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Abstract. The purpose of this research is to determine the type of maintenance method
that can be applied to the C1107 engine in the company. The C1107 engine is a turbine
pump machine used in the manufacture of fertilizers. The main problem discussed in
this study is the frequency of damage that occurs in the C1107 engine is quite large, and
this will impact the maintenance costs incurred by the company. The types of damage
that occurred were categorized into four states, namely good condition, minor,
moderate, and high damage. The method used in this research is the Markov analysis
method, where, in this method, the value of the transition probability to the steady-state
condition will be sought from the transition probability of the failure condition of the
CII07 engine used by the company. From the results of the research conducted, it was
found that the steady-state status was good, the damage was minor, moderate, and
severe, respectively by 11.50,61.40,18.70,and 8.40%. The types of maintenance that can
be applied are the type of repair maintenancein severe damage conditions and the type
of preventive maintenance in moderate damage conditions with a total cost of Rp.
25,042,826.The benefit obtained in this research is to determine the best type of C1107
engine maintenance for the company.
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1. Introduction

In this study, we calculated maintenance costs based on the damage history of the turbine
pump machine in PT X to find the lowest maintenance cost. The method used is Markov
analysis. The results of this study will provide the choices of maintenance cost based on the
proposal of the type of maintenance. The company is given the option to minimize
maintenance costs on the turbine pump machine in the future.

Maintenance is an activity to maintain or repair a facility until it reaches normal conditions
or conditions that are acceptable [1]. Achievementin good planning can predict a situation to
come, predictable work conditions, achievement of goals according to task choices, can
emphasize creativity to plan thoroughly, make policies, procedures, standards, and methods
of work implementation, and can achieve the results of supervision by changing the plan
according to instructions. Quality in the organization itself is referred to as a procedure or
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company action to ensure high-quality products [2]. Machine failures that occur can cause
many business problems, late delivery, poor product quality, loss of good reputation in the
product and company, as well as lost profits and opportunities [3]. The importance of
planning, according to Gits in Ashayeriet al. (1996),is adequate in the maintenance function
must be emphasized by mechanisms and automation, new production systems such as Just in
Time (JIP), Not on time, preventive maintenance, and corrective maintenance reduced by
continuous maintenance program plan, and spare parts and materials available [4].

The maintenance that has been carried out by the company for the C1107 engine is
corrective maintenance at status 4 (P0). It is proposed with corrective maintenance at status 4
and preventive maintenance at status 3 (P1), corrective maintenance at status 3 and 4 and
preventative maintenance at status 2 (PP2), corrective maintenance at status 4, and preventive
maintenance at status 2 and 3 (P3), and corrective maintenance at status 3 and 4 (P4). This
classification of damage and conditions in the matrix will form the state of the Markov model,
each of which is represented by the probability value of a movement from one state to another

[5].

2. Method

The method used in this research is the Markov Analysis method. In this method, three
main steps can be used to solve a problem [6]. The first step is to determine the probability
transition matrix. Then, the next step determines the probability of the transition. In the last
step, a steady-state condition will be determined that can be used for the decision-making
process [7]. In this study, the Markov Analysis method was used to determine the probability
of transitioning from the actual treatment method to the proposed treatment method. After
that, it is determined the probability of steady-state conditions for each type of treatment to be
converted into maintenance costs. The goal of this research is to determine the exact type of
maintenance for the turbine pump engine.

3. Results and Discussion
The status transition formed due to the proposed maintenance plan above is determined if
corrective maintenance action is taken, the system will go to status 1 (good). However, if
preventive maintenance measures are taken, the system will remain or return to its previous
state [8]. The followingis a table of turbine pump machine status transitions; the turbine pump
machine status transition can be seen in Table 1.
Table 1. Cumulative transition probabilities of turbine pump machine

Month Status

I)11 PIZ P13 P14 p22 P23 P24 P33 P34 P4l
1 * * * * 1/1 0 0 1/1 0 *
2 0 1/1 0 0 2/3 1/3 0 1/3 2/3 1/1
3 1/4 3/4 0 0 0 2/3 1/3 * * 13/13
4 * * * * 2/3 0 1/3 1/3 2/3 1/1
5 2/5 1/5 1/5 1/5 0 1/1 0 2/3 1/3 8/8
6 0 1/1 0 0 2/2 0 0 * * 7/7
7 0 0 0 1/1 1/3 2/3 0 * * 7/7
8 0 2/3 0 1/3 3/4 0 1/4 0 1/1 8/8
9 0 1/3 1/3 1/3 2/2 0 0 0 1/1 8/8
10 1/1 0 0 0 * * * 0 1/1 7/7
11 * * * * 3/3 0 0 1/2 1/2 6/6
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Month Status
ont Pll P12 Pl3 Pl4 PZZ P23 P24 P33 P34 P4l
12 * * * * * * * 3/3 0 7/7
13 1/1 0 0 0 1/1 0 0 0 1/1 2/2
14 2/2 0 0 0 4/5 1/5 0 * * 7/7
15 0 1/1 0 0 0 3/3 0 0 2/2 6/6
16 * * * * 1/1 0 0 0 1/1 6/6
17 0 1/2 1/2 0 1/2 0 1/2 1/1 0 6/6
18 0 3/3 0 0 0 1/1 0 0 1/1 6/6
19 0 0 0 2/2 1/7 4/7 2/7 1/2 1/2 5/5
20 0 0 2/2 0 * * * 0 1/1 7/7
21 0 0 0 1/1 4/6 1/6 1/6 0 1/1 4/4
22 1/2 0 1/2 0 1/1 0 0 0 2/2 7/7
23 1/1 0 0 0 2/2 0 0 1/3 2/3 7/7
24 0 1/2 0 1/2 * * * 3/3 0 6/6

Total 0.271 0.366 0.133 0.230 0.626 0.280 0.093 0.333 0.667 1

Steady-state transition matrix computation, which has been multiplied by good state [9].
The steady-state results to see the probability of the situation after maintenance has been
proposed based on the transition matrix on machine maintenance carried out by the company
(P0). Then, it can be seen that the four results of the proposed production facilities plan are
expressed in the form of a transition matrix. The followings are Figures 1 - 5, which are the
transition matrix of the proposed turbine pump machine.

0.301 0.295 0.184 0.220

0 0.626 0.280 0.093
0 0 0.333 0.667

0.548 0 0 0
Figure 1. Proposed Transition Matrix (Po) Turbine Pump Machine

P0:

0.271 0366 0.133 0.230

0 0.626 0.280 0.093
0 1 0 0

1 0 0 0
Figure 2. Proposed Transition Matrix (P1) Turbine Pump Machine

P1:

0.271 0.366 0.133 0.230

1 0 0 0
1 0 0 0
1 0 0 0

Figure 3. Proposed Transition Matrix (P2) Turbine Pump Machine

0.271 0.366 0.133 0.230

) 0 0 0
Ps=1"0¢ 1 0 0
1 0 0 0

Figure 4. Proposed Transition Matrix (Ps) Turbine Pump Machine
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0.085 0.366 0.133 0.230

p—J 0 0626 0280 0.093
4 1 0 0 0
10 0 0

Figure 5. Proposed Transition Matrix (Ps) Turbine Pump Machine
The results of the proposed steady-state transition matrix are shownin Table 2.

Table 2. Proposed Steady State Transition Matrix

Probability
Maintenance
. Minor Moderate Heavy
Activity Good
Damage Damage Damage

Py 0.301 0.295 0.184 0.220
P 0.115 0.614 0.187 0.084
P 0.578 0.212 0.077 0.133
s 0.537 0.268 0.072 0.123
Py 0.369 0.361 0.151 0.119

The expected average cost is obtained from the comparison of the expected average cost of
maintenance carried out by the company (Po). The cumulative expected average cost is shown

in Table 3.
Table 3. Expected Average Cost
Costs
Machine
Dy P, P, P D,
Turbine Pump Rp Rp Rp Rp Rp
Machine 53.090.840 25.042.826 56.184.087 38.511.564 65.079.678

From the table above, it can be seen that the optimal type of maintenanceis to carry out
preventive maintenance compared to corrective maintenance. The cost of maintenance canstill
be minimized if the company implements preventive maintenance activities [10].

4. Conclusion

This type of maintenance with the lowest cost used the Markov method, namely proposed
maintenance, corrective maintenance at status 4, and preventive maintenance at status 3 (P1),
which is the lowest expected average cost of maintenance. In the steady-state probability, if
the turbine pump machine is not being maintained, the probability value of the machine will
remain in good condition at 11.50%, minor damage conditions are 61.40%, moderate damage
conditions are 18.70%, and heavy damage is 8.40 % . Maintenance costs for P1 maintenance are
Rp. 25,042,826.
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