A-36 steel and, in

addition, its parts are spot welding to improve its rigidity.In addition, it also has wheels that

allow the module to be moved without any problem to the different places where it is going

to be used. As shown in fig 44

Figure 44: Board to make the connections to the PLC

1.5 Summary table of components

In this section, the elements that make up the bottle disinfection system will be mentioned.

In tab 16, can see the components, where their names and overall dimensions are shown.



34

Table 16: Summary table of components

Part Dimensions
Electronic base 800mm x 694mm x 9 mm
Control panel part 1 875mm x 750mm x 750mm
Control panel part 2 875mm x 750mm x 750mm
Rear of the control panel 345,8mm x 673,8mm x 1,1mm
Structure of the control desk 750mm x 350mm x 765,8mm
Electronic support 400mm x 100mm x 300mm
Board support 400mm x 100mm x 300mm
Rear door of the control desk 300mm x 250mm x 1,1mm
Baseband part 1 94mm x 270mm x 35mm
Baseband part 2 94mm x 300mm x 35mm
Color sensor base 1 200mm x 80mm x 21,7mm
Color sensor base 2 200mm x 80mm x 21,7mm
Structure of the control table 600mm x 347mm 9mm
Right tap base 44,5mm x 29mm x 15 mm
Left tap base 44,5mm x 29mm x 15 mm
Servo pivot base 80mm x 80mm x 40 mm
Upper pivot base for servo 92mm x 92mm x 60,6mm
Servo rail 107mm x 60mm x 68mm
Servo base column 143,45mm x 80mm x 80mm
Rack tap 12mm x 80mm x 7mm
Servo rail rack 12mm x 120mm x 7mm
Gear servo rail 270mm x 270mm x 60mm
Gear tap 20mm x 20mm x 10mm
Claim 70mm x 70mm x 51,5mm
Water frame 300mm x 100mm x 108mm
Nerve band rail 23mm x 30mm x 12mm
Motor roller 98mm x 30mm x 30mm
Roller 104mm x 30mm x 30 mm
Curb 190mm x 13mm x 10 mm
Motor bracket 34,1mm x 30mm x 41mm
Roller bracket 34,1mm x 30mm x 41mm
Sensor bracket 1 58 mm x 35mm x 19mm



35

Sensor bracket 2 58 mm x 35mm x 19mm
Sensor bracket 3 58 mm x 35mm x 19mm
Servo motor swivel bracket 159,2mm x 63,9mm x 98mm
Top tap support 79,9mm x 58mm x 48,2mm
Base of the profiles 350mm x 750mm x 1,1mm

2 Electronic design

2.1 Technical specifications

It is important to mention that adequate planning has been considered for the system’s

power supply. For those electronic elements that require DC voltage, a 24 V and 10 A CNC

power supply has been carefully selected to ensure optimal and efficient operation of the

components.

Likewise, the respective electrical projections will be taken into account to guarantee the

proper power supply for the project. In this sense, it is planned to use the 110 V electrical

network as an additional power source, which will be properly regulated and supervised to

ensure the correct functioning of the system.

2.1.1 Energy consumption table

It is important to highlight that special attention has been paid to the selection of power

sources and the planning of the distribution of electrical energy to ensure optimal perfor-

mance and system safety at all times.

Therefore, it was decided to make a table of energy consumption, ensuring that all elements

within the module do not exceed the value of the source, avoiding any future problems. This

data is shown in tab 17.

Assuming that all elements are running at the same time and at their maximum power con-

sumption, we have a power consumption of 6212 mA. They know that the 10 A supply will

have no problem with the power consumption of the components.
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Table 17: Table of power consumption of all electronic components

Electronic element energy consumption
Esp32 1 20 mA
Esp32 2 20 mA
Esp32 3 20 mA
l293d 833 mA
Servomotor 1 MG996R 900 mA
Servomotor 2 MG996R 900 mA
Servomotor 3 MG996R 900 mA
ServomotorFT5330M 1300 mA
Motor DC 12V and 12 RMP 507mA
PLC LOGO8! 62 mA
LOGO! TDE 150 mA
Solenoid valve 300 mA
Infrared Sensor E18-D80NK 20mA
4-pin relay module 360 mA
Step-Down XL4015 160mA
Step- Down 1 XL4016E1 40mA
Step- Down 2 XL4016E1 40mA
Green pilot light 20 mA
Red pilot light 20 mA
Total energy consumption 6212 mA
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2.2 Components selection

The module has different electronic elements which have to communicate with each other.

In the following section, dealing with the most relevant elements in the electronics part.

2.2.1 PLC

The module can be reprogrammable and works with a direct current (DC) power supply, so

it was decided to use a LOGO 8! PLC to control the project.

These are the following PLC characteristics:

-Model :12/24 RCE

-Power supply :12/24VDC

-Communication/Programming Interface :Ethernet RJ45

-External memory: Micro SD Card (standard)

-Internal Super Capacitor: 480 hours of program -backup

-Maximum expansion capacity (DI/DO/AI/AO):24/20/8/8

-Digital Inputs (DI): 8

-Analog Inputs (of the integrated DI): 4 (0-10VDC

inputs): I1, I2, I7, I8 -

-Digital Outputs (DO) to relay: 4

2.2.2 Esp32

The PLC to be used only has digital inputs and outputs and it must communicate between

motors, sensors, etc. Therefore, they chose to use Esp32, which will have established rou-

tines so that, when the PLC communicates with Esp32, it will be done without any problem.

These are the following Esp32 characteristics:

Inputs:

-GPIO (General Purpose Input/Output) Pins: The Esp32 has several GPIO pins that can be

used as digital or analog inputs.

-Integrated Sensors: Some Esp32 boards include integrated sensors such as accelerome-

ters, gyroscopes or temperature sensors.

-Communication Interfaces: Supports multiple communication interfaces such as UART,
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SPI, I2C for connecting external devices.

-WiFi and Bluetooth: Wireless functionalities that can receive data as inputs.

Outputs:

-GPIO pins: GPIO pins can also be used as digital outputs. PWM (Pulse Width Modulation)

outputs: Allows devices such as motors or LEDs to be controlled with PWM signals.

-Communication Interfaces: Can act as outputs to send data to peripheral devices via UART,

SPI, I2C.

-WiFi and Bluetooth: Ability to send data over wireless connections.

Power:

-USB Port: Many Esp32 boards have a USB connector that can be used to power the device

and program it.

Batteries: Some Esp32 boards are designed to run on batteries, allowing for portable power.

-External power: It can also be powered through specific pins, using an external power sup-

ply with appropriate voltage and current.

-Built-in voltage regulators: The Esp32 has integrated circuits that allow for a variety of input

voltages, typically between 3.3V and 5V, depending on the particular model and board.

2.2.3 Power supply of electronic equipment

They know that not all the electronics inside the training module operate at the same voltage

and it have a 24 V supply. Therefore, the right voltages must be distributed to avoid damage

to the electronics. The solution to this issue was the use of voltage regulators.

Step-Down XL4015

The Step-Down XL4015 voltage regulator was used to supply power to the 5V electronics.

These are the following Step-Down XL4015 characteristics:

-Pins: 4 (IN-, IN+, OUT- and OUT+)

-Input voltage: 4 to 36 Volts DC (INPUT)

-Output voltage: 1.25 to 32 Volts DC (OUTPUT)

-Output current: 5 A max., recommended (use heatsink for currents greater than 3.5 A)

-Output power: 50W

Step-Down XL4016E1

The Step-Down XL4016E1 voltage regulator was used to supply power to the 7V and 12V

to the electronics.
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These are the following Step-Down XL4015 characteristics:

-Input voltage: 4 V - 40V

-Output voltage: 1.25 V - 36V

-Maximum power: 200W

-Output current: up to 8A (long term use recommended 5A)

2.2.4 PLC to Esp32 communication

To make the communication between the PLC and the Esp32, we know that the PLC has

digital outputs with a voltage of 12V. Therefore, by using a PULL-UP, the Esp32 receive the

signal from the PLC and execute the previously established routine. This circuit has a volt-

age input that uses a resistor and has an output between the push button and the wire that

goes to ground. Each time the circuit receives power, it has output a logic signal of 1 which

input to the Esp32.

2.2.5 Esp32 to PLC communication

The PLC is going to use only has digital inputs, so the communication between the Esp32

and the sensors must be through a Relay. They use a 4-pin Relay module, which, by means

of a simple activation signal, will allow us to send the signal to the PLC.

These are the following 4-Channel 5V Relay module characteristics:

-Operating Voltage: 5V DC

-Control Signal: TTL (3.3V or 5V)

-Number of Relays (channels): 4 CH

-Max Capacity: 10A/250VAC, 10A/30VDC

-Max current: 10A (NO), 5A (NC)

-Action time: 10 ms / 5 ms
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2.2.6 Servo Motor

Regarding the selection of components with respect to the calculations previously per-

formed, for the water removal system, a torque of 2,24 Nm was obtained. Therefore, for

the required movement and force necessary to perform the work, a FT5330M Servo Motor

was selected.

The FT5330M Servo Motor has the following characteristics:

-Operating voltage: 6V to 7,4V

-Operating speed: 0.238 sec/60° (6V), 0.192 sec/60° (7,4V)

-Stall torque: 28,8 kgcm = 2,82 Nm (6V), 35,5 kgcm = 13,48 Nm (7.4V)

-Rotation angle: approx. 180°

Observing the characteristics of the MG995 Servo Motor, it meets the necessary require-

ments to perform the work.

2.2.7 DC motor

On the other hand, for the belt motor, a 12V motor was selected which has 12RPM This

speed was selected to have a better control in the transfer of the bottle, avoiding that when

it is empty it falls down.

The DC motor with encoder has the following characteristics:

-Nominal voltage: 6V

-Maximum voltage: 12V

-Motor speed: 12 RPM

2.2.8 Color sensor

To simulate the dirt in the bottles, we opted for the use of colors, in this case, the colors blue

and green will be used. These colors will allow us to identify whether the bottle is dirty, which

is why we chose to use the TCS230 color sensors.

The DC motor with encoder has the following characteristics:
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- Operating voltage: 5V DC

- Function shutdown pin

- Non-linear error: 0.2% at 50 kHz

- High resolution of light intensity to frequency conversion

-It can filter the RGB data from the light source and convert it to a square wave (50% duty

cycle) with a frequency directly proportional to the intensity of the radiating light.

2.2.9 Position sensor

In order to be able to detect the water bottle and locate it in the corresponding stations of the

process, the E18-D80NK Infrared Sensor was chosen, which sends a signal when it detects

presence. This sensor was selected for its compatibility with the 4-channel relay module.

The DC motor with encoder has the following characteristics:

-Operating Voltage: 5V DC

-Dimensions: 45mm/70mm

-Operating Current: 20mA max.

-Output current (load): 100mA max.

-Sensing range: 3cm to 80cm

-Detection range adjustment by potentiometer

-Light emitter: Infrared Led

2.3 Electronic block diagram

The project involves electrical connections that allow the process to be carried out. These

connections are both for receiving power and for communicating one element with another.

In this section, looking at electronic block diagrams that give us an idea of how these ele-

ments are connected.

2.3.1 Main block diagram

In the following diagram, they can see the composition of the main diagram and how it con-

nects to the PLC. This PLC, in turn, gives instructions to the Esp32s, which have subroutines
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that allow the work to be carried out.

It also includes connections to the position sensors, LED lights and a display that lets you

know the status of the process. In the fig 45, the block diagram that provides information on

how the project work.

The block diagram in fig 45 shows the main element, the PLC, which has inputs and out-

Figure 45: Block diagram of how the connections between the electronic elements are made.

puts. In the case of the inputs, there are 7 in total; of these, 3 are directly connected to

the PLC, while the other 4 need intermediate devices for communication. This is where the

Relay modules come into play: the ESP32 and the position sensors are connected to these

modules, which send digital values to the PLC for communication.

In the center of the diagram, there is a connection between the PLC and the LOGO TDE.

This communication does not take place via its digital inputs or outputs, but via its Ethernet

input.

On the other hand, they have 4 outputs. In the first two outputs, at the beginning, we find a

voltage regulator followed by a pull-up. This is because when the PLC activates one of its

outputs, it does not emit 12V, and the microcontrollers work with only support 5V on their

inputs. The pull-up is in charge of regulating the pulse from the voltage regulators.

In addition, output 3 allows activating and deactivating the servo valve, and the last output

is connected to the pilot lights, which are witnesses that indicate the action of the motor and

the activation of the sensors.
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2.3.2 Block diagram of the power supply of the elements

For the power supply of the project, a 24V power supply was used, which distributing its

voltage in two main levels: 12V and 5V. This allows us to power the different elements within

the project.

In fig 46 can see how the voltages are distributed to the different electronic components.

Figure 46: Block diagram of how the voltage connections of the elements are made.

As mentioned before, the main power supply voltage is distributed in two levels: 12V and 5V.

On the one hand, on the 5V supply, they have the microcontrollers, the position sensors and

the Relay module. On the other hand, in the 12V supply, we have the PLC, the display, the
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pilot lights, the DC motor and the pushbuttons that generate the activation of the process.

2.3.3 Block diagram of the Esp32

DC motor

In order to control the DC motor that drives the belt and facilitate future improvements, an

H-bridge was chosen. This device allows the DC motor to be controlled through instructions

provided by Esp32.

In addition, fig 47 shows how the Esp32 1 diagram is connected.

Figure 47: Block diagram of how the Esp32 connection that controls the DC motor is made.

Servo Motors

To control the servo motors, an Esp32 was used to send the necessary pulses to the servo

motors, allowing a specific routine to be generated. In addition, fig 48 shows how the Esp32

2 diagram is connected.

Figure 48: Block diagram of how the Esp32 connection that controls servomotors is made.
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Color sensors

For color identification, specific sensors connected to the Esp32 3 were used. This device

receives information from the sensors and communicates with the PLC to execute the es-

tablished routine. In addition, fig 49 shows how the Esp3 diagram is connected.

Figure 49: Block diagram of how the Esp32 connection that controls the color sensors is made.

2.4 PCBs

In order to make connections between elements that do not have direct solder terminals or

some kind of input to interconnect the elements, electronic boards are made.

2.4.1 Voltage

5V voltage PCB

The XL4015 step-down has no terminal pins, so it was decided to design a board to allow

us to make the connections. In fig 50 we can see the board made. This board has a double

terminal type input and its output has 8 terminals, divided in two: 4 positive and 4 negative.In

addition, this board is used to power all the elements that need 5V.
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Figure 50: 5V voltage PCB

2.4.2 PLC to Esp32 PCB

The output of our PLC is 12V, so they know that if the Esp32 receives this voltage, it can

burn out. Therefore, it was decided to create a board that would allow us to reduce the

voltage. They opted for the use of voltage regulators, the LM7805, to obtain a 5V output to

be connected to the pull-up. In fig 51, it can see the PCB.

Figure 51: PLC to Esp32 PCB
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2.5 Servomotors PCB

In order to be able to control the movement of the servos, a board was added to the Esp32

that allows us to connect all the servos in one place. A PCB has been created to facilitate

this process. On this board, the dual power supply is highlighted, as 3 of the 4 servos oper-

ate at 5V due to their torque value. In the case of the servo operating at 7V, this is due to the

need for a higher voltage to obtain a higher torque. On the other hand, in fig 52, an element

called a bridge can be seen, which allows the Esp32 to be reprogrammed using the same

board, avoiding the need to remove the Esp32 to load or update the code.

Figure 52: Servomotors PCB

2.5.1 Color sensors PCB

To acquire the signals emitted by the color sensors and allow them to reach the Esp32 for

interpretation and action, it was decided to create a PCB that would connect both color sen-

sors to the Esp32. In this case, in fig 53, we can see a component called a bridge, which in

addition to allowing the reprogramming and updating of the Esp32 program, is also used to

determine whether the activated colors have been identified.
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Figure 53: Color sensors PCB

2.5.2 DC motor PCB

A PCB was designed to facilitate communication between the H-bridge and the Esp32, visi-

ble in fig 54. This board makes it possible to have output pins from the Esp32 to the H-bridge,

avoiding a direct connection between the Esp32 pins and the H-bridge.

Figure 54: DC motor PCB
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3 Programming design

3.1 Technical specifications

The equipment has 2 programming languages. The first is LADDER, which it use for pro-

gramming the Logo 8 PLC, and the second is the C/C++ language for programming the

Esp32 to carry out the programming of the PLC Logo! 8 PLC, it use the Logo Soft Comfort

v8.3 software, which is compatible with our PLC. On the other hand, to program the Esp32,

it use the Arduino development environment together with the Esp32 Dev library. In addition,

Logo Soft Comfort v8.3 is used to program the LOGO TDE screen.

As previously mentioned, our project is controlling by the PLC, which will send the drive

indications. Given that they use two different programming languages, to achieve commu-

nication between them, digital inputs and outputs will be used which, by means of relays, is

facilitate communication.

3.2 Flow chart

3.2.1 Main flow chart

The main flow chart, one condition that covers the whole process, and that is whether the

bottle is dirty or clean. This carry out the process or not.

In fig 55 can see a flow chart showing how the process that the machine would carry out

would be carried out.

As shown in fig 55, this diagram represents the process. It starts with the start button, which

activates the motor to move the empty bottle to Station 1, where identification takes place.

In this phase, any stain on the bottle is identified; the sensors detect blue and green color

as signs of dirt on the bottle. If this condition is detected, the bottle moves to step 2, which

is cleaning. During cleaning, a servo control positions a valve at the mouth of the bottle and

performs cleaning. It then moves to an emptying stage, where a robotic gripper removes the

liquid from the bottle, ending the process.

Each station is reached by activating the motor that moves the belt. Each time the belt is
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activated, a green light indicates that it is in motion. When the bottle reaches the different

stages, a red light comes on, indicating its position in the station. In addition, a display shows

the activity of the project and which stage the bottle is in.
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Figure 55: General equipment control flowchart
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Appendix A

Mechanical Engineering Drawings
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Appendix B

Electronic Engineering Drawings
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Appendix c

BUDGET



Elements Unit(uni) Cost($) Total cost($) 
Servo Motor MG996R 3 10 30 
Servo Motor FT5330M 1 23,99 23,99 
Color sensor  tcs230 2 15 30 
Copper Cable Set 16 1,79 28,64 
Connector Set  JS-XH 1 15 15 
Red Pilot Light 1 2,23 2,23 
Green Pilot Light 1 2,23 2,23 
ESP32 3 9,49 28,47 
Display Logo TDE 1 169,26 169,26 
PLC Logo 8 1 155,62 155,62 
Source24V 10 A 1 19 19 
Motor 12V of 12RMP 1 15 15 
Step Down Dc-dc XL4015 1 4,19 4,19 
Step Down Dc-dc Xl4016 2 11,7 23,4 
LM6UU 9 2,41 21,69 
Bearing 6803 3 2 6 
PETG 3 23 69 
Steel shaft of 6mm x 600mm 4 5,8 23,2 
Steel Table A36 de 750x350x750 1 350 350 
Alumino Profiles V 20x80  1 50,47 50,47 
Alumino Profiles V 20x40 1 31,89 31,89 
T-nuts for M4 40 0,18 7,2 
PCB 1 8,5 8,5 
4-channel Relay Module 1 4,99 4,99 
Push button 2 0,1 0,2 
Electrical switch 2 0,5 1 
2N2222 3 0,2 0,6 
Resistance of 10k ohmions 8 0,2 1,6 
Diodo 4A10 2 0,6 1,2 
Infrared Sensor E18-D80NK 3 8 24 
MDF board of 9mm 2 3,53 7,06 
Plug Conector Banana Macho 4mm  40 0,2 8 
Conector Banana Male 4mm  40 0,2 8 
Cable 2 Plug Banana to 2 Lizards 50 Centimetres 15 2 30 
Ceramic Capacitor 0,1 uF 100nF (104) 4 0,1 0,4 
Electrolytic Capacitor  47uF 50V 2 0,2 0,4 
Electrolytic Capacitor  100uF 50V 2 0,25 0,5 
LM7805 DE 5V 2 0,6 1,2 
LM1117T DE 3.3V 2 1,35 2,7 
Aluminium Heat Sink  4 0,75 3 
40 pin male terminal strip 2mm spacing 1 0,5 0,5 
40 pin female terminal strip 2mm spacing 6 0,5 3 



Black Terminal Block with Transparent Cover 6 poles 15A 1 2,9 2,9 
2-pin terminal block Kf301-2p Blue 21 0,25 5,25 
Module Bridge H L298n 1 3,5 3,5 
Push button for panel 2 0,85 1,7 
Plastic Mushroom Push Button with detent 22mm Red NC 1 4,5 4,5 
Spade cable connectors 20 0,2 4 
MDD5.5-250 Electrical Cable Connectors male  20 0,2 4 
MDD5.5-250 Electrical Cable Connectors female  16 0,2 3,2 
Pressed Electrical Terminals 18 0,2 3,6 
ETHERNET cable 1 3,5 3,5 
JACK AC 3 PINES 250V 15A with switch, light and fuse 1 1,99 1,99 
PCV conveyor belt 1 35 35 
1meter of Nema 17 cable 10 2,99 29,9 
Cream coloured paint 1L 1 9,99 9,99 
DIN rail  of 15mm 1 10 10 
Grillon of 35x40mm 1 10 10 
Solenoid valve of 12VDC 1 9,9 9,9 
Bolts M3x12mm 40 0,1 4 
Nut M3x12mm 40 0,1 4 
Bolts M4x12mm 20 0,15 3 
Nut M4x12mm 20 0,15 3 
Bolts M8x12mm 20 0,4 8 
Nut M8x12mm 20 0,4 8 
Labor 1 430 430 
Computer Power Cable 1.8 Metros 1 2,75 2,75 
Total     1819,01 
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