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Abstract 

In conventional machining processes, the means is a key component that directly influences the cutting results of 

the workpiece. However, the potential hazards posed by uncontrolled tool positioning in the work area often lead 

the risk of accidents and devise damage. This study aims to simulate a tool safety system on a lathe using an 

electro-pneumatic proximity sensor. The method used includes designing an automatic detection structure using 

a proximity sensor to monitor the safe distance between the tool, workpiece, machine spindle, and operator's 

hands. The system is controlled electro-pneumatically. Simulation results show that the system can accurately 

detect the presence of objects and automatically provide a machine stop signal when the tool is in a dangerous 

position. The implementation of this system has been proven to improve occupational safety during machining 

processes. Therefore, this design has the potential to be implemented as an additional protection system on 

conventional machines in the workplace. 
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1. Introduction 

Occupational safety is a fundamental aspect in the manufacturing industry, particularly in 

conventional machining processes that are still widely used in vocational education and industrial 
environments according to [1]. Conventional machines such as lathes are characterized by manual 

operation, where interaction between the operator and the cutting tool (chisel) occurs directly. This 

condition has the potential to cause various risks of work accidents such as scratches, pinching, and 
even serious injuries due to contact with the rapidly rotating chisel. Therefore, a safety system is 

needed that can minimize the risk of accidents without reducing the machine's work efficiency [2] 

according to that most lathes are not equipped with an automatic safety system. Stopping the 

machining process usually still depends on operator alertness. In fact, fatigue, negligence, or 

environmental disturbances can cause a delay in response in stopping the machine when a dangerous 

condition occurs according to [3]. One solution that can be developed to overcome this problem is the 

application of proximity sensor technology combined with an electro-pneumatic system. Research 

conducted by [4] accordng to that proximity sensors function to detect the presence of metal objects 

around the work area without physical contact, while the electro-pneumatic system controls the 
working mechanism automatically through electrical signals and pressurized air. 

By integrating these two technologies, a safety system can be designed to prevent direct contact 

between the spindle and the tool, with the safety system providing an automatic command to stop the 
machine in the working position. Simulation of this system can be done using software such as Festo 

FluidSim 4.2 to test sensor performance, response time, and system effectiveness before real-world 
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implementation. The simulation approach also makes it easier to analyze control logic and energy 

efficiency in electro-pneumatic systems. 

This research is expected to contribute to improving work safety on lathes by creating a tool 

safety system that is intelligent, efficient, and easy to implement. Furthermore, the results of this 

research can also serve as a learning tool for mechanical engineering students and industrial 
practitioners to understand the application of automation technology to improve safety, efficiency, and 

reliability in machining processes. Based on the background above, the researchers propose to develop 

a tool safety system in conventional machining processes using electro-pneumatic proximity sensors. 
Lathes also face problems in terms of efficiency and productivity, because cutting speed and 

accuracy of results are highly dependent on operator skills according to [5]. In this context, the 

development and research of simple safety and automation system modifications on lathes are 

important to improve performance and safety without eliminating conventional characteristics. A 

feasible innovation is the integration of an electro-pneumatic proximity sensor system, which allows 

automatic detection of the position of the tool. 

Previous research according to [6] that the study of conventional machinery, especially lathes, is 

not only relevant from a technical and educational perspective, but is also important to support the 

improvement of the quality of human resources in the field of manufacturing engineering. By applying 
safety aspects to conventional machining processes, they can continue to be developed according to 

the needs of modern industry. This shows that electro-pneumatics not only increases work efficiency, 

but also plays an important role in creating a safe and intelligent work environment according to [7]. 
Thus, the development of electro-pneumatic systems holds strategic value in facing Industry 4.0 era. 

This technology forms the basis for the development of smart automation and sensor-based safety 

systems, which can increase productivity while protecting operators and equipment from the risk of 

workplace accidents. Therefore, research and application of electro-pneumatics in education, industry, 

and conventional machine safety systems are highly relevant and warrant continued development. 

2. Method 

The research was conducted from June to December 2024. Design activities were conducted in 
the AK-Manufaktur Bantaeng design laboratory and the simulation tool manufacturing facility in the 

manufacturing workshop and AK-Manufaktur Bantaeng Pneumatics laboratory. This research method 

was carried out using a quantitative experimental approach based on simulation. This data collection 
method was the initial step in the research by gathering material information related to the research 

and several journals were used as references. 

One device that plays a vital role in automation systems is the proximity sensor. This sensor is 

used to detect the presence, distance, or movement of an object without requiring direct contact 

between the sensor and the object being detected. This advantage makes proximity sensors widely 

applied in industrial machines, robotics, security systems, and even conventional machinery such as 

lathes or milling machines according to [8]. Automation systems play a crucial role in increasing the 

efficiency, speed, and accuracy of production processes. One of the main components widely used in 

fluid control systems, both air and liquid, is the solenoid valve. This valve functions to automatically 

regulate fluid flow by utilizing electromagnetic principles as its driving force. Automation systems 

play a crucial role in increasing the efficiency, speed, and accuracy of production processes. One of 

the main components widely used in fluid control systems, both air and liquid, is the solenoid valve. 

This valve functions to automatically regulate fluid flow by utilizing the electromagnetic principle as 

its driving force according to [9]. 

Figure 1 explains that the proximity sensor functions as a contactless detection device capable of 

detecting the presence or distance of objects (e.g., operator's hands, workpieces, or machine 

components) in hazardous areas of a lathe. This sensor is the first layer of protection because it works 

as an initial trigger before physical contact occurs that could potentially cause a work accident. 

Meanwhile, the 5/2 solenoid valve is a five-port, two-position air flow control valve that functions to 

control the direction of motion of the pneumatic actuator. This component acts as the primary driver of 

mechanical action after receiving a signal from the sensor. 
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Figure 1. Proximity Sensor and Solenoid Valve 5/2 

Prevent accidents due to the tool moving improperly, for example the tool at the working limit 

position is exceeded so that it collides with the vise. According to [10] in monitoring the position of 

the tool using a proximity sensor and acting through an electro-pneumatic system to cut off the 

machine movement with an interlock system. The collision poses a risk of tool damage and operator 

injury. Preventive efforts must include mechanical safeguards, automation with proximity sensors, 
correct work settings, and operator protection. The combination of manual control and automatic 

systems will increase safety in conventional machining processes. 

 
Figure 2. Double acting cylinder 

Figure 2 explains that the double acting cylinder functions as the main pneumatic actuator that 
converts compressed air energy into two-way mechanical motion forward/backward. In the simulation 

study of a conventional lathe safety system, this component acts as the executor of physical safety 

actions after the system receives a danger signal from the proximity sensor and a control command via 
the solenoid valve. 

Before simulating an electro-pneumatic system using FluidSIM 4.2 software, several preparatory 

steps need to be carried out to confirm the system design can work according to [11]. Before pressing 

the Run Simulation button, confirm all connections between components are properly connected. The 

air and electrical resources have been activated and there are no isolated components or disconnected 

lines. Verify the control logic whether the work sequence is according to the design. 

Figure 3 image above explains how the simulation circuit in FluidSIM functions as a virtual 

modeling medium that represents the electro-pneumatic system as a whole before being implemented 

on a real conventional lathe. In safety system research, FluidSIM serves as an analysis and pre-
implementation testing tool to ensure that control logic, airflow, and actuator response run according 

to design without the risk of work accidents or physical equipment damage. 
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Figure 3. Circuit simulation in FluidSIM 

The implementation of the pneumatic circuit simulation in the trainer kit is to verify the 

performance of the tool safety system before it is directly applied to a real conventional machine 

according to [12]. Through this simulation, researchers can understand and analyze the relationship 

between pneumatic components, electrical control systems, and proximity sensor responses to work 

environment conditions that resemble real machining processes. 

 
Figure 4. Circuit Simulation in Trainer Kit 

Figure 4 explains the simulation circuit in the electro-pneumatic trainer kit, which functions as a 
laboratory-scale physical implementation medium that bridges the gap between software simulations 

(e.g., FluidSIM) and real-world machine conditions. The trainer kit allows researchers to directly test 

real components such as proximity sensors, relays/PLCs, solenoid valves, and pneumatic cylinders 
without having to deal directly with the high risks of a real lathe. 

Testing of the tool safety system is carried out in stages so that all system functions can be clearly 

evaluated according to [13]. Confirm all components are properly connected between the electrical 
and pneumatic circuits. Activate the 24V DC power supply and ±8 bar compressed air. Check that the 

indicator light is lit according to the Start/Stop button position. Check the indicator light and confirm 

there are no air leaks in the pneumatic circuit. Place a piece of metal in front of the sensor and confirm 

the system is ready to activate. Record the sensor's detection distance and response time. 
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Figure 5. Chisel safety system testing 

Figure 5 image above illustrates how safety system testing on a lathe serves as the final 

verification stage to ensure that the electro-pneumatic proximity sensor-based safety system design is 

truly capable of operating effectively, consistently, and safely under real-world operating conditions. 
In simulation research, testing not only aims to prove the system's performance but also to assess the 

level of operator protection and the reliability of the interaction between the electrical and pneumatic 

components. 

3. Results and Discussion 

Safety simulation system for tools on a conventional lathe that is controlled electro-pneumatically 

and equipped with a proximity sensor as a workpiece position detector according to [14]. This system 

is designed using FluidSIM 4.2 software by combining the main components in the form of a 

proximity sensor to detect the presence of a metal workpiece in the tool area, a 5/2 solenoid valve as 

an actuator to control the direction of air flow, a double pneumatic cylinder as a tool safety mechanism 

driver and an electro-pneumatic control unit that functions to regulate the system's work logic based 

on signals from the sensor. Through this design, the system is able automate tool safety by responding 

to the condition of the workpiece's presence in the cutting area. Based on simulation results conducted 

in FluidSIM 4.2, the system can operate according to the planned control logic, as previously studied 

by [15]. The working sequence of the tool safety system is as follows: 

a. When the proximity sensor has not detected the workpiece, the tool is in a safe position. 

b. When the proximity sensor detects the metal workpiece, a signal is sent to the solenoid valve. 

c. The solenoid valve is activated, supplying air to the pneumatic cylinder, causing the tool to 

move to the working position (reverse). 

The simulations show that the system's response time is very fast, and the system operates stably 
without any signal interference as long the circuit is properly design and the control logic is tested to 

ensure that each input condition produces the appropriate output. The logic test results can be seen in 

the table below. The test results show that the system is 100% functional according to the designed 

control logic. 

Table 1. Control logic test results 

No. 
Proximity Sensor 

Condition 

Solenoid 

Signal 

Cylinder 

Position 
Chisel Condition 

1. Does Not Detect 
Workpiece 

OFF Extend Safety 

2. Detecting Work 

Objects 

ON Retract Ready to Work 

3. Signal Lost / Loose 

Object 

OFF Extend Safety 

Table 1 describes the safety logic test results control table, which serves as a systematic 

documentation and evaluation tool to record how the safety system responds to each given input 

condition. In electro-pneumatic simulation research, this table serves as a medium for verifying the 
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correctness of the control logic flow and assessing the consistency of the system's response to safe and 

hazardous conditions. 

The main of focus the test is to determine how far the effective distance of the proximity sensor is 

able detect metal objects accurately so that it can activate the electro-pneumatic safety system quickly 

and precisely. The test procedure is carried out by placing the proximity sensor in a position parallel to 
the surface of the metal workpiece according to [16]. Adjust the distance between the sensor and the 

material object gradually, starting from 0 mm to 20 mm, then record the sensor response to a certain 

distance, whether the sensor is able detect or not and analyze the response time of the actuator when 
the sensor gives a signal. The test results show that the proximity sensor distance greatly affects the 

detection accuracy and response of the tool safety system. In general, the simulation results are 

obtained as follows: 

Table 2. Control of logic test results againts distance detection accuracy 

No. 
Sensor Distance 

to Object (mm) 

Sensor 

Response 

Actuator Works 

(Yes/No) 

Response Times 

(Second) 
Information 

1. 0–4 mm Very Fast and 

Stable 

Yes 0.1–0.2 Maximum 

Detection 

2. 5–8 mm Fast and 

Accurate 

Yes 0.2–0.3 Optimal 

3. 9–12 mm A Little Slow  Yes 0.4–0.5 Still Effective 
4. 13–16 mm Unstable 

Response 

Sometimes 0.6–0.8 Starting to 

Decline 

5. 17–20 mm No Detected No – Out of Reach 

Table 2 explains the control table for the results of the safety distance detection accuracy test, 

which serves as a quantitative evaluation tool to determine how accurately the proximity sensor 
detects objects at a predetermined safe zone. This table serves as the basis for analyzing whether the 

safety system is capable responding before the operator enters the dangerous area of the lathe. 

Based on the simulation and testing results, it was stated that the system capable of identifying 

the workpiece's location in real time using a proximity sensor. The actuator's response to changes in 

the sensor signal is very fast. Safety is increased because the tool will not move until the workpiece is 

truly in a safe position for the cutting process. The system can reduce the risk of tool damage and 

operator accidents, especially in conventional turning processes that do not yet use automation 

systems. 

The research also includes an analysis of system response, including sensor detection speed, 

actuator response time, air pressure stability, and the reliability of the electrical control circuit. These 
factors are crucial because safety systems must operate within seconds, even milliseconds, to 

effectively prevent accidents. Simulations allow researchers to test various scenarios without real-

world risks, such as the operator's hands being too close and the workpiece slipping. The impact of 

this research is to improve occupational safety for operator protection because the system to respond 

to potential hazards in a very short time, can reduce the possibility of accidents due to delayed 

machine shutdowns, and provide a more measurable and data-based safety distance standard rather 

than just estimates. 

System response analysis not only enhances operator safety but also improves the quality of 

safety system design, machine efficiency, and the quality of automation and pneumatic engineering 
training. With measurable response data, safety systems become more accurate, stable, and reliable 

under various operating conditions. 

4. Conclution 

The research results concluded that the electro-pneumatic proximity sensor-based tool safety 

system successfully met its objectives, namely to improve work safety and protect tools during 

conventional machining processes. The fast and accurate sensor response allows the system to 

automatically control tool movement. The combination of electrical and pneumatic components results 

in an efficient and easy-to-implement control system. Thus, this system can be used as a practical and 
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economical alternative solution in the application of simple automation technology in small and 

medium industries. The results of the study also show that the use of electro-pneumatic proximity 

sensors can be the basis for the development of more sophisticated safety systems, such as integration 
with PLCs, visual indicators, or digital monitoring systems, to support the industry 4.0 concept in the 

conventional machinery sector. Further research into real-world systems is recommended to develop 

simulation results into a physical prototype, allowing for direct testing on a conventional lathe. To 
expand functionality, further research could include optical or capacitive sensors, enabling the system 

to detect non-metallic objects or objects of various shapes. Further research could focus on developing 

an IoT (Internet of Things)-based system, enabling data from sensors and actuators to be transmitted 

via smartphone. This would allow for remote monitoring and control of the tool's safety system, in line 

with the transformation towards a modern industry. 
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