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Abstract: The increasing demand for hygienic bottle
reuse in small and medium-scale industries has created a
need for compact and automated cleaning solutions. This
project presents the design and implementation of an
Automatic Bottle Cleaning and Drying Machine that
performs sequential operations with minimal human
involvement. The system is structured to carry out
multiple stages, including pre-cleaning, detergent-based
washing, pressurized rinsing, and forced-air drying,
ensuring effective removal of contaminants.

A controlled bottle transfer mechanism is incorporated
to guide bottles through each stage in a synchronized
manner. The use of ultrasonic sensing enables accurate
detection and positioning, allowing the system to respond
dynamically to the presence of bottles. An Arduino-
based control unit is used to coordinate the operation of
actuators such as pumps, motors, and drying elements,
ensuring proper timing and process flow.

The proposed system emphasizes resource efficiency by
regulating water usage and optimizing operational time.
Its modular and adaptable design allows it to
accommodate different bottle sizes without major
structural changes. This makes it a suitable solution for
small-scale production units, refill stations, and
laboratory environments.

The machine not only enhances cleaning consistency but
also reduces labor dependency and operational errors.
By integrating simple automation with practical design,
this work contributes towards developing an affordable
and scalable solution for hygienic bottle processing.

I. INTRODUCTION In many industries and daily
applications, bottles are reused multiple times, making
proper cleaning and drying an essential requirement
for maintaining hygiene and product safety.
Traditional manual cleaning methods are time-
consuming, labor-intensive, and often fail to provide
consistent results. In addition, improper cleaning may
lead to contamination, which can affect the quality of
stored liquids, especially in food, beverage, and
laboratory environments.

To address these challenges, an Automatic Bottle
Cleaning and Drying Machine is developed to provide
an efficient and reliable solution. The system is

designed to automate the complete cleaning process,
thereby reducing human effort, saving time, and
minimizing the risk of contamination. A guided
sliding mechanism is used to move bottles through
different stages of operation in a controlled and
sequential manner.

Initially, bottles pass through a detergent-based
cleaning stage where dirt and impurities are loosened
from the inner surfaces. This is followed by a
mechanical brushing stage, where a rotating brush
enhances the cleaning effectiveness by scrubbing the
interior of the bottles. After brushing, the bottles move
to a rinsing section where clean water is sprayed to
remove any remaining detergent and residues. Finally,
the bottles enter the drying stage, where a hot air
blower removes moisture from both the inner and
outer surfaces, preparing them for immediate reuse.

The entire system is controlled using an Arduino-
based control unit, which manages the operation of
motors, water pumps, and drying components.
Ultrasonic sensors are used to detect the presence and
positioning of bottles, enabling proper coordination of
each stage. This ensures smooth operation, consistent
cleaning quality, and reduced chances of human error.

The proposed system is especially suitable for small-
scale industries, laboratories, and local production
units where frequent bottle cleaning is required. It
offers a compact, cost-effective, and efficient solution
capable of handling bottles of different sizes with
minimal adjustment. Overall, the system improves
productivity, enhances hygiene standards, and
provides a practical approach to automated bottle
handling.

I1. PROCEDURE FOR PAPER SUBMISSION

A. Review Stage

In the review stage, the proposed system for automatic
bottle cleaning and drying was designed and analyzed.
The selection of components such as Arduino UNO,
ultrasonic sensors, water pump, motors, and dryer was
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carried out based on system requirements. A basic
block diagram and working flow were prepared to
understand the sequence of operations. The system
design was tested at a preliminary level to ensure that
all components function properly and meet the project
objectives.

B. Final Stage

In the final stage, the complete system was assembled
and implemented. All components were connected
according to the circuit design, and the Arduino was
programmed to control the operations. The system was
tested under different conditions to verify its
performance. The final model successfully performed
cleaning and drying operations automatically,
ensuring proper functioning and efficiency.

C. Figures

INPUT DEVICES PROCESS OUTPUT DEVICES
Utrasonic | LCD Displa
Sensor 1 o
1
Utrasonc | | | Stepper Motor
Sensor 2 ARDUINO UNO
M Il
{ (Main Controller) ‘ Fan/ Blower
DC-DC T
Converter 1 ] !
| | DC Motor 1
1 \
DC-DC ‘ ;
3 —— DC M
Converter 2 M
1

Dryer (Fan)

i

Conveyor Belt

Figure: - Block Diagram of Automatic Bottle
Cleaning and Drying Machine

Figures are included to clearly illustrate the overall
structure and working of the automatic bottle cleaning
and drying machine. Block diagrams and system
diagrams are used to represent the flow of operations,
starting from bottle detection to cleaning and final
drying. These figures help in understanding how
different components such as sensors, motors, water
pump, and dryer are interconnected and controlled.
Proper labeling is provided in each figure to identify
components and ensure clarity in understanding the
system design and operation.

. MATH

In this project, no complex mathematical calculations
are involved. However, basic timing control is used in
programming to manage the sequence of operations.
Delay functions are applied to control the duration of
cleaning and drying processes, ensuring effective
performance.

IV. UNITS

In the proposed system, standard measurement units
are used to maintain uniformity and accuracy in
system operation. All electrical and timing parameters
are defined using Sl units to ensure compatibility with
electronic components and programming
requirements. The supply voltage for the system is
expressed in volts (V), while the current consumption
of components such as motors and pumps is
considered in amperes (A).

Time plays an important role in controlling the
sequence of operations, and it is measured in seconds
(s) or milliseconds (ms) within the Arduino program
to manage cleaning and drying durations effectively.
Additionally, power-related aspects of components
like the dryer are considered in watts (W) to
understand energy usage.

Using standardized units not only improves the clarity
of system design but also helps in accurate
implementation,  troubleshooting, and  future
modifications of the project.

V. HELPFUL HINTS
A. Figures and Tables
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Figure: - Flow Chart of Project

In this project, figures play a significant role in
explaining the system design and operation in a clear
and structured manner. Block diagrams are used to
represent the overall architecture of the automatic
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bottle cleaning and drying machine, showing the
relationship between input devices (sensors), control
unit (Arduino), and output components (pump,
motors, and dryer). Flowcharts are also included to
describe the step-by-step working process, starting
from bottle detection to final drying.

Additionally, tables are used to present details of the
components used in the system, such as their
specifications, ratings, and functions. This helps in
better understanding of the hardware selection and
system configuration. Proper labeling, clear captions,
and systematic placement of figures and tables
improve readability and make the project easier to
understand, especially during evaluation or
presentation.
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C. Abbreviations and Acronyms

To improve clarity and reduce repetition of technical
terms, commonly used abbreviations are included in
this project. These abbreviations help in presenting
information in a concise and easy-to-understand
manner throughout the paper.

DC - Direct Current (used for powering motors and

electronic circuits)
LCD - Liquid Crystal Display (used to display
system status and messages)

IDE - Integrated Development Environment (used
for writing and uploading Arduino programs)
IR — Infrared (used in sensing and detection
applications)

PWM - Pulse Width Modulation (used for
controlling the speed of motors)

The use of these abbreviations ensures better
readability and makes the technical explanation
simple and clear for the reader.

VI. PUBLICATIONPRINCIPLES

The proposed project presents a practical and
innovative solution for automating the bottle
cleaning and drying process. It contributes to the
improvement of existing manual methods by
introducing a simple, efficient, and cost-effective

automated system. The work is based on
fundamental concepts of automation, control
systems, and mechanical design.

The project focuses on solving real-world problems
such as high labor effort, time consumption, and
inconsistent cleaning quality. By integrating
components like sensors, Arduino controller,
motors, and pumps, the system demonstrates a
reliable and functional model that can be used in
small-scale applications.

Sufficient technical details, including system design,
working process, and component integration, are
provided so that the system can be understood and
replicated easily. The results obtained from the
project show improved efficiency, better hygiene,
and reduced manual intervention. Overall, the
project meets the requirements of a practical
engineering solution and contributes to the
development of low-cost automation systems.

VII. CONCLUSION

The developed Automatic Bottle Cleaning and
Drying Machine demonstrates an effective approach
to replacing manual bottle washing with a simple
automated system. By integrating sensing, controlled
water flow, mechanical cleaning, and forced-air
drying, the system achieves a consistent and reliable
cleaning cycle. The implementation using an
Arduino-based controller ensures proper sequencing
of operations, leading to improved performance and
reduced dependency on manual labor.

The project highlights advantages such as time
efficiency, better hygiene maintenance, and
optimized use of resources like water and energy. Its
compact design and ease of operation make it suitable
for small-scale industries, laboratories, and local
production units.

Overall, the system proves to be a cost-effective and
practical solution for repetitive bottle cleaning tasks.
With further enhancements such as water recycling
and advanced sensing techniques, the system can be
made more efficient and scalable for broader
industrial applications.
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RESULT

Figure:- Actual Model

The Automatic Bottle Cleaning and Drying Machine
was implemented and evaluated to analyze its
overall performance and efficiency. The system
demonstrated accurate bottle detection through
ultrasonic sensing and executed the cleaning and
drying sequence. The Arduino-based control system
effectively managed the synchronization between
conveyor movement, water pumping, brushing
action, and drying process.

Experimental observations showed that the
combination of water spraying and mechanical
brushing significantly enhanced the removal of dirt
and residues from the internal surfaces of the bottles.
The rinsing stage ensured that no detergent traces
remained, while the drying unit reduced moisture
levels to a considerable extent, making the bottles
suitable for immediate reuse.

The automated process was completed within a
shorter time frame when compared to conventional
manual methods, thereby improving operational
efficiency. The system maintained consistent
performance throughout multiple trials, with
minimal need for human intervention. Additionally,
controlled activation of the water pump helped in

optimizing water consumption and minimizing
unnecessary wastage.

The machine also exhibited flexibility in handling
bottles of varying sizes with slight adjustments,
indicating its adaptability for different use cases.
Overall, the results confirm that the proposed system
provides a dependable, efficient, and cost-effective
solution for small-scale bottle cleaning applications,
ensuring better hygiene standards and enhanced
productivity.
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