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Abstract. 
 
PLN's electricity supply is not always continuous in the process of distributing power, because 
under certain conditions there will be blackouts caused by interruptions or maintenance in the 
distribution system. An alternative to overcome PLN disturbances is to use renewable sources 
such as solar power plants and generators with an ATS automatic control system controlled 
using PLC. This study conducted a literature study to collect relevant theories and references 

about this research. PLC diagram leaders are designed for the process of transferring PLN, 
PLTS and Generator to load electrical power. Solar power plants operate during disruptions to 
PLN resources during operational hours (10 a.m. – 3 p.m.) and generators operate when solar 
power resources cannot supply to the load and at night outside solar power plant operating 
hours. The ATS system is able to switch the process of switching PLN and PLTS power sources 
very quickly without any time lag so that the load is directly supplied by PLN and PLTS power 
sources. The process of switching the generator source takes approximately 2 seconds for the 
starting process. The process of transferring battery power resources to critical loads without 

any time lag during the  generator starting process  and when generator starting failure occurs.   
 
Keywords: ATS; PLC and Load switching. 

 

I. INTRODUCTION 

The provision of the main electric power supply service from PT PLN (Persero) is not always 

continuous in the process of power distribution, because under certain conditions there will be blackouts 

caused by interference or maintenance on the distribution system. The provision of electrical energy or 

electric power is needed especially in industrial centres because it will disrupt the production process which 

will make a big loss for the industry. The development of the current control system for industrial needs is 

increasing, with the main equipment [1]. The main source of electricity generally comes from PLN, where 

PLN supplies electricity supply needs continuously. However, if an industry is not covered by electricity 

from PLN, then the electricity supply can come from its generator. Backup power sources are used to back 

up if the main power source experiences interference. Backup power sources can be in the form of 

generators, solar power plants, batteries and so on. [2] Electric energy management, especially when there is 

a power outage at the main source (PLN). PLN as the main source does not always run well or normally, so it 

takes PLTS and generators as a back up of the main electricity supply (PLN). As a control to facilitate the 

operation of the generator when it will take over the supply of electricity to the load or vice versa, an 

automatic control system is often called the Automatic Transfer Switch (ATS) [3]. control circuit to switch 

from the main supply to the backup supply.  

The control on this system uses a Programmable Logic Controller (PLC) because it is easier to 

program and also easy to change as needed. However, this supply switch takes time to process. [4]. being 

PLC (Programmable Logic Controller). PLCs can be used as control systems due to their ease of 

programming (ladder diagram based) [5]. Programmable Logic Controller) as a controller that 

simultaneously regulates the supply of emergency resources using inverters for lighting needs and other 

resource needs. One alternative to overcome electricity supply disruptions from PLN is to use renewable 

energy sources such as solar power plants with diesel plants as backup [6]. That is why an idea emerged to 

design and implement a PLC-based Automatic Transfer Switch (ATS) which is one solution to solve this 

problem. This ATS will replace the role of the generator operator who must always be on standby when there 

is a blackout by PLN [7].  
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With an automatic control system to manage the transfer of power sources between PLN, solar 

power plants and generators. The process of transferring the energy source will be controlled by an 

Automatic Transfer Switch (ATS), this is important to ensure the continuity of electricity supply without any 

interruption. To overcome these problems, a control system is designed in the PLC program that is able to 

automatically regulate the transfer of energy sources between PLN, PLTS, and Genset, design electrical 

diagrams of energy sources, PLC and loads, and build and test the ATS control system. This research aims to 

design an automatic control system for the transfer of energy sources between PLN, PLTS, and Genset, in 

order to maintain the continuity of electricity supply, design electrical diagrams of energy sources, PLC and 

loads, and build and test the ATS control system.The results of this study are expected to increase energy 

security and energy independence to replace PLN energy when it is not available and increase the efficiency 

of transferring energy sources between PLN, PLTS and Generator Sets in maintaining the sustainability of 

electricity supply. 

 

II. METHODS 

This research will be carried out at the Workshop of the Department of Electrical Engineering, 

Ambon State Polytechnic with a planned research time of 1 or 2 months. In this study, data collection only 

conducts literature studies to collect relevant theories and references about this research. 

The research flow diagram can be seen in the following image: 
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Fig 1. Research Flow Chart 

III. RESULTS AND DISCUSSION 

ATS Control System Working Description 

The Automatic Transfer Switch (ATS) system description works to backup as follows: 

1. The main source of electricity supply comes from PLN, if there is a disruption/outage in the 

electricity supply from PLN during the day, the load will be supplied by the solar energy source. 

2. If the condition of the solar energy source during the day is not able or cannot supply the load, the 

load will be supplied by the generator. 

3. When there is a disruption/blackout in the electricity supply from PLN at night, the load will be 

supplied by the generator. 
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The operational hours of solar power plants supply to the load at 10 am – 3 pm, outside of that time 

the solar power plant does not operate. 

ATS (Automatic Transfer Switch) system with PLC 

     
Fig 2. ATS control system design results 

Figure 2 shows the results of the ATS system assembly. The ATS system has five power contactors to 

distribute the load, namely K1, K2, K3, K4 and K5. Each contactor distributes the load from the PLN 

network source, PLTS and Generator to the load. K1 distributes electrical resources from PLN to the load, 

K2 distributes electrical resources from solar backup resources to the load, K3 distributes electrical resources 

from generator backup resources to the load and K4 with K5 distributes battery resources to critical loads 

(lighting, CCTV and so on) during the generator starting process and generator starting failure.ATS 

(Automatic Transfer Switch) with PLC will control the transfer switch system  for the process of transferring 

the main resources of the PLN network to backup resources of the solar power plant and generator resources. 
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Fig 3. ATS system block diagram 

Figure 3 is a block diagram of the PLC-based Hybrid ATS system. Based on the wiring diagram, it 

can be seen that the PLC as a programmable control device to maintain critical load power (lighting, cctv and 

others) from battery sources through DC to AC inverters for some lighting loads and power on certain 

sockets during the process of transferring or igniting PLN network resources to backup sources, in this case 

using solar power plants and generators. Battery work here is intended so that power outages can last long so 

that unwanted things do not occur due to power outages for consumers. The work of each power contactor 

K1, K2, K3, K4 and K5 is controlled by a PLC (Programmable Logic Controller) which has been 

programmed in advance so that the PLC works according to the desired ATS control description.In addition 

to controlling the power contactor, the PLC also controls several relays (R4, R5, and R6) to turn on/off the 

generator and start the generator automatically when there is a power outage at the main PLN source. Relay 

R4 serves to start the generator, relay R5 is used to start the generator and Relay R6 serves to turn on the 

buzzer when starting the generator fails.  

The PLC will automatically detect the PLN mesh main source whether the status is on or off through 

relay R1, then make a decision to switch the load to the PLTS load source. The PV voltage sensor will detect 

whether the voltage remains stable or the voltage drops, when the PLTS voltage sensor detects the PV 

voltage drops, the relay R2 will be OFF and the PLC will automatically switch the load to the generator load 

source and start the generator and switch the main load to the generator backup power source. In some time 

the PLC switches the battery load to the genset backup power source. So the battery load is now supplied by 
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the generator power source.The presence of Generator voltage is detected by R3 to the PLC so that the PLC 

can transfer the load to the Generator backup power source. As long as the main PLN power source is off, the 

load continues to be served by the Generator. However, when the PLN source is turned back on, the PLC 

detects the PLN voltage through relay R1 and a few moments later activates the power contactor K1 to 

distribute power from the PLN network to the load and at the same time the Generator contactor K3 opens 

and disconnects the source from the Generator to the load. Similarly, when the solar power plant can supply 

the load, the PLC detects the solar power voltage through relay R2 and a few moments later activates the 

power contactor K2 to distribute the source from the solar power to the load and the generator will 

automatically shut down. 

PLC Diagram Leadder  Design 

The results of the PLC  diagram leader design  are shown in the Figure below. This diagram leader is 

designed according to the description of the ATS control system with PLC and battery as an emergency 

backup source in the process of generator set starting and generator starting failure.  

1. PLN control system 

The PLN control system on the  PLC leader uses a voltage sensor to detect the PLN ON voltage. The 

timer is used to start the time when the load will be supplied by PLN's power source.  

 
Fig 4. PLN control system 

2. Solar PV control system 

The solar power control system on the  PLC leader uses a voltage sensor to detect the voltage of the 

solar power plant ON to detect the voltage of the solar power plant can be supplied to the load. 

 
Fig 5. Solar Power Plant Control System 

 

3. Generator set control system 

The generator control system on the  PLC leader uses a voltage sensor to detect that the generator set 

can supply to the load. The standby timer is used for the standby generator set  for some time when the main 

source is ON. The starting process lasts for 2 seconds, the counter is used to calculate the starting failure  of 

the Generator 3 times. 

      
Fig 6. GENSET Control System 
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4. Battery control system 

The battery control system on the  PLC leader uses 2 outputs (2 contactors) to supply the load. K4 

contactors to distribute battery power sources to critical loads and K5 contactors to distribute non-battery 

power sources (PLN, PLTS and Gensets) to critical loads. 

 
Fig 7. Battery Control System 

5. Solar PV operating time control system 

The operating hours of the solar power plant on the  PLC leader are used to operate the solar power 

source to the load at 10 am – 3 pm. Outside of that time, solar power plants do not operate. 

 
Fig 8. Solar Power Plant Uptime Control System 

The PLC diagram leadder is designed to detect the PLN main source voltage, PLTS source voltage, 

generator set backup source voltage and PLTS operating time. 

ATS (Automatic Transfer Switch) system testing with PLC 

Testing of the ATS system with PLN, PLTS and GENSET energy sources is as follows: 

Table 1. ATS System Test Results 

No. Testing 

Energy Source 
Power 

Output PLN 
Solar Power 

Plant 

GENERATOR 

SET 
BATTERY 

1 

PLN ON (during the day 

during the operational hours 
of the solar power plant) 

ON OFF OFF OFF PLN 

2 

PLN ON (at night outside 

the operating hours of the 

solar power plant) 

ON OFF OFF OFF PLN 

3 

PLN OFF (during the 

daytime during solar PV 

operating hours) 

OFF ON OFF OFF 
Solar Power 

Plant 

4 

PLN OFF (at night outside 

the operating hours of solar 

PV) 

OFF OFF ON ON 
Battery and 

GENERATOR 

5 

PLN OFF outside the 

operational hours of the 

solar power plant and some 

time later PLN ON and 

back OFF 

0N and 

OFF 
OFF 

(when PLN IS 

OFF, the 

generator is on 

standby for 10 

seconds) 

ON 

Battery, 

GENSET and 

PLN 

6 Failure to start GENSET OFF OFF OFF ON BATTERY 

1. PLN ON testing  (during the day during the operational hours of the solar power plant) 

PLN as the main source, when the solar power plant is operating and the PLN source is ON, the load 

will be supplied by PLN. 
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Fig 9. PLN ON testing during solar PV operational time 

Figure 9 shows the R1 ON relay  as a PLN voltage sensor, the 4 ON  relay as a connection to a non-

battery load source, and the load supplied by the PLN main source through the K1 ON contactor  which is 

marked by the PLN indicator light on. 

2. PLN ON  testing (at night outside the operational hours of the solar power plant) 

When PLN ON at night outside the operational hours of PLTS, the load will still be supplied by PLN 

sources because PLN is the main source. The way the control system works is the same as PLN ON in the 

operational time of the solar power plant. 

3. PLN OFF testing (during the day during the operational hours of the solar powerplant) 

During the daytime or during the operational hours of PLTS and PLN OFF, the load will be supplied by the 

PLTS source because the PLTS works during its operational hours and when the main source of PLN is OFF. 

                       
Fig 10. PLN OFF testing during solar PV operational hours 

Figure 10 shows the R1 OFF relay which means that the main source of PLN is OFF, the 4 ON relay  

as a link to the non-battery load source and the load is supplied by the PLTS source through the K2 contactor 

which is marked by the on-turn of the PLTS indicator light. 

4. PLN OFF testing  (at night outside the operating hours of PLTS) 

When at night or outside the operating hours of the solar power plant and the main source of PLN 

OFF, the generator will automatically be turned on for  the starting process of  the generator ON then the 

load will be supplied by the backup source of the generator because PLN OFF outside the operating hours of 

the solar power plant. 

                  
           Fig 11. PLN Testing OFF outside the operational hours of solar power plants 

Figure 11 shows the generator set ON marked with relay R4 ON, generator voltage sensor ON which is 

marked with the R3 relay ON and relay 4 ON as a connection to a non-battery load source, then the load is 

supplied by the generator through the K3 contactor which is marked by the ignition of the generator indicator 

light. 

5. Testing PLN OFF outside the operational hours of solar power plants and some time 

later PLN ON and back OFF 

At night or outside operating hours, PLTS and the main source of PLN OFF and the load is supplied 

by the generator but some time later PLN ON then the load will be supplied by the main source of PLN and 
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some time later PLN OFF again then the generator must supply the load. So to anticipate the main source of 

PLN ON and OFF, the generator must be in standby when the main source of PLN is experiencing 

interference which results in the main source ON and OFF again. If the main source of PLN OFF again some 

time later then the generator does not need to restart the process and the load will be supplied by the 

generator. However, if the time that has been set for standby is complete, the generator will restart to supply 

the load. 

                     
Fig 12. Generator set testing standby when PLN ON 

Figure 12 shows the load being supplied by PLN through the K1 contactor which is marked by the PLN 

indicator light on and the generator is on standby when PLN OFF occurs again which is marked by the 

ignition of the R3 relay and the R4 relay. 

6. Failure to start GENSET 

When the generator fails to start 3 times, the buzzer will turn on to notify the operator that the 

generator is experiencing a disturbance due to failure to start. During the failure of the generator, the load 

will be supplied by the battery source to the Critical load (lighting, CCTV and so on). 

                     
Fig 13. Failure testing starting Generator Set 

IV. CONCLUSION 

Based on the results of the ATS system design by integrating PLC and concluded as follows: 

The Automatic Transfer Switch (ATS) system has been designed using PLC as the control centre to control 

the PLN, PLTS and Generator power sources. The ATS system is able to switch the battery power source in 

approximately 0.05 seconds when the generator is starting and when the three power sources (PLN, PLTS 

and Genset) fail to supply the load. The process of changing the power source takes place very quickly 

approximately 0.05 seconds so that the load is supplied very quickly by the power source (PLN and PLTS) 

but for switching the generator power source it takes approximately 2 seconds for the starting process with 

PLTS operational time from 10 am to 3 pm. 

The electrical diagram of the energy source consisting of PLN system, PLTS system, Generator 

system, battery system, load system and control system using PLC has been tested in accordance with the 

description of the Automatic Transfer Switch (ATS) control system for transferring PLN, PLTS and 

Generator energy sources. The ATS system built is able to switch between PLN and PLTS power sources 

very quickly without any time lag so that the load is directly supplied by PLN and PLTS power sources. 

Meanwhile, the transfer of PLN's power source to the generator source takes about 2 seconds for the starting 

process. During the 2-second starting time, critical loads are supplied by the battery to maintain continuity of 

electrical power and the battery is off when the generator operates. The battery is also a backup in case of 

generator set starting failure. 
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