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Abstract: Maintenance activities need to be carried out appropriately. This study aims to speed up maintenance duration as expected. The duration of 

maintenance activities has an impact on decreasing customer loyalty. In this study the scheduling of maintenance activities is evaluated using the Critical 

Path Method (CPM) using the POM program. In the CPM method scheduling is done by determining the details of activities, adding duration to each 

activity, identifying previous activities, determining the sequence of activities and describing in network form, arranging the duration of completion for 

each activity, entering each data into the POM program so that the activity was identified wether it is on critical path or not.In this research, maintenance 

activities are classified into 2: 1) Lightweight injection and CVT service package; 2) oil and spare parts replacement. The results are compared before 

and after the improvement. The results showed that the CPM method can speed up maintenance duration. The efficiency of accelerating injection and 

CVT service package duration is 57.89% while oil and spare part replacements is 22.72%. 

Keywords: Automotive, critical path, efficiency, maintenance, scheduling.  

 ———————————————————— 

1 INTRODUCTION                                                                     

In a business, scheduling plays an important role in planning 
and managing work assignments. If the arrangement and 
planning is not right then there is a buildup of work between 
work stations that is not balanced with the speed of work 
duration, this also results in long queues. There are several 
scheduling methods used to manage duration and resources. 
Each method has advantages and disadvantages. The use of 
these methods is considered based on needs and the results to 
be achieved on scheduling performance. The bar chart method 
is informative so it is easy to make and understand, but the 
relationship between activities is not clear and the critical path 
cannot be known [1]. The network method are Critical Path 
Method (CPM), Precedence Diagraming Method (PDM), and 
The Program Evaluation and Review Technique (PERT) can 
show in detail the relationship of activity dependency and 
critical path, but this method cannot see disturbed activities, 
the CPM has the goal of getting an estimate of the duration of 
efficient maintenance and knowing the critical path [2], [3], [4]. 
Line of Balance (LOB) is simple and easy to understand but 
cannot show in detail the dependency relationship between 
activities [5]. The curve s method is able to show the progress 
of the project by comparing the planning schedule, but the 
information delivered is not detailed and requires another 
scheduling method to improve the renewal of resources or 
duration [6]. Apart from the inaccurate regulation and 
planning, another thing that can cause queues is the increase in 
the number of motorized vehicles. Maintenance queues trigger 
customer complaints on company performance and adversely 
affect customer loyalty [7]. This condition is the background of 
the need to schedule maintenance activities using the critical 
path method because it can show critical and non-critical 
activities, this method also looks at maintenance activities that 

can be done simultaneously. Some studies only discuss one 
service package such as aircraft overhaul maintenance [8], 
types of HGPI gas turbine maintenance classified as 
preventive maintenance [9], overhaul maintenance of Meyer 
78/18 bottle filling machine [10], maintenance scheduling of a 
fleet of fighter aircraft [11], types of aircraft maintenance 
classified as preventive maintenance [12], major of 
overhauling of a modern bulldozer [13] Meanwhile, services 
for automotive may consisted of several maintenance. This 
paper studies combination for both services, they are 1) 
lightweight injection and CVT service packages and 2) oil and 
spare parts replacement. 

2 SYSTEM DESCRIPTION 

The way mechanical works affect the smooth running of 
the system. In the old system, every mechanic worked on 
maintenance without help from other mechanics. Mechanics 
work on lightweight injection and CVT service packages as 
well as oil and spare parts replacements based only on 
experience without scheduling activities. This causes a long 
duration in every automotive maintenance. The duration of 
maintenance has an impact on queue length and service 
capacity. System improvement using CPM method can control 
activities with a long duration, increase the compactness of the 
mechanical team, increase mechanical productivity. 

3 METHODOLOGY 

There are 6 prinsif maintenance scheduling namely (1) 
identifying skill level. In this case if there are 2 mechanics in 
maintenance, one mechanic does not need to have special 
skills (helper). (2) adhere to scheduling and prioritizing work 
activities that are on the critical path. (3) schedule work 
activities according to mechanical skills. 4) all work hours are 
scheduled. 4) Supervisors can match mechanical tasks 
according to skills. 5) measure labor efficiency in accordance 
with the effectiveness of planning and scheduling [14].  

The basic steps of the critical path method are (1) 
identifying and preparing fractions of work activities, (2) 
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building relationships between activities and determining 
which activities are performed first, (3) drawing a network 
that connects all activities, (4) Estimating the length of 
duration each activity, (5) calculating the longest time path 
with critical paths, and (6) planning, scheduling, and 
controlling projects using a network [15]. 

3.1 Research Stages 

The research stages can be seen in Figure 1 below: 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Research stages 

 

3.1 Light Injection and CVT Service Packages 

Data collection of lightweight injection and CVT service 
packages before processing can be seen in Table 1, Table 2, 
Table 3. 

 

The activity components are rearranged in the order of 
dependency logic. Dependency logic is obtained from 
observations and direct observations in the field. 

TABLE 2 
DATA COLLECTION OF LIGHTWEIGHT INJECTION AND CVT SERVICE 

PACKAGES 

AC 
(1) 

A 
(2) 

AD 
(Minute) 

(3) 

1 Light Check 0,5 
2 Horn Check 0,5 
3 Removal of Cover Body 7,0 
4 Engine Oil Inspection 1,0 
5 Oil Filter Check 1,0 
6 Spark Plug Inspection 0,1 
7 Spark Plug Adjustment 0,9 
8 Injector Cleaner 10,0 
9 Cleaning the Fuel Filter 0,8 
10 Fuel Filter Replacement 0,2 
11 Air Filter Cleaning 0,8 
12 Air Filter Replacement 0,2 
13 Valve Check 0,8 
14 Valve Adjustment 4,2 
15 Clutch Check 0,3 
16 Clutch Adjustment 1,7 
17 Brake Check 0,1 
18 Brake Adjustment 0,9 
19 Brake Light Switch Adjustment 1,0 
20 Battery Checkup 2,0 
21 Tire Pressure Checks 0,3 
22 Tire Pressure Addition 1,7 
23 Shock Beaker examination 1,0 
24 Steering Handlebar Check 0,1 
25 Steering Handlebar Adjustment 0,9 
26 Wheel Bearing Inspection 1,0 
27 CVT examination 15,0 
28 Mounting Cover 10,0 
29 Nuts and Bolts Inspection 0,1 
30 Tightening 0,9 

Total 65 

AC= activity code, A= activity, AD= activity duration, P= predecessor 

 

 

 

 

Ac= activity code, A= activity, AT= activity time, P= predecessor 

 

 

 

 

 

 

 

 

 

TABLE 3 
RELATIONSHIP RELIABILITY OF LIGHTWEIGHT INJECTION AND CVT 

SERVICE PACKAGES 

AC 
(1) 

A 
(2) 

AD 
(Minute) 

(3) 

P 
(4) 

1 Light Check 0,5  
2 Horn Check 0,5  
3 Removal of Cover Body 7,0  
4 Engine Oil Inspection 1,0 3 
5 Oil Filter Check 1,0 3 
6 Spark Plug Inspection 0,1 3 
7 Spark Plug Adjustment 0,9 6 
8 Injector Cleaner 10,0 3 
9 Cleaning the Fuel Filter 0,8 3 
10 Fuel Filter Replacement 0,2 9 
11 Air Filter Cleaning 0,8 3 
12 Air Filter Replacement 0,2 11 
13 Valve Check 0,8 3 
14 Valve Adjustment 4,2 13 
15 Clutch Check 0,3 3 
16 Clutch Adjustment 1,7 15 
17 Brake Check 0,1  
18 Brake Adjustment 0,9 17 

19 
Brake Light Switch 
Adjustment 

1,0  

20 Battery Checkup 2,0 3 
21 Tire Pressure Checks 0,3  
22 Tire Pressure Addition 1,7 21 
23 Shock Beaker examination 1,0 3 
24 Steering Handlebar Check 0,1  

25 
Steering Handlebar 
Adjustment 

0,9 24 

26 Wheel Bearing Inspection 1,0 3 
27 CVT examination 15,0 3 

28 Mounting Cover 10,0 
10,12,14,16,20,23

,27 
29 Nuts and Bolts Inspection 0,1 28 
30 Tightening 0,9 29 

Total 65  

AC= activity code, A= activity, AD= activity duration, P= predecessor 

TABLE 1 
DATA MAINTENANCE ACTIVITIES DESCRIPTIONS OF 

LIGHTWEIGHT INJECTION AND CVT SERVICE PACKAGES 

AC 
(1) 

A 
(2) 

1 Light Check 
2 Horn Check 
3 Removal of Cover Body 
4 Engine Oil Inspection 
5 Oil Filter Check 
6 Spark Plug Inspection 
7 Spark Plug Adjustment 
8 Injector Cleaner 
9 Cleaning the Fuel Filter 
10 Fuel Filter Replacement 
11 Air Filter Cleaning 
12 Air Filter Replacement 
13 Valve Check 
14 Valve Adjustment 
15 Clutch Check 
16 Clutch Adjustment 
17 Brake Check 
18 Brake Adjustment 
19 Brake Light Switch Adjustment 
20 Battery Checkup 
21 Tire Pressure Checks 
22 Tire Pressure Addition 
23 Shock Beaker examination 
24 Steering Handlebar Check 
25 Steering Handlebar Adjustment 
26 Wheel Bearing Inspection 
27 CVT examination 
28 Mounting Cover 
29 Nuts and Bolts Inspection 
30 Tightening 

Ac= activity code, A= activity 
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The total duration needed for the lightweight injection and 
CVT service packages before scheduling is 65 minutes. There 
was a queue in the service of light injection and CVT service 
packages because all this time the workshop only determined 
scheduling based on experience. 

3.1 Oil and Sparepart Replacement 

Data collection of oil and sparepart replacement before 
processing can be seen in Table 4, Table 5, Table 6. 

 

 

The total duration for oil and spare part replacement before 
scheduling is 11 minutes. There was a queue in oil and spare 
part changes because all this duration the workshop only 
determines scheduling based on experience. 

4 RESULT AND DISCUSSION 

4.1 Lightweight Injection and CVT Service Package 

Critical pathway for lightweight injection and CVT service 
package can be seen in Figure 2 

 
 

Fig. 2. The Critical Path of Lightweight Injection and CVT Service 
Package Activity 

 
Critical route for lightweight injection and CVT service 

packages in activities (3) Cover Body Removal, (27) CVT 
examination, (28) Covering installation, (29) Nuts and Bolts 
examination and (30) Nuts and Bolts tightening. This path 
must be prioritized so that other activities continue to run 
smoothly. 

Processing of lightweight injection and CVT service 
packages scheduling using CPM method can be seen in Table 

7 and Table 8. 
 
The total duration of Lightweight injection and CVT service 

package after scheduling is 33 minutes. 
 

TABLE 4 
DATA MAINTENANCE ACTIVITIES 

DESCRIPTIONS OF OIL AND SPARE PART 

REPLACEMENT 

AC 
(1) 

A 
(2) 

1 Light Check 
2 Horn Check 
3 Removal of Cover Body 
4 Engine Oil Inspection 
5 Oil Filter Check 
6 Spare Parts Replacement 
7 Mounting Cover 

AC= activity code, A= activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 6 
RELATIONSHIP RELIANCE OF OIL AND SPAREPART 

REPLACEMENT ACTIVITIES  
AC 
(1) 

A 
(2) 

AD 
(Minute) 

(3) 

P 
(4) 

1 Light Check 0,5  
2 Horn Check 0,5  
3 Removal of Cover Body 7  
4 Engine Oil Inspection 1 3 
5 Oil Filter Check 1 3 

6 
Spare Parts 
Replacement 0,5 

3 

7 Mounting Cover 0,5 4,5, 6 
Total 11  

AC= activity code, A= activity, AD= activity duration, P= predecessor 

 

 

 

 

 

 

 

 

 

TABLE 5 
DATA COLLECTION OF OIL AND SPARE PART REPLACEMENT 

AC 

(1) 

A 
(2) 

AD 
(Minute) 

(3) 
1 Light Check 0,5 
2 Horn Check 0,5 
3 Removal of Cover Body 7 
4 Engine Oil Inspection 1 
5 Oil Filter Check 1 
6 Spare Parts Replacement 0,5 
7 Mounting Cover 0,5 

Total 11 

AC= activity code, A= activity, AD= activity duration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 7 
 SCHEDULING OF LIGHTWEIGHT INJECTION AND CVT 

SERVICE PACKAGES 

AC 
(1) 

AD 
(2) 

ES 
(3) 

EF 
(4) 

LS 
(5) 

LF 
(6) 

Project 
33,0

0 
    

1 0,50 0 0,50 
32,5

0 
33,0

0 

2 0,50 0 0,50 
32,5

0 
33,0

0 
3 7,00 0 7,00 0,00 7,00 

4 1,00 7,00 8,00 
32,0

0 
33,0

0 

5 1,00 7,00 8,00 
32,0

0 
33,0

0 

6 0,10 7,00 7,10 
32,0

0 
32,1

0 

7 0,90 7,10 8,00 
32,1

0 
33,0

0 

8 
10,0

0 
7,00 

17,0
0 

23,0
0 

33,0
0 

9 0,83 7,00 7,83 
21,0

0 
21,8

3 

10 0,17 7,83 8,00 
21,8

3 
22,0

0 

11 0,80 7,00 7,80 
21,0

0 
17,8

3 

12 0,20 7,83 8,00 
21,8

0 
22,0

0 

13 0,83 7,00 7,83 
17,0

0 
17,8

3 

14 4,17 7,83 
12,0

0 
17,8

3 
22,0

0 

15 0,33 7,00 7,33 
20,0

0 
20,3

3 

16 1,67 7,33 9,00 
20,3

3 
22,0

0 

17 0,12 0,00 0,12 
32,0

0 
32,1

2 

18 0,88 0,12 1,00 
32,1

2 
33,0

0 

19 1,00 0 1,00 
32,0

0 
33,0

0 
20,0 22,0
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From Table 8 it can be seen that maintenance activities 
carried out simultaneously are activities (1) inspection of 
lights, (2) inspection of horns, (3) removal of cover bodies, (17) 
inspection of brakes, and (24) checking of steering handlebar 
with the time the activity starts in seconds 0.  

While in 420 seconds the activities carried out together are 
the activities of (4) checking of engine oil, (5) checking of oil 
filters, (6) checking of spark plugs, (8) injector cleaner, (9) 
cleaning of fuel filters , (11) cleaning the air filter, (13) checking 
the valve, (15) checking the clutch, (20) checking the battery, 
(23) checking the shock beaker, (26) checking the wheel 
bearings and (27) checking the CVT.  

At 470 seconds the activities carried out together are (10) 
fuel filter replacement, (12) air filter replacement and (14) 
valve adjustment. 

Table  shows that both critical and non-critical activities can 
be carried out simultaneously which can speed up 
maintenance time. 

In Table 2 and Table 7 it can be seen that the time taken on 
a lightweight injection and CVT service package, which 
initially took 65 minutes to 33 minutes. Acceleration duration 
for lightweight injection and CVT service packages is 37 
minutes. 

4.2 Oil and Spare Part 

Critical path for oil and spare part replacement activities 
can be seen in Figure 3. 

 
 
 
 

 

Fig. 3. The Critical Path of Lightweight Injection and CVT Service 
Package Activity 
 

The critical path for oil and spare part changes in activities 
(3) Cover Body Removal, (5) Oil Filter Inspection, (7) Cover 
Installation. This path must be prioritized so that other 
activities continue to run smoothly. 

Processing of oil and sparepart replacement scheduling 

using CPM method can be seen in Table 9 and Table 10. 
 

The total duration of oil and sparepart replacement after 
scheduling is 8,5 minutes. 

Critical activity on the network has the same amount of 
time between Earliest Start (ES) and Latest Start. Activities on 
the Critical Path must be on time because they do not have a 
duration difference. 

From Table 10 it can be seen that maintenance activities can 
be carried out simultaneously on the activities of (1) checking 
the lights and (2) examining the horn and (3) removing the 
body cover and (4) checking the engine oil with the activity 

TABLE 8 
CRITICAL ACTIVITY OF LIGHTWEIGHT INJECTION AND CVT SERVICE 

PACKAGE 

AC 
(1) 

ES 
(3) 

LS 
(5) 

ST 
(7) 

CA 
(8) 

1 0 
32,5

0 
32,5

0 
No 

2 0 
32,5

0 
32,5

0 
No 

3 0 0,00 0 Yes 

4 7,00 
32,0

0 
25,0

0 
No 

5 7,00 
32,0

0 
25,0

0 
No 

6 7,00 
32,0

0 
25,0

0 
No 

7 7,10 
32,1

0 
25,0

0 
No 

8 7,00 
23,0

0 
16,0

0 
Yes 

9 7,00 
21,0

0 
14,0

0 
Yes 

10 7,83 
21,8

3 
14,0

0 
No 

11 7,00 
21,0

0 
14,0

0 
No 

12 7,83 
21,8

0 
14,0

0 
No 

13 7,00 
17,0

0 
10,0

0 
No 

14 7,83 
17,8

3 
10,0

0 
No 

15 7,00 
20,0

0 
13,0

0 
No 

16 7,33 
20,3

3 
13,0

0 
No 

17 0,00 
32,0

0 
32,0

0 
No 

18 0,12 
32,1

2 
32,0

0 
No 

19 0 
32,0

0 
32,0

0 
No 

20 7,00 
20,0

0 
13,0

0 
No 

21 0,00 
31,0

0 
31,0

0 
No 

22 0,33 
31,3

3 
31,0

0 
No 

23 7,00 
21,0

0 
14,0

0 
No 

24 0,00 
32,0

0 
32,0

0 
No 

25 0,08 
32,0

8 
32,0

0 
No 

26 7,00 
32,0

0 
25,0

0 
No 

27 7,00 7,00 0 Yes 

28 
22,0

0 
22,0

0 
0 Yes 

29 
32,0

0 
32,0

0 
0 Yes 

30 
32,0

8 
32,0

8 
0 Yes 

A= activity code, ES= earliest start,  LS= latest start, ST= slack time, 

CA= critical activity 

TABLE 9 
RESULT OF OIL AND SPAREPART REPLACEMENT SCHEDULING 

AC 
(1) 

AD 
(2) 

ES 
(3) 

EF 
(4) 

LS 
(5) 

LF 
(6) 

Project 8,5         
1 0,5 0 0,5 8 8,5 
2 0,5 0 0,5 8 8,5 
3 7 0 7 0 7 
4 1 0 1 7,5 8,5 
5 1 7 8 7 8 
6 0,5 7 7,5 8 8,5 
7 0,5 8 8,5 8 8,5 

AC= activity code, AD= activity duration, ES= earliest start, EF= earliest 

finish, LS= latest start,  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 10 
CRITICAL ACTIVITY OF OIL AND SPAREPART REPLACEMENT  

AC 
(1) 

ES 
(3) 

LS 
(5) 

ST 
(7) 

CA 
(8) 

1 0 8 8 No 
2 0 8 8 No 
3 0 0 0 Yes 
4 0 7,5 7,5 No 
5 7 7 0 No 
6 7 8 1 No 
7 8 8 0 No 

AC= activity code, ES= earliest start, LS= latest start, CA= critical 

activity 
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starting at the second to 0.  
seconds 420 activities carried out together are activities (5) 

checking the oil filter and (6) replacing spare parts. 
In Table 4 and Table 5 it can be seen that the duration 

required for oil and spare parts replacement which was 
originally 11 minutes to 8.5 minutes. the acceleration of oil and 
spare part change duration is 2.5 minutes. 

A comparison of before and after the proposed 
improvement in scheduling of 1) lightweight injection and 
CVT service packages and 2) oil and spare parts replacement 

can be seen in Table 11 and Figure 4. 
 
 
 

 

 

 

 

 

Fig. 4. Comparison Before and After Improvement 
 
The table 11 and figure 2 show the acceleration of maintenance 
time after the proposed improvement using the CPM method. 

The efficiency of accelerating duration can be calculated by 
the equation (1) 

 
                                               
                                  (1)        (1)                                                            
                    
 

Where: = Percentage of Efficiency,  = Maintenance 

duration before proposed improvement, = Maintenance duration 

after proposal improvement.  

The results of the percentage efficiency of the lightweight 

injection and CVT service packages are as follows: 
 

E%=   ×100 % = 49,23 %. 

 
The results of the percentage efficiency of oil and spare part 

replacement are as follows : 

 

E%=   ×100 % = 22,72 %. 

Activities with longer duration occupy a critical path. The 
critical path is marked without slack time on ES with LS. The 
critical path slack work is equal to 0 (zero). This can relocate 
resources from non-critical work to critical work. This critical 
path must be prioritized because it affects the smooth running 
of other activities. when maintenance time is accelerated the 
capability of work station service capacity increases. the faster 
the maintenance process is completed, the faster the other 
automotives occupy the slots at the work station. The 
availability of work stations results in increased customer 
loyalty. 

6 CONCLUSION AND SUGGESTION  

6.1 Conclusion 

Studies show there is an acceleration of duration when the 
critical path method is carried out, this is achieved by carrying 
out critical and non-critical activities simultaneously. 

The lightweight injection and CVT service packages get 37 
minutes acceleration with 57.89% efficiency, oil and spare 
parts changes get 2.5 minutes acceleration with 22.72% 
efficiency. 

6.3 Suggestion 

From the results of research and discussion, it is recommended to 
mechanics to pay more attention to activities that are on the 
critical path. Delays that occur in critical paths can disrupt overall 
maintenance. The Critical pathway method will provide 
sufficient time to complete maintenance if used effectively. 
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