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1. Introduction  

In today's industrial world, technology has very important benefits in production processes at 
industrial sites. One of them is the process of technological development in the field of automation 
[1]. This can be seen from the increasing demand and consumer needs for goods produced by an 
industry or company. To speed up production, the industry needs a system that can work efficiently 
and as desired [2]. In this case, one of the technologies that has a very fast process and is related to 
control or control that is supported by advances in the field of computers, namely PLC (Programmable 
Logic Controller), this PLC is usually used in production factories or is used to run a system that 
requires great power to get the desired control [3]. At this time the use of PLC is often used by the 
community to run a business. One of the businesses that uses advanced technology that uses control 
is the car wash business [4]. 

In the car washing process, which we usually do manually, this tool will help, so that maximum 
work efficiency is obtained [5]. In the process of washing a car, it still uses a lot of human/manual 
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 Increasing automotive production indirectly greatly affects the progress 
of an increasingly modern era. Indirectly, production in factories will 
increase to meet the needs and desires of transportation consumers. 
Therefore, the use of PLC in the industrial sector as production plays an 
important role in helping humans to do heavy work. The growing demand 
for increased mobility needs will indirectly require owners to take care to 
maintain cleanliness in mobility transportation. Therefore, we need a 
system that can control automatic car washing. This automatic car wash 
system uses PLC CJ1M with a prototype design of 24cm long, 15cm wide 
and 15cm high and uses an infrared sensor which is used to read the 
presence of the car and a pg28 dc motor which is used as the main driver. 
The programming language used is the ladder language in CX-
Programmer. Where this ladder language is used to control several 
processes, namely, watering, soaping, scrubbing, rinsing water and the 
drying process. From this research, the researcher obtained the results that 
the time obtained from manual and automatic calculations to run a 
washing process by giving a set value of 5 on the counter will give the 
difference in time obtained, namely watering 1.54 seconds, sprinkling 
soap water 3.01 seconds, rubbing 3.13 seconds, 3.09 seconds of water 
rinsing and the same time for the drying process. From the use of the 
infrared analog sensor used, it successfully reads the presence of the car 
in front of it and the design of this prototype runs with a predetermined 
process.  
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power. This control system is run by Programmable Logic Controllers (PLC) this tool can save time 
and effort in the car washing process [6]. 

With a Programmable Logic Controller (PLC) all mechanics or actuators used in car washes can 
be controlled quickly, easily, efficiently and accurately because the control system is combined with 
feedback, data processing and monitoring systems [7]. Developments have been very fast lately in all 
fields [8]. The development of all fields mutually support each other. Especially electronics in the 
industrial sector. Therefore, the authors assume that it is necessary to develop an automatic car wash 
system so that it is more efficient [9][10]. 

2. Method 

This research is expected to create an automatic car wash using a PLC that is able to drive 

hardware and is able to control and carry out predetermined processes. 

2.1. Prototype Design 

The prototype design in this study is divided into 2, namely hardware design and software design. 
hardware manufacturing includes the installation of components in the installation, car wash body 
design and wiring between components. Making software includes making ladder programs and using 
instruction instructions in the CX-Programmer software. 

2.2. Hardware Design 

System design is used for a clear flow and general description of the system being made. The 
system design begins with making a block diagram which aims to make it easier to carry out the next 
stage. The system block diagram is shown in Fig. 1. 

 

Fig. 1.  Diagram Block 

The block diagram in Fig. 1 shows the system workflow that will be created. The microcontroller used is a 

PLC (Programmable Logic Controller) with CJ1M CPU22 type. In the block diagram picture that is designed 

to consist of two dc power supplies, namely 5v and 24v power supplies and a PLC which is connected to a 

220V AC voltage, in a circuit connected to AC voltage there is an MCB which is used to cut off the current 

when an overload occurs and a short circuit occurs. 

Using an infrared sensor connected to the PLC as input and getting a 5v voltage from the power supply. 

Using the PLC connected output as a controller and getting the voltage from a 24v power supply. In the use of 

two pairs of relays arranged to drive the pg dc motor and the gearbox motor in cw&ccw motion, where the 

circuit is connected to the PLC as a controller for the direction of movement and gets a voltage from a 24v 

power supply. 
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Fig. 2.  Flowchart system 

In Fig. 2 is a flowchart that explains the process stages that exist in a system. This automatic car wash 

system will start when it gets input from the entry of a car which will later be read by the sensor and the sensor 

will give instructions if there is a car then the water sprinkling process will run according to the time allotted, 

if the watering process is complete then the soap water sprinkling process will start. later it will be continued 

with the scrubbing process which is driven by the gearbox motor then when the process is complete it will be 

followed by the water sprinkling process as a rinsing process and followed by the drying process. 

If all the processes have been completed then the next thing that works is the Timer on the PLC which later 

the system will detect the presence of the car, if the car is still there then the process will repeat itself and the 

process will run according to the previous process. And if the car has left, the sensor will detect the absence of 

a car, the process will stop and the system will reset itself. The use of PLC input and output on the PLC has 

several addresses connected to each actuator, as shown in Table 1. 

Table 1.  Address used 

No Address Information Function 
1 3 Infrared Sensors As a process of input / car reader 

2 1.01 Relay1 Used for right motion gearbox motor 

3 1.02 Relay2 Used for left motion gearbox motor 

4 1.03 Relay3 Used for right motion pg28 DC motor 

5 1.04 Relay 4 Used for left motion pg28 DC motor 

6 1.05 Water Pump Used for watering and rinsing processes 

7 1.06 Soap Pump Used for soap watering processes 

8 1.07 Fan Used for drying process 

 

2.3. State Diagram 

The following is a state diagram or diagram that is used to explain or describe system behavior. 
Fig. 3 is a state diagram of an automatic car wash and for an explanation of the state diagram shown 
in Table 2. 

Table 2. Description of the state diagram 

No Symbol Explanation 
1 C InsTruksi Counter 

2 M1 DC motor (Motion to the right) 

3 M2 DC Motor (Motion to the left) 

4 P1 Water Pump 

5 P2 Soap Pump 

6 M3 Gearbox Motor (Motion to the right) 

7 M4 Gearbox Motor (Motion to the left) 

8 KA Fan 

9 T Timer Instructions 
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Fig. 3. State diagram 

In Fig. 3 is a State diagram that is used to see conditions which will later show several working inputs and 

outputs and between one condition and another will be affected by instructions and input from programs and 

sensors. The use of the state diagram shows several processes which will later be packaged in the form of 

conditions where the reader can see the processes and input outputs that are working. 

Condition 1 where all systems are not running and when the sensor gets a reading of the presence of a car, 

the sensor will move from condition 1 to conditions 2 and 3 where this condition is the water sprinkling process 

where M1&M2 and P1 will move alternately between conditions 2 and condition 3 with relative time given in 

each condition. 

When condition 2 & condition 3 is complete, it will move to condition 4 and condition 5 which are moved 

by Counter1 where this condition is the soapy water sprinkling process where M1&M2 and P2 will move 

alternately between condition 4 and condition 5 with a relatively predetermined time in each condition. 

When conditions 4 & condition 5 are completed, it will move to conditions 6 and condition 7 where this 

displacement occurs because the calculation process on C2 is complete. In condition 6 and condition 7, namely 

the scrubbing process where this process will run alternately which moves M1&M2 and M3&M4 where this 

process will move with the relative time that has been given.  

When condition 6 and condition 7 are complete, it will move to condition 8 and condition 9 which are 

transferred to the C3 process which is complete where this condition is the water rinsing process where 

M1&M2 and P1 will run again, conditions 8 and condition 9 will move alternately with a relatively short time. 

has been determined. 

When condition 8 and condition 9 are completed, it will move to condition 10 which is moved by C4 where 

condition 10 has a drying process where the train will run in condition 10 with the allotted time. 

When all conditions have been completed, T8 will start working according to the time allotted. At T8 is the 

time used to wait for the car to come out of the wash. When T8 is finished and the sensor is still reading the 

whereabouts of the car, the process will repeat as before, if T8 is finished and does not read the whereabouts 

of the car, the process will finish and return to condition 1 
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2.4. System Wiring 

Here is the wiring of a system designed to drive an automatic car wash. The use of inputs and 

outputs that are connected to each other is used to run the process. In designing the components, the 

address of the PLC is used as the actuator drive, namely 1.01 & 1.02 to drive the gearbox motor, 

addresses 1.03 & 1.04 are used to drive the PG 28 motor, water pump with address 1.05, soap pump 

using addresses 1.06 and 1.07 are used for the fan as a drying process. 

Table 3.  Cable colors 

No Cable Color Information 

1 Red Positive Voltage 

2 Black Negative voltage 

3 Blue Output Relay 

4 Yellow Relay Wiring 

5 Green Sensor Data Cable 

 

Fig. 3.  Wiring System 

In designing the wiring for this automatic washing prototype, it uses several input outputs and a 

PLC as a control. In this prototype installation, an infrared sensor is used to detect the presence of a 

car. By wiring, namely the negative and positive voltages connected to the 5v Power Supply and one 

data cable connected to the PLC analog input.  

The use of a shinking circuit or what can be called an active low circuit is where it connects a 

negative voltage to the PLC com as a controller where the output address will give instructions to 

walk. In addressing the output, it uses several outputs, namely 1.01 & 1.02 as activators for relay1 
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and relay2 which will later drive the gearbox motor which is used as the scrubbing process, addresses 

1.03 & 1.04 are used as drives for relay3 and relay4 where the relay will drive the pg dc motor as the 

prime mover of all processes. At address 1.05 it is connected to a water pump and gets a positive 

voltage from the power supply which will drive a pump that emits water as a watering and rinsing 

process, at address 1.06 it is connected to a soap pump where this pump is connected to a positive 

voltage from a 24v power supply and connected 24v negative voltage from the PLC which will turn 

on when it gets a control command from the PLC, the use of this soap pump in the prototype is used 

to spray soapy water as a soap spraying process. The use of address 1.07 is connected to a fan which 

will later be used as a car drying process where the fan is connected to a positive 24v voltage from 

the power supply and connected to a negative voltage from the PLC as a control. 

2.5. 3D Design 

The process of designing a tool cannot be separated from the components contained in the wiring 

diagram. The outer design of the prototype this time is made of acrylic with dimensions of 24cm in 

length, 15cm in width, 15cm in height. the actuators arranged in the prototype body are sensors, fans, 

gearbox motors, and PG28 DC motors. 

 

Fig. 4.  3D design 

The prototype of this automatic car wash is designed to be as minimal and attractive as possible, 

with various actuators that are arranged on the body of the car. In Figure 2.5, the top part is designed 

to have a pg dc motor which is composed of a lead screw and connected to a hose carrier, which will 

move in CW & CCW manner. Later when the DC motor rotates, the leadscrew will carry a hose 

carrier that moves according to the predetermined installation. At the bottom of the hose carrier, 2 

dc motors are installed which will move cw & ccw according to the wiring installation that has been 

designed to carry out the scrubbing process. At the front of the prototype this time a proximity sensor 

has been installed which will provide input that there is a car and the process will run and at the top 

of the sensor there is a fan which will carry out the drying process. 

2.6. Software Design 

Making the program using Cx-Programmer Software on this automatic washing prototype was 

made using the Ladder program. The workflow of this automatic car washing program will be more 

clearly seen in the flowchart arrangement. the system will be in the on state when it gets electric 

current and the MCB is ready to be turned on in the wiring installation. 

The process will start running when the sensor on the prototype gets input in the form of an 

incoming car with a predetermined distance value, then the system runs according to the process 

given, namely the process of watering and then continuing with spraying soap. water sprinkling or 

the rinsing process and for the last, the drying process which will be dried using a fan that has been 

set at a time. If all processes have been completed, the process will repeat itself during the given time 
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frame, the sensor is still reading the presence of the car. If the sensor does not read the presence of 

the car, the process will be complete. 

In designing this software, two Cx-Programmer and Cx-Desaigner softwares are used where the 

Cx-Programmer software which has a connected Ladder program or program will be transferred to 

the Cx-Desaigner software that was previously designed. The use of these two software can be used 

simultaneously when the PLC is running the process. 

3. Results and Discussion 

In the results and discussion this time is divided into 5 parts hardware, software, sensor testing, 
relay testing and system wiring. 

3.1. Hardware Manufacture 

The hardware that is made is separated into the installation section and the prototype hardware 
testing results of this prototype have been prepared according to the build prototype design. As well 
as the installation part is arranged as simple as possible in order to reduce the capacity of the existing 
place. Building an prototype car wash is shown in Fig. 5 and installation system is shown in Fig. 6. 

 

 

Fig. 5.  Prototype design 

 

Fig. 6.  Installation design 
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In Figure 3.2 the components are composed, namely PLC (Programmable Logic Controller), 5volt 

and 24volt Power Supply, 24 Volt relay and terminal block. In the use of PLC, Power Supply and 

relay used to run the automatic washing prototype this time using a shinking wiring installation, 

which means that the negative voltage is connected to the PLC while the positive voltage is directly 

connected to several actuators. 

3.2. Software Tester 

The results of the ladder program software test can be simulated in the CX-programmer software 

without errors. Also, the program can be transferred and used with the hardware of this automatic 

car wash prototype without control or error. 

The use of CX-designer software is used according to the arranged input and output. The CX-

designer is used to determine the input output that will work later and make it easier for users to 

monitor. Use of the CX-designer software can be transferred and can be run simultaneously with 

programs or hardware without error. The CX-designer design shown in Fig. 7. 

 

Fig. 7.  Cx-desainer running 

In Figure 3.3 is a Cx-designer image used to display the design or monitor several actuators that 

are lit. The use of this design consists of several buttons that are used to turn on and off the system. 

In this design series, it consists of two sets of values that are used to determine the running of the 

system with a given value or (Distance Set Point) and are used to read values from sensors that are 

read (Sensor Input Value). Each of the two set values can be determined by: manuals. In this series 

of designs displays the actuator that is running and displays the process that is being worked on. 

3.3. Sensor Testing 

The use of infrared sensors as car distance readers in cars can be used without errors. Retrieval of 

distance data that is read by the sensor is taken based on the value that often comes out. Value data 

along with the distance obtained from sensor testing can be seen in Table  
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Table 4.  Sensor Value Testing 

No Distance (cm) Experiment 1 Experiment 2 Experiment 3 

1 50 44 40 44 

2 45 90 103 115 

3 40 130 142 142 

4 35 162 170 160 

5 30 192 193 192 

6 25 231 231 224 

7 20 285 292 303 

8 15 380 376 420 

9 10 556 580 557 

10 5 548 594 621 

 

In Table 4, the results of the use of infrared sensors are used as car input and controlled using a 

PLC. The use of the MOV instruction on the PLC is used to convert the values given by the sensor, 

where this MOV instruction functions to transfer data with a capacity of 1 word or equal to 16 bits, 

without changing the value read by the sensor and the value displayed by the MOV instruction in the 

form of decimals. 

3.4. Relay Testing 

The use of relays this time uses 4 relays and 3 motors, 1 PG 24V DC motor as the prime mover 

of this automatic washing prototype, and 2 gearbox type motors as polishers in the process. This PG 

DC motor uses 2 relays which are used to drive in reverse/forward. And when using a DC motor, the 

gearbox uses 2 relays as polishers so that it can work back and forth. The wiring circuit arranged to 

drive the motor back and forth is shown in Fig. 8. 

 

Fig. 8.  Relay wiring 

In Fig. 8 pin 8 on relay1 and pin 7 on relay2 are connected to a positive voltage from the power 

supply, and pin 7 relay1 and pin 8 relay2 are connected as input from the PLC. On relay 2 pin 5 is 

connected to positive voltage and pin 6 is connected to negative voltage from the power supply, while 

on relay 1 pin 3 is connected to positive voltage and pin 4 is connected to negative voltage. 

The way these two relays work is that when pin 8 on relay2 gets input from the PLC, the blue coil 

will point towards pins 3 and 4, and proceed to outputs 5 and 6 on relay1 which previously had 

voltage from pins 5 and 6 of relay2 which each positively and negatively charged, so that way pin 5 

on relay1 will be positively charged and pin 6 on relay1 will be negatively charged, so the motor will 

merge to the right. When pin 7 relay1 gets input from the PLC, the coil pins 5 and 6 will lead to pins 
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3 and 4 which are already connected with positive and negative voltages, then the results issued by 

the output pin 5 are positively charged and pin 6 is negatively charged and the DC motor will rotate 

to the left. 

3.5. Program Memory Usage 

The memory capacity used by the automatic car wash program is shown in Fig. 9. 

 

Fig. 9.  Memory view 

Used UM is the amount of user memory used by the program. Free UM is the amount of user 

memory that is still available for use. Total is the sum of all user memory capacities.  

Memory View is used to check the amount of used and free program memory in the PLC along 

with the total program memory size of the PLC. In order to show the correct amount of program 

memory size, the program must be uploaded to the PLC first. If the program has errors or errors, 

Memory View will display the words "estimate" which will be added at the end of each program 

size. The use of this automatic car wash memory uses a capacity of 7.3% of the total existing memory. 

3.6. Time Measurement 

The time measurement obtained is based on the running process on this automatic car wash 

prototype which aims to provide a difference in each Counter with a predetermined time. In this 

work, a counter is provided to count the movement of the DC motor and with different values and 

different results are obtained. 

The timing given to the DC motor that moves CW or CCW is each given a time of 15ms which 

will later give time for each process, and the next process will be continued by the Counter which 

has finished running. 

In this experiment, the processes that were calculated were the process of spraying water, spraying 

soapy water, scrubbing and rinsing. The time in the TIM instruction on the PLC is every 1 time which 

means it is equal to 0.1 second. The time formula that should be obtained from each process can be 

seen in Equation (1). 

 ((15 𝑥 2) ×  𝑛 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑢𝑛𝑡𝑒𝑟𝑠)) × 0.1 =  𝑅𝑒𝑠𝑢𝑙𝑡 (1) 

In equation (1) the value "15" is obtained from the set value timer that has been determined and 

multiplied by "2" because the Counter will count when the motor turns back and brings the hose 

carrier to its original place. The value "n" is obtained from the set value on the Counter that has been 

given and multiplied by "0.1" for the calculation to become a unit of time (seconds). Because the 

TIM instruction already has a multiplier value of "100ms". By using equation (1) a counter 5 trial 

calculation is carried out, the results of which are shown in Table 5. 
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Table 5.  Counter trial 5 

No 
Calculated 

Process 

The result of each 

process time (seconds) 

The result of calculating the 

time with the formula (seconds) 

Time difference 

(seconds) 

1 Watering Water 13.54 15.00 01.54 

2 
Watering Soapy 

Water 
11.99 15.00 03.01 

3 Scrubbing 11.87 15.00 03.13 

4 Water Flushing 11.91 15.00 03.09 

Average 12.32 15.00 01.94 

 

In the calculation Table 5 the results of the time for each process are obtained from manual 

calculations using a stopwatch and the results of calculating the time using a formula using a formula 

that has been compiled based on the process that has been made. With the formula given ie 

 ((15 𝑥 2) 𝑥5) 𝑥 0.1 =  150 𝑀𝑖𝑙𝑙𝑖𝑠𝑒𝑐𝑜𝑛𝑑𝑠.  

 𝑜𝑟 150 𝑥 0.1 =  15.00 𝑆𝑒𝑐𝑜𝑛𝑑𝑠.  

 

3.7. Time Charts 

The time diagram generated from several input, output and memory data tests is shown in Fig. 9. 

 

Fig. 10. Time chart I/O 

Fig. 10 is a time diagram of the results of the program testing that has been made, in the figure it 

can be seen that several inputs and outputs are running according to the process during the specified 

timeframe. The test displays the process and step by step the program process is running. Addresses 

that do not show a timing chart are reset addresses. This test does not provide graphic information 

because the address entered is the reset address where the reset process will work when the process 

on timer T0008 has finished. And the time used to reset is very fast, therefore the process is not 

readable graphically. 
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4. Conclusion 

Based on this research, it can be concluded that starting from program design to the hardware does 
not experience errors. The results obtained from the sensor test obtain variable values and can be 
accessed through the ladder program, and the use of 2 pumps and 2 dc motors and fans can run 
according to the given process. In the design of the wiring design and prototype design, there were a 
few mistakes and could be corrected. Then the use of Omron PLC can be applied in the design of this 
automatic washing prototype. 
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