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ABSTRACT

ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING
OPERATION THROUGH MAINTENANCE OPTIMIZATION, SPARE PARTS
READYNESS, AND WORKFORCE DEVELOPMENT

By

Achmad Muslimin
Assoc. Prof. Dr. rer. nat. Filiana Santoso, Advisor
Assoc. Prof. Dr. Ir. Gembong Baskoro, M.Sc., IPU, ASEAN Eng., ACPE, APEC Eng.,
Co-Advisor

SWISS GERMAN UNIVERSITY

This study investigates the persistent issue of low physical availability (PA) of
PC4000 hydraulic excavators at the BUMA Lati mining operation, which has
adversely impacted production performance and revenue. The research identifies key
root causes including inadequate maintenance inspection time and quality, limited
mechanic competencies, insufficient spare parts readiness, and recurring technical
problems—particularly hydraulic and electrical failures. A structured problem-solving
methodology, integrating DMAIC and the 3W framework, was employed to develop
and implement targeted improvement strategies. These strategies focused on
optimizing preventive maintenance processes, improving critical spare parts
availability through inventory collaboration, and enhancing workforce capability via
competency-based training programs. Post-implementation evaluation revealed an
increase in PA performance, reduced downtime, and improvement in customer
relationship level (CRL), demonstrating the critical role of coordinated maintenance,
supply chain, and human resource interventions in sustaining heavy equipment
availability in mining operations.

Keywords: Physical Availability, Maintenance Optimization, Spare Parts Readiness,

Workforce Competency, Customer Relationship Level.

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT __ Page 4 of 120

© Copyright 2025
by Achmad Muslimin
All rights reserved

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT _ Page 5 of 120

DEDICATION

This thesis is dedicated to the future of the beloved company PT. United Tractors,
especially UT Site Tanjungredeb, so that in the future the business can continue to

grow and become a shady tree for all stakeholders.

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT _ Page 6 of 120

ACKNOWLEDGEMENTS

All thanks and appreciation are offered to Allah Subhanahuwata’ala for His boundless
grace and compassion. I would like to express my gratitude to Mrs. Sunarmiyah, Mr.
Imam Gozali (Alm), my wife Yunita Ariyanti, and my children Muhammad Fadil
Haziq, Aisyah Fadilah Uzma, Abdullah Yazid Al-Fatih, my family who have given me
prayers, encouragement, and support until I can complete this thesis. I would also like
to express my gratitude to Mrs. Assoc. Prof. Dr. rer. nat. Filiana Santoso, my Advisor
who has provided a lot of guidance during the completion of this thesis. I would also
like to express my gratitude to Mr. Assoc. Prof. Dr. Ir. Gembong Baskoro, M.Sc., IPU,
ASEAN Eng., ACPE, APEC Eng., as my Co-Advisor for his guidance so that I can
finally complete my thesis well and on time. I would also like to thank my colleagues

at UT Tanjungredeb who have also contributed to the completion of my thesis.

So far, I have gained useful and meaningful learning experiences through the quality
curriculum and programs presented. This provides provisions to continue exploring
ideas and problems in the past and the future, which of course will support my work

at the United Tractors company.

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT _ Page 7 of 120

TABEL OF CONTENTS

Page

STATEMENT BY THE AUTHOR .....cc.cooiiiiiiiiiiiieeeeee e 2
ABSTRACT ...ttt ettt ettt sttt e s e beentesaeenseeneesneeseeneenseenes 3
DEDICATION ...ttt sttt sttt ettt b e et be et st e sbeebeeneesaeenee 5
ACKNOWLEDGEMENTS ..ottt sttt 6
TABLE OF CONTENS ...ttt s 7
LIST OF FIGURES ..ottt ettt 9
LIST OF TABLES ...ttt sttt ettt et 11
CHAPTER 1 — INTRODUCTION .....cciiiiiiiieiesieie ettt seeens 12
1.1 BacKroUuNd.......cooiiiiiiiiieiieee et e 12

1.2 Research Problem ..........ooceiiiiiiiiiiiiiiiieececeeeeee e 20
1.3 ReSEarch ODJECHIVES. ..cueeuiriiiriiiiieiiiiieieetesteete et 21
1.4 Significance of StUAY .....ccceoiiriiiiiiiiiie e 21
1.5 Research QUESION ......cccviiiiiiiiiiiecciee ettt e eere e eae e e e 21
1.6 RESCATCH SCOPE ...cuvieiiieiiieiie ittt ettt ettt ettt ettt ee 22
L7 HYPOLNESIS .ottt ettt ettt ettt e bt e e b e s e eateenaeeens 22
CHAPTER 2 — LITERATURE REVIEW......cccoiiiiiiiiiiiiieieeeeceeee e 23
2.1 Equipment Availability and Maintenance Management...............ccccceceeuennee. 23
2.2 Spare Parts Management ............ccoecueeeiiieiniieeniieeiee et 32
2.3 Workforce Competency in Mining Operations............cceeeveveeevueeenveeenneeennes 37
2.4  Improvement Framework and Tools.........ccccooiiiniiiiiiiniiiieeeeee 40
2.5 Customer-Oriented Support and Relationship Management......................... 46
CHAPTER 3 — RESEARCH METHODS .....ccooiiiiiiiieeeeeee et 56
3.1 ReSarch DESIZN .....oovuiiiiiiiiiiiiieeie et et e 56
3.2 DefiNe Phase .....c.ooouiiiiiiiieieeeee e e 58
3.3 Measure Phase ........coouiiiiiiiiiiieieeee e 59
3.4 ANAlYZE Phase.....ccciiiiiiiiiiiieieeee e 60
3.5 IMProve PRASE .....cc.oooiiiiiiiiieiiee e e 63
3.6 Control Phase .....ccceoiiiiiiiiiiiiiieeeee et e 66
3.6 TIME LINE oottt 68
CHAPTER 4 — RESULTS AND DISCUSSIONS ....cciiiiiiiriineeieneeneeeeesieeie e 69
4.1 Define Phase ........cooiiiiiiiiiii e 69

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT __ Page 8 of 120

4.2 MeaSure Phase .......ccoccuiiiuiiiiieie ettt 71
4.3 ANAlYZe PRASC......coociiieieeeee e e 73
4.4 TMPIove PhaSe .....oooiiiiiiiiicieee ettt et 78
4.5  Control PRaS@.......ccciiiiiiiiieiiieiiece ettt et 109
BAB 5 — CONCLUSSION AND RECCOMENDATIONS.......ccoeevvieieeiiecee e 115
5.1 CONCIUSIONS. ...eiiuiieiiieiieeiie ettt ettt et et e steesebeebeeesbeesseesnseenseeenseensnesnseas 115
5.2 RecCOMENAAtIONS ......ccueeriieiiieeiiieiieeie ettt ete et e et e st e enbeessaeensees 116
REFERENCES ...ttt ettt ettt et eaa e eene e 117
CURRICULUM VITAE ...ttt ettt e ve e s 119

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT _ Page 9 of 120

LIST OF FIGURES
Page

Figure 1.1. Map of Operational Distribution of PT. BUMA Mining Sites................... 12
Figure 1.2. Overburden and Coal Production Data for PT BUMA Lati in 2024 ......... 13
Figure 1.3. Performance of loader (PC4000) units in Matrix 4 ..........cccceeververvennennne. 13
Figure 1.4. Performance of the PC4000 evaluated based on Physical Availability (PA)
values throughout 2024 ............ooiiiiiiiieeie ettt ettt sre e eseaeeseesnae e 14
Figure 1.5. Several factors causing the failure to achieve physical availability of
PCA000 10 2024ttt sttt 15
Figure 1.6. Pareto chart data for PC4000 unit problems - year 2024 ..............cccoenee.. 17
Figure 1.7. Detailed list Of TOOt CAUSES .....cecueeruiiiiiiiiiieiieeieeee e 17
Figure 1.8. Competency Assessment Profile of Buma PC4000 Mechanics ................ 18
Figure 1.9. Availability of Full Supplier Demand Parts for the Buma PC4000 Unit ..19
Figure 1.10. Monthly Movement of Demand Parts for the PC4000 Unit.................... 19
Figure 1.11. Lead Time Purchase Order for Stock and Emergency Order PC4000 Parts
...................................................................................................................................... 20
Figure 1.12. BUMA Lati Physical Avilability Performance of PC4000 Last 3 Years .20
Figure 2.1. DMAIC ROAAMAD ....ooouiiiiiiiiiieiieiie ettt 42
Figure 2.2. The Functions of Customer Solution Management implementation......... 47
Figure 2.3. Customer Relationship Level ..., 49
Figure 2.4. Customer Relationship Chart ...........ccccooiriiniiiiniiniiiccceeeen 52
Figure 3.1. Improvement Project Flow and Mindset ...........cccccooceriiiniiniinicnnnnen, 57
Figure 3.2. Physical Availability Formula .............ccocccoiiiiii, 61
Figure 4.1. Root Cause Summary of PC4000 PA ISSUES ......ccceveevieriinienienicnieienne, 69
Figure 4.2. PATrend 2021-2024 .......cuooiiiieeeeeeeee ettt 72
Figure 4.3. Parts Readiness v PA........ccoiiiiiiiieceee e 72
Figure 4.4. Fishbone Diagram for PA Failure............coccovvieviniininniniiniicceeee, 73
Figure 4.5. Customer Solution Management Team Introduction (Winning Team).... 81
Figure 4.6. Kick Off Partnership UT-BUMA 2025........ccceiieiirieieeeeiereeeeee e 82
Figure 4.7. Hystory and Target Customer Relationship Level.........c.ccocooeniininnenne. 84
Figure 4.8. Customer Relationship Chart (CRC) BUMA-United Tractors ................. 85
Figure 4.9. Key Strategies (Winning COoncept).......ccecvvveeriueeeriieeerieeeieeesireeseeesveeenns 87

Figure 4.10. Coordination of Preparation for Daily Inspection is Carried Out H-1....88

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT __ Page 10 of 120

Figure 4.11. Daily Inspect Achievement MONItOring ...........ceceveevueeieneeriensieneenieene. 89
Figure 4.12. Staging Meeting for Synchronization of Job Shutdown Implementation
PLan CreAtION. ......evuieiiiiiiiieieee ettt sttt et sbe ettt et e 90
Figure 4.13. Achievement of Coordination Meeting ............ccceeevveeeveveencieennieesneeens 90
Figure 4.14. Follow up Minor Backlog at Inspect Time...........cccccveevvieecieencieenrieens 91
Figure 4.15. Target for Each Daily Inspection is a Minimum 3 MO Follow-up ......... 92
Figure 4.16. Reguler Review Hydraulic Temperature Management .................c......... 93
Figure 4.17. Implementation Auotomating the Lubrication System..............c.c.ccuvee.. 95
Figure 4.18. Main Key Performance INdeX ...........ccccceeviieriienieniiiiecieecesee e 96
Figure 4.19. Key Performance Index - Proces..........cceeveriienieniiiiieeieeienie e 96
Figure 4.20. Monitoring Readiness 161 Critical Parts Item and APL or VHS PC4000
...................................................................................................................................... 97
Figure 4.21. Addition of reman component PC4000 cylinder and UC stock a total of
I8 COMPONEIILS ...eenevieeiiiieeiiiee et e ettt e etee et e estteeeseteeesteeeeseeensaeesnsaeesnseeesnsaeesnseesnnseennns 98
Figure 4.22. Parts Backlog Preparation Mechanism...........cccccvevveeiienieenieenieenenne, 100
Figure 4.23. UT raises order to principle for parts not ready on site..........ccccuenuenn... 100
Figure 4.24. Buma planner informs the actual lifetime of components installed in the
UNIE @VETY 3 TONERS ..ottt ettt et e 101
Figure 4.25. Site Condition Update Through Outlook Email.............cccccoviininnnien. 103
Figure 4.26. Weekly Meeting UT and KIMST........ccccoovieiiiiiiiiiieniieiecieeieeeee e 104
Figure 4.27. Critical Parts Availability Rate of Full Supplier YTD July 2025 .......... 105
Figure 4.28. Installation and testing of the Electric Pilot Control Simulator PC4000
.................................................................................................................................... 106
Figure 4.29. Komtrax, Komtrax Plus and EQP Care Development .............cccoc..... 106
Figure 4.30. The Result of Initiatives Impact to MTTR .......ccccoeviiiviiiiiiiiiieeen 107
Figure 4.31. The Result of Competency Post Assessment...........ccceeevveeeeeeenveeennnnn. 107
Figure 4.32. The Result of Initiatives Impact to MTBS ........ccccooiiiiiiniiniiiiiene 108
Figure 4.33. The Result Achievement of Physical Availability (PA).........cccccuveeneee. 109
Figure 4.34. The Result Achievement of Overburden Production...............cccucc....... 111

Figure 4.35. Regular Review Project Improvement Between BUMA — United Tractors

Achmad Muslimin



ENHANCING PHYSICAL AVAILABILITY OF PC4000 AT BUMA LATI MINING OPERATION THROUGH
MAINTENANCE OPTIMIZATION, SPARE PARTS READYNESS, AND WORKFORCE DEVELOPMENT

Page 11 of 120

LIST OF TABLES

Page

Table 1.1. Contribution of Each Factor to the Failure to Achieve Physical Availability

OF PCA000 ...t sttt
Table 2.1. Comparison of Maintenance TyPeS.......ccevveercrieeriiieeniieeeiieeeieeenns

Table 2.2. Role of Inspection in Maintenance ...........ccceeeeveeeeveeeeveeeeveesenneenns

Table 2.3. Rationale for Tool Selection in the PC4000 Physical Availability Study ...46

Table 3.1. Formation of a Cross-Functional Improvement Team ...................
Table 3.2. TIMElNe ACHIVILY....ccueviiierieeiieie et
Table 4.1. Decision Matrix for Improvement ACtions ...........cccecvevveeveennnnne.
Table 4.2. Key Initiatives and Measurable Results.............cccccoeoeeniiniiennne
Table 4.3. List of Problem Spline Shaft Wornout..............c.ccocceeiiininiiennne
Table 4.4. Physical Availability PC4000 Performance Result........................
Table 4.5. Overburden (OB) Production Performance Result ........................

Achmad Muslimin



