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Abstract

The reliability of the low pressure steam turbine of Sapele power station of the
Power Holding Company of Nigeria (PHCN) over a ten years period (1994 -2003)
have been investigated. The data used were records of Low pressure steam
turbine failures and repairs kept by the maintenance sections of Sapele power
station. The Failure rate, Repair rate, Mean time between failure (MTBF), Mean time
to repair(MTTR) and the steam turbine reliability were determined. The reliability
results for seven(7) of the years investigated was lessthan  0.2. Six (6) of the 10
years studied have MTBF of less than 181 hours . In other words failure was
expected after every 8 days for 60% of the years investigated. This indicated that the
reliability of the steam engine was very low. Aging and maintenance is suspected to be
the cause of the poor reliability of the turbine and remedial actionsare recommended
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1. Introduction:

Electricity supply are in three stages: generatimamsmission and distribution. Electric energwifacilitator of the
technological advancement of any nation, becauadynell other sector depend on it for their effeehess. In 1898, the
first Power Station in Nigeria consisting of t80 KW units was built at Marina , Lagos . The thgrowth of the
Nigeria economy during the early 1970’s resultedaifiast increase in the demand for electricity $upphe power
holding company of Nigeria (PHCN) thus had toetgkompt action to meet this demand by expandiaggeneration
and transmission network. As part of the expangiwagramme five thermal power stations and tiimgdro generating
stations were built : they include Afam thermalyer station, Delta thermal power station, ljdrartmal power station,
Sapele thermal power station and Lagos (Egbieinthal power station. The hydro power stations lacated in Kainji,
Jebba and Shiroro .The breakdown of the totahbilest capacities of the power stations show thainj Jebba, and
Shiroro generate 760MW, 540MW and 600MW respectivehile the capacity of the thermal power stagiare; Afam-
811MW,Delta 840MW,Sapele 1208MW,ljora 60MW and Lagbd320MW [1,2,3].

Reliability can be defined as the probability op@duct or a system performing without failure @dfic function
under a given condition for a specific period ohdi [4] .Reliability is an important and integrabfare of planning
,design, and operation of an engineering systera.ré&liability of a power system is very importawthp for the customers
and power system proprietors. A reliable powestesyn makes energy available to its customers etqaired amount,
quality and at economical rate where and when eckd8]. Therefore for the proper and realisticnpiag for an
economic activity, the reliability of the power glp system must be taken into consideration by éh&epreneur.
Additionally ,the reliability assessment of a powgstem can assist system planners in evalualieipative facilities and
also in economic justification of each of the iéiddal facilities. it is useful in determining ar@hsuring a balanced or
optimum allocation of resources to different segteeof a power system. Adediran and Jenyo havestigated the
reliability of one the generating plants in Shiroppwer station of the Nigeria electric power sgs{&]. Megbowon and
Oyebisi have since also reported their investigainto the performance of transmission lineshia system [7]

The Sapele power Station of Power Holding Compainiigeria is one of the highest power generatitagians in
Nigeria with an installed capacity of 1208MW are theed to determine the reliability of its steambine cannot be
overemphasized. The aim of this study was to deternthe reliability of one of the running Igwessure steam turbine
unit * STO2' and give appropriate recommendations.
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METHODOLOGY

The data was taken from BBC design data as peringavcMDO 431897 [8] . The primary data sourceeveecords
of Low pressure steam turbine components &sland repairs obtained by turbine major overhadirecords kept by
the maintenance sections such as Annual reporéshaul schedules and the records was over a s yperiod from
1994 to 2003 were obtained from Sapele Poweioatabf Power Holding Company of Nigeria. Infornmatiwas also
obtained from interviews and past research workhe Failure rate, Repair rate, Mean time betvfadure (MTBF),
Mean time to repair(MTTR) and the system relipbivere determined using equations 1-3.[ 9

Failure rateX) = No. of failure O

Actual time of maintenance
Where, actual time of maintenance = total opegdiime.

Repair rate () = No. of failure @
Total repair time

MEAN TIME BETWEEN FAILURE (MTBF)

MTBE = Total operating time
Total number of failure
- 1
failure rate
=1 3)
A
MEAN TIME TO REPAIR(MTTR)
MTTR = Jotal time of maintenance
Total maintenance action
- 1
repair rate
= 1 (4)
U

SYSTEM RELIABILITY
This was computed using the constant failure raideh

Rt) =e™ (5)
where ) = failure rate, t = total operating time

RESULTS AND DISCUSSION

Table 1 shows that the failure rate (failure/hdigures ranged from 0.00046 to 0.0084 failper hour .These figures
are equivalent to 4.029 failures per year an@7/8ilures per year respectively. In praticahteya maximum of about 6
failures are to be expected each month.This ugimeit is obviously too high to be acceptable. thés therefore a clear
indication that the steam turbine was very unrédigior most of years under investigation. Higtilure rate is a

characteristic of wear region of Bathtub curve [I8]s shows that aging factors are having seridfesteon the steam

turbine.

In the year 2003 the failure rate was 0.0024 faiher hour for the low pressure Sapele Steanirt@rBower generating
system (Table 1). This figure is equivalent tda@lures per month . This compare favourably wtiite values obtained for
Afam electric power generating station and tadubsystem distribution feeder lines which wéaldire per month and

2 failure per month in the year 2003 respectivéighle 2) [5,11] but was smaller than the valué ofailure per month

reported for Oshogbo/Akure National Grid Transnaigdine in 2003 Table 2 [12].

Table 1: Reliability of the low pressure Steanmbiive (1994 — 2003)

Years | No.of | Failureraté. | Total Repair rate, | MTBF MTTR | Reliability
Failure (Fail/hr.) | repair H
N (hrs) time(hrs)
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1994 | 51 0.00841 2700 0.01888 118.9¢ 52.96 0.0137
1995 43 0.00621 1836 0.02342 161 42.6¢ 0.012
1996 4 0.00046 72 0.05555 2,173.9 18 0.97
1997 3 0.000344 64 0.046875 2,906.9 21 0.98
1998 34 0.00505 2028 0.016765 198.019 59.65 0.0357
1999 35 0.00552 2422 0.014450 181.159 69.20 0.0156
2000 7 0.000811 136 0.051470 1233 19.43 0.8955
2001 37 0.00617 2768 0.013367 162 74.81 0.0383
2002 33 0.00597 3240 0.010185 167.5 98.18 0.0398
2003 17 0.0024 1680 0.010119 416.67 98.82 0.2

Table 2:Reliability Indices of some Nigeria Powgstem in 2003[5,11,12]

Power System Failure Failure | MTBF MTBF MTTR MTTR

rate /hour | rate (Hours) (Days) (Hours) (Days)
/Month

Afam Electric 0.001723 | 1.24 524 21 60 3

Generating

Station(Thermal)

Oshogbo/Akure 0.00719 5.1 139.08 6 33.18 1

National Gird

Transmission

System

Ibadan distribution | 0.00227 2 100 4 27 1

Subsystem feeder

lines

*Sapele power 0.0024 2 416.67 18 98.82 4

station (steam

turbine)

*Results from this study

The MTBF for the 10 years period investigated seghfyom 118 to 2906 hrs. Six (6) of the ten (1&g studied (i.e
1994,1995,1998,1999,2001 and 2002) had valuetessfthan 181 hours MTBF i.e less than 8 day®ther words
failure is expected after every 8 days or les6f¥ of the years investigated (Table 1).Theerigice is that preventive
maintainance was ineffectively carried out duritgs tperiod under investigation. However the highd3BF was
observed for the years 1996 and 1997 was 2178 2806 hours respectively. This implies MBTF9 days and
121days respectively. This high value may have loleena major maintenance carried out the preweas (1995).

In the year 2003, the MTBF was 416.67 hrs fer 3apele power station steam turbine which isivaéent to 18
days (Table 1). This figure compare favourably wiith obtained for Afam thermal electric generapogver station which
was 21 days [11] but was less than MTBF valueb@th Ibadan subsystem distribution feeder limes &shogbo/Akure
National Grid Transmission line in which was 6 @days respectively (Table 2) [5,12].

MTTR ranged between 18hrs to 98hrs during theopewinder investigation(Table 1) .In other wordsidufe gets the
steam turbine paralysed for between 2 to 5 dayis ifidicates low reliability .

In the year 2003 for example the MTTR was 98.88urhfor the Sapele steam turbine (Table 1). Thasirg is
equivalent to about 4 days . This figure companefirably with the one obtained for Afam geneatiower station
which is 3 days [12] and higher than the MTTR valoé¢ 1 day for both Ibadan subsystem distribufeeder lines and
Oshogbo/Akure National Grid Transmission line EabI[5,12].

The inference is that the either the locationaafits take time or materials for repairs are notlenaeadily available
,or maintenance personnel are inadequate or thdt factification takes time because the maintepanrew are
inexperienced.

Finally apart from 1996,1997 and 2000 with a religbvalue of 0.97,0.98 and 0.895 respectivelythe other
reliability values for the remaining 70% of the y@@vestigated was less than 0.2.This impliessteam turbine had very
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low reliability for most of the periods during tperiod under investigation. The steam turbine comepts aging factor
and maintenance problems are strongly suspectie @snuses of poor reliability observed.

CONCLUSION

The assessment of the reliability indices of lawssure steam turbine in Sapele power generatiatjors of Power
Holding company of Nigeria have been carried oomf 1999 to 2003.Except for1996 and 1997 with mbdity of .97
and 0.98 respectively, the reliability was lesanth 0.2 for 60% of the years investigated .Thislicagion was that
reliability of the power station was low most betyear investigated.Other reliability indices ltke failure rate , MTBF
and MTTR of the Sapele power generating statitgars turbine was found to compare favourably wihue reported for
Afam thermal generating station.The values inditakew reliability. It is therefore recommended thateventive
maintenance programme be implemented in the operaif the steam turbine in the Sapele Powerostatine
maintenance staff be adequate and well equippédraimed and spare parts of the power statitvat ftequently fail be
stocked. This we hope will improve the reliability the system and increase the performance of thveep station in
electric power generation in Nigeria.
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