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Abstract

Automatic water filling and capping machines are a vital
component of the beverage industry, enabling efficient and
consistent production of bottled water. These machines use a
conveyor belt to transport empty bottles to a filling station,
where they are filled with water using one or more nozzles,
and then moved to a capping station where caps are placed
on the bottles and sealed. The control system of the machine
regulates the volume and speed of water being dispensed, as
well as monitors the production process to detect any errors
or malfunctions. This paper provides an introduction to the
automatic water filling and capping machine, describing its
components and how it functions in the bottling process. It
also highlights the importance of these machines in ensuring
high-quality and consistent production of bottled water in the

beverage industry.

Introduction

An automatic water filling and capping machine is a type of
equipment used in the beverage industry to fill and seal plastic
or glass bottles with water. It is designed to streamline the
bottling process and increase production efficiency. The
machine typically consists of several components, including
a conveyor belt, filling nozzles, a capping station, and control

system.

The conveyor belt is used to transport empty bottles to the
filling station, where they are automatically filled with water

by the filling nozzles. The number

of nozzles can vary depending on the machine's capacity and
the size of the bottles being filled. Once the bottles are filled,
they are moved to the capping station, where caps are placed
on the bottles and tightened to ensure a secure seal. The
capping station can use a variety of techniques to seal the

caps, such as screwing, pressing, or snapping.

The control system of the automatic water filling and capping
machine is used to regulate the speed and volume of water
being dispensed, as well as to monitor the overall production
process. This system can include sensors and software to
detect any errors or malfunctions in the filling or capping
process, and can automatically shut down the machine if

necessary to prevent damage or contamination.

Overall, an automatic water filling and capping machine is a
crucial component of the beverage industry, allowing for
large-scale production of bottled water while maintaining

consistency and quality control.

Literature Review

Automatic water filling and capping machines have become
increasingly important in the beverage industry, particularly
with the growing demand for bottled water. Numerous studies

have explored the benefits and limitations of these machines,
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as well as their impact on production efficiency and quality

control.

One study by Huang and colleagues (2017) examined the
effects of different filling nozzles on the accuracy and
consistency of water filling in an automatic machine. The
authors found that certain nozzle designs, such as those with
a lower velocity and smaller orifices, resulted in more
accurate and consistent filling. Another study by Zhang and
colleagues (2018) explored the use of machine vision systems
in detecting defects in bottle caps during the capping process.
The authors found that this technology was effective in
identifying defects such as missing or misaligned caps,

reducing the risk of product contamination.

Several studies have also explored the impact of automatic
filling and capping machines on production efficiency. For
example, a study by Wang and colleagues (2016) found that
using an automatic machine resulted in higher production
efficiency and lower labour costs compared to manual filling
and capping methods. Another study by Zhou and colleagues
(2019) compared different types of automatic machines and
found that those with higher filling speeds and multiple

capping stations were more efficient and cost-effective.

However, some studies have also identified potential
limitations or challenges associated with these machines. For
instance, a study by Yin and colleagues (2018) found that
variations in bottle shape and size could affect the accuracy
and consistency of filling in automatic machines, highlighting
the importance of selecting the appropriate nozzle design and

adjusting the machine settings accordingly.

Overall, the literature suggests that automatic water filling
and capping machines can provide numerous benefits to the
beverage industry, including improved production efficiency,
consistency, and quality control. However, it is important to
consider factors such as nozzle design, machine vision
systems, and bottle shape and size to ensure optimal
performance and minimize the risk of product contamination

or other issues.

Methodology

1. Bottle Sorting: The first step is to sort the
empty bottles and align them in a single file. This

can be done through a conveyor belt or a rotary table.

2. Rinsing: The bottles are then rinsed with
water or cleaning solution to remove any dust or

impurities.

3. Filling: After rinsing, the bottles are moved
to the filling station where water is pumped into the
bottles through a filling nozzle. The amount of water
can be controlled through a flowmeter or a level

Sensor.

4. Capping: Once the bottles are filled with
water, they are moved to the capping station where
the caps are placed on the bottles. This can be done

through a screw or Snap-On mechanism.

5. Labelling: After capping, the bottles can be
labelled with information such as the brand name,

logo, and other details.

6. Inspection: The filled and capped bottles
are then inspected for any leaks, deformities or

inconsistencies in the filling and capping process.

7. Packaging: The final step is to pack the
filled and capped bottles in cartons or crates for

transportation.

8. Bottle feeding: The empty bottles are fed
into the filling and capping machine through a
hopper or an unscrambler. The hopper or
unscrambler uses mechanical or electrical systems to
align the bottles in a single file to make the filling

process easier and more efficient.

9. Bottle cleaning: Before filling the bottles
with water, they need to be cleaned to remove any

impurities or dirt. There are different ways to clean
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bottles, including rinsing with water or cleaning
solution, using compressed air to blow out dust, or

using a vacuum to remove debris.

10. Filling station: The filling station consists
of a series of filling nozzles that dispense water into
the bottles. The amount of water dispensed can be
controlled by adjusting the filling speed, the size of
the nozzles, or using a flowmeter or level sensor. The
filling process can be done by gravity or pressure,

depending on the type of machine.

11. Capping station: Once the bottles are filled
with water, they are moved to the capping station.
The capping station consists of a cap feeder and a
capping mechanism. The caps are fed into the
machine through a hopper, and then they are placed
on the bottles using a screw or Snap-On mechanism.
The capping process can be done by mechanical or

pneumatic systems.

12, Labelling station: Some filling and capping
machines can also include a labelling station where
labels are applied to the bottles. The labelling
process can be done by a pressure-sensitive or glue

applicator system.

13. Inspection station: After the bottles are
filled, capped, and labelled (if applicable), they are
moved to an inspection station where they are
checked for any defects or errors. The inspection
process can include visual inspections, leak testing,

and weight checking.

14. Packaging station: Once the bottles pass the
inspection, they are packed into cartons, crates, or
trays. The packaging process can be done
automatically by a packing machine or manually by

operators.

Overall, an automatic water filling and capping machine

utilizes a combination of mechanical,
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Fig.1 Workflow Diagram

electrical, and pneumatic components to efficiently and

accurately fill and cap bottles of water.

Results

The conclusion on the output of an automatic bottle filling and
capping machine using Arduino Nano will depend on several
factors, including the design and implementation of the
machine, the accuracy of the sensors used, the efficiency of

the motor drivers, and the programming of the control system.

However, in general, the use of an Arduino Nano in an
automatic bottle filling and capping machine can provide a
cost-effective and flexible solution for controlling the
machine's functions. The Arduino Nano is a compact and
easy-to-use microcontroller board that can be programmed to
control various functions of the machine, such as filling,
capping, and labelling.

Energy calculation of project:

Any of the application or battery is measured in watts per
hour.
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Let’s see what is watts per hour.

Watts per hour is the energy consumed by application or
power stored in battery or power can be generated by

generator/ solar panel or any other devices

So, watts per hour can be further written as Voltage *

Current/Hour
L W=V
So, let’s see the difference between V & |

Voltages is a potential difference which constant or generated
in fix scale and its unit is Volts for example in house we
always get 210V AC — 240V AC, now these scale never gets
changed easily and if it gets change then there must be some
fault .

Another example we will take from battery is also have
voltage constant voltage 12V dc which never change if it

changes that means battery is very low

That is why at home all the application we use, runs on 210V
Ac -240V Ac and in car where the power comes from battery

all the application in car run on 12V

Current (1) is variable according the application consumption

and its unit is amp.

We know all application in our home runs on same voltage
still the power consumed by different application are
different. If we see our heater consumes more electricity than
the bulb. Why so is if ever they run on same voltage, they
consume different current. And according to that only we are

charged for electric bill.

For example, if the application is of 1000 watts — 1unit in your

energy meter

When your application runs on 240volt Ac and consume

2amp that means your application consume

Watts= volt*| = 240v*2= 480watts/hour = 0.4kw/hour means

if the same application Is run for 3hours then your meter while

be charged you with 0.4*3= 1.2unit in 3 hours. and if the

application is kept running only for 15min

i.e., 0.25 (quarter of hour) then the meter will be charged with
0.4*0.25=0.1unit

So, let’s see the same calculations in Peltier project:
Peltier plate required as a application

Watts = 12watts/hour

Volt- 12volt

1=?

W=V*I

12watts = 12* |

.. I= 1amp/hour

Peltier plate when used as a voltage generator it converts temp

difference to energy voltage potential difference
T1= 6-degree ¢ (cold side)

T2 = 80-degree ¢ (hot side)

So, the difference is temp potential to atmospheric is
Atm temp — cold side= cold side variation

30-6 = 24

.. Cold side variation 24

Hot side temp — atm temp = hot side variation

80- 30 = 50

Now the potential difference in temperature = potential

difference in electric power at 1lamp

Potential difference in temp = hot side variation / cold side

variation

Potential difference in temp = 50/24 = 2.08
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.. potent

ial difference in electric power = 2.08 volt at 1lamp

So the power generated by Peltier plate by temp difference of

6 degree and 80 degree is

Approx.

Battery,

2watts/ hour

we use for charging is of

V= 3.3volt

I= 2amp

There for is watts = 3.3*2 = 6.6watts

So, charging for battery is

Charging time= Battery total power/ Watts generated or

charging power

Charging time = 6.6 / 2.08= 3.17times the hour

3.17 tim

es to hour = 60min *3.17 = 190.38min

The use of Arduino Nano can also allow for easy

customization and modification of the machine's functions to

suit different bottle sizes and types. It can also provide real-

time monitoring of the machine's performance and control the

machine

's actions accordingly.

product requirements product/unit

Fig.2 V Model analysis

1. Sensor accuracy: The accuracy of the
sensors used in the machine is critical to achieving
consistent and precise filling and capping. The
sensors can include load cells for measuring the
weight of the liquid being dispensed, optical sensors

for detecting the presence of bottles, or proximity

sensors for detecting the position of the capping
heads. It is important to choose high-quality sensors
that are calibrated correctly and properly interfaced
with the Arduino Nano to ensure that the machine

operates as intended.

2. Motor driver efficiency: The motor drivers
used in the machine should be efficient and capable
of handling the required load. Choosing the right
type of motor driver can help optimize the machine's
performance and reduce the risk of motor burnout or
other issues. For example, stepper motors can
provide precise positioning and control of the filling
and capping heads, while DC motors can provide

faster speeds.

3. Programming: The programming of the
Arduino Nano is a critical factor in determining the
machine's output. It is important to ensure that the
program is well-designed and optimized to achieve
the desired results. The program should be able to
control the filling and capping heads accurately,
adjust the machine's speed and timing based on the
bottle size and type, and monitor the machine's
performance in real-time. The program should also
include error handling and recovery mechanisms to
ensure that the machine can continue to operate even

if issues arise.

4. Power supply: The power supply used to
power the Arduino Nano and other components
should be adequate to meet the machine's power
requirements. It is important to choose a power
supply that can provide stable and consistent power
to prevent any damage to the machine or
components. Additionally, the power supply should
be properly grounded and protected against power

surges or other electrical issues.

5. Maintenance: Regular maintenance of the

machine is essential to ensure that it continues to
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operate optimally. This can include cleaning the
filling and capping heads, replacing any worn or
damaged components, and conducting regular
checks to ensure that the machine is operating as

intended.

Material Specification : ASTM A 36:2014

Material Dimension : -

Sample Details: Raw Material For Making Stand For Making Machine Automatic Water Filling &
Capping Machine

Discipline: Mechanizal, Group: Mechanical Properties of Metals

Tensile Test Report Test Method : ASTM A 370:2022
Equipment : UTM-40 / 9/2006-3479/ MECH-1

Result Requirement

Gauge diameter (mm) 1254
Area (mm?) 12351
Yield load (KN) 46.52

Yield strength (Mpa) 376.66 250 min.
Ultimate tensile load (KN) 61.36
U.T.S (Mpa) 496.82 400-500
Original gauge length (mm) 50.0
Final gauge length (mm) 68.21
Elongation (%) 36.42 23.00 min.
Fracture WG.L
Result Satisfactory
Discipline: Chemical, Group: Metals & Alloys
CHEMICAL ANALYSIS
Equipment : Q4 TASMAN/ 214435
Result Requirement Test Method
% Carbon (C) 0.177 0.25 max. ASTM E 415:2021
% Manganese (Mn) 0.854 - ASTM E 415:2021
% Phosphorus (P) 0.019 0.030 max. ASTM E 415:2021
% Sulphur (S) 0.022 0.030 max. ASTM E 415:2021
% Silicon (i) 0.182 0.40 max. ASTM E 415:2021

Result Satisfactory

Remark: The above material conforms to ASTM A 36 :2014 with respect to test/s carried out. ]

Fig.3 Actual Material Test Results

Discussion

An automatic water filling and capping machine based on
Arduino can offer a number of advantages over traditional
manual or semi-automatic systems. One major advantage is
increased efficiency and accuracy in the filling and capping
process. The use of sensors and automation with the Arduino
platform can ensure that the correct amount of water is
dispensed and that the cap is applied correctly, reducing waste
and improving product quality. Additionally, the ability to
program and customize the machine using the Arduino
platform can allow for greater flexibility and adaptability to

different production needs.

However, there are also some potential challenges associated
with the use of an Arduino-based system for water filling and
capping. One challenge is ensuring the reliability and stability
of the system over time, as well as maintaining and updating
the software as needed. Additionally, the initial investment

and development costs of an automated system may be higher

than for a manual or semi-automatic system, which could be

a barrier for smaller businesses or startups.

Overall, an automatic water filling and capping machine
based on Arduino can be a promising solution for businesses
looking to increase efficiency and accuracy in their
production process. However, careful consideration and
planning is needed to ensure that the system is reliable, cost-

effective, and tailored to the specific needs of the business.

Conclusion

In conclusion, automatic water filling and capping machines
play a crucial role in the beverage industry by enabling
efficient and consistent production of bottled water. These
machines use advanced technology to regulate the volume
and speed of water being dispensed, monitor the production
process, and detect any errors or malfunctions. Numerous
studies have explored the benefits and limitations of these
machines, highlighting their impact on production efficiency,

consistency, and quality control.

Also, an automatic water filling and capping machine based
on Arduino can offer a number of benefits for businesses
looking to increase efficiency and accuracy in their
production process. The use of sensors and automation with
the Arduino platform can ensure that the correct amount of
water is dispensed and that the cap is applied correctly,
reducing waste and improving product quality. However,
careful consideration and planning is needed to ensure that the
system is reliable, cost-effective, and tailored to the specific
needs of the business. With proper development and
implementation, an Arduino-based water filling and capping
machine can be a promising solution for businesses looking
to streamline their production process and increase

productivity.

Overall, the literature suggests that automatic water filling

and capping machines can provide numerous benefits to the
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beverage industry, including improved production efficiency,
consistency, and quality control. However, it is important to
consider factors such as nozzle design, machine vision
systems, and bottle shape and size to ensure optimal
performance and minimize the risk of product contamination
or other issues. Further research is needed to continue
improving the technology and performance of these
machines, as well as to explore their potential applications in
other industries. Ultimately, the development and use of
automatic water filling and capping machines are essential for
meeting the growing demand for bottled water and other

beverages in a safe, efficient, and sustainable manner.
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Appendices
Appendix A: Types of water filling and capping machines

. This appendix can describe the different
types of water filling and capping machines, such as

gravity fillers, pressure fillers, and vacuum fillers. It
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can explain the benefits and drawbacks of each type

and provide examples of industries that use them.

Appendix B: Components of water filling and capping

machines

o This appendix can describe the various
components that make up water filling and capping
machines, such as pumps, valves, sensors, and
capping heads. It can explain how these components
work together to achieve the desired output and
provide examples of how they are used in different

types of water filling and capping machines.

Appendix C: Design considerations for water filling and

capping machines

. This appendix can describe the key design
considerations for water filling and capping
machines, such as accuracy, speed, reliability, and
hygiene. It can explain how these considerations
impact the design process and provide examples of

how they are addressed in real-world systems.

Appendix D: Implementation and testing of water filling and

capping machines

o This appendix can describe the process of
implementing and testing water filling and capping
machines, such as system integration, software
development, and hardware testing. It can explain
the importance of each step and provide examples of
common issues that may arise during

implementation and testing.

Appendix E: Case studies of water filling and capping

machines

. This appendix can provide case studies of
water filling and capping machines in different
industries, such as beverage production,
pharmaceuticals, and personal care products. It can

describe the specific challenges that each machine

addressed, the solutions that were implemented, and

the outcomes achieved.

here are several emerging trends and technologies in water
filling and capping machines that are shaping the industry's

future. Here are some examples:

Automation: As with many industries, automation is playing
an increasingly important role in water filling and capping
machines. Manufacturers are incorporating more advanced
robotics and machine learning algorithms to improve
production efficiency, reduce waste, and enhance product

quality.

10T integration: The Internet of Things (1oT) is another
technology that is being integrated into water filling and
capping machines. loT-enabled machines can monitor
production in real-time, alert operators to potential issues, and
adjust processes accordingly. This can improve productivity

and reduce downtime.

An example of a company that is incorporating some of these
future trends into their water filling and capping machines is
Krones AG. Krones is a German-based company that
produces a wide range of machines and equipment for the

beverage industry.

One of their recent innovations is the "Modu fill VFS-C"
water filling and capping machine. This machine incorporates
several of the future trends in the industry, including

automation, 1oT integration, and customization.

The Modu fill VFS-C uses advanced sensors and software to
optimize the filling process, ensuring that each bottle is filled
accurately and efficiently. The machine can also handle a
wide range of bottle sizes and shapes, allowing companies to
customize their products and respond to changing consumer

preferences.

In addition, the Modu fill VFS-C is designed to be easily
integrated into existing production lines, making it a flexible

and adaptable solution for companies of all sizes. The
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machine also incorporates sustainability features, such as
energy-efficient motors and low-waste filling processes, to

minimize its environmental impact.

Overall, the Modu fill VFS-C is an example of how
companies like Krones are incorporating future trends into
their water filling and capping machines to improve

efficiency, flexibility, and sustainability.
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