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ABSTRACT

OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

By

Najih Munawar Setra Werdaya, S.Pd.
Dena Hendriana, B.Sc., S.M., Sc.D., Advisor
Dr. Ir. Henry Nasution, M.T., IPP, Co-Advisor

SWISS GERMAN UNIVERSITY

Currently, the coal business is still vibrant, making the role of heavy equipment in coal
mining operations crucial. Effective maintenance of heavy equipment is essential to
maintain its performance. Equipment breakdowns and component failures can lead to
significant losses and impact mining operations. To address this issue, this study
focuses on optimizing Condition-Based Maintenance (CBM) to identify and reduce
component failures. Through CBM, it is expected that heavy equipment components
can be monitored more effectively, minimizing unscheduled failures.

The optimization of CBM involves determining failure indicators using condition
monitoring indices that represent component health. Additionally, follow-up
maintenance must be performed diligently to ensure timely repairs. With effective
CBM implementation, component failure rates can be reduced and early warning

systems can be activated for more effective failure prevention.

Keywords: Coal Mining, Heavy Equipment, Condition-Based Maintenance, Failure
Indicator, Condition Monitoring Index, Overhaul.

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 4 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

© Copyright 2024
by Najih Munawar Setra Werdaya
All rights reserved

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 5 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

DEDICATION

| dedicate this work to the future of the country I love: Indonesia.
To my beloved family, for their unwavering support, endless love, and boundless
patience throughout this journey.
To PT. Kalimantan Prima Persada, for providing the opportunity, resources, and

support needed to complete this research.

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 6 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

ACKNOWLEDGEMENTS

First and foremost, | would like to express my deepest gratitude to my advisor, Mr.
Dena Hendriana, B.Sc., S.M., Sc.D., for his invaluable guidance, support, and
encouragement throughout the course of this research. His expertise and insight have
been instrumental in the completion of this thesis.

| am also deeply thankful to my co-advisor, Mr. Dr. Ir. Henry Nasution, M.T., IPP, for
his continuous support, constructive feedback, and commitment to my academic and
professional development.

My heartfelt thanks go to all the lecturers at the Master of Mechanical Engineering
Department of Swiss German University (SGU). Their dedication to teaching and
mentoring has profoundly shaped my academic journey.

I would also like to extend my sincere appreciation to all my colleagues and friends at
PT. Kalimantan Prima Persada. Your camaraderie, assistance, and encouragement have
been essential in navigating the challenges of this research.

Finally, 1 am deeply grateful to my family for their unwavering support and patience
throughout this endeavor.

Thank you all for your significant contributions and support.

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 7 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

TABLE OF CONTENTS

STATEMENT BY THE AUTHOR.......cocoiiiiiiiiie e 2
ABSTRACT .ttt bbbttt bbbttt 3
DEDICATION ...ttt sttt sttt ta st et st e sbesteereeneeneenee s 5
ACKNOWLEDGEMENTS ..ottt sttt ees 6
TABLE OF CONTENTS ..ottt 7
LIST OF FIGURES ..ottt 9
LIST OF TABLES ...ttt 11
CHAPTER 1 — INTRODUCTION .....octiiiiiieieie et 12
1.1 BACKGIOUNG ....coeiiiiiiiitiitisie ettt bbbt 12
1.2 RESEarCh ProbIemS.........c.ooiiiieece e 16
1.3 ReSearch ODJECLIVES.........cociiieice e 16
1.4 SIgNIficanCe OF STUAY .......ccviiiiiiiiee e 16
1.5 ReSEarch QUESTIONS ......cui e nne e 16
1.6 HYPOINESIS. ..ottt 17
CHAPTER 2 - LITERATURE REVIEW.....c.ooiiiiiece e 18
2.1 Y LT g1 =] TV o OSSR 18
2.2 Maintenance Management Strategy........ccccvvevverieiiere e 19
2.3 Condition Based Maintenance (CBM)..........cccoiiririnieiiiene s 22
2.4 O ANALYSIS ..o 24
2.5  Electronical Data ANalYSiS.........ccoiiiiiiiiieiieie e 30
2.6 Machine INSPeCction Program .........cccocererereieiininieieee e 31
2.7 KOMALISU HD 7857 ..ottt 33
2.8 Engine Components of Komatsu HD785-7 ..........cccccovieiie i 39
2.9 oV (U= [T [ Tox Lo PSSR 40
2.10 KPP Maintenance Management System (KMMS) ........cccocoviiininiinienieniennen 43
2.11  PreviOUS STUGIES.......coiiiiiiie ettt ettt b e nreas 47
CHAPTER 3 - RESEARCH METHODS........cooiiiiitceeeseeee e 49
3.1 ReSearch FrameWOIK ..........ccooiiiiiieci e 49
3.2 COllECtiNg DAt ......ccveeiiieiiie et 50
321 Data VHMS ... 50
3.2.1.1 Manual Download Data VHMS ..........ccocviiiiiiiiiie e 52
3.2.1.2  Auto Download Data VHMS .........cccooiiiiinie e 54

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 8 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

3.2.2  Data Oil ANAIYSIS......cciiiiiiiiieieece s 57
3.2.3  Data Machine INSPECLION ........ccceveiuiiiieiieiece e 61
3.2.4  Data Shop Manual HD785-7 ........cccoceiieieie e 65
3.2.5 Discussion with Maintenance EXpert..........c.ccoovviiiencnininisiceee, 68
3.3 Failure ANAlYSIS .....cooiieii e 70
3.3. 1  BIOW BY P MaAX...iiiiiiiieiiece ettt 71
3.3.2  ENQG O P LOMIN. oottt 72
3.3.3  Coolant TemMpPerature MaX ..........ccoeeerererinenieieiesiesre e 73
3.3.4  BOOSE PreSSUIE MaX .....cciuviiiieiiiiiiiesiie ettt 74
3.3.5  Exhaust Gas TEMPEIAtUIE .........cceierieriiriiriesieeeeie e 74
336 10N (FB) i 75
T I A Oo] o] o 1= g (1 ) OSSPSR 76
3.3.8  AIUMINUM (Al 77
3.3.9 LA (PD). i 77
3310 SHICON (ST) tvviiieiieieiesie st 78
3.3 11 SOAIUM (NQ) ..ttt bbb 78
TR 1 oo | ARV 79
3.4 FAIUIe INAICALON ....c.eiieieiecie e 79
3.5  Condition Monitoring INAEX ..........cceiiiiiiieiiiisiee e 80
CHAPTER 4 — RESULT & DISCUSSION.......cciiiiiiiiiciie e 84
4.1 IMPIEMENTALION ..o e e 84
411 Data Analysis Implementation...........c.ccooviriiienine e 84
4.1.2  Creation of Condition Monitoring Index Dashboard..............ccccccenenee. 85
4.1.3  Proactive in case of deviations in CMI ..........ccooeiiiiiiinniniine e 87
4.2 RESUIt & DISCUSSION.....cvieuieiiieieeiesee st eeesee e ie e see e e e eaesreesreeneesneenseens 89
CHAPTER 5 - CONCLUSIONS & RECOMMENDATIONS .......ccocoiiiiiiiieieen 92
5.1 CONCIUSIONS. ...ttt ettt ettt ae b be b sneenreas 92
52 RECOMMENTALIONS........eeivieieciecie et snee e e 92
GLOSSARY ettt ettt b e ae e et ne s 94
REFERENGCES ..ottt st st 96
CURRICULUM VITAE ...ttt 98

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 9 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

LIST OF FIGURES

Figure 1. 1 Reference Coal Price Jan 2020-Dec 2023

(https://www.minerba.esdm.go.id/harga_acuan) ........ccccooevveieieenenie e 12
Figure 1. 2 Increase in KPP Mining's Target (Internal Data) .............ccccovevviivevvenenne. 13
Figure 1. 3 Report on Overhauled Components at KPP Mining 2023 (Internal Data) 15
Figure 2. 1 Evolution of Maintenance Paradigms (Jay Lee, 2020) ........cccccvevvrrveennne 19
Figure 2. 2 Taxonomy of maintenance philosophies (Kothamasu, 2006) ................... 20
Figure 2. 3 Idealized view of maintenance optimization (Jordan Holt, 2020)............ 22
Figure 2. 4 Flow Process of Oil ANalySiS .........ccccvveviiiiiiieiecc e 25
Figure 2. 5 Procedure for Measuring Hose for Oil Sampling..........ccccoovvviininninnnn, 26
Figure 2. 6 Oil analysis sample 1abel ..o 26
Figure 2. 7 Oil sample COIECTION.........coviiiieiie e 27
Figure 2. 8 Microlab (one of the tools for oil analysis) ...........cccccvevviieiieeie e 27
Figure 2. 9 The process flow of oil analysis at KPP Mining ...........cccccocevvriiinnienienn. 28
Figure 2. 10 Example report of oil analysis results ... 29
Figure 2. 11 Basic system concept of VHMS ... 30
Figure 2. 12 The process flow of PM Clinic at KPP Mining...........cccccevvvevviiievnennene. 32
Figure 2. 13 Check sheet PM CliNiC HD785-7 ........cccoociiiiiiiiieicienc e 32
Figure 2. 14 Trend Machine Inspection Program / PM Clinic (Internal Data)............ 33
Figure 2. 15 Heavy equipment commonly used in coal mining ............ccocoovvvninnnnn. 34
Figure 2. 16 Komatsu HD785-7 (Leaflate Komatsu HD785-7) .........cccccvevviievivenenne. 35
Figure 2. 17 Information about the HD785-7 ........cccccoiiiiiiiiiieeiec e 36
Figure 2. 18 Specifications of some HD785-7 COMPONENtS ..........ccceevevverieiievireienne 37
Figure 2. 19 Some Komatsu HD785-7 technology..........ccccevvieiinincieiiiinieeeees 38
Figure 2. 20 Engine Komatsu HD785-7 (SAA12V140E-3).......ccccccvevieiveieiiiesireiene 39
Figure 2. 21 Various controls on Engine SAAL2VI40E-3.........ccoiiiiinininienieiienes 40
Figure 2. 22 Six types of failure patterns (Sifonte, J. R., 2017) .....ccoovvvveiiiiievree 42
Figure 2. 23 Pillars of the KPP Maintenance Management System ............ccccceeveevenee. 44
Figure 2. 24 Macro Process of KMMS ..o 45
Figure 3. 1 The DMAIC cycle in this reSearch.........ccccevvevieeiie i sie e 50
Figure 3. 2 File Download VHMS HD785-7........cccoiiiiiiiiiiiiee e 51
Figure 3. 3 VHMS Controller POSItION .........ccoiiiiiiiiiie e 52
Figure 3. 4 Port Connector download VHMS ... 53
Figure 3. 5 Manually download the VHMS procCess..........ccccevvveiiieviieiieeiiie e 54
Figure 3. 6 Download VHMS data result ... 54
Figure 3. 7 Wireless VHMS autodownload system configuration .............c.cccceevvvennee. 56
Figure 3. 8 Synergy between Plant, SM, and ICT departments for the VHMS
AUEOAOWNI0AA SYSTEM ...ttt e e ne e 56
Figure 3. 9 The VHMS autodownload data will go directly into the database............ 57
Figure 3. 10 Sample oil to be analyzed...........ccccooiiiiiiiiiii e 58
Figure 3. 11 Analysis process of lubricants at FOWA Lab KPP........ccccccoooiiiiiiiee. 59
Figure 3. 12 Analysis report of lubricating oil from FOWA Lab KPP..............c......... 60
Figure 3. 13 Summary of lubricating oil analysis data from FOWA Lab to the KPP
Mining Database War€NOUSE ..........cccevuviieiieieiie ettt 61

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 10 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

Figure 3. 14 HD785-7 Machine InSpection Program.............ccccevereneieneninineieeinenes 62
Figure 3. 15 Summary of machine inspection results...........ccccvvveviiieiicin e 63
Figure 3. 16 PPM application interface in M-OK KPP Mining ..........ccccoovviniiieinene. 64
Figure 3. 17 Mechanics fill out the digital form, and the data is directly entered into
te ALADASE ... ... 65
Figure 3. 18 Shop Manual Komatsu HD785-7 .........cccccceveeiiiie e 66
Figure 3. 19 Standard value table for engine HD785-7 .........cccccovviiiiiiiiniiiicce, 67
Figure 3. 20 Dump Truck DT7055 Engine Component Failure.............ccccceevvevvenenne. 71
Figure 3. 21 Trend Blow By Pressure DT7055 ........cccooiiiiiiiieieec e 72
Figure 3. 22 Engine Oil Pressure LOwW Min DT7055........cccccoveiieviiieiecce e 73
Figure 3. 23 Coolant Temperature DT7055........ccoooiiiiiiinirieeeese e 73
Figure 3. 24 B00St Pressure DT7055........ccovciieiieiecec et 74
Figure 3. 25 Exhaust Gas Temperature for DT7055 Left Bank ..........c.ccocovvniiinnnnnn. 75
Figure 3. 26 Exhaust Gas Temperature for DT7055 Right Bank ...........cccccccoevvennne. 75
Figure 3. 27 Results of Wear Metal Fe Analysis for DT7055..........ccccccovviiniicnnen, 76
Figure 3. 28 Results of Wear Metal Cu Analysis for DT7055 .........ccccccovevviievvenee 76
Figure 3. 29 Results of Wear Metal Al Analysis for DT7055..........ccccocvvnininnininennn, 77
Figure 3. 30 Results of Wear Metal Pb Analysis for DT7055..........ccccccevevviiievvenenne. 77
Figure 3. 31 Results of Contaminant Si Analysis for DT7055.........ccccoevvinineinnen, 78
Figure 3. 32 Results of Contaminant Na Analysis for DT7055..........c.cccceeevvievvenenne 79
Figure 3. 33 Results of Soot Analysis for DT7055..........ccccvieieneneieeseseeeee 79
Figure 3. 34 Data Schema for Condition Monitoring IndeX...........cccccevveviiiievvennene 81
Figure 3. 35 Translation of constraint to solver parameter in EXcel............ccooeoennen. 82
Figure 3. 36 Determination of variables and constraints.............cccccoveviveieiicveeciene 83
Figure 4. 1 Condition Monitoring Index web version using Power BI ....................... 86
Figure 4. 2 Condition Monitoring Index dashboard for mobile devices...................... 87
Figure 4. 3 The Plant Department expert team at KPP Mining's head office monitors
the CMI dashboard in real tIMe .........c.ooeeiiei e 88
Figure 4. 4 Site visit by the expert team to the job Site........cccoeivveviiiiicci e 88
Figure 4. 5 Grading CMI and itS Categori€s.........cccereririririeieienesie s 89

Figure 4. 6 Report on Overhauled Components at KPP Mining Semester 1 2024......90

Najih Munawar Setra Werdaya



OPTIMIZING CONDITION BASED MAINTENANCE FOR ASSESSING Page 11 of 98
FAILURE INDICATORS IN HEAVY EQUIPMENT COMPONENTS

Table 2.

Table 3.
Table 3.
Table 3.
Table 3.
Table 3.
Table 3.

Table 4.
Table 4.
Table 4.

LIST OF TABLES
1 Comparison With previous StUAIES..........ccccveveeieiieeie e 47
1 Equipment needed for manual VHMS download.............cccccevevveinnnnnen, 53
2 Required part for auto download VHMS ..., 55
3 Subject Matter EXPert TEaM ........cccvevveiiereeieieese et 68
4 Parameters VHMS for Condition Monitoring Index Engine............ccc....... 69
5 Elements and the location of defective parts (Engine Component)............ 70
6 Summary of failure analysis result of engine DT7055..........cccccveevivenenne. 80
1 Weight SCale CMI ... 84
2 Parameter Caution and Critical CMI ..........ccocoiiiiiiiinie e, 85
3 Follow Up for Action Maintenance ............coevieeeieieneneneseseseeeeeeee, 89

Najih Munawar Setra Werdaya



