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Abstract: In this paper RCM based automated maintenance plan has been reported for water wall tubes
(WWT) of boiler in a thermal power plant as a case study. Keeping in view the soaring level of forced outages,
RCM has been proposed for one of the fault prone component i.e. WWT at thermal power. RCM decision
worksheet has been generated using RCM++ software. This software tool facilitates the RCM analysis
approach for creating automated scheduled maintenance plans. The components with higher downtime have
been segregated from the rest seeking attention regarding their maintenance. Post RCM, the numbers of
faults and outage hours have reduced considerably compared to the last year. The percent reduction in
outage hours of WWT is 30.04%. The proposed plan/worksheet has resulted in improving the maintenance
program, availability and reliability of the plant.
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1. INTRODUCTION
A peek into the power sector indicates the poor
performance of power plants due to redundant
failures. As the variety of equipments and designs
are becoming more and more complex, the failures
are also increasing. On the other hand the
expectations from these units regarding their
performance are sky high [1]. Electricity shortage
is not the only problem but availability of
generating plant is also equally important issue.
State electricity authorities are banking heavily
on thermal power plants for regular supply but
forced outages of various components has
worsened the power scenario [2]. The power plants
are required to maintain a high level of system
reliability so as to sustain acceptable quality of
service. This can be achieved by providing better
maintenance policy to thermal plants compared
to their conventional corrective maintenance (CM)
policy to reduce the forced outages.

RCM is well known technique that is used to
develop maintenance strategies and criteria so that
operational capability of equipment is restored or

maintained. The objective of RCM is to focus
attention on system equipment in a manner that
leads to the formulation of an optimal maintenance
plan. RCM was initially developed by U.S. airlines.
Later, several manufacturing and processing
sectors started using RCM concept to establish
their maintenance requirements [3]. RCM offers
best available strategy for preventive maintenance
(PM) and insights into current maintenance
practices while explaining how transition from
current CM to PM is key ingredient in maintenance
optimization strategy.

Many researchers have discussed successful
implementation of RCM in various sectors such
as electric utility distribution systems [4], [5],
railways [6], nuclear power plants [7], steel plants
[8], hydro power plants [9], transmission systems
[10] and wind turbines in wind power plants [11]
to mention a few. They have shown benefits in
these mentioned areas as far as improvement in
availability and reliability is concerned.

The society of automotive engineers (SAE)
issued a fundamental standard referred to as SAE
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JA 1011 which had to be met in order to call the
maintenance program process an RCM process.
According to these standards, the process must
answer the seven questions [12]. These seven
questions can also be grouped into three major
structured steps i.e. Define, Analyze and Act.
RCM practitioners are well known for their claims
that optimizing PM can bring benefits of the order
of 30 to 70 % reduction in direct maintenance cost
and downtime [13].

As forced outages are there in thermal power
plants in the region selected for case study, so this
sector desperately requires RCM and surely
benefits can also be achieved by its
implementation [14], [15]. This paper presents the
implementation of RCM on one of the components
(WWT) which has highest outages in a thermal
power plant. Analysis of the process and the
components at thermal plant led to formulate the
framework for an RCM implementation strategy
outlined in Table 1.

total capacity of 440 MW. The failure data has
been collected year and unit vise for four
consecutive years. Table 2 represents the outage
hours and number of failures of first few
components when arranged in descending order
w. r. t. outage hours.

The percentage outage hours of these
components due to various faults have been
represented in Fig. 1. This paper is confined to
proposing RCM based preventive maintenance
plan for WWT as these are having highest
outages.

Table 1
Presentation of RCM Methodology

and its Main Procedures

Procedure Level Required Result
Data

Failure data System Component Failure rate
collection failure data

To single out Component Failure time Critical com-
critical com- ponents
ponents selected

Reliability System/ Component Reliability
analysis Sub-system data indices

Analysis of Component Cause of FMEA
failure modes failure
and effects

Drafting pre- Component Failure modes RCM plan
ventive main- and effects
tenance policy

Finding im- Component/ Failure fre- Enhanced
provement in System quency and reliability
uptime costs and cost

benefits

2. COLLECTION OF FAILURE DATA AND
SEGREGATION OF VITAL
COMPONENTS

The failure data has been collected from one of
the thermal plants in the Punjab state (Republic
of India). The plant was established in 1969. It
has four separate units of 110 MW each making

Table 2
Outage Hours and Number of
Failures of Vital Components

Item Outage       No. of failures in different units
hours U-I U-II U-III U-IV Total

Water wall 4399.7 34 5 4 46 89
tube

Econo-mizer 622.17 0 1 19 6 26

Turbine 580.58 1 7 0 1 9
bearing

Final super- 482.42 0 5 3 1 9
heater

Primary 479.03 0 2 7 5 14
super-heater

Low temp. 383.11 0 8 0 0 8
super-heater

Re-heater 190.14 0 0 0 6 6

Cond-enser 145.01 1 2 0 2 5

Figure 1: Percentage outage hours of components

3. FMEA FOR WATER WALL
TUBES

The FMEA is first step of RCM process where
modes and effects of failures in the water wall
tubes of boiler have been analyzed. Fig. 2
illustrates the function of WWT.
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WWT serve as means of heating and
evaporating the feed water supplied to the boiler
from economizer. These are connected at top and
bottom of headers and receive water from boiler
drum by means of down comers connected
between drum and water wall lower header.
Failure modes are the ways the component might
fail. The forced outages resulting out of boiler tube
leakage are 50% of the total forced outages in
plant. The required FMEA of water wall tubes has

been presented in standard tabular format in
Table 3.

As per streamlined RCM procedural flow
chart, which explicate course of action for RCM,
the overview of failure mechanism is taken to
determine failure mode, failure cause and to
establish failure effect (FMEA). The RCM
facilitator provides decision worksheets (manual
and/or through software) to disaster management
team (governing body for maintenance) which
applies these maintenance schedules on failure
prone components.

4. RCM DECISION LOGIC

The primary purpose of automated maintenance
plan using software is to improve maintenance
productivity and work performance with original
objective of vastly improving the use of
maintenance information. One of the greatest
benefits of software will be the access and
availability of failure mode, effect and cause at
the system, sub-system or component level. Based
on FMEA, RCM decision worksheet has been
prepared. RCM++ software has been used to
facilitate data management and RCM analysis
(refer Table 4). This software provides predefined
settings to fit to the SAE JA1011 standards.

Figure 2: Functioning of WWT

Table 3
FMEA Worksheet for WWT

Plant : Unit I-IV
Analysis Year : 2007-11
Item
Description Function Failure Modes Failure Causes Failure

Effects

Water walls in Water heating Tube rupture/ 1. Contamination of boiler water at condenser due to 1. Severe
boiler for converting cracks in tube which it becomes acidic with low pH value. The steam

it to steam interaction of low pH value water with parent tube leakage
surface leads to generation of nascent hydrogen. In 2. Tripping
high heat region hydrogen penetrates into the steel
tube. This hydrogen combines with carbon in metal
structure and forms methane. Methane molecules
being too large to diffuse through steel, cause tube
rupturing.

2. Sticking of mineral contents to water walls due to
fusion of coal ash which is formed by heating poor
quality of coal i.e. clinker formation.

3. Overheating of tubes is also possible if heat is not
transferred equally. i.e. some part of the tubes may be
exposed to more heat of flames than others causing
erosion and hence leakage.
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5. RESULTS AND DISCUSSION
The mentioned RCM plans have been
recommended to maintenance department for
execution. This pilot project enabled the plant
organization to gain firsthand experience of
implementing RCM, what it achieves and what
resources are needed to achieve it. This project is
based on WWT tubes of unit-IV as WWT
contribute to 50% of the total unplanned outages.
The number of faults has reduced to 17 as
compared to 24 in previous year pre RCM.
Similarly outage hours against this fault has
reduced to 1325.75 post RCM as compared to
1894.93 in the previous year. Table 5 shows
comparison between the outage hours and
number of leakage faults of WWT pre and post
RCM.

Table 5
Comparison of Outage Hours and

Number of Faults For Wwt Leakage

Sr. No. Year Number of faults Outage hours

1. 2010-11 24 1894.93

2. 2011-12 17 1325.75

The extra revenue earned with this enhanced
availability (reduced outage) is 14.92 crore
(2.4 million US $) per annum as summarized in
Table 6.

Table 6
Summary of Results

Sr. Description Pre Post
No. RCM RCM

1. Number of faults 24 17

2. Outage hours (Hrs.) 1894.93 1325.75

3. Preventive maintenance days – 20

4. Corrective maintenance days 30 16

5. Availability increase (Hrs.) – 425.18

6. Extra generated units (kWh) – 110  103

 425.18

7. Extra revenue earned (@  3.19/KWh) – 14.92
crore
(2.4

million
US$)

6. CONCLUSIONS
By introducing RCM approach for WWT of boiler
in unit-IV, the numbers of faults and outage hours

have reduced by 30.04% and found to be in line
with the observations made by other
investigators. Increased availability of the unit
has generated extra revenue. Some of the cost
incurred in implementing new RCM plan
(purchasing some equipment for PM) will be
adjusted there in as initial increase in
maintenance cost is short lived in RCM. The
decrease of reactive maintenance cost
compensates it. The increased availability
(uptime) of WWT has been considered as
availability of the unit.
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