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Abstract : PT. Balistha Gapala Nandya is a service company engaged in the procurement and maintenance of elevators (travelators), escalators, 
elevators. The company is the only authorized distributor in Indonesia that has been certified by The Fuji HD Elevator Sino Japan Joint Venture. PT. 
Balistha Gapala Nandya is a service company engaged in elevators (elevators) both procurement and maintenance and has a maximum cost 
(maintenance) limit of IDR 50,000,000 for 1 elevator unit. Based on actual conditions in the field of PT. Balistha Gapala Nandya implements corrective 
maintenance. The maintenance issued by the company is IDR 64,990,000, which means it has passed the maximum limit of the company's maintenance 
costs. The purpose of this research is to reduce the risk value in the elevator, get a maintenance schedule that can reduce the risk of damage and 
reduce / save maintenance costs. Data collection is done by obtaining primary data, namely the number of machines categorized according to the 
condition of the damage and secondary data, namely written data on elevator maintenance in 2019. The methods used in this study are the FMEA, QFD 
and Markov Chain methods. The results of the research get the proposed P3 maintenance scheduling (preventive on minor and moderate damage, 
corrective for heavy damage) as routine maintenance every month with a cost savings of 41%. 
 
Index Terms : FMEA, Markov, Maintenance, Maintenance Scheduling, QFD, Risk 

—————————      ————————— 
 

1 INTRODUCTION  
Technological advances that are increasingly fast and 
sophisticated have resulted in the need for human labor to 
begin to be shifted to be replaced by machines or other 
production equipment. Machines and equipment that are in 
good condition will be able to smooth the production process. 
In the industrial discussion, to keep machines in the best 
possible use, continuous maintenance of components or 
machines is needed [1][2][3][4][5][6]. PT. Balistha Gapala 
Nandya is a service company engaged in the procurement 
and maintenance of elevators (travelators), escalators, 
elevators. The company is the only authorized distributor in 
Indonesia that has been certified by the Fuji HD Elevator Sino 
Japan Joint Venture factory. Based on actual conditions in the 
field of PT. Balistha Gapala Nandya implements corrective 
maintenance. In maintenance activities the company has a 
standard maintenance fee of IDR 50,000,000 for 3 units of 
elevators. Based on maintenance data for 2019, the company 
issued a maintenance fee of IDR 64,990,000 (4 units of 
elevator), which means that the maintenance cost limit set by 
the company has passed. By paying attention to the risk of 
damage to each component of the elevator, [7]  it is 
necessary to take preventive maintenance measures properly 
and correctly. The FMEA (Failure Mode and Effect Analyze) 
method is used to analyze the potential risk of damage and 
determine the value of the RPN (Risk Priority Number) [8], [9]. 
This method identifies the source and root causes of 
problems such as failure, damage, risk and quality [10], [11]  
 
 
 
 
 
 
 
 
 
 
 
Risk mitigation is carried out using the QFD method, [11] this 
method is used to improve machine performance and 

maintenance capabilities. The QFD method is a mathematical 
optimization to improve the quality of both services and 
products [14], [15]. The components in QFD are customer 
needs, technical requirements, correlation matrix, ranking of 
customer's language, relationship matrix and ranking of 
technical language are used to identify weak (problematic) 
attributes [16]. After identifying the attributes, the 
measurement and improvement of performance, work 
improvement, development, innovation, and service were 
carried out [16]. Analysis with the Markov method is used to 
obtain a low cost maintenance schedule. This method is a 
suitable forecasting tool for maintenance of equipment [17], 
[18]. The use of this method is carried out to obtain accurate 
predictions and decision makers on various aspects of 
management in the future [18], [19]. 
 

2 METHODS  
This research uses quantitative research using quantitative 
data or variables [20]. The data analysis technique used are 
as follows : 
 
1. FMEA 
Failure Mode and Effect Analyze (FMEA) method is used to 
analyze potential damage and know the value of Risk Priority 
Number (RPN). The largest RPN value should be repaired to 
reduce the risk of damage to the elevator.  
  
2. QFD 
QFD is a method used to determine what is cooled into proper 
technical design, manufacturing, and production planning. 
QFD method is used to reduce the risk of elevator damage by 
mitigating the risk. 
 
3. Markov 
Markov method used to get low cost maintenance scheduling. 
Research looking at the condition of elevator damage is 
sought probability value based on elevator maintenance data. 
The probability is used to determine the proposed 
maintenance action of the elevator and the cost of the 
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appropriate proposal. The smallest maintenance costs will be 
used to determine the schedule and maintenance actions of 
the elevator. 
 

3 RESULT AND DISCUSSION  
Figure 1 shows the amount of damage to elevator 
components in 2019. 

 
Figure 1 Component Damage Graph 

 
It can be seen that the parts / components that were damaged 
were 31 machine rooms, 8 hoistways, 11 car cages, 9 PITs, 
and 1 entrance.  
 
1. FMEA 
Risk identification is carried out for each component of the 
elevator to obtain the RPN value before repair. The 
assessment is done by calculating severity, occurrence, and 
detection [15], [16]. The RPN values are as follows: 

 
Table 1 RPN Value Before Repair 

Sub System Component RPN 

Machine Room 

Main Supply Switch 480 
Traction Machine 56 
Magnetic Brake 60 
Deflector Sheave 9 
Control System 192 
Rotary Encoder 36 
Governoor 35 
Light 12 
Air Conditioner 20 

Hoist Way 

Door Interlock 84 
Door Open & Closer 35 
Travelling Cable 32 
Limit Switch Up - Down 30 
Counterweight & Guide Shoes 27 
Joint Rails & Brackets 70 
Oil Box 16 
Sparator Beam 60 
Compesation Ropes 20 

Car Cage 

Car Operating Panel 32 
Level Indicator 16 
Car Light & Celling 8 
Safety Edge/Multibeam 40 
Leveling 21 
Interphone/Emergency Bell 21 
Safety Block 40 

PIT 
Safety Overload 32 
Acess & Lighting 9 

Entrance 
Level Indicator 21 
Hall Button 24 

It can be seen that the largest RPN values are found in the 
machine room, hoist way, and car cage because the RPN 
value has exceeded 200 and needs to be repaired [17]. Table 
2 shows the priority category of risk improvement. 

 
Table 2 Risk Category 

RPN Value Risk Category Risk Control 

< 100 Low Acceptable 
100 - 200 High Undesirable 

> 200 Very High 
Urgent Corrective 

Actions 

 
2. QFD 
Mitigating the risk of damage to the elevator with the QFD 
method is to reduce the risk value (RPN) of damage elevator  
[21]–[23]. Calculations using HoQ (House of Quality) to obtain 
the weighted value of the repairs can be as follows : 

 
Figure 2 HoQ Calculation 

 
The results of the RPN calculation before and after the repairs 
are made are seen as follows : 
 

Table 3 RPN Value After Repair 

Sub System Component RPN 

Machine Room 

Main Supply Switch 18 
Traction Machine 6 
Magnetic Brake 9 
Deflector Sheave 3 
Control System 18 
Rotary Encoder 8 
Governoor 9 
Light 12 
Air Conditioner 6 

Hoist Way 

Door Interlock 12 
Door Open & Closer 6 
Travelling Cable 16 
Limit Switch Up - Down 12 
Counterweight & Guide Shoes 9 
Joint Rails & Brackets 6 
Oil Box 8 
Sparator Beam 10 
Compesation Ropes 8 

Car Cage 

Car Operating Panel 6 
Level Indicator 8 
Car Light & Celling 8 
Safety Edge/Multibeam 12 
Leveling 18 
Interphone/Emergency Bell 15 
Safety Block 4 

PIT 
Safety Overload 32 
Acess & Lighting 9 

Entrance 
Level Indicator 21 
Hall Button 24 
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For all components the RPN value has decreased below 100. 
RPN values below 100 do not need to be repaired but still 
need to be monitored regularly. 
 
3. Markov 
Maintenance scheduling is carried out using the Markov 
method to obtain low cost maintenance proposals. This 
analysis uses a probability matrix to determine the proposed 
maintenance plan and the expected average cost savings.  
Table 4 shows the probability of elevators. 
 

Table 4 Elevator Probability 
 

j 
P1 P2 P3 P4 

i  

P1 0.563 0.264 0.146 0.028 

P2 0 0.45 0.15 0.4 
P3 0 0 0.417 0.583 
P4 1 0 0 0 

 
The probability of the elevator is calculated to get a steady 
state in the long run. So the elevator machine steady state 
probability is as follows: 
 
 1 = 0.437  2 = 0.209  3 = 0.373  4 = 0.191 
 
Then calculate the proposed maintenance to get low cost 
maintenance [20]. There are 4 types of maintenance 
proposals that are calculated, these calculations are as 
follows: 
 
1. Maintenance corrective in heavily damaged conditions and 

preventive in moderate damage conditions 
  1 = 0.334  2 = 0.334  3 = 0.186  4 = 0.146 
2. Maintenance corrective in moderate and severe conditions 

and preventive in minor damage conditions 
  1 = 0.696  2 = 0.184  3 = 0.101  4 = 0.019 
3. Maintenance corrective in severely damaged conditions 

and preventive in minor and moderate damaged 
conditions 

  1 = 0.632  2 = 0.259  3 = 0.092  4 = 0.018 
4. Maintenance corrective in moderate and severe damaged 

conditions 
  1 = 0.522  2 = 0.25  3 = 0.114  4 = 0.115 
 
The result of this calculation is a steady state / condition of the 
proposed maintenance probability in the long term. Figure 3 
shows the calculation of the average cost of maintenance 
expectations of the elevator to find out the cost of each 
proposed expectation. 
 

 
Figure 3 Graph of The Average Cost of The Proposed 

Maintenance Expectations 
 
The graph is the expected average cost obtained from the 
proposed maintenance. Table 5 shows the maintenance costs 
of elevator before and after repairs. 
 

Table 5 Maintenance Cost of Elevator Before and After 
Repairs 

Proposed 
Maintenance 

Before After 
Percentage 

Savings 

P1 

IDR 11,686,768 

 IDR 12,006,891  -3% 

P2  IDR 10,419,082  11% 

P3  IDR 6,862,982  41% 

P4  IDR 13,962,684  19% 

 
Comparison results indicate that the biggest cost savings are 
found in the P3 maintenance proposal. These maintenance 
actions are corrective maintenance in severely damaged 
status, prevention of minor and moderate damage status. 
Maintenance cost savings of 41% or IDR 6,862,982, - with a 
difference of IDR 4,823,804 from the company's expected 
cost of IDR 11,686,786. P3 proposed maintenance actions 
chosen as a routine maintenance action every month. 
Maintenance measures are to take precautions (prevention) 
on the elevator in a light and moderately damaged state, then 
corrective (repair after damage) to the elevator in a state of 
severe damage. 
 

4 CONCLUSION 
Based on the results of the risk analysis, after the repair, the 
RPN score for the machine room was 92, the hoistway was 
87, the car cage was 71, the PIT was 41, and the entrance 
was 45. The RPN score decreased after repairs were made 
with QFD mitigation. Maintenance measures proposed by P3 
are selected as routine maintenance actions every month. 
Maintenance scheduling was chosen based on the biggest 
maintenance cost savings with a cost savings percentage of 
41%. This maintenance action is chosen as a routine 
maintenance action every month by doing preventive 
(prevention) on the lift when it is lightly and moderately 
damaged, then making corrections (repairs after damage) to 
the elevator when it is heavily damaged. Based on the results 
of Markov's analysis, the P3 proposed maintenance action is 
much more efficient than the other maintenance proposals. 
From the average cost of expected maintenance, the savings 
are 41% or IDR 6,862,982 in 1 year, with a difference in costs 
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of IDR 4,823,804 from the company's expected cost of IDR 
11,686,786. 
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