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Abstract: 

 

 

Automation has become a key requirement in modern manufacturing industries to improve productivity, 

accuracy, and efficiency. Labeling is a crucial operation in packaging industries such as food, pharmaceutical, 

beverage, and cosmetics. Traditional manual labeling methods are time-consuming, labor-intensive, and prone to 

human errors such as misalignment, air bubbles, and inconsistent placement. 

This research paper presents the design and development of a low-cost automated round bottle labeling 

machine. The system integrates mechanical components such as rollers, motor-driven mechanisms, and a frame 

structure with electronic components including sensors and control units. The working principle involves 

synchronized rotation of the bottle and label dispensing mechanism to achieve precise and uniform labeling. 

The developed system significantly reduces manual effort, improves labeling accuracy, and increases production 

rate. It is particularly suitable for small and medium-scale industries due to its cost-effectiveness and ease of 

operation. The study also highlights possible future advancements such as IoT integration and vision-based 

inspection systems for quality control. 
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1. Introduction: 

 

In today’s industrial environment, automation 

plays a vital role in enhancing production efficiency 

and maintaining consistent product quality. 

Packaging is an essential stage in the manufacturing 

process, where labeling is one of the most important 

operations. Labels provide vital information such as 

product name, manufacturing date, expiry date, and 

branding details. 

Manual labeling processes are widely used in small-

scale industries; however, they suffer from several 

drawbacks such as low speed, inconsistent accuracy, 

and high labor costs. As industries grow, there is an 

increasing demand for automated solutions that can 

perform labeling operations efficiently and reliably. 

The round bottle labeling machine is specifically 

designed to apply labels uniformly on cylindrical 

containers. This research focuses on designing a 

compact, efficient, and economical labeling 

machine that can be easily implemented in small 

and medium-scale industries. The system aims to 

minimize human intervention while maximizing 

output quality and productivity. 

2. Literature Survey: 

 

Many researchers and industries have worked 

on improving labeling systems over the years. 

From studying previous work, it is clear that 

labeling technology has evolved from manual 

methods to fully automated systems. 

 

Initially, labeling was done completely by 

hand, which required a lot of labor and time. 

Later, semi-automatic machines were 

introduced, where the operator had to place the 

bottle manually, but the machine helped in 

label application. These machines improved 

productivity but still depended on human 

effort. 

 

Advanced automatic labeling machines use 

technologies like sensors, PLC (Programmable 

Logic Controller), and even vision systems to 

detect bottle position and ensure proper 

labeling. These machines are highly accurate 

and fast, but they are very expensive and not 

affordable for small industries. 

 

From this study, it is observed that there is a 

gap between low-cost manual systems and 

high-cost automated systems. Therefore, this 

project focuses on developing a machine that 

provides automation at a reasonable cost while 

maintaining good performance. 

 
3. Problem Identification: 

During the study of existing labeling methods, 

several problems were identified: 

 

Manual labeling is slow and reduces overall 

production efficiency. Workers may get tired, which 

affects the consistency of labeling. There is also a 

high chance of errors such as improper alignment or 

wrinkles in the label. 

 

Another major issue is the dependency on skilled 

labor. Not every worker can perform labeling 

accurately, and training is required. This increases 

operational cost. Also, label wastage is higher in 

manual processes due to mistakes. 

 

On the other hand, fully automatic machines are too 

costly and complex for small-scale industries. They 

require high investment and technical knowledge 

for operation and maintenance. 

 

Therefore, the main problem is to develop a system 

that is affordable, simple, and efficient, while 

reducing human effort and improving labeling 

quality. 

 

 

 

4. Methodologyr : 

 

The methodology for the design and development of 

the round bottle labeling machine is carried out in a 

systematic and practical manner. The entire process 

is divided into multiple stages so that the machine 

can be developed efficiently with proper planning, 

design, and testing. 

 

 

1. Understanding the Requirement 

 

The first step in the methodology is to clearly 

understand the need for the machine. In small and 

medium-scale industries, manual labeling is 

commonly used, which leads to problems like low 

productivity, misalignment of labels, and increased 

labor cost. 

 

Therefore, the main requirement identified is to 

design a low-cost, simple, and efficient labeling 

machine that can: 



• Apply labels accurately on round bottles 

 

• Reduce human effort 

 

• Increase production speed 

 

• Be easy to operate and maintain 

 

This step helps in defining the goal and limitations 

of the project. 

 

2. Concept Development 

 

After understanding the requirement, different ideas 

and concepts are considered for the working of the 

machine. Various mechanisms for bottle rotation 

and label application are studied. 

 

The selected concept is based on: 

 

• Rotating the bottle using rollers 

 

• Dispensing the label simultaneously 

 

• Using a sensor to detect bottle position 

 

This concept is chosen because it is simple, cost-

effective, and easy to implement compared to 

complex automated systems. 

 

3. Design of the Machine 

 

In this stage, the actual design of the machine is 

prepared. The design includes both mechanical and 

electrical aspects. 

 

a) Mechanical Design 

 

• Designing the frame structure for stability 

 

• Arrangement of rollers for smooth bottle 

rotation 

 

• Placement of motor and power 

transmission system 

 

• Label holding and dispensing mechanism 

 

The design is made in such a way that the machine 

is compact and occupies less space. 

 

b) Electrical Design 

• Selection of suitable motor based on 

required speed and torque 

 

• Selection of sensors for bottle detection 

 

• Basic wiring and control system design 

 

Proper design ensures that all components work 

together smoothly. 

 

4. Selection of Components 

 

After designing, suitable components are selected 

based on performance and cost. 

 

Main components include: 

 

• Electric Motor: Provides rotational 

motion to rollers 

 

• Rollers: Hold and rotate the bottle 

 

• Sensor: Detects the presence of the bottle 

 

• Frame: Supports all components 

 

• Label Roll Mechanism: Holds and 

dispenses labels 

 

While selecting components, factors like 

availability, cost, durability, and efficiency are 

considered. 

 

5. Fabrication of the Machine 

 

Once all components are selected, the fabrication 

process begins. 

 

• The frame is constructed using metal 

materials such as mild steel 

 

• Rollers are mounted properly on shafts 

 

• Motor is fixed securely on the frame 

 

• Label holder and guide mechanism are 

installed 

 

Proper fabrication is very important to ensure the 

strength and durability of the machine. 

 

6. Assembly of Components 



In this stage, all fabricated and purchased 

components are assembled together. 

 

• Rollers are aligned properly to avoid 

vibration 

 

• Motor is connected to rollers using belt or 

coupling 

 

• Sensor is positioned accurately for proper 

detection 

 

• Label roll is mounted in correct alignment 

 

Careful assembly ensures smooth working and 

reduces chances of mechanical failure. 

 

 

 

7. Integration of Electrical System 

 

After mechanical assembly, electrical connections 

are completed. 

 

• Motor is connected to power supply 

 

• Sensor is connected to control system 

 

• Switches are provided for operation 

Basic control logic is implemented so that: 

• Machine starts when bottle is detected 

 

• Label is applied automatically 

 

8. Testing and Trial Runs 

 

Testing is one of the most important steps in 

methodology. 

 

• Trial runs are conducted using different 

bottles 

 

• Label alignment and sticking quality are 

checked 

 

• Speed and efficiency are observed 

 

If any problem is found, such as misalignment or 

slipping, necessary adjustments are made. 

 

9. Performance Evaluation 

After testing, the performance of the machine is 

evaluated based on: 

 

• Labeling accuracy 

 

• Production speed 

 

• Ease of operation 

 

• Reliability 

 

The results are compared with manual labeling to 

check improvement. 

 

10. Modification and Improvement 

 

Based on testing results, small modifications are 

made to improve performance. 

 

• Adjusting roller position 

 

• Improving label alignment 

 

• Fixing mechanical or electrical issues 

 

This step ensures that the final machine works 

efficiently and reliably. 

 

5. Implimentation: 

 

The implementation phase is the most important 

part of the project, where all the design concepts are 

converted into a working machine. In this stage, the 

mechanical structure, electrical components, and 

control system are integrated together to achieve the 

desired operation of labeling round bottles 

efficiently. 

 

1. Overall System Setup 

 

The round bottle labeling machine is developed as a 

compact unit consisting of a rigid frame, rotating 

rollers, a motor, a label dispensing unit, and a 

sensor-based control system. All components are 

arranged in such a way that the operation is smooth, 

synchronized, and easy to handle. 

 

The machine is designed to be user-friendly so that 

even a semi-skilled operator can operate it without 

difficulty. 

 

2. Mechanical Implementation 

 

a) Frame Structure 



The frame acts as the base of the machine and 

supports all components. It is fabricated using mild 

steel to provide strength and stability. Proper 

dimensions are maintained to ensure that the 

machine remains balanced during operation and 

does not vibrate. 

 

b) Roller Mechanism 

 

Two or more rollers are mounted on shafts and 

placed parallel to each other. The bottle is placed 

between these rollers. 

 

• When rollers rotate, the bottle also rotates 

 

• Proper spacing is maintained to hold 

bottles of different sizes 

 

• Rubber coating can be used on rollers to 

avoid slipping 

 

This mechanism is simple but very effective for 

cylindrical bottles. 

 

c) Motor and Power Transmission 

 

An electric motor is used to drive the rollers. 

 

• The motor is selected based on required 

speed and torque 

 

• Power is transmitted using a belt drive or 

direct coupling 

 

• Speed control can be provided if required 

 

The motor ensures continuous and uniform rotation 

of the bottle. 

 

3. Label Dispensing Mechanism 

 

The labeling unit consists of a label roll mounted on 

a holder. The label passes through guide rollers and 

is applied to the bottle surface. 

 

• The label is peeled from the backing paper 

 

• It is positioned in contact with the bottle 

surface 

 

• As the bottle rotates, the label wraps 

around it smoothly 

 

Proper alignment of the label roll is very important 

to avoid misplacement. 

 

4. Sensor-Based Control System 

A sensor is used to detect the presence of the bottle. 

 

• When the bottle is placed, the sensor sends 

a signal 

 

• This activates the labeling process 

 

• It ensures that labeling happens only when 

the bottle is in correct position 

 

This reduces errors and improves accuracy. 

 

5. Electrical Implementation 

 

The electrical system includes: 

 

• Motor connection to power supply 

 

• Sensor wiring 

 

• Switches for ON/OFF control 

 

Basic control logic is implemented so that the 

machine operates in a controlled manner. Safety 

measures like proper insulation and secure wiring 

are also ensured. 

 

6. Working Operation (Step-by-Step) 

 

The working of the machine during implementation 

can be explained as follows: 

 

1. The operator places a round bottle between 

the rollers 

 

2. The machine is switched ON 

 

3. The motor starts rotating the rollers 

 

4. The bottle begins to rotate 

 

5. The sensor detects the bottle and activates 

labeling 

 

6. The label is dispensed and sticks to the 

bottle 

 

7. As the bottle rotates, the label is wrapped 

completely 

 

8. The labeled bottle is removed 

 

This process is repeated for continuous operation. 

 

7. Calibration and Adjustment 



After initial setup, calibration is required to ensure 

proper functioning. 

The system proves to be efficient and suitable for 

small-scale industrial applications. 
 

• Adjusting roller spacing for different bottle . 

sizes 

 

• Aligning label position correctly 

 

 

6. CONCLUSION: 

 

• Setting proper tension in label roll 

 

• Adjusting sensor position 

 

These adjustments help in achieving accurate and 

consistent labeling. 

 

8. Testing and Performance Check 

 

After implementation, the machine is tested under 

different conditions. 

 

• Different bottle sizes are used 

 

• Label alignment is checked 

 

• Speed and efficiency are measured 

 

Any issues like label slipping or misalignment are 

corrected. 

 

9. Safety and Maintenance Considerations 

 

During implementation, safety is given importance: 

 

• Proper covering of moving parts 

 

• Secure electrical connections 

 

• Easy access for maintenance 

 

Regular maintenance like cleaning rollers and 

checking alignment ensures long life of the 

machine. 

 

10. Final Output 

 

After successful implementation, the machine is 

capable of: 

 

• Applying labels accurately 

 

• Reducing manual effort 

 

• Increasing production rate 

 

• Providing consistent output quality 

The design and development of the round bottle 

labeling machine successfully demonstrates how a 

simple and cost-effective automation system can 

significantly improve industrial operations. 

Throughout this project, the main objective was to 

reduce the problems associated with manual 

labeling, such as low productivity, misalignment of 

labels, and dependency on labor. The developed 

machine effectively addresses these issues. 

 

By using basic mechanical components like rollers 

and a motor, along with a simple sensor-based 

control system, the machine is able to apply labels 

accurately and consistently on round bottles. The 

synchronization between bottle rotation and label 

dispensing plays a key role in achieving proper 

alignment without wrinkles or errors. This ensures 

better product appearance and quality, which is very 

important in competitive markets. 

 

One of the major advantages of this machine is its 

simplicity and affordability. Unlike fully 

automatic labeling machines, which are expensive 

and complex, this system is designed to be 

economical and easy to operate. This makes it 

highly suitable for small and medium-scale 

industries, where budget and technical resources are 

limited. 

 

During testing and implementation, the machine 

showed improved performance in terms of labeling 

speed and accuracy when compared to manual 

methods. It also reduced human effort and fatigue, 

allowing workers to focus on other productive tasks. 

The consistent output achieved by the machine 

helps in maintaining standard quality in packaging. 

 

However, the project also highlights that there is 

always scope for improvement. While the current 

system performs well, it can be further enhanced 

with advanced technologies for better efficiency and 

automation. 

 

Overall, this project proves that even a basic level 

of automation can bring significant improvements 

in industrial processes. The round bottle labeling 

machine developed in this study is a practical and 

effective solution that meets the needs of modern 



packaging industries while remaining cost-efficient 

and easy to use. 

 

7. Future Scope: 

 

Although the developed round bottle labeling 

machine performs efficiently and meets the basic 

requirements of small and medium-scale industries, 

there is always scope for further improvement and 

advancement. With the rapid growth of technology 

and increasing industrial demands, the system can 

be upgraded in several ways to enhance its 

performance, accuracy, and usability. 

One of the major future improvements can be the 

integration of automation technologies such as 

PLC (Programmable Logic Controller). By using 

PLC, the machine can be controlled more precisely, 

and different operations like bottle detection, label 

dispensing, and speed control can be programmed 

and automated. This will reduce manual 

intervention and increase reliability. 

Another important advancement can be the use of 

IoT (Internet of Things) technology. With IoT 

integration, the machine can be monitored and 

controlled remotely. Parameters such as production 

rate, machine status, and errors can be tracked in 

real time. This will help industries in better 

production management and maintenance planning. 

 

The machine can also be improved by adding a 

vision-based inspection system. Cameras and 

image processing techniques can be used to check 

whether the label is correctly placed or not. If any 

defect is detected, the system can automatically 

reject the faulty product. This will greatly improve 

quality control and reduce defective output. 

Currently, the machine is designed for round bottles 

only. In future, it can be modified to handle 

different shapes and sizes of containers, such as 

square or oval bottles. Adjustable mechanisms can 

be introduced so that the machine becomes more 

flexible and versatile for different applications. 

Another enhancement can be the addition of a 

conveyor system. This will make the machine fully 

automatic, where bottles move continuously 

without manual placement. This will significantly 

increase production speed and make the system 

suitable for large-scale industries. 

The speed of operation can also be increased by 

using high-performance motors and advanced 

drive systems. This will help in achieving higher 

output without compromising accuracy. 

From a safety and usability point of view, the 

machine can be upgraded with protective covers, 

emergency stop systems, and user-friendly 

control panels. This will make the machine safer 

and easier to operate. 

In addition, energy-efficient components can be 

used to reduce power consumption, making the 

machine more environmentally friendly and cost-

effective in the long run. 

Overall, the future scope of this project is very 

wide. By incorporating modern technologies and 

design improvements, the machine can be 

transformed from a simple labeling device into a 

fully automated, intelligent, and high-

performance industrial system. These 

advancements will not only improve efficiency but 

also make the machine competitive in today’s 

rapidly evolving industrial environment. 
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