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ABSTRACT

The aim of this research was to use reliability techniques to improve the maintenance management strategies of
rotating equipment of compressor components of bearing, cylinder, piston, rings and crank shaft in Port Harcourt
refinery located in Rivers State as a case study. The reliability analysis was carried out on compressor failure
components for a period of five years from 2015 to 2020. From this research, it was observed that all the
components of the compressor have frequent failures during production. This research was carried out successfully
using the Monte Carlo. reliability model for which the parameters such as meantime between failure (MTBF),
Failure Rate (FR), Lost Time to repair also known as Downtime (DT) were determined. Also, the reliability (R),
unreliability (UR), availability (A) and Unavailability (UA) were evaluated using data obtained from refinery plant
over a five years period (January 2015 to December 2020). The operating time per year also known as uptime (UT)
and repair time per year (RTY) were evaluated as well. The research showed that the highest failure rate of the
component was 0.00126 for bearing, 0.00114 for cylinder, 0.00149 for piston, 0.00136 for the rings and 0.00171 for
the crank shaft. The reliability of some of the compressor components such as bearing was at 53.25% in the first
year and then decreased to 8.90% after the fifth year. The reliability of cylinder for the first year was at 38.86% and
the fifth year 11.20%. Reliability of the piston for the first year was at 38.86% and the fifth year 5.72%, reliability of
rings was 20.63 % first year and decreased to 7.34% for the fifth year and crank shaft 28.36% for the first year and
it decreased to 3.75% of the fifth year. The availability of the 5 components for the five years was greater than 90%.
The production quantity decreased from 20,730,000 bbl for the first year (2015) to 5,356,800 bbl in the fifth year
(2020) a drop in 50% production. This research work recommends that the compressor components should be
readily available for replacement in the storeroom to reduce the downtime in a year thereby enhancing productivity.
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1. INTRODUCTION.

Rotating equipment exist in a wide variety of industrial applications such as power production,
vehicle transportation, process manufacturing and certainly others. Often, they operate under
various conditions for a long time in a continuous chain of production. Thus, they are prone to
failure in one or more of their components, causing a decrease in the system efficiency and,
ultimately, a complete breakdown. Such inconvenient will not only add significant changes to
the operation cost of the system, but also could result in serious risks to workers and users in
some critical applications (Tran & Yang, 2012).

The oil and gas industries are considered one of the most complex industries in the world. Within
a refinery plant there are thousand pieces of rotating and static equipment which include
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compressors, pumps, turbines, columns, valves, pipelines, heat exchangers, and tanks. These
pieces of equipment usually subject to several approaches of management and maintenance
during the normal operation of rotating equipment (Kan et al., 2015).

Maintenance is regarded as a necessary evil over the years, from work permit of low priority to
high priority even become an important factor impacting quality, safety, availability and
profitability of an organization. Maintenance is seen today as a concept of value added, because
it is carried out efficiently to attain strategic targets of the company. This can be achieved more
efficiently by relying on the implementation of maintenance policy to provide all the relevant
information about the life of the equipment (Ainajjar, 1997). Maintenance of rotating equipment
or component does not only increase its life span but may reduce its degradation prior to
occurrence of failures. Maintenance can be defined as a combination of administrative and
technical activities required which intend to restore equipment pieces to their required function.
According to British Standards Institution (BSI) (2010), the maintenance is a set of technical and
administrative activities that contribute in the retaining or restoring equipment to the proper
operation conditions. In other words, maintenance is a broad term that aims to achieve the
desired reliability and availability of a plant at an optimum cost according to the safety criteria.
Consequently, maintenance has become an important function in the production and service
sectors due to its high cost that may be overrun by the operation cost (Turki, 2011; Faghihinial &
Mollaverdi, 2012).

A current trend in the literature is to study the employ Maintenance Strategy Management for
other operational decisions such as improved stock keeping of spare parts (Zhang and Zeng,
2017), decrease compressor failure rates, and to provoke a general technique for maintenance
approach improvement.

In formulating maintenance models, the steps carried out include; Identifying the strategic goals
of all stakeholders; Identifying the strategic goals for the maintenance department; Identifying
relevant KPIs; Assessing the current state of maintenance; Set the goals for each KPI; Making an
action plan.

The aim of this study is to improve the maintenance strategy of compressor components with the
use of reliability techniques in Nigerian refineries.

In order to obtain the purpose of this study, the unique objectives were to:

Evaluate the effectiveness and current state of compressors making use of reliability techniques.

Evaluate the functional parameters of mean time between failure (MTBF), total failure rate,
operating time and down time.

Evaluate the reliability, unreliability and availability of the chosen components of the
compressor in Nigerian refineries.

Examine the sources/ causes of failure of the compressor in Nigerian refineries.

Improve the compressor maintenance strategy in Nigerian refineries using reliability techniques.

2. MATERIALS AND METHODS.

In carrying out this research, Reliability techniques were adopted. There are many reliability
tools and techniques methodologies available for failure of plant components and generators. For
the one case study described herein, we have the Monte Carlo Reliability models which can
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realistically assess plant and rotating equipment conditions when combined with cost, repair time
and statistical events. Monte Carlo model is very helpful for considering approximate operating
conditions in a plant including cost effectiveness and sizing to provide protection for short
duration failures.

The study was carried out in Eleme petrochemical refinery, Rivers State Nigeria. In carrying out
this research secondary data was used in this study, because secondary data involves using
already existing data. Existing data collected was summarized and collated to increase the overall
efficiency.

Data for the replacement and reliability analysis of the rotating equipment was obtained from
failure history of the compressor system of a refinery plant in Eleme petrochemical company
utilizing the reliability models established. Failure data was collected from Eleme petrochemical
company for reliability analysis in the compressor system of their rotating equipment. First,
secondary data were collected from the operational logs, maintenance records and historical data.

To satisfy this point, the components failure rates was extracted from a refinery plant in Eleme
petrochemical plant in equipment availability.

Some of the components have high reliability and failure rarely happens. These data include the
number of tested units, number of failures and duration for a number of items such as bearing,
cylinder, piston, rings, and crank shaft.

2.1  Analytical Methods and Tools.

Mathematical Language of Reliability: The following approaches were used in resolving the
analysis of compressor components using reliability tools and techniques

i.  Start reliability improvement program with simple arithmetic and spreadsheets to
quantify important cost and failure numbers.

ii.  Gaining momentum with good maintenance practices will improve team work using total
productive maintenance program such as root cause analysis to efficiently solve
problems.

iii.  The application on improvement of program by using statistics to quantify the results.

iv.  Application of Monte Carlo model to simulate generator engine components availability,
reliability, maintainability, capability and life cycle costing for deciding reliability
strategies.

2.2 Analytical Methods.

The mathematical model for this research was established by considering five years study
interval (SI) as well as the number of failures (NF) and the corrective time per failure (CTPE)
(Pedregal et al., 2004)

number of failures
= L (3.1)

number of unittested x durati on of test

MTTF == (3.2)

(MTBF) = — (3.3)
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Annual hours per year AHPy

TMTBF = fotal Faitures per year Trry ')

(FRIA= (—)a = (5)a (3.6)

TFR = [(FR)a* (FR)s + (FR)c + (FR)o + (FR)E] 3.7)
FPY = (FR) (AHPy) (3.8)

FPy = (57) (AHPY) (3.9) FPY = () |AHPY| (3.10)
TFPy=Y.(FPy)A+¥(FPy)B + Y.(FPy)C + X.(FPy)D + X.(FPY)E (3.11)

2.3 Reliability, Unreliability and Availability Model.

Reliability Model.

To determine the Compressor component’s reliability (CCR) the equation used is expressed
mathematically as (Pedregal et al., 2004):

1
CCR = e™ (yrpp) Xt (3.12)
BR = e (—)a+ (— N 1 1 . 313
= e oAt Gooe + () (0o +G—0)e X (3.13)
BU = 1- e_(MTlBF)TXt (3.14)

2.4  Availability Model.

To determine the compressor components availability (CCA) we have (Yang & Hong, 2013):
CCAV MeanTimeBetweenFailure —lostti meperyear (315)

MeanTimeBetweenFailure

2.5 Model for Production Time and Capacity of Refinery Plant.
Q = PCxPT (3.16)
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3. 'RESULTS AND DISCUSSION.

3.1 Results.

This result shows the calculations involved in the reliability analysis of the compressor
components performance in the refinery plant. It also includes the outcome of the calculated
operating time of the study equipment, the outcome of calculated mean time between failure
(MTBF) of the component of the compressor, the summary of the calculated failure rate of
different compressor components, the presented calculated total failure for five years, the
calculated down time of the different components. Also, the summary of the calculated,
reliability, unreliability, availability and unavailability is presented and discussed.

3.2 Computational Data and Reliability Analysis for Bearing Component.

The bearing component of a rotatory equipment (compressor) of the refinery plant was found to
be one of the equipment with normal breakdown. Appendix 1 shows the data amassed for the
bearing for a length of five-years (study length) which blanketed the failure rate per year,
operating time per week and restore time to restore every breakdown per year. Appendix 2
indicates the calculation for the reliability parameters as proven in Figure 4.1

Faailure/Down Time
v o (9] o (2]

o

1 2 3 4 5

Studesatenaliysars)

Figure 1: Number of Failure/Year and Downtime (DT) against the year.

The evaluation of the study in Figure 4.1 indicates that in production because the year will
increase, the number of failures for the bearing component was found to be gradually increasing
from the first year (2015) till fifth year (2020). Figure 4.1shows that the down time was
additionally increasing with the failure rate from the first year after which gradually increasing
till the fifth year. The break down because of this equal component additionally affected the
production potential for those five years.
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Figure 2: Reliability against the Study Interval (5 years).

The research of the reliability from Figure 4.2 of the bearing component within the compressor
within the refinery plant as graphically represented indicates that the reliability was reducing
sharply. This was found as from between the first year and second year, there was a pointy drop
within the reliability curve, from 0.5325 to 0.3197 after which it persisted at some stage in the
five-year length.
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Figure 3: Unreliability against the Study Interval (5 years).

The unreliability graph indicates an opposite impact from the reliability graph as visible on
Figure 4.3. This indicates that because the year will increase, the bearing component within the
compressor have become much less dependable because of normal breakdown and maintenance.

3.3 Computational Data and Reliability Analysis for Cylinder Component.

The compressor cylinder upon research confirmed that for the five-year length, there had been a
general upward push within the downtime and failure rate every year as may be observed on
Figure 4.4. The computational values for the reliability evaluation had been received with the use
of Monte Carlo approach for the cylinder component as calculated in Appendix 2.
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Figure 4: Number of Failure/Downtime against Study Intervals (years).

From Figure 4.4, it was found that there was an increase within the failure rate and downtime
over the length of five years equal as was found within the bearing component. The cylinder had
greater downtime than the bearing as it takes as a minimum 24 hours to restore a damaged
cylinder; for this reason, the downtime time steadily will increase for the whole five-year length.

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Reliability

0 2 4 6

Study Interval (years)

Figure 5: Reliability Analysis of the compressor cylinder for a 5 Year Period.

There was a pointy reduction in reliability in Figure 4.5 and an increase in Figure 4.6
(unreliability) as in case of the bearing component. The reliability was reducing from 0.3886 to
0.1513 because the failure rate was increasing, whilst the unreliability was increasing. This
indicates that the compressor cylinder was becoming much less dependable every year because
of normal breakdown and restores, and occasional reliability from the primary year to the fifth
year means that there was low maintenance exercise within the company.
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Figure 6: Unreliability Analysis of the Compressor cylinder for a 5 Year Period.

Looking on Appendix 2 from the computational cylinder values, it was found that there was a
reduction within the uptime (operating time) from the first to the fifth year. Also reducing every
year is the mean time between failure, whilst the down time (DT) will increase from the first to
the fifth year. There was additionally an increase within the failure rate shape from the first to the
fifth year. Subsequently, from the study a bar chart was used to expose the connection between
the variety of years against the variety of failure and downtime received.

3.4 Computational Data and Reliability Analysis for compressor piston Component.

The compressor piston upon research confirmed that for the five-year length, there had been a
general upward push within the downtime and failure rate every year as may be observed on
Figure 4.7. The computational values for the reliability evaluation had been received with the use
of Monte Carlo approach. for the piston component as calculated in Appendix 2.
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Figure 7: Reliability Analysis of the Compressor Piston for a 5 Year Period.

There was a pointy reduction in reliability in Figure 4.7 and an increase in Figure 4.8
(unreliability) as in case of the bearing and cylinder component. The reliability was reducing
from 38.86% to 5.72% because the failure rate was increasing, whilst the unreliability was
increasing. This indicates that the compressor piston was becoming much less dependable every
year because of normal breakdown and restores. Also, the low reliability shows that there may be
low maintenance exercise within the corporation as time progresses.
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Figure 8: Unreliability Analysis of the compressor piston for a 5 Year Period.

Looking at Appendix 2 from the computational compressor piston values, it was found that there
may be a reduction within the uptime (operating time) from the first to the fifth year. Also
reducing every year is the mean time between failure, whilst the down time (DT) will increase
from the first to the fifth year. There was additionally an increase within the failure rate shape
from the first to the fifth year. Also, it was found that there was an increase within the failure rate
and downtime over the length of five years equal as was found within the bearing component and
compressor cylinder. This piston had greater downtime than the bearing as it takes as a minimum
24 hours to restore a damaged piston; for this reason, the downtime time steadily will increase
for the whole five-year length.

3.5 Computational Data and Reliability Analysis for compressor Rings Component.

The compressor rings upon research confirmed that for the five-year length, there had been a
general upward push within the downtime and failure rate every year as may be observed in
Figure 4.9. The computational values for the reliability evaluation had been received with the use
of Monte Carlo approach for the rings component as calculated in Appendix 2.
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Figure 9: Reliability Analysis of the Compressor Rings for a5 Year Period.

There is a pointy reduction in reliability in Figure 4.9 and an increase in Figure 4.10
(unreliability) as in case of the bearing and piston component. The reliability was reducing from
20.63% to 7.34% because the failure rate was increasing, whilst the unreliability was increasing.
This indicates that the compressor rings had been much less dependable every year because of
normal breakdown and restores. The reliability of the rings reduces notably from the primary
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year as evaluate to the compressor bearing and cylinder, this indicates that there were bad
maintenance practices in the company.
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Figure 10: Unreliability Analysis of the compressor Rings for a 5 Year Period.

Looking at Appendix 2 from the computational compressor rings values, it was found that there
may be a reduction within the uptime (operating time) from the first to the fifth year. Also
reducing every year is the mean time between failures, whilst the down time (DT) will increase
from the first to the fifth year. There was additionally an increase within the failure rate shape
from the first to the fifth year. Also, it was found that there was an increase within the failure rate
and downtime over the length of five years equal as was found within the bearing, cylinder and
compressor piston component. These rings have greater downtime than the piston as it takes as a
minimum 24 hours to restore a damaged ring; for this reason, the downtime time steadily will
increase for the whole five-year length.

3.6 Computational Data and Reliability Analysis for Crank shaft Component.

The compressor crank shaft upon research confirmed that for the five-year length, there had been
a general upward push within the downtime and failure rate every year as may be observed on
Figure 4.11. The computational values for the reliability evaluation had been received with the

use of Monte Carlo approach for the rings component as calculated in Appendix 2.
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Figure 11: reliability Analysis of the compressor Crank Shaft for a 5 Year Period.

There was an excessive reduction in reliability in Figure 4.11 and an increase in Figure 4.12
(unreliability) as in case of the compressor rings and piston component. The reliability was
reducing from 28.36% to 3.75% because the failure rate was increasing, whilst the unreliability
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was increasing. This indicates that the compressor crank shaft was becoming much less
dependable every year because of normal breakdown and restores. Also, there may be a bad
indication of bad maintenance exercise due to the reducing of reliability from the primary year to
the fifth year. This was a clear indication for the corporation to alternate their maintenance
approach.
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Figure 12: unreliability Analysis of the compressor Crank Shaft for a 5 Year Period.

Looking on Appendix 2 from the computational compressor crank shaft values, it was found that
there was a reduction within the uptime (operating time) from the first to the fifth year. Also,
reducing every year is the mean time between failure, whilst the down time (DT) will increase
from the first to the fifth year. There was additionally an increase within the failure rate from the
first to the fifth year. Also, it was found that there was an increase within the failure rate and
downtime over the length of five-years equal as was found within the bearing, cylinder
compressor piston and rings component. Conversely, the mean time between failure was found
to be reducing because the operating time (uptime) was reduced every year as observed on
Appendix 2. The Crank Shaft had greater downtime than the piston as it takes as a minimum 24
hours to restore a damaged crank shaft; for this reason, the downtime time steadily will increase
for the whole five-year length.

3.7 Production Capacity of Refinery Plant for five-year Period.

The production capacity from the company records are shown in the figure 4.13. The production
capacity, quantity of petroleum produced and the production time for a 5-year period.
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Figure 13: Production Capacity of Petroleum Produce.
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From the figure 4.13 it observed that the steady downtime obtained by these various compressor
components over the years has affected the production rate of the plant. From the first year, the
production capacity has its maximum operating time which produced about 20,730,000bbl of
fuel. The decrease started to occur as a result of the downtime experienced by the compressor
which led to 5,356,800bbl of fuel produced in the 5th year as shown in Appendix 1. Also, from
Figure 4.13 the consequences of the frequent breakdown of bearing. Cylinder, piston, rings and
crank shaft has caused the refinery plant to drop to less than 50% production capacity within a 5-
year period from 2015 to 2020.

4. CONCLUSIONS

This research was carried out principally on rotating equipment of refinery plant, which the
compressor system failure component of bearing, cylinder, piston, rings and crank shaft during
operation for a 5-year period. This investigation shows that these failures of the components
either breakdown or fails during production after operating for several hours over a period of
time running into years, if components of bearing cylinder, piston, rings and crank shaft are not
properly maintained or reformed, the propensity of influencing the production capacity
destructively can occur.

These components include bearing, cylinder, piston, rings and crank shaft as considered in this
study. The Monte Carlo method was used for the successful evaluation of the reliability analysis
of the compressor components. The method was effectively used to evaluate the reliability of the
compressor failure components during operation and production. The Monte Carlo analysis was
used to evaluate parameters such as the mean time between failure, failure rate, reliability,
unreliability, availability and unavailability for each component as shown in Appendix 1 and
Appendix 2 respectively.

From the research work, it was also observed that the failure and break down of these
components affected the operation capacity over these 5-year period at which the capacity
decreases as the year increases and the components become less reliable. In all these, we can
conclude that the reliability of compressor component was carried out successfully and that the
failure components are factors to operation capacity which must be critically looked into to
enhance productivity. In evaluating the reliability of compressor components such as the bearing,
cylinder, piston, rings and crank shaft, some functional parameters such as the uptime, study
interval, downtime, meantime between failures, reliability and unreliability were determined. It
shows that the reliability of these components was decreasing as the year increases giving rise to
decrease in production of fuel for the 5-year study interval.

The study recommends that;

The compressor components should be readily available for replacement in the storeroom to
reduce the downtime in a year as well as to enhance productivity

Management of refineries has to invest in time, money and resources for a successful
implementation of good maintenance strategies.

Marching maintenance strategies with the world best is a continuous process and it takes years to
realize the benefits, the firms should therefore not lose hope but to find the maintenance practices
that are beneficial to their firms. There should continuous review and improve the maintenance
strategies to help the firms compete in the market.
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Personnel should be assigned and be made responsible for setting up this procedure. The various
sub-processes of the MREMS procedure should be handled by different individuals or
departments for better performance.
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