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Abstract

This study aims to design and simulate an automated wood cutting conveyor system using a
Programmable Logic Controller (PLC) to enhance productivity and consistency in wood
production. The research methodology includes system requirements analysis, hardware and
software design, and simulation using PLC software. Key components such as the conveyor,
motor, sensors, and cutting tools were identified to design the control circuit within the PLC.
The simulation results show that this system can increase production speed and allows
integration with other automation systems, thus improving operational efficiency. The
simulation has demonstrated the system's effectiveness in boosting efficiency. It highlights
the importance of timing in each part of the process: conveyor motor activation within 10
milliseconds, wood transfer within 10 seconds, cutting pause of 2-3 seconds, and cutting
duration of 1-2 seconds, with a stop button response time in milliseconds enabling safe

process termination.
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Introduction

The manufacturing industry plays a crucial role in economic development, where innovation
serves as a primary driver for increased efficiency and productivity. In the context of wood
processing, automated cutting technology has become a research focus aimed at enhancing
accuracy and reducing human error[1l]. The transformation from manual processes to
automation not only lowers labor costs but also increases throughput and results in a faster
Return on Investment (ROI)[2]. Previous studies have shown that the use of automation
systems in wood processing industries, such as automatic conveyor systems, can significantly
boost production efficiency[3]. The implementation of Human-Machine Interface (HMI) in
automation systems can improve ease of control and minimize the risk of human error[4].
Furthermore, a study demonstrated that the use of Programmable Logic Controllers (PLC) to
control sensors and actuators in wood cutting systems can provide high precision in material
cutting[5].

The simulation methods employed in this research refer to approaches used by several
previous researchers, such as the use of software for simulating automation process control[6].
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For instance, the study conducted utilized OutSeal Studio to design ladder logic on PLCs,
which proved effective in automating various industrial processes, including wood cutting|[7].
This research presents a simulation of an Automated Wood Cutting Conveyor designed to
enhance efficiency and accuracy in wood processing[8]. This simulation involves measuring
the length of the wood to be cut and controlling it through a PLC, with the integration of
photoelectric sensors and cutting actuators. The literature review indicates that this approach
not only enhances process reliability but also provides a competitive advantage in the
furniture manufacturing and wood processing industry.

Methodology

The system design involved careful selection of components such as photoelectric sensors,
rotary encoders, and actuators. Subsequently, ladder logic programming was developed
using specialized software to control the PLC[9], [10]. The implementation of a Human-
Machine Interface (HMI) was also carried out to facilitate interaction between the operator
and the system, as shown in Figure 1.
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Figure 1. Block diagram system

The distance sensor functions to measure the length of the wood to be cut and sends signals
to the PLC. The rotary encoder measures the speed and position of the conveyor, transmitting
this information to the PLC to ensure that the wood is cut at the correct position[11], [12]. The
PLC, as the control center, receives signals from both the distance sensor and the rotary
encoder, processes the control logic, and sends command signals to the motor drive[3], [13],
[14].

The motor drive receives control signals from the PLC and adjusts the power supplied to the
motor, which moves the conveyor to position the wood correctly for cutting. Once the wood
is in the appropriate position, the motor activates the cutting tool to cut the wood to the
desired size. This workflow allows for an automated and precise wood cutting process with
efficient coordination among all the involved components[15].
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A. Ladder Diagram

The Programmable Logic Controller (PLC) controls machinery and industrial processes, such
as the wood cutting conveyor, with a ladder program that ensures efficient and safe wood
cutting[16], [17], [18]. Its main components include photoelectric sensors to detect wood, push
buttons to start/stop the process, motors to drive the conveyor, and relays/actuators to
activate the cutting blade. A timer regulates the delay between conveyor operation and
cutting, while a counter tracks the number of pieces cut. The operation begins with the start
button, the sensor detects the wood, the motor moves the wood, and the sensor stops the
motor. The timer activates before the relay/actuator lowers the blade, after which the motor

moves the wood again. The process stops with the stop button or after a certain number of
cuts.

Results and Discussion

In the simulation, the timing used for each part of the process is crucial to ensure smooth
operation. After the start button is pressed, the conveyor motor is activated within
milliseconds and begins moving the wood to the cutting position. The time required to move
the wood depends on the conveyor length and motor speed. With a conveyor length of 2
meters and a motor speed of 0.2 meters per second, the time needed is approximately 10
seconds. Once the wood reaches the cutting position, the photoelectric sensor detects its
presence and sends a signal to the PLC within milliseconds.
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Figure 2. Cutting Table Control Simulation
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Figure 3. Speed Control Simulation

After the sensor detects the wood, a timer is activated to provide a delay before the cutting
blade is engaged. This delay can be adjusted, for example, to 2-3 seconds, to ensure the wood
is stable before cutting. The cutting blade is activated 1-2 seconds after the timer finishes. After
cutting, the relay/actuator is deactivated, and the conveyor motor resumes moving the cut
wood and prepares the next piece. This simulation helps ensure the correct timing for each
step before actual implementation.

The simulation program was conducted several times to generate a comprehensive set of
narrative statistical data. Each iteration provided valuable insights into the wood cutting
process, allowing for a detailed analysis of various components involved. By running the
simulation multiple times, we were able to capture variations in timing, efficiency, and overall
performance.

The results from these repeated trials highlighted consistent trends in the operational
efficiency of the wood transfer, detection, and cutting stages. Each cycle revealed the
effectiveness of the conveyor system, with a stable transfer time of 10 seconds, and the rapid
response of the photoelectric sensor, which consistently detected wood in just 0.01 seconds.
Moreover, the controlled delay before cutting, averaging 2.5 seconds, ensured that the wood
was adequately stabilized, significantly reducing the risk of inaccuracies during the cutting
phase. The activation of the cutting knife, with an average time of 1.5 seconds, further
demonstrated the system's responsiveness and precision.

By analyzing the cumulative data from multiple simulations, we gained a clearer
understanding of the process dynamics and identified potential areas for optimization. This
iterative approach not only reinforced the importance of precise timing across each
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component but also underscored the need for continuous monitoring and adjustments to
enhance both efficiency and output quality in the wood cutting operation.

Table 1. Result Simulation

Process Component Detail Time (seconds)

1. Wood Transfer Time Conveyor Length 10
Motor Speed 0.2m/s
Total Time 10

2. Sensor Detection Time Detection Time 0.01
Total Time 0.01

3. Delay Time Before Cutting Minimum Delay 2
Maximum Delay 3
Average Delay 2.5
Total Time (Average) 2.5

4. Cutting Knife Activation Time Minimum Activation Time
Maximum Activation Time 2
Average Activation 1.5
Total Time (Average) 1.5

5. Wood Transfer Time After Cutting  Transfer Time 5
Total Time 5

Total Time for One Cycle 19.01

Conclusion

The simulation results reveal an efficient and well-structured wood cutting process, with each
cycle lasting 19.01 seconds. Effective logistics are highlighted by a consistent 10-second
transfer time for moving wood to the cutting area. The photoelectric sensor's rapid 0.01-
second detection time ensures immediate responses, minimizing delays. A 2.5-second pre-
cutting delay stabilizes the operation, reducing inaccuracies, while the cutting knife activation
time of 1.5 seconds allows for timely initiation without compromising material integrity.
Overall, this cycle time paves the way for further optimization in production efficiency.
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