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ABSTRACT 
The development of automation in the industry is accelerating rapidly. The presence of automation is a technology 
that is very helpful in increasing production. Automation cannot be separated from the existence of a control system 
to regulate or process an instruction or order. The Modular Production System is a station unit consisting of various 
types of stations that simulate production system designs on a small scale before being realized in real situations. The 
work process of the Modular Production System is controlled using a PLC. PLC needs to be programmed to manage 
the work process of the Modular Production System. The programming language commonly used in PLC 
programming is ladder diagrams. The existence of a control system on the Modular Production System using PLC 
will make the Modular Production System run automatically. It can communicate with other Modular Production 
Systems to become more efficient. Therefore this design discusses controlling the Modular Production System using 
a PLC with a ladder diagram. The distribution stations and pick & place stations are selected for the Modular 
Production System. With a control system on the Modular Production System distribution station and pick & place 
station, the Modular Production System can work automatically and communicate with each other between stations. 
The result of the design is an increase in the efficiency of the system cycle time and process accuracy. 
 
Keywords: Automation, Modular Production System, PLC, Ladder Diagram. 
 
1. INTRODUCTION 
 
In this modern era, the industry's automation development is accelerating rapidly. Almost most of 
the industry is now using automation. Automation in the industrial sector can help increase 
production. They are starting by improving product quality, production time efficiency, and cost 
reduction. Therefore, many industry players need automation designs to be applied to their 
respective industries. [1] Because automation offers advantages and convenience for industry 
players. 
The development of automation cannot be separated from the development of control systems. 
The control system acts as a liaison between humans and technological systems. [2] The role of 
the control system dramatically determines the work efficiency of automation. The control system 
can be said to be the heart of automation. The PLC is one of the most frequently used control 
system components and the best choice for industrial automation (Programmable Logic 
Controller) [3]. The PLC is programmed in advance to control a process or the tool's operation. 
The program created must be adjusted to the needs and updated so that the system's performance 
remains efficient. However, this programming will take time for program creation and testing [4]. 
A modular Production System or MPS is a station unit used to simulate production system designs 
on a small scale before being realized in real situations [5]. To minimize the impact of damage 
that occurs with this modular engineering for industry [6]. MPS can simulate production system 
designs such as Separating Stations, Sorting Stations, Measuring Stations, Pick & Place Stations, 
Distribution Stations, Packaging Stations, Joining Stations, and Storage Stations. 
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This research aims to design a control system for the MPS Distribution Station and Pick & Place 
Station using PLC with the ladder diagram programming language to get more effective and 
efficient system work. 
 
Working Principle of The System 
 
MPS is a miniature industrial automation process that consists of various standard components 
and is used to simulate product processing [7]. MPS can act that production is always consistent, 
flexible, and high quality [8]. MPS This system is generally implemented using a PLC, which runs 
the program as needed to maintain security and sort the system [9]. MPS can also be interpreted 
as a station unit consisting of several actuators, cylinders, motors, or suction cups generated by a 
vacuum generator, complete with control components such as push buttons, sensors, and 
controllers. Where in MPS, there are mechanical, pneumatic, electrical, sensors, and PLC elements 
[10]. 
 

 
Figure 1. MPS [7] 

 
MPS includes pneumatic and electro-pneumatic equipment controlled by PLC [11]. Where 
pneumatic equipment works and is driven by utilizing compressed air. While electro-pneumatic 
equipment is powered by compressed air, an electric voltage-controlled valve is needed to release 
the air [12]. 
PLC is a controller/regulator that works based on certain logic (if - then) that can be programmed 
& reprogrammed [13]. The PLC's working principle is receiving input signals, processing with the 
processing unit, and sending the signal to the output [14]. PLC receives data in the form of analog 
and digital signals from input device components. The signal is from the input device, which can 
be a switch, button, or sensor. PLC can also receive analog signals from input devices such as 
potentiometers, motor rotation, etc. This analog signal by the input module is converted into a 
digital signal. The CPU will process the signal to process the incoming signal and be processed 
according to the program made. 
Furthermore, the CPU will make decisions in the form of signals. This signal will be forwarded to 
the output device to be processed and issued as output. [15] 
 
2. RESEARCH METHOD 
 
Research Methodology 
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This research was conducted using the development method to produce a more efficient output. 
With the development of MPS, it is expected to create a better production system. 

 

 
Fig 2. Research Flowchart 

 
The design stage begins with a literature study regarding the MPS, followed by identifying the 
problems in the MPS Distribution Station. Because the MPS operates with manual override, the 
system is inefficient; consequently, the PLC makes the system work autonomously. And several 
components are damaged, so they need to be repaired or replaced. From the identification problem, 
some components are damaged and can not work properly, it can be seen which MPS components 
need to be improved. After that, the layout design and MPS function will be carried out. Then 
proceed with the procurement of control system components and assembly of the MPS 
Distribution Station and commissioning settings. After the MPS has been assembled, a PLC 
program will be created so that the MPS can operate automatically. After that, the initial dry run 
test data was collected, and the running full power data were analyzed. After obtaining the analysis 
results, conclusions will be drawn, and documentation will be carried out stating that the research 
is complete. 
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PLC Control Scheme and Pneumatic Diagram

Figure 3. Pneumatic Diagram of Distribution Station  
 

Table 1. I/O List Distribution Station 
No. Input  

 
 
 
 

PLC 

Output 
1. Start Push Button Start Lamp 
2. Stop Push Button Q1 Lamp 
3. Reset Push Button Reset Lamp  
4. Auto/Manual  

Switch Contact 
Q2 Lamp 

5. Proximity Sensor (1&2) Double Acting  
Cylinder 6. Through Beam Sensor 

7. Vacuum Switch/Sensor Vacuum 
8. Limit Switch (1&2) Cylinder Rotary 

 
PLC will be a controller to connect and process inputs into outputs. Input can be in the form of 
buttons and sensors, while the output is actuators. The PLC will process input from proximity 
sensors 1 and 2 and output as output to drive the double-acting cylinder. The input from the 
through-beam sensor will be processed by the PLC and output as output to control the movement 
of the double-acting cylinder. Input from limit switches 1 and 2 will be processed by the PLC and 
issued as output to drive the cylinder rotary. Input from the vacuum switch will be processed by 
the PLC and issued as output to control the suction cup work, whether vacuum or not. 
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Figure 4. Pneumatic Diagram of Pick & Place Station  
 

Table 2. I/O List Pick & Place Station 
No. Input  

 
 
 
 

PLC 

Output 
1. Start Push Button Start Lamp 
2. Stop Push Button Q1 Lamp 
3. Reset Push Button Reset Lamp  
4. Auto/Manual  

Switch Contact 
Q2 Lamp 

5. Proximity Sensor 1 Cylinder 1 
6. Proximity Sensor 2 Cylinder 2 
7. Diffuse Sensor Conveyor Module 
7. Pressure Sensor Vacuum 
8. Optic Sensor Separator 

 
PLC will be a controller to connect and process inputs into outputs. Input can be in the form of 
buttons and sensors, while the output is actuators. The PLC will process input from proximity 
sensors 1 and 2 and output as output to move the mini slider. Input from the diffuse sensor will be 
processed by the PLC and output as output to control the movement of the conveyor module. The 
input from the pressure sensor will be processed by the PLC and issued as output to control the 
work of the suction cup. 
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3. RESULTS AND DISCUSSIONS 
 
The following results are from testing the PLC program on the MPS distribution station and pick 
& place station. This experiment was carried out twice using two driven parameters of 4 bar and 
6 bar air pressure with ten times trials. This analysis aims to determine the most optimal pressure 
configuration parameters. 

  
Figure 5. Experiment Result of Cycle Time from The Distribution Station 

 
From 10 times experiments in the distribution station, when using 4 bar pressure, the total process 
cycle time was obtained for 1 minute 22 seconds. While using 6 bar pressure, the total process 
cycle time was obtained for 1 minute and 2 seconds. 
 
If averaged for every one cycle in the distribution when using 4 bar pressure, the time is obtained 
for: 
𝑋𝑋� = 𝛴𝛴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐

10 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒
= 79 𝑒𝑒𝑐𝑐𝑐𝑐

10
= 7.9 𝑠𝑠𝑠𝑠𝑠𝑠 …………………………………………………..………(1) 

While for an average for every one cycle in the distribution when using 6 bar pressure, the time is 
obtained for: 
𝑋𝑋� = 𝛴𝛴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐

10 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒
= 62 𝑒𝑒𝑐𝑐𝑐𝑐

10
= 6.2 𝑠𝑠𝑠𝑠𝑠𝑠 …………………………………………………………..(2) 

 

  
Figure 6. Experiment Result of Cycle Time from The Pick & Place Station 
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From 10 times experiments in the pick & place station, when using 4 bar pressure, the total process 
cycle time was obtained for 1 minute 4 seconds. While using 6 bar pressure, the total process cycle 
time was obtained for 59.27 seconds.  
 
If averaged for every one cycle in the pick & place station when using 4 bar pressure, the time is 
obtained for: 
𝑋𝑋� = 𝛴𝛴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐

10 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒
= 64 𝑒𝑒𝑐𝑐𝑐𝑐

10
= 6.4 𝑠𝑠𝑠𝑠𝑠𝑠 …………………………………………………………...(3) 

While for an average for every one cycle in the pick & place station when using 4 bar pressure, 
the time is obtained for: 
𝑋𝑋� = 𝛴𝛴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐

10 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒
= 59.27 𝑒𝑒𝑐𝑐𝑐𝑐

10
= 5.93 𝑠𝑠𝑠𝑠𝑠𝑠 ………………………………………………………(4) 

 
Table 3. Accuracy process for 4 bar air pressure 

Experiment 
(4 bar) 

Accuracy Process 
Distribution Pick & Place 

1 OK OK 
2 Not OK OK 
3 OK OK 
4 OK Not OK 
5 OK OK 
6 OK OK 
7 Not OK OK 
8 OK OK 
9 OK Not OK 

10 Not OK OK 
Total Fail 3 2 

 
From 10 times experiments using a pressure of 4 bar, there were three process failures at the 
distribution station. Meanwhile, the pick & place station experienced two failures. So that the 
percentage of the accuracy value of the success of the process can be obtained: 
Distribution Station: 
𝐴𝐴𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴𝐴𝐴𝑠𝑠𝐴𝐴 (%) = 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡 𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑐𝑐 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡
× 100% = 7

10
× 100% = 70% ……………………...…..(5) 

Pick & Place Station: 
𝐴𝐴𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴𝐴𝐴𝑠𝑠𝐴𝐴 (%) = 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡 𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑐𝑐 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡
× 100% = 8

10
× 100% = 80% ……………………...…..(6) 

 
Table 4. Accuracy process for 6 bar air pressure 

Experiment 
(6 bar) 

Accuracy Process 
Distribution Pick & Place 

1 OK OK 
2 OK OK 
3 OK OK 
4 OK Not OK 
5 OK OK 
6 OK OK 
7 OK OK 
8 Not OK OK 
9 OK OK 

10 Not OK OK 
Total Fail 2 1 
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From 10 times experiments using a pressure of 4 bar, there were three process failures at the 
distribution station. Meanwhile, the pick & place station experienced two failures. So that the 
percentage of the accuracy value of the success of the process can be obtained: 
Distribution Station: 
𝐴𝐴𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴𝐴𝐴𝑠𝑠𝐴𝐴 (%) = 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡 𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑐𝑐 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡
× 100% = 8

10
× 100% = 80% ………………...………..(7) 

Pick & Place Station: 
𝐴𝐴𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴𝐴𝐴𝑠𝑠𝐴𝐴 (%) = 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡 𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑐𝑐 𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡
× 100% = 9

10
× 100% = 90% …………………...……..(8) 

 
4. CONCLUSIONS 
 
Based on the results of 10 experiments carried out at MPS distribution stations and pick & place 
stations using 4 bar and 6 bar pressures, it can be seen that the cycle time of 6 bar pressure is faster 
than that of 4 bar pressure. Process failures that occur are also less when using a pressure of 6 bar 
compared to 4 bar pressure. The pressure of 6 bar has a higher level of accuracy than the pressure 
of 4 bar. This makes the 6 bar pressure more effective and efficient in carrying out work processes. 
So it is more advisable to use a pressure of 6 bar to carry out the work process. 
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