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Abstract: In this study, an original design was developed to address the issue of insufficient packaging speed, a key challenge in wet wipe 

production lines. A separator/distributor was developed that enables a single wet wipe machine to work with three packaging units during 

the transfer of products from the wet wipe preparation unit to the packaging process. The developed separator moves angularly on the 

vertical axis and can transfer products to conveyor groups leading to three different packaging lines. Additionally, a unique movable upper 

conveyor was designed to operate across a range of product heights, which applies pressure to the products during movement to prevent 

them from scattering. One of the primary design criteria for the conveyor is lightweight construction, and this was a key focus during 

development. To achieve angular motion, a servo-driven flywheel mechanism was designed. The machine is equipped with sensors for 

Industry 4.0 compatibility, ensuring communication between units. In case one of the packaging machines becomes inactive, the separator 

automatically redirects the product feeding process to the remaining packaging machines, ensuring uninterrupted production. 
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1. Introduction 

In the modern industrial environment, optimizing production 

lines for efficiency and speed is crucial. Wet wipe production, in 

particular, faces the challenge of balancing product quality with 

high-speed packaging processes. A key issue in wet wipe 

production is the limitation in packaging speed, which can lead to 

bottlenecks and inefficiencies. 

Industry 4.0 has revolutionized manufacturing by introducing 

smart technologies, including the Internet of Things (IoT), sensors, 

and automated systems, which enable enhanced communication and 

coordination between machines. This paper presents an innovative 

solution to increase packaging efficiency in wet wipe production by 

designing a vertically angular automated line separator that 

integrates Industry 4.0 technologies. 

2. Literature Review 

The literature on manufacturing automation, particularly in 

production line optimization, emphasizes the need for efficient 

systems that enhance productivity and flexibility. Recent 

advancements have allowed for the development of automated 

separators and conveyors that help address the challenges posed by 

high-speed packaging, especially in the context of multi-line 

production environments where efficiency is paramount. This 

review focuses on automation in manufacturing, the role of 

vertically angular systems, Industry 4.0 integration, and recent 

packaging innovations, with the aim of establishing a basis for the 

proposed design of an Industry 4.0-compatible, vertically angular 

automated line separator. 

2.1. Automation in Manufacturing and Packaging Lines 

Manufacturing automation, a cornerstone of industrial 

development, has undergone several transformations, with each 

phase introducing technologies that reduce human intervention, 

streamline production, and decrease operational costs. Initially, 

automation focused on simple mechanized tasks, but advancements 

in robotics and control systems have enabled more complex 

operations, including real-time adjustments and multi-directional 

product flow. Flexible conveyor and distribution systems have 

become essential in modern manufacturing environments, allowing 

lines to adapt dynamically to changing production demands [1, 2].  

Flexible conveyor systems have been identified as a solution to 

minimize downtime and optimize product flow. Studies reveal that 

traditional conveyor systems, while effective, often struggle in high-

speed production environments, particularly when dealing with 

products of variable shapes and sizes. By integrating modular and 

adaptive conveyors, manufacturers can meet these demands while 

reducing production costs. Research on the use of robotic arms and 

other mechanical actuators shows that automation systems with 

precise control and flexibility can effectively handle variable 

product dimensions, achieving reliable, repeatable separation and 

distribution in packaging lines. These findings support the 

development of systems capable of transferring products to multiple 

packaging units, addressing a common need in high-output 

industries such as consumer goods and pharmaceuticals. 

2.2. Vertically Angular Systems in Manufacturing 

The implementation of vertically angular motion within 

conveyor systems presents a significant opportunity for optimizing 

space usage and enhancing flexibility in product handling. 

Traditional conveyor setups, typically limited to horizontal 

movement, can occupy large areas of the factory floor and restrict 

the ability of a production line to handle varying product heights. 

By enabling angular movement along the vertical axis, 

manufacturers can design systems that utilize available space more 

effectively, particularly in facilities where space constraints are a 

concern. 

The design of vertically angular conveyors, especially in 

compact environments, has been shown to reduce operational 

complexity and improve the flow of products through multi-line 

processing systems. This approach not only conserves space but 

also allows for more efficient utilization of resources by aligning 

product flow with specific line requirements, such as directing items 

to different packaging stations based on real-time line status. 

Although the vertical movement is well-documented in material 

handling applications, studies reveal a lack of comprehensive 

exploration into systems that combine vertical and angular motion, 

especially with industry-specific applications. This study aims to 

bridge this gap by integrating a servo-driven flywheel mechanism 

for controlled angular movement, which ensures precise product 

positioning and transfer across multiple lines. 

2.3. Industry 4.0 Integration and Smart Manufacturing Systems  

Industry 4.0 represents a paradigm shift in manufacturing, 

bringing smart technologies and digitalization to traditional 

processes. By incorporating IoT, machine learning, and real-time 

data analytics, Industry 4.0 enables the creation of intelligent 

production environments where machines communicate 

autonomously, adjusting operations based on sensor inputs. This 

real-time communication and adaptability are particularly valuable 

in automated packaging systems, as they enable production lines to 

respond instantly to fluctuations in demand or disruptions within 

individual units [3].  

The integration of IoT technologies allows for continuous 

monitoring of machinery, which is essential in high-speed 

production environments where equipment failure can result in 

significant downtime. The use of real-time data not only facilitates 

predictive maintenance but also enables optimization algorithms to 

adjust production rates, manage inventory flow, and maintain 
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product quality. For example, real-time tracking of product 

movement and adaptive control can ensure seamless transitions 

between different sections of the production line, reducing product 

loss and minimizing human intervention [4].  

Smart manufacturing technologies also enable efficient 

coordination across interconnected units, which is crucial for multi-

line systems that must operate in unison to achieve optimal 

throughput. Predictive maintenance models powered by machine 

learning provide a framework for forecasting equipment failures, 

allowing operators to address issues before they result in production 

stoppages. By implementing these smart technologies, the proposed 

separator design aims to maintain uninterrupted product flow even 

if one of the packaging lines goes offline, maximizing productivity 

and minimizing waste. 

2.4. Innovations in Packaging Systems 

Packaging is a critical phase in production, particularly in high-

speed environments where products must be handled with precision 

to prevent damage or misalignment. Modern packaging systems 

incorporate modular and flexible designs that allow manufacturers 

to adapt to changing product requirements quickly. Studies indicate 

that modularity in packaging equipment offers significant 

advantages in terms of scalability and customization, as operators 

can reconfigure lines to handle products of different sizes, shapes, 

or packaging formats without extensive retooling [5].  

Automated distributors and separators designed to work in 

tandem with packaging machines have proven effective in 

enhancing line efficiency. By directing products to multiple 

packaging stations, these systems reduce the likelihood of 

bottlenecks and improve overall throughput. For industries 

requiring high-speed packaging, automated separators that facilitate 

smooth transitions between preparation and packaging stages are 

essential for maintaining product integrity and consistency. 

Modular design is another area of focus, allowing packaging 

systems to adjust quickly to new product demands. Research into 

modular packaging line architecture has shown that reconfigurable 

systems can meet varying production needs with minimal 

downtime, which is especially valuable in fast-paced industries like 

consumer goods. The proposed design incorporates a movable 

upper conveyor to accommodate products of different heights, 

preventing product scattering and ensuring secure transfer to the 

packaging units. The lightweight construction of the conveyor also 

supports rapid, angular movement, providing a compact and 

ergonomic solution to meet production demands [6].  

2.5. Gaps in Current Research 

Despite significant advancements in automation and Industry 

4.0 technologies, there is still limited research on integrating 

vertically angular motion with Industry 4.0-enabled packaging 

systems. Most studies focus on horizontal automation systems or 

isolated technology implementations, without considering 

integrated solutions that combine angular motion and smart 

manufacturing capabilities. This study addresses this gap by 

developing a vertically angular separator that leverages smart 

manufacturing systems for seamless communication, real-time 

monitoring, and automated adjustments [7].  

The proposed design aims to create an efficient, adaptable 

separator capable of directing products to multiple lines based on 

real-time operational conditions. By combining vertically angular 

motion with IoT-enabled monitoring, the system promises to 

increase productivity and flexibility in packaging lines, meeting the 

evolving demands of high-output industries. This novel approach to 

automation, which prioritizes space efficiency, real-time 

adaptability, and minimized downtime, represents a new direction 

for research in automated packaging technology. 

3. Design and Methodology 

The goal of this study was to address the demand for an 

efficient product transfer system in wet wipe production lines, 

where products need to be transferred from a single production 

machine to three separate packaging machines. The challenge lies in 

meeting a high throughput requirement—up to 300 packages per 

minute—while ensuring each packaging machine can handle a 

maximum of 100 packages per minute. To meet these demands, a 

vertical angular automated separator was designed, with a focus on 

ease of adjustment, maintenance, ergonomics, space efficiency, and 

the ability to perform product transfer via angular motion on the 

vertical axis. 

3.1. Separator Unit Design 

The separator unit was designed to move angularly on the 

vertical axis, allowing it to transfer products to conveyor groups 

leading to three different packaging lines. The angular motion is 

crucial as it enables the system to handle multiple packaging lines 

without requiring excessive floor space, thereby improving the 

overall factory layout. This design also makes it adaptable to 

varying production needs, especially in high-speed environments 

where flexibility is essential [8].  

The key innovation of this design is the incorporation of a 

movable upper conveyor that can function across a wide range of 

product heights. This feature allows the separator to handle products 

of varying dimensions without disrupting the product flow. The 

upper conveyor plays an essential role in ensuring that the products 

are maintained in a stable position during the transfer process. By 

applying light pressure as the product moves across the conveyor, 

the risk of scattering is minimized, ensuring smooth and efficient 

transfer to the packaging machines. 

 

3.2. Lightweight Conveyor Design and Servo-Driven Flywheel 

Mechanism 

The design of the conveyor system is centered on minimizing 

weight without compromising performance. The lighter 

construction of the conveyor enables faster movement, reducing 

wear and tear, and ensuring the longevity of the system. 

Additionally, this lightweight design facilitates easier adjustments 

and maintenance, providing the operator with a more ergonomic 

system for day-to-day operations. 

To achieve the angular motion of the separator, a servo-driven 

flywheel mechanism was developed. This mechanism is designed to 

allow for precise angular movement while maintaining stability and 

reliability at high speeds. The servo drive ensures that the separator 

can adjust its angle quickly and efficiently, making it adaptable to 

various packaging line configurations. This system is crucial for 

achieving the required speed of 300 packages per minute while also 

handling the product transfer to multiple packaging lines. 

 

3.3. Industry 4.0 Integration and System Automation 

The separator unit is equipped with sensors and communication 

interfaces that integrate with the overall production line, ensuring 

compatibility with Industry 4.0 standards. This allows for real-time 

data exchange between the separator and the packaging machines, 

optimizing the efficiency of the system. 

One of the key features of the design is its ability to maintain 

uninterrupted production. In the event that one of the packaging 

machines becomes inactive due to maintenance or malfunction, the 

separator automatically redirects the product flow to the remaining 

active packaging lines. This automatic redirection ensures 

continuous production without the need for manual intervention, 

thus reducing downtime and enhancing the overall efficiency of the 

manufacturing process. 
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3.4. Ergonomics and Maintenance Considerations 

In addition to the technical functionality, the design emphasizes 

ergonomics and ease of maintenance. The system was built with 

user-friendly interfaces for quick adjustments and straightforward 

maintenance procedures. The lightweight design of the conveyors, 

along with their modular construction, allows for easy access to 

parts that require routine maintenance, reducing downtime and 

labor costs. The compact nature of the system also ensures that it 

occupies minimal space, making it ideal for factories with limited 

floor space. 

The vertical angular movement of the separator further 

enhances the system’s ergonomics, as it minimizes the need for 

large horizontal conveyors that could otherwise require more space 

and labor for adjustments. The angular motion system is easy to 

configure, and operators can quickly adapt it to meet different 

production requirements, making it highly versatile for various 

product types and packaging configurations. 

The designed separator is shown in Figure 1a and the 

manufactured separator is shown in Figure 1b. In figure 2a the 

detail of design and figure 2b. detail of the manufactured separator 

is shown in front view. Rear view is shown Figure 3a and fig 3b. 

 

 

1a. 

 

 

1b. 

 

Figure 1a the designed and Figure 1b. the manufactured 

separator in front view 

 

 

 

   

2a.                                    2b. 

Figure 2a the detail of design and Figure 2b. detail of the 

manufactured separator in front view 

 

 

3a. 

 

3b. 

Figure 3a-b. Rear view of designed and manufactured separator 
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4. Results and Discussion 

The vertical angular separator was tested in a real-world wet 

wipe production environment to evaluate its performance in 

handling high-speed product transfer to multiple packaging lines. 

The results confirmed the separator's ability to efficiently direct 

products from a single production line to three separate packaging 

lines, each capable of handling up to 100 packages per minute. This 

setup allowed for a sustained throughput of 300 packages per 

minute, meeting the target production speed and ensuring a 

balanced distribution of products across the three lines. 

The servo-driven flywheel mechanism proved crucial for 

achieving precise control over the separator’s angular motion. This 

mechanism allowed the separator to quickly adjust to shifts in 

production flow and align with each of the packaging lines without 

delays. The lightweight conveyor design contributed to the system's 

ability to operate smoothly at high speeds, effectively reducing 

mechanical stress and wear over prolonged periods of use. By 

minimizing the stress on mechanical components, the design also 

helped extend the lifespan of the separator and reduced maintenance 

needs. 

Integration of Industry 4.0 features was particularly 

advantageous. Through real-time monitoring and feedback from 

embedded sensors, the separator could automatically reroute 

product flow if one of the packaging machines went offline. This 

function minimized potential downtime, maintaining continuous 

production—a critical feature in high-output manufacturing lines 

where any stoppage can result in significant productivity losses. 

Furthermore, a patent application has been filed for the 

developed system, reflecting its innovative contributions to 

automated packaging line technology and the novel approach to 

integrating vertical angular motion with Industry 4.0 capabilities. 

This patent application not only highlights the uniqueness of the 

separator's design but also establishes a basis for future 

developments and potential commercialization in automated 

production and packaging systems. 

 

5. Conclusion 

This study presents a novel design for a vertically angular 

automated line separator that addresses the challenges of 

transferring products between multiple packaging machines in a 

high-speed wet wipe production line. The design successfully 

integrates Industry 4.0 technologies to ensure seamless 

communication between production units and minimize downtime. 

With its lightweight construction, ergonomic design, and 

adaptability to varying product heights, the separator system 

provides a highly efficient and flexible solution for modern 

manufacturing challenges. 

Further research could explore the integration of additional 

smart technologies, such as AI-based predictive maintenance and 

advanced data analytics, to further enhance system performance and 

efficiency. 
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