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ARTICLE INFO ABSTRACT

Electrical energy is a vital source of energy for human life. Currently,

Article history various power plants can provide electrical energy, one of which is the
Received February 15, 2023 Steam Power Plant (PLTU). A PLTU must carry out operational tasks
ii\c]leseticll\/[:riﬁ })i %?);33 repeatedly and continuously to meet electricity needs. Based on historical
P b ’ data for PT. PJB Service Kendari for the last three years, there has been an
increasing trend of downtime and derating at PLTU Nii Tanasa Kendari in

gi‘;ivx);;isis. the 2019—2921 timeframe. The boiler system is one of the systems that
Reliability: ’ often experiences disturbances. FMECA is required to carry out a risk
FMECA: analysis to find out in detail the causes, effects, impacts, and ways of
Boiler System mitigating risks, as well as sorting and labeling risks for critical

components based on the RPN value. The boiler itself is the main
component and is supported by other components in the steam-water
process. The reliability value is determined after the critical component
with a high level of risk is marked “Not Accepted”. The findings of the risk
and reliability analysis will be used to mitigate risks and increase the value
of the reliability of critical components. The results of reliability
calculations based on MTTF found that 9 out of 13 critical components had
a reliability value below 50%; increasing reliability values could be
achieved using preventive maintenance (Rm(t)), and maintaining reliability
values above 60% could be achieved using periodic component
replacement (R(t-nT)) based on the MTTR data of each critical component.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Electrical energy is a vital source of energy for human life. Electrical energy has a significant
part in daily living as the primary factor sustaining human life. Currently, a variety of power plants
may provide electrical energy, with the steam power plant being one of them (PLTU). The PLTU is a
generating system that uses water vapor as the working fluid and uses the kinetic energy of the steam
to drive the turbine shaft to transform chemical energy into electrical energy (Rahmania, Prasetya, &
Sholihah, 2020). The steam is then moved to a turbine shaft to power a generator, which produces
electrical energy. This process is repeated and continuous (Pratiwi & Hadi, 2022). A PLTU must
perform operational tasks repeatedly and constantly in order to supply electrical needs. This also
affects how frequently PLTU parts are used, particularly the boiler system, which is crucial for
converting water energy into steam and then into mechanical energy. Additionally, it affects the
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boiler's working conditions, which call for it to be able to withstand high heat and pressure levels
(Rahmania et al., 2020).

Given the significance of the boiler for a PLTU, it follows that if one of the system's engine
components malfunctions or is damaged, it will have an impact on the operation of the production
components and cause the PLTU to not operate (ling, [rawan, & Azis, 2021). According to historical
records for the period 2019-2021 from PT. PJB Service Kendari, PLTU Nii Tanasa Kendari
frequently encounters disturbances that lead to excessive downtime and derating. Downtime is the
interruption of operations of a system due to maintenance, intentional or unintentional hardware or
software failure, or damage (Wahyuridho & Asep, 2022). Derating itself is a loss of power brought
on by damage or interference.

There was a lot of downtime and derating of what happened to PLTU Nii Tanasa Kendari.
Downtime and derating from the two producing units of PLTU Nii Tanasa totaled 46.95% in 2019.
The percentage increased by 15% to 61.8% in 2020. After one year, in 2021, it decreases of 11.4%,
bringing it 50.4%. According to research by (ling, Arhami, & M., 2019)., disturbance or damage to
the boiler system occurs the most frequently compared to other PLTU systems such the Turbine &
Generator system, Heavy Vehicles, Coal Handling Transport System, Main Cooling System, and
Water Treatment Plant. According to research conducted in 2019 (Brahim et al., 2019) disruption or
damage to components in a system is mostly caused by a lack of knowledge of critical components in
a system, this can become a problem if allowed to drag on dissolved and can cause system failure. In
addition, the lack of precise mapping of problems, recommendations for maintenance systems and
lack of evaluation of reliability also affect the level of performance of a system which has an impact
on the high downtime (ling et al., 2021). Service providers and customers both experience losses as a
result of significant downtime and derating because this disrupts the delivery of electricity to
customers. Identifying the root causes of failure, the impact of failure, and the potential impact of the
failure can be done for the sake of pressing the downtime and derating in a system (Melani, Murad,
Netto, Souza, & Nabeta, 2018), but this is not enough to know that alone; a risk analysis is required
to improve availability, reliability and reduce the risks associated with operating a system (Brahim et
al., 2019).

Research related to the identification of critical components along with their own risks and
reliability has been carried out in recent years. But not much has been done simultaneously in a study.
For example, in these studies, only identifying critical components (Melani et al., 2018; Putra & Purba,
2018; Singh, Singh, & Singh, 2019) then research related to evaluating reliability or calculating
reliability values (ling et al., 2019; ling et al., 2021; Putri, Bahauddin, & Ferdinant, 2013). Research
from 2012 reveals that reliability analysis can increase a product's operational reliability by extending
component life and identifying important components and associated risks. As a result, improving the
value of a system's reliability can be prioritized by focusing on the capability of critical components
and its reliability value (Puthillath & Sasikumar, 2012)

Before starting the research, it is necessary to review previous research related to the
identification of critical components along with the risk and reliability of components. Risk analysis
is used to find the causes of failures and to prevent such failures from occurring in the future. The
results of the risk analysis can be used to optimize the process. Among the most commonly used risk
analysis methodologies are: (Cristea & Constantinescu, 2017)

1. Failure Mode and Effect Analysis (FMEA).
2. Fault Tree Analysis (FTA).
3. Structured What-If Technique (SWIFT).

Failure Mode Effect Analysis (FMEA) has demonstrated that this method is capable of accurately
identifying risks. The use of FMEA in risk management allows for effective risk control for both
goods and components (Brahim et al., 2019). The FMEA approach can be used to identify crucial
system components as well. It can improve decision-making, offer stronger assurances for addressing
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potential risks, and have an impact on the degree of process and component oversight (Hisprastin &
Musfiroh, 2020). A system's risk analysis often has levels or criteria. According to definition, there
are normally three levels of risk in a system (Suharjo, Suharyo, & Bandono, 2019) Table 1 provides
more information.

Table 1. Risk Rating

Rating Definition
High/Unacceptable Requires repair to reduce hazard
Medium/Tolerable  Requires review for risk acceptability

Acceptable Acceptable risk for review as a draft

The implementation of the FMEA method in the research by (Putra & Purba, 2018) using
historical data on the failure of the Boiler, Feed Water Pump, Electrical, Control System, Turbine, and
other components in the 2013-2016 period will help analyze the causes of failure in general and enable
service providers to consistently maintain the boiler power plant's primary component equipment.
There’s a disadvantage of FMEA method. FMEA's limitations prevent it from categorizing risks that
will arise with complexities (Melani et al., 2018). The method's limited ability to improve the design
is its next disadvantage (Brahim et al., 2019). With the advancement of research, a technique called
Failure Mode and Effect Criticality Analysis (FMECA) has been developed that can spot components
with complicated issues. Using FMECA, it is feasible to categorize the criticality of these components
by methodically analyzing potential failure modes of product or process components, evaluating the
risks connected to these failure modes, and determining the effects on system operations (Brahim et
al., 2019; Mohanty, Dash, & Pradhan, 2020).

The component failure modes were ranked in a later study by (Singh et al., 2019) at the CA stage
as a cumulative effect of severity (S), occurrence (O), and detection (D). Each associated failure is
given a Risk Priority Number (RPN). For potential effects to be assessed, categorized, and prioritized,
CA itself has clearly defined criteria (Mohanty et al., 2020). Risk often refers to the likelihood of some
unfavorable occurrence happening and leading to several kinds of failures. To identify failure reasons
and stop similar failures from happening in the future, risk analysis is utilized. FMEA/FMECA is one
of the most popular methods for risk analysis (Cristea & Constantinescu, 2017).

Further research conducted by (ling et al., 2019; ling et al., 2021; Ismail, Alkaff, & Gamayanti,
2014; Putri et al., 2013) proves that reliability evaluation is considered important to determine the
performance of a component, these studies show that reliability techniques are able to describe the
actual engine performance, and is an evaluation material to improve the effectiveness of engine
performance, reliability is one measure of the success of the maintenance system, therefore there is a
correlation between the reliability value and the maintenance system for a machine. Reliability itself
has several ways of calculating it starting from simulations and reliability calculations. Performance
evaluation is required, both in terms of risk and reliability arising from components.

In research conducted by (ling et al., 2021), according to him, the reliability value was obtained
based on the time history data between damages or mean time to failure (MTTF) and repair time or
mean time to repair (MTTR). In the early stages of Reliability analysis i.e. selecting the system to be
analyzed, then it is necessary to classify the system into various levels such as assembly, subassembly
and components. (Patil & Bewoor, 2020). After collecting failure data, criticality analysis, and all that
is needed then identification of important parts is carried out. After carrying out a criticality analysis,
the next step is to estimate the distribution parameters, and finally find the reliability characteristics
(Patil & Bewoor, 2020). High reliability value reflects a good maintenance system carried out by a
company. One way to improve reliability is to use Preventive Maintenance (PM), which is a treatment
strategy that refers to a fixed period of treatment or under certain conditions of a component (ling et
al., 2019).

The contribution of this research is to combine risk analysis and reliability analysis, which are
used to identify critical components along with risk and increase the reliability value by using the
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FMECA method and reliability calculations in order to address the problems described in the previous
research and the fact that there has been no research that examines and discusses related to risk
analysis, reliability, and reliability improvement strategies with systematic way.

2. Method

This research was conducted from July 2022 to January 2023 at the Nii Tanasa Kendari PLTU
which is located in Konawe Regency, Southeast Sulawesi Province, Indonesia. Risk analysis is carried
out with a series of FMECA methods. The data used in this method are primary data from discussions
and interviews with respondents. The result of the FMECA method is the identification of critical
components along with their risks and prevention recommendations. The critical component itself is
determined based on the RPN value and critically score labeled “Very Critical” in the CA stage. The
parameters of this stage can be seen in Table 2. Critically matrix itself becomes the final stage of the
FMECA method, then all critical components will be calculated for reliability and reliability
improvement using secondary data, namely time between failures (TTF) and repair time data (TTR).

Table 2. Critically Analysis

Critically .
Critically Level Score Risk Acceptance
Low 0-30 Acceptable
Moderate 31-60
High 61-180 Tolerable
Very High 181-252
Critical 253-324 Unacceptable
Very Critical >324

3. Results and Discussion
3.1. Boiler System & Specification

The first stage in data collection was to find out the level of damage to existing systems at PLTU
NII Tanasa Kendari as information material to be used later for FMECA data processing and reliability
calculations. There were 15 systems running at PLTU Nii Tanasa Kendari which were then observed
with a total frequency of damage for as many as 1113 during the last five years period, then with this
data the most critical system can be determined using the Pareto diagram which can be seen in Figure
1.

Pareto chart on Fig. 1 serves to determine critical components in the Nii Tanasa Kendari PLTU
system. It can be seen that there are six components based on the 80:20 pareto concept including the
most critical, namely the Boiler System, Turbine & Generator system, Heavy Vehicles, Coal Handling
Transport System, Main Cooling System and Water Treatment Plant, so this research will be devoted
to system boilers because they have the largest percentage of 23.72% and supporting components for
the water-steam-water cycle. Based on data obtained by researchers, the boiler used by the Nii Tanasa
Kendari PLTU under the operation of PT PJB Service uses a stocker type boiler. The specifications
can be seen more clearly in Table 3.

3.2. Functional Block Diagram

The results of the interviews and analysis in the form of information on the work processes of
the boiler in the steam-water-steam cycle are poured into a Functional Block Diagram (FBD) which
functions to illustrate the process flow and material flow of the boiler machine with a simple diagram.
The following is a Functional Block Diagram (FBD) flow process and function material flow from
the PLTU Nii Tanasa Kendari boiler engine, which can be seen in Fig. 2.
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Fig. 1. System Failure Frequency Pareto chart in PLTU Nii Tanasa Kendari

Table 3. Boiler Specification

Brand : WUXI BOILER WORK
Model : UG-60/5.3-M

Nominal Capacity : 60t/h

Manufacturing license : TS21100520-2010
Nominal Steam Temperature :485°C

Nominal Steam Pressure 1 5.3 Mpa
Manufacturing license :CLASS A

Inspection Mark :-

DATE : JUNI 2009

Product Number :09011/09012
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Fig. 2. FBD Boiler System
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3.3. FMECA Result

FMEA is based on three factors, namely severity, occurrence, and detection, used to prioritize
existing problems. In this case study the first stage, namely FMEA, will be focused on the boiler
system in PLTU Nii Tanasa Kendari which has two boiler units because it has the highest damage
frequency compared to other running systems. In this paper 31 boiler components from each are
assessed using the Risk Priority Number (RPN). Failure modes, causes of failure, and failure effects
of boiler components will be identified first. Table 4 shows the failure mode and effects analysis
(FMEA) of the critical components of the PLTU Nii Tanasa Kendari boiler.

Table 4. FMEA Worksheet

Component . Potential failure  Potential effect  Potential cause of
. Function . .
boiler mode of failure failure
Serves to catapult coal from Coal spreader The motor power
The motor power -
Coal Spreader the screw coal feeder to the cannot work cable is cut or peeled
cable does not work
furnace properly off
Serves to regulate the rate of Hub sprocket eear
Coal Feeder coal from the coal bunker/silo P & The scrapper gear .
. . coal scrapperno 1 - . Long time use
(Scrapper) to the mill/pulverizer to be won't rotate
6 aus
refined.
Fdf can function
Forced Draft Asa _supply of fuel awin the Packing gear box but is not optimal Vibration pressure
Fan (FDF) boiler and as a suction / oil has a leak and releases 100 high
suction side of the sa fan leaking oil which
can be dangerous
Serves as a steam and water
separator, a tempora The water steam
paratot, porary Damage to the Disturbing the drum does not meet
reservoir for saturated steam .
Steam Drum . safety valve on the  operation pattern of the standards for
resulting from the wall tube, . .

. drum set the boiler carrying out the
and as a water reservoir and steam-water cvele
level stabilizer in the boiler yele.

The valve on the
Serves to heat the fill water economizer is Heating efficiency Shootblower and
. (feed water) before entering damaged (broken) . .
Economizer e ) is not optimal for  rotary blower are not
the steam drum by utilizing and the economizer heatine fill water optimal
the heat from the flue gas has coal ash & P
attached
As a filling water pump from S . .
the deaerator to the boiler Vibration occurs in - Damage to bearings The foundation of
BFP the motor and the on pumps and

Water Ejector

drum and as a main team
temperature spray.
Serves to draw or suck air that
is not condensed from inside

bfp pump

Check valve water
ejector pump

motors on bfp

Components cannot

bfp is not rigid

There is corrosion in

Pump the condenfsliri élsmg water passing (small leak) function optimally the components
As a condensate water pump Block valve flow . . Corrosmp has
Disturbing the occurred in the
from the hotwell to the meter make up
Condenser . pattern of condensate pump
deaerator and as a spray in the  hotwell leak trough . .
Pump SN operations due to and the disc does not
steam exhaust gland of the indication (smooth
turbine damage. close completely

leak)

(stuck)

After knowing the failure mode, the cause of failure, and the effect of failure then the process
continues by finding the RPN value of each component. After obtaining the next RPN value, ranking
and labeling the risks of each component using the risk level and critically score (Tanjung et al., 2019).
All components that have a risk level of “Unaccepted” and critically level “Very critical” will be
included in the list of critical components. the last stage of FMECA is the critically matrix. critically
matrix is a graphical or visual means of identifying and comparing failure modes for all components
in a given system or subsystem and their probability of occurring (ARMY, 2006). The critical function
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of the matrix is to re-rank components that have the same RPN value by looking at the severity and
occurrence values (Rahman & Fahma, 2021). The results of data processing with FMECA on unit 1
and unit 2 of the PLTU Nii Tanasa Kendari boiler can be seen Table 5.

Based on Table 5 in column unit 1 it can be seen that there are 18 components that have a risk
level with the “unaccepted” category and 13 components with a “tolerable” risk level, then out of the
18 components there are seven components that have a critically level with the “very high” category.
critical”, these seven components can be included as critical components in boiler unit 1 of PLTU Nii
Tanasa Kendari. In Column 2, it can be seen that there are 25 components that have a risk level in the
unaccepted category, and only six components have a tolerable risk level. Of these 25 components,
they are then prioritized again using the critical score value, the component that has a critical level.
with the category of “very critical” as many as six components. All components that have the same
RPN value will be sorted based on the critical matrix and included as unit 2 critical components.

Table 5. FMECA Result

Unit 1 Unit 2
. Risk Critically Risk Critically

Component boiler RPN Rating Level RPN Rating Level
Coal Spreader 480 Unaccepted ~ Very Critical 480 Unaccepted Very Critical
Coal Feeder 100 Tolerable High 200 Unaccepted Very High
Coal Feeder (Scrapper) 294 Unaccepted Critical 392 Unaccepted Very Critical
Forced Draft Fan (FDF) 448 Unaccepted ~ Very Critical 336 Unaccepted Very Critical
Secondary Air Fan (SAF) 140 Tolerable High 70 Tolerable High
g:g?)tllg;ve Buming Draft Fan 168 Tolerable High 252 Unaccepted Very High
Induced Darught Fan (IDF) 140 Tolerable High 280 Unaccepted Critical
Air Preheater Side 224 Unaccepted Very High 224 Unaccepted Very High
Economizer 336 Unaccepted ~ Very Critical 224 Unaccepted Very High
Steam Drum 384 Unaccepted ~ Very Critical 384 Unaccepted Very Critical
g;gle‘t Glass on Steam Drum 64 Tolerable High 64 Tolerable High
IAevel Indicator (Dioda) Side 180 Tolerable High 270 Unaccepted Critical
Furnace Refractory 196 Unaccepted Very High 294 Unaccepted Critical
Chain Grate A 252 Unaccepted Very High 168 Tolerable High
Chain Grate B 252 Unaccepted Very High 252 Unaccepted Very High
Boiler Fumace Camera 90 Tolerable High 90 Tolerable High

Monitoring System
Submerged Drain Chain
Conveyor (SDCC) Side A
Submerged Drain Chain

210 Unaccepted Very High 210 Unaccepted Very High

Conveyor (SDCC) Side B 70 Tolerable High 210 Unaccepted Very High
Long shot Blower A 72 Tolerable High 216 Unaccepted Very High
Long shot Blower B 216 Unaccepted Very High 216 Unaccepted Very High
Rotary Soot Blower No.1 280 Unaccepted Critical 210 Unaccepted Very High
ESP Field Side A 280 Unaccepted Critical 210 Unaccepted Very High
ESP Field Side B 90 Tolerable High 90 Tolerable High
ESP Field Side C 70 Tolerable High 280 Unaccepted Critical
Walltube 36 Tolerable Moderate 36 Tolerable Moderate
Dearator 252 Unaccepted Very High 252 Unaccepted Very High
Coal Bunker 210 Unaccepted Very High 210 Unaccepted Very High
BFP 336 Unaccepted ~ Very Critical 336 Unaccepted Very Critical
Water Ejector Pump 448 Unaccepted  Very Critical 448 Unaccepted Very Critical
Condensator Pump 108 Tolerable High 216 Unaccepted Very High
Condenser 336 Unaccepted  Very Critical 252 Unaccepted Very High

All components with a “tolerable” risk level require a review for hazard acceptability from
operators, HSE staff, and maintenance staff at PLTU Nii Tanasa Kendari, but the concern is from the
results of risk analysis using the FMECA method where there are 18 components in boiler units 1 and
25 components in boiler unit 2 which have a risk level that is in the “Unaccepted” category (cannot
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be tolerated) so that all of these components must be given special attention and be the focus in terms
of maintenance because it can have a major impact on derating (loss of power) and can even result in
downtime due to damage to components accompanied by hazards to the environment, humans and the
components themselves.

The results of the FMECA worksheet based on RPN ranking, critical score, and critical level is
prioritized again using a critical matrix if they have the same RPN value, namely by paying attention
to the severity and occurrence parameter values, where this is the final stage of data processing using
the FMECA method. The results of processing the FMECA worksheet are then calculated for
reliability. Results Identification of critical components can be seen in Table 6.

Table 6. Critical Component Identification Results

No Unit Component boiler S O D RPN RiskRating Ciritically Level
1 Coal Spreader 6 10 8 480 Unaccepted Very Critical
2 Forced Draft Fan (FDF) 8 8 7 448 Unaccepted Very Critical
3 Water Ejector Pump 7 8 8 448 Unaccepted Very Critical
4 Unitl Steam Drum 8 6 8 384 Unaccepted Very Critical
5 Condenser 7 8 6 336 Unaccepted Very Critical
6 Economizer 7 6 8 336 Unaccepted Very Critical
7 BFP 6 8 7 336 Unaccepted Very Critical
1 Coal Spreader 6 10 8 480 Unaccepted Very Critical
2 Water Ejector pump 7 8 8 448 Unaccepted Very Critical
3 Unit 2 Coal Feeder (Scrapper) 6 8 8 392 Unaccepted Very Critical
4 Steam Drum 8 6 8 384 Unaccepted Very Critical
5 Forced Draft Fan (FDF) 8 6 7 336 Unaccepted Very Critical
6 BFP 6 8 7 336 Unaccepted Very Critical

Based on Table 6 as we can see that there are 13 critical components of the PLTU Nii Tanasa
boiler system which have a critical score with the “very critical” category in the boiler unit 1, each of
the critical components, namely the coal spreader, forced draft fan, water ejector pump, steam drum,
economizer, boiler feed pump and condenser, while in boiler unit 2, namely coal spreader, water
ejector pump, coal feeder (scrapper), forced draft fan steam drum and boiler feed pump.

3.4. Reliability Improvement Result

The first stage in calculating the value of reliability is to identify the initial distribution of data
time to failure (TTF) and time to repair (TTR) for critical components (index of fit) using the Least
Square Curve Fitting method, then the selected distribution will be tested for goodness-of-fit data. of
fit) with two testing tools, namely the Anderson Darling test and Pearson Correlation, after getting the
results then proceed with determining the parameters using the Maximum Likelihood Estimated using
the Minitab 19 program. A recapitulation of the distribution and TTF data parameters can be seen in
Table 7 and TTR data can be seen in Table §.

After getting the distribution and parameters of the TTF and TTR data to be used, then calculating
the value of MTTF, MTTR. Reliability itself can be increased in several ways according to (Ebeling,
1997) increased reliability with the Age replacement method can be carried out, which means that
after repairing the components back to the initial condition (R(t-nT)) and increasing reliability can
also be done by using preventive maintenance (Rm (t)). An example of the MTTF calculation for the
Water Ejector Pump Unit 1 with the Weibull distribution can be seen in equation (1) as follows.

1
MTTF = 9.F<1 +E)

1 ) (M
1.10117
MTTFWater Ejector Pump Unit 1 = 91.7277 X I' (1.90812499)

MTTFWater Ejector Pump Unit 1 = 91.7277 X I (1 +
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MTTFWater Ejector Pump Unit 1 = 91.7277 x 0.964575

MTTFWater Ejector Pump Unit 1 = 88.4782

Table 7. Distributions and Parameters Test Data TTF

No Unit Component Name  Distribution Parameter
1 Coal Spreader Lognormal S (Scale) = 1.16301 Loc (1) =4.15185
2 Forced Draft Fan (FDF) Lognormal S (Scale) = 1.30404 Loc (n) =3.87207
3 Water Ejector Pump Weibull B (Shape)=1.10117 0 (Scale) =91.7277
4 Unit1 Steam Drum Lognormal S (Scale) = 1.36879 Loc (1) =3.97359
5 Condenser Normal p (Mean) =139.605 o (Std Dev) =98.0291
6 Economizer Weibull B (Shape) = 5.05949 0 (Scale) = 150.732
7 Boiler Feed Pump Weibull B (Shape) = 0.947022 0 (Scale) = 65.2767
8 Coal Spreader Weibull B (Shape) =0.243116 0 (Scale) =7.72798
9 Water Ejector Pump Weibull B (Shape) = 1.15698 0 (Scale) = 54.0817
10 Unit 2 Coal Feeder (Scrapper) Weibull B (Shape) = 0.518609 0 (Scale) = 157.340
11 Steam Drum Exponential A (failure rate) = 0.0036771
12 Forced Draft Fan (FDF) Normal p (Mean) =150.654 o (Std Dev) = 153.336
13 Boiler Feed Pump Normal U (Mean) =112.823 o (Std Dev) =98.1207
Table 8. Distributions and Parameters Test Data TTR
No Unit Component Name  Distribution Parameter
1 Coal Spreader Lognormal S (Scale) = 0.675766 Loc (1) =3.00929
2 Forced Draft Fan (FDF) Lognormal S (Scale) = 0.378482 Loc (1) =3.36741
3 Water Ejector Pump Lognormal S (Scale) = 0.872104 Loc (1) =3.23386
4  Unit1l Steam Drum Lognormal S (Scale) = 0.369357 Loc (n) =3.86350
5 Economizer Normal u (Mean) =46.0421 o (Std Dev) = 28.5521
6 Boiler Feed Pump Weibull B (Shape) = 1.38765 0 (Scale) =44.1155
7 Condenser Lognormal S (Scale) = 0.347419 Loc (1) =3.53858
8 Coal Spreader Weibull B (Shape) =1.59103 0 (Scale) =35.4781
9 Water Ejector Pump Weibull B (Shape) =1.03107 0 (Scale) = 45.6233
10 Unit 2 Coal Feeder (Scrapper) Weibull B (Shape) = 1.78356 0 (Scale) = 44.8135
11 Steam Drum Lognormal S (Scale) = 0.131005 Loc (n) =3.22437
12 Forced Draft Fan (FDF) Lognormal S (Scale) = 1.41300 Loc (1) =3.49752
13 Boiler Feed Pump Lognormal S (Scale) = 0.700043 Loc (1) =4.05561

Calculation of MTTR with a lognormal distribution can be seen in equation (2),

MTTR = "7’

MTTRWater Ejector Pump Unit

1 2
3.23386+5x(0.872104
1 = e 2 ( )

MTTRWater Ejector Pump Unit 1 = ¢3-23386+0.380282

MTTRW ater Ejector Pump Unit 1 = 3614142
MTTRWater Ejector Pump Unit 1 = 37.119

)

An example of the reliability calculation for the Water Ejector Pump Unit 1 component with the

Weibull distribution can be seen in equation (3).

t

B
R(t)Water Ejector Pump Unit 1 = exp {— (—) }

0

R(t)Water Ejector Pump Unit1 = exp {— (W

88.4782)1'10117}
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R(t)Water Ejector Pump Unit 1 = 0.382524 = 38.25%

An example of calculating the increase in reliability with corrective action based on the MTTR
value so that the component returns to its initial condition (R(t-nT)) in the Weibull distributed Water
Ejector Pump Unit 1 component can be seen in equation (4).

_(M)ﬁ
R(t —nT) Water Ejector Pump Unit1 = e 0
_88.4782—(2%37.1195). 1 19117
R(t —nT) Water Ejector Pump Unit 1 = 2.718 ( 91.7277 ) 4)

R(t —nT) Water Ejector Pump Unit 1 = 2.7187(0:12856707)
R(t — nT) Water Ejector Pump Unit 1 = 0.879354582 = 87.93%

So that it can be determined the value of the opportunity for component reliability that is carried
out by Preventive Maintenance (Rm(t)) is when t MTTF = 88,478, MTTR = 37,119 with the following
calculation in equation (5).

n = Number of treatments

t = MTTF
T = MTTR
R(T)n = Probability of Machine reliability up to the nth maintenance )

Rm(t) = R(T)n X R(t —nT)

Rm (t)Water Ejector Pump Unit 1 = R(88.478)2 X R(88.478 — 2 x 37.1195)
=42%

All results of calculations for increasing the reliability of the critical components of the boiler
unit 1 and unit 2 can be seen in Table 9. Based on the Table 9, it can be seen that using preventive
maintenance provide increased reliability of critical components. Several critical components that
experienced increased reliability, namely coal spreader unit 1, increased reliability from 28.04% to
30% with preventive maintenance, so that component reliability is maintained above 60%. It is
recommended to perform preventive maintenance or replace components with maintenance time
intervals of 25 days. Water ejector pump unit 1 increased reliability from 38% to 42%, so that
component reliability is maintained above 60% it is recommended to perform preventive maintenance
or replace components with maintenance intervals of 37 days, condenser unit 1 increased reliability
from 50% to 54%, so that component reliability is maintained above 60%. It is recommended to do
preventive maintenance or replace components with maintenance time intervals of 36 days,
economizer unit 1 has increased reliability from 52% to 99%, so that component reliability is
maintained above 60% then recommended for to carry out preventive maintenance or component
replacement with maintenance intervals of 46 days. Water ejector pump unit 2 has increased reliability
from 39% to 41%, so that component reliability is maintained above 60%, it is recommended to
perform preventive maintenance or component replacement at intervals maintenance is 45 days, boiler
feed pump unit 2 has increased reliability from 50% to 51%, so that component reliability is
maintained above 60%, it is recommended to perform preventive maintenance or replace components
with maintenance intervals of 74 days.

However, not all components in the implementation of preventive maintenance experience an
increase in reliability due to the characteristics of the failure rate and the type of distribution of each
component, as occurs in components with a Weibull distribution where components that have a 3
(Shape) value below 1 or 0 <3 <1 there is boiler feeds pump unit 1 with a § (Shape) value of 0.947022,
coal spreader unit 2 with a B (Shape) value of 0.243116 and coal feeder (scrapper) unit 2 with a
(Shape) value of 0.518609, all of these components have a characteristic failure rate called Decreasing
Failure Rate (DFR) so that preventive maintenance has no effect on these components, referring to
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the bathtub curve in phase 1, namely the initial damage (burn-in/early failures/wear in region)
(Ebeling, 1997), which means that all of these components are still in good condition, so that the
components work with the reliability above 60%, it is recommended to replace components
periodically so that the components return to their initial conditions (R(t-nT)) for the boiler feed pump
unit 1 component it is recommended to replace components at intervals of 40 days, for the coal
spreader unit 2 component it is recommended to replace components at intervals time is 31 days, coal
feeder (scrapper) unit 2 component is recommended to replace components at intervals of 40 days.

Table 9. Improvement Reliability Result

. Component PN T T R (t- n

No Unit Name Distribution (days) (days) R(t) n nT) R(T)" Rm(t)
1 Coal Spreader lognormal 124.98 25 28% 4 79% 38% 30%
2 Force?FBrFa)ﬁ Fan Lognormal 11243 31  26% 3  76%  25%  19%
3 Unit  Water Ejector Pump Weibull 88.48 37 38% 2 88% 48% 42%
4 1 Steam Drum Lognormal 135.69 50 25% 2 63% 26% 17%
5 Condenser Normal 139.61 36 50% 3 87% 62% 54%
6 Economizer Weibull 138.49 46 52% 3 100% 99% 99%
7 Boiler Feed Pump Weibull 66.91 40 36% 1 65% 53% 35%
8 Coal Spreader Weibull 220.28 31 10% 7 97% 0.01% 0.01%
9 Water Ejector Pump Weibull 51.38 45 39% 1 92% 45% 41%
10 : Coal Feeder Weibull 29482 40  25% 7 93% 3% 3%

Unit (Scrapper)

11 2 Steam Drum Exponential 271.95 25 37% 10 93% 39% 37%
12 F °r°e(ngrFa)ﬂ Fan Normal 15065 89  50% 1 72%  65%  47%
13 Boiler Feed Pump Normal 112.82 74 50% 1 77% 65% 51%

In addition to the parameter 3 (Shape), the components with a lognormal distribution also have a
DFR failure rate characteristic so that preventive maintenance does not affect these components, as
happened to the components of the forced draft fan unit 1 and steam drum unit 1 so, these components
can work with a reliability above 60%, it is recommended to replace components periodically so that
the components return to their initial conditions (R(t-nT)) for the forced draft fan unit 1 component it
is recommended to replace components at intervals of 31 days and the steam drum unit 1 component
is recommended to replace components with a time interval of 50 days. Component forced draft fan
Unit 2 also did not experience an increase in the reliability value by using preventive maintenance
(Rm(t)); this was because the MTTR value obtained was 89 days, preventive maintenance did not
show an increase, but to maintain the reliability value above 60%, it is recommended to replace
components periodically so, that the components return to their initial conditions (R(t-nT)).
Components that also do not experience an increase in reliability are components that have an
exponential distribution, namely the steam drum unit 2, this is due to a characteristic failure rate called
the Constant Failure Rate (CFR) which refers to the bathtub curve. The CFR phase is characterized
by a constant breakdown rate. This phase is often also called the Useful Life Period, in this phase
damage is difficult to predict and tends to occur randomly (Ebeling, 1997), meaning that during this
period the components are difficult to predict so that preventive maintenance has no effect. so that the
components of the steam drum unit 2 can work with a reliability above 60%, it is recommended to
replace components periodically with replacement intervals of 25 days, so that the components return
to their initial conditions (R(t-nT)).

4. Conclusion

Based on the description and analysis that has been carried out in the previous chapter, several
conclusions can be drawn as follows. The critical system selected at PLTU Nii Tanasa Kendari is the
system that has the greatest failure frequency based on the Pareto diagram, namely the boiler system.
Then from this critical system, critical components are re-selected. Determination of critical
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components in the boiler using the FMECA method, the results obtained are based on a critical score
in the “very critical” category. All components with this label are included as critical components of
each unit. Reliability calculations are performed to evaluate the performance of each critical
component of the boiler system based on the MTTF value, then recommendations for reliability
improvement are calculated based on the MTTR value and implementation of preventive
maintenance.
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