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ABSTRACT 

As the load changes, the voltage produced by the generator will always change due to the fluctuating load.  The 

output voltage must be kept constant within the desired value to ensure the supply of generator output power in 

order to meet the needs of the load, then a device called AVR (Automatic Voltage Regulator) is needed. AVR 

aims to regulate the amount of excitation current supplied to the generator and the amount of excitation current is 

directly proportional to the amount of voltage produced by the generator. This study aims to analyze the 

performance of AVR in maintaining the stability of voltage and generator output power at 28 MW Steam Power 

Plant. Monitoring the performance of the AVR installed on the generator is carried out during commissioning 

and testing. The test results and analysis after the generator is installed AVR can be seen that the output voltage 

is in stability with a variation value between 5% of the nominal output voltage value of 11 KV, which shows the 

success of installing AVR to stabilize the output voltage remains constant and can meet the needs of the load. 
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Introduction 

Automatic Voltage Regulator (AVR) is an 

important component in power generation and 

transmission systems. Its main function is to 

maintain a constant output voltage amidst load 

changes and other external factors [1]. The 

AVR achieves this by regulating the generator 

output voltage through the adjustment of the 

excitation current, based on the desired voltage 

level. Two commonly used controllers in AVR 

systems are the PID (Proportional-Integral-

Derivative) controller and the CRONE 

(Commande Robuste d'Ordre Non Entier) 

controller [2], [3]. PID controllers are suitable 

for handling complex control tasks, while 

CRONE controllers offer better tuning and 

flexibility [4].  

 

The design and implementation of AVR 

systems involves the use of various 

components such as microcontrollers, sensors, 

MOSFETs, and buck converters [5]. Proper 

selection of components and tuning of 

controller parameters are essential to achieve 

optimal performance [2]. The performance 

evaluation of AVR systems is based on criteria 

such as transient analysis, overshot, rise time, 

settling time, and steady-state error, which 
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helps in comparing different control strategies 

and optimizing system effectiveness [2]. 

 

According to Başlık et al. [6], AVR has several 

important functions in power systems. One of 

its main tasks is to ensure a stable generator 

terminal voltage, which is crucial for 

maintaining the quality and reliability of 

electric power. The AVR achieves this by 

keeping the terminal voltage within a specified 

range, thus preventing damage to the 

equipment and maintaining the high quality of 

the generated power. In addition, the AVR 

regulates the excitation voltage of the 

generator, which directly affects the terminal 

voltage [7], [8]. These adjustments ensure that 

the generator operates within the specified 

specifications and produces stable and 

controllable power [9], [10]. In addition, AVRs 

also contribute to power system stability by 

monitoring terminal voltages and 

automatically adjusting generator excitation to 

prevent voltage collapse that could lead to 

outages [8], [11]. Finally, AVRs improve 

power quality by avoiding voltage fluctuations 

that can disrupt electrical equipment [7], [8]. 

Overall, AVRs play an important role in 

maintaining voltage stability, regulating 

excitation voltage, improving system stability, 

and maintaining power quality [12], [13]. 

 

AVR performance analysis is performed to 

understand how the system regulates and 

monitors voltage in the distribution network 

[6]. The objective of this analysis is to achieve 

voltage regulation, improve generator 

performance, reduce disturbances, and 

optimize resource utilization. The analysis 

involves assessing various parameters such as 

voltage, generator performance, system 

stability, and risk of failure. The AVR ensures 

that the voltage remains within acceptable 

limits, guaranteeing the reliability and quality 

of the power supply [6]. By effectively 

regulating the mains voltage, AVRs optimize 

generator performance, improve system 

stability, and minimize the possibility of 

failure. In addition, AVRs reduce disturbances 

to the electrical system, ensuring a consistent 

and reliable supply of electricity. Finally, 

AVRs contribute to resource optimization by 

accurately regulating the mains voltage, 

improving efficiency and reliability in the 

electrical system [6]. This study aims to 

analyze the performance of AVRs in 

maintaining the stability of voltage and 

generator output power at a 28 MW Steam 

Power Plant. Monitoring the performance of 

the AVR installed on the generator is carried 

out during commissioning and testing. 

Methods 

This study uses the correlation analysis method 

to assess the performance of the Automatic 

Voltage Regulator (AVR) during the 

commissioning phase of the generator. The 

commissioning process is carried out to assess 

the performance of the AVR by observing the 

relationship between different operating 

conditions [14], as in this study using no-load 

testing and load testing. Using this method can 

make it possible to identify how the AVR 

responds to various load scenarios. The testing 

phase can be seen in Figure 1. 

 
Figure 1. Testing phase 

The first phase executed no-load testing. 

During no-load testing, the AVR is monitored 

to ensure that it can maintain a stable voltage 

output without external loads affecting the 

performance of the generator. This phase 

provides baseline data, helping to isolate the 

AVR's behavior from the complexities of load 

variations.  
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In the second phase, load testing was 

conducted. In this phase, the generator is 

subjected to varying loads to observe how the 

AVR adapts to changing demands. Correlation 

analysis in this phase is critical to 

understanding the system's ability to stabilize 

voltage in real-time as load conditions 

fluctuate. Comparison between no-load and 

load test results allows researchers to identify 

patterns, correlations, and potential 

performance issues. This data-driven approach 

to test results is useful for ensuring that any 

deviations in voltage regulation can be quickly 

identified and resolved before the system is 

fully operational. 

After commissioning, the generator is exposed 

to different load levels to evaluate the long-

term performance of the AVR under practical 

operating conditions. The correlation between 

the AVR output and the applied load is 

monitored to ensure that the regulator 

maintains the voltage within acceptable limits. 

These tests are critical to ensure that the AVR 

will function properly during real-world 

applications, where load conditions change 

frequently. The final analysis will involve 

comparing the AVR's performance across 

different load scenarios, highlighting any 

adjustments or tuning required to optimize the 

system. 

Results and Discussion 

 

Some electrical system parameters are 

mandatory for commissioning to ensure the 

system is running properly [14], [15]. 

Commissioning is the process of testing the 

equipment to be applied. AVR commissioning 

is done to test whether the AVR to be 

implemented functions according to existing 

needs. The following is an explanation of the 

AVR parameters that will be commissioned: 

 

- Soft Start is a technique to reduce inrush 

current and mechanical torque when 

starting an engine or generator. This 

process involves a gradual increase in 

voltage or frequency from zero to nominal 

values to avoid current and voltage spikes 

that can damage equipment and reduce 

component life. The results of soft start 

can be seen in Figure 2. The figure 

explains that the output voltage from 0 

KV to 11.21 KV, then lowered stabilized 

down to 11 KV. 

 

 
Figure 2. AVR Soft start 

 

- Step Response Test is a test method for 

evaluating the dynamic response of an 

AVR or other control system. This test 

involves providing a sudden change (step 

change) to the voltage reference input and 

observing how the output voltage 

responds. The results of the Step 

Response Test can be seen in Figure 3. In 

the figure, it can be seen that the output 

voltage which is initially 11 KV, then 

suddenly lowered and raised again can 

stabilize at 11 KV. 

 

 
Figure 3. AVR Step response 

 

- Adjustable Voltage Range is the AVR's 

ability to adjust the generator output 

voltage within a desired range. This 

allows the operator to set the output 
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voltage according to the specific needs of 

the application or system. 

- Adjustable Frequency Range is the ability 

to adjust the generator output frequency 

within a desired range. Although AVRs 

primarily control voltage, frequency is 

usually regulated by engine governors or 

speed control systems. 

- Change Over Operation is the process of 

switching from one source of electrical 

power to another to ensure an 

uninterrupted supply of electricity. It is 

often used in systems that have a backup 

power source or backup generator. The 

results of this process can be seen in 

Figure 4. At the 7th second a change 

point occurs which causes a voltage 

overshoot to 11.09 KV. This is still within 

the limit and the voltage stabilizes again 

at 11 KV. 

 

 
Figure 4. AVR Change over operation 

 

- AVR control is confirmation that AVR 

operation should work correctly under 

load conditions. 

- The load rejection test is confirmation that 

the AVR operation should work stably 

during the load rejection test. These 

results can be seen in Figure 5. In this 

process where the generator releases a 

load of 4.8 MW. In this process it can be 

seen that the generator experienced an 

overshoot of 0.48% (well within the set 

limit) and stabilized again. 

 

 
Figure 5. 4.8 MW Load rejection test 

 

Based on the results found during the 

commissioning process, it can be concluded 

that the AVR applied to the generator 

functions properly and runs as needed.  

 

After commissioning the AVR will be 

implemented with several loads to be tested by 

giving and removing several loads (load 

ON/OFF). This is to test the AVR response to 

load spikes and drops. The generator 

experiments will be given loads of 2 MW, 3 

MW, 4 MW, and 4.8 MW. Figure 6-9 is the 

result of the load ON/OFF test. 

 

 

Figure 6. 2 MW Load ON/OFF test 
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Figure 7. 3 MW Load ON/OFF test 

 

Figure 8. 4 MW Load ON/OFF test 

 

Figure 9. 4.8 MW Load ON/OFF test 
 

In Figure 6-9, it can be seen that when there is 

an additional load (load ON), the generator 

still stabilizes the voltage at 11 KV, as well as 

when there is a load reduction (load OFF). The 

results of monitoring and analysis after the 

generator is installed AVR can be seen that the 

output voltage is in stability with a variation 

value between 5% of the nominal output 

voltage value of 11 KV [16]. Based on these 

results, it can be concluded that the AVR can 

stabilize the output voltage of the generator. 

 

Conclusions 

 

Load changes that also fluctuate will make the 

voltage produced by the generator will always 

change. The output voltage must be kept 

constant within the desired value to ensure the 

supply of generator output power to meet the 

load requirements. The AVR aims to regulate 

the amount of excitation current supplied to the 

generator and the amount of excitation current 

is directly proportional to the amount of 

voltage produced by the generator. Monitoring 

the performance of the AVR installed on the 

generator is carried out during commissioning 

and testing. The results of monitoring and 

analysis after the generator is installed AVR 

can be seen that the output voltage is in 

stability with a variation value between 5% of 

the nominal output voltage value of 11 KV, 

which shows the success of installing AVR to 

stabilize the output voltage remains constant 

and can meet the needs of the load. 
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