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Abstract 

 
PT KAI is a company that provides mass transportation services, which must carry out maintenance to maintain the 
performance of its fleet. The company has implemented a preventive maintenance pattern, but it is not optimal and is 
still reactive. This study discusses the analysis of the application of these patterns on the Electric Rail Train and 
designing the information system. The research uses quantitative methods by performing calculations using historical 
damage data, damage intervals, and data on repairs or maintenance carried out in the January-December period 2020 
and the business processes that occur during maintenance. From these data, calculations were made to find KRL and 
critical components, the value of availability, reliability, and downtime of each component. The analysis is carried out 
using the data from the calculation and then analyzing each critical component from a technical point of view. The 
result of the discussion is that Preventive Maintenance can increase the availability and reliability of the 8000 Series 
KRL components, namely carbon brush, brake pad shoe and SIV, but there is also an increase in downtime. 
 
Keywords: 
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1. Introduction 
The history of the railways in Indonesia began built during the government of the Governor-General of the Dutch East 
Indies, Mr LAJ Baron Slot van de Beele dated June 17, 1864. Construction of the state railway line through 
Staatssporwegen (SS), covering the route Surabaya-Pasuruan-Malang. This success has encouraged private investors 
to build the Semarang Joana Stoomtram Maatschappij (SJS), Cheribon, Pasoeroean, Kediri, Probolinggo, Modjokerto, 
Malang, and Deli railways. Until the end of 1928, the length of railroads in Indonesia reached 7,464 km, with 
government-owned rails being 4,089 km and private railways being 3,375 km.  
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After Indonesia proclaimed its independence on August 17, 1945, a few days later, the train station and headquarters 
in Bandung were taken over on September 28, 1945 (now commemorated as Indonesian Railways Day). It also marks 
the establishment of the Indonesian Railways Bureau of the Republic of Indonesia (DKARI). The government changed 
the structure of PNKA into a Railway Company (PJKA) in 1971. Perumka changed to PT. Kereta Api Indonesia (KAI) 
in 1998. Currently, PT KAI has seven subsidiaries, namely KAI Services (2003), KAI Airport (2006), KAI Commuter 
(2008), KAI Wisata (2009), KAI Logistics (2009), KAI Properti (2009), PT Pilar Sinergi BUMN Indonesia (2015). 
KAI Commuter also known as Electric Rail Train (KRL) operates in Jakarta, Bogor, Depok, Tangerang, and Bekasi 
(Jabodetabek) areas. As a company in the field of mass transportation, PT KAI positions safety as a top priority. The 
company guarantees safety in its services by carrying out maintenance and checking of train facilities such as 
passenger trains, freight cars, and locomotives. 
Facility officers are divided into two parts, namely train facilities officers and locomotive facilities officers. Routine 
work for train facilities officers is to inspect the underframe, bogies (frames that form a set of wheels with axles), 
push-pull devices (train couplings, carriages, or locomotives), braking devices, and safety equipment on trains or 
carriages. 
The locomotive facility officers are devoted to maintaining locomotive components and ensuring that they function 
correctly. All parts such as wind, diesel, electrical and mechanical systems must be checked and repaired regularly. 
The maintenance and repair activities are carried out at the locomotive depot. After the officers check the trains, 
carriages and locomotives, the following process is an overall inspection until they are declared ready for operation 
(SO). Inspections are also carried out at stations where the train stops. The drive-through check, or the showing 
process, is a re-check to ensure that the train facilities are still up to standard. The components that were checked were 
braking equipment, coupling equipment, safety equipment, and electrical systems. Therefore, various requirements 
must be possessed by the facility officer before being placed in a depot or Yasa Centre". 

In today's modern industrial world, the maintenance of transportation equipment has become a concern for companies. 
The strategy to carry out maintenance can result in savings in operational costs and increase the availability of the 
system or equipment used (Purnama, 2019). In the service industry, especially transportation service providers, the 
transportation equipment owned is the primary business tool in running a business and the business processes carried 
out. These tools are the primary source of income for the company, and the company must carry out routine 
maintenance for the tools they have. Nevertheless, sometimes maintenance can take a long time, so that it increases 
downtime (Duarte et all., 2006). If this happens, the company may lose business opportunities and suffer losses due 
to lost revenue. 

 

 Many companies are not aware of this. Planning for the maintenance of business tools can be one of the determining 
factors for the development or failure of a company's business. Maintenance often does not receive special attention 
from companies. Equipment maintenance is only carried out when damaged or planned before maintenance is carried 
out. It can cause losses for the company without realizing it and maintenance costs that will be higher. 

 

The maintenance model applied by PT KAI, especially for KRL maintenance, is distance-based or time-based. 
Maintenance based on KRL mileage is only carried out for two years of maintenance (Qian and Dong, 2017). 
Meanwhile, maintenance based on the KRL maintenance time interval is divided into several daily, weekly, monthly, 
quarterly, semester and yearly. This method of treatment is included in preventive maintenance or carrying out 
maintenance that aims to prevent damage. However, its implementation is still general and has not identified KRL 
and which components have the highest level of damage (Sasitharan and Lazim, 2018). In addition, the replacement 
of components is still reactive or carried out only when the damage occurs. 

 

The current KRL maintenance facility still adheres to a manual reporting system, where each file is stored locally and 
is not connected. It causes difficulties in reporting if historical data of a train is needed for evaluation and analysis 
purposes. When using an information system, it is hoped that this problem can be overcome and simplify 
documentation, grouping, and reporting (Singh and Kumar, 2015).  

 
 

This study will discuss the optimal maintenance interval of KRL. Moreover, how an information system can make it 
easier to help documentation work to report historical data used to perform an analysis. The problem faced by PT. 
KAI is that planning is only based on specific units or references such as time-based or distance-based, which is not 
necessarily the best time to carry out maintenance because the two references do not consider other factors that also 
affect the work of KRL. The formulation of the problem obtained from the current condition of the company is: 

1. Which KRL has the highest breakdown frequency and downtime? What components are classified as critical 
components of the KRL? 
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2. How does preventive maintenance affect the availability and reliability of KRL? 
3. How do information systems support preventive maintenance? 

 
2. Lirature Review 
 

Preventive Maintenance 
Planning is something that is often done for various purposes. There is no exception to maintenance, sound planning 
is the core and the advantage of preventive maintenance compared to other scheduling plans. Some conditions that 
allow using preventive maintenance are as follows (Hinggins, Mobley, & Smith, 2002, p.1.39): 

 

a. Corrective maintenance cannot be justified. 
b. Predictive maintenance cannot be applied. 
c. The side effects of this type of maintenance repair are unacceptable. 
 
Preventive Maintenance Scheduling 
The measurement of active maintenance time includes time to study the damage that has occurred and data on the 
damage that has occurred to calculate the correct maintenance time and duration. Preventive maintenance performs 
simple preventive maintenance actions such as lubrication, cleaning or checking for existing problems. This treatment 
time can be measured by using the time when performing maintenance activities within a specific frequency (Jha, 
2016). PM has scheduled downtime, usually periodically, consisting of several sets of activities, such as inspection 
and repair, replacement, cleaning, oiling, and alignment. 
 
Prioritizing the order of maintenance is a crucial task in a production system, especially when the need for maintenance 
is higher than the technicians and resources needed to do it. Work sequences that are carried out randomly or 
specifically can waste the existing workforce and the resources used and increase the downtime that occurs to result 
in losses (Stritto and Schiraldi, 2013). 
 
Maintenance schedules must be done based on the appropriate interval with the object of care. These interval units 
include (Basri et all., 2017) : 
 

a.  Land vehicles and trains: distance covered 
b.  Airplanes: flight hours, number of flights and landings. 
c. Electronic devices: working hours, number of on and off. 
d. Fixed system (radar, rail line, many more.): number of days. 
 
Identification of Data Distribution 
Data identification was carried out using the Least Square Curve Fitting (LSCF) method, which is a way to find the 
index of fit value from the existing TTR and TTF data. The distributions used in this method are Weibull, exponential, 
normal and lognormal. However, in this discussion, only two distributions are used, namely Weibull and lognormal. 
Here is how to find the value of r to choose the distribution to use. The highest r-value is the chosen distribution 
(Angius et all., 2016). 
 
          
 
 
 
         
 
 
 F(t)   = cumulative distribution value 

n   = amount of damage data 
i  = 1,2, 3..., n 
yi or zi = yi is used for Weibull and exponential distributions while zi is used for normal and lognormal 
distributions 

The difference between these two distributions is in the way xi and yi/zi are calculated. The following is a calculation 
method to find these two variables for each distribution. 
 

F(t)= 
i -0,3
n+0,4
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n
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n
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a. Weibull  
         
 
 y = value of the Weibull distribution table 

b. Lognormal 
  zi = Φ-1 [f(ti)] 

 
 zi = value from the lognormal distribution table 
 
Parameter Determination 
After selecting the distribution using the index of fit, the next step is to calculate the parameters. This parameter is 
used to calculate the Mean Time to Failure and Mean Time to Repair values. Each distribution has different 
parameters. 
 
a. Weibull (Ebeling, 1997, p. 368) 
 

β=b         
θ= e-a/β          
b = n∑ xi.zi n

i=1 - �∑ yin
i=1 �

n∑ xin
i=1

2- ∑ xin
i=1

2        

 
b. Lognormal (Ebeling, 1997, p. 371) 

 
tmed = e-sa        
s = 1

b
        

          
 
 

Calculation of Mean Time to Failure and Mean Time to Repair 
Mean Time to Failure is the average value of the interval between damage from distribution of damage data, while 
the Mean Time to Repair is the average value of the time to repair the damage that occurs. MTTF and MTTR 
calculations require pre-calculated parameters (Mukhtar et all, 2009) (Hardt et all., 2021). The calculation method for 
each MTTF and MTTF differs depending on the parameters that match the existing data distribution 
 
3. Methodology 
The methodology in this research is descriptive analytic. Research is carried out in the unit in charge of procurement 
and storage. Figure 1 describes the sequence of activities in this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Methodology Research 
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In conducting this study, the flow chart used is as follows: 
The initial observation process is carried out to find out the problems and what parts are related to the problem. After 
the data from the initial observations are obtained and already know the existing problems, the next step is to define 
the problem formulation in detail to minimize the scope discussed in this case study. The problems discussed are about 
maintenance intervals and the repair time on the PT KAI Electric Rail Train. 
 

Furthermore, a literature study was conducted to find and obtain both articles and theories related to the problems 
discussed, namely preventive maintenance. The literature search focused on preventive maintenance and some 
supporting things such as searching for data distribution, mean time to failure, mean time to repair. After that, data 
collection that can support the process of solving this problem is carried out. Collected data such as business processes, 
breakdown interval data and repair duration. 
 

After the data is collected, proceed to the data processing process. The data is processed into information that can 
support the complete process and can also meet the needs of the analysis carried out. Existing problems are solved by 
using preventive maintenance with the age replacement method. The analysis results carried out are also used in the 
design of information systems to facilitate the running process. 
 

After data processing is done, system design is carried out to design a system that can help the preventive maintenance 
process. Finally, conclusions are made that can answer the formulation of the problem and provide suggestions for 
developing the company processes and case studies. 
 
4. Result And Discusion 
Parameter 
Each component has different parameter values based on the type of distribution of TTF and TTR of each 
component. In table 1 the values of these parameters are used to calculate the MTTF and table 2 are MTTR values 
of each component. 

Table 1 Parameters of Damage to KRL Components 

Critical Component Damage 
Distribution Parameter 

Carbon Brush Lognormal s=1,091 
tmed=2141,237 

Brake Pad Shoe Lognormal s=1.2887 
tmed=3038,707 

SIV Lognormal s=1.677 
tmed=2063,389 

 
Table 2 Parameters for Repair of KRL Components 

Critical Component Repair 
Distribution Parameter 

Carbon Brush Weibull β=449,1565 
θ=1,0777 

Brake Pad Shoe Lognormal s=0,3358 
tmed=1,156 

SIV Weibull β=1,876 
θ=0,08204 

 

MTTF and MTTR values 
The MTTF value, in this case, is the average distance between the damage that occurs during the component operating. 
At the same time, MTTR is the average time needed to repair any damage that occurs to the component. The MTTF 
and MTTR values for each component are different because each component has a different distribution and 
parameter. The following table 3 and table 4 are the results of the MTTF and MTTR calculations for the three 
components. 

Table 3 Data on MTTF Damage to KRL Components 
Critical 

Component 
Damage 

Distribution MTTF 
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Carbon Brush Lognormal 3883 

Brake Pad Shoe Lognormal 6791 

SIV Lognormal 8402 
 
 

Table 4 MTTR Data for Repair of KRL Components 
Critical 

Component 
Repair 

Distribution MTR 

Carbon Brush Weibull 1,08 

Brake Pad Shoe Lognormal 1,22 

SIV Weibull 0,73 

 
The greater the MTTF value, the better the component will operate. It is because the higher the MTTF value, the less 
often the component will break down.  By judging from the table above, the SIV component has the smallest number 
of breakdowns with 8402 km compared to the other two components, namely carbon brush with 3883 km and brake 
pad shoe with 6971 km. 

Meanwhile, the smaller the MTTR value, the better. The smaller the MTTR, the smaller the total downtime that occurs. 
The table above shows that the SIV component has the smallest MTTR value with 0.73 hours compared to the other 
two components, namely carbon brush for 1.08 hours and brake pad shoe for 1.22 hours. SIV has a smaller MTTR 
value because the component is in an area that is relatively easy to reach when compared to the other two components. 

Replacement and Inspection Interval 
Preventive replacement is carried out to avoid sudden and unavoidable damage so that it interferes with the machine's 
work. The preventive replacement distance interval indicates the correct distance travelled to replace the component. 
It aims to avoid sudden damage that optimally may occur in the future. 
The preventive replacement model is age replacement. The purpose of this model is to determine the optimal service 
life of a component. In this preventive replacement model, if there is damage before the optimal age of the component, 
the following replacement will still follow the optimal age of the component that has been determined. Table 5 below 
is the result of calculating the optimal age of each component. 
 

Table 5 Data Interval Distance Replacement Prevention Components 
Critical Component Interval (km) 

Carbon Brush 1400 

Brake Pad Shoe 1750 

SIV 350 
 

Inspection is one of the activities carried out in preventive maintenance. It is done to minimize downtime that occurs 
because of component damage or component replacement. This inspection also aims to anticipate the occurrence of 
sudden damage. If symptoms of damage occur during the inspection, the components being inspected will be repaired, 
or if necessary, replacement components will be carried out to avoid further damage. It is hoped that with regular 
inspections, components can work optimally until the replacement period. Table 6 the results of the calculation of the 
inspection distance interval of each component can be seen below. 
 

Table 6 Component Inspection Distance Interval Data 
Critical Component Interval (km) 

Carbon Brush 8704 

Brake Pad Shoe 10939 

SIV 15564 
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Availability and Reliability 
Availability or level of availability is the probability that a component can work or function properly at a given time 
if operated under normal operating conditions. Below are the results of the availability calculation for each component. 
From the calculation of the availability level that has been done; several things can be identified that affect the value. 
Things that affect is the standard time of inspection and replacement of each component set by the company. The 
higher the standard replacement time applied by the company, the greater the level of availability of these components. 
Meanwhile, in the table 7 the smaller the inspection standard time applied by the company, the higher the availability 
level of the component will be. 

Table 7 Component Availability Data 

Critical 
Component 

Availability when 
making preventive 

changes 

Availability 
when checking 

Availability 
Total 

Carbon Brush 0,9998086 0,9798948 0,9797072 

Brake Pad Shoe 0,9998747 0,9840023 0,9838791 

SIV 0,9999387 0,9887563 0,9886958 

 
Reliability is an opportunity for a system or, in this case, KRL components to function normally within a certain period 
during the period of use. The best level of reliability is 1 or 100%, so if the level of reliability is close to that number, 
the system or component will work optimally within a certain period. 
 
In the table below, the level of reliability that exists in the current condition of the company is in column (R(t)), while 
for conditions after preventive maintenance is applied, it is in column (Rm(t)). Calculation of the level of reliability 
of each component is different, adjusted to a predetermined distribution.  It is due to the different parameters and 
calculation methods of each distribution. Table 8 below is the data from the reliability calculations that have been 
carried out for each component. 
 

Table 8 Component Reliability Data 

Critical Component MTTF 
(Km) ti (Km) R(t) Rm(t) Escalation 

Carbon Brush 0,9998086 8704,21 29,27% 47,81% 18,55% 

Brake Pad Shoe 0,9998747 10939,08 25,97% 44,64% 18,67% 

SIV 0,9999387 15564,30 20,10% 85,51% 65,41% 

 
With the increase in the reliability of these components, it is expected that the service life of the machine, especially 
these components, will be longer. In addition, it is also expected that the intensity of the damage unexpectedly can be 
reduced to a minimum level. 
 
5. Conclusion 
Based on the discussion and analysis that has been done in the previous chapter, several conclusions can be drawn 
relating to the implementation of Preventive Maintenance on KRL, including: 
1. The critical type of KRL is the 8000 Series because it has a breakdown rate of 72 times and downtime of 69.08 

hours, which is the highest among other types of trains. 
2. The components of the 8000 Series KRL that often have disturbances and damage are the carbon brush with 31 

times damage, which is 31% of the total damage, brake pad shoe with 19 times damage, which is 26% of the total 
damage, and SIV with 14 times damage, which is 19%. of the total amount of damage. 

3. The implementation of Preventive Maintenance can increase the total availability value of the carbon brush 
component by 0.978, brake pad shoe by 0.983 and SIV by 0.988. While the reliability value, there is an increase 
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for each component. For carbon brush components, there is an increase of 32.94%, brake pad shoe there is 18.67%, 
and SIV, there is an increase of 65.41%. 

4. The amount of downtime after preventive maintenance actions have increased. It is because of the number of 
actions performed for each component. The increase in downtime for the carbon brush component is 5.5 hours, the 
brake pad shoe component is 1.79 hours, and the SIV component is 11.29 hours. 

5. The information system can support making a recapitulation of TTR and TTF values as well as in making periodic 
reports. 
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