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APPENDIX A 

WIUP MAP OF PT SEBUKU TANJUNG COAL 



Sources: Esri, Airbus DS, USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, OS, NMA,
Geodatastyrelsen, Rijkswaterstaat, GSA, Geoland, FEMA, Intermap and the GIS user community;

Sources: Esri, HERE, Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User
Community
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APPENDIX B 

LOADER CYCLE TIME 
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Date: 9th January 2021      Unit: Second 

 

Time 
Load 

Count 

Loader 

Passing 
Loader 

type 

Loading time Job Eficiency 

Hauler Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

09.25 
- 

10.25 

1       3 

330 746  0 166 Hyundai 10 

Sany 
SY500H 

2 16 6 6 5 

3 16 7 6 6 

4 14 7 5 6 

5 15 7 8 8 

6 18 11 6 5 

7 19 6 6 6 

8 16 6 8 8 

9 17 6 6 6 

10 17 6 6 10 

1       3 

305 287 49 624 Hino 10 

2 14 6 5 5 

3 18 6 6 5 

4 15 6 6 5 

5 15 6 6 7 

6 16 6 6 7 

7 15 6 5 6 

8 15 6 6 6 

9 15 6 6 7 

10 10 6 6 15 

1       3 

285 190 46 0 Hino 11 

2 10 6 5 3 

3 12 4 5 4 

4 13 4 5 4 

5 14 4 6 4 

6 14 4 5 5 

7 15 4 5 5 

8 13 4 5 4 

9 14 3 5 4 

10 14 4 5 5 

11 10 4 5 23 

1       3 

268 159 145 0 Hino 10 

2 11 6 4 3 

3 10 8 4 4 

4 13 5 5 4 

5 11 6 4 4 

6 11 6 4 5 
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Time 
Load 

Count 

Loader 

Passing 
Loader 

type 

Loading time Job Eficiency 

Hauler Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

7 10 5 5 5 

8 12 5 5 5 

9 10 7 5 4 

10 10 7 5 37 

10.36 

- 
11.36 

1       3 

262 105 0 0 Hyundai 10 

2 6 4 4 4 

3 15 4 4 4 

4 15 4 4 4 

5 12 4 4 7 

6 17 4 4 6 

7 24 4 4 6 

8 20 5 5 5 

9 10 5 5 4 

10 7 5 5 15 

1       3 

376 65 35 0 Hyundai 12 

2 8 8 8 4 

3 10 8 8 5 

4 10 8 8 5 

5 12 8 8 5 

6 13 8 8 5 

7 13 8 9 5 

8 7 9 9 4 

9 8 9 9 4 

10 8 9 9 4 

11 10 9 9 5 

12 5 9 9 36 

1       3 

424 328 45 0 Hyundai 12 

2 20 4 4 4 

3 15 4 4 3 

4 20 5 5 4 

5 28 5 5 5 

6 39 5 5 4 

7 14 5 5 6 

8 46 5 5 6 

9 20 5 5 7 

10 25 5 5 4 

11 22 5 5 4 

12 8 5 5 11 

1       3 
338 212 68 0 Hyundai 12 

2 7 4 4 4 
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Time 
Load 

Count 

Loader 

Passing 
Loader 

type 

Loading time Job Eficiency 

Hauler Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

3 11 4 4 4 

4 11 4 5 4 

5 10 5 5 4 

6 38 5 5 6 

7 26 5 5 7 

8 10 5 5 7 

9 10 5 5 4 

10 9 5 5 3 

11 14 5 5 4 

12 10 5 5 27 

1       3 

349 68 24 0 Hyundai 13 

2 10 4 4 4 

3 13 4 4 4 

4 20 4 4 4 

5 35 4 4 6 

6 12 4 4 5 

7 15 4 4 8 

8 8 4 4 4 

9 18 4 4 4 

10 21 4 4 6 

11 15 5 5 5 

12 7 5 5 4 

13 7 5 5 9 

1       3 

350 71 36 0 Hino 10 

2 15 5 5 4 

3 17 5 5 4 

4 47 5 6 5 

5 34 6 6 4 

6 11 6 6 8 

7 23 6 6 4 

8 16 6 6 4 

9 23 6 6 6 

10 9 6 6 10 

1       3 

382 0 62 0 Hyundai 11 

2 30 4 4 4 

3 18 4 4 4 

4 10 4 4 6 

5 40 4 4 4 

6 33 5 5 5 

7 20 5 5 7 
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Time 
Load 

Count 

Loader 

Passing 
Loader 

type 

Loading time Job Eficiency 

Hauler Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

8 21 5 5 5 

9 37 5 5 5 

10 10 5 5 4 

11 6 5 5 18 

14.20 
- 

15.20 

1       3 

246 97 0 0 Hino 10 

2 6 3 3 4 

3 15 3 3 4 

4 15 3 3 4 

5 12 3 3 7 

6 17 3 3 6 

7 24 4 4 6 

8 20 4 4 5 

9 10 4 4 4 

10 7 4 4 15 

1       3 

259 287 944 0 Hino 12 

2 8 3 3 4 

3 10 3 3 5 

4 10 3 3 5 

5 12 3 3 5 

6 13 3 3 5 

7 13 3 3 5 

8 7 3 3 4 

9 8 3 3 4 

10 8 3 3 4 

11 10 4 4 5 

12 5 4 4 36 

1       3 

368 0 63 0 Hino 12 

2 20 2 2 4 

3 15 2 2 3 

4 20 2 2 4 

5 28 2 2 5 

6 39 2 2 4 

7 14 2 2 6 

8 46 2 2 6 

9 20 2 2 7 

10 25 3 3 4 

11 22 3 3 4 

12 8 3 3 11 

1       3 
306 12 156 0 Hyundai 12 

2 7 3 3 4 
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Time 
Load 

Count 

Loader 

Passing 
Loader 

type 

Loading time Job Eficiency 

Hauler Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

3 11 3 3 4 

4 11 3 3 4 

5 10 3 3 4 

6 38 3 3 6 

7 26 3 3 7 

8 10 3 3 7 

9 10 4 3 4 

10 9 4 4 3 

11 14 4 4 4 

12 10 4 4 27 

1       3 

263 65 130 0 Hino 13 

2 10 1 1 4 

3 13 1 1 4 

4 20 1 1 4 

5 35 1 1 4 

6 12 1 1 5 

7 13 1 1 4 

8 8 1 1 4 

9 18 1 1 4 

10 21 1 1 6 

11 15 1 1 5 

12 7 1 1 4 

13 7 1 1 9 

1       3 

254 0 150 0 Hyundai 10 

2 15 5 5 4 

3 17 5 5 4 

4 47 5 6 5 

5 34 6 6 4 

6 11 6 6 8 

7 23 6 6 4 

8 16 6 6 4 

9 23 6 6 6 

10 9 6 6 10 
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Date: 11th January 2021      Unit: Second 

Time 
Load 
Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 
time 

Swing time 
Load 
time 

Working 
Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

09.45 
- 

10.45 

1       3 

320.6 0  0  0  15 
Hyun

dai 

Kobelco 

SK330 

2 8 3.63 3.63 5 

3 8 3.63 3.63 3 

4 6 3.63 3.63 3 

5 7 3.63 3.63 3 

6 7 3.63 3.63 3 

7 6 3.63 3.63 3 

8 8 3.63 3.63 3 

9 7 3.63 3.63 4 

10 11 3.63 3.63 4 

11 8 3.63 3.63 3 

12 50 3.63 3.63 3 

13 10 3.63 3.63 3 

14 4 3.63 3.63 3 

15 8 3.63 3.63 25 

1       3 

319.6 1443.8 79.8 25.8 17 
Hyun

dai  

2 4 3.58 3.58 3 

3 8 3.58 3.58 3 

4 8 3.58 3.58 3 

5 7 3.58 3.58 3 

6 6 3.58 3.58 3 

7 10 3.58 3.58 3 

8 9 3.58 3.58 3 

9 8 3.58 3.58 3 

10 8 3.58 3.58 3 

11 10 3.58 3.58 3 

12 8 3.58 3.58 3 

13 8 3.58 3.58 3 

14 8 3.58 3.58 3 

15 10 3.58 3.58 3 

16 15 3.58 3.58 8 

17 6 3.58 3.58 19 

1       3 

241.6  0 27.8 151.8 14 
Articu

lary 

2 9 3.52 3.52 3 

3 5 3.52 3.52 3 

4 6 3.52 3.52 3 

5 12 3.52 3.52 3 

6 17 3.52 3.52 3 

7 8 3.52 3.52 3 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

8 7 3.52 3.52 3 

9 7 3.52 3.52 3 

10 7 3.52 3.52 3 

11 8 3.52 3.52 3 

12 5 3.52 3.52 3 

13 8 3.52 3.52 4 

14 6 3.52 3.52 5 

1       3 

258.6 31.8 83.8 118.8 14 
Articu
lary 

2 7 3.91 3.91 3 

3 7 3.91 3.91 3 

4 15 3.91 3.91 3 

5 8 3.91 3.91 3 

6 6 3.91 3.91 3 

7 8 3.91 3.91 3 

8 8 3.91 3.91 3 

9 10 3.91 3.91 3 

10 8 3.91 3.91 3 

11 14 3.91 3.91 3 

12 8 3.91 3.91 3 

13 6 3.91 3.91 3 

14 10 3.91 3.91 3 

1       3 

351.6 125.8 18.8  0 16 
Hyun
dai 

2 5 4.59 4.59 3 

3 6 4.59 4.59 3 

4 16 4.59 4.59 3 

5 14 4.59 4.59 4 

6 5 4.59 4.59 3 

7 20 4.59 4.59 3 

8 9 4.59 4.59 3 

9 16 4.59 4.59 3 

10 7 4.59 4.59 3 

11 9 4.59 4.59 3 

12 11 4.59 4.59 3 

13 14 4.59 4.59 3 

14 13 4.59 4.59 3 

15 8 4.59 4.59 3 

16 10 4.59 4.59 5 

14.15 
- 

15.15 

1       3 

301.07  0 0  0  14 Izusu 
Sany 

SY365H 2 8 4.50 4.50 3 

3 9 4.50 4.50 3 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

4 5 4.50 4.50 3 

5 5 4.50 4.50 3 

6 10 4.50 4.50 3 

7 10 4.50 4.50 4 

8 9 4.50 4.50 3 

9 9 4.50 4.50 4 

10 7 4.50 4.50 3 

11 8 4.50 4.50 3 

12 12 4.50 4.50 3 

13 11 4.50 4.50 4 

14 9 4.50 4.50 30 

1       3 

319.07  0 142.61 0  13 Hino 

2 5 5.21 5.21 3 

3 6 5.21 5.21 3 

4 11 5.21 5.21 3 

5 8 5.21 5.21 3 

6 7 5.21 5.21 3 

7 8 5.21 5.21 3 

8 8 5.21 5.21 3 

9 7 5.21 5.21 4 

10 19 5.21 5.21 3 

11 26 5.21 5.21 3 

12 11 5.21 5.21 3 

13 11 5.21 5.21 30 

1       3 

330.07 16.61 94.61  0 13 Hino 

2 10 4.79 4.79 3 

3 12 4.79 4.79 3 

4 12 4.79 4.79 3 

5 6 4.79 4.79 3 

6 18 4.79 4.79 3 

7 15 4.79 4.79 3 

8 7 4.79 4.79 3 

9 14 4.79 4.79 3 

10 10 4.79 4.79 3 

11 9 4.79 4.79 3 

12 10 4.79 4.79 3 

13 9 4.79 4.79 47 

1       3 

299.07  0 95.61  0 14 Hino 2 9 4.08 4.08 3 

3 9 4.08 4.08 2 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

4 5 4.08 4.08 2 

5 7 4.08 4.08 2 

6 7 4.08 4.08 3 

7 9 4.08 4.08 2 

8 17 4.08 4.08 3 

9 9 4.08 4.08 2 

10 6 4.08 4.08 3 

11 10 4.08 4.08 3 

12 10 4.08 4.08 2 

13 8 4.08 4.08 2 

14 5 4.08 4.08 50 

1       2 

301.07 815.61 0  216.61 13 Hino 

2 8 4.84 4.84 2 

3 7 4.84 4.84 2 

4 9 4.84 4.84 3 

5 10 4.84 4.84 3 

6 7 4.84 4.84 2 

7 9 4.84 4.84 4 

8 11 4.84 4.84 3 

9 10 4.84 4.84 3 

10 6 4.84 4.84 5 

11 8 4.84 4.84 3 

12 6 4.84 4.84 3 

13 8 4.84 4.84 51 

1       2 

237.07   33.61   13 Izusu 

2 8 3.84 3.84 2 

3 8 3.84 3.84 2 

4 6 3.84 3.84 2 

5 10 3.84 3.84 2 

6 9 3.84 3.84 2 

7 7 3.84 3.84 2 

8 7 3.84 3.84 2 

9 7 3.84 3.84 3 

10 9 3.84 3.84 2 

11 4 3.84 3.84 2 

12 10 3.84 3.84 2 

13 6 3.84 3.84 29 

1       3 

259.07   6.61 131.61 13 Izusu 2 8 2.79 2.79 3 

3 10 2.79 2.79 2 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

4 6 2.79 2.79 2 

5 8 2.79 2.79 7 

6 6 2.79 2.79 2 

7 5 2.79 2.79 3 

8 10 2.79 2.79 2 

9 7 2.79 2.79 3 

10 10 2.79 2.79 4 

11 8 2.79 2.79 2 

12 24 2.79 2.79 2 

13 6 2.79 2.79 49 

15.20  
– 

16.20 

1       2 

305.89 0  0  0  13 Hino 

Sany 
SY365H 

2 9 5.29 5.29 2 

3 10 5.29 5.29 2 

4 10 5.29 5.29 2 

5 16 5.29 5.29 3 

6 18 5.29 5.29 3 

7 10 5.29 5.29 4 

8 8 5.29 5.29 3 

9 9 5.29 5.29 2 

10 8 5.29 5.29 2 

11 12 5.29 5.29 2 

12 12 5.29 5.29 2 

13 11 5.29 5.29 17 

1       2 

310.89 272.89 114.89  0 13 Hino 

2 9 3.83 3.83 2 

3 9 3.83 3.83 2 

4 11 3.83 3.83 3 

5 10 3.83 3.83 2 

6 32 3.83 3.83 2 

7 7 3.83 3.83 2 

8 11 3.83 3.83 3 

9 13 3.83 3.83 2 

10 11 3.83 3.83 2 

11 8 3.83 3.83 3 

12 13 3.83 3.83 3 

13 11 3.83 3.83 46 

1       2 

261.89 0  44.89 0  14 Izusu 
2 18 1.65 1.65 2 

3 10 1.65 1.65 2 

4 11 1.65 1.65 2 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

5 6 1.65 1.65 2 

6 13 1.65 1.65 2 

7 14 1.65 1.65 2 

8 7 1.65 1.65 2 

9 9 1.65 1.65 3 

10 11 1.65 1.65 2 

11 7 1.65 1.65 2 

12 15 1.65 1.65 3 

13 13 1.65 1.65 2 

14 11 1.65 1.65 46 

1       2 

262.89  0 98.89 0  13 Hino 

2 10 3.20 3.20 2 

3 11 3.20 3.20 2 

4 11 3.20 3.20 3 

5 10 3.20 3.20 3 

6 10 3.20 3.20 3 

7 7 3.20 3.20 2 

8 10 3.20 3.20 2 

9 20 3.20 3.20 2 

10 10 3.20 3.20 3 

11 11 3.20 3.20 3 

12 12 3.20 3.20 2 

13 11 3.20 3.20 24 

1       2 

292.89 0  94.89 0  13 Hino 

2 16 3.12 3.12 2 

3 9 3.12 3.12 2 

4 12 3.12 3.12 2 

5 17 3.12 3.12 2 

6 9 3.12 3.12 2 

7 11 3.12 3.12 3 

8 7 3.12 3.12 2 

9 22 3.12 3.12 2 

10 8 3.12 3.12 2 

11 15 3.12 3.12 2 

12 11 3.12 3.12 2 

13 14 3.12 3.12 42 

1       2 

264.89   6.89   12 Hino 
2 10 3.90 3.90 2 

3 11 3.90 3.90 2 

4 8 3.90 3.90 3 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

5 12 3.90 3.90 2 

6 11 3.90 3.90 2 

7 10 3.90 3.90 3 

8 10 3.90 3.90 2 

9 14 3.90 3.90 3 

10 19 3.90 3.90 2 

11 7 3.90 3.90 3 

12 11 3.90 3.90 30 

1       2 

292.89 0  151.89 0  13 Izusu 

2 18 2.95 2.95 2 

3 9 2.95 2.95 2 

4 11 2.95 2.95 2 

5 6 2.95 2.95 2 

6 11 2.95 2.95 2 

7 14 2.95 2.95 2 

8 12 2.95 2.95 2 

9 10 2.95 2.95 3 

10 13 2.95 2.95 2 

11 14 2.95 2.95 2 

12 12 2.95 2.95 2 

13 9 2.95 2.95 58 

1       2 

322.89  0 114.89  0 13 
Hyun

dai 

2 9 3.95 3.95 2 

3 10 3.95 3.95 2 

4 10 3.95 3.95 3 

5 11 3.95 3.95 2 

6 12 3.95 3.95 3 

7 6 3.95 3.95 2 

8 11 3.95 3.95 2 

9 11 3.95 3.95 2 

10 12 3.95 3.95 3 

11 23 3.95 3.95 2 

12 36 3.95 3.95 3 

13 11 3.95 3.95 38 

1       2 

297.89  0 86.89 0  13 
Hyun
dai 

2 17 3.91 3.91 2 

3 11 3.91 3.91 2 

4 9 3.91 3.91 2 

5 11 3.91 3.91 2 

6 12 3.91 3.91 2 
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Time 
Load 

Count 

Loader 

Loader 

Loading time Job Eficiency 

Passing 
Haule

r Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

7 11 3.91 3.91 2 

8 12 3.91 3.91 2 

9 15 3.91 3.91 2 

10 11 3.91 3.91 2 

11 12 3.91 3.91 3 

12 10 3.91 3.91 2 

13 23 3.91 3.91 25 
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Date: 30th January 2021      Unit: Second 

Time 
Load 
Count 

Loader 

Loading time Job Eficiency 

Passing Hauler 
Loader 
type Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

09.24 - 
10.24 

1       3 

300,42  0 0  0  15 Hino 

Kobelco 
SK330 

2 5 1,41 1,41 3 

3 12 1,41 1,41 3 

4 6 1,41 1,41 3 

5 5 1,41 1,41 3 

6 11 1,41 1,41 3 

7 6 1,41 1,41 3 

8 6 1,41 1,41 4 

9 6 1,41 1,41 4 

10 110 1,41 1,41 3 

11 9 1,41 1,41 3 

12 7 1,41 1,41 3 

13 10 1,41 1,41 3 

14 6 1,41 1,41 21 

15 0 1,41 1,41 0 

1       2 

283,42 0  67,50 0  17 Hino 

2 9 3,29 3,29 3 

3 7 3,29 3,29 3 

4 10 3,29 3,29 3 

5 9 3,29 3,29 3 

6 8 3,29 3,29 3 

7 8 3,29 3,29 3 

8 8 3,29 3,29 4 

9 9 3,29 3,29 3 

10 9 3,29 3,29 3 

11 8 3,29 3,29 3 

12 10 3,29 3,29 3 

13 8 3,29 3,29 3 

14 4 3,29 3,29 4 

15 8 3,29 3,29 20 

16 0 3,29 3,29 0 

17 0 3,29 3,29 0 

1       3 

330,42 147,50 34,50  0 14 Hyundai 

2 8 4,40 4,40 3 

3 11 4,40 4,40 3 

4 8 4,40 4,40 3 

5 10 4,40 4,40 3 
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Time 
Load 
Count 

Loader 

Loading time Job Eficiency 

Passing Hauler 
Loader 

type Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

6 12 4,40 4,40 3 

7 14 4,40 4,40 3 

8 8 4,40 4,40 3 

9 7 4,40 4,40 3 

10 16 4,40 4,40 3 

11 7 4,40 4,40 3 

12 10 4,40 4,40 3 

13 9 4,40 4,40 3 

14 11 4,40 4,40 3 

15 13 4,40 4,40 3 

16 4 4,40 4,40 23 

1       3 

307,42 0  156,50 0  14 Izusu 

2 9 3,71 3,71 3 

3 8 3,71 3,71 3 

4 8 3,71 3,71 3 

5 14 3,71 3,71 3 

6 14 3,71 3,71 3 

7 9 3,71 3,71 3 

8 9 3,71 3,71 3 

9 8 3,71 3,71 3 

10 6 3,71 3,71 3 

11 7 3,71 3,71 3 

12 10 3,71 3,71 3 

13 8 3,71 3,71 4 

14 16 3,71 3,71 3 

15 4 3,71 3,71 38 

1       3 

687,42 13,50  0 602,50 16 Hyundai 

2 12 5,01 5,01 3 

3 8 5,01 5,01 3 

4 12 5,01 5,01 3 

5 12 5,01 5,01 4 

6 79 5,01 5,01 3 

7 10 5,01 5,01 3 

8 40 5,01 5,01 3 

9 12 5,01 5,01 3 

10 13 5,01 5,01 3 

11 20 5,01 5,01 3 

12 86 5,01 5,01 3 

13 7 5,01 5,01 3 
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Time 
Load 
Count 

Loader 

Loading time Job Eficiency 

Passing Hauler 
Loader 

type Dig 

time 

Swing time 
Load 

time 

Working 

Time 

Loss Time 

Empty Load Sorting Spotting  Waiting 

14 7 5,01 5,01 3 

15 4 5,01 5,01 3 

16 41 5,01 5,01 3 

17 6 5,01 5,01 3 

18 7 5,01 5,01 3 

19 23 5,01 5,01 3 

20 41 5,01 5,01 3 

21 23 5,01 5,01 13 

1       3 

607,42 0  61,50 0  14 Hyundai 

2 124 5,09 5,09 3 

3 7 5,09 5,09 3 

4 10 5,09 5,09 3 

5 13 5,09 5,09 3 

6 16 5,09 5,09 3 

7 10 5,09 5,09 3 

8 10 5,09 5,09 3 

9 11 5,09 5,09 3 

10 23 5,09 5,09 3 

11 13 5,09 5,09 3 

12 74 5,09 5,09 3 

13 10 5,09 5,09 3 

14 12 5,09 5,09 3 

15 12 5,09 5,09 3 

16 15 5,09 5,09 3 

17 24 5,09 5,09 43 
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APPENDIX C 

HAULER CYCLE TIME 
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Unit: Second 

Date Type 
Haul 
Time 

Spotting 
to 

Dumping 

Dumping 
Time 

Back 
Time 

Spotting 
to be 

Loaded 

Total 
Time/ 

Rit 

Waiting Time Tracking Time  

Loading 
Time 

Port 
ROM 

Waiting 
Fuel Front Pit out Port Pit in 

Total DT 

13/1/21 Hyundai  1711 30 78 1706 155 4293 244 142 44 402 568 256 20 415 

13/1/21 Hyundai 1595 25 28 1621 70 3596 0 0 105 400 444 243 10 352 

21/1/21 Hino 1724 84 34 1463 74 3304 0 0 75 430 457 239 11 322 

21/1/21 Hino 1687 44 24 1349 77 3104 0 0 68 348 481 289 11 304 

28/1/21 Isuzu 2154 79 92 1725 43 4236 0 187 160 460 549 281 10 328 

28/1/21 Isuzu 1867 57 72 1707 44 3702 0 0 260 501 433 270 10 352 
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APPENDIX D 

GRADE MEASUREMENT MAP 
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APPENDIX E 

FMEA INTERVIEW 

 

 

 



 

113 
 

 

Figure E.1 FMEA interview 1 
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Figure E.2 FMEA interview 2 
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APPENDIX F 

DAILY MEETING DOCUMENT 



PT. HILLCONJAYA SAKTI

Job Site STC Pulau Laut - Kotabaru 01, 5494, 02= 2378, 03= 4592

DAILY PRODUCTION REPORT

DATE :

Review :

391,9

A. REVIEW PRODUCTION B. GRAFIK PRODUCTION C. LOSS TIME D. COAL EXPOSED & INVENTORY

DISCRIPTION

Day To Date (Bcm) Rain (Hours)

DTD Achievement MTD

Month To Date (Bcm) Month To Date (Bcm) Slippery (Hours)

MTD Achievement MTD
Monthly Plan Ach % Frekuensi Rain

Rainfall (mm) E. DAILY PLAN

Month To Date (Bcm) MTD

Day To Date (DTD) Others (Hours)

DTD SR Others Remarks :

DTD Achievement Rain (Hours)

Month To Date Coal Month To Date (Bcm)

MTD SR Slippery (Hours)

MTD CO Achievement

Monthly Plan Ach % YTD Coal :  

E. MINING ACTIVITY

HD785 R100E SRT95C R60D

1    3           9.858 Bcm

2    4           9.657 Bcm

3    4           5.945 Bcm

4    3 1           9.020 Bcm

5    4           5.625 Bcm

6    2 1           4.916 Bcm

8    3           4.692 Bcm

9              3.365 Bcm

11            1.856 Bcm

12            3.728 Bcm

18  

19  

20  
21  
23  
24  
25  
26  
27  
28  
29  
30  
32  
35  

Unit Coal

1              1.649 Ton
2                 800 Ton
3              2.059 Ton

10            1.613 Ton
12  
13  
14  
15                    - Ton
16  

F. BREAKDOWN EQUIPMENT (UNIT PRODUCTION) G. WATER MANAGEMENT

1    PIT T1 BLOK 1

2    SUMP 1

3    SUMP 2

4    
DUMP TRUCK

5    

6    SUMP 1

7    SUMP 2

8    

9    

10  

11  I. Produksi
12   

13  BCM
14  BCM
15  BCM
16  BCM
17  
18  
19  
20  
21  

22  

23  

24  

1-Feb-21

31-Jan-21

WASTE PLAN ACTUAL PRODUKSI OB

6,30        A 1 6.121,86-                     

68,57% Day To Date (Bcm) 7.328                   72,00                          81,44      

EST. ACTUAL SEAM INVENTORY EXPOSED

85.550,07        58.662,96                            TOTAL (Bcm) 2,40                            

-                               

116.860,71-      95,03% PRODUKSI TOP SOIL 21,60                          38,7        

A 2 -                               

2.350.000,00   2.233.139,29                      458.763               0,72                            3,07        Total (6.121,86)                    

COAL (CO) PLAN ACTUAL 43.457                 262,50    OB

Day To Date (Bcm) 1.391                   12,50      1-Feb-21

2.350.000,00   95% TOTAL (Bcm) 3

66,48% Day To Date (Bcm) 47.099                 

9,29                  9,58                                      TOTAL (Bcm)

79.063                        Bcm

9.209,08           6.121,86                              PRODUKSI BLAST COAL 9.036                           Ton

250.000,00      100% LOT 2 A1 148.785,43                                       249.628,97 

(371,03)             99,85% LOT 1 A1 100.843,54                   11:00-11:26/22:18-23:35/04:55-06:16

9,40                  8,95                                      COAL TONAGE (Mt)

250.000,00      249.628,97                          1.609.240            10:49-11:00/19:48-22:18/01:18-04:55

REMARKS
START TO ADT

Unit OB

LOCATION
ELEVATION

DUMPING AREA

DISTANCE 

(m)

HAULER PROD'TY 

(Bcm/Hr)
NO EQUIPMENT TYPE UNIT CODE CONTRACTOR ACTIVITY

OPD T2 717               669                   Produksi =        

Produksi =         

Excavator PC 2000-8 EXKM21002 Hillcon OB  PIT T2

OPD T2 542               804                   Excavator PC 2000-8 EXKM21001 Hillcon OB  PIT T2

IPD 01 800               768                   Produksi =        

Produksi =        

Excavator PC 2000-8 EXKM21004 Hillcon OB  PIT T1 UTARA

IPD 01 800               839                   Excavator PC 2000-8 EXKM21003 Hillcon OB  PIT T1 UTARA

IPD 01 635               385                   Produksi =         

Produksi =        

Excavator EX1200-7 EXHC12002 Hillcon OB  PIT T1 UTARA

OPD T2 663               411                   Excavator EX1200-7 EXHC12001 Hillcon OB PIT T2

OPD T2 1.420            1 383                   Produksi =         Excavator SY750H EXSN75001 Hillcon OB PIT T2

Produksi =        OPD T2 647               3 321                   Excavator SY500H EXSN50002 Hillcon OB PIT T2

IPD 01 1.048            5 321                   Produksi =         

Produksi =        

Excavator SY500H EXSN50005 Hillcon OB PIT T1 UTARA

IPD 01 1.019            2 154                   Excavator SY500H EXSN50004 Hillcon OB PIT T1 UTARA

Greader GD825A-2 MGKM82007 Hillcon General ALL PIT

Maintenance Road

Greader GD705 MGKM70004 Hillcon General ALL PIT 

ALL PIT

Maintenance Road

Greader GD825A-2 MGKM82008 Hillcon General

Maintenance RoadALL PIT
Maintenance Road

Greader GD705 MGKM70005 Hillcon General
Dozing DisposalDisposal IPD 01Bulldozer D85SS BDKM85029 Hillcon General

Dozing Disposal
Bulldozer D155 BDKM15003 Hillcon General PIT T1 UTR

DISPOSAL OPD T2Bulldozer D85SS BDKM85030 Hillcon Breakdown

Dozing Front Loading
Bulldozer D155 BDKM15006 Hillcon General DISPOSAL OPD T2

PIT T2
Dozing Disposal

Bulldozer D155 BDKM15004 Hillcon General

Dozing Disposal
Bulldozer 822 D BDSM82001 Hillcon General DISP OPD T2 Dozing Disposal

DISP IPD 01
Dozing Disposal

Bulldozer D375A-6R BDKM37001 Hillcon General

Bulldozer D155 BDKM15010 Hillcon General PIT T1 UTARA Dozing Front Loading

Excavator SK330-10 EXKB33007 Hillcon Coal PIT T2

Dozing Disposal & Land clearing
DTHY DTHN DT GIGA

Bulldozer D85SS BDKM85022 Hillcon General PIT T2

1 135                   Produksi =        General Stock Coal
Excavator SY365H EXSN36004 Hillcon Coal PIT T1 UTARA

15.700          3 2

1 126                   Produksi =        
Excavator SY365H EXSN36003 Hillcon General & Coal PIT T2

15.700          4 3

2 162                   Produksi =        16.100          4 3
2 227                   Produksi =        General Stock Coal15.700          4 3Excavator SY500H EXSN50006 Hillcon General & Coal PIT T2

Cleaning Coal
Excavator SY215C EXSN21019 Hillcon General PIT T2
Excavator SY215C EXSN21005 Hillcon General PIT T1 UTARA

Cleaning Coal & 
Excavator SY215C EXSN21027 Hillcon General & Coal PIT T2

-                        Cleaning Coal & 
Excavator SY215C EXSN21020 Hillcon General PIT T2

-                    

Cleaning Coal

NO EQUIPMENT TYPE UNIT CODE CONTRACTOR DOWN  TIME REMARKS

-                        Produksi =        General 
Excavator SK200-10 EXKB20020 Hillcon General PIT T1 UTARA

-                    

DIESEL 01 PUMP 0,00 -                                            

DUMP TRUCK
XCIENT DTHY38006

Hillcon 17-Nov-19

ARTICULATED DUMP TRUCKA40F ATVV40025 Hillcon 19-Dec-19 Engine Noise ( Waiting Engine )

LOCATION WATER VOLUME (m3) PUMP TYPE W. Hours
ACT. PUMP CAPACITY (m3)DATE EST. RFU DURATI. (Day) BEFORE TODAY

BULDOZER D85SS-2A  BDKM85023 Hillcon 17-Feb-20 Top roller worn out

Brake Rear Jamed & PTO Swap to DT-08, Proppeler shaft & pump hydraulik comb switch short

Incident
 Shift I = 

Shift II = 

MPMF48001 0,00 -                                            

XCIENT
DTHY38008 Hillcon 5-Apr-20

 Shift I = 

Shift II = 

General Overhoul Engine

 Shift I = 07:00-11:07

Shift II =21:43-04:35 
ARTICULATED DUMP TRUCK

A40F  ATVV40042

Hillcon

9-Nov-20

Oil Engine Mix Fuel  Elevasi Air MPMF48002 10,98 3.360                                        POMPA CF48  MPMF48001 Hillcon 22-Oct-20

13,62 4.168                                        

ARTICULATED DUMP TRUCK
A40F  ATVV40067 Hillcon 23-Nov-20

Parking Brake Can't Release & Engine Noise

Oil Transmissi Leak, Engine Noise MPMF32001BULDOZER D85SS-2A BDKM85009 Hillcon 8-Oct-20

Track link loosen
 Shift I = 07:00-19:00

Shift II = 19:00-07:00 
ARTICULATED DUMP TRUCKA40F ATVV40048 Hillcon 4-Nov-20

T/S Steering Brake MPMF42001 24,00 10.368                                      

BULDOZER
D85SS-2A BDKM85015 Hillcon

1-Oct-20

 Shift I = 07:00-07:30/09:33-13:23

Shift II = 21:43-07:00 

BULDOZER D155 BDKM15005 Hillcon 29-Sep-20

DAILY MTD
ARTICULATED DUMP TRUCKA40F  ATVV40064 Hillcon 15-Dec-20

General Overhoul Engine
DUMP TRUCK XCIENT  DTHY38021 Hillcon 3-Dec-20 Shock Absorber & Base Assy Front Panel Damage

Center Bearing (Waiting Part) Disposal IPD 01 25.465     1.094.831       
Link H Broken + Low pressure oil E/G Disposal OPD 02 -                -                        

DUMP TRUCK XCIENT DTHY38012 Hillcon 25-Dec-20

General Overhoul Engine Disposal OPD 01 652           41.222             
Excavator ZX470LC-5G EXHC47001 Hillcon 15-Dec-20

Engine Noise
Water Radiator Leak Disposal OPD T2 32.546     1.103.972       

DUMP TRUCK HINO DTHN26083 Hillcon 10-Jan-21
Excavator SY500H  EXSN50003 Hillcon 8-Jan-21

ARTICULATED DUMP TRUCKA40F ATVV40052 Hillcon 14-Jan-21 Engine Suddenly Stop
ARTICULATED DUMP TRUCKA40F ATVV40041 Hillcon 5-Jan-21 Noise saat manuver
DUMP TRUCK XCIENT DTHY38014 Hillcon 1-Jan-21 Linning Brake Limit (Waiting Part)

Engine Low Power

ARTICULATED DUMP TRUCKA40F ATVV40057 Hillcon 25-Jan-21 Differential Front Noise

ARTICULATED DUMP TRUCKA40F ATVV40065 Hillcon 23-Jan-21
DUMP TRUCK GIGA DTIZ34030 Hillcon 20-Jan-21 Schedule Change Vessel

Selenoid BrokenEXCAVATOR EC700BLC EXVV70004 Hillcon 26-Jan-21

 -
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APPENDIX G 

FUZZY FMEA CODE
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Header 

""" 

Created on Sat Sep 18 15:48:57 2021 

 

@author: Yubelium Andrew Patila 

""" 

Graph Visualization 

 

import numpy as np 

import matplotlib.pyplot as plt 

import matplotlib.patches as mpatches 

import skfuzzy as fuzz 

from colorama import init 

from termcolor import colored 

 

Graph 

 

def RangeSubject (_Null, _VHigh, _step): 

    subject = np.arange(_Null, _VHigh,_step) 

    return subject 

def AlgorithmFuzzySeverity (_rule,_range_subject,_title): 

    Null = fuzz.trimf(_range_subject,_rule[0]) 

    VLow = fuzz.trimf(_range_subject,_rule[1]) 

    Low = fuzz.trimf(_range_subject,_rule[2]) 

    Mod = fuzz.trimf(_range_subject,_rule[3]) 

    ModHigh = fuzz.trimf(_range_subject,_rule[4]) 

    High = fuzz.trimf(_range_subject,_rule[5]) 

    VHigh = fuzz.trimf(_range_subject,_rule[6]) 

     

    fig, ax = plt.subplots(nrows = 1, figsize = (8, 4)) 

    ax.plot (_range_subject, Null,'k', linewidth =1.5, label ='Null') 

    ax.plot (_range_subject, VLow,'y', linewidth =1.5, label ='VeryLow') 

    ax.plot (_range_subject, Low,'c', linewidth =1.5, label ='Low') 

    ax.plot (_range_subject, Mod,'m', linewidth =1.5, label ='Moderate') 
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    ax.plot (_range_subject, ModHigh,'g', linewidth =1.5, label ='Moderate-High') 

    ax.plot (_range_subject, High,'b', linewidth =1.5, label ='High') 

    ax.plot (_range_subject, VHigh,'r', linewidth =1.5, label ='VeryHigh') 

     

    ax.set_title(_title,fontsize=20) 

    ax.legend() 

     

    ax.set_xlim([1,10]) 

     

    ax.spines['top'].set_visible(False) 

    ax.spines['right'].set_visible(False) 

    ax.get_xaxis().tick_bottom() 

    ax.get_yaxis().tick_left() 

     

    plt.xlabel('Severity', fontsize=14) 

    plt.ylabel('Membership Number', fontsize=14) 

    plt.tight_layout() 

    plt.grid(True) 

    plt.legend(bbox_to_anchor=(0., -0.3 , 1., .102), 

           ncol=7, mode="expand", borderaxespad=0) 

    plt.show() 

     

    return Null, VLow, Low, Mod, ModHigh, High, VHigh 

 

def AlgorithmFuzzyOccurence (_rule,_range_subject,_title): 

    Null = fuzz.trimf(_range_subject,_rule[0]) 

    VLow = fuzz.trimf(_range_subject,_rule[1]) 

    Low = fuzz.trimf(_range_subject,_rule[2]) 

    Mod = fuzz.trimf(_range_subject,_rule[3]) 

    ModHigh = fuzz.trimf(_range_subject,_rule[4]) 

    High = fuzz.trimf(_range_subject,_rule[5]) 

    VHigh = fuzz.trimf(_range_subject,_rule[6]) 

     

    fig, ax = plt.subplots(nrows = 1, figsize = (8, 4)) 
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    ax.plot (_range_subject, Null,'k', linewidth =1.5, label ='Null') 

    ax.plot (_range_subject, VLow,'y', linewidth =1.5, label ='VeryLow') 

    ax.plot (_range_subject, Low,'c', linewidth =1.5, label ='Low') 

    ax.plot (_range_subject, Mod,'m', linewidth =1.5, label ='Moderate') 

    ax.plot (_range_subject, ModHigh,'g', linewidth =1.5, label ='Moderate-High') 

    ax.plot (_range_subject, High,'b', linewidth =1.5, label ='High') 

    ax.plot (_range_subject, VHigh,'r', linewidth =1.5, label ='VeryHigh') 

     

    ax.set_title(_title,fontsize=20) 

    ax.legend() 

     

    ax.set_xlim([1, 10]) 

     

    ax.spines['top'].set_visible(False) 

    ax.spines['right'].set_visible(False) 

    ax.get_xaxis().tick_bottom() 

    ax.get_yaxis().tick_left() 

     

    plt.xlabel('Occurrence', fontsize=14) 

    plt.ylabel('Membership Number', fontsize=14) 

    plt.tight_layout() 

    plt.grid(True) 

    plt.legend(bbox_to_anchor=(0., -0.3 , 1., .102), 

           ncol=7, mode="expand", borderaxespad=0) 

    plt.show() 

     

    return Null, VLow, Low, Mod, ModHigh, High, VHigh 

 

def AlgorithmFuzzyDetection (_rule,_range_subject,_title): 

    Null = fuzz.trimf(_range_subject,_rule[0]) 

    VLow = fuzz.trimf(_range_subject,_rule[1]) 

    Low = fuzz.trimf(_range_subject,_rule[2]) 

    Mod = fuzz.trimf(_range_subject,_rule[3]) 

    ModHigh = fuzz.trimf(_range_subject,_rule[4]) 
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    High = fuzz.trimf(_range_subject,_rule[5]) 

    VHigh = fuzz.trimf(_range_subject,_rule[6]) 

     

    fig, ax = plt.subplots(nrows = 1, figsize = (8, 4)) 

    ax.plot (_range_subject, Null,'k', linewidth =1.5, label ='Null') 

    ax.plot (_range_subject, VLow,'y', linewidth =1.5, label ='VeryLow') 

    ax.plot (_range_subject, Low,'c', linewidth =1.5, label ='Low') 

    ax.plot (_range_subject, Mod,'m', linewidth =1.5, label ='Moderate') 

    ax.plot (_range_subject, ModHigh,'g', linewidth =1.5, label ='Moderate-High') 

    ax.plot (_range_subject, High,'b', linewidth =1.5, label ='High') 

    ax.plot (_range_subject, VHigh,'r', linewidth =1.5, label ='VeryHigh') 

     

    ax.set_title(_title,fontsize=20) 

    ax.legend() 

     

    ax.set_xlim([1,10]) 

     

    ax.spines['top'].set_visible(False) 

    ax.spines['right'].set_visible(False) 

    ax.get_xaxis().tick_bottom() 

    ax.get_yaxis().tick_left() 

     

    plt.xlabel('Detection', fontsize=14) 

    plt.ylabel('Membership Number', fontsize=14) 

    plt.tight_layout() 

    plt.grid(True) 

    plt.legend(bbox_to_anchor=(0., -0.3 , 1., .102), 

           ncol=7, mode="expand", borderaxespad=0) 

    plt.show() 

     

    return Null, VLow, Low, Mod, ModHigh, High, VHigh 

 

def RangeFRPN (_NIm,_VIm,_step): 

    subject = np.arange (_NIm,_VIm,_step) 
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    return subject 

def FRPNGraph (_rule,_range_subject,_title): 

    NIm = fuzz.trapmf(_range_subject,_rule[0]) 

    Min = fuzz.trapmf(_range_subject,_rule[1]) 

    Mod = fuzz.trapmf(_range_subject,_rule[2]) 

    Im = fuzz.trapmf(_range_subject,_rule[3]) 

    VIm = fuzz.trapmf(_range_subject,_rule[4]) 

     

    fig, ax = plt.subplots(nrows = 1, figsize = (8, 4)) 

    ax.plot (_range_subject, NIm,'k', linewidth =1.5, label ='Not Important') 

    ax.plot (_range_subject, Min,'y', linewidth =1.5, label ='Minor') 

    ax.plot (_range_subject, Mod,'c', linewidth =1.5, label ='Moderate') 

    ax.plot (_range_subject, Im,'m', linewidth =1.5, label ='Important') 

    ax.plot (_range_subject, VIm,'g', linewidth =1.5, label ='Very Important') 

 

    ax.set_title(_title,fontsize=20) 

    ax.legend() 

     

    ax.set_xlim([1,1000]) 

     

    ax.spines['top'].set_visible(False) 

    ax.spines['right'].set_visible(False) 

    ax.get_xaxis().tick_bottom() 

    ax.get_yaxis().tick_left() 

     

    plt.xlabel('FRPN', fontsize=14) 

    plt.ylabel('Membership Number', fontsize=14) 

    plt.tight_layout() 

    plt.grid(True) 

    plt.legend(bbox_to_anchor=(0., -0.3 , 1., .102), 

           ncol=5, mode="expand", borderaxespad=0) 

    plt.show() 

     

    return NIm, Min, Mod, Im, VIm 
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#%% 

# Graph array 

xFuzRuleS = RangeSubject (1, 11, 0.5) 

rFuzRuleS = np.array([ 

    [1, 1, 2.5], 

    [1, 2.5, 4], 

    [2.5, 4, 5.5], 

    [4, 5.5, 7], 

    [5.5, 7, 8.5], 

    [7, 8.5, 10], 

    [8.5, 10, 10], 

]) 

Null_FuzRuleS, VLow_FuzRuleS, Low_FuzRuleS, Mod_FuzRuleS, ModHigh_FuzRuleS, 

High_FuzRuleS, VHigh_FuzRuleS = AlgorithmFuzzySeverity(rFuzRuleS, xFuzRuleS, 

'Severity Index') 

 

xFuzRuleO = RangeSubject (1, 11, 0.5) 

rFuzRuleO = np.array([ 

    [1, 1, 2.5], 

    [1, 2.5, 4], 

    [2.5, 4, 5.5], 

    [4, 5.5, 7], 

    [5.5, 7, 8.5], 

    [7, 8.5, 10], 

    [8.5, 10, 10], 

]) 

Null_FuzRuleO, VLow_FuzRuleO, Low_FuzRuleO, Mod_FuzRuleO, ModHigh_FuzRuleO, 

High_FuzRuleO, VHigh_FuzRuleO = AlgorithmFuzzyOccurence(rFuzRuleO, xFuzRuleO, 

'Occurrence Index') 

 

xFuzRuleD = RangeSubject (1, 11, 0.5) 

rFuzRuleD = np.array([ 

    [1, 1, 2.5], 
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    [1, 2.5, 4], 

    [2.5, 4, 5.5], 

    [4, 5.5, 7], 

    [5.5, 7, 8.5], 

    [7, 8.5, 10], 

    [8.5, 10, 10], 

]) 

Null_FuzRuleD, VLow_FuzRuleD, Low_FuzRuleD, Mod_FuzRuleD, ModHigh_FuzRuleD, 

High_FuzRuleD, VHigh_FuzRuleD = AlgorithmFuzzyDetection(rFuzRuleD, xFuzRuleD, 

'Detection Index') 

xFRPN = RangeFRPN (1, 1001, 1) 

rFRPN = np.array([ 

    [0, 0, 100, 200], 

    [100, 200, 300, 400], 

    [300, 400, 600, 700], 

    [600, 700, 800, 900], 

    [800, 900, 1000, 1000], 

]) 

NIm_FRPN, Min_FRPN, Mod_FRPN, Im_FRPN, VIm_FRPN = FRPNGraph(rFRPN, xFRPN, 

'FRPN') 

 

 

Fuzzy input 

 

I_severity = input('Severity Value : ') 

I_occurence = input('Occurrence Value : ') 

I_detection = input('Detection Value : ') 

 

severity = int(I_severity) 

occurence = int(I_occurence) 

detection = int(I_detection) 

I_FRPN = severity*occurence*detection 

FRPN = int(I_FRPN) 

print('FRPN = ', FRPN) 
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Fuzzyfication 

 

Defined membership 

 

NullS = np.array(fuzz.interp_membership(xFuzRuleS,Null_FuzRuleS,severity)) 

VLowS = np.array(fuzz.interp_membership(xFuzRuleS,VLow_FuzRuleS,severity)) 

LowS = np.array(fuzz.interp_membership(xFuzRuleS,Low_FuzRuleS,severity)) 

ModS = np.array(fuzz.interp_membership(xFuzRuleS,Mod_FuzRuleS,severity)) 

ModHighS = np.array(fuzz.interp_membership(xFuzRuleS,ModHigh_FuzRuleS,severity)) 

HighS = np.array(fuzz.interp_membership(xFuzRuleS,High_FuzRuleS,severity)) 

VHighS = np.array(fuzz.interp_membership(xFuzRuleS,VHigh_FuzRuleS,severity)) 

print("") 

print ('SEVERITY MEMBERSHIP') 

print ('Null = ', NullS) 

print ('Very Low = ', VLowS) 

print ('Low = ', LowS) 

print ('Moderate = ', ModS) 

print ('Moderate High = ', ModHighS) 

print ('High = ', HighS) 

print ('Very High = ', VHighS) 

 

NullO = np.array(fuzz.interp_membership(xFuzRuleO,Null_FuzRuleO,occurence)) 

VLowO = np.array(fuzz.interp_membership(xFuzRuleO,VLow_FuzRuleO,occurence)) 

LowO = np.array(fuzz.interp_membership(xFuzRuleO,Low_FuzRuleO,occurence)) 

ModO = np.array(fuzz.interp_membership(xFuzRuleO,Mod_FuzRuleO,occurence)) 

ModHighO = 

np.array(fuzz.interp_membership(xFuzRuleO,ModHigh_FuzRuleO,occurence)) 

HighO = np.array(fuzz.interp_membership(xFuzRuleO,High_FuzRuleO,occurence)) 

VHighO = np.array(fuzz.interp_membership(xFuzRuleO,VHigh_FuzRuleO,occurence)) 

print("") 

print ('OCCURENCE MEMBERSHIP') 

print ('Null = ', NullO) 

print ('Very Low = ', VLowO) 

print ('Low = ', LowO) 
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print ('Moderate = ', ModO) 

print ('Moderate High = ', ModHighO) 

print ('High = ', HighO) 

print ('Very High = ', VHighO) 

 

 

NullD = np.array(fuzz.interp_membership(xFuzRuleD,Null_FuzRuleD,detection)) 

VLowD = np.array(fuzz.interp_membership(xFuzRuleD,VLow_FuzRuleD,detection)) 

LowD = np.array(fuzz.interp_membership(xFuzRuleD,Low_FuzRuleD,detection)) 

ModD = np.array(fuzz.interp_membership(xFuzRuleD,Mod_FuzRuleD,detection)) 

ModHighD = 

np.array(fuzz.interp_membership(xFuzRuleD,ModHigh_FuzRuleD,detection)) 

HighD = np.array(fuzz.interp_membership(xFuzRuleD,High_FuzRuleD,detection)) 

VHighD = np.array(fuzz.interp_membership(xFuzRuleD,VHigh_FuzRuleD,detection)) 

print("") 

print ('DETECTION MEMBERSHIP') 

print ('Null = ', NullD) 

print ('Very Low = ', VLowD) 

print ('Low = ', LowD) 

print ('Moderate = ', ModD) 

print ('Moderate High = ', ModHighD) 

print ('High = ', HighD) 

print ('Very High = ', VHighD) 

 

 

NImFRPN = np.array(fuzz.interp_membership(xFRPN,NIm_FRPN,FRPN)) 

MinFRPN = np.array(fuzz.interp_membership(xFRPN,Min_FRPN,FRPN)) 

ModFRPN = np.array(fuzz.interp_membership(xFRPN,Mod_FRPN,FRPN)) 

ImFRPN = np.array(fuzz.interp_membership(xFRPN,Im_FRPN,FRPN)) 

VImFRPN = np.array(fuzz.interp_membership(xFRPN,VIm_FRPN,FRPN)) 

print("") 

print ('FRPN MEMBERSHIP') 

print ('Not Important = ', NImFRPN) 

print ('Minimum = ', MinFRPN) 
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print ('Moderate = ', ModFRPN) 

print ('Important = ', ImFRPN) 

print ('Very Important = ', VImFRPN) 

 

Rule Base 

Agregation and Activation 

RuleBase1 = np.fmin(HighS,HighO,HighD ) 

FRPN_Activation1 = np.fmin(RuleBase1, VIm_FRPN) 

 

RuleBase2 = np.fmin( VLowS, VLowO, LowD ) 

FRPN_Activation2 = np.fmin(RuleBase2, Min_FRPN) 

 

RuleBase3 = np.fmin( ModS, ModHighO, VLowD ) 

FRPN_Activation3 = np.fmin(RuleBase3, Mod_FRPN) 

 

RuleBase4 = np.fmin( ModS, ModO, ModD ) 

FRPN_Activation4 = np.fmin(RuleBase4, Im_FRPN) 

 

RuleBase5 = np.fmin( LowS, VLowO, VHighD ) 

FRPN_Activation5 = np.fmin(RuleBase5, Mod_FRPN) 

 

RuleBase6 = np.fmin( VLowS, LowO, ModD ) 

FRPN_Activation6 = np.fmin(RuleBase6, Min_FRPN) 

 

RuleBase7 = np.fmin( VLowS, VLowO, VLowD ) 

FRPN_Activation7 = np.fmin(RuleBase7, NIm_FRPN) 

 

RuleBase8 = np.fmin( VLowS, LowO, ModD ) 

FRPN_Activation8 = np.fmin(RuleBase8, Mod_FRPN) 

 

RuleBase9 = np.fmin( HighS, ModO, ModD ) 

FRPN_Activation9 = np.fmin(RuleBase9, VIm_FRPN) 

 

RuleBase10 = np.fmin( ModS, VLowO, VLowD ) 
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FRPN_Activation10 = np.fmin(RuleBase10, Im_FRPN) 

 

RuleBase11 = np.fmin( ModS, ModHighO, VLowD ) 

FRPN_Activation11 = np.fmin(RuleBase11, Im_FRPN) 

 

RuleBase12 = np.fmin( ModS, ModHighO, LowD ) 

FRPN_Activation12 = np.fmin(RuleBase12, Mod_FRPN) 

 

RuleBase13 = np.fmin( HighS, HighO, ModD ) 

FRPN_Activation13 = np.fmin(RuleBase13, VIm_FRPN) 

 

RuleBase14 = np.fmin( VLowS, ModO, VLowD ) 

FRPN_Activation14 = np.fmin(RuleBase14, Mod_FRPN) 

 

FRPN_Zero = np.zeros_like(xFRPN) 

 

Accumulation Graph 

 

fig, ax0 = plt.subplots(figsize=(8, 4)) 

ax0.plot (xFRPN, NIm_FRPN,'k', linewidth =0.5) 

ax0.plot (xFRPN, Min_FRPN,'y', linewidth =0.5) 

ax0.plot (xFRPN, Mod_FRPN,'c', linewidth =0.5) 

ax0.plot (xFRPN, Im_FRPN,'m', linewidth =0.5) 

ax0.plot (xFRPN, VIm_FRPN,'g', linewidth =0.5) 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation1, facecolor='k', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation1, 'k', linewidth=0.5) 

patch1 = mpatches.Patch(color='k', label='Rule 1') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation2, facecolor='y', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation2, 'y', linewidth=0.5) 

patch2 = mpatches.Patch(color='y', label='Rule 2') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation3, facecolor='c', alpha=0.7) 
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ax0.plot(xFRPN, FRPN_Activation3, 'c', linewidth=0.5) 

patch3 = mpatches.Patch(color='c', label='Rule 3') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation4, facecolor='m', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation4, 'm', linewidth=0.5) 

patch4 = mpatches.Patch(color='m', label='Rule 4') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation5, facecolor='g', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation5, 'g', linewidth=0.5 ) 

patch5 = mpatches.Patch(color='g', label='Rule 5') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation6, facecolor='r', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation6, 'r', linewidth=0.5) 

patch6 = mpatches.Patch(color='r', label='Rule 6') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation7, facecolor='tan', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation7, 'tan', linewidth=0.5) 

patch7 = mpatches.Patch(color='tan', label='Rule 7') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation8, facecolor='khaki', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation8, 'khaki', linewidth=0.5) 

patch8 = mpatches.Patch(color='khaki', label='Rule 8') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation9, facecolor='indigo', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation9, 'indigo', linewidth=0.5) 

patch9 = mpatches.Patch(color='indigo', label='Rule 9') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation10, facecolor='slategray', 

alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation10, 'slategray', linewidth=0.5) 

patch10 = mpatches.Patch(color='slategray', label='Rule 10') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation11, facecolor='gold', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation11, 'gold', linewidth=0.5) 
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patch11 = mpatches.Patch(color='gold', label='Rule 11') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation12, facecolor='azure', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation12, 'slateblue', linewidth=0.5) 

patch12 = mpatches.Patch(color='slateblue', label='Rule 12') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation13, facecolor='pink', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation13, 'pink', linewidth=0.5) 

patch13 = mpatches.Patch(color='pink', label='Rule 13') 

 

ax0.fill_between(xFRPN, FRPN_Zero, FRPN_Activation14, facecolor='lime', alpha=0.7) 

ax0.plot(xFRPN, FRPN_Activation14, 'lime', linewidth=0.5) 

patch14 = mpatches.Patch(color='lime', label='Rule 14') 

 

ax0.set_title('Output membership activity') 

 

 

for ax in (ax0,): 

    ax.spines['top'].set_visible(False) 

    ax.spines['right'].set_visible(False) 

    ax.get_xaxis().tick_bottom() 

    ax.get_yaxis().tick_left() 

    ax.set_xlim([1,1000]) 

    ax.legend() 

 

plt.legend(bbox_to_anchor=(0., -0.25 , 1., .102), 

           ncol=7, mode="expand", borderaxespad=0, handles=[patch1,patch2, 

                                                            patch3,patch4, 

                                                            patch5,patch6, 

                                                            patch7,patch8, 

                                                            patch9,patch10, 

                                                            patch11,patch12, 

                                                            patch13,patch14]) 

plt.tight_layout() 
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plt.show() 

 

Agregate 

 

FRPN_agregate = np.fmax (FRPN_Activation1, 

                         np.fmax(FRPN_Activation2, 

                                  np.fmax(FRPN_Activation3, 

                                           np.fmax(FRPN_Activation4, 

                                                    np.fmax(FRPN_Activation5, 

                                                             np.fmax(FRPN_Activation6, 

                                                                      np.fmax(FRPN_Activation7, 

                                                                               np.fmax(FRPN_Activation8, 

                                                                                        

np.fmax(FRPN_Activation9, 

                                                                                                 

np.fmax(FRPN_Activation10, 

                                                                                                          

np.fmax(FRPN_Activation11, 

                                                                                                                   

np.fmax(FRPN_Activation12, 

                                                                                                                            

np.fmax(FRPN_Activation13,FRPN_Activation14))))))))))))) 

 

#%% 

# Defuuzification 

FRPN_Output = fuzz.defuzz(xFRPN, FRPN_agregate, 'centroid') 

FRPN_Activation = fuzz.interp_membership(xFRPN, FRPN_agregate, FRPN) 

     

fig, ax = plt.subplots(nrows = 1, figsize = (8, 4)) 

ax.plot([FRPN, FRPN], [0, FRPN_Activation], 'k', linewidth=1.5, alpha=0.9) 

ax.plot (xFRPN, NIm_FRPN,'k', linewidth =0.5, label ='Not Important') 

ax.plot (xFRPN, Min_FRPN,'y', linewidth =0.5, label ='Minor') 

ax.plot (xFRPN, Mod_FRPN,'c', linewidth =0.5, label ='Moderate') 

ax.plot (xFRPN, Im_FRPN,'m', linewidth =0.5, label ='Important') 
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ax.plot (xFRPN, VIm_FRPN,'g', linewidth =0.5, label ='Very Important') 

ax.fill_between(xFRPN, FRPN_Zero, FRPN_agregate, facecolor='Orange', alpha=0.7) 

ax.set_title('Aggregated membership and result (line)', fontsize=20) 

patchagregated = mpatches.Patch(color='Orange', label='Agregated area') 

 

ax.legend() 

     

ax.set_xlim([1,1000]) 

     

ax.spines['top'].set_visible(False) 

ax.spines['right'].set_visible(False) 

ax.get_xaxis().tick_bottom() 

ax.get_yaxis().tick_left() 

     

plt.xlabel('FRPN', fontsize=14) 

plt.ylabel('Membership Number', fontsize=14) 

plt.tight_layout() 

plt.grid(False) 

plt.legend(bbox_to_anchor=(0., -0.25 , 1., .102), borderaxespad=0, 

handles=[patchagregated]) 

plt.show() 

 

print("") 

print ('Final FRPN') 

print ('FRPN = ',round( int(float(str (FRPN_Output))))) 

 

init() 

if int(float(str (FRPN_Output))) >= 1 and int(float(str (FRPN_Output))) < 200 : 

    print ("FRPN Class:", colored('Not Important.', 'green')) 

elif int(float(str (FRPN_Output))) >= 200 and int(float(str (FRPN_Output))) < 400 : 

    print ("FRPN Class:", colored('Minor.', 'cyan')) 

elif int(float(str (FRPN_Output))) >= 400 and int(float(str (FRPN_Output))) < 600 : 

    print ("FRPN Class:", colored('Moderate.', 'blue')) 

elif int(float(str (FRPN_Output))) >= 600 and int(float(str (FRPN_Output))) < 800 : 
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    print ("FRPN Class:", colored('Important.', 'yellow')) 

else: 

    print ("FRPN Class:" , colored('Very Important.', 'red')) 
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APPENDIX I 

FAILURE MODE AGREGATION 
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Where: 

Failure mode 1 graph : A and B Failure mode 12 graph : W and X 

Failure mode 2 graph : C and D Failure mode 13 graph : Y and Z 

Failure mode 3 graph : E and F Failure mode 14 graph : AA and AB 

Failure mode 4 graph : G and H  

Failure mode 5 graph : I and J  

Failure mode 6 graph : K and L  

Failure mode 7 graph : M and N  

Failure mode 8 graph : O and P  

Failure mode 9 graph : Q and R  

Failure mode 10 graph : S and T  

Failure mode 11 graph : U and V  
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APPENDIX J 

EQUIPMENT SPECIFICATIONS
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1. Kobelco SK330 

 

Figure K.1. Kobelco SK330 specification A. 
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Figure K.2. Kobelco SK330 specification B 
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2. Sany SY365H 

 

Figure K.3. Sany SY365H specification 
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3. Sany SY500H 

 

Figure K.4. Sany SY500H specification 
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4. Hyundai Xcient 400 

 

Figure K.5. Hyundai Xcient 400 specification A 
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Figure K.6. Hyundai Xcient 400 specification B 
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Figure K.7. Hyundai Xcient 400 specification C 
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Figure K.8. Hyundai Xcient 400 specification D 

 



 

153 
 

 

5. Hino FM 260 JD 

 

Figure K.9. Hino FM 260 JD A 

\ 

 

 

 

 

 

 

 

 

 

 

 

 

Figure K.10. Hino FM 260 JD B 
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6. Isuzu Giga FV234 
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APPENDIX K 

ROAD GRADE AND MACHINE FORMULA
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Premise I:  Hill geometry affects hauler ability to climb a hill 

Premise II: Hauler ability to climb a hill is affected by engine power and torque which 

has a maximum value. Hauler also needs energy at bottom until it reaches 

its maximum range. 

With assumption that hauler work in a close system (the effect of aerodynamic is 

ignored), the law of conservation of mechanical energy shows that: 

𝑀𝐸1 = 𝑀𝐸2 ……..………………………..……………….………(L.1) 

Which are: 

𝑀𝐸 = 𝐾𝐸 + 𝑃𝐸 ……..……………………….…………….………(L.2) 

𝐾𝐸 =
1

2
𝑚𝑣2 ……..………………………...…………….………(L.3) 

𝑃𝐸 = 𝑚𝑔ℎ ……..………………………….…………….………(L.4) 

Then: 

1

2
𝑚𝑣2

1
+ 𝑚𝑔ℎ1 =

1

2
𝑚𝑣2

2
+ 𝑚𝑔ℎ2 ……..…….……………….………(L.5) 

Mass of hauler is constant, then the formula become: 

1

2
𝑣2

1
+ 𝑔ℎ1 =

1

2
𝑣2

2
+ 𝑔ℎ2 ……..…….……………….….………(L.6) 

1

2
(𝑣2

1 − 𝑣2
2)  = 𝑔(ℎ2 − ℎ1) ……..…….………………….………(L.7) 

 

Figure L.1 Force in inclined plane 
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Based on Figure L1 ℎ1 is 0 and ℎ2 equal to 𝑥 𝑠𝑖𝑛𝛼, then: 

1

2
(𝑣2

1 − 𝑣2
2)  = 𝑔(𝑥 𝑠𝑖𝑛𝛼) ……..…….………………….………(L.8) 

(𝑣1+𝑣2)(𝑣1−𝑣2)

2
 = 𝑔(𝑥 𝑠𝑖𝑛𝛼) ……..…….………………….………(L.9) 

Premise II says that engine power is affecting the hauler ability, then power formula has 

to be inputed: 

𝑃 = 𝐹�̅� ……..…….………………….….………(L.10) 

𝑃 = 𝐹
(𝑣1+𝑣2)

2
 ……..…….…….……………….………(L.11) 

Based on Figure L1 𝐹 is affected by resitance (𝜇) as reducing factor, then Equation L11 

become: 

𝑃 = (𝐹 − 𝜇) (
(𝑣1+𝑣2)

2
) ……..…….…….…….………(L.12) 

(𝑣1+𝑣2)

2
 =

𝑃

(𝐹−𝜇)
 ……..…….……….…….………(L.13) 

Force can be related to torque with equation: 

𝐹 =
𝑇

𝑟1
 ……..………..……….…….….………(L.14) 

Subtitude Equation L.14 to L.13, become: 

(𝑣1+𝑣2)

2
 =

𝑃

(
𝑇

𝑟1
−𝜇)

 ……..…….………….…….………(L.15) 

Equation L.15 is substituted into Equation L.9 become: 

𝑃

(
𝑇

𝑟1
−𝜇)

(𝑣1 − 𝑣)  = 𝑔(𝑥 𝑠𝑖𝑛𝛼) ……..…….…….…….………(L.16) 

𝑃

(
𝑇−𝜇𝑟1

𝑟1
)

(𝑣1 − 𝑣2)  = 𝑔(𝑥 𝑠𝑖𝑛𝛼) ……..…….…….…….………(L.17) 

Linear motion in hauler have to related to angular motion in engine, then: 

𝑣 = 𝑟𝜔 ……..………..…………..….…….….………(L.18) 

𝜔 =
2𝜋

60
𝑁……..………..…………..….…….….………(L.19) 

𝑣 = 𝑟
2𝜋

60
𝑁 ……..………..…………..….…….….………(L.20) 
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Equation L.20 is substituted into Equation L.17 become: 

𝑃

(
𝑇−𝜇𝑟1

𝑟1
)

(𝑟2
2𝜋

60
(𝑁1 − 𝑁2)  = 𝑔(𝑥 𝑠𝑖𝑛𝛼) ……..…….…….…….………(L.21) 

Torque in hauler has to be related to torque in engine with: 

𝑇 = 𝜂 𝑇𝑒𝑛𝑔……..………….…..…………..….…….….………(L.22) 

𝑇𝑒𝑛𝑔 =
𝑃

𝜋Δ𝑁
30……..………….…..…………..….……………(L.23) 

𝑇 = 𝜂 
𝑃

𝜋Δ𝑁
30……..………….…..…………..….…….….………(L.24) 

Then the formula become: 

𝑃

(
(𝜂 

𝑃
𝜋Δ𝑁

30)−(𝜇𝑟1)

𝑟1
)

(𝑟2
2𝜋

60
(𝑁1 − 𝑁2))  = 𝑔(𝑥 sin 𝛼) ……..………(L.25) 

𝑃(𝑟2𝑟12𝜋(𝑁1 − 𝑁2))  = 𝑔(𝑥 𝑠𝑖𝑛 𝛼) ((𝜂 
𝑃

𝜋Δ𝑁
30) − (𝜇𝑟1)) (60)…….………(L.26) 

Because 𝛼 is relatively small then sin 𝛼 = 𝛼% and 𝜇 = 𝑤(𝑟 + 𝛼%), the formula become: 

𝑃(𝑟2𝑟12𝜋(𝑁1 − 𝑁2))  = 𝑔(𝑥 𝛼%) ((𝜂 
𝑃

𝜋Δ𝑁
30) − ((𝑤(𝑟 + 𝛼%))𝑟1)) (60)…………(L.27) 

Thus, the maximum displacement of hauler can be calculated with: 

𝑥 =
𝑃(𝑟2𝑟12𝜋(𝑁1−𝑁2))

(𝑔 𝛼%)((𝜂 
𝑃

𝜋Δ𝑁
30)−((𝑤(𝑟+𝛼%))𝑟1))(60)

……..….………………(L.28) 

Informations: 

𝑥 : displacement (m) 

𝑃 : power (watt) 

𝑟1 : wheel radius (m) 

𝑟2 : engine radius (m) 

𝑁1 : engine angular velocity start (rpm) 

𝑁2 : engine angular velocity end (rpm) 

𝑔 : gravitational acceleration (𝑚
𝑠2⁄ ) 

𝜂 : gear ratio 

Δ𝑁: engine angular velocity interval (rpm) 
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𝑤 : hauler weight (N) 

𝑟 : rolling resistance coefficient 

𝛼%: road grade (%) 
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