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 Reliability assessment is importance for spare parts inventory and safeguarding security 

supply of electricity from the power plant. One important equipment of a power plant is 

composed of Cooling Pump Feed Water Pump Turbine (TFWP) and Electric Feed 

Water Pump (EFWP). The equipment serves to circulate cooling water into the plant 

system, so that the power plant can work as planned. Therefore it is necessary for 
reliability assessment at the Pump Cooling components consisting of gaskets seals and 

bearing. To determine the reliability index of the pump components and factor costs, 

spare parts inventory planning pump components should be examined in depth. 
Obtained from the analysis of the reliability index of 0.153 for the components gaskets, 

seals and bearings for 0478 amounted to 0.064. The amount of component inventory 

within one year are; 36 units gaskets, seals and bearings as many as 30 units by 42 
units. The total cost should be provided for ordering parts are; gaskets of US $ 

95947.80 per year, the seal of US $ 162238.13 per year, and the bearing of US $ 
742230.55 per year. 
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INTRODUCTION 

 

Power Plant unit 5 Paiton - Indonesia is a company that operates the power plant steam coal with 24- hour 

clock in full operation. Production of machine components often fails, resulting in difficulty to precisely 

implemented maintenance schedule. Cooling Pump (CP) on the generation units using six pumps consisting of 

four units of Feed Water Pump Turbine (FWPT) and two units of Electric Feed Water Pump (EFWP). The pump 

is used to circulate water in the plant system. Installation of six pump units are arranged in parallel, and the 

system works fine if a minimum of two pump units can work well. Notice the reference, equipment is often 

damaged the pump, if the pump failure would result in impaired activity of the process on the machine. So some 

components to function after operating for a certain period affect parts inventory planning and booking fees that 

will affect the profitability of the company. Furthermore, how to plan inventory of spare parts / components 

Cooling Pump (Gasket, Seal, Bearing) and other applicable fees so economical. Price of spare parts are assumed 

to fixes the exchange rate of 1 U.S. dollar = IDR. 10000. 

Inventory control is an important management function, which is to monitor the availability and determine 

the level of availability that must be maintained, when stock should be completed and how much ordering to be 

done, cost of inventory is included: (Kececioglu, D., 1991). Inventory purchase costs are costs incurred for the 

purchase of goods, reservation fee, which all expenditure incurred for the purposes of bringing goods from 

abroad, Storage Costs (Carrying Cost), which is the cost of all expenses incurred as a result of storing goods 

include: (Kececioglu, D., 1991) the cost of having inventory, warehouse costs, depreciation expense damages, 

costs and expenses of administration expired and cost inventory Shortages (Short ridge cost), is the cost incurred 

when the inventory is insufficient to the demand of materials, both the demand of the plant for the production 

and demand of the customers. 

With the research is expected to be a reference for conducting the efficiency of planning and financing the 

provision of spare parts ordering parts through the study of reliability of components and can illustrate the 

application of reliability, reliability allocation and inventory planning techniques and cost of parts to improve 

performance in industrial processes. 
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MATERIALS AND METHODS 

 

Acquisition data in  research sampled over time damage from May 2008 - October 2012. On the other hand 

purchase cost component is comprised of the purchase cost of spare parts, ordering costs and storage costs. 

 

 
 

Fig. 1: Scheme of the Centrifugal Pump (Ramakumar, R., 1993) 

 

Reliability function is denoted by R (t), probability of the system can function properly during use (0, t) 

(Dhillon, B.S., 2005) so; R (t) = P {equipment / system / operating system components}. = P {X (t) = 1} = P 

{T> t}. 

 

 R (t) = 1 - P {T  < t}. = 1- F(t)            (1) 
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system works well if all the components that make it up to function properly and damage mutually independent. 

(Levitt, Joel, 1997) In the series circuit, the system reliability function is written as follows: (Dhillon, B.S., 

2005) 
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Wherein R1, R2, ..., Rn is the reliability of a component to the 1, 2, until kompenen to n. Parallel system 

reliability is assumed that the system fails if all defective components. (Levitt, Joel, 1997) The model system 

reliability component parallel to n (not identical) are: (Dhillon, B.S., 2005) 

Rsp (T) = 1 - 1 – R1 (T)  1 – R2 (T)  …  1 – Rn (T) =  
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wherein R1, R2, ..., Rn is the reliability of the component to 1.2, up component to n if all the components are 

not identical If all of the components that make up the system (identical) then equation 2.4 becomes: (Dhillon, 

B.S., 2005) 
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Homogeneity Analysis of One Direction Based Rating Kruskal Wallis; Kruskal-Wallis analysis of 

homogeneity test is a useful technique to determine whether k independent samples come from different 

populations. (Kececioglu, D., 1991) 

Hypothesis; Ho: all k population distribution functions are identical and H1: Not all of all k populations 

have the same median. Statistics Test using Kruskal Wallis test statistics can be written as follows: (Kececioglu, 

D., 1991) 

 

 Hypothesis; H0: key–k function distribution population identical and H1: Not all k have the same 

population.  

 Statistic Test , Statistic test  Kruskal Wallis as: (Kececioglu, D., 1991) 
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Where:  

K = a lot of samples 

RI = number of ranks assigned to observations in the it sample  

Ni = a lot of cases in the sample to - i  

N = a lot of cases in all samples               
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Decision Rules ; If k = 3, and if n ¬ 1, n2, and n3  5, the critical price table Kruskal Wallis test statistic can 

be used to determine the possibility of relating, under H0, with an H for H observation.  and If Ni > 5, a 

significant price for the price of observations H can be estimated using Table Kai-squared with db = k - 1  

If the probability of observation H relations with prices greater than, reject H0. (Kececioglu, D., 1991) 

Distribution Test, Testing distribution (Goodness of fit) is used as a tool to evaluate the extent to which a 

model is able to approach the real situation described (Daniel, 1989). One of the conformity test distribution is 

performed using Kolmogorov - Smirnov (Kececioglu, D., 1991). 

Hypothetically, if F0 (x) is the hypothesized distribution function (cumulative odds function) then it can be 

declared null hypothesis and the hypothesis is unmatchable, respectively [5] the two sides; H0: F (x) = F0 (x) for 

all values of x and H1: F (x)  F0 (x) for at least a value of x. One side; H0: F (x)  F0 (x) for all values of x and 

H1: F (x) <F0 (x) for at least a value of x and one side; H0: F (x)  F0 (x) for all values of x and H1: F (x)> F0 

(x) for at least a value of x. 

Test Statistics, S (x) = (number of observations in the sample is less than or equal to x) / n  

Test Statistics are used depending on the hypothesis. (Kececioglu, D., 1991) 

a. Two-tailed test, )()(sup 0 xFxSDN
x

           (7) 

b. One-sided test that establishes that   F(x) <  F0(x),  )()(sup 0 xSxFDN
x

       (8) 

c. One-sided test that establishes that F(x) > F0(x),  )()(sup 0 xFxSDN
x


       (9) 

 Decision of  Rules  

Reject Ho at level if the test statistic of interest, Dn, Dn +, Dn-or greater than the quintile 1 -  is contained 

in Table Quintile Kolmogorov-Smirnov  

Wailbull distribution is an extension of the exponential distribution and is widely used to model the 

phenomenon of damage to the rate of decay depends on the age of the components (Kececioglu, 1991). 

Probability Density  Function with 3 parameter Weilbull Solid function probability (FPP) is as follows (Daniel 

and Wayne, W., 1989). 
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Where:  

t = time decay, t    

 = shape parameter, > 0  

 = scale parameter, > 0  

 = location parameter,  < < 

 

 Function Weilbull Distribution Reliability, The reliability function of which is: (Daniel and Wayne, 

W., 1989) 

R (t) = 1 – F (t) = 
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 Failure rate Weilbull Distribution , The function of the rate of decay is: (Daniel and Wayne, W., 1989) 
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 Mean Time To  Failure  (MTTF) , The MTTF function for the 3 paramete rs is (Daniel and Wayne, W., 

1989) 

MTTF= 
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1
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Components are arranged in parallel: For 3 parameters. (Levitt, Joel, 1997)  
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Provision of spare parts;  

a. Estimated Total Parts Inventory  

Procedures for planning inventory based on the average amount of time following damage (Kececioglu, D., 

1991); Calculating the mean time the damage and calculate the optimal inventory equation; 

Estimation  total part inventory  

xZ
TR

t

T

t
D             (15) 

Where:  

t = operating time  

T = Mean Time to Failure (MTTF) of the corresponding distribution  

R = Value of component reliability (system)  

 Z  = 1.65 for 95% confidence level.     

b. Deterministic Inventory Model  

Cycle provision deterministically shown in Figure 2. On this picture shows that the demand for materials is 

fixed and also reorder point or Reorder point (B) is fixed, so the need for the production of previously known 

and there is no shortage of material. 
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Fig. 2: Provision of cycle parts deterministically (Hoyland, and Rausand, M., 1996) 

 

To complete the deterministic demand model used methods or economic order quantity Economic Order 

Quantity (EOQ). (Kececioglu, D., 1991) 
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Where:  

TC = total cost per year 

D = the needs of goods for one year  

C = cost of purchase of goods per unit  

S = cost of booking each time a message  

IC = cost per unit of storage in 1 year  

Q = the amount of booking for each time a message 
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RESULTS AND DISCUSSION 

 

Reliability function was done by testing the homogeneity among the data component damage gaskets, seals 

and bearings of the three pumps that EFWP circulation pump, and pump TFWP1 TFWP2 generating units 

located at 5 by using Minitab software program package. Test the suitability of the distribution of test data using 

Kolmogorov Smirnov Goodness of Fit using Stat graphics plus program package. Parameter estimation 

component failure time distribution of gaskets, seals, bearings performed with the program package Reliasoft 

Weibull. Furthermore, the system reliability is calculated consis components in parallel. Analysis of component 

inventory control is done by calculating the average value of time to the broken (MTTF) component of gaskets, 

seals, and bearings based system reliability. Parts inventory plan gaskets, seals, bearings using reliability 

analysis and calculate the optimal order quantity / Economics Order Quality (EOQ), the frequency of the 

optimal ordering, ordering intervals and calculation of overall cost. 

 

Gaskets: 

Gasket Test performed by Kruskal-Wallis test homogeneity as follows; Hypothesis: Ho: Time decay 

component of the circulation pump gasket is homogeneous and H1: Time decay component of the circulation 

pump gasket is not homogeneous. Test statistic: H = 1.75. Decision : Since all components of gasket sample size 

of more than 5, then used Kai-squared  table to decide whether the median- the median sample significantly 

different level =0.05 . Critical value of chi - squared for free 5 degrees is 11.0705 for so the value of 

H=1.75<11.07 which means that Ho cannot be rejected (Kececioglu, D., 1991). 

Distribution is done through the test, Goodness of Fit Test Kolmogorov Smirnov by using statistical 

software Stat graphics Plus. The hypothesis is as follows: H0: The data follow the Weiybull distribution patterns 

and H1: The data do not follow the Weiybull distribution patterns. The results of the test: EST. . . . Kolmogorov 

Smirnov D plus = 0.1961, EST. Kolmogorov Smirnov D Minus = 0.1544, EST. . . . Kolmogorov Smirnov DN = 

0.1961, D = 0.2124 Table, From the test results seem to use the 95% confidence level and the value of α that is 

used by 5 %, the value of DN for the data component damage when the gasket is smaller than the value given by 

Table quintile of The Kolmogorov Test Statistics, so that H0 is accepted and decay time data follow Weibull 

distribution. (Dhillon, B.S., 2005) 

Parameter estimation calculation is done with the help of software Reliasoft Weibull, the value of the 

parameter: β= 0.8624, η= 77.3524 and γ = 106.3950. In Reliability Analysis, Modeling component based gasket 

reliability weibull distribution with 3 parameters; Functions can be searched Solid Opportunity, Reliability and 

Function Damage rate. Subsequently obtained Damage Average Time Between, MTTF = 189827 days, and R (t 

= 189827) = 0.3439; Gaskets and components opportunity to remain in good condition after being used for 

189827 days amounted to 34.39% and the rate of decay λ (t = 189 827) = 0.0109 damage/day. 

Based on the graph in Figure 3. Shows the components of gasket reliability value continue to decline with 

increasing production time. It is caused due to the longer pump - pump circulation resulting components are 

used increasingly worn gaskets and make value decreasing reliability. 

 

 
 

Fig. 3: Three parameter Weibull distribution reliability Gaskets Pump Parts 

 

Reliability for Parallel Structure: 

Parallel pump system arrangement shown in Figure 4. 1. EFWP Circulation Pump; 2. Circulation Pump 

TFWP 1; 3. TFWP Circulation Pump 2 and parallel system reliability model is obtained: MTTF = 273.1722 

days and R (t = 268,073) = 0.1531 = 15.31%. 
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Fig. 4: Cooling pump system in parallel (Gaskets) 

 

Parts Inventory: 

Appropriate methods to solve the inventory problem are with the Model Provision Deterministic. 

Companies' costs include the cost of booking 0.1% of the price of goods per unit and storage costs 15% of the 

item price per unit, so that; The number of parts needs gaskets needed in the unit (D) with 95% confidence level 

(Z  = 1.65). So that D = {(365/268.073) + [(365/268.073 * 0,153)*1.65] 1/2 = 5,192 units / year ~ 6 units / 

year. So the total parts required gaskets parallel system are: 6 x 6 units / year = 36 units / year. 

Purchase cost (C) = IDR. 26000000 per unit; the booking fee (S) = 0.1%  purchase cost of goods = 0.1%  

IDR. 26000000 = IDR. 26000; the cost savings per unit per year (IC) = 15%  purchase cost; Cost savings = 

15%  IDR. 26000000 = IDR. 3900000 , and  Q
*
 = {(2*26000*6)/(3900000)}

1/2
 .  Total bookings most 

economical gasket components for the same parallel system on unit 5 and 6 is 12 units/year. The number of 

frequency components of gasket reservations for parallel systems on a cooling pump for 1 year: n = 36/12 = 3 

times the applicable per year; Interval time of booking for 1 year is: T = 1/3 x 365 days = 121.67 days = 122 

days; Total inventory cost per years, TC  = IDR. 26000000 (36) + [(36*IDR.26000000)/12 + 

(IDR.3900000*12)/2] = IDR. 959.478.000,00 = US $ 95.947,80 

 

Seal:  

Seal component test performed by the Kruskal - Wallis test homogeneity as follows. Hypothesis : H0 : 

Time decay of the circulation pump seal components are homogeneous and H1 : Time decay component of the 

circulating pump seal is not homogeneous, with statistics Test : H = 5.80, Decisions : Kai -  = 11.0705squared 

critical value for 5 degrees is free for  0:05. So the value of H = 5.80 < 11.0705 which means that H0 cannot be 

rejected, so that the data homogeneous. 

Distribution Test with Test Kolmogorov Smirnov Goodness of Fit, The hypothesis is as follows Ho: The 

data follow the Weibull distribution patterns and H1: The data do not follow the Weibull distribution. Test 

results EST. . . . Kolmogorov Smirnov  D plus = 0.1596, Est.  Kolmogorov Smirnov D Minus = 0.1483, Est.  

Kolmogorov Smirnov DN = 0.1596, Table D = 0:17, From the test results it appears that using a 95% 

confidence interval and the value of α that is used by 5 %, the value of DN for the data component damage 

when the seal is smaller than the value of the D table, so that H0 is accepted and time data following the damage 

to the circulation pump Weibull distribution. (Dhillon, B.S., 2005) 

Parameter estimation parameter values obtained as follows: β= 0.8919, η= 92.7154 and γ = 0.4200; By 

looking for the value function Opportunity Solid f (t), reliability function R (t), and the damage rate function λ 

(t) and the average value between the time of damage, the obtained values - values: MTTF = 98.4016 days, R (t) 

= 0.3498 and λ (t) = 0.0095 damage / day. Reliability Analysis System for parallel system reliability model is 

obtained: MTTF = 176.2267 days and IDR  (t = 176,227) = 42.78%. Parts Inventory, so that D ={(365/1762267) 

+ [(365/1762267 * 0428) * 1.65] 1/2 = 4,897 units / year ~ 5 units / year. 

Total seal parts required: 6 x 5 = 30 units / year, Purchase cost (C) = IDR. 52500000 per unit; the booking 

fee (S) = 0.1%  purchase cost of goods = 0.1%  IDR. 52500000 = IDR. 52500; the cost savings per unit per 

year (IC) = 15%  purchase cost = 15%  IDR.52500000 = IDR. 7875000, Economic Order Quality (EOQ) is 

Q
*
 = {(2*52500*5)/ (7875000)}

 1/2
 = 0.258 ~ 1 unit. Total booking component seal most economical is 12 units 

/ year; the number of frequency components ordering seals for 1 year is n = 30/12 = 2.5 = 3 times the booking / 

year; Interval time of booking for 1 year is: T = (1/3) x 365 days = 122 days = 121.67; the total cost of inventory 

per year .TC = IDR. 1622381250 = US $ 162238, 13 

 

Bearing: 

Bearing Component Test Homogeneity; Test performed by Kruskal-Wallis as follows; Hypothesis, Ho: 

Time decay of the bearing components are homogeneous and circulation pump H1: Time decay bearing 

components of the circulation pump is not homogeneous, Statistics Test: H = 0.87, level  = 0.05 Decision: The 

critical value chi - squared for free 5 degrees is 11.0705 for So the value of H = 0.87 <11.0705 which means that 

Ho cannot be rejected at the aignificance level (Kececioglu, D., 1991). 

Distribution Goodness of Fit Test Kolmogorov Smirnov. Hypothesis Ho: The data follow the Weibull 

distribution patterns and H1: The data do not follow the Weibull distribution patterns. Test results Est. 

Kolmogorov Smirnov D plus = 0.1105, Est. Kolmogorov Smirnov D Minus = 0.1472, Est. Kolmogorov 

Smirnov DN = 0.1472, D Table = 0.2443, it appears that using a 95% confidence interval and the value of α that 
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is used by 5%, the value of DN for data bearing component damage when the circulation pump is smaller than D 

value table so that H0 is accepted and time data following the damage to the circulation pump Weibull 

distribution. (Dhillon, B.S., 2005) 

Parameter estimation obtained through the following parameter values:  β = 1.8023, η= 168.9174 and γ = 

90.9750. Solid Opportunity by searching function, reliability function, damage and rate of function of the mean 

values of the Inter-Time Damage, the obtained value of MTTF = 241.1257 days, the value of R (t = 241 126) = 

0.4454, the value of λ (t = 241 126) = 0.0097 damage / day . System reliability in a parallel system model is: 

MTTF = 355.99 days and IDR (t = 355 986) = 6.37%. So stock Parts, so D = {(365/355.986) + [(365/355.986 * 

0,064) * 1.65] 1/2 = 6,179 units / year ~ 7 units / year. 

Bearing parts required by the parallel system are: 6 x 7 units/year = 42 units / year. Purchase cost (C) = 

IDR. 173000000 per unit; the booking fee (S) = 0.1%  purchase cost of goods = 0.1%  IDR.173000000 = 

IDR. 173000; Storage cost per unit per year (IC) = 15%  save the cost of purchase and cost of IDR = 15%. 

173000000 = IDR. 25950000. Economic Order Quality (EOQ), Q
*
 = {(2*173000*7)/ (25950000)}

 1/2
 = 0.306 ~ 

1 unit. Total ordering of the most economical bearing components is 12 units / year.  Frequency reservations 

bearing components per year; n = 42/12 = 3.5 times = 4 times the booking / year; Interval time of booking for 1 

year is: T = ¼ x 365 days = 91.25 = 93 days; the total cost of inventory per year (TC); TC = IDR. 173000000 

(42) + [42(IDR.173000)]/12 + [(IDR.25950000) (12)]/2   = IDR 7422305500 or = US $ 742231 

 
Table 4.1: Comparison of Parts Inventory  Reactive maintenance and Predective Maintenance 

Parts Parts required amount  

per year (unit) 

Total Cost of Parts Inventory  

  per year (U.S. $) 

 Reactive 
Maintenance 

With Reliability Analysis Reactive Maintenance  Preventive  
Maintenance 

Gasket 49 36   129751   95948 

Seal 45 30   240995 162238 

Bearing 58 42 1019973 742231 

 

Conclusion: 

Based on the analysis and discussion, the component parallel system reliability value Gasket, Seal, Bearing 

of the circulation pump are: Component Gasket IDR  (t) = 0.1531 with MTTF = 268.07 days, Component Seal 

IDR (t) = 0.4278 with MTTF = 176.23 days and Components Bearing IDR (t) = 0.0637 with MTTF = 355.99 

days. By using the Reliability analyzes can increase efficiency in planning the amount of component inventory 

in one year: Gasket components as much as 36 units per year, the seals 30 units per year, Bearings as many as 

42 units per year. 

By using Reliability analysis can improve the efficiency and effectiveness in planning the provision of cost 

incurred for ordering supplies of components, as follows : for Gasket component of U.S. $. 95948 per year, Seal 

of U.S. $ 162238 per year, Bearings U.S. $ 742231 per year. Inventory planning component cooling pump with 

a more efficient use of Reliability analysis compared the activity undertaken by the company in both the number 

of spare parts inventory as well as the total cost of ordering inventory of spare parts for one year. 
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