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This research aims to explore a preventive method to reduce damage
to the excitation system during the startup phase of a Steam Power
Plant using an Automatic Voltage Regulator (AVR). The primary
objective is to enhance the efficiency and effectiveness of repair and
maintenance procedures for the excitation system. A descriptive
qualitative approach was employed, focusing on a generator in the
steam power plant production area. The study involved defining the
problem, engaging in discussions with the maintenance team,
designing and testing the AVR, prioritizing the use of supporting tools
during outages, and analyzing the outcomes. These processes helped
identify and resolve underlying issues in the system. The study
revealed a significant improvement in maintenance procedures.
Previously, the average repair time for the excitation system was 8
hours, occurring approximately 10 times per year. After implementing
the supporting tool and conducting tests while the unit was offline, the
verification process was reduced to only 20 minutes. As a result, no
damage occurred to excitation system components during gradual
startup. This improvement leads to substantial cost savings—
approximately IDR 4 billion—through reduced fuel consumption and
more efficient use of electrical energy.
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1. INTRODUCTION

Damage to the excitation system is one of the issues in generators that requires a long repair time and
significantly affects the continuity of power plant operations. The excitation system plays a vital role in
regulating terminal voltage and maintaining system stability. However, failures in this system often go
undetected in the early stages because its optimal performance can only be assessed during the rolling process
leading to the synchronization phase [1]-[3].

A common problem found is the failure of internal components in the excitation system, which, if not addressed
immediately, can cause major disruptions to the overall power generation system [4]. Repair work carried out
during the firing phase is highly disruptive, resulting in power losses, wasted time, and continuous diesel fuel
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consumption [5]-[7]. Therefore, a method is needed to minimize the risk of excitation system failure before
the generating unit enters full operation.

This research is driven by the urgency to reduce critical failures in the excitation system by conducting early
testing and analysis of its components before the Steam Power Plant enters the firing stage. In this regard, a
specially designed supporting tool is used to identify the performance of each excitation system component at
an early stage [8]. This enables fault detection before the system is operated, allowing for quicker response and
resolution times.

By conducting early testing using the supporting tool, the firing process is expected to be more efficient.
Furthermore, the optimization of the excitation system will result in reduced self-consumption power, time
efficiency, and coal fuel savings during the firing process [9]. This study makes an important contribution to
the development of predictive maintenance strategies in steam power generation systems.

2. METHOD

The excitation system is a DC power supply system as an amplifier for an electric generator or as a
magnetic field generator, so that a generator can produce electrical energy with a generator output voltage
depending on the magnitude of the excitation current [10], [11]. The excitation system is equipped with an
AVR (Automatic Voltage Regulator) which works based on the increase and decrease in load read by PT
(Potential Transformer) and CT (Current Transformer) as illustrated in Figure 1 below.
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Figure 1. Generator Excitation System with Carbon Brush.

2.1. Supporting Tools

AVR (Auto Voltage Regulator) serves to prevent damage or interference to the generator excitation
system when the unit starts up [12]. The working principle is that when the 380 VV AC voltage is supplied to
the 3-phase transformer regulator, it is lowered to 25 V AC so that it is sent to the secondary PT (Potential
Transformer) generator and is rectified to a DC voltage through the thyristor. If a voltage of 25 VV AC enters
the excitation system, channel A, channel B and channel C will read a simulated generator voltage of 3136 V
AC (3.136 KV AC), and at the thyristor output a DC voltage of 14.47 \VV DC will be output on channel A and
channel B (automatic voltage regulation). Whereas on channel C the thyristor output voltage is 0 V (manual
voltage setting). In this system, the DC voltage is sent to the 6 KW heater (replacing the generator rotor). If the
sinusoidal wave moves without breaking, then the thyristor is working normally and if it moves interrupted, it
is necessary to check the 12 thyristors. This tool is applied when the unit is outage, so as to know the
performance of the excitation system without waiting for firing. The shape of the AVR from various sides can
be seen in Figure 2 below.
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(a) (b) (©)
Figure 2. Excitation System Testing Support Tools (a) front view, (b) back view, (c) installation view

This study uses descriptive qualitative methods, namely observation and observation of an object and
describe it. This research is in the form of generator excitation system data at the Steam Power Plant Labuhan
Angin generator unit.

3. RESULTS AND DISCUSSION

Generator damage that often occurs at the Labuhan Angin Steam Power Plant is damage to the excitation
system, which occurs when the unit is starting up (firing) for synchronization. The damage makes a lot of losses
when identifying repairs, and the supply of AC output power produced by the generator is disrupted. The actual
losses that occur when repairing the excitation component are fuel consumption, electrical power and
ineffective repairs when the unit starts up.

Repairing excitation components is time-consuming, because component checks are carried out carefully,
sequentially and carefully and the material is very sensitive to heat and voltage so that if the repair is not
appropriate it will take outage time per year and the unit's operating performance target is not achieved [13].
On the other hand, the outage time available until synchronization to the system is not much. The appearance
of thyristor damage in the excitation system is shown in Figure 3.

Figure 3. Damage to the Thyristor in the Excitation System

When repairing the excitation system at the synchronization stage takes an average of 8 hours for minor
component damage. If the damage is major and needs replacement it will take 48 hours. There needs to be a
supporting tool that can simplify and shorten the time in identifying maintenance. Of course, supporting is in
the safe category for the human team, and for components without reducing the original nature of these
components. In fact, what affected the completion time of maintenance identification were the tools that were
not available when repairing the excitation system before firing. In addition, there is a settlement method that
is less effective because identification and repair are carried out when the unit is firing. This problem will be
overcome in order to achieve maintenance that is fast, precise, and effective.
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Figure 4. Possible causes of excitation burnout

With Excitation System Testing Support, if there is damage to the excitation part it will not take a long
time to repair. This tool is implemented offline or when the unit is out of service. So you can find out the
performance of the excitation system without waiting for firing, which in fact conventionally excitation testing
is carried out while the unit is firing.

4. CONCLUSION

Based on the results of the discussion in the study, several conclusions were obtained, namely: The
duration of the firing time becomes even faster, because there will be no damage to the excitation system after
the implementation of the supporting tool. In this implementation, the difference in the duration of 8 hours per
repair (before the implementation of the supporting tool) is quite productive time to produce electric power
which is sold, with an average annual rate from 2015 to 2016 of 10 times, so that PLN can save 4. 1 billion
rupiah per year per unit. Critical components of the excitation system such as thyristors, relays, triggers, etc.
are safer and the material is well maintained, because they will not be damaged during firing which takes a lot
of time if damaged during synchronization. Because it has been tested and repaired beforehand when the unit
is outage.
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