N Prifysgol Cymru
% Y Drindod Dewi Sant
N" University of Wales

Trinity Saint David

BWR Drive Upgrade
Project Report

Independent Project ACMA6013
David Adams 1908506



1. Declaration of Authenticity

This thesis is the result of the author’s original research. It has been composed by the

author and has not been previously submitted for examination which has led to the

award of a degree.

Signed: ﬁ - %/’W pate. L 7 - A4



David Adams 1908506 Independent Project (ACMAG6013)

2. Acknowledgements

I would like to express my deepest gratitude to everyone who has supported me

throughout the journey of completing this dissertation.

Firstand foremost, | owe animmense debt of gratitude to my wife, Jodie. Her unwavering
support, patience, and encouragement have been my greatest source of strength. Jodie,
your love and beliefin me have been the cornerstone of my perseverance, and | could not

have achieved this without you.

| extend my heartfelt thanks to my line manager, Mark Powys. Your committed support
and professional mentoring have been invaluable to my development. Your guidance has

not only shaped my professional growth but also inspired my academic pursuits.

To my colleague, Ryan Williams, | am grateful for your insightful contributions and the
inspiration you have provided. Your willingness to share your expertise and experiences

has significantly enriched my work and broadened my perspective.

A special thanks to John Berry at BOSCH REXROTH for his technical advice, which has
been crucial in navigating the complexities of this project. Your expertise and willingness

to assist have greatly enhanced the quality of this thesis.

| would also like to acknowledge the exceptional support from my lecturers at UWTSD.
Andrew Thorn, your continued support and guidance have been instrumental in my
academic journey. Arnaud Marotin, your advice has been invaluable, providing clarity

and direction when | needed it most.

Lastly, | extend my appreciation to my project supervisor from UWTSD, Kelvin Lake. Your

mentorship and feedback have been appreciated in the completion of this project.

To all of you, thank you for your support, encouragement, and belief in me.

Independent Project Report Page 3 of 210



David Adams 1908506 Independent Project (ACMAG6013)

3. Table of Contents

0o N o o0 A WODN

. Declaration of AUTNENTICITY . ..cuin ittt e e e e e enee 2
ACKNOWLEAZEMENTS . ettt r ettt ettt e e s s asesaesetaanenansnsnnes 3
. Table Of CONTENTS .cuuiiiiii et e e eas 4
B =] o] (oo )l T = (U] T PO OPPTP U 9
LTable Of TABLES ..cuuieiiiii e 10
. Table Of EQUATIONS . et ettt et e et e s e e ea e easeeneeaneanan 11
CADSTFACT. ..t 12
INEFOAUCTION ceeeie e e 13
8.1. ProjeCt SigNIfiCANCE ....vniniiiieii e e e e e e 14
8.2, ASSEE DS P ION ettt ittt ettt et ee e e e e e eaee e saeeneaneneanaanns 15
8.3. ReView Of CUIENT SYSTEM ...ttt e s s as e e e anan 16
D 7= ] o1 PP PPN 20
9.1. Problem Statement ... 20
(S I o (oY [=Yox s ToTo] o 1= TSN 20
S TR T @ ] o] =T o § V7= - 22
9.4. StaKEhOLAEIS ..cvuiiiiiiiiiiiiiii e 22
S ST 2T O I = 4 D PP 24
9.6.Voice of the CUSTOMETN (VO c.iuiniiiiiiiii et e et e e e e e e e 27
9.6.1. Current System Performance SUIVEY ......c.ceuieiiiiiieiiee et eeee e eanas 27
9.6.2. Desired Future System Attributes SUIVeY ..., 29
9.6.3. Stakeholder Feedback .........c.ciiuiiiiiiiiiiiiiiii e 31
9.6.4. KANO MOAEL...cuuiiiniiiiiiiiiiiiiicii ettt ea e 32
9.6.5. Word Cloud DiagramS ...cuiieieeieee et ee e e e e e e e e e e e e aa e eaaas 34
9.6.6. Translating VoC into Project RequirementsS......cccoveviiiiiiiinininineiiieeeenenennes 35
O.6.7. SIPOC Diagram ... iuieieieiiiiiieiiiieiei it eete e teseeeene e et eaeasasaetetaratasnsnsnsnsnees 36
9.6.8. Quality Function Deployment (QFD) .....cviiiiiiiiiiiiiiii e, 38

(o I o (o ] [=To1 A @4 o 1= ] o (-1 (PP PP 40
9.8. High-Level ProjeCt Plan. ..ottt e s e e e e e ean e 41

Independent Project Report Page 4 of 210



David Adams 1908506 Independent Project (ACMAG6013)

0.8.1. Phase 1: DefiNe. .t e et e e e e 42
9.8.2. Phase 2: MEASUIE ...uuiniiiiiee ettt ettt et et et e e e e eanen 42
0.8.3. Phase B: ANl S . uuiniiiiiiiiiie ettt et e e e et e e e e e e eanan 43

R R o PN A [ 0 0T o] £ )Y/ TR 43
0.8.5. Phase 5: COoNTIOl..uuieiiiiiiiiiiiii e ettt e e e e e e 44

9.9, INItIal Gantt Chart. ... ettt e e e e e enes 44
9.710. RESOUICES REOQUITEA «.uieniiiiiiiiii ettt et e e e eee e e s e e eeaneanas 49
0,11, RiSK ManNagemENt . ...ttt e e e s e e e s ne e e enansnsnes 49

T 0. M BaAS U ittt ettt ettt ettt ettt et ettt eeetetetesasesnsnsnenenesesetesesesassnsnenenenenenennnns 50
10.1. Current Performance MeasuremMentS.....o.coveviiiiiiiiiiiiee e e e 50
10.1.1. OperatioNal DOWNTIME ...t e ee e e e ens 50
10.7.2. MaIiNTENANCE COSTS iuiiiiiniiiieiei ettt et ee e et e e eneneneeneenenns 51
10.1.3. ENergy CoONSUMPTION c.uvuiniiie ettt eee et ee e e e e e ea e eneeeneanans 53
10.1.4. Data Collection MethOdS .....cuuiuiiiiiiiiiiiei e e e e 56

L Y g = YT T TP PP P PP PP PP 58
L R B T = AN g = 1Y 1 T PP PR PPN 58
11.1.7. System Reliability...cccuieniiii e e 58
11.1.2. MaiNteNaNCe COSTS cuiuiiii ittt et e et e e e et eaeaeneanens 61
11.1.3. ENergy CoONSUMPTION c.uvuin ittt et ee e e e e eae e eneaenennans 63
11.1.4. Operational DOWNTIME ....ouiniii e e e e 66
11.1.5. Stakeholder INSightS....u.iu i e ens 66
11.1.6. Condition MONITOING . ..euiuiiiiiiie e e e e e e e e eneanens 67

L 72 N F= 10V (o= 1 B o Yo C PP 67
L B =Y €= o I AN g = | AV - S PP 68

L I R SR VA o NV Y o B 1 YT - PP 69
11.2.3. Fishbone Diagram (IShikawa) ......ccciiiiiiiiiiiiiiiiiiirr e eees 75
11.2.4. Current Failure Modes and Effects Analysis (FMEA) .....coceieiiiiiiiiiiiinnnnan, 77
11.2.5. ANAlySisS FINAINGS «ouininiiiiiiie e e e e e e e e e ans 82
11.2.6. ReCOMMENAATIONS ..iuiiiiiiii it ee e s e et e e e eneanans 82
Independent Project Report Page 5 of 210



David Adams 1908506 Independent Project (ACMAG6013)

L 0 1] o1 o)V 1 od 1 1= -1 TP 83
T 2.0, Pre-PlanninNg .oueeieieeieieieieieeieie e eeeeeteteteteeenenensnsnrasasesnereresssssnenensnsnsnsasennes 83
T2.1.7. LITerature REVIEBW ...cuiniiiiiie ettt e e e e e e e e e e e aa e aas 84
12.1.2. Potential SOIUTIONS .. cueeiiiiii e e e e e 84
12.1.3.Vendor CoNSULAtION . ..ve ittt e et e e e eeeens 85
12.71.4.VendOr SELECTION .vuiiiiiiiiii ettt e e e e e e enae 87
12.1.5. Evaluation OUTCOME ...cuiniiiiiiiiiiee et et ee e et e et e e e eneanans 88
12,2, DESIBN PhRaSe cuiuiiiiiiiiiiiii i te ettt e s e s e s et et teane e e e e rasananns 88
12.2.1. Finalising Technical SpecificationS......ccccoveeiiiiiiiiiiiiiri e, 88
12.2.2. Structural Changes and Steelwork Requirements........ccccvveevieviennenennnnn.. 92
12.2.3. IMPACt ASSESSIMENT .uieiiiiiiiiiieiiie ettt ete e eaeeeneteensaeeneaatneneeaenennens 94
12.2.4. LIfeCYCLe ANalYSiS. i iniiiiiiiiiiiieee et r s eseere e e e e e e snsasnnannes 94
12.2.5. ROle S ProjECt Manager c.cuueniiii ittt et eae e e e e ens 98
12.3. IMpPLlementation PhaSe ..ot e e e e e e e e e e e s s asananans 99
LR T I o F=1 o] o 1 o T = PP 99
12.3.2. ManNUFACTUNING eneniniiii e e e eete s e e e e enenensnsasanannns 100
12.3. 3. INSTAllatioN «.veieei e e aas 102
12.3.4. COMMISSIONING . cuiuitiniieieitee et eeteeeteeeeteeenatesneeeensnarasnasasneearasnannsnns 109
12.3.5. Training and HanAOVEr.......cu ittt e e eaeaenes 109
LS T O 0] o)1 fo ]l o o =TT - YN 110
13.71. Project DoCUMENTatioN. it e e e e e e e e ans 110
LS IV o Co ] [T o1 fl @2 Lo 1= 1= 1 © 11 | (P 111
13.2.71. LeSSONS LEAINEA . ...cuiniiiiiiieee et e e teaere e e e e e e ensasaaaanns 112
13.3. Bathtub CUrve ANaAlYSiS..i it e e e e ans 112
13.3.1. Pre-Upgrade ConditioN......ciiieieiiiiniiiiiiiii s e eeeeeee e e e eaeaeaans 113
13.3.2. Post-Upgrade EXpectations ......cccciviiiiiiiiiiiiiie e 113
13.3.3. USEfUl LIfE PhaSE .cuiuininiiiiiiiiee et e e e e ans 114
13.3.4. Planning for Wear-OUt PhasSe .....cciuiiiiiiiiiiiiiiee e e e 114
13.4. Change ManagemeEnt ... iiiiiiiiiiieeee et e aeaeae e e eneen e e ensaanananns 114

Independent Project Report Page 6 of 210



David Adams 1908506 Independent Project (ACMAG6013)

13.4.1. Stakeholder ENgagement......cuveieiiiiiiiiiiii et eae e e aas 115
13.4.2. Comprehensive TraiNiNg . ... iee e e e e e e aaas 115
13.4.3. Compliance with Legal Requirements .......cceeeuiiiiiiiiiiiiiiiiniiieeeenenenns 115
13.5. CoNtinUOUS IMPIrOVEMENT ...iuiiiiiieieeeeeeee e eeeeeeeeeeeesesen e e eneneanans 116
13.5.1. PerformancCe METICS o aas 116
LRSI O TUT= | U Y 1 =Y 4 (o Pt 116
13.5.3. AdapPtability ..ueueeeneei et e e e e eane 116
13.5.4. Reliability MEBTIICS uiuiniiiiii et ae e eeas 117
13.5.5. MaiNtENANCE METIICS ittt et e e e e aas 117
SIS T o 11 a1 1Y o g o S 117
13.5.7. ENvironmental ImpPact ...ttt e e eeaes 117
13.5.8. Stakeholder FEedbacK.......cuvuieiiiiiiiie e 118
13.5.9. Validating ROI Calculations ......ceieiiiiiiiiiiei et ee e e e e 118
13.6. PEFMEA REBVIBW ettt et e et e e e e e e e e e e e ens 118
13.6.1. Updated FMEA ... ettt eeeeee e e e e e e e e aaaaans 119

1 3 ©70] o Tod LN 11 To ] o H 125
L B B 7= 1o [N o o - -1 T PP 125
T4.2. MEASUIE PhaSE «viiiiiiiiiiiiiiii et e et s e aete s e e e e e e e sasaaannns 125
T4, 3. ANAlYSE PhaS . ittt e et ee e eaaaaas 126
T4, 4. IMPIrOVE PRaSE couiiiiiiiiii e et ee e e e e e e e s s aaanans 126
14.4.1. Integration and Coordination Challenges.....c..ccccoiiiiiiiiiiiiiiiiiiinennenne. 126

L ST O7e] o1 4 o] o F= F- 1= T 127
T4.6. ProjeCt SUSPENSION .iuiiiiiiiiiiiee et e ettt ettt et eaeeeseseeaesenenenenenenenns 127
14.7. Reflection and Future Considerations........cccvieiiiiiiiiiiiiieeiieeiee e, 128
LS =11 1N ToT=1 =] o] 1| 2P P PP PP TP 129
LI o] o 1T [ [ ot =T PPNt 135
16.1. Appendix A: ABB Proposal (ABB, 1996) ....cccciiiiiiiiiiiiiiiiiieeieeeieieieieeeaeanens 135
16.2. Appendix B: BOSCH Proposal (BOSCH REXROTH, 2023) ....ccccceviviiininininnnnnns 150
16.3. Appendix C: Thyssen-Krupp Proposal (Thyssen-Krupp, 2023) ....ccccevenvevnnanen. 164

Independent Project Report Page 7 of 210



David Adams 1908506 Independent Project (ACMAG6013)

16.4. Appendix D: BOSCH Specifications and Quotation (BOSCH REXROTH, 2023)

....................................................................................................................... 169
16.5. Appendix E: Hydraulic Calculations (Ingleside Engineering, 2023)................ 187
16.6. Appendix F: Design Brief (Ingleside Engineering, 2023) ......ccccvvveviuiiiinienennnnen. 189
16.7. Appendix G: Walkway Design (Inglside Engineering, 2023).......ccccceveuvenennen.n. 194
16.8. Appendix H: Walkway Tender DOCUMENT.....c.oeuiuiiiiiiriirieiiee e eeenen, 196
16.9. Appendix I: Walkway Quotation (MIl Engineering Ltd., 2023) ......cccccevvenennen.n. 198
16.10. Appendix J: Load Dynamic Calculations (Ingleside Engineering, 2023)........ 199
16.11. Appendix K: Thickness Testing Plan (Ingleside Engineering, 2023) .............. 200
16.12. Appendix L: Temporary Works Design (Ingleside Engineering, 2023)............ 201

16.13. Appendix M: Factory Acceptance Document (BOSCH REXROTH, 2023)...... 206
16.14. Appendix N: Detailed Lifting Plan ......couieeiiriiiiiiiri e e, 209

Independent Project Report Page 8 of 210



David Adams 1908506 Independent Project (ACMAG6013)

4. Table of Figures

Figure 1 - BUCKEt Wheel ReCLAIMEN ...cuuininiii et e e eeens 13
Figure 2 - CUrrent DIiVe SYSTeM ... it e e e e e e e e e e ens 14
Figure 3 - BWR SChematiC....ou ittt e e e e e eeenens 16
Figure 4 - Operator HMI ...ttt e e e e e e e e e eas 17
Figure 5 - Planetary Carrier FAilUre .......oouieiiiiii e e e e e e 18
Figure 6 - GearboX Casing Damage .....cuu e ittt et e et e eaeneenans 19
Figure 7 - SpUr Gear Damage ....cu ettt et e e e e e e e e e e eas 19
Figure 8 - KANO MOGEL...u.uniniiiiiiiiiie et ettt ettt e et e st e e e e e e eneenans 34
Figure 9 - Word Cloud - Issues (FreeWordCloudGenerator.com, 2024) ...................... 35
Figure 10 - Word Cloud - Solutions (FreeWordCloudGenerator.com, 2024)................. 35
Figure 11 - HOQ (QFD ONliN€, 2007) «.ueuueeuieiieeineeieeee et et e et et e eee e e e enneeeneennns 39
Figure 12 - Initial Gantt Chart... .ot e e ens 48
Figure 13 - AVailability......oeeniieiei et 60
FIGUIE T4 - M TR . et ettt ettt et et e e e e satensaansaatnrasasnannens 60
FIGUIE 15 - M B ettt ettt e et e et en s e e eaeneasaaneenans 61
FIgure 16 - RePair COSTS uiuiiiiiiiiiiii it e e e e e e e e e e e e e e enaanens 63
FIUre 17 - REPaAIT TIMES ettt et ettt e et e e e e eae e ensaeneaaneasananannens 63
Figure 18 — ANNUALENErgY USAZE .uvuininiiiiiiiiiiieeete et saeasae e enenenen e ensnsananans 65
Figure 19 - ANNUALENEIZY COStS cuiuniniiiiitiiiiiiii ettt ee e eee e et e eee e eaeeneaseneneanans 65
Figure 20 - ANNUAl CO2 ProdUCTION. ...ui i ieeieeee e e e e e e e e e e e e ens 66
Figure 21 - PARETO Chart ..cucu ittt ettt e e et e e e e eae e ensaeneaneneasansnennans 69
Figure 22 - High MTTR S Why diagram ... iuiniiiiiiiieiii e es e e e e e e e eaeaeanans 70
Figure 23 - Gearbox planetary carrier failure 5 why diagram.......cc.ccceevviiiiininiinenennnnen. 71
Figure 24 - Gearbox bearing failure 5 why diagram .......c.ccooviviiiiiiiiiiiiirire e, 72
Figure 25 - Fishbone (ISHIKAWA) Diagram.......cceuiiiiiiiiiieeiee et ee e e anens 76
Figure 26 - MODBUS Card....c.ouiiuiiiiiiiiiiiiiei e ettt et s e e et e sa e eae e sasananannans 91
Figure 27 - Hydraulic Bucket Drive System (BOSCH REXROTH, 2023).....ccccevevivininnnnnns 93
Figure 28 - Delivered SYStem ... . ittt et e e e e e e e e e e e ens 102
Figure 29 - Gantt Chart ... e e e ee e e e e e e e e e aaaaans 108
Figure 30 - Bathtub curve (Montanari, et al., 2020)......cccvveiiiiiiiiiiiiiiieeiieeeeeeeeanen, 113

Independent Project Report Page 9 of 210


https://uowtsd-my.sharepoint.com/personal/1908506_student_uwtsd_ac_uk/Documents/2023-2024/Major%20Project/D_Adams_Major%20Project_FINAL.docx#_Toc170828010

David Adams 1908506 Independent Project (ACMAG6013)

5. Table of Tables

Table 1 - Stakeholders ......cu i e 23
Table 2 - RACTHMATIIX cuueeniiiiiiiiiii ittt et e e e e e e 25
Table 3 - SIPOC Diagram.. ..ttt e ettt et et e eteeneaaenenatnenseaaneeasnsanan 36
BE:=1 o1 (S A D F- | = T Y/ o 1= S PP 50
Table 5-Data ColleCtion Plan .......cc.iiuiiiiiiiiiiiiiiiiic e 56
Table 6 - Delay Data ..cucuiniiiiii ettt e et e e e et e e e e e eanan 59
Table 7 - Maintenance CostData ........ccocviuiiiiiiiiiiiiiii e 62
Table 8 - ENErgY Data. ..ottt ettt et e e e et e s e e ea e eanas 64
Table 9 - Current SYStEM FMEA ....onnii e e e e e e e e 78
Table 10 - Vendor ASSESSIMENT ...cuiuiii ittt e et e e e ea e e eneensas 87
Table 11— Current Operating Parameters .....oo.ieiiiiiiiiiiii e 95
Table 12 - Future Operating Parameters ..o iiiiiiiiiiiiieieee et eeee e eanes 96
Table 13 - Updated FMEA. ... ..o ettt e e e e 120

Independent Project Report Page 10 of 210



David Adams 1908506 Independent Project (ACMAG6013)

6. Table of Equations

Equation 1 (Beaty, 2000) ... ..cuiiiiiiiriieieieere et ettt eaeteenetaeneaetnenseeeneaaesaseasneencns 96
Equation 2 (Beaty, 2000) ....c.cuiuiiiiiiiieiieieieie et eeeeeeteeeteseeaenenenenesrsesesesasasasasnenenenesnenens 96
Yo [UE= 1 o] o IS B O T PO PP PP 96
o [UE= L]0 o I PPt 97
o [UE= 10T o < PPt 97
EQUATION B ettt ettt e ettt e et e e e e ea e en e e eaaneanaeneanans 98
=0 [UE= L]0 o N2 PP 98

Independent Project Report Page 11 of 210



David Adams 1908506 Independent Project (ACMAG6013)

7. Abstract

This project report addresses the urgent need to upgrade the drive system of the 2,000
tons per hour (tph) Bucket Wheel Reclaimer (BWR) at Tata Steel's Port Talbot plant. The
existing electro-mechanical motor and gearbox assembly is outdated, leading to high
operational and maintenance costs, largely due to the scarcity of spare parts. This
project aims to replace the obsolete system with a modern, efficient hydraulic drive
system to enhance the BWR's reliability and operational efficiency.

The report begins by analysing the current system's failures and maintenance issues,
highlighting the significant downtime and inefficiencies caused by frequent breakdowns.
A detailed study of maintenance costs, energy consumption, and operational
disruptions underscores the need for acomprehensive upgrade. The project employs the
DMAIC (Define, Measure, Analyse, Improve, Control) methodology to systematically
address these challenges.

Potential solutions were rigorously evaluated using a weighted decision matrix,
considering factors such as technical performance, cost, implementation timeline,
vendor support, and historical reliability. The proposed solution involves transitioning to
a hydraulic drive system, which promises reduced maintenance costs, improved energy
efficiency, and enhanced operational reliability. This upgrade is projected to not only
mitigate the current issues but also align with Tata Steel's sustainability goals by
reducing the plant's overall environmental footprint.

The project plan includes phases from problem identification and root cause analysis to
detailed design, procurement, installation, and testing of the new system. The use of
project management tools such as Gantt charts and RACI matrices ensures effective
planning, stakeholder engagement, and resource allocation. This strategic approach is
aimed at minimizing operational disruptions during the transition and ensuring a smooth
implementation.

Overall, this project represents a significant investment in the future efficiency and
reliability of the Port Talbot plant, demonstrating a robust application of engineering and

project management principles to address complex industrial challenges.
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8. Introduction

Tata Steel’s Port Talbot plant uses a 2,000tph Bucket Wheel Reclaimer (BWR) for
handling bulk materials essential for steel production as shown in Figure 1. The current
system is driven by an obsolete electro-mechanical motor and gearbox assembly as
shown in Figure 2. The necessity for upgrading the drive system arises from the high
operational and maintenance costs associated with the existing electric drive,
compounded by the unavailability of spare parts and the system's obsolescence.
Upgrading to a hydraulic drive system will mitigate these issues, enhance operational

efficiency, and reduce environmental impact through improved energy efficiency.

Figure 1 - Bucket Wheel Reclaimer

This report aims to critically analyse the BWR drive system failures and propose a
solution for the reliability issues. A study will evaluate the current maintenance
techniques, costs, and the potential for improvement. By mapping and comparing the
current processes and equipment against industry standards and best practices, the

report seeks to identify areas for improvement and propose actionable solutions.
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Figure 2 - Current Drive System

8.1. Project Significance

Port Talbot steelworks is one of the largest steel producers in the UK, with two 3Mt blast
furnaces and an annual steel output of over 5 million tonnes. It plays a crucialrole in the
global steel market, manufacturing a broad spectrum of steel products, including heavy
plates, hot rolled coils, and galvanised steel, catering to diverse markets such as
construction, automotive, and aerospace industries. (Tata Steel Europe, 2022)

The BWR is integral to the steel production process, handling the primary bulk raw
materials (iron and coal) required for ironmaking. operating under harsh conditions
characterised by heavy loads, abrasive materials, and continuous usage, the BWR's
performance is critical to maintaining the efficiency and output of the entire operation.
BWRs are also used in other processes such as mining and ports to reclaim bulk
materials from stockpile or blend materials from various parts of the stockpile to ensure
a consistent mix of material.

The 2,000 tonne per hour reclaimer at Port Talbot steelworks was manufactured and
commissioned in 1958 by Babcock Mosey. It has a planned lifecycle of 35 years and has
undergone various projects and upgrades over its campaign to extend its operational

lifecycle, including replacement of structural components, hydraulic slew system
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upgrade, hydraulic luff system upgrade, bucket wheel assembly changes, slew bearing

changes, and long travel drive upgrades.

8.2. Asset Description

The BWR consists of seven main components, each with multiple mechanical, electrical

and control systems. As shown in Figure 3.

Consists of a large wheel with a series of 10 buckets attached to its perimeter. As the
wheel rotates at 6.6rpm, the 0.5T capacity buckets collect material from the stockpile.
This is driven by a 3.3Kv, 75Kw, three-phase electric motor and a two-stage 93Kw, 224:1

reduction gearbox, consisting of a bevel-helical gear stage and a planetary gear stage.

Driven by two 55Kw electric motors and two 19.7:1 helical bevel reduction gearbox, the
conveyor receives the material feed from the bucket wheel and transports it away from
the cutting face to its centrally located hopper and feeder.

Hopper and Feeder

Receives and holds the reclaimed materials from the boom conveyor to provide a small
buffer and ensure a constant and uniform feed of material to the yard conveyor
depending on the material being reclaimed. It is driven by a 37Kw Motor and 270:1
reduction gearbox.

Slewing System

Allows the reclaimer to rotate (slew) around its axis, enabling it to access different areas
of the stockyard, this is driven by two hydraulic motors and a 220bar hydraulic pressure

unit.

Two 4-metre-long x 250mm-diameter hydraulic cylinders, driven by a 270bar hydraulic
pump, raise and lower the boom assembly and bucket wheel to reach different heights
within the material stockpiles.

Long Travel System
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Consisting of sixteen 5.5Kw electric motors and 6:1 helical bevel reduction gearbox
directly coupled to individual drive bogies, allowing the reclaimer to travel the length of
the stockyards along two heavy duty rails.

Yard Conveyor

Situated underneath the hopper and feeder, this 1200mm wide conveyor transports the

excavated material from the bucket wheel away to further processes.

Figure 3 - BWR Schematic

8.3. Review of current system

The existing drive system comprises a high-power electric motor coupled with a multi-
stage gearbox. This setup was initially chosen for its reliability and ability to handle the
significant load requirements of the excavator. However, over time, the system has
shown vulnerabilities. Continuous operation under harsh conditions has led to
significant wear of mechanical components, particularly within the gearbox. As
components age, they operate less efficiently, consuming more power and requiring
more frequent adjustments to maintain performance. Also the operator control station
(HMI) as shown in Figure 4 is very old, has limited information and functionality and is

difficult to understand and operate effectively.
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Figure 4 - Operator HMI

The maintenance strategy has historically focused on scheduled downtime for regular
checks and unscheduled repairs following breakdowns. This approach has several
drawbacks as the reliance on scheduled and unscheduled maintenance sessions often
results in inefficiencies and unpredictability in production planning. Although
techniques like vibration analysis, thermal imaging, and oil analysis could be used to
predict failures before they occur, their use has not been fully integrated into the
maintenance strategy or an automated control system. This oversight has resulted in
missed opportunities to prevent breakdowns and extend the lifespan of components.

The system experiences regular failures as shownin Figure 5, Figure 6 and Figure 7, which
often lead to prolonged downtimes and substantial disruption in operations. Due to the
age of the system, replacement parts are no longer manufactured so are increasingly

difficult to find and are expensive, forcing the maintenance team to rely on expensive
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custom-made parts or inadequate substitutes. Additionally, the complexity of repairs

often requires specialised skills.

Figure 5 - Planetary Carrier Failure
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Figure 7 - Spur Gear Damage

Independent Project Report Page 19 of 210



David Adams 1908506 Independent Project (ACMAG013)

9. Define

The purpose of this DMAIC project is to replace the existing electric motor and gearbox
assembly of the bucket wheel excavator with a more efficient and reliable system at Tata
Steel’s Port Talbot plant. This upgrade aims to enhance operational efficiency, reduce

maintenance costs, and meet sustainability goals.

9.1. Problem Statement

The current electric drive system of the bucket wheel excavator is subject to frequent
mechanical failures, high maintenance costs, and inefficient energy consumption. The
aging system, characterised by worn components and reliance on obsolete parts, has

led to increased operational downtime and escalated operational costs.

9.2. Project Scope

The project focuses on the complete replacement of the electric drive system with a
hydraulic system, covering design, procurement, installation, and testing phases. The

scope includes managing the transition with minimal disruption to ongoing operations.

Project Name ‘ Project Manager Date

BWR Availability & Reliability Improvement David Adams 01/02/2023

Business Justification

Increased failure rate of BWR drive system, increased repair costs, reduced availability below
required target to achieve AP (95%). Repair vendor indicated obsolescence of spares during
recent breakdown. Alternative solutions/systems to be explored.

Project Scope

Inclusions

Delay Analysis of Bucket Wheel Drive Failures (Engineering)

Spares Rationalisation
Spares Obsolescence prevention
Maintenance Costs

System efficiency and operating costs
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Exclusions

Change of KPI target
Operational delays
Slow running periods

Business Objectives

Achieve 95% Asset Availability target
Reduce Operating costs

Reduce Maintenance Activities and Costs

Reduce Spares Costs

Implement Continuous Improvement of Failure Reduction Process

Project Deliverables

Improve Availability

Improve MTBF

Improve Quality — material mix consistency / laying control

Improve Safety —increased safety features / overload warning
Improve Efficiency

Improve Customer Satisfaction — serviceability, operational stability
Reduce Maintenance Costs

Reduce Operation Costs

Reduce Spares Costs

Reduce Obsolescence risk

Reduce MTTR

Constraints

Implementation to have minimal effect on
production

Project to be completed in addition to current front-line engineering
activities

Assumptions

Access to company data to complete data analysis

Budget for solution to be provided pending justification/business case

External specialist contractor may be required to supply solutions and provide technical support

(Tata Steel UK, 2022)
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9.3.

1.

10.

11.

12.

13.

14.

9.4.

Objectives

Enhance the responsiveness and adaptability of the reclaimer to different
material densities and conditions.

Improve the speed and efficiency of operations, reducing cycle times and
increasing throughput.

Minimise operational disruptions caused by equipment downtime and failures.
Decrease the frequency and extent of maintenance required.

Eliminate the dependency on obsolete parts and reduce the time and cost
associated with sourcing these parts.

Implement a more predictable and manageable maintenance schedule that
aligns with production demands.

Lower the energy consumption of the reclaimer operations.

Contribute to the plant’s overall energy reduction targets as part of Tata Steel’s
commitment to reducing its environmental footprint.

Align the new system with the latest environmental standards, reducing the
overall environmental impact of operations.

Support Tata Steel's sustainability objectives by implementing technologies that
reduce potential pollution and enhance energy conservation.

Investin atechnology thatis supported by robust supply chains and technological
advancements, ensuring long-term viability and support.

Provide a solution that allows for future upgrades and integrations with smart
technologies and loT (Internet of Things) capabilities, preparing for predictive
maintenance and advanced operational analytics.

Ensure that all operational staff are fully trained and competent in managing the
new hydraulic system.

Engage with all relevant stakeholders to ensure the project alighs with broader
operational and strategic goals, ensuring a smooth transition and effective
integration into existing processes.

Stakeholders

Once the scope of the project has been determined, it is a requirement to establish the

project team and identify all relevant stakeholders involved in the project. This involves
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selecting and appointing individuals with the necessary skills and expertise to fulfil the

roles and responsibilities essential for the successful execution of the project. It also

entails identifying key stakeholders who will influence or be impacted by the project, as

shown in Table 1.

(Project Management Institute, 2021) documents that engaging these stakeholders early

on ensures their interests and requirements are understood and addressed, fostering

collaboration and support throughout the project's lifecycle.

Table 1 - Stakeholders

Stakeholder Type

Description

Project Sponsor

Senior Manager securing resources for the project, ensuring

alignment with organisational goals.

Project Manager

Responsible for planning, executing, and closing the project,

managing the team, schedule, budget, and scope.

Engineering Team

Engineers, designers, and technical specialists executing the

upgrade, directly responsible for technical success.

Operations Team

End-users of the system being upgraded, providing feedback

and requirements.

Quality Assurance

Team

Ensures the upgrade meets required standards and

specifications, conducts testing and validation.

Safety and
Compliance

Officers

Ensures compliance with safety regulations and industry

standards, mitigating risks.

Suppliers and

Provide necessary materials, components, or services, critical

Vendors for timely delivery and quality.

Financial Manages budget, funding, and financial tracking, ensuring the
Department project stays within financial constraints.

IT/ OT Support Provides technical support for integration and operation of new
Team technologies with existing, ensuring compatibility and support.

Regulatory Bodies

Government or industry organisations enforcing regulations,

ensuring adherence to legal and regulatory requirements.

Independent Project Report
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Human Resources | Manages staffing needs, training, and development, ensuring

the project team is adequately supported.

External Provide specialised knowledge or skills not available within the
Consultants organisation, offering independent assessments and

recommendations.

Local Community Individuals and groups in the area affected by the upgrade,
whose support and cooperation can be crucial, especially in

public projects.

9.5. RACI Matrix

The RACI matrix as shown in Table 2 is a valuable tool in project management,
particularly in complex engineering upgrade projects. It clarifies roles and
responsibilities, ensuring that all stakeholders are aware of their specific contributions
and the extent of their involvement. By delineating who is Responsible, Accountable,
Consulted, and Informed for each task, the RACI matrix helps prevent overlap,
confusion, and potential conflicts among team members and stakeholders. For
instance, in the project planning phase, the Project Manager is both Responsible and
Accountable, while the Engineering Team and Operations Team are Consulted to provide
their expertise and input. This structured approach enhances communication and
coordination, leading to more efficient project execution and improved outcomes.
(Project Management Institute, 2021) shows that the use of RACI can be particularly
beneficial in aligning diverse teams, such as engineering, operations, and quality
assurance, by ensuring everyone understands their roles and the expectations from
them. (Suhanda & Pratami, 2021) have shown that implementing a RACI matrix can
significantly improve project performance and stakeholder satisfaction by providing

clear guidance and facilitating accountability.
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Table 2 - RACI Matrix

Task/Activit Projec Projec Engineer | Operatio Quality Safety Suppli  Financial 1) Regulat Human External Local Sharehold

y t t ingTeam | nsTeam Assuran and ersand Departm  Supp ory Resourc Consulta Commun ers

Spons Manag ceTeam Complia Vendor ent ort Bodies es nts (147
or er nce s Team
Officers

Define A R C C C C | | | | | (6} | |
project
scope
Develop | A/R C C C | | C C | | C | |
project plan
Budget A R | | | | | C | | | | | C
approval
Technical | R A/R C C C C | C | | C | |
design and
developmen
t
Risk A R C C C A/R | | | | | C | |
assessment
and
mitigation
Implementa | A/R A/R C C C | | C | | C | |
tion and
execution
Testing and | R C C A/R C | | C | | C | |
validation
Compliance | R C C C A/R | | | A/R | C | |
and safety
checks
User training | R C A/R | | | | C | A/R | | |
and support
Go-live and | A/R A/R C C C | | C | | | | |
deployment
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Post- A R
implementa
tion review
Continuous | R
Improvemen
t
Stakeholder A R
Communica
tion
Change A R
Managemen
t

Key:

R = Responsible: The person(s) who do the work to complete the task.
A =Accountable: The person who is ultimately accountable and has the power to vote Yes or No.
C = Consulted: The person(s) who must be consulted before a decision or action is taken.

I = Informed: The person(s) who must be informed that a decision or action has been taken.

Independent Project Report
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9.6. Voice of the customer (VOC)

The Voice of the Customer (VoC) involves gathering and understanding the needs,
expectations, and feedback of all stakeholders who are affected by the performance of
the BWR. (Griffin & Hauser, 1991) document how this information helps ensure that the
project addresses the key concerns and requirements of those who rely on the
equipment.

The Voice of the Customer was established through feedback sessions and interviews.
The views are captured, interpreted and translated into actions. 9.6.1 shows the results
of the current system performance surveys, whist 9.6.2 shows the results of the desired

system attributes survey.

9.6.1. Current System Performance Survey

1. How satisfied are you with the
current system's reliability?

Very
Satisfied
Very o
Dissatisfied Satisfied
Dissatisfied Neutral
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2. How satisfied are you with the
current system's maintainability?

Very
Satisfied
Very o
Dissatisfied Satisfied
Dissatisfied Neutral

3. How satisfied are you with the
current system's adaptability to
different materials?

Very
Satisfied
Very o
Dissatisfied Satisfied
Dissatisfied Neutral

4. How satisfied are you with the
current system's efficiency?

Very
Satisfied
Very -
Dissatisfied Satisfied
Dissatisfied Neutral
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5. How satisfied are you with the
current system's real-time
monitoring capabilities?

Very
Satisfied
Very -
Dissatisfied Satisfied
Dissatisfied Neutral

6. How satisfied are you with the
current system's feedback
mechanisms?

Very
Satisfied
Very o
Dissatisfied Satisfied
Dissatisfied Neutral

9.6.2. Desired Future System Attributes Survey

7. How important is it for the future
system to be highly reliable?

Very
Important
Very
. Important
Unimportant
Unimportant Neutral
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8. How important is maintainability for
the future system?

Very
Important
Very Important
Unimportant P
Unimportant Neutral

9. How important is adaptability to
different materials for the future

system?
Very
Important
Very
. Important
Unimportant
Unimportant Neutral

10. How important is high efficiency
for the future system?

Very
Important
Very
. Important
Unimportant
Unimportant Neutral
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11. How important are advanced real-
time monitoring capabilities for the

future system?
Very
Important
Very
. Important
Unimportant
Unimportant Neutral

12. How important is it to have
effective feedback mechanisms in the
future system?

Very
Important
Very
. Important
Unimportant
Unimportant Neutral

9.6.3. Stakeholder Feedback

Using surveys and interviews to understand the voice of the customer was essential to
determine the project scope and impact of project deliverables. The feedback was

categorised by stakeholder group to further understand the impact of upgrade features.

9.6.3.1. Operations Managers

e Emphasised the need for a more reliable drive system to reduce unplanned
downtime.

e Highlighted the importance of improving operational efficiency to meet production
targets.

e Focused onreducing maintenance and operational costs.
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9.6.3.2. Maintenance Teams

e Reported frequent breakdowns and difficulties in sourcing obsolete parts for the
current electric drive system.

e Concerned about long repair times affecting overall productivity.

e Requested training for new systems and technologies to enhance maintenance
effectiveness.

e Requested better access to bucket wheel drive system components.

9.6.3.3. Equipment Operators

Preferred a system that is easier to operate and requires less manual intervention.

Reported that frequent downtimes disrupt work schedules and create safety risks.

Desired quicker response times for handling varying material densities.

9.6.3.4. Production Engineers
e Needed accurate and reliable data on system performance for better planning and

optimisation.

Emphasised the importance of seamless integration with existing systems and

processes.

9.6.3.5. Finance Department
e Focused on achieving a favourable return on investment (ROI) through reduced

maintenance and energy costs.

Highlighted the need to stay within budget while achieving project goals.

9.6.3.6. Environmental and Safety Officers

e Stressed the importance of reducing the environmental impact and ensuring
compliance with regulations.

e Highlighted the need for a system that minimises safety risks for operators and

maintenance personnel, potentially through reduced maintenance requirements

9.6.4. KANO Model

The KANO model was used to better understand and prioritize customer needs and
expectations. The KANO model as shown in Figure 8, is a valuable tool in quality

management and product development, categorizes customer requirements into four
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key categories: must-be, performance, attractive, and indifferent. By conducting
interviews and surveys with key stakeholders, including maintenance staff, operations
personnel, and senior management, we were able to identify and classify their
requirements effectively. Must-be requirements, such as basic system reliability and
compliance with safety regulations, were considered essential and non-negotiable.
Performance requirements, including improved energy efficiency and reduced
maintenance costs, were recognized as factors that directly influence customer
satisfaction and would lead to greater satisfaction if fulfilled well. Attractive
requirements, such as advanced real-time condition monitoring and ease of
maintenance access, were identified as features that would delight stakeholders if
implemented, though their absence would not cause dissatisfaction. Indifferent
requirements, which neither significantly affect satisfaction nor dissatisfaction, were
also noted but not prioritized. This systematic categorization allowed the projectteam to
focus on the critical aspects of the upgrade that would ensure stakeholder satisfaction
while also identifying areas for potential innovation and enhancement. As suggested by
(Gregory & Parsa, 2013), integrating the insights gained from the KANO model into the
project charter and planning process, helps to ensure that the hydraulic system upgrade
would meet and or exceed stakeholder expectations, thereby increasing the likelihood

of project success and acceptance.
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Satisfaction Attractive
Reduced Maintenance Costs

Improved System Reliability

Improved Energy Efficiency

Functionality

Figure 8 - KANO Model

9.6.5. Word Cloud Diagrams

Word cloud diagrams were utilized as a visual tool to capture and prioritize the most
frequently mentioned terms and concepts from stakeholder feedback sessions. By
conducting comprehensive interviews and surveys with maintenance staff, operations
personnel, and senior management, we collected extensive qualitative data regarding
their needs, concerns, and expectations. The word cloud diagrams as shown in Figure 9
and Figure 10 provide a clear and immediate visual representation of this data,

highlighting the most prominent themes and key issues. Words and phrases such as

"reliability," "maintenance cost," "accessibility," and "efficiency" appeared prominently,
indicating their critical importance to stakeholders.

Additionally, word clouds served as an effective communication tool, (Heimerl, et al.,
2014) argues that using word clouds allows us to present complex qualitative data in an
easily digestible format to various project stakeholders, ensuring that everyone was
aligned on the primary objectives and focus areas of the project. By leveraging word
cloud diagrams, we were able to streamline the initial phase of the project, ensuring that
the most critical stakeholder needs were addressed in the project charter and planning

stages.
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Figure 9 - Word Cloud - Issues (FreeWordCloudGenerator.com, 2024)

technology customizcE!T
consistent lOW modern Versatile e
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Maintenance satisfaction
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durcble energy effeCtlve intuitive

materials i
user-friendly

Figure 10 - Word Cloud - Solutions (FreeWordCloudGenerator.com, 2024)

9.6.6. Translating VoC into Project Requirements
Based on the VoC findings, the project requirements can be summarised as follows:
1. Implementa more reliable hydraulic drive system to reduce unplanned downtime
and enhance operational efficiency to meet production targets.

2. Reduce maintenance and operational costs through improved system reliability

and efficiency.
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3. Ensure the new system is easy to operate with minimal manual intervention and
provide comprehensive training for maintenance teams on new technologies.

4. Integrate robust performance monitoring tools for accurate and reliable data
collection.

5. Ensure the new system complies with environmental regulations and improves
safety for operators and maintenance personnel.

6. Stay within the allocated budget while achieving the desired project outcomes.

9.6.7. SIPOC Diagram

A SIPOC (Suppliers, Inputs, Process, Outputs, Customers) diagram was utilized to
provide a high-level overview of the project's critical components. The SIPOC diagram as
shown in Table 3 helped to map out the entire process from suppliers to customers,
ensuring a clear understanding of the project scope and stakeholder relationships. By
identifying key suppliers, such as BOSCH for the hydraulic system, Ingleside Engineering
for the design work and Ml for the walkway assemblies, we could outline the necessary
inputs, including technical specifications, design documents, and raw materials. The
process steps were defined, detailing the manufacturing, installation, and
commissioning phases. Outputs were specified as the fully installed and operational
hydraulic system and the new walkway assemblies. Finally, the primary customers were
identified, including the maintenance and operations teams who would directly benefit
from the upgrade. As supported by (Pyzdek & Keller, 2014) , Utilizing the SIPOC diagram
facilitated clear communication among stakeholders, ensuring that all critical elements
were considered and aligned with the project's goals. This tool also helped in identifying
potential bottlenecks and areas for improvement early in the project lifecycle,

contributing to a more efficient and effective implementation.

Table 3 - SIPOC Diagram

Inputs Process Outputs Customers

rrent electri i

Internal: le' ent electric 1. Define Phase: Operations
drive system Managers
. . . Identify .
Engineerin Maintenance . Maintenance
g g stakeholders and | Project Charter
Team records ) Teams
their needs
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Maintenance
Team

Project
Manager

External:

Alternative
system
suppliers

Training
providers

Consultants

Industry
experts

Energy
consumption
data

Downtime logs

Financial
records

Supplier
catalogues

Technical
specifications

Condition
monitoring
tools

SCADA and
CMMS data
Feedback from
stakeholders
Environmental
compliance
data

Independent Project Report

Develop project
charter

Map current
process

2. Measure
Phase:

Develop data
collection plan

Collectdata on
system reliability,
maintenance
costs, energy
consumption,
and operational
downtime

Conduct Gage
R&R study

3. Analyse
Phase:
Perform root
cause analysis
Conduct
statistical
analysis
Validate
hypotheses

4. Improve
Phase:

Develop and
evaluate potential
solutions

Design and
implement
hydraulic system

Conduct pilot
testing
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SIPOC Diagram

High-level
Process Map

Baseline
Performance
Data

Measurement
System Analysis
(MSA) Report

Root Cause
Analysis Report

Statistical
Analysis Report

Validated
Hypotheses

Solution Design
and
Implementation
Plan

Pilot Test Results
Optimised

Hydraulic Drive
System

Equipment
Operators

Production
Engineers
Finance
Department
Environmental
and Safety
Officers

External Vendors
(for system
components and
technical
expertise)
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Optimise system
performance

5. Control
Phase:

Develop control
mechanisms
Implement
monitoring
processes

Conduct training
sessions

Update
documentation
and SOPs
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Control Plan

Performance
Monitoring
Reports
Updated
Standard
Operating
Procedures
(SOPs)

9.6.8. Quality Function Deployment (QFD)

Using the information gathered during the VOC exercise, it is possible to create a House

of Quality (HOQ) as shown in Figure 11. This is a QFD visual tool used to rank and display

the important features of a project for the various stakeholders. (Hauser, et al., 1988)

shows the use of a HOQ helps to ensure that the solution has the maximum impact for

the users and other stakeholders and helps to deliver the project successfully.
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Figure 11 - HOQ (QFD Online, 2007)
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9.7. Project Charter

TATA Engineering Project Charter
BWR Availability & Reliability Business/De Port Talbot
Improvement pt. Harbour
Change Agent David Adams Tel. Number 01639 603480
Champion Mark Powys Tel. Number 01639 605065
Start Date 01/02/2023 End Date 31/01/2023
Project Details

Project Name

Improve Asset Reliability using Six Sigma methodology to identify root cause

Description .
P and determine most valuable workstreams.

Increased failure rate of BWR drive system, increased repair costs, reduced
availability below required target to achieve AP (95%). Repair vendor
indicated obsolescence of spares during recent breakdown. Alternative
solutions/systems to be explored.

Business Case

Catastrophic Failure of BWR drive system causing significant impact to

Problem Statement .
operations.

Process Function Harbour Engineering.

Project Goals Measure Current
Maximum Uptime (24hr operation, 365

days per year), Planned Maintenance

Improve Availability (12 hrs per week over 51 weeks) - 70% 95%
Breakdowns / Maximum Uptime

Improve MTBF Maximum uptime/ count of breakdowns 2728 mins 8640 mins

Improve Quality -

mate~r|al mix ) Laying Control 70% 95%

consistency / laying

control

Improve Safety —

increased safety Qualitative Data N/A N/A

features / overload

warning

Component Efficiency (100% Load)
Electric Motor = 0.94

Improve Efficiency Electric Motor Power Factor = 0.85 74% 93%
Fluid Coupling =0.98
Gearbox =0.94

Improve Customer

Satisfaction - o

serviceability, Qualitative Data N/A N/A
operational

Reduce Maintenance .

costs Monthly Accounting Report £3.6M pa £2.2M pa
Reduce Operation Monthly Accounting Report £4.1M pa £3.1M pa
Costs

Reduce Spares Costs Monthly Accounting Report £1.8Mpa £0.9M pa
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Reduce Obsolescence

> <
risk OEM Report 1year 10 Years

Reduce MTTR Duration of Breakdowns/Count of 854 mins 60 mins
Breakdowns

Team Members David Adams (Manufacturing Engineer), Mark Powys (Engineering Manager)

Mark Powys (Engineering Manager), Mark Davies (Production Manager),
Support Required Kirsty Hamlyn (Spares and Planning Manager), Ingleside Engineering, Bosch
Rexroth, Sheffield Transmission Developments

Management of Change procedure to be used, Limited Asset Improvement
budget - all proposals require business justification with 6-12month ROI

Risks/Constraints

(Tata Steel UK, 2020)

9.8. High-Level Project Plan

A high-level project plan serves as a critical roadmap during the initial phases of a
project, establishing a clear framework for objectives, timelines, resources, and key
activities. This plan outlines the project’s scope and major milestones, enabling
stakeholders to understand the project’s direction and their roles within it. As the project
progresses, continuous updating of the project plan is essential to accommodate new
information, emerging risks, and changing conditions. This dynamic approach ensures
that the project remains alighed with its goals and can adapt to unexpected challenges.
Accordingto (Turner, 2008), effective project planning and ongoing plan adjustments are
vital for maintaining project control and ensuring successful outcomes. This iterative
process of planning and re-planning helps manage stakeholder expectations, facilitates
proactive risk management, and ensures resource optimisation. Additionally, (Project
Management Institute, 2021) emphasises that a living project plan, which is regularly
reviewed and updated, supports better decision-making and increases the likelihood of
project success. By keeping the project plan current, it is possible to track progress,
make informed adjustments, and ensure the project stays on course, ultimately leading

to more effective execution and delivery.
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9.8.1. Phase 1: Define

Estimated Duration: 1 month
Objectives
e Define the project scope, goals, and objectives.
¢ Identify stakeholders and their needs.
e Develop a project charter.
¢ Mapthe current process.
Key Activities
¢ Kick-off meeting with stakeholders — Project Manager
e Conduct Voice of the Customer (VoC) analysis - Project Manager
e Create a project charter and SIPOC (Suppliers, Inputs, Process, Outputs,
Customers) diagram — Project Manager
e Develop a high-level process map of the current system — Engineering Team
Deliverables
e Project Charter
e SIPOC Diagram
¢ High-level Process Map

9.8.2. Phase 2: Measure

Estimated Duration: 2 months
Objectives
e Collect data to establish baseline performance.
¢ ldentify key performance indicators (KPIs).
¢ Validate the measurement system.
Key Activities
e Develop a data collection plan — Data Analyst
e Collect data on system reliability (MTBF, MTTR), maintenance costs, energy
consumption, and operational downtime — Maintenance Team
e Conduct a review to validate the measurement system — Data Analyst
Deliverables

o Data Collection Plan
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e Baseline Performance Data

e Measurement System Analysis (MSA) Report

9.8.3. Phase 3: Analyse

Estimated Duration: 2 months
Objectives
¢ Analyse the collected data to identify root causes of issues.
o Perform statistical analysis to understand variations and trends.
e Develop hypotheses about potential improvements.
Key Activities
e Perform root cause analysis (e.g., Fishbone Diagram, Pareto Analysis) -
Engineering Team
o Conduct statistical analysis (e.g., ANOVA, regression analysis) — Data Analyst
e Validate hypothesesthrough additional data collection and analysis—Engineering
Team
Deliverables
e Root Cause Analysis Report
o Statistical Analysis Report

¢ Validated Hypotheses

9.8.4. Phase 4: Improve

Estimated Duration: 3 months
Objectives
¢ Develop and implement solutions to address root causes.
e Testand validate improvements.
¢ Optimise the new hydraulic drive system.
Key Activities
e Brainstorm and evaluate potential solutions — Engineering Team
e Develop detailed design and implementation plans for the hydraulic system -
Engineering Team
¢ Implement Solutions - Project Manager

e Conduct pilot testing and validate improvements — Maintenance Team
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¢ Optimise the new system for performance - Engineering Team
Deliverables

e Solution Design and Implementation Plan

¢ Pilot Test Results

e Optimised Hydraulic Drive System

9.8.5. Phase 5: Control

Estimated Duration: 2 months
Objectives
e Establish control mechanisms to sustain improvements.
¢ Monitor and measure the performance of the new system.
¢ Documentthe new process and update standard operating procedures (SOPs).
Key Activities
¢ Develop a control plan with KPls and monitoring processes — Project Manager
¢ Implement control mechanisms (e.g., control charts, regular audits) -
Maintenance Team
e Conducttraining sessions for operators and maintenance staff — Project Manager
e Update documentation and SOPs - Engineering Team
Deliverables
1. Control Plan
2. Performance Monitoring Reports

3. Updated SOPs

9.9. Initial Gantt Chart

The creation of an initial high-level Gantt chart as shown in Figure 12 was pivotal in
mapping the project for the bucket wheel reclaimer. This chart served as a visual
timeline, outlining the key phases and milestones from project inception to completion.
By delineating tasks such as literature review, vendor consultations, procurement,
design, manufacturing, installation, and commissioning, the Gantt chart provides aclear
roadmap for the project. It facilitates efficient project management by allowing the

identification of dependencies, critical paths, and potential bottlenecks. (Kerzner, 2017)
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suggests a high-level Initial Gantt chart enables effective communication with
stakeholders by presenting a comprehensive overview of the project's timeline and
progress. This strategic planning tool was essential for aligning resources, managing
risks, and ensuring that all team members had a shared understanding of the project's

scope and objectives from the start of the project.
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BWR Gearbox Failures
Tata Steel UK
David Adams Mon, 02/01/2023
Project Start: Jan-23 Feb-23 Mar-23 Apr-23
TASK OWNER PROGRESS START D("CVREAET:((:;‘ END IHHH
Define 100% 2/1/23 2 16/1/23
Gearbox Failure Mark Powys 100% 2/1/23 1 9/1/23
Failure Reduction Meeting Mark Powys 100% 9/1/23 1 16/1/23
Project Charter David Adams 100% 9/1/23 1 16/1/23
Measure 100% 16/1/23 4 13/2/23
Delay Data David Adams 100% 16/1/23 2 30/1/23
Efficiency Data Mark Powys 100% 16/1/23 1 23/1/23
Cost Data Mark Powys 100% 16/1/23 1 23/1/23
Repair Reports David Adams 100% 23/1/23 1 30/1/23
Operator Interviews Mark Powys 100% 30/1/23 1 6/2/23
Supplier Interviews David Adams 100% 6/2/23 1 13/2/23
OEM Interviews David Adams 100% 6/2/23 1 13/2/23
4
Analyse 100% 13/2/23 6 27/3/23 _
Pareto Analysis David Adams 100% 13/2/23 1 20/2/23 .
Root Cause David Adams 100% 13/2/23 2 27/2/23 -
5 Why David Adams 100% 13/2/23 2 27/2/23 -
Fishbone David Adams 100% 13/2/23 2 27/2/23 -
Research into alternative solutions David Adams 100% 27/2/23 4 27/3/23 -
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DURATION

TAsK OWNER PROGRESS START o) END

Improve 73% 27/3/23 51 21/3/24

Project outline sent to vendors for quotation David Adams 100% 27/3/23 1 3/4/23
Sheffield Transmission Developments,

Site visits to finalise contract scope David Brown Gearboxes, Bosch Rexroth 100% 3/4/23 2 17/4/23
Quotations Received and Vendor Selection Dsahvei;ﬁ::gMT,:\ES:::Zf:::;;;:gpgi:z}\ 100% 17/4/23 2 1/5/23
CAPEX Funding Application David Adams 100% 1/5/23 2 15/5/23
Design Phase 100% 15/5/23 25 6/11/23
Hydraulic System Design Bosch Rexroth 100% 15/5/23 8 10/7/23
Hydraulic Design Review #1 David Adams 100% 15/5/23 2 29/5/23
Hydraulic Design Review #2 David Adams 100% 29/5/23 2 12/6/23
Hydraulic Design Buy-off David Adams 100% 12/6/23 2 26/6/23
Structural Design Ingleside Engineering 100% 4a/9/23 8 6/11/23
Structure Design Review #1 David Adams 100% 4/9/23 2 18/9/23
Structure Design Review #2 David Adams 100% 18/9/23 2 2/10/23
Structure Design Buy-off David Adams 100% 2/10/23 2 16/10/23
Structural ure Tender Dy David Adams 100% 16/10/23 2 30/10/23
Structural Manufacture Vendor Selection David Adams 100% 30/10/23 1 6/11/23
Manufacture Phase 63% 26/6/23 35 26/2/24
Hydraulic System Manufacture Bosch Rexroth 100% 26/6/23 17 23/10/23
Sturctural Steelwork Manufacture Systems Engineering Group 25% 6/11/23 16 26/2/24
Installation Phase 0% 1/2/24 7 21/3/24
Removal of Redundant gearbox Tata DST 0% 1/2/24 1 8/2/24
Removal of existing steelwork Systems Engineering Group 0% 8/2/24 1 15/2/24
Installation of new structural steelwork Systems Engineering Group 0% 15/2/24 3 7/3/24
Installation of new hydraulic drive system Bosch Rexroth 0% 7/3/24 2 21/3/24
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PROGRESS START D(l‘;lkgg)"

Control 0% 21/3/24 9 23/5/24
Testing under 0% load David Adams, Bosch Rexroth 0% 21/3/24 1 28/3/24
Testing under coal load David Adams, Bosch Rexroth 0% 28/3/24 1 4/4/24
Testing under ore load David Adams, Bosch Rexroth 0% 4/4/24 1 11/4/24
Validation of improvements against KPI David Adams, Mark Powys 0% 11/4/24 4 9/5/24
Communicate Project Findings and close project David Adams, Mark Powys 0% 9/5/24 2 23/5/24

University 25% 4/9/23 a1 17/6/24
Proposal David Adams 100% 4/9/23 1 11/9/23
Viva 1 David Adams 0% 12/12/23 1 19/12/23
Report David Adams 0% 20/5/24 1 27/5/24
Viva 2 David Adams 0% 10/6/24 1 17/6/24

Figure 12 - Initial Gantt chart
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9.10. Resources Required

e Project Manager to oversee project execution and ensure milestones are met.

e Engineering Team to Design and implement the chosen solution.

e Maintenance Team will provide input on currentissues and assist with testing and
validation.

e Data Analyst to conduct data collection, analysis, and MSA.

9.11. Risk Management

Effective risk management is crucial for the success of the project, The potential risks
identified include delays in data collection or system implementation, inaccurate
baseline data due to measurement system errors, resistance to change from operators
or maintenance staff, and budget overruns due to unforeseen expenses. These risks, if
not properly managed, could significantly impact the project timeline, quality of
outcomes, and overall budget.

To mitigate these risks, a detailed project plan created with buffer time allocated for
potential delays, ensuring that the project can accommodate unforeseen interruptions
without jeopardising deadlines. Secondly, the accuracy of baseline data will be ensured
by validating the measurement system. This will help in identifying and rectifying any
measurement system errors early in the project.

Additionally, engaging stakeholders early in the process and providing regular updates
helps to manage resistance to change. As discussed by (Bryson, 2004), by involving
stakeholders from the beginning, their concerns can be addressed, and they can be more
easily aligned with the project's goals. Finally, expenses will be closely monitored, and
the budget will be adjusted as needed to prevent overruns. This proactive financial
oversight will help in identifying any potential budget issues early, allowing for timely

adjustments and ensuring the project remains financially viable.
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10. Measure

10.1. Current Performance Measurements

Itis critical to collect data to understand the current performance of the existing electric
drive system. This will establish a baseline against which the improvements introduced
by the hydraulic system can be measured. Table 4 shows there is a variety of qualitative
and quantitative data available for analysis to understand the performance of the

system.

Table 4 - Data Types

Quantitative Qualitative

Condition Monitoring Data Operation Reports

Downtime & OEE Data Maintenance Reports
Planned Maintenance Costs
Unplanned Maintenance Costs

Energy Efficiency

10.1.1. Operational Downtime

Operational Downtime directly impacts production schedules and overall plant
efficiency. (Smith & Hinchcliffe, 2003) demonstrate that measuring unplanned downtime
is essential in assessing the reliability of the system. Frequent downtimes suggest
underlying issues that need to be addressed to improve system reliability. According to
(Kennedy, 2017), monitoring and analysing downtime frequency helps in identifying

trends and the impact of various interventions on reducing these incidents.

10.1.1.1. System Reliability

The Mean Time Between Failures (MTBF) measures the average operational time
between failures. For the bucket wheel excavator, a low MTBF indicates frequent
breakdowns. (Mobley, 2001) discusses how this metric helps identify reliability issues
and the effectiveness of maintenance strategies

Mean Time to Repair (MTTR) measures the average time taken to repair the system after

a failure. (Moubray, 2001) documents how measuring MTTR provides insights into repair
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process efficiency and spare parts availability, where prolonged repair times impact

productivity

10.1.2. Maintenance Costs

This includes all costs associated with maintaining the system, such as labour, parts,
and unplanned maintenance costs (breakdowns). High maintenance costs are often
indicative of underlying issues such as frequent failures, expensive spare parts, and
labour-intensive repairs. (Wireman, 2004) shows that measuring these costs helps in
identifying areas where cost savings can be achieved through improved maintenance
strategies or system upgrades.

(Levitt, 2009) argues that understanding the cost per failure helps in assessing the
financialimpact of each downtime incident and prioritising interventions that can reduce

these costs.

10.1.2.1. Planned Maintenance Costs

The primary rationale for planned maintenance is to prevent equipment failures before
they occur, aiming to minimise unplanned downtime and associated costs. As detailed
by (Jardine & Tsang, 2021) the cost of planned maintenance must be balanced against
the costs of potential failures, including the direct costs of repairs and the indirect costs
of downtime. By conducting a cost-benefit analysis, organisations can assess whether
the expenses incurred through regular maintenance activities or system upgrades are
justified by the savings achieved through reduced failures and extended equipment life.
The analysis of planned maintenance costs contributes to understanding the Total Cost
of Ownership (TCO) of the bucket wheel reclaimer. TCO includes purchase price,
operation, maintenance, and eventual disposal costs. Efficient planned maintenance
strategies or upgrade activities can significantly reduce TCO by extending the useful life
of the equipment and optimising its operational efficiency. According to (Agustiady
& Cudney, 2016) a well-executed maintenance plan directly influences TCO by
mitigating the need for costly emergency repairs and replacements.

Investing in planned maintenance activities or system upgrades can be justified through
a Return on Investment (ROI) analysis. ROl considers the ratio of cost savings and

increased revenue attributable to upgrades relative to the costs of those upgrades. As
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explored by (Levitt, 2009), effective planned maintenance or upgrades can enhance
equipment reliability and productivity, contributing to greater production outputs and

quality, which in turn can positively affect the ROl of maintenance expenditures.

10.1.2.2. Unplanned Maintenance Costs

Unplanned maintenance, often resulting from unexpected equipment failures, can lead
to significant costs, not only in terms of the direct expenses related to repairs but also
due to the downtime and lost production opportunity. By examining the costs associated
with unplanned maintenance, organisations can evaluate the effectiveness and
efficiency of their current maintenance strategies and make informed decisions on
potential adjustments, improvements or upgrades.

1. Direct Cost Analysis: The direct costs of unplanned maintenance include parts,
labour, and any other resources required for the repair. Analysing these costs can
reveal patterns or recurring issues with specific components or systems,
suggesting areas where improvements could be made. According to (Mobley,
2001) understanding these costs is crucial for justifying investments in systems
that could reduce the incidence of unplanned repairs.

2. Downtime Cost Impact: Unplanned maintenance often leads to unexpected
downtime, which can significantly impact production schedules and output. The
cost of downtime can be several times higher than the direct costs of
maintenance. As detailed by (Levitt, 2009) analysing the impact of downtime on
production and revenue can justify the need for more robust maintenance
strategies or newer equipmentto help minimise the risk of unexpected equipment
failures.

3. Efficiency and Reliability Improvement: By reducing unplanned maintenance,
it is possible to improve the overall efficiency and reliability of equipment. The
analysis of unplanned maintenance costs provides a quantitative basis for
justifying the upgrading of systems or adoption of more proactive maintenance
strategies, such as predictive maintenance, which can anticipate and prevent
failures before they occur. (Swanson, 2001) illustrates how improvements in

maintenance practices can lead to better equipment reliability and performance,
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ultimately justifying the implementation costs through improved operational
efficiency.

4. Strategic Decision Making: The analysis of unplanned maintenance costs
supports strategic decision-making regarding TCO and understanding the true
cost impact of unplanned maintenance, organisations can better prioritise
maintenance activities and allocate resources more effectively, ensuring that
maintenance efforts are focused on areas that will provide the greatest benefit in
terms of reducing unplanned downtime and associated costs.

This data helps to identify areas for improvement, justify investments in preventive and
predictive maintenance technologies, and make informed decisions that enhance
equipment reliability and operational efficiency. Through a detailed understanding of the
direct and indirect costs of unplanned maintenance, maintenance managers can
develop strategies that not only reduce these costs but also improve the overall

productivity and profitability of their operations.

10.1.3. Energy Consumption

High energy usage is a significant operational cost and contributes to the plant's carbon
footprint. Measuring energy consumption provides a clear picture of the system’s
efficiency and identifies opportunities for energy savings as discussed by (Petrecca,
2012)

For the existing system, energy efficiency is relatively low, with significant losses
occurring due to mechanical and thermal inefficiencies. (Thumann & Younger, 2008)
show that tracking energy efficiency helps in understanding how well the system

converts energy into productive work and highlights potential improvements.

10.1.3.1. Energy Efficiency Data
Energy efficiency serves as a crucial performance indicator for heavy machinery,
indicating how well the equipment converts energy into work. For a bucket wheel
reclaimer, which consumes significant amounts of energy, small improvements in
efficiency can lead to substantial cost savings and environmental benefits.

1. Reduction in Energy Consumption: Maintenance activities can lead to a

reduction in energy consumption by ensuring that all components of the bucket
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wheel reclaimer operate optimally. For instance, lubrication, alignment, and
replacement of worn parts can reduce friction and resistance, thereby requiring
less energy for operation. This direct correlation between maintenance and
energy consumption can be used to justify the investment in regular and
preventive maintenance practices.

2. Cost Savings: The analysis of energy efficiency data often reveals cost savings as
a result of maintenance activities. By quantifying the reduction in energy costs
associated with specific maintenance interventions or upgrades, organisations
can provide a compelling financial justification for their implementation.
(Thumann & Younger, 2008) offers methodologies for quantifying energy savings.

3. Improvement in OEE: Energy efficiency improvements can also be reflected in
the OEE metric, which includes availability, performance, and quality. Since
energy efficiency impacts the performance aspect of OEE, improvements in this
area can justify upgrades by demonstrating their contribution to the overall
effectiveness of the equipment.

4. Sustainability and Environmental Compliance: Enhancing energy efficiency
aligns with broader sustainability goals and compliance with environmental
regulations. Activities and upgrades that lead to improved energy efficiency not
only reduce operational costs but also minimise the carbon footprint of the
equipment. This aspect is increasingly important in industries striving for
sustainability and can be supported by the 1SO50001:2018 standard, which
provides a framework for energy management practices. (International Standards

Organisation, 2018)

10.1.3.2. Operation Reports

The analysis of operator/operation reports can provide firsthand insights into the
equipment's operational performance, issues encountered during operations, and the
effectiveness of past maintenance interventions. These reports, generated by the
personnel directly interacting with or overseeing the equipment, offer qualitative and
guantitative data critical for evaluating the system and highlighting potential

improvements.
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Operator reports often include detailed accounts of the equipment’s performance,
noting any deviations from expected operational parameters. By analysing these reports,
maintenance teams can identify patterns or recurring issues that may not be evident
through automated monitoring systems alone. For instance, if operators consistently
report unusual noises, behaviour or vibrations before a failure, maintenance strategies
can be adjusted to address these early warning signs more proactively.

Recurring issues noted in operation reports can justify the enhancement or modification
of current systems. For example, if operators frequently report issues with specific
components, this could indicate the need for more frequent inspections or
replacements of those parts, justifying improvements for those components. (Smith &
Hinchcliffe, 2003) supports the use of operation reports in identifying and addressing the
root causes of equipment failures, thereby justifying upgrades focused on reliability and
performance improvement.

Feedback on the performance of the equipment following maintenance activities
provides invaluable insights into the effectiveness of current maintenance methods.
Positive reports on equipment performance post-improvement can justify the further
projects. Conversely, reports indicating little to no improvement post-intervention can
signal the need for revising strategies. (Gulati & Smith, 2009) highlights how operator
reports contribute to a holistic understanding of equipment health and performance.
Operators can often provide recommendations based on their hands-on experience with
the equipment. These suggestions can include adjustments to maintenance schedules,
recommendations for specific interventions, or proposals for operational changes to
extend equipment life. Incorporating these recommendations into asset management

can justify upgrades, ensuring they are aligned with operational realities and expertise.
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Table 5 shows the different sources of data and their classification, enabling the creation of a data collection plan that will be used for

validating the scope of the problem and the factors for determining success.

Table 5 - Data Collection Plan

Measure Data Required DataType Data Source (DF:1¥:] Constraints Resource Data Collection
Title Collection Required Plan
Method
System Failure rates, Quantitative CMMS Review and Data Maintenance @Collect
Reliability repair times, Parts categorise accuracy, staff, CMMS | historical data
replaced, labour maintenance historical access over the past 2
hours logs completeness years
Maintenance @ Annual Quantitative A CMMS, Extract detailed | Accounting Financial Extraction and
Costs maintenance financial financial consistency, analyst, review of
costs, Cost per records reports record CMMS financial records
failure completeness | access for the pastyear
Energy Energy usage per | Quantitative SCADA, Collect real- Meter Energy Continuous data
Consumption hour, Energy energy time data calibration, meters, logging over a 6-
Efficiency meters data logging SCADA month period
intervals system
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11. Analyse

The analyse phase aims to identify and validate the root causes of frequent failures in the
bucket wheel excavator's gearbox, focusing on the rapid onset and unpredictable

catastrophic failures of the planetary components.

11.1. Data Analysis

Data analysis is a crucial part of the project, it is where the meaningful information is
identified and extracted from the gathered data, to determine trends, patterns, and
anomalies that could impact project outcomes. Key performance indicators (KPIs) such
as Mean Time Between Failures (MTBF), Mean Time to Repair (MTTR), energy
consumption, maintenance costs, and operational downtime are meticulously
analysed. This comprehensive data analysis informs the decision-making process,
guiding the project team in developing targeted solutions to enhance system
performance and reliability. It also provides a baseline against which the effectiveness
of the system upgrade can be measured, ensuring that the project meets its objectives

of improving efficiency, reducing costs, and minimizing environmental impact.

11.1.1. System Reliability

To assess the reliability of the current gearbox system, historical failure data as shown in
Table 6 was analysed focusing on key reliability metrics such as Mean Time Between
Failures (MTBF) and Mean Time to Repair (MTTR). Historical maintenance logs and
operational records from the Computerised Maintenance Management System (CMMS)
were reviewed to calculate these metrics. Figure 13, Figure 14 and Figure 15 show the

following trends;

1. Mean Time Between Failures decreased significantly over the years, indicating an
increasing frequency of failures. For instance, MTBF dropped from 3578 hours in
2017 to 1820 hours in 2020, and slightly recovered to 2055 hours in 2022. This

downward trend is a clear indicator of declining reliability.
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2. Mean Time to Repair fluctuated, reflecting variations in the complexity and
severity of repairs. In 2021, MTTR peaked at 1481 hours, indicating extensive

downtime for significant repairs.

Table 6 - Delay Data

Year Duration Count Availability MTTR MTBF
2017 161403 147 62% 1098 3578
2018 142133 148 73% 960 3554
2019 209547 152 60% 1379 3460
2020 115993 289 78% 401 1820
2021 271035 183 48% 1481 2874
2022 121754 256 77% 476 2055
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BWR Availability 2017 - 2022
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BWR MTBF 2017 - 2022
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Figure 15 - MTBF

11.1.2. Maintenance Costs

Maintenance costs were analysed to understand the financial impact of maintaining the
current gearbox system and identify trends. Financial records and CMMS data as shown
in Table 7 provides insights into annual maintenance costs and the cost per failure. The

analysis of Figure 16 and Figure 17 reveals the following trends:

1. There was a significant increase in annual maintenance costs over the years. For
example, repair costs increased dramatically from £29,971 in 2017 to
£325,216.50 in 2022.

2. The increasing cost per failure reflects the growing complexity and severity of
repairs needed as the gearbox components wear out and also the sparsity of

spare or replacement parts.

These escalating maintenance costs underscore the financial burden of maintaining an
aging system. (Dhillon, 2008) argues the increasing trend in maintenance expenses,
coupled with frequent and unpredictable failures, supports the conclusion that the

gearbox s in its “End-of-Life” phase.
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Year Repair Cost Lead Time (Weeks)
2015 £ 5,552.00 4
2017 £ 29,971.00 14
2018 £ 28,176.00 20
2019 £ 98,694.00 22
2021 £ 117,880.00 35
2022 £ 325,216.50 67
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Repair Costs 2017 - 2022
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Figure 17 - Repair Times

11.1.3. Energy Consumption

Energy consumption data was analysed to evaluate the energy efficiency of the current
gearbox system. The data shown in Table 8 was collected from the SCADA system and
energy meters, focusing on metrics such as energy usage and running costs.

The analysis in Figure 18 shows an increasing trend in energy consumption, indicating a

decline in energy efficiency. This is likely due to the deteriorating condition of the
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gearbox, which (Petrecca, 2012) argues requires more power to operate efficiently as
components wear out. The energy efficiency metrics, when compared to industry
standards, highlighted that the current system is performing below expectations,
suggesting potential for significant improvements.

The increasing energy consumption not only impacts operational costs as shown in
Figure 19 but also Co2 production as shown in Figure 20. This highlights inefficiencies
that could be mitigated by upgrading to a more efficient system. This analysis reinforces

the need for a new, more energy-efficient hydraulic drive system.

Table 8 - Energy Data

Annual Energy Usage Annual CO2
Annual Running Cost [£]
[kWh] [kg]
2017 986,992 & 148,048.80 229,969
2018 1,042,904 £ 156,435.60 242,997
2019 1,120,891 £ 168,133.65 261,168
2020 1,219,864 £ 182,979.60 284,228
2021 1,418,205 £ 212,730.75 330,442
2022 1,987,128 £ 298,069.20 463,001
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Annual Energy Usage 2017 - 2022
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Figure 19 - Annual Energy Costs
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Annual CO2 Production 2017 - 2022
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Figure 20 - Annual CO2 Production

11.1.4. Operational Downtime

Operational downtime was quantified to assess the impact of gearbox failures on
production efficiency. Unplanned downtime hours and the frequency of downtime
events were analysed using operational logs and CMMS data.

The data in Table 6 reveals a significant increase in downtime hours over the past few
years, directly impacting production efficiency. The high frequency of unplanned
downtime events further exacerbates this issue, highlighting the unreliability of the
current gearbox system.

The data in Table 6 also shows, in 2020, there were 289 downtime events, significantly
higher than previous years, reflecting the increasing instability of the system.

The substantial operational downtime emphasises the critical need for a more reliable

system that can minimise disruptions and maintain consistent production levels.

11.1.5. Stakeholder Insights

To gather qualitative data on perceived reliability issues and maintenance challenges,
structured interviews and surveys were conducted with operators and maintenance
staff. This feedback provided valuable insights into the day-to-day experiences and

challenges faced by those directly interacting with the gearbox.
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Stakeholder feedback revealed several common issues, including the difficulty of
accessing the gearbox for lubrication and the lack of real-time condition monitoring
systems. Operators reported frequent failures that were difficult to predict, leading to
significant operational disruptions. Maintenance staff highlighted the challenges of
performing adequate lubrication and preventive maintenance due to the gearbox's
location and design.

The feedback from stakeholders alighs with the quantitative data, reinforcing the need
for improvements in maintenance accessibility and predictive monitoring capabilities.
(Dhillon, 2008) argues that feedback and suggestions from operators and maintenance
staff, such as implementing advanced PCM systems and improving lubrication access,

are critical for enhancing the reliability of the system.

11.1.6. Condition Monitoring

Condition monitoring practices were assessed to determine their effectiveness and
identify areas for improvement. Data on vibration levels, temperature hotspots, and oil
contamination indicators were collected using condition monitoring tools such as
vibration analysis equipment, thermal cameras, and oil analysis Kkits.

Trend analysis of condition monitoring data showed increasing vibration levels and
temperature hotspots, indicating wear and tear on the gearbox components. Oil analysis
revealed high levels of contamination, suggesting that lubrication practices are
insufficient to maintain optimal operating conditions.

The correlation between condition monitoring data and failure events as discussed by
(Nelson, 2004) indicates that advanced monitoring systems could have predicted some
of the catastrophic failures, allowing for proactive maintenance. The lack of real-time
PCM systems was identified as a significant gap in the current maintenance strategy,

(Mobley, 2002) states this limits the ability to predict and prevent failures effectively.

11.2. Analytical Tools

Tools like Pareto analysis, fishbone diagrams, and the 5 Whys are employed to pinpoint
the root causes of system inefficiencies and failures. Statistical techniques are used to

validate data accuracy and ensure that insights drawn are reliable and actionable.

Independent Project Report Page 67 of 210



David Adams 1908506 Independent Project (ACMAG6013)

11.2.1. Pareto Analysis

Pareto analysis is a powerful tool used to identify and prioritise the most significant
issues affecting the BWR. By illustrating the cumulative impact of various failure modes,
the Pareto chart helps to focus attention on the areas that will yield the greatest
improvement when addressed.

The Pareto chart in Figure 21, shows that Gearbox Failure is by far the most significant
issue, accounting for the majority of downtime minutes from 2017 to 2023. This is evident
as the first bar, representing Gearbox failure, dwarfs all other causes of delays. The
cumulative percentage line (red) confirms that addressing this single issue would
significantly impact overall downtime reduction, as it constitutes the bulk of the total
downtime.

Secondary issues such as Opportunity Maintenance Stop, Cable Damaged, and
Cleaning, contribute relatively minor amounts of downtime in comparison. The steep
initial rise in the cumulative percentage curve indicates that a small number of issues
(primarily the gearbox failures) are responsible for the majority of the downtime. This
aligns with the Pareto principle, often referred to as the 80/20 rule, which in this case
suggests that focusing on the gearbox failures could resolve a substantial portion of the
overall problem.

In conclusion, the Pareto chart clearly highlights the gearbox failure as the primary target
for improvement efforts. Concentrating on resolving the failures associated with the
gearbox, would achieve significant reductions in downtime and enhance the operational

reliability of the BWR.
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Figure 21 - PARETO Chart

11.2.2. 5Why Analysis

The 5 Whys analysis was completed to systematically identify and understand the root
causes of key issues affecting the reliability and operational efficiency of the bucket
wheel reclaimer's gearbox system. (Serrat, 2017) argues that the 5 Whys technique, a
fundamental tool in root cause analysis, helps to drill down into the underlying reasons
behind each problem by repeatedly asking "Why?" until the core issue is revealed. This
method not only uncovers the immediate causes but also highlights systemic issues that
contribute to the failures.

The following analysis address three critical problem areas; High Mean Time to Repair
(MTTR), Frequent Gearbox Planetary Carrier Failures, and Gearbox Bearing Failures, each
of which significantly impacts the operational performance and maintenance efforts. By
identifying these root causes, we aimed to develop targeted strategies to mitigate these

issues and enhance the overall reliability of the BWR.

Independent Project Report Page 69 of 210



David Adams 1908506

15 WHY?

2" WHY?

3 WHY?

4" WHY?

5" WHY?

Independent Project (ACMAG013)

What caused the specific situation?

High MTTR - 67 Weeks

Why wasn't the problem detected?

What systems failed?

Extensive time required for repairs

Lack of support from gearbox OEM

Lack of communication

No spare gearbox or components held in
stock

Gearbox system is no longer manufactured

OEM no longer supports gearbox system

No spare gearbox or components are
available

Gearbox system maintenance costs are
high and not many units still in service

OEM no longer operates within industrial
gearbox sector

Manufacturer no longer supports this
gearbox

Gearbox system uses old, outdated and
inefficient technology

OEM operates exclusively within defence
sector

Gearbox is considered obsolete and is in
the replacement period of the product
lifecycle

Gearbox system was manufactured in 1958

High profitability within defence sector
compared to industrial sector

Figure 22 - High MTTR 5 why diagram
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Figure 24 - Gearbox bearing failure 5 why diagram
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11.2.2.1. Mean time to repair (MTTR) analysis

Figure 22 shows the long period of downtime following gearbox failures is primarily due
to the extensive time required for repairs. This is exacerbated by the fact that no spare
gearbox or components are held in stock. Without readily available spare parts, repairs
are significantly delayed as parts need to be sourced, which is further complicated by the
unavailability of spare gearboxes or components. This situation leads to prolonged
downtime, severely impacting productivity and operational efficiency.

The issue of no spare gearbox or components being held in stock is a critical factor. This
unavailability is since the gearbox system is no longer manufactured. As a result, even if
a failure occurs, the time required to source obsolete parts from limited suppliers
increases the overall repair time. This lack of spares in stock necessitates finding
alternative sources, further delaying repairs and increasing downtime.

The unavailability of spare gearbox or components is a major concern. The high
maintenance costs and the fact that not many units are still in service make it
uneconomical for suppliers to stock these parts. This situation results in longer lead
times for acquiring necessary components, further extending the repair period and
downtime.

The manufacturer's decision to no longer support this gearbox exacerbates the problem.
The gearbox system uses old, outdated, and inefficient technology, and the OEM has
shifted focus away from this product line. Without support from the OEM, acquiring
technical assistance and parts becomes challenging, further complicating the repair
process and extending downtime.

The gearbox is considered obsolete and is in the replacement period of its product
lifecycle, having been manufactured in 1958. As a result, it is no longer economically
viable to maintain this equipment, and more efficient systems are available. However,
the transition to new systems involves significant investments and planning, which have
not yet been implemented, leading to continued reliance on an outdated and unreliable

system.
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11.2.2.2. Gearbox planetary carrier failure analysis

Figure 23 shows the planetary gear teeth fractured due to excessive load and wear. The
gears were subjected to loads beyond their design capacity, leading to premature wear
and failure. This situation is exacerbated by operational demands and inadequate
maintenance practices, which do not address the root causes of gear stress and
misalignment.

The excessive load and wear on the planetary gears result from misalighment and
continuous operation under suboptimal conditions. The lack of real-time condition
monitoring means that these issues go unnoticed until a failure occurs. This situation
highlights the need for better load management and regular maintenance to prevent
excessive wear.

Misalignment of gears causes uneven stress distribution, leading to premature failure.
The misalignment can result from improper installation, wear and tear, or operational
stresses. Without sufficient predictive maintenance tools, these issues are not detected
early, leading to unexpected failures and increased downtime.

Continuous operation without adequate maintenance leads to significant wear and tear
on gear components. Budget constraints prevent the implementation of comprehensive
maintenance practices, resulting in reactive rather than proactive maintenance. This
lack of preventive measures accelerates the degradation of critical components.
Inadequate maintenance and monitoring are key contributors to the frequent failures of
the planetary carrier. The business prioritisation of short-term cost savings over long-
term investments has led to insufficient focus on maintaining and upgrading the gearbox.
This approach results in the failure to implement advanced monitoring systems and

regular maintenance schedules, exacerbating the problem.

11.2.2.3. Gearbox bearing failure analysis

Figure 24 shows the bearing overheated and seized due to insufficient lubrication.
Without adequate lubrication, friction increases, causing the bearing to overheat and
eventually seize. This situation highlights the importance of regular lubrication and real-
time monitoring to prevent overheating.

The insufficient lubrication was a result of lubrication only being performed during

weekly maintenance outages. The lubrication schedule was inadequate for the operating
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conditions, leading to increased friction and wear. This points to the need for more
frequent lubrication and better access for maintenance.

Lubrication was only performed during scheduled maintenance, which was insufficient
for the gearbox's operating conditions. Difficult access to the gearbox for lubrication
further complicates regular maintenance efforts, necessitating design modifications to
improve access and lubrication practices.

The gearbox's design and physical location made it challenging to perform regular
lubrication. Design constraints and the physical location of the gearbox restricted
access, making it difficult to perform timely and adequate lubrication, contributing to
bearing failures.

The design and physical location of the gearbox limited the ability to perform regular and
effective maintenance. Insufficient focus on advanced monitoring systems and modern
lubrication technology further exacerbated the problem, leading to frequent bearing

failures and increased downtime.

11.2.3. Fishbone Diagram (Ishikawa)

A Fishbone diagram, as shown in Figure 25, was used to systematically identify the root
causes of the frequent and costly failures of the existing gearbox and electric motor. This
diagram facilitated a structured brainstorming session with key stakeholders, including
maintenance staff, operations personnel, and project engineers. The Fishbone diagram
categorized potential causes into major groups: Machinery, Methods, Materials,
Manpower, Measurement, and Environment. Under each category, specific issues were
identified, such as worn-out planetary components, inadequate lubrication practices,
lack of real-time condition monitoring, difficult access for maintenance, and
environmental factors affecting gearbox performance. (Gijo, et al., 2011) suggests that
by visualizing the complex interrelationships between these factors, a Fishbone diagram
helps to pinpoint the most critical underlying issues that needed to be addressed. This
comprehensive analysis confirmed that upgrading to a hydraulic system would mitigate
these root causes, thereby enhancing system reliability and reducing maintenance
costs. The clarity provided by the Fishbone diagram ensured that all relevant aspects

were considered, leading to more targeted and effective improvement strategies.
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Figure 25 - Fishbone (ISHIKAWA) Diagram

Independent Project Report Page 76 of 210



David Adams 1908506 Independent Project (ACMAG6013)

11.2.4. Current Failure Modes and Effects Analysis (FMEA)

The FMEA in Table 9 was conducted to assess current potential failure modes of the
entire bucket wheelreclaimer and prioritise them based on theirimpact on performance.
The analysis focused on critical components, including the gearbox, bearings, gears, and
hydraulic systems.

The FMEA highlighted planetary gear failure as the highest priority issue due to its high
severity and occurrence rates. Bearing failures and gear teeth fractures also had high
RPN scores, indicating the need for advanced monitoring and preventive maintenance.
The lubrication challenges were also identified as a significant issue, requiring

improvements in both access and frequency.
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Table 9 - Current System FMEA

Process Potential Failure Potential Effect Severity Potential Occurrence Current Detection Recommended
Step Mode (S) Causes (0) Controls (D) Actions
Regular Improve
Reduced Poor . : . p.
L .. maintenance, lubrication, use
Gearbox Gear tooth wear efficiency, 8 lubrication, . . .
lubrication high-quality
breakdown wear and tear .
schedules lubricants
. L Vibration Install real-time
Overheating, Contamination, . ..
. . . . analysis, condition
Gearbox Bearing failure mechanical 9 inadequate "
. . temperature monitoring
failure lubrication o
monitoring systems
Visual Upgrade seals,
. . Aging seals, inspections, increase
Gearbox Seal failure Oil leakage ‘g & P . .
high pressure scheduled inspection
replacements frequency
. Improve
Improper Alignment . P .
. . . . installation
. Vibration, installation, checks,
Gearbox Misalignment . 8 . . . procedures,
increased wear operational vibration frequent
stresses monitoring . g
alignment checks
Thermal Install improved
. Overload, . .
Electric . Motor damage, . protection, cooling systems,
Overheating . 10 inadequate
Motor fire risk coolin regular conduct load
& maintenance analysis
Agin Insulation Use higher quality
Electric . . Short circuits, . & g testing, insulation,
Insulation failure ) 9 insulation, . . .
Motor fire ) maintenance increase testing
electrical stress
schedules frequency
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11.2.5. Analysis Findings

The systematic analysis of various data sets confirms that the gearbox is experiencing
rapid onset and unpredictable catastrophic failures, primarily due to planetary
component failures. These issues are exacerbated by the lack of real-time predictive
condition monitoring and challenges in accessing the gearbox for lubrication. The
frequent failures, difficulty in sourcing spare or replacement parts and high maintenance
costs support the conclusion that the gearbox is in its End-of-Life phase and should be

replaced with another system.

11.2.6. Recommendations

11.2.6.1. Immediate Actions
Implement real-time monitoring systems and increase preventative maintenance to help

mitigate further catastrophic failures.

11.2.6.2. Long-term Solution

Replace the current gearbox with a new system to improve reliability, reduce downtime,
and lower overall maintenance expenses.

Continue to monitor performance metrics post-implementation to ensure the new

system meets the desired objectives.
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12. Improve Phase

The improve phase of the project focused on enhancing the system's design, reliability,
and performance. This phase involved a literature review, vendor selection, design
reviews, and design improvements. It also included addressing weight distribution
challenges due to load dynamics changes, and incorporating safety features like
lockable ball valves for safe isolation and immobilization of the hydraulic system during
maintenance.

A crucial part of this phase was the detailed engineering analysis conducted by Ingleside
Engineering, which designed the new walkway assemblies and performed extensive
calculations to ensure the structural integrity of the upgraded system. This analysis
considered both the operational loads and the temporary loads during the installation
phase, in compliance with legislative requirements. Temporary works were carefully
planned to manage the removal of the existing gearbox and the installation of the new
system.

The improve phase also included rigorous validation of BOSCH's hydraulic conversion
calculations and component selections to ensure the system's compatibility and
performance. The project's success hinged on addressing these technical challenges,
aligning with safety and operational standards, and utilising the expertise of all
stakeholders. This collaborative approach ensured that the improvements made were
robust, sustainable, and aligned with the project's overall objectives of reducing

downtime, improving efficiency, and enhancing safety.

12.1. Pre-planning

The pre-planning phase focused on laying the groundwork for the project engineering by
conducting a thorough literature review, exploring possible solutions, and engaging with
potential vendors. This phase was critical for understanding the scope of the problem,
evaluating technological advancements, and identifying the best possible solution for

upgrading the gearbox system.
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12.1.1. Literature Review

Conducting a literature review aimed to identify the latest advancements in gearbox and
drive system technologies for heavy duty or mining applications. Hydraulic systems
became a primary focus due to their reliability and efficiency in heavy machinery
applications. From the literature, (Nicholas, et al., 2008) suggests that upgrading the
bucket drive system to a hydraulic system offer multiple advantages over traditional
mechanical or electric drive systems, they also suggest hydraulic systems are also
inherently more reliable and easier to maintain, as they have fewer moving parts subject
to wear. Additionally, (Nicholas, et al., 2008) argues that hydraulic systems can be more
energy-efficient, particularly in applications requiring variable speed and torque.
Upgrading to a hydraulic drive can lead to significant improvements in reliability and
operational efficiency, lower maintenance costs, and reduced energy consumption. The
initialinvestment in upgrading can be offset by the extended equipment lifecycle and the
operational savings achieved through improved efficiency and reduced downtime

In a case study, a large mining operation decided to upgrade its conveyor system by
replacing the mechanical drives with hydraulic drive systems. The hydraulic drives
offered better control and efficiency under variable load conditions and were more
reliable and easier to maintain than the mechanical systems. (Kruczek, et al., 2019)
describes how after the upgrade to hydraulic drives, the mining operation experienced a
30% reduction in energy consumption due to the higher efficiency of the hydraulic
system. Additionally, maintenance costs dropped by 20% due to the increased reliability
and lower wear and tear on the system. The operation also benefited from improved
operational flexibility, allowing for smoother and more efficient handling of different

materials.

12.1.2. Potential Solutions

Based on the literature review, several potential solutions were identified, including:
1. Replacing the Existing Electric Drive System with a new AC drive, motor and gearbox.
These systems offer precise control and improved energy efficiency but would

require frequent maintenance.

2. Replace the existing drive system with a Hydraulic drive system.
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Hydraulic systems have improved robustness and lower maintenance requirements.
They offer improved operational efficiency and reliability.

3. Replace complete Bucket Wheel Reclaimer with new, this would involve replacing
the entire BWR, providing the latest technology and potentially the highest reliability

and efficiency, however this would incur the greatest investment.

12.1.3. Vendor Consultation

To evaluate these solutions further, we invited market-leading vendors ABB, Bosch, and
Thyssen-Krupp, for initial consultations. Each vendor was selected based on their
expertise and proven track record in providing advanced solutions and retrofits for
mining equipment and bucket wheel reclaimers. Each vendor provided a detailed

technical presentation, outlining their proposed solutions and highlighting key benefits.

12.1.3.1. ABB

ABB proposed replacing the existing electric drive system with a new AC drive, motor and
gearbox assembly, emphasising the benefits of high efficiency, precise control, and
advanced diagnostics. Appendix A: ABB Proposal highlighted case studies where their
systems improved operational efficiency and reduced downtime in similar applications.
One of the primary advantages of ABB's solution is the energy efficiency improvement
and the precise control it offers. AC Electric drives can be finely tuned to match the
operational demands, potentially leading to lower operational costs and improved
performance. ABB's systems are also well-integrated with modern control systems,
providing advanced diagnostics and integration with existing infrastructure.

However, there are some drawbacks to this solution. AC Electric drive systems, while
efficient, often require complex and more frequent maintenance. This could lead to
higher long-term maintenance costs and potential downtime. Additionally, the
implementation timeline for ABB's solution is moderate, which means that any
operational interruptions during the upgrade could be more prolonged than with some

other solutions.

12.1.3.2. BOSCH
BOSCH proposed a hydraulic system known for its reliability, robustness, and lower

maintenance requirements. Appendix B: BOSCH Proposal included detailed technical
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specifications and demonstrated lower maintenance costs and higher uptime through
case studies in previous mining projects and specifically Bucket Wheel Reclaimers.
Hydraulic systems are particularly suited to heavy-duty operations, making them an
ideal choice forthe bucketwheelreclaimer. The primary benefit of their solutionincludes
high reliability and robustness. Hydraulic systems can handle substantial operational
loads and harsh working conditions with less frequent maintenance. This reliability
translates into higher uptime and lower long-term maintenance costs. Additionally, the
implementation timeline for BOSCH's solution is shorter compared to the electric drive
option, as they utilise standardised and readily available (off the shelf) components, thus
minimising operational interruptions during the upgrade and providing a high degree of
support and serviceability going forward.

Despite these advantages, there are some potential drawbacks to consider such as the
overall footprint and weight of the hydraulic system being considerably different and
therefore would require structural modifications to accommodate. Additionally,
Hydraulic systems require careful management of hydraulic fluids to prevent leaks and
maintain system safety and efficiency. This necessitates a robust maintenance program
to monitor and manage fluid levels and quality. However, BOSCH's extensive support

services and expertise in hydraulic systems mitigate this concern significantly.

12.1.3.3. Thyssen-Krupp

Thyssen-Krupp proposed a completely new bucket wheel reclaimer at a cost of around
£2M. Appendix C: Thyssen-Krupp Proposal showcased a previous project delivery of a
bucket wheel reclaimer in a major mining operation alongside other case studies. This
solution would provide the latest technology, highest potential reliability, and efficiency,
and ongoing support from the OEM.

The primary benefit of this solution is the comprehensive upgrade on offer. By replacing
the entire system, we can leverage the latest technological advancements, resulting in
potentially the highest reliability and operational efficiency. Thyssen-Krupp's new
reclaimer would come with state-of-the-art features and capabilities, setting a new
standard for performance and productivity.

However, this solution involves the highest initial investment, which would be a

significant financial burden. The cost is substantially higher than the other options,
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making it a less attractive choice from a financial perspective. Additionally, the
implementation timeline is much longer, which means more extended operational
interruptions prior to and during the installation phase. While the long-term benefits are

substantial, the immediate financial and operational impacts are considerable.

12.1.4. Vendor Selection

To objectively assess each proposal, a vendor selection criteria document was
developed. The criteria includes factors such as technical capability, cost,
implementation timeline, support services, and past performance. A weighted Decision
Matrix as shown in Table 10 was used to evaluate each vendor against these criteria. The

weights assigned to each criterion reflect their relative importance to the project.

1. Technical Capability — 30% - Evaluation of the proposed solution's technical
merits and its suitability for our specific application.

2. Cost-25% - Total cost of ownership (TCO), including initialimplementation costs
and long-term maintenance expenses.

3. Implementation Timeline — 20% - Estimated time required to implement the
solution, including any potential downtime.

4. Spares/ Support Services — 15% - Availability of technical support, spares and
after-sales service.

5. Past Performance - 10% - Track record of successful implementation of similar

projects.

Table 10 - Vendor Assessment

Thyssen-
ABB BOSCH Krup

Criteria

Weighted

Score

Weighted

Score

Weighted

Score

Technical Capability 30% 2.4 2.7 2.7
Cost 25% 1.75 2.0 1.25
Implementation 20% 1.2 1.8 1.0
Timeline
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Spares/ Support 15% 1.2 1.35 1.2
Services

Past Performance 10% 0.8 0.9 0.8
Total 100% 7.35 8.75 7.0

12.1.5. Evaluation Outcome

Based on the comprehensive and structured evaluation, ensuring fairness and
transparency, BOSCH emerged as the preferred vendor. BOSCH's proposal was deemed
the best fit for the project, as the hydraulic system not only meets the technical
requirements but also offers significant advantages in terms of TCO, ROI, reliability,

maintenance, and support services compared to the other proposals.

12.2. Design Phase

Once the Vendor selection has been completed, it is then possible, to focus on refining
the chosen solution, finalising technical specifications (engaging key stakeholders for
input and validation), creating an impact assessment and preparing forimplementation.
This phase is critical to ensure that the solution meets all operational requirements and
integrates seamlessly into the existing system. As the project manager, my role was
pivotal to effectively manage the project, provide technical expertise, and ensure

compliance with all regulatory and business requirements.

12.2.1. Finalising Technical Specifications

After selecting BOSCH as the preferred vendor, the next step involved working closely
with their hydraulic experts to finalise the technical specifications of the hydraulic
system. This included detailed costs, engineering drawings, system schematics, and
specifications for components such as pumps, valves, power units, oil coolers, and
control systems. Appendix D: BOSCH Specifications and Quotation provide specific

details of the proposed hydraulic system specifications including costs.

12.2.1.1. Hydraulic calculations
Verification of BOSCH's component selections was a critical aspect of this phase. The

independent calculations, shown in Appendix E: Hydraulic Calculations for torque
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requirements, power ratings, and operational pressures, were completed and verified by
consultant design engineers at Ingleside Engineering to ensure they met the
performance criteria for our bucket wheel reclaimer. This involved confirming the
anticipated running pressures and ensuring the maximum torque capability would safely

meet operational demands.

12.2.1.2. Access requirements

The implementation of a hydraulic system necessitated several structural modifications
to the bucket wheel reclaimer. Appendix F: Design Brief, shows that Ingleside
Engineering were engaged to design the necessary steelwork, including walkways and
support structures. The design process involved detailed engineering drawings and
structural calculations to ensure that the walkways would support the necessary loads
and provide safe access for maintenance personnel. The design included features such
as anti-slip surfaces, guardrails, and interlocked safety gates to enhance worker safety.
Due to previous issues with maintainability and accessibility, it was a key requirement to
ensure sufficient access for monitoring and maintenance. The initial design had poor
access provisions, however after an initial design review, we incorporated features such
as a new walkway system, with strategically placed access points and monitoring
interfaces to facilitate easy inspection, maintenance, and real-time condition
monitoring. These improvements aimed to minimise downtime and enhance the
reliability of the system, whilst improving health and safety performance and minimising
risk to personnel. The design shown in Appendix G: Walkway Design was completed by
Ingleside Engineering, with input and feedback from the maintenance team to ensure
maximum effectiveness. The tender document in Appendix H: Walkway Tender
Documentwas then sent to Mll Engineering Ltd, and Appendix I: Walkway Quotation was

received in return and the contract awarded for manufacture.

12.2.1.3. Control Systems Requirements

The control systems requirements for the new hydraulic system were a significant part of
the design phase. This involved ensuring compatibility between the existing control
systems of the Bucket Wheel Reclaimer (BWR) and the new hydraulic components. The
integration of the MODBUS system with the PROFIBUS and PROFISAFE systems

presented several challenges due to differences in communication standards, data
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formats, and safety protocols. The BWR's existing control system operates on MODBUS
protocol, whereas the new hydraulic system from BOSCH usually uses PROFIBUS and
PROFISAFE protocols. Integrating these systems required meticulous planning and the

use of a special MODBUS card from a different BOSCH system as shown in Figure 26.

Main boards, Jumpers & Terminals  35/68

4.3.2 Modbus RTU

Main board connector

o2

Modbus connector <

Termination switch

/—LED indicators

= = = o ®
ofwssi)o [onpanntie o

\]\/‘L Interface
Parity switches
Baudrate switches
N

ode Address switches

4.3.2.1 Indicators

Indicator name Description Function Information
Green flashing Receiving Query and building response

D1 Processing

Off No Query.

Red Bus error
D2 Bus error

Off Normal operation

Red Module is Off-Line.
D3 Offline

Off Module is not Off-Line.

Green Bus ready. Normal operation.

D4 HW settings status Red Bus timeout error.

Off Bus not initialized correctly.

Green flashing 1Hz  Initialized and running OK.
Green flashing 2Hz Not initialised.
Red Unspecified internal errer or running
in boot loader mode.
D12 Watchdog
Red flashing 1 Hz RAM failure.

Red flashing 2 Hz ASIC or FLASH failure.

Red flashing 4 Hz DPRAM failure.

Bosch Rexroth Mellansel AB, User manual, Higglunds Spider2 , RE 15330-WA/03.2015
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36/68  Main boards, Jumpers & Terminals

4.3.2.2 Switches

Indicator name Function Settings Information
On Enabled (if first or last in a network)
S1 Terminating switch
Off Disabled
52:1-7 Node Adress Binary value:
Switch: 1234567
0000000 Not valid
0000001 1
0000010 2
0000011 3
1111111 127
52:8 .
53:12 Baud rate Binary value
Switch: 812 Not valid
000 1200
001 2400
010 4800
011 9600
100 19200 (Default)
101 38400
110 57600
111
53:34 Parity Binary value
a4 Not valid
00 None(Default)
o1 Even
10 Odd
11
535 Physical interf: 0= RS-485
: ysical interface i - Basas

4.3.2.3 Modbus connector (Female 9-pin D-sub)

Pin Function Information
Housing Shield Connected to PE
1 Not connected

2 RS232-TX Transmit signal
3 RS232-RX Recive signal

4 Not connected

5 GND Bus Signal grund

6 +5V Bus

7 RS485D0

8 RS5485D0

9 Not connected

RE 15330-WA/03.2015, User manual, Hagglunds Spider2, Bosch Rexroth Mellansel AB

Figure 26 - MODBUS Card
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12.2.1.4. Electrical and Control System Cable Modifications

Modifying the power supplies and control system cabling was a critical aspect of the
installation. This involved connecting the BWR’s Programmable Logic Controller (PLC)
on the slew deck area to the hydraulic controller located at the end of the boom. Detailed
plans were developed to run new cabling that meets the BS5467:2016 (British Standards
Institute, 2016),and BS EN 50288-7:2005 (British Standards Institute, 2005)
specifications. Control systems engineers configured the PLC and spider systems to

ensure that the software and hardware interfaces were compatible.

12.2.1.5. Collaboration and Testing

Close collaboration between the TATA and BOSCH teams was essential. Regular
coordination meetings and technical reviews were conducted to address issues and
ensure that the integration progressed smoothly. On-site testing was performed prior to
design finalisation using a dummy control unit which was shipped to site from BOSCH
and connected to the BWR PLC system to verify that the systems communicated

correctly and that all safety protocols were in place before the design was finalised.

12.2.2. Structural Changes and Steelwork Requirements

12.2.2.1. Impact on Load Dynamics

The transition from an electric drive system to a hydraulic system affects the load
dynamics of the machine. The removal of the existing motor and gearbox and the
installation of the new hydraulic components and walkways as shown in Figure 27, alters
the weight distribution and load paths significantly. Ingleside Engineering conducted a
detailed analysis to understand these changes and designed counterbalances and
reinforcements as needed. Appendix J: Load Dynamic Calculations shows the
calculation of the Tonnes per metre for the existing and proposed systems to simulate
the load conditions and determine what modifications would be required at the
counterbalance to maintain the machine's stability and not compromise the structural

integrity of the slewing and luffing arrangements.
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Figure 27 - Hydraulic Bucket Drive System (BOSCH REXROTH, 2023)

12.2.2.2. Temporary Works During Installation

Given the significant structural changes required, temporary works are necessary to
support the machine during the installation phase. This includes thickness testing of the
existing structure in specific locations as per Appendix K: Thickness Testing Plan prior to
the installation of temporary bracing and supports to maintain structural integrity while
the old system is removed, and the new system installed. These temporary works as
shown in Appendix L: Temporary Works Design are designed by Ingleside Engineering in
accordance with the CDM: Construction Design and Management Regulations 2015
(Health and Safety Executive, 2015) and independently verified by Tata Consultant
Engineers (TCE) based in India. This verification process ensures independent

compliance with CDM legislative requirements.
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12.2.3. Impact Assessment

Evaluating the impact of the proposed improvements on the reclaimer's reliability
performance, including reductions in operation and maintenance costs, and overall

productivity improvements is crucial before finalising the project route.

12.2.3.1. Benefits of implementing Hydraulic Drives

1. Hydraulic drive systems offer superior control and efficiency, especially for
variable speed and load applications. This can lead to energy savings and
improved operational performance. (Meehan, 2012)

2. Hydraulic systems have fewer moving parts and are less prone to wear and tear,
resulting in lower maintenance costs and higher reliability. (Rydberg, 2015)

3. Hydraulic drives can be more easily adjusted or reconfigured for different
operational needs, providing greater flexibility in mining-type operations.

(Meehan, 2012)

12.2.3.2. Costs of implementing hydraulic drives

1. Upgradingto hydraulic drives involves capital expenditure for new equipment and
installation. (Norton, 2019) However, this cost is offset by the long-term savings
and operational benefits.

2. There may be a transition period during which productivity is impacted as the new
system is installed and commissioned.

3. While the initial investment for hydraulic drive systems is higher than some
alternative solutions, the long-term savings in maintenance and operational
efficiencies, as well as potential increases in production capacity, contribute to a
favourable ROI. (Rydberg, 2015) states case studies have reported payback

periods of 2-5 years following the upgrade to hydraulic systems.

12.2.4. Lifecycle Analysis

A comprehensive analysis considering the entire lifecycle of the BWR will demonstrate
the long-term benefits and cost savings resulting from the proposed upgrades and

different maintenance strategies. (Sonnemann & Margni, 2015)
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12.2.4.1. Objectives and Scope
To evaluate the environmental, economic, and social impacts of completing a hydraulic

drive upgrade on the BWR during Implementation, Operation and Maintenance phases.

12.2.4.2. Environmental Analysis

1. Using Equation 1, and the values found in Table 11 it is possible to calculate the
current Annual Energy Usage for both Materials reclaimed.
Current Annual Energy Usage (Material A) = 7800 x 132 x 0.95 =
978,120kWh.
Current Annual Energy Usage (Material B) = 7800 x 132 x 0.98 =
1,009,008 kWh.

2. Using Equation 2, a CO2 emission factor of 0.233 kgCO2/kWh (Department for

Energy, Security and Net Zero, 2023), and the values in Table 11, it is possible to
calculate the Current CO2 Emissions.

Current CO2 Emissions (Material A) = 978120 x 0.233 = 227,901.96 kg
Current CO2 Emissions (Material B) = 1009008 x 0.233 = 235,098.66 kg

3. Using Equation 1, and the valuesin Table 12, itis possible to calculate the Future
Annual Energy Usage.
Future Annual Energy Usage (Material A) = 8712 x 132 x 0.50 =
574,992 kWh.
Future Annual Energy Usage (Material B) = 8712 x 132 x 0.55 =
632,491.20 kWh.

4. Using Equation 2, and the values in Table 12, it is possible to calculate the future
CO2 Emissions.
Future CO2 Emissions (Material A) = 574992 x 0.233 = 133,973.14 kg
Future CO2 Emissions (Material B) = 632491.20 x 0.233 = 147,370.45 kg

Table 11 - Current Operating Parameters

Material Runtime Power Load Annual Annual Annual

(T) [h] rating Factor Energy Running Co2 [kg]

(P) [kW]  (X) [%] Cost [£]
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Usage

[kWh]
A 7800 132 0.95 978,120.00 146,718.00 227,901.96
B 7800 132 0.98 1,009,008.00 | 151,351.20 235,098.86

This is the current operating parameters for the electric bucket drive motor, for our two
different material bulk-densities, with 12 hours maintenance per week and 168-hour

maintenance period every 6 months.

Table 12 - Future Operating Parameters

Material Runtime  Power Load Annual Annual Annual
(T) [h] rating Factor Energy Running Co2 [kg]
(P)[kW] (X)[%] Usage Cost [£]
[kWh]
B 8712 132 0.55 632,491.20 94,873.68 147,370.45

This is the proposed operating parameters for the hydraulic bucket drive, for our two
different material bulk-densities, with 24-hour maintenance period every 6 months (the

increased runtime due to increased reliability)

Equation 1 (Beaty, 2000)

Annual Energy Usage [kwh] = Power Rating (P) X Load Factor(X) X
Runtime (T)

Equation 2 (Beaty, 2000)

CO2 Emissions [kg] = Energy Usage [kWh] X CO2 Emission Factor [kgCO2 /
kWh]

Equation 3

Estimated Energy Savings[kWh] = Current Energy Usage [kWh] —
Future energy usage[kWh]
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Equation 4

CO2 Emission Reduction[kg] = Current CO2 Emissions [kg] —
Future CO2 Emissions|[kg]

Equation 5

Estimated Cost Savings[£] = Current Energy Costs[£] —
Future energy Costs[£]

12.2.4.3. Economic Analysis
1. Initial Investment = £180,000 (Hydraulic System Upgrade = £140,000 + Steelwork
Modifications = £30,000 + Design Consultants = £10,000). Appendix D: BOSCH
Specifications and Quotation, Appendix I: Walkway Quotation
2. Usingthe Equation 3, the anticipated energy savings between Table 11 and Table
12, and the average UK energy cost of £0.15 per kWh. (Office of Gas and Electricity
Markets, 2024).

Annual Energy Cost Savings (Material A) 146,718.00 — 86,248.80 =

£60,470

Annual Energy Cost Savings (Material B) 151,351.20 — 94,873.68 =

£56,477.52

3. Maintenance Cost Savings = (Marquez, et al., 2008) suggests 20% - 40% reduction
in maintenance costs between electro-mechanical systems and hydraulic
systems. A conservative estimate of a 20% reduction in 2023 maintenance costs
of £1.6m, leads to savings of £320,000 per annum.

4. Operational Cost Savings = By avoiding 1 incident of unplanned downtime per
year, costing £50,000 in mobile plant equipment alone, savings amount to at least

£50,000 annually.

12.2.4.4. Social Analysis
(Davies, 2012) states the workforce requires training on the new systems, software, and

procedures. Thus, enhancing skills but requiring upfront time and resource investment.

12.2.4.5. Environmental Impact Assessment

The implementation significantly reduces energy consumption and CO2 emissions,

contributing positively to environmental sustainability goals.
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12.2.4.6. Economic Impact Assessment
1. Using Equation 6 it is possible to calculate the total annual savings.
Total annual savings = £56,477.52 + £320,000 + £50,000 = £426,477.52
2. Using Equation 7 it is possible to calculate a Return on Investment (ROI)
Return on Investment (ROI) = £426,477.52 / £180,000 X 100 = 236.93%

This ROl value indicates a payback period of less than 6 months.

Equation 6

Total Annual Savings = Energy Cost Savings + Maintenance Cost Savings +

Downtime Cost Savings

Equation 7

Return on Investment (ROI)

= (Total Annual Savings)/(Initial Investement) X 100

12.2.4.7. Social Impact Assessment
The introduction of new technologies and systems enhances workforce capabilities,

promoting a culture of continuous learning and adaptation. (Davies, 2012)

12.2.4.8. Interpretation

The integration of predictive maintenance and hydraulic drive upgrades presents a
comprehensive approach to improving the lifecycle performance of the equipment.
(Schmidt, 2014) argues that this strategy not only enhances operational efficiency and
reliability but also makes significant strides towards environmental sustainability and
economic savings. The synergy between these improvements maximises potential

benefits, making a strong case for their adoption.

12.2.5. Role as Project Manager

As the project manager, my role was critical in coordinating these activities and ensuring
the project stayed on track during the design phase. Effective project management tools,
such as Gantt charts and regular review meetings, were used to plan and track the
project's progress. These tools helped in identifying critical tasks, managing

dependencies, and ensuring that the project stayed on schedule. Regular project
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meetings, updates, site visits and feedback sessions were conducted to ensure
understanding and to address any concerns promptly.

My technical expertise were also essentialin addressing the isolation and immobilisation
requirements. Ensuring that the hydraulic system could be safely isolated for
maintenance, required a deep understanding of both the mechanical and operational
aspects of the system. This involved working closely with BOSCH's engineers to design
the isolation mechanisms and verifying that they met not only legislative safety

standards but also company safety standards and protocols.

12.3. Implementation Phase

12.3.1. Planning

The planning phase is a crucial step in ensuring that the implementation of the hydraulic
system upgrade is executed smoothly and efficiently. This phase involves finalising the
project timeline, securing resources, coordinating with all stakeholders, and preparing

detailed plans for each subsequent phase.

12.3.1.1. Project Timeline and Coordination

A detailed project timeline was developed using Gantt charts and the Critical Path
Method (CPM) to identify critical tasks, manage dependencies, and ensure that the
project stayed on schedule. Key milestones include the completion of the design phase,
procurement of materials, manufacturing, installation, and commissioning. Regular
project meetings were scheduled to provide updates, address any issues, and ensure

alignment among all stakeholders.

12.3.1.2. Resource Allocation

Securing the necessary resources, both financialand human, is critical to the success of
the project. This involved finalising the budget, ensuring that funds were allocated for
each phase, and assembling a team of skilled professionals, including project engineers,
consultants, technicians, and safety officers. Coordination with the procurement

department was essential to ensure timely acquisition of materials and components.
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12.3.1.3. Stakeholder Engagement

Engaging stakeholders early and maintaining open lines of communication is a priority.
This includes regular updates to senior management, involvement of the maintenance
and operations teams in planning and decision-making processes and ensuring
compliance with safety regulations through consultations with safety officers. Effective
stakeholder management helps in addressing concerns, obtaining buy-in, and ensuring

smooth execution of the project.

12.3.2. Manufacturing

The manufacturing phase involves the production and assembly of the hydraulic system
components and the new access walkways, ensuring they meet the required

specifications and quality standards.

12.3.2.1. Hydraulic System

The hydraulic system components were manufactured by BOSCH according to the
finalised technical specifications. This included the CB840-680 direct drive hydraulic
motor complete with shrink disc coupling, DUC-LS2-132-250+000-0-A-Y-S-E-400/50
HPU with integrated oil cooler, TC A 0840 2 0 00 Torque arm complete with pivot
attachment and SPDC CB—0 01856 00 00 speed sensor, and spider control systems.
BOSCH's expertise in hydraulic systems ensured that the components were of the

highest quality and adhered to (European Commission, 2014) CE marking standards.

12.3.2.2. Access Walkways

In parallel with the hydraulic system, new walkway assemblies were manufactured to
facilitate access for installation and future maintenance. The fabrication of the walkway
assembly was carried out by MIl Engineering Ltd, a specialised manufacturing facility
with expertise in producing industrial walkways and platforms. MIl Engineering Ltd
manufactured the walkways according to the detailed drawings created by Ingleside
Engineering as shown in Appendix G: Walkway Design.

Once fabricated, the walkway assemblies underwent thorough quality assurance and
testing procedures. This included paint finishes, alignment, stability, and compliance
with the design specifications. Any discrepancies were addressed promptly to maintain

the highest quality standards.
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The completed walkway assemblies were transported to the project site in modular
sections, designed for easy on-site assembly. Detailed installation plans were developed

to coordinate the installation of the walkways with the hydraulic system installation

12.3.2.3. Quality Assurance

Quality assurance processes were implemented to verify that all components met the
required standards. This included rigorous testing of the individual hydraulic
components and the overall hydraulic system assembly to ensure functionality,
durability, and safety at the BOSCH Factory. It also included auditing the CE

documentation which accompanies the assemblies.

12.3.2.3.1. Factory Acceptance Testing (FAT)

As project manager, it was my responsibility to witness the factory testing in person at
the BOSCH factory, ensuring any deviations from specifications were addressed
promptly to maintain the success of the project. | then signed the FAT document as
shown in Appendix M: Factory Acceptance Document, to accept the systems
performance meets the specifications and to authorise the shipping of the system to site,

ready for installation shown in Figure 28.
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Figure 28 - Delivered System

12.3.3. Installation

The installation phase involves the installation of temporary works, removal of the
existing electric drive system, installation of the new hydraulic system, and
implementation of structural modifications to support the new system before temporary
works removals. This phase is meticulously planned and must be executed accordingly

to ensure safety and efficiency.

12.3.3.1. Temporary Works

Temporary works are an essential aspect of the installation phase for the hydraulic
system upgrade. Given the complexity and weight of the systems involved, temporary
supports, bracing, and safety measures are necessary to maintain structural integrity
and ensure the safety of personnel during removal and fitting of components. In addition
to the Ingleside Engineering modelling and design as shown in Appendix L: Temporary
Works Design - A coordination plan is required to ensure the structural integrity of the

BWR during the installation phase, to provide safe working conditions for all personnel
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involved in the installation phase and comply with all relevant safety regulations,
including the Construction (Design and Management) Regulations 2015 (Health and

Safety Executive, 2015)

12.3.3.1.1. Roles and Responsibilities

The project manager has overall responsibility for coordinating the temporary works,
ensuring compliance with project timelines. The temporary works coordinator is a
dedicated person responsible and accountable for overseeing the design, installation,
monitoring, and removal of temporary works, in accordance with safety standards, and
regulatory requirements. The engineering team (Ingleside Engineering) are responsible
for designing the temporary works, conducting site surveys, and providing technical
support throughout the project. The safety officers monitor compliance with safety
protocols, conduct regular inspections, and address any safety concerns related to the
temporary works. The temporary works installation teams execute the installation and

removal of temporary works according to the approved design and procedures.

12.3.3.1.2. Temporary Works Procedure

1. Mobilise the necessary equipment and materials to the site, ensuring allcomponents
are in good condition and meet safety standards.

2. Implement safety barriers and signage to designate restricted areas and protect
personnel from potential hazards.

3. Implement measures to control dust, noise, and other environmental impacts during
the temporary works.

4. Ensure proper waste management and disposal procedures are in place to minimise
environmental footprint.

5. Provide access platforms and walkways to facilitate safe movement and working
conditions for installation teams.

6. Erect temporary supports and bracing according to the approved design, following
the manufacturer’s instructions and industry best practices.

7. Install guardrails, harness points, and fall protection systems to prevent accidents
and injuries.

8. Conduct initial inspections and load tests to verify the integrity and stability of the

temporary works.
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9. Dedicated temporary works coordinator to implement a regular inspection schedule
to monitor the condition of the temporary works throughout the installation phase
and address any issues to ensure compliance with safety protocols. They must also
maintain a detailed log of all inspections, maintenance activities, and any
modifications to the temporary works.

10. Once the hydraulic system installation and structural modifications are complete,
safely dismantle and remove the temporary works.

11. Ensure alltemporary works components are removed without causing damage to the
permanent structures or newly installed equipment.

12. Remove safe access equipment and signage

13. Conduct a final site inspection to ensure all temporary works have been properly

removed and the site is restored to its original condition.

12.3.3.1.3. Compliance and Verification

e Ensure alltemporary works comply with the (Health and Safety Executive, 2015),
including risk assessments, method statements, and safety plans.

e Tata Consultant Engineers (TCE) to provide independent verification of the
temporary works design and implementation. TCE will conduct independent
inspections and audits to ensure compliance with safety and structural
standards.

¢ Maintain comprehensive documentation of all temporary works activities,
including design approvals, inspection reports, and compliance audits. Provide

regular updates to project stakeholders and regulatory authorities as required.

12.3.3.2. Removal of Existing System

After the temporary works are installed, the safe removal of the existing electric drive
system can begin. This willinvolve disconnecting electrical components, dismantling the
gearbox, motor assemblies, and safely disposing of obsolete parts. Careful planning and
execution are required to ensure that this process does not cause any damage to the

existing structure or surrounding equipment.

12.3.3.2.1. Detailed Lifting Plan
The installation phase of the hydraulic system upgrade requires the use of an 80-tonne

mobile crane to safely handle and install the heavy components of the hydraulic system.
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Appendix N: Detailed Lifting Plan outlines the lift details, specifying the procedures,
equipment, and safety measures required to ensure safe and efficient lifting operations.
The plan includes specific steps for pre-lift planning, lift coordination, execution, and

post-lift procedures, with a focus on safety and precision at every stage.

12.3.3.3. Installation of Hydraulic System
The installation of the hydraulic system will be carried out in several stages as shown in

the detailed plan Gantt chart shown in Figure 29 - Gantt Chart.

1. Structural Modifications: Implement the necessary structural changes, including
the installation of new walkways, support structures and counterbalance
weights.

2. Installing the hydraulic motor, pumps, valves, pipework, cabling and control
systems according to the detailed engineering drawings. This will involve precise
alignment and secure mounting to ensure optimal performance and safety.

3. Filling the system with hydraulic fluid, ensuring proper filtration, and conducting
leak tests to verify the integrity of the system. This step will be crucial to prevent

any contamination and ensure smooth operation.
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BWR Gearbox Failures

Tata Steel UK
David Adams

Independent Project (ACMAG013)

Project Start: Mon, 02/01/2023
Display Week: 1
TASK OWNER PROGRESS START DURATION (WEEKS)

Define 100% 2/1/23 4.071428571 30/1/23
Kick-off meeting Project Manager 100% 2/1/23 0.5 5/1/23
VoC analysis Project Manager 100% 6/1/23 1 13/1/23
Create project charter Project Manager 100% 14/1/23 0.5 18/1/23
Develop SIPOC diagram Project Manager 100% 19/1/23 0.5 22/1/23
Map current process Engineering Team 100% 23/1/23 1 30/1/23

Measure 100% 30/1/23 2 13/2/23
Develop data collection plan Data Analyst 100% 30/1/23 1 6/2/23
Collect baseline data Maintenance Team 100% 30/1/23 2 13/2/23
Conduct Gage R&R study Data Analyst 100% 30/1/23 1 6/2/23

v

Analyse 100% 13/2/23 2 27/2/23
Perform root cause analysis Engineering Team 100% 13/2/23 1 20/2/23
Conduct statistical analysis Data Analyst 100% 13/2/23 2 27/2/23
Validate hypotheses Engineering Team 100% 13/2/23 2 27/2/23
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Improve 9% 2002023 6 2/3/28
Brainstorm and evaluate solutions Engineering Team 100% 2772023 4 21323
a 100% 200223 2 6/3/23

External Vendors
Sitevisits to finalise contract scope. 100% 2533 2 10/4/23

External Vendors
Quotations Received and Vendor Selection 100%  10/423 2 /4123
(CAPEX Funding Application Project Manager 100% 20423 2 8/5/23
Design Phase 00% 8523 18 1/9/23
Hydraulic System Design External Vendors 00% 8523 7 26/6/23
Hydraulic Design Review 11 Project Manager 100% 15523 2 29/5/23
Hydraulic Design Review #2 Project Manager 100% 29523 2 12/6/23
Hydraulic Design Buy-off Project Manager 100% /623 2 26/6/23
Structural Design External Vendors 0% 12/6/23 13 " erzs
Structure Design Review #1 Project Manager 100% /63 4 10/7/23
Structure Design Review #2 Project Manager 100% 10773 4 8123
Structure Design Buy-off Project Manager 100% 733 2 2/8/23
100% /823 2 4923
Structural Manufacture Vendor Selection Project Manager 100% 493 1 1/9/23
Manufacture Phase 00 26/6/23 5 a2/3
Hydraulic System Manufacture External Vendors 100% 26623 2 18/9/23
Sturctural Steehwork Manufacture. External Vendors 100% 11923 12 4/12/23
Installation P 0% 12128 7 /328
Removal of Redundant gearbox Maintenance Team o% 12124 1 802124
Removal of existing steelwork External Vendors o% 802124 1 15/2/24
Instalation of new structural steelwork External Vendors o% 1502124 3 3124
Instalation of o% 3124 2 217320
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Control 0% 21/3/24 1 2/6/24
Develop control plan Project Manager 0% 21/3/24 0.5
v
Testing under 0% load External Vendors 0% 21/3/24 0.5
Testing under coal load External Vendors 0% 24/3/24 0.5 28/3/24 i/
Testing under ore load External Vendors 0% 28/3/24 0.5 31/3/24
Conduct training sessions Training Provider 0% 31/3/24 1 7/4/24
Update documentation and SOPs Engineering Tea 0% 7/4/24 2 21/4/24
Validation of improvements against KPI Project Manager 0% 21/4/24 4 19/5/24
Communicate Project Findings and close project Project Manager 0% 19/5/24 2 2/6/24
Universi ty 70% 4/9/23 41 17/6/24
Proposal David Adams 100% 4/9/23 1 11/9/23
Viva 1 David Adams 100% 12/12/23 1 19/12/23
Report David Adams 80% 20/5/24 1 27/5/24
Viva 2 David Adams 0% 10/6/24 1 17/6/24
Figure 29 - Gantt Chart
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12.3.4. Commissioning

The commissioning period will ensure thorough testing and validation of the new system

to ensure it meets all performance and safety requirements.

12.3.4.1. System Testing

Comprehensive testing will be conducted to verify the functionality and performance of
the hydraulic system. This includes ensuring all safety features, such as the lockable ball
valves for safe isolation, and the pressure relief valves are operating correctly, to comply
with Pressure Systems Safety Regulations 2000 (PSSR) (Health and Safety Executive,
2000). Conducting incremental hydraulic pressure tests to ensure the system can
operate at the required pressures without any leaks or failures is crucial before running
the system under various load conditions, to verify its performance and reliability.
Running the system under various load conditions requires substantial quantities of the
different materials processed. This requires careful planning to ensure the materials are
on site prior to the project start date and are available for reclaim during the
commissioning phase. This involves consulting with the operations team and the raw
materials purchasing team regularly to inform them of project progress and any timeline

variations.

12.3.5. Training and Handover

Training sessions will be conducted for the maintenance team to ensure they are familiar
with the new system and its maintenance requirements and how to safely complete
them. This training will be essential to ensure the long-term success and reliability of the
hydraulic system. There is also a series of training sessions for the operations teams, to
familiarise them with the new system and how to correctly set the reclaim rates based
on the materials. This training will be delivered by BOSCH, who will supply copies of

training materials for record keeping purposes.
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13. Control Phase

The control phase of a DMAIC project is crucial for maintaining the long-term success of
the project. This phase involves the collation and storage of all project documentation,
integrating maintenance schedules into the CMMS software, conducting a project close-

out meeting, and establishing continuous monitoring and review processes.

13.1. Project Documentation

A comprehensive approach to documentation collation and storage is crucial for
maintaining the long-term integrity and operability of the hydraulic system. The project
will use the CMMS package SAP to store all relevant documents securely. This system
will ensure that installation records, training materials, OEM manuals, and detailed
maintenance schedules, maintenance guides, and troubleshooting procedures are
easily accessible to authorised personnel.

The Installation records, including detailed lift plans, structural modifications, and
component placements, provide a thorough reference for future maintenance,
troubleshooting and further projects.

Training records will be meticulously documented, including content, attendance
records, and assessments to ensure that all personnel have received adequate training.
These records will facilitate the scheduling of refresher courses as needed.

To comply with the Provision and Use of Work Equipment Regulations 1998 (PUWER),
(Health and Safety Executive, 2018) Pressure Systems Safety Regulations 2000 (PSSR)
(Health and Safety Executive, 2000) and the Data Protection Act 2018 (UK Government,
2018), all records will be maintained in a manner that meets legal and regulatory
standards. Regular audits and updates to documentation will reflect any changes in
regulations or operational procedures, ensuring ongoing compliance. Furthermore, the
ISO 55000 series of standards (International Standards Organisation, 2014) emphasise
the importance of maintaining detailed records for effective asset management These
records support informed decision-making, risk management, and continuous

improvement throughout the asset's lifecycle.
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The integration of maintenance schedules and documentation into the Computerised
Maintenance Management System (CMMS) software SAP is a critical step for ensuring
that maintenance activities are performed on schedule and recorded accurately. This
integration allows for automated scheduling of maintenance tasks, real-time tracking of
maintenance activities, and centralised storage of maintenance records.

By using CMMS software, we ensure that maintenance is performed on schedule,
reducing the risk of unplanned downtime and extending the lifecycle of the hydraulic
system. Automated alerts will notify maintenance personnel of upcoming tasks,
ensuring that routine inspections and preventive maintenance are conducted in a timely
manner. The further integration with system feedback sensors, can predict pre-cursors
to failures and generate maintenance work orders for intervention before failures occur.
This proactive approach to maintenance management minimises the risk of equipment
failure and optimises system performance.

The CMMS will also provide real-time tracking of maintenance activities, offering visibility
into ongoing tasks and identifying any overdue actions. This real-time data will facilitate
effective planning and resource allocation, enabling maintenance teams to address
issues promptly and efficiently. Furthermore, centralised storage of maintenance
records in the CMMS ensures that all relevant information is easily accessible for
analysis and decision-making. Maintenance history, completed work orders, and
inspection reports will be stored in the system, providing a comprehensive view of the
hydraulic system's performance and maintenance needs. The use of CMMS software
aligns with best practices in asset management, as outlined in the ISO 55000 series of
standards (International Standards Organisation, 2018)., which emphasise the
importance of maintaining accurate and comprehensive maintenance records for

effective asset management.

13.2. Project Close Out

A project close-out meeting will be conducted to formally conclude the hydraulic system
upgrade project and review the lessons learned. This meeting will involve all key
stakeholders, including project team members, representatives from TATA and BOSCH,

as well as maintenance and operations staff. The purpose of this meeting is to ensure
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that the project objectives have been met and to gather insights that can improve future
projects.

Duringthe close-out meeting, the projectteam will conduct a detailed review of the initial
objectives, evaluating whether they have been achieved. This includes assessing
performance metrics such as system reliability, energy efficiency, and operational cost
savings. Cost targets will be analysed to ensure that the project stayed within budget,
and project timelines will be reviewed to confirm that the upgrade was completed on

schedule.

13.2.1. Lessons Learned

Documenting lessons learned is a critical component of the project close-out process.
The team will identify what aspects of the project worked well and which areas could be
improved. This information will be categorised into technical, operational, and
managerial insights. Technical lessons might involve specific engineering challenges
and solutions, while operational lessons could focus on maintenance procedures or
system performance. Managerial insights may address project planning, stakeholder
engagement, and resource allocation.

The lessons learned will be integrated into the business's continuous improvement
processes. This closed-loop feedback system ensures that the organisation benefits
from the project experience and applies these insights to future initiatives. Regular
reviews and updates to project management methodologies willincorporate the lessons

learned, enhancing the efficiency and effectiveness of future projects.

13.3. Bathtub Curve Analysis

The bathtub curve as shown in Figure 30 is an essential model in reliability engineering,
depicting the failure rates of a system over its lifecycle. It consists of three distinct
phases: early failures (infant mortality), constant failures (useful life), and increasing
failures (wear-out). Understanding and managing these phases are critical for ensuring

the reliability and longevity of the hydraulic system upgrade.
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Figure 30 - Bathtub curve (Montanari, et al., 2020)

13.3.1. Pre-Upgrade Condition

Before the upgrade, the electric motor and gearbox system of the bucket wheel reclaimer
were in the wear-out phase of the bathtub curve. This phase is characterised by a high
frequency of failures due to aging components, which often lead to catastrophic failures
and long, expensive repairs. The frequent unplanned maintenance - Low MTBF value,
high repair times — High MTTR, and high costs indicates that the system has surpassed

its useful life, necessitating the upgrade to a more reliable solution.

13.3.2. Post-Upgrade Expectations

Following the upgrade to the hydraulic system, the equipment is expected to initially
enter the infant mortality phase of the bathtub curve. This phase typically sees a higher
rate of failures due to installation errors, early-life component failures, or unforeseen
integration challenges. To manage this phase effectively, rigorous initial testing and
validation during the commissioning stage will be conducted. This involves
comprehensive performance tests, system diagnostics, and operational simulations to

identify and rectify potential issues early.
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Frequent inspections and monitoring during the initial months of operation will help
detect and address any early-life failures promptly. A dedicated rapid response team will
be established for the first 2 weeks, consisting of a BOSCH technician and TATA
maintenance technicians, to respond quickly to any failures, minimising downtime and
ensuring a smooth transition to the useful life phase. This proactive approach aims to
stabilise the system as quickly as possible, reducing the duration of the infant mortality
phase. These issues will be documented and investigated thoroughly by the project team
to ensure that they are not a pre-cursor to more serious issues or issues that are likely to

reoccur.

13.3.3. Useful Life Phase

Once the system stabilises, it will enter the useful life phase, characterised by lower and
more predictable failure rates. During this phase, the system is expected to perform
reliably with regular maintenance and monitoring. Adherence to the maintenance
schedules uploaded in the CMMS will ensure consistent and reliable operation. Real-
time condition monitoring will be implemented to detect any anomalies early and
prevent unexpected failures. This phase represents the optimal operating period where

the system delivers consistent performance with minimal interruptions.

13.3.4. Planning for Wear-Out Phase

As the system approaches the end of its useful life, proactive planning for the wear-out
phase will be essential. This involves anticipating increased failure rates and preparing
for component replacements or upgrades to avoid extended downtimes. Proactive
replacement planning, informed by continuous monitoring data and maintenance

histories, will help maintain operational efficiency and reliability as the system ages.

13.4. Change Management

Effective change management is crucial for the successful implementation of the
hydraulic system upgrade. This involves managing the transition, addressing resistance
to change, and ensuring compliance with legal requirements. Properly managing these
aspects helps ensure a smooth transition to the new system while maintaining

operational continuity and safety standards.
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13.4.1. Stakeholder Engagement

Engaging stakeholders early and maintaining open lines of communication are essential
strategies in change management. Regular meetings and updates will be conducted to
keep all parties informed and involved. By involving key stakeholders such as
maintenance personnel, operations staff, and senior management throughout the
process, the project team can address concerns, gather input, and foster buy-in. This
approach helps mitigate resistance to change and promotes a collaborative

environment.

13.4.2. Comprehensive Training

Providing comprehensive training and ongoing support ensures that all personnel are
comfortable with the new system and understand its operation and maintenance
requirements. Training sessions will cover the technical aspects of the hydraulic system,
safety procedures, and maintenance protocols. Training materials, including manuals
and video tutorials, will be made available to personnel for reference. Ongoing support
will be provided through refresher courses and troubleshooting assistance, ensuring that

staff remains proficient in using and maintaining the new system.

13.4.3. Compliance with Legal Requirements

Under UK health and safety legislation, any significant changes to machinery and
equipment must comply with the Provision and Use of Work Equipment Regulations
1998 (PUWER) (Health and Safety Executive, 2018). These regulations require that
equipmentis suitable forits intended use, maintained in safe condition, and operated by
trained personnel. Compliance with these regulations is paramount to ensuring the
safety of all personnel and the proper functioning of the hydraulic system.

Additionally, ISO standards such as ISO 9001 (International Standards Organisation,
2015) for quality management and ISO 45001 (International Standards Organisation,
2018) for occupational health and safety provide frameworks for managing change
effectively. ISO 9001 emphasises the need for documented procedures and records to
ensure consistent quality, while ISO 45001 focuses on risk management and the

involvement of workers in health and safety processes. Ensuring that the hydraulic
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system upgrade complies with these standards will enhance the project's credibility and
demonstrate a commitment to maintaining high safety and quality standards.

By following these strategies and adhering to legal requirements and industry standards,
it is possible to achieve a successful and compliant transition to the new hydraulic

system, maintaining operational efficiency and safety.

13.5. Continuous Improvement

Continuous monitoring and regular reviews are integral to validating the project's
success and driving continuous improvement. This process involves tracking various
performance metrics, quality metrics, and other key indicators to ensure that the

hydraulic system upgrade delivers the expected benefits.

13.5.1. Performance Metrics

Monitoring energy consumption and system performance compared to the previous
electric drive system is crucial for evaluating efficiency improvements. Improved
efficiency will indicate reduced operational costs and environmental impact. Monthly
data collection and analysis will track trends and identify any deviations from expected
performance. Real-time monitoring systems will be employed to provide continuous

data, enabling immediate responses to any anomalies.

13.5.2. Quality Metrics

Tracking the frequency and severity of defects provides insights into the reliability and
quality of the system. Lower defect rates indicate higher reliability. Quality audits will be
conducted quarterly to ensure compliance with standards and identify areas for
improvement. These audits will review maintenance logs, inspection reports, and

operator feedback to identify any recurring issues and develop corrective actions.

13.5.3. Adaptability

Evaluating the system’s adaptability involves assessing its ability to adapt to different
operational demands and material types without significant reconfiguration. This will be

assessed through performance reviews and operator feedback. The hydraulic system's
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flexibility in handling varying loads and operating conditions will be tested periodically to

ensure it meets operational requirements.

13.5.4. Reliability Metrics

Reliability metrics, such as Mean Time Between Failures (MTBF) and Mean Time to Repair
(MTTR), will be measured using the CMMS. These metrics provide a measure of system
reliability and maintenance efficiency. Regular reviews of maintenance records will help

identify trends and potential issues, enabling proactive maintenance planning.

13.5.5. Maintenance Metrics

Monitoring planned and unplanned maintenance times involves tracking the duration
and frequency of maintenance activities to ensure they are completed efficiently and to
identify any areas for improvement. The CMMS will generate reports on maintenance
activities, highlighting any deviations from scheduled maintenance and providing

insights into the causes of unplanned maintenance.

13.5.6. Cost Metrics

Comparing maintenance and operational costs before and after the upgrade provides
insights into cost savings and the effectiveness of the new system. Detailed analysis will
be conducted after 12 months to assess the overall financial impact of the upgrade. This
analysis will include a review of energy costs, maintenance expenses, and operational

efficiencies.

13.5.7. Environmental Impact

Monitoring changes in emissions and waste generation resulting from the new hydraulic
system will be part of the environmental impact assessment. The improved energy
efficiency and reduced environmental footprint will align with the ISO 50001 standard for
energy management, demonstrating the upgrade's contribution to achieving higher
sustainability standards. Regular environmental audits will assess compliance with

these standards and identify opportunities for further improvements.
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13.5.8. Stakeholder Feedback

Collecting stakeholder feedback from operators and maintenance staff helps identify
areas for improvement and ensures the system meets their needs. This will involve
regular surveys and interviews, as well as reviewing performance data to validate the
feedback. Both qualitative feedback through interviews and surveys and quantitative
data from performance metrics will be used to validate the project's success.
Stakeholder feedback sessions will be held bi-annually to gather insights and

suggestions for continuous improvement.

13.5.9. Validating ROI Calculations

Validating the return on investment (ROI) calculations is essential to confirm that the
financial benefits projected at the start of the project are being realised. This involves
comparing the actual cost savings, efficiency improvements, and operational
performance with the initial projections. The ROI validation will be conducted 6 months
following project completion. This validation process will involve detailed financial
analysis, including a comparison of pre- and post-upgrade costs related to maintenance,
operations, and energy consumption. The goal is to ensure that the projected savings
and efficiency gains are being realised in practice, providing a clear measure of the

project's success.

13.6. PFMEA Review

Reviewing the Process Failure Modes and Effects Analysis (PFMEA) documentation is
essential to ensure accuracy and comprehensiveness in identifying potential failure
modes and their impacts on the new hydraulic system. The PFMEA is updated to reflect
the changes brought by the new hydraulic drive system, considering factors such as new
components, operational conditions, and maintenance requirements. This proactive
approach helps in identifying and mitigating risks, ensuring the system's reliability and

safety.
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13.6.1. Updated FMEA

The updated FMEA shown in Table 13 contains a detailed analysis of potential failure
modes across the entire bucket wheel reclaimer, with a focus on the hydraulic bucket
drive system. This includes identifying possible causes of failure, assessing the severity,
occurrence, and detection of each failure mode, and implementing corrective actions to
mitigate risks. This document will serve as a living document, continuously updated

based on new insights and operational data.
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Table 13 - Updated FMEA

Process

Potential Failure

Mode

Potential Effect

Potential
Causes

Occurrence

Independent Project (ACMAG013)

Current
Controls

Recommended

Step
Hydraulic
Motor

Hydraulic
Motor

Hydraulic
Pump

Hydraulic
Pump

Valves

Valves

Overheating

Seal failure

Cavitation

Bearing failure

Sticking

Leakage

Independent Project Report

Motor damage,
reduced
efficiency

Hydraulic fluid
leakage,
pressure drop

Reduced
efficiency, noise

Pump seizure,
loss of hydraulic
power

Loss of control,
operational
inefficiency

Hydraulic fluid
loss, reduced
pressure

Inadequate
cooling,
excessive load

High pressure,
seal wear

Air in fluid,
high fluid
temperature

Contamination,
inadequate
lubrication

Contamination,
wear

Seal wear,
improper
installation

Thermal
sensors, load
monitoring
Regular
inspections,
scheduled
replacements
Pressure
monitoring,
fluid
temperature
control
Vibration
monitoring,
fluid
cleanliness
Regular
maintenance,
filtration
systems
Regular
inspections,
pressure
monitoring
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144

96

112

108

112

Actions
Enhance cooling
system, improve
load distribution
Use high-quality

seals, increase
inspection
frequency

Improve fluid
management,
install anti-
cavitation devices

Improve filtration,
increase
lubrication checks

Improve filtration,
increase
maintenance
frequency
Improve
installation
procedures, use
high-quality seals
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Hydraulic
Lines

Hydraulic
Lines

Control
System

Control
System

Control
System

Hydraulic
Reservoir

Hydraulic
Reservoir

Slewing
Mechanism

Rupture

Blockage

PLC failure

Sensor failure

Communication
failure

Fluid
contamination

Overheating

Bearing failure

Independent Project Report

Loss of hydraulic
fluid, pressure
drop

Reduced flow,
loss of efficiency

Loss of control,
operational halt

Incorrect
readings,
operational
errors

Loss of control,
data errors

Reduced
efficiency,
component
wear

Degraded fluid,
reduced
efficiency

Reduced
manoeuvrability,
breakdown
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Mechanical
damage, aging
hoses

Contamination,
improper
maintenance

Software bugs,
hardware
failure

Contamination,
wear

Network
issues, signal
interference

Poor
maintenance,
environmental
exposure

Inadequate
cooling,
excessive use

Contamination,
inadequate
lubrication

Protective
sheathing,
regular
inspections
Regular
inspections,
filtration
systems
Software
updates,
hardware
testing
Calibration
schedules,
regular
maintenance
Regular
signal
testing,
redundant
systems
Filtration
systemes,
regular fluid
checks

Temperature
monitoring,
cooling
systems

Vibration
analysis,
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63

81

112

72

112

72

200

Upgrade hose
material, enhance
protective
measures
Improve filtration,
implement
regular cleaning
routines
Implement
redundant PLC
systems, increase
testing frequency
Use higher quality
sensors, increase
calibration
frequency

Improve network
infrastructure,
enhance signal

integrity

Improve fluid
handling
procedures,
enhance filtration
Upgrade cooling
systems,
implement better
temperature
control

Install real-time
condition
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lubrication monitoring
schedules systems
Regular Improve
. Reduced Poor . 8 . p.
Slewing L. L maintenance, lubrication, use
. Gear wear efficiency, 8 lubrication, L 160 . .
Mechanism lubrication high-quality
breakdown wear and tear .
schedules lubricants
. Conduct regular
Structural . Visual &
Structural . Fatigue, . . structural
Cracks failure, safety 10 . inspections, 90
Frame overloading . assessments,
hazard load analysis .
strengthen design
. Regular Apply corrosion-
Reduced Environmental . & . ppy .
Structural . inspections, resistant coatings,
Corrosion structural 8 exposure, poor . 128 .
Frame . . . protective improve
integrity maintenance . .
coatings maintenance
Use wear-
Reduced . Regular resistant
material Abrasive inspections materials
Boom Buckets wear . 7 materials, 'p ! 168 . ’
handling . maintenance increase
- improper use . .
efficiency schedules inspection
frequency
Visual Conduct regular
Structural Failure, safet Overloading, inspections, structural
Boom y 10 . . 2 90
damage hazard impact load assessments,
monitoring strengthen design
Aging wirin Insulation Upgrade wirin
Electrical - Equipment ging wiring, testing, P& né
Short circuit . 9 insulation 144 increase testing
System damage, fire . regular
failure . frequency
maintenance
. . Electrical Redundant Improve power
Electrical Operational P P
Power loss . 8 faults, power power 120 supply
System downtime . .
supply issues systems, infrastructure,
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Electrical
System

Dust
Suppression
System

Dust
Suppression
System

Walkway
Assemblies

Walkway
Assemblies

Walkway
Assemblies

Emergency
Stop
System

Component
failure

Nozzle blockage

Pump failure

Structural failure

Corrosion

Fastener failure

Failure to
activate

Independent Project Report

Loss of
functionality

Ineffective dust
control

Loss of dust
suppression
capability

Safety hazard,
operational
downtime

Structural
integrity
compromised

Safety hazard,
operational
inefficiency

Safety hazard,
operational risk
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Aging
7 components,
stress

Contamination,
wear

Wear and tear,
contamination

Overloading,
9 improper
maintenance

Environmental
7 exposure, poor
maintenance

Vibration,
8 improper
installation

Electrical fault,
10 mechanical
failure

regular
maintenance

Regular
testing,
scheduled
replacements
Regular
cleaning,
filtration
systems
Vibration
monitoring,
pressure
checks

Visual
inspections,
load testing

Regular
inspections,
protective
coatings

Regular
inspections,
torque
checks

Regular
testing,
redundancy
systems
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112

96

96

108

112

128

90

conduct load
analysis

Use higher quality
components,
increase testing
frequency
Improve filtration,
increase
maintenance
frequency
Install real-time
condition
monitoring
systems
Regular
inspections,
enhance
maintenance
protocols
Apply corrosion-
resistant coatings,
improve
maintenance
Use high-quality
fasteners,
improve
installation
procedures

Improve system
design, increase
testing frequency
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Emergency
Stop False activation
System
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Unnecessary
downtime
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Sensitivity
issues,
improper
calibration
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Improve
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14. Conclusion

The Six Sigma (DMAIC) methodology has been instrumental in guiding the hydraulic
system upgrade project for the bucket wheel reclaimer (BWR). This project aimed to
improve the BWR reliability and reduce operation and maintenance costs through
replacement of the outdated and unreliable electric drive system. Despite significant
progress and meticulous planning, the project has been temporarily halted due to
unforeseen circumstances within the business. This conclusion provides a detailed
reflection on the project's achievements up to the installation and testing phases and

discusses the implications of the current suspension of activities.

14.1. Define Phase

In the Define phase, we established the project's scope, objectives, and deliverables.
The primary goal was to address the frequent and costly failures of the BWR's gearbox
and electric motor, which had reached the end of their lifecycle. We aimed to enhance
system reliability, reduce maintenance costs, and improve operational efficiency by
upgrading to a new drive system. Key stakeholders, including maintenance staff,
operations personnel, and senior management, were engaged early in the project to
ensure their buy-in and support. A detailed project charter was developed, outlining the
project's goals, timelines, and responsibilities, providing a clear roadmap for the project

team.

14.2. Measure Phase

During the Measure phase, we collected and analysed baseline data on the performance
and reliability of the existing system. Key performance indicators (KPIs) such as Mean
Time Between Failures (MTBF), Mean Time to Repair (MTTR), maintenance costs, and
energy consumption were measured to provide a comprehensive understanding of the
current state of the equipment. The collected data were validated through Gage R&R
studies to ensure accuracy and reliability. This data highlighted the critical areas needing

improvement and provided a solid foundation for the subsequent analysis phase.
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14.3. Analyse Phase

The Analyse phase focused on identifying the root causes of the frequent failures and
high maintenance costs associated with the existing system. Techniques such as the
Fishbone diagram and the 5 Whys analysis were employed to systematically explore
potential failure modes. Our analysis revealed that the gearbox was experiencing rapid
onset and unpredictable catastrophic failures due to worn-out planetary components
and inadequate lubrication. The lack of real-time condition monitoring and difficult
access for maintenance exacerbated these issues. This comprehensive analysis
confirmed that upgrading to a hydraulic system would mitigate these problems and

provide a more reliable solution.

14.4. Improve Phase

In the Improve phase, we embarked on the design and implementation of the new drive
system. A thorough literature review and consultations with vendors such as ABB,
BOSCH, and Thyssen-Krupp were conducted to explore available technologies and
solutions. The decision to proceed with BOSCH's hydraulic system was strongly based
ontheir previous successes, and the superior reliability and performance characteristics
of hydraulic systems in this application. Detailed design reviews were conducted,
incorporating input from key stakeholders to ensure that the new system met all

operational and maintenance requirements.

14.4.1. Integration and Coordination Challenges

A critical aspect of the project involved integrating the new hydraulic system with the
existing control systems. This required careful coordination between TATA and BOSCH
engineers to address the challenges of connecting MODBUS, PROFIBUS, and
PROFISAFE protocols. Detailed planning and expert knowledge were necessary to design
and install new cabling and modules, configure the PLCs, and ensure compatibility
between the software and hardware interfaces. Regular coordination meetings and
technical reviews were conducted to address any issues and ensure smooth integration.
Testing was performed at each stage to verify that the systems communicated correctly

and that all safety protocols were in place.
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14.5. Control Phase

The Control phase aimed to ensure the long-term success and sustainability of the
hydraulic system upgrade. All project documentation, including installation records,
training materials, OEM manuals, and maintenance schedules, was collated and stored
securely. These documents were integrated into the CMMS software SAP to automate
maintenance scheduling and real-time tracking of maintenance activities. This approach
facilitated proactive management and timely interventions, enhancing the overall
efficiency and reliability of the hydraulic system.

A comprehensive project close-out meeting was planned to review the project's
objectives and document lessons learned. The system's performance was to be
continuously monitored using real-time condition monitoring and regular reviews of
performance metrics, quality metrics, and maintenance records. The Bathtub Curve
model was employed to track the system's lifecycle and plan for proactive maintenance
and component replacements. Continuous improvement processes were to be driven by

stakeholder feedback and ongoing performance assessments.

14.6. Project Suspension

Despite the significant progress made, the project faced an unexpected suspension due
to unforeseen circumstances within the business. As a result, all projects were held at
their current stage, with the hydraulic system and walkways delivered to the site but not
yet installed. The remainder of the work, including installation and commissioning, is on
hold and will only be executed if there is another catastrophic failure of the BWR gearbox.
At that point, the business will assess whether to complete the upgrade or scrap the
asset entirely.

This suspension is particularly disappointing as the project manager. Having invested
considerable effort and resources into planning, designing, and preparing for the
installation, it is disheartening not to see the project through to completion. The
hydraulic system upgrade was poised to significantly improve the reliability and

efficiency of the BWR, and | was eager to demonstrate the benefits of this solution fully.
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14.7. Reflection and Future Considerations

The decision to halt the project is understandable given the broader business context,
but it underscores the challenges of managing large-scale projects in dynamic
environments. As project manager, | remain hopeful that the business will recognise the
value of completing the upgrade should another failure occur or prior. The groundwork
has been laid, and the systems are ready for installation, which positions us well for a
swift response if needed.

Reflecting on the project, it is clear that the Six Sigma (DMAIC) methodology provided a
robust framework for identifying issues, developing solutions, and planning for
implementation. Each phase of the process was critical in ensuring that the project was
well-conceived and executed up to the point of suspension. The lessons learned from
this project will undoubtedly inform future initiatives, emphasising the importance of
flexibility, thorough planning, and stakeholder engagement.

In conclusion, while the hydraulic system upgrade project has not yet reached its final
stage, the work completed thus far has laid a strong foundation for future success.
Should the project resume, the preparation and planning undertaken will facilitate a
smooth and efficient completion. As project manager, | am committed to seeing this
project through and demonstrating its value to the business. This experience has
reinforced the importance of resilience and adaptability in project management, and |

look forward to applying these lessons in future endeavours.
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16. Appendices

16.1. Appendix A: ABB Proposal (ABB, 1996)

Open-pit mining Project report

Modernisation of a Bucket-Wheel Excavator
at the Welzow-South lignite mine, Lausitzer Braunkohle AG, Germany (1996)
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Modernisation of a Bucket-Wheel Excavator

The task

An SRs 6300.50/15.0+VR bucket-wheel excavator used for overburden removal at
the Welzow-South lignite mine in Germany had been in operation since 1981. An e-
lectrical rehabilitation became necessary in 1997, due to the long years of operation
under extreme mining conditions. The job was given to ABB Cottbus with the target
to enable the machine to work, under the geclogical and operational conditions of the
mine, for another fifteen to twenty years and to achieve a marked reduction of electri-
cal maintenance costs.

This paper describes the major elements of that rehabilitation.

Variable-speed drives

The main drives of the conveying system consisted of slipring motors with rheostatic
starters that did not allow, because of their fixed speeds, any optimisation by adap-
ting performances to varying operational requirements.

The introduction of variable-speed drives for the 4 belt conveyors, in addition to the
main drives and the bucket-wheel drive, laid the basis for a complex automation of
material conveying.

The new solution yields essential operational advantages:

Squirrel-cage motors can be used.

Starting and slip resistors that caused high losses are no lenger needed.
Performance is adapted by speed reduction (power saving).

Motors can be run at crawling speed (for removing large rocks in the overburden).
Starting and stopping torques can be controlled.

Mechanical maintenance is reduced.

The noise level decreases.

ABB Cottbus has chosen the reliable ABB frequency converters ACV 700 Multidrive,
and for smaller drives the model ACS 600. The incoming supplies of the main drives
in the superstructure of the excavator work as self-commutated grid inverters.

The system is characterised by the following features:

high overall efficiency of >94.5 %

regenerative braking at minimum system perturbation (distortion factor of <3%)
improved power factor

high availability through parallel power supply

fully digitalised power electronics

powerful optical-fibre interfaces for diagnostic routines

The control of drive speeds is based on active vector regulation, with the application
control (APC) implementing torque setpoints.

Moreover, the application control serves to visualise all inverter signals for each drive
on a local display.

ABB, Open-pit mining, Cottbus/Germany 2
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Control System and Process Management

The machine is controlled and supervised from the control room of the excavator that
has been designed according to modern ergonomic principles. The installation
consists of an OS 520 operator station from the ABB Advant Open Control System
and three powerful AdvantController 450 processing stations of the same family.
Those controllers have a high processing capacity, a comprehensive process
periphery, a wide range of different process input and output devices as well as a
large number of communication interfaces. All process data is stored fully

configurably in databases.

The Advant process control stations and the controllers are connected to a Master-
Bus 300 network. The MasterBus 300 is based on the connection-free data circuit
service protocol according to IEEE 802.2, class 1, and the access protocol as to
IEEE 802.3 CSMA/CD. The process level uses the sensor-actor bus INTERBUS-S

specified by the customer.

ABB, Open-pit mining, Cottbus/Germany
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Communication Infrastructure

Signal transmission within the excavator complex as well as to and from a central
control station is based on a powerful communication structure using most modern
compoenents, such as optical-fibre connections for data communication and signal
exchanges between the individual sections of the system. A wide-band communica-
tion system (OTN) makes it possible to print out signalisation, fault and operation re-
cords at any point of the excavator. All data can be received at the central control
station via Ethernet.

Automation functions
The modernised excavator features a high degree of automation:

* automatic positioning of the loading conveyor over the hopper
e optimisation of starting and stopping the conveyor
- accelerated start
- control of belt speed
* operational cycles and programmed control moves for
- slewing angle limitation
- cutting depth control
- slice thickness
- slice height
- formation of even surfaces
- 1/cosg control
- lateral slope formation
- front slope formation
- deep cutting
- performance control
e excavation and transport of rocks
e automatic transmission of specified values (setpoint and limit values)

System diagnosis

For the first time a comprehensive diagnostic programme has been introduced in or-
der to support maintenance and repair measures. All necessary software modules
and communication interfaces have been concentrated at a diagnosis desk located in
the substructure of the excavator. That desk can be remote-controlled via TCP/IP
network connection.

The programme breaks up into “operative diagnosis” and “extended diagnosis”.
“Operative diagnosis” covers the examination of individual system components for
faults and maintenance status. That is done by means of the tailor-made diag-

nostic tools the manufacturers provide for their devices as well as on the basis of the
information gathered in the central control system.

ABB, Open-pit mining, Cottbus/Germany 4
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“Extended diagnosis” means the longer-term supervision of wear and tear by means
of

* relevant control data
e acentral data library kept on a database server
¢ evaluation of specific applications.

New technological possibilities such as client server databases and INTRANET have
been utilised to implement that function.

Extended Diagnostic Applications

Supervision of maintenance cycles by

Maintenance of basic data lapsad-h foringal mgh d
i - elapsed-hour metering at motors and gears
in the database - counting of switching cycles at breakers

Recording of operational processes
Analysis of function complex data with relevant analog values for
graphic display of analeg and digital - limit switches, buttons, rip-cord switches etc.
process values - repair modes, belt slipping, load per metre etc.
ABB, Open-pit mining, Cottbus/Germany 3
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Summary

The project has been implemented in close cooperation with the customer, Lausitzer
Braunkohle Aktiengesellschaft. In part, new ways have been opened up, particularly
with regard 1o installing speed control for all main drives, which has made the exca-
vator the only one of its kind with all main drives controlled. Thus it has become
clearly more efficient than comparable machines without control, because the innova-
tive design produces savings in the field of variable costs.
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Open-pit Mining

Gaglower StraBe 17/18

03048 Cottbus

GERMANY

Phone: +49 (0) 355 596-225

Fax: +49 (0) 355 536-832

E-Mall: cottbus.deasy@de.abb.com

www.abb.com/mining IN/BF 0907 EN

Independent Project Report Page 140 of 210



David Adams 1908506 Independent Project (ACMAG6013)

Are you looking for

— support or purchase
Bucket wheel excavator information?
Contact us

Reliable electrification and automation
solutions

ABB, a market leader in efficiency systems, has more than 60
years of experience with bucket wheel excavators. Our
solutions help raise productivity, increase equipment
reliability, increase safety, and significantly improve energy
efficiency.

Our offering

Programmed excavator control

The conventional programmed excavator control (BPS) is
used to automate bucket-wheel and bucket-chain
excavators. The BPS consists of up to 6 functional units
which can be used separately, or in any combination.

The following functional units (FU) are provided:

1. Cutting depth

2. Slice length

3. Slewing angle control
4. Cost control

5. Cut-off at vmax.

6. Lateral slope design

This state-of-the-art BPS technology not only ensures
reliability, it also keeps both workers and equipment safer.
ABR’s BPS has been used in a variety of open-pit mines
around the world and has a long and proven track record of
reliable performance.
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It's critical that dump devices be positioned correctly on
both the uptake and dump spot to ensure the quality of
material. Sensors are used to exactly measure the position of
the devices, relative to other facilities and open areas, to
ensure complete control. Our methodology includes four
areas for positioning:

1. Absolute encoder to measure the position (travel drive,
slewing drive, boom angle

2. RFID (Radio Frequency Identification) to locate position or
verify and calibrate absolute encoder positioning values

3. Barcode positioning meter

4. GPS applications

Power supply and electrification

Major mechanical and electrical installations impact the
efficiency of a mine. Our engineers ensure that the right
technologies and products are used to offer maximum
energy savings. Based on decades of experience, we select
the correct cable dimensions, and plan the layout for
seemless commissioning. Qur goal is to reduce your energy
consumpticn, savings that will continue over the life of your
plant.

Instrumentation

Machines operate in tough conditions, and require
instrumentation solutions that are certified to international
standards. ABB’s field-proven sensor technology meets

those standards and is specifically designed to perform in
harsh environments. Our highly accurate sensor technology
provides exact measurement values, consistently delivering
the right data to the operational system.

Cabin design

Our customized driver cabs can be found in mining
machines all over the world. Our goal is to provide the
operator with an ergonomic workplace to prevent tiredness
and incorrect operations. The most up-to-date
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We offer air conditioning and heating, windscreen demisting
and airborne dust blowers, screen wipers and washers, and
fixed or movable ergonomic operator desks. Our philosophy
is to install the respective computer technology separately
from the operator station if possible, for operating
convenience.

Motors and drive systems

A bucket wheel excavator is a complex machine with many
movable parts, including a boom that has to slew and raise,
crawlers to move the excavator forward, and a bucket wheel
that turns. All of these movements require motors and
drives. Our experts ensure that both of these products are
sized correctly to provide the power and control required for

the application.

Fire warning, intercom and lighting concepts

With increasing emphasis on safety and environmental
issues, large equipment needs more than just automation.
That’s why ABB is offering energy efficient light concepts, as

well as fire warning and firefighting systems, which can
include all equipment (video, radio and speaker systems) on
the machine.

Downloads and multimedia

Brochure

We set your business in motion

Automation solutions and electrical equipment for open-pit mining and bulk-material
handling
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Press Release Al"‘

ABB retrofit to reduce energy
consumption of mining equipment by 20%

ABB’s AC drives retrofit will enhance life cycle and increase energy efficiency of an electric
mining shovel

Baden, Switzerland, September 24, 2012 - ABB, the leading power and automation technology group,
jointly with Joy Global, the leading mining equipment supplier, have been awarded a shovel retrofit
project from the largest merchant coke producer in the US. The rebuild will boost the life expectancy
of the electric mining shovel and significantly reduce its energy consumption, up to 20% after the
retrofit.

The mechanical components of open-pit mining machinery often remain in good shape for more than
20 years. But the life span of the associated electrical equipment is usually exhausted by that time.
ABB'’s drives and controls retrofit can enhance the operating time of the BE395BI shovel for about 10
years. To achieve these results, ABB will replace the obsolete drives system and relay controls of the
shovel with a highly efficient solution utilizing AGS800 drives for mining, operator controls and an
ACB800M controller.

The project was awarded thanks to the state-of-the-art technology from ABB, the mining machinery
field expertise from Joy Global Services as well as the ability to execute the engineering and delivery
of the equipment within a tight timeframe.

The new drives system will lead to significantly higher productivity through the use of ABB’s
sophisticated Direct Torque Control (DTC) that provides best-in-class drive dynamics and torque
control to reach a more responsive operation. Additionally, the original drive system with large brake
choppers will be replaced with modern regenerative drives.

“We are very pleased to work with ABB on this project,” said Scott Ottesen, Joy Global. “Our
caoperation is efficient and smooth and the state-of-the-art solutions deliver impressive results to our
customer. We are convinced that retrofits are a very cost effective way to maintain the life cycle and
productivity of our mining equipment.”

The coal industry faces a lot of challenges today. Due to the increasing environmental awareness and
the request for alternative sources coal producers have to improve and optimize their processes. This
is one of the reasons why retrofits of mining eguipment are requested more frequently. Joy Global
choose the cooperation with ABB since ABB’s retrofit solutions are among the best in the market. Its
solution for the BE395BI shovel will increase productivity and achieve a reduction of energy
consumption up to 20%.

ABB (www.abb.com) is a leader in power and automation technologies that enable utility and industry
customers to improve their performance while lowering environmental impact. The ABB Group of
companies operates in around 100 countries and employs about 145,000 people.

For help with any technical terms in this release, please go to: www.abb.com/glossary
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Press Release Al"‘

ABB'’s retrofit will increase productivity of an electric mining shovel.

For more information please contact:

ABB Switzerland Ltd.

Marion Kaufmann Hug
Marketing Communications
Minerals business unit
(Baden/Switzerland)

Tel: +41 58 586 71 33

e-mail: marion.hug@ch.abb.com
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Reprint from World Coal, September 2012
A powerful retrofit
ABB drive retrofits extend life cycle of shovels and draglines

Shovel excavators and draglines are
mechanically robust and can have a life
cycle of up to 30 years. However, regular
upgrades of the electrical eguipment
are recommended to improve reliability
and reduce maintenance costs. Such
an upgrade only makes up about
10-12% of the total costs for a new
machine — making retrofits a powerful
and efficient tool to extend the life cycle
of your mining equipment for another
10-15 years.

Power and productivity "“ == =

for a better world™
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Boris Rathmann, ABB,
Germany, describes
how AC drive
retrofits for shovels
and draglines can
be a cost-efficient
alternative.

0al has been the key to a reliable
energy supply and has fuelled
the world’s industrial
development over more than a
century. A pressing question today
concerns the role of coal in power
generation in the near and mid-term
future. US coal production, for example,
increased slightly during 2011 for the
second year in a row, rising about 0.4%
from its 2010 level, after falling sharply
during 2009, according to the US
Energy Information Administration (EIA).
This made total production for 2011
around 1.1 billion short t (997 million t).
Increasing environmental awareness, and
the desire to tap into alternative sources,
such as shale gas and renewables, has
sharpened the problems around coal.

2 A powerful retrofit | Reprint from World Coal, September 2012
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Numerous claims have been made by
US mining and power generating
companies about the industry
struggles to co-operate with the US
Environmental Protection Agency
(EPA).

Nevertheless, in developed
countries such as Germany, coal still
remains an important power
generating source, accounting for
about 43% of electricity generationin
2011. This is in a similar range to
North America. In combination with
the shutdown of nuclear power plants
after the Fukushima disaster in
March 2011, the role of the domestic
coal-fired power plants has increased.
Germany is the top lignite mining
country in the world. All of the
country’s lignite production is used
domestically for power generation
and is increasingly important for the
baseload energy generation.

Does Germany face different
environmental and economical
challenges than North America, or the
rest of the world? Most likely not: the
answer lies in technology
development and cost-efficient
processes. Coal mining will remain a
profitable business over a long time
period as it was in the past.

In last two decades, state-of-the-art
technology developments around the

Independent Project (ACMAG6013)

globe have founded a solid base for
the coal mining industry. Highly
automated overburden removal
systems, coal blending and
energy-efficient mining machines are
commonly found at large-scale
operation and brownfield
investments. In particular, the retrofit
and upgrade of existing mining
equipment is an important market for
a turnkey supplier of electrical
equipment such as ABB.

Electric rope shovel with
AC drives

ABB mining drives have provided
benefits for customers of one of the
marketleaders for electric rope shovels,
Joy Global (P&H Mining Equipment).
More and more mine operators have
decided to employ advanced AC drive
technology to achieve a higher level of
productivity (10%) and significant
energy savings (7%), as evaluated in a
compatison between conventional DC
shovels and the new AC type 4100 XPC
in the Canadian coal industry.

The North American coal industry is
looking for the most productive and
efficient equipment to attain results for
the lowest operational cost. The first
4100 shovels with AC drives began
operation in US and Canadian coal
mines. A higher performance of AC

Electric rope shovel operating with ABB ACS800 multi-drive.
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drive systems is achieved through the
use of a highly efficient motor design,
excellent dynamic response time
behaviour of the direct torque control
(DTC) and the multidrive design with a
common DC-bus regenerative
motor-to-motor energy usage. Further,
the use of individual crowd and propel
motion AC drives helps the shovel to
quickly achieve an optimal position to
the bank and increase the bucket
payload. The new AC drives system is
more reliable and needs no electrical
maintenance for motors.

Shovel and dragline motion
drives technology

Over several decades different
technologies have been used for motion
drives. The most common for shovels is
the DC motor with static converter in
analogue and digital control.

Today, a typical drives application
for shovels is the AC multi-drive
concept, in which one supply urit feeds
several motor inverters over a common
DC bus-bar. The common DC bus
allows energy sharing between the
motors. Usually aregenerative
insulated gate bipolar transistor-based
(IGBT-based) supply unit is used,
which enables the return of excessive
braking energy back to the grid.
Regenerative VFD supply units usually
have a better power factor and lower
total harmonic distortion (THD) levels.
In weak grid conditions the driveis
also better protected against voltage
dips, or even short blackouts. The
modern IGBT supply units have an
adjustable leading or lagging power
factor, and can be used for reactive
power compensation.

For draglines, motor-generator sets
have been the most popular drive
systems and new draglines are still
delivered with motor-generator sets.
The majority of the operational
draglines were built between 1960 and
1990, with Ward-Leonard
motor-generator sets and DC motion
motors. New draglines are now offered
with conventional or gearless AC drive
systems. The advantages with new
motion drive solutions are almost
maintenance-free AC motors, and
higher efficiency of the overall drive
system, as well as better drive controls
and diagnostics compared to DC
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ABB ACS800 drives module.

drives. The higher overall availability of
the dragline with an AC drive system
will provide significant productivity
improvements to the mine operation
and the operating cost of the machine.

AC drives retrofit extending
the shovel life cycle
Rope shovel excavators are
mechanically robust and can have a
life cyde of up to 30 years — around
two to three imes the life cycle of a
hydraulic mining shovel. After a
certain period of operation, itis
recommended to upgrade the electrical
equipment to improve reliability and
reduce maintenance costs. Decreasing
availability, obsolete technology and
increasing difficulty in acquiring the
necessary spare parts make many
users think about alternatives. The
capital costs of the entire electrical
equipment is about 10 - 12% of a new
rope shovel. That means a retrofit of an
existing shovel can be an efficient way
to extend the life cycle for another
10 - 15 years. Usually, it requires a
5 - 6 week period to replace the
electrical equipment, including
commissioning. Today, most operators
appreciate the advantages of AC
technology because of a robust motor
and reliable power electronic with
digital drives control.

An ABB order in June 2012 for a
shovel AC retrofit in co-operation with
Joy Global MinePro Services to

Independent Project Report
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Drummond Coal underlines the need
for upgrades in the coal industry. This
BE395B shovel was built in 1987 and is
planned to be in operation for at least
another 10 years. This is an example in
which the operator is convinced that a
retrofit can be a cost-efficient
alternative to a new shovel.

In addition to the successful AC
technology applications, ABB has
equipped two smaller shovels with
modern DCS800 DC converters with
reactive power compensation systems
at a quarry in Germany. The upgrade
was necessary due to frequent
unscheduled downtime and to
improve the functional reliability and
safety of the dated analog electrical
system. The new fully-digital
converter and new drive control have
helped to provide a high degree of
functional reliability and reduce
overall maintenance costs. Torque
control and a backlash protection
system for the new drives also helped
to reduce the stress factors affecting
the machine during operation.

With the installed AC reactive power
compensation, based upon the
ACS800 AC drive, the high surge
current of the DC load could be
reduced by 25%, further optimising
the drive system solution. After a
direct comparison of the new shovel
with the conventional
motor-generator-set solution, a
measured energy savings of about
15% was realised. This was calculated
using 5000 operating hours/ year as a
basis with a resultant cost savings of
US$ 17,500/ year for this application
(5 m® shovel and an industry price of
US$ 0.08/kWh).

For dragline retrofits the situation is
similar. An upgrade of an existing
machine can be cost-effective and
would be available for a short-term
mine planning consideration. A new
dragline excavator needs alead time of
about two years from the planning to
the startup and often requires
investment approval at the board level.
For that reason, in the North American
coal mining industry various tenders
have been offered in 2012 for dragline
retrofits that focus AC motion drives.
ABB offers recent experience in this
area from a number of AC retrofits for
continuous mining machines, and from

Reprint from World Coal, September 2012 | A powerful retrofit 4

two draglines equipped with AC
drives.

Service and life cycle
management

The mining industries face a common
goal of maximising their production
output at the lowest possible
operational costs, with a focus on
safety. Increasing uptime requires
proper equipment maintenance to
ensure the optimum lifetime and
performance. This requires a
professional engineered and predictive
approach for service from the
beginning of the equipment’s life cycle
or after certain operational period to
optimise mining operation.

An available system service from
ABB is designed to be performed onsite
as simply a diagnostic audit of the
mining system and has value in
measuring the process. With this
service, the company analyses the
performance of the system and
identifies the relevant key performance
indicators (KPIs), which results in a
benchmark study. This study will be the
basis from which to value the financial
impact and to consider measures to
improve the system. The components
that make up a system service are
designed to capture opportunities that
impact return on investment (ROI) to
the operator. The ROI portion
attempts to quantify the performance
gap in terms of financial return to a
specific measure. For this analysis
ABB, together with the
University RWTH Aachen, developed
a Payback Calculator for shovel and
dragline applications. After the
evaluation of the payback time by the
operator, ABB will offer service
solutions with an implementation plan.

ABB follows a four-phase model
for product life cycle management:

® Actve.

® Classic.

® Limited.

® Obsalete.

The company can provide a
customised service concept, which
covers different areas from global
product support to life cycle
management, specific operator
training or full service concepts. €&
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16.2. Appendix B: BOSCH Proposal (BOSCH REXROTH,
2023)

Rexroth
Bosch Group

Reliable Performance for
Mining and Materials Handling
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From strength to strength

When it comes to reliable performance in demanding environments all
over the world, we know all about providing the right movement, power,
control and function regardless of technology or location. Flexible system
solutions for awide range of applications help you to optimize perfor-
mance and productivity, wherever you are.

Providing excellence

If you really need to get things moving it’s all about Bosch
Rexroth solutions. The scope of our solutions for heavy
engineering projects is unrivaled and with our expertise
in applications engineering we provide a unique service to
help you optimize performance and productivity.

It doesn’t matter if it’s about bringing the right speed to
your ship unloader, bringing excellent power and control-
ability to your conveyor, or providing shock load protection
to your bucket wheel drive.
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4 Mining and Materials Handling | Mining

Powerful flexibility

If there is one thing we know how to do, it is how to get
things moving. We have the solution, regardless of technol-
ogy and environment. Solutions that provide you with the
drive and control you need to gain maximum benefit from
your investment. The best part? If your needs change, the
solutions can be easily adjusted and upgraded, providing a
versatile asset towards competitive advantage.

Bucket wheel drive - features

P built-in overload protection that eliminates trip-outs
and minimizes production losses in the event of a stall

» low inertia and weight, reduces stresses on your boom
and slewing gear

» full torque at an infinite range of speeds, letting you
adjust to all types of materials and conditions

Slewing and luffing drives - features
» compact arrangements

» shock load protection Bucket wheel drive
» excellent controllability

Long travel drive — features

» perfectly balanced load sharing on the wheels
» excellent controllability

» low maintenance
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Mining | Mining and Materials Handling 5

Bucket wheel reclaimer
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5} Mining and Materials Handling | Mineral Processing

Doing a good turn
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Mineral Processing | Mining and Materials Handling 7
Twisting, turning and crushing. Material processing can Ball mills - features
be a tough job with high demands on reliability, flexibility » weight and space saving
and speed options. Bosch Rexroth offers reliable system » Infinitely variable speed enables optimization
solutions for smooth operations that make the most of the of processes
material processed. » enabling trouble free inching
Kilns and drums - features Crushers - features
» perfect load sharing > built-in overload protection eliminating trip-outs,
» High torque providing starting torque for an unlimited minimising production losses in the event of a stall
period of time P easy start, stops and reversals
» enabling trouble free inching with the main drive » extending life of wear components
» flexible system solution offering reliability through
redundancy
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8 Mining and Materials Handling | Materials Handling

Always on the move

Slow or fast, backwards or forwards — the speed require-
ments and directions don’t really matter. With our powerful
and flexible solutions you get reliable transportation solu-
tions tailored to your needs. Solutions enabling you to
optimize you performance, bringing material to where you
need it - when you need it

Conveyors - features

» torque control protects the belt from overloads

> soft starts and stops keep belt stress to a minimum

> low speeds can be used for easy inspection

» high starting torgue that can be maintained for an
unlimited period of time

Ship unloaders - features

» excellent controllability

» forward and reverse in both driving and braking mode
without limitations

Car handling - features

» excellent controllability

» high reliability for optimized capactiy
» all functions from one supplier

Feeders - features

» provides full starting torque for an unlimited time
P built-in overload protection

» easy handling of frequent starts and stops

» variable speed enabling process optimisation

Independent Project Report Page 157 of 210



David Adams 1908506 Independent Project (ACMAG013)

Materials Handling | Mining and Materials Handling 9
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10 Mining and Materials Handling | Service every step of the way

Reliability all the way

Ourdrive is to make sure that our customers get the most out of their
processes and work through great solutions and services. To facilitate
and enhance their operations by being an active long-term partner sharing
our experience, know-how and technological solutions.

A long-term partner

Wherever you are, we are right there with you. With our
global network of knowledge and service, we offer local
support that goes well beyond the ordinary. Our experi-
enced engineers are not only experts in our own solutions,
but also specialists in your applications.

With our own local service personnel who understand our
products and your situation, we have the capacity to take
care of the system solutions so that you can concentrate

on the most important aspect of all - your core business.
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The Drive & Control Company Rex rOt h
Bosch Group

Turnkey solutions for
bucket wheel reclaimers
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Making good even better

Bosch Rexroth offers an easy path for new machines and for modifying
or upgrading existing machines with the best system solutions for
total performance. Our expertise and systems ensure that any and all
relevant requirements are taken into account to achieve a complete
and efficient solution.

Our solutions provide the highest possible flexibility in
design and installation. Our systems are modular and engi-
neered for heavy-duty performance. A hydraulic system has
the advantage of allowing installation of the electric motor/
pump, regardless of where it functions. In many cases, this
feature provides a real benefit. For example, in the bucket
wheel drive system only the relatively lightweight hydraulic
motor needs to be attached to the bucket wheel, at the end
of the boom, while the heavy electric motors and pumps can
be positioned near the center of the machine.

Save weight and energy

On a performance-to-weight basis, our sclutions were already
best in class. With our new CBM moeters, we have taken the
next step. Compared with our previous standard motor,
Marathon, our CBM motors are smaller yet more powerful,
with higher performance at about 25-30% less weight.

Less weight at the end of the boom means lighter counter-
weights, leading to a lower slewing torque and therefore a
leaner slew drive system. The weight savings offered by a
CBM bucket wheel installation allows the entire machine to
have a considerably lighter and less costly design.

Take full advantage of the flexibility, modularity and unigue
features of Bosch Rexroth systems solutions to optimize the
design and productivity of your bucket wheel reclaimer

— both for new machines and for existing machine upgrades.
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Invest smart and boost performance

with Bosch Rexroth

Our high-performance solutions ensure quick payback and minimal
maintenance for your bucket wheel reclaimer. They are ideal for both
new machines and existing equipment upgrades. Many customers
have already taken advantage of our extensive application knowledge,
comprehensive portfolio and familiarity with optimizing performance

and productivity in the industry.

We offer outstanding solutions for every bucket wheel
reclaimer application. Our direct hydraulic drives are ideal
in key positions such as bucket wheel, slewing, and long-
travelling, as well as for intermediate conveyors and boom
conveyors. We also offer excellent solutions for tasks such
as luffing and auxiliary linear functions.

When you use our solutions for any of your bucket wheel
reclaimer functions, you can be confident that you are
getting a complete fully integrated and optimized system
solution. Bosch Rexroth is your guarantee for these
turnkey solutions.

Close to you — personally and geographically

Bosch Rexroth is your guarantee of quality assurance and a
one-stop solution from a single supplier. Our worldwide
organization provides support for engineering, installation
and service, regardless of location. This translates into
quick and well-coordinated global support for quotations,

installation and on-site service or assistance, when needed.

Independent Project Report

We consider every aspect

For more than 30 years we have supplied and installed
drive systems based on Hagglunds solutions for bucket
wheel reclaimers. Our cumulative experience through

the years has given us a solid understanding of how to
configure each function on the machine for optimal results.
For example, we know that it is important to adapt and
optimize the speed of the bucket wheel to suit different
materials and conditions.

Density, shape, moisture content and temperature all affect
the speed appropriate for maximum handling capacity. A
change in any of these factors requires a compensatory
adjustment in speed. The unique speed and torque control
provided by our systems enable you to achieve maximum
efficiency in every situation.
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16.3. Appendix C: Thyssen-Krupp Proposal (Thyssen-

Krupp, 2023)

Industrial Solutions

Bucket wheel
and drum
reclaimers

Advanced technology
and reliability for your
stockyard

5
—
=
—
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Bucket wheel and drum reclaimers

Boom-type bucket wheel
reclaimers

Boomtye huc ket vines| reclaimers are cesig ner 1 claim stockpiles on both s res of ther il mack, Changing
in lineis alsa poss ble through ing of the hoom and shsenquent [ong

traveling.

In cambinatan with & separate stacker, this type of maching pravides the highest possible ebilty for stackyard
gemant, ard racziming cperaticns

@  Bucketwhoel welaimers for ers applications:

9 Lacaton

Snim, Mauritania
Lh i
ron ore and pellets
B reommscy
3,700t/
L s
40m

@ High capacity bucketwheel reclaimers for iron ote mines

wheel reclaimers

9 Location

BHP, Australia

A i

& ron ore
Reslsiming cepscity
150001m

Bpom length
60m
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Rocker type machine with luffing cylindes

Typical machine dusign of Austialian buckst
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Buchet wheel and drum reci

Advanced technology for
stockpile management

Bucket wheel reclaimers are the ideal means of handling and moving
large amounts of bulk materials in the shortest possible time. They can
be designed as reclaimers or comhined stacker-reclaimers for handling
huge volumes of coal, ores and other materials in ports, power plants,
stockyards or steel plants. High throughputs need cptimum handling
technology. The systern components must be matched up with one
anather ta ensure smacth transport flows. And thatis where these types

of machines provide ideal solutions.

wheel

High speed anc high throughputs. They are the resultaf deceres
oFexperience and taehnical compstence. proven in many special
configurations and new develcpmants, such as the lightwaight
buckst whesl dewign

Drum recleimers affer the highest passible homagenization eta
conszant raclaiming tats combined with low maintenance costs
for optimum Hlenging of materisls.

Follaving a lengthy standstlin Eurape's drum recleimer business,

high- . high-parfor d hight

M nes opereting in steslorks and iniran ore and cosl mines,
Tnanks to-3pecific design IMprove Ments s new drum reclaimers
combing recuced woar, weightand poser cansumpien, whie st
achieuing the: optimum homogenization and reclaiming process.

Praven tachnolagy tailared to your naeds
thyssenkrupp refines prowen technologies and 1eilors them o yau-
cepasity requirements and inenced use. regardless of whether
‘You require a boar-type bucketmheel reclaimer, acombined
steckar-rsclaimer, & Liogs-Tyos buckst whes! reclaimar ar a chum
raclaimer.

A tradition of innovation

thyssenkrupp Industrial Solutians has fully

ated the know-how of PIH Anlagen &
ems and DEMAG Lauchhar
with over a century
ienown worldwiide for their excellent bucket
wheel and drum redlaimer salutions.

This tradition, combined with consistent inno-
valive strength, ensures our proven bucket

standards in quali s

s i vt experi=
«nce in huilding all ypes of bucketwheel and
drum iectaimers guarantees the idoal solution
ta moa !l your aveds.

&  Ducketwheel reclaimers for coal applications:
* Coal-fired power plants, coking plants and stee! mils
Coal export terminsls

1 type machine with luffing eylinder on the rear side

Lacstion Haeriel
Hunga, Estonia 48 &

Reclaiming capacity
h

Boam fengith
55m
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Buchet wheel and drum reclei mers

Boom-type bucket wheel
stacker-reclaimers

Brom-type he functionality of a e wheel
teclaimer snd a stacker in & single machine. Thanks 1o a tipper car and reversible boom be't comeyor
this type of machine provids the addifional faature of stacking the incoming material into stoz oiles

buicket wheel e
characterized by relztusy low investmant ceets

area saluten

@ Fold-down tripper car

& Rigid tripper car & Wocentral chute

Rocker type machine with luffing cylinder on
the frant side and rigid tripper car

Special design with foldable tiipper car for
stacking ar reclsiming operstion - no central
ehute neaied for reclsiming

° Location
Jiaking, China
Material
L S

B et
3,600 tth
Reclaiming capacity
1,200t

Beam kength
[ Rt

Q

Location
EECV L3, Netherlands

Material
Al o0 rrolets

Stacking capacity
5,500 th
Reclaiming capacity
5,600 t/h

Boom length
L I

] Bucket wheel and drum reclaimers [

Boom-type bucket wheel stacker-reclaimers
with a retractable tripper car

g and reclaining, On
6 of raachine <an be used

€ ipper car s farmme
Duting by-pass or reclaiming

ociyard helt conveyar

Stacking operation (tipper car lifted)

C-frame type machine [pantograph type]
with intermediste canveyor and retratable
tripper car

9 Locals
EMO KBS, N therlands

A Material

Iron ore and coal
& oo pety

5,000 Uh
Recisiming capecisy
4500 th

Eoar length
-

peration (tigper car retracted)
ik ey

B s o il sl sk
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Buchet wheel and drum reci

@  Bucketwheel stacker-reclaimers for coal kandling at export terminals and steel mills

3

C-frame type machine (pantogiaph type)with interme diate conveyor and ratractable tippe car

Locaton B it
Q vy L o

Netherlands

Stecking cepacity Foom length
4,000 Uh e
Reclaiming caparity

3400 th

@ Ducketwheel stacker-reclaimers for coal handling at export terminals and steel mills

Boom-type bucket wheel stacker-reclaimers
with a shiftable tripper car

£-frame type machine with intermediate
conveyor and shiftable tipper carwith
0wy chute for stacking or by-pass
operation

Lozation
Kamsar, Guines
Matenal
Hauite

Reclaiming capcity
4,800 /h

Boarn langth
asm

E Ppo

Boom-type bucket wheel stacker-reclaimers
with a counter directional tripper car

i emm  gpOETET T

C-frame type machine {penlograph type)with inlerme diate conveyor and rebractable

Location Material
@ conoma 20 i

eoke

ippe  car
Steeking ceparity Foam length
4400 Uh W gam
Reclaiming capacity
11001

@ Drum reclaimers for coal handling

©  Drum raclsimers for col hardiing

Drum e clsimer for bi-giractansl operation

Lacation
Ekibastus, Kazakhstan
Matorial

Goal

Capacity

4,000t

Rail gauge

43Em

Eppo

Drum reclaimerfor bi-directonal operation

Lacaton
Eskom Medupi. South Africa

Matenial
b o
Capacity
‘ 3,400 1/h
(1]

Rl geuge
435m
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Rocker type machine with intermediats conveyer, \ransve rse conveyor and counledirections| tripper car

Leeation Mserial Stacking cepscity Eoom length
Q simah, Melaysia A ol & oo L e
Reclaiming canacity
2,280 th

Buchet wheel and drum recl

Our features —
your added value

Sophisticated state-of-the-art features make our bucket reclaiming
machines eco-friendly and ensure both reliable and user-friendly operation
that avoids and facil day-to-day pl

Environments| design

hucet reclsiming machi e vith 8 the recessary
uremunnnarycqmpmemaN‘syﬂems?nwmmmuha\m_anmfm\se dustemvssions. st on the sunoundings. I order o eguca dust
emissions to anan-board water spreyi e proicled for aur buclet reclaiming machines, f reguirad
and bpeuhlﬂl. In acitian, the bucket wies! ransfar paint and the canvayers of our boom-type buskelwhel reckaimers and stacker-re-
climirs cat be covered By hoeds.

Malntenance ascistantyetem (HAS)
4sa

regularintervals, Every tme meinenancs actvities are
compi st they are recorcled ann dccumerl:ﬁd in the system loghook, By adhering e e o i schedule, ops1a0rs can
avoid expensive by alack of

Local analyzer interfaca {LAI}
As part of the standard equipment, the LAl is installed o sach burkat reclaiming maching, vw.z devic callacts and storas different
ings ofdsta, &.g. measuting signals. 4s & beneh the L his lar: from the
machine, kichis cqnitian of x lu\\uves:lnsmage

Runomatin-reasy design

Al bucket tomat Iy whichis a prerequisite for a
Vu\lvaummamd reclaimer Qur autom abon -reatly reclaimers nmanlvgwem asasmdammmvs mm ofthe-art inlegrated drive
inIoeal, manual mode) sz ; they are slso

enupped with the sperielly ronfgured conmal system required far the optional upgrade to an aamnnmms\y aperating machine
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Lifting your stockpile operations
to the next level

Aiter meshanically optmizing your reclaimes, sutomstion and digissizstion s the nextlogical step toteke your operations to he next
0 fully sxpioitthe

evel. By combining aur mechanical expe ay

potental of our eustomers' azsats. From smaller pracess improvements or pssistence modules to ully autsnomous recaimars, e
affer et customers a rtometion and dig talizion solu

Colision avoidance Stockyard management

reduction) (inve atory transparency and advanced stackyard planning)

I af stockpiles for yeur

stackyard atany given time

=} peration thraugh aur ant systen:

€ Ensuring operalions under the highest salety stendards e
the first stop towareds ully autamated operatiens @ Inaligantstockyard maragement for efficiont uiization of

svsilatle spacs and stocktaking material

Autonomeous ope ration

{productivity growth & optimizing machine lifetime

@ Praductity growth through our sda ptive controller —aptims
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Buchet wheel o

“Plug and play” —
turnkey delivery

Thraugh the turnkey delivery of tested, preassembled bucket reclaiming machines we
supply a ready-to-use solution for your stockyard. This gives you an immediate econamic
benefit with minimum on-site construction work.

How you benefit from turnkey delivery
= Time-saving ereclion facturer's pro-assembly yard whose tools. lifing equipmentand a

workshop are aways
« Pre-commissioned bucket tecisiming machines mean only small adjustments are necessary at your site
« Minimized downtime an the stockyard, alse when replacing an ine
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16.4. Appendix D: BOSCH Specifications and Quotation

(BOSCH REXROTH, 2023)

DC-Form

Systems and Engineering Quotation
Systems and Engineering (DCEN/EPU2-GB)

rexroth

A Bosch Company

Tata Steel UK Ltd
Port Talbot Works
Port Talbot

SA13 2NG

For the attention of David Adams

Quotation Ref:  Rew:
1103941045

Customer Ref:
Blending Plant BWR

Dear David,
Project: Replacement Drive System for Blending Plant BWR .
Quotation Type: Fixed

Bosch Rexroth Limited

15 Cromwell Road

St Neots

PE19 2ES

Tel. +44 (0)345 604 4106

E-mail: sales@boschrexroth.co.uk
www.boschrexroth.co.uk

Please find attached our quotation in relation to your enquiry referenced above. The technical information we have is
based on the information provided by Tata Steel and that obtained during the site visit.

Please refer to document “BWR Drive Selection”

© Bosch Rexroth Ltd. 2021

DCFR72155-880_FOR_N_EN_2021-02-17.docx

Independent Project Report

The equipment selected is based on the use of standard industrial components, in accordance with Bosch Rexroth and
European standards covering electrical and mechanical standards. Any deviation to comply with local standards or any
other standards will require further assessment and may be subject to a price increase.

The environmental conditions are based on those of a UK installation associated with metal recycling industry. The
intended location is within the existing hydraulic room

In the event of selecting Bosch Rexroth as your supplier, please send your purchase orders to
sales@boschrexroth.co.uk with a copy of the Bosch Rexroth quotation to ensure the most expedient processing and
acknowledgement.

We trust that our offer is of interest and look forward to your further instructions. If you have any queries regarding our
offer please do not hesitate to contact us.

For and On Behalf of
Bosch Rexroth Limited
DCEN/GB-HD/SAL-UK

pkl, BOSCH, Digitally signed by pki,
BOSCH, EMEA.J, 0,
| EM EA’ J' O' john.berry
H Date: 2023.03.17 104547 Z
| john.berry
 John Berry
Sales HD UK DC-HD/SAL-UK
! ce: XX
Attachments: XX

Bosch Rexroth Ltd
VAT Registration Number GB239306896
Registered Number 768471 England

Editor: DCEN/EPU2-GB DCFR 72010-880 Page 1/18
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About Bosch Rexroth

Compact Hydraulics Mobile Controls Filters, Elements and Systems

Axial Piston Units Mobile Electronics Gearbox Technology

Mobile
- Hydraulics Foundry

Radial Piston Units External Gear Units

Service
Industrial Hydraulic Controls &

Pumps Large Hydraulic Drives
Power Units & Manifolds
Standard Hydraulic Cylinders Projects, Systems &

Large Hydrauiic Cylinders Engineering
Training
Drive/Control Systems

Linear Motion Technology

Asswenbly Technology Resistor Welding

Tightening and Joining Technology Consulting

Drawing on our own technologically advanced component inventory and a dedicated network of experienced engineers,
we are able to provide optimised, drive and control solutions to industry. Affording enhanced precision, combined with
full connectivity with our digital world, from which efficiency, durability and thru life reliability can be realised.

Having subjected our technology to the extremes of the freezing arctic, the depths of our oceans and the heat radiated
from steel making furnaces; our engineered solutions continue to perform and impress. With performance matched to
capture the smallest movement under the most significant loads, the ability to bring precise motion to almost any
structure is possible.

As a global partner, Bosch Rexroth supports mechanical and plant engineering efforts around the world with its
cutting-edge technology and unique industry knowledge. More than 38,000 associates across the globe are
developing tailored, safe and resource-friendly solutions. Our innovations deliver multi-dimensional enhancements for
machine manufacturers and end users. For example, they help to reduce harmful carbon dioxide emissions while
simultaneously raising productivity.

F 8
/' Sales and service
/' network throughout

- 80

' countries

continents
works on research and
development

Global

expertise

Solve

unique :
challenges manUfa_':tu nng International
in local \ locations project
markets A\ and customization managqment
1 sites in

20 countries

Above all, we make it easy to use cross-technology solutions by means of predefined functions and integrated
engineering tools.

Bosch Rexroth Ltd

VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page2/18
Registered Number 768471 England
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Bosch Rexroth Applications & Engineering

Automotive

ining nd General
Mech. Engineering

Testing and Simulation

Machine Tools Technology

Printing and
Converting

Tightening and Press
Fit

Mounting and Handling Research Technology Wind power Tidal Power

Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page3/18
Registered Number 768471 England
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Item Description Qty List Each Line Total

10 Bosch Rexroth Hagglunds DUc Half cabinet style of hydraulic 1
power unit, complete with a 132kW electrical motor mounted to a
closed loop axial piston pump which shall be supplied from a
stainless-steel oil reservoir that comes with the system health
monitoring sensors. these include a reservoir PT100 temperature
sensor, system pressure transmitter, boost pressure transmitter, ol
level sensor, suction valve isolation switch, 1 off return and 1 off
drain filters with blocked indication switches. Also fitted are an air
oil breather, oil level sight glass, oil sample point, oil reservoir drain
down valve, oil tank heater and an oil filler point through a guick
release coupling.
Maximum system pressure is 350 bar giving a maximum torque
from the CB840-680 drive motor of 221kNm. Maximum output flow
will give a maximum shaft speed of 8 rpm.
(Please note that the maximum torque and maximum speed are not
achievable simultaneously due to the installed power)
An air oil cooler is included which is mounted to the cabinet in which
the interconnecting hoses are included.
Fully variable speed of the feeder is via our “Spider” control unit,
which is wired and mounted to the power unit. Speed input signal
can be £10vdc or 4-20mA. Health monitoring indication is displayed
on the front screen showing the warnings and alarms.
Electrical voltages are based on 400v-3ph-50hz and 110/220vac-
1ph-50hz. All electrical motors are to IEC specifications.
Electrical Motors are 1P55 rated
Spider Control Unit is IP85 rated
Instrumentation is IP65 / IP67 rated
Documentation includes: - Electronic copy in a pdf format of the
Installation & Maintenance” manual.
Type : DUC-LS2-132-250+000-0-A-Y-S-E-400/50

20 Bosch Rexroth Hagglunds CB 840 680 direct drive motor 1
complete with shrink disc coupling.
Type : CB 840 680 CAONOQO 00 00

30 Bosch Rexroth Hagglunds torque arm complete with pivot 1
attachment and mounting bolts.
Type : TC A 08402000

40 Bosch Rexroth Hagglunds speed sensor to mount directly to the 1
drive motor.
Type : SPDC CB—0 01856 00 00

Bosch Rexroth Ltd

VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 4/18

Registered Number 768471 England
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50 Bosch Rexroth Haggiunds harsh environment kit to mount 1

directly to the drive motor.

Type : HEK 26 CRN 00 00

Total List Price

Discount:

Nett Price

£136,585.37

Material Surcharge @ 2.5%

£3,414.63

Total Nett Price

£140,000.00

Options
Item Description Qty Budget Each Line Total
OP10 Profibus Card 1 £964.73
OP20 Hydraulic Oil can be quoted if requested. 1 TBC
OP30 Assistance with installation & commissioning can be quoted if 1 £6,000.00
requested. Price shown is budgetary and based on 2 engineers for
5 days using Monday to Friday day rates.
OP40 Supply of interconnecting flexible hoses based on a 5m run 1 £3,000.00

Note: Price is exclusive of the UK rate of Value Added Tax (VAT)
Exclusions apply: Please refer to section “Technical Notes”.

Rev. Date Name Changes
AA XX XX XX
AB
AC

Bosch Rexroth Ltd
VAT Registration Number GB239306896
Registered Number 768471 England
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Terms and Conditions
Terms and Conditions of Sale, Systems and Engineering in accordance with DCPD 72061-000-AN2.
Supply Condition
Our price is offered FCA Our Works Wakefield for delivery to a UK destination by road transportation. Packaging and
delivery would be charged extra, dependent on destination within the UK and any applicable packing specificaticn
{Incoterms 2010 apply).
Delivery

Delivery would be 17 working weeks from receipt of order and agreement of all commercial and technical conditions.

The above delivery is also based upon achieving a design freeze (circuit approval) within 2-3 weeks from an order
placement.

Any changes requested after the design freeze date may impact on the delivery programme and incur costs. Please
refer to Section 3 of our Terms and Conditions of Sales, Systems and Engineering (DCPD 72061-000-AN2).

Payment Terms
30% with order, payment due immediately.
40% before despatch of goods.
30% nett cash account 30 days.

Any delay in payment to Bosch Rexroth Ltd. may affect the delivery date and / or the contract conditions.

Please note that the above terms, or mutually agreed terms, must be clearly stated on any order before it can be
processed.

Payment

Please refer to Section 11 of our Terms and Conditions of Sale, Systems and Engineering (DCPD 72061-000-AN2).
Quotation Validity

Quotation valid till the 25% March 2023.

Warranty

Standard warranty terms apply. Please refer to Section 7 of our Terms and Conditions of Sale, Systems and Engineering
(DCPD 72061-000-AN2).

Intellectual Property and Software

Definitions and rights considering use, please refer to Section 13 of our Terms and Conditions of Sale, Systems and
Engineering (DCPD 72061-000-AN2).

Quotation Type
Under cover of this letter, the offer is identified as a quotation type. These types are defined under Section 2 of our

Terms and Conditions of Sale Systems and Engineering (DCPD 72061-000-AN2); and draw your attention to the
restrictions placed on ‘Non-Binding Quotations’.

The information within this document is proprietary and confidential and must not be disseminated to, or used by, third
parties without Bosch’s written consent.

Bosch Rexroth Ltd

VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page7/18
Registered Number 768471 England
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For and On Behalf of For and On Behalf of
Bosch Rexroth Limited Bosch Rexroth Limited
DCEN/sector DCEN/sector
} ok, BOSCH, pki, BOSCH, Digitally signed by pk,
M. EMEAR,I, BOSCH, EMEA, J,0,
e o EMEA,J,O, i
1110372 John_berry Date: 2023.03.1710:46:18 Z
Name (authoriser 2) Name (authoriser 1)
Job Description or Title Job Description or Title
For and On Behalf of For and On Behalf of
Bosch Rexroth Limited Bosch Rexroth Limited
DCEN/sector DCEN/sector
Name (authoriser 3) Name (authoriser 4}
Job Description or Title Job Description or Title

Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 8/18
Registered Number 768471 England

Independent Project Report Page 176 of 210



David Adams 1908506

Independent Project Report

rexroth

A Bosch Company

Technical Notes System Solutions

Operating Environment

Equipment Location: Indoor

Ambient Temperature: 0°C to +35°C

Humidity Level: up to 85% maximum
Height Above Sea Level: Max 1000m

Corrosive Atmosphere: None / Dusty environment
Special Considerations: None

Hazardous Zone Rating: N/A

Customer Incoming Electrical Supply

Electrical Supply - 3 Phase: 400VAC 3Ph 50Hz
Electrical Supply - 1 Phase: 110/240VAC
Electrical Supply — DC: 24YDC

Duty Cycle

Continuous

Hydraulic Fluid

The equipment offered is suitable for use on Shell Tellus SMX VG68 (or equivalent, depending on ambient temperature,
viscosity curve and cleanliness levels according to the product datasheets).

General System Operating Description

Metal recycling infeed conveyor which feeds the scrap metal into the shredder. The conveyor is a continuous duty cycle
with constant stops and starts while feeding the scrap metal into the shredder.

Layout

The system layout shall generally be as follows:
e Cabinet design vertical mounted
¢ Fork pockets
e Lifting points
e Pump sets shall be mounted vertically and have a positive head of oil from the reservoir.

Fluid Pipe and Fittings

The fluid pipework shall be designed to optimise the transmission of fluid, with consideration to address pressure drop,
turbulence, cavitation and sound attenuation according to the environmental operability, duty cycle and fluid identified.

The pipe shall be sized to suit the applicable pressure and flow rate in each section, with consideration to oil velocities
and pressure drops. Pipes shall be clamped to provide adequate support, typically with polypropylene jaws mounted to
a carbon steel base.

Hydraulic Hoses

* Hose Material: Rubber (suitable for oil type)
e Hose End Fittings: DKOL & DKOS / 1SO 6162 (SAE3000 & SAEG000)
¢ Hose End Materials: Carbon steel, plated
Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page9/18

Registered Number 768471 England
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Pump Set Details

Main Pump Set - Electric Motor

Electric Motor Voltage: 400V [ 3Ph [ 50Hz
e Electric Motor Power: 75kw
e Efficiency Rating: IE2
¢ [P Rating: IP55
¢ Anti Condensation Heater: None
¢ Thermistors: None
+ Nominal Speed: 1500 rpm
e Special Considerations: None

Main Pump Set

*  Pump Type: Closed Loop Axial Piston pump, controller type EPG

« Nominal Flow Rate: 265 |/min max at 50Hz

¢ Max Working Pressure: 350 bar

e Construction: Close coupled via bellhousing and drive coupling, with anti-vibration mounts
e Protection Measures: Pump Compensator and integrated cross line relief valves

+ Special Considerations: None

Hydraulic Fluid Reservoir

The hydraulic fluid reservoir would be designed to optimise fluid movement and conditioning with consideration toward
de-aeration, thermal balance, and contamination control. The capacity and construction would be matched to the
operating cycle and fluid draw-off, with consideration to the operating environment and operating hydraulic fluid

identified.
The reservoir would consist of the following major features:
s Style: Rectangular
e Total Volume: 130L
¢ Material of Construction: Stainless Steel
« Removable Lid: Yes
e Inspection Covers: None
¢ Sight Glass: Standard
e |Immersion Heaters: Included
¢ Anti-syphon Features: None
* Drain & Oil Sample Valve: Included
e Suction Valves: Included
¢ Additional Features: None
Filtration

The design of the filtration system has been made to optimise the serviceability of the equipment, taking into
consideration the environment, duty, hydraulic fluid and cleanliness levels demanded by the component inventory and
system. With a view to target cleanliness in sensitive areas and those susceptible to contamination ingress, the following
principles apply:

e Pressure Filtration: None
+ Return Filtration: Qty 1off, Nominal Rating 10 micron, Bypass
s Drain Filtration: Qty 10ff, Nominal Rating 10 micron, Bypass
¢  Offline Filtration: None
e Specific Filtration: None
e Suction Strainer: None
* Reservoir Breather: Qty 1off, Nominal Rating 10 micron, Standard
Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 10/18

Registered Number 768471 England
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Hydraulic Fluid Cooling

The system has been designed to optimise cooling considering the environment and duty defined and the specific
characteristics of the hydraulic fluid identified. The resulting cocling has been based on the natural convection of free
air around the hydraulic reservoir and component inventory aiding cooling to electrical parts (solenoids, electric motors,
electrical apparatus including amplifiers, transformers, and inverters (without restrictions)).

To aid the cooling capacity of the hydraulic fluid reservoir, additional cooling equipment has been provided as per the
details below. Based on the maximum ambient temperature detailed above, this would result in a maximum system
temperature of approximately 60°C measured at the hydraulic fluid reservoir. Note - some areas may exceed this
temperature locally, for example pump case drains.

Independent Project (ACMAG6013)

e Cooler Heat Dissipation: TBA kW
e Cooler Type: Air Blast Cooler
*+ Cooling Source: Return Oil
e Cooling Source Flow Rate: N/A
¢+ Cooling Medium: Air
s Cooling Medium Temperature: Maximum 35°C
e Cooling Medium Flow Rate: N/A
*+ Cooling Medium Pressure: N/A
Cooler Electric Motor Details:
e Electric Motor Voltage: 400V /3Ph / 50Hz
s Electric Motor Power: 2.2 kW
o Efficiency Rating: IE2
+ [P Rating: IP55
+ Anti Condensation Heater: None
e Thermistors: None
¢« Nominal Speed: 1500 rpm
e Special Considerations: N/A

Hydraulic Fluid Heating

The performance of the system is reliant on achieving an operable temperature under all conditions, adverse conditions
or low temperatures may warrant consideration to a heating cycle during equipment start-up. This requirement has been
met as noted below and takes into consideration both the operating envirenment, duty and hydraulic fluid identified.

It should be noted that the optimum performance of a hydraulic system will only be realised when it is brought to an
operational mean average temperature of approximately 40°C.

Hydraulic Fluid Heater Power:
Hydraulic Fluid Heater Voltage:

Hydraulic Fluid Heating Source:

Hydraulic Fluid Heater Quantity:

Immersion Heater
1.0 kW

400V /3Ph / 50Hz
1 off

Independent Project Report

Other specific details relating to heating, None
Manifold Blocks

In order to supply the most compact and efficient design, our engineered solution makes use of standard and bespcke
manifold blocks, configured according to functional requirements. Using a range of matched hydraulic components,
including surface mounted and cartridge valves, the resulting manifold assembly provides an optimised installation
envelope in order to maximise performance capability.

e Material Type: N/A
o Material Grade: N/A
e Finish: N/A

Bosch Rexroth Ltd
VAT Registration Number GB239306896
Registered Number 768471 England
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Instrumentation

The unit will include the following instrumentation:-
e Oil level sensor to monitor low oil level warning and minimum oil level shutdown.
¢ QOil temperature sensor to monitor minimum oil temperature shutdown, cooler control, high oil temperature
warning and maximum oil temperature shutdown.

s Pressure switch to indicate clogged oil filters.
e Pressure transmitter to monitor main system oil pressure (4-20mA) including digital display.
+ Suction valve switches to indicate when the valve is not fully open.
* Speed encoder for the pan drive motor
Painting

e Frame C3 Black RAL 9017
¢ Panels C3 Orange RAL 2002
s Doors C3 Orange RAL 2002

Noise

No consideration for noise output has been made as part of this quotation. Should a specific noise level be required,
please provide further details by return and we would provide revised quotation accordingly.

Electrical Panel / Junction Box

No electrical panel is included in the scope of supply.

An internal junction box is included in which all instrumentation is wired to.

Electrical Installation Wiring

No external electrical installation wiring is included in scope of supply.

Factory Acceptance Test & Inspection for UK Built Power Units.

The equipment shall be subjected to the standard factory test and inspection programme to validate the functional
operability of the equipment. Both performance and endurance testing is specifically excluded. When tests are
completed all pump control valves, pressure relief valves, flow control valves, pressure switches and temperature
switches shall be left set as per the circuit drawing unless otherwise specified. Where settings are not defined, or a range
is provided, these valves shall be set to the minimum setting.

Validation of construction, presentation and identification (labelling), in accordance with documentation forming the
original scope of supply; General Arrangement Drawing / Circuit Drawing / Material Listing and Electrical Wiring Diagram

associated with fully wired equipment.

Verification of pressure test, subjecting discreet circuits to test fluid to check pressure integrity. Verification of component
functionality according to designated datasheet function (not performance / response characteristics).

Adjustments to final settings may be required during installation and commissioning as outlined in our data sheet
RE07900 ‘Installation, commissioning, maintenance of hydraulic systems’.

Equipment shall be tested using mineral oil HM VGE8 in accordance with fluid recommendations identified within our
data sheet RE15414 ‘Hydraulic fluids based on mineral cils and related hydrocarbons’, with fluid cleanliness levels to
match the equipment specified.

Whilst the equipment is supplied ‘visually clean’ it must be appreciated that when put into service, the equipment shall
attain its respective cleanliness class as the component inventory beds in.

The integrity and continuity of electrical equipment (including earth bonding) is subjected to test when the equipment is
supplied with a junction box or control panel, including electrical installation by Bosch Rexroth.

Bosch Rexroth Ltd

VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 12/18
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An inspection and test report shall be completed for each assembly {or batch of), compromising the following information:
e General confirmation of correct assembly

Major Component Serial Numbers

Test Values (e.g. pressure / flow / current / temperature / noise)

Oil cleanliness

Labelling

A witness test programme has not been included.

Free Issue Equipment
e N/A
Packaging and Protection

Our offer excludes packaging and protection.
Our offer includes for packaging and protection suitable for standard road transport & limited storage:
e Cased ply construction (depending on equipment size).
+ Suitable for storage not exceeding 6 months without explicit instruction considering frequency of inspection,
storage to provide environmental control.

Operation and Maintenance Manual

The equipment shall be provided with general documentation to support the safe handling, use, service and maintenance
including the following documents:

General Product Information on Hydraulic Products, REQ7008.

Installation, Commissioning & Maintenance of Hydraulic Systems, REQ7900.

Installation, Commissioning & Servicing of Hydraulic Pumps & Motors, REQ7080.

Installation, Commissioning & Maintenance of Industrial Valves, REQ7300.

Installation, Commissioning & Maintenance of Electro-hydraulic Servo & High-Response Control Valves,
REO7700

e Installation, Commissioning & Maintenance of Proportional Valves, REQ7800.

e Operation & Maintenance of Filters in Hydraulic Systems, Notes (Hydraulic Trainer Vol. 3)

The equipment shall be provided with specific documentation to support the safe handling, use, service and maintenance
including the following decuments:

e Hydraulic/ Electrical Circuits (including bills of material)

e Hydraulic / Electrical General Arrangement Drawings

*  Major Component Datasheets

e Spare parts list (commissioning and consumables)

All documentation shall be provided in English Language, in electronic format (pdf), temporarily downloadable from our
data exchange server {temporary login and password provided upon completion of manual).

Further details, including spare parts price lists, can be provided upon request.

Should a system specific manual including detailed maintenance and operations instructions be required then this can
be offered at an additional cost.

Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 13/18
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Technical Notes Site Work

Site work
Our offer excludes installation & Commissioning

The competency of site personnel shall be matched to the role to be undertaken. Correct PPE shall be provided and
any site specific accreditation & certification shall be met, provided this has been brought to our attention and agreed by
us.

The client shall provide full details of their site representatives, including their contact details and responsibilities,
together with a nominated representative to facilitate the progressive sign off, to authorise site extras (see below), and
qualify the acceptance of site acceptance certificates.

Details of all working conditions including access, communication, details considering health and safety & well-being
applicable to your site are required with receipt of order. Any variations to those specified in your enquiry document may
incur additional costs.

All civil works shall be undertaken by others. These include (but are not limited to) holes in walls, floors, trenching, trench
covers, ramps and foundation holes.

Suitable safe and secure areas for site cabin(s)/container(s), storage, adjacent to the installation area to be available,
free of charge. All light, heat, ventilation, electrical, water and personnel services to be available free of charge including
operable power supplies for tooling.

Craneage, scaffolding and access towers related to the offloading, positioning, inspecting and or dismantling operations
are excluded.

Installation

Positioning and mounting of equipment within the civil structure / machinery shall be by others. Fixings, fasteners and
anchorage devices are excluded from our offer.

All guarding / screening required as a result of a customer risk assessment, are excluded from our offer.
To summarise the scope of the installation:-

Site Preparation:

¢ Method statements and risk assessments (solely Bosch Rexroth supply): Excluded
s Technical appraisal, specifications for anchor points & structural loadings: Excluded
o Technical specification, supply of fixings, fasteners & anchorage devices: Excluded
¢ Guarding & screening, barriers, protection and security: Excluded
e Marking & Signage, warnings & hazards / translation / languages: Excluded
e Greases & |ubricants and supply of temporary preservation materials: Excluded
e Positioning & routing (inc supporting) of electrical power supplies: Excluded
¢ Termination & glanding of electrical power supplies: Excluded
« Transition spools, adaptors and fittings for hydraulic / cooling services: Excluded
e Termination & joining of hydraulic / cooling pipework: Excluded
e Hydraulic fluid: Excluded
¢ Filling and priming of equipment (excluding site pipe work): Excluded

Bosch Rexroth Ltd

VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page14/18
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Site Pressure Testing and Flushing
Not included in our offer
Site Cold Commissioning
Not included in our offer
Site Hot Commissioning
Not included in our offer
Site Acceptance Test (SAT) & Handover for UK built Power Units.

Upon completion of the above, your nominated representative will be invited to witness and sign an acceptance
certificate which will be signed by both parties to indicate the completion of our site work provisions.

Site Extras to Contract

All extras to contract (including materials and man-hours) shall be recorded on our ‘Daywork Sheet. This shall be
checked, agreed and signed for by your nominated site representative.

All extra costs including travel, hotel, lodge and subsistence shall be invoiced at our daywoerk rates against the recorded
extras.

A copy of the relevant daywork sheet shall be forwarded with our invoice as proof that the work was carried out and the
recorded times etc have been agreed by your representative as an extra to contract.

No additional work shall be carried out without a written variation order.

The signing of any daywork sheets by your nominated representatives constitutes an irrevocable agreement of payment
to us against the terms above and the specified day work rates.

Exclusions

We wish to draw your attention to the following items, which unless specified otherwise within our offer are excluded.

e Hydraulic actuators and any line mounted items.
e  Supply of Interconnecting site pipe work and hoses.

s Electrical installation wiring of junction boxes and ancillary equipment (e.g. valves, instrumentation, motors and
heaters etc).

e Control cabinets, including PLC’s, HMI’s, signal conditioning devices and amplifier / driver cards.
s  Software and control related programmes.

+ Any additional certification not currently specified within the quotation.

*  First fill of hydraulic fluid.

e Nitrogen pre-charge for accumulators.

e Spares and consumables.

e Site work, installation and / or commissioning including the offloading, storage or positioning of equipment or
the putting to use / provision for services.

Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 15/18
Registered Number 768471 England
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rexroth

A Bosch Company
¢ Witness of our Factory Acceptance Test (FAT).
+ Site Acceptance Tests (SAT’s).

+ Removal & disposal of packaging and waste materials.

Bosch Rexroth Ltd
VAT Registration Number GB239306896 Edlitor: DCEN/EPU2-GB DCFR 72010-880 Page 16/18
Registered Number 768471 England
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rexroth

A Bosch Company

Health and Safety

The equipment offered in accordance with the EC Machinery Directive 2006/42/EC is defined as a ‘partly completed
machine’ and shall be provided with a declaration of incorporation.

It is incumbent upon the ‘Customer’ who has contractual claim to the ‘Goods’ to responsibly perform their duties to
address the essential health and safety requirements considering the integration of the partly completed machine. This
shall be completed prior to putting the equipment in to use.

A declaration of incorporation shall be provided with the goods supplied.

Quality

The equipment offered shall be produced in accordance with our ISO 9001 accreditation and quality management
systems. Having subjected our design and production processes to FMEA (Failure Mode Effect and Analysis), scrutiny,
the resulting realisation of our engineered solutions is performed according to our standard quality plan covering order
placement, design verification, receipt of goods, production, test validation, delivery together with reassurance toward
outsourced supply.

Process reviews, documented risk assessments, environmental considerations together with appraisals toward our legal
ohligations defined within the Machinery Directive mitigate risk and address safety.

A summary of the Standard Control Plan is included below:
e Seamless steel tubes: certified considering form, properties — strength / grades and condition to EN 10204-3.1

¢ Inspection of fabrications; constructional compliance — dimensional accuracy, welded joints, finishes —
coatings, correctness of threads / sealing faces / specific lifting provisions and cleanliness — presentation.

e Inspection of pipework; constructional compliance - dimensional accuracy, respective finish, integrity of welded
joints — as applicable (radiographic examination of 10% of butt welded ‘pressure’ joints produced by certified
welders / applicable weld procedures). Correctness of threads / sealing faces, cleanliness and presentation.

e Manifold: material certified considering form, properties — strength / grades and condition (NDT flaw detection),
EN 10204-3.1 (2.2 for certain materials) and subject to inspection for constructional compliance — dimensional
accuracy, respective finish, correctness of threads / sealing faces, cleanliness and presentation.

+ Proprietary components: supply compliance - subject to visual inspection on receipt

+ Hydraulic hose assemblies: certified conformity, considering form — and pressure test with traceability to
unique indelible marking.

e Al equipment representing engineered assemblies, shall be subject to functional test and inspection:
constructional compliance, integrity and functional performance to design documents are validated, from which
the appropriate document — either Declarations of Incorporation or Certificate of Compliance is provided.

+ Finish and Presentation: compliance and overall quality is assessed: Colour, coverage and thickness of paint
is verified, labelling, capping of termination points and integrity — correctness of packing / preservation
undertaken, warning and cautionary marks are reviewed.

o Delivery: the equipment shall be subjected to a pre-delivery inspection.

Bosch Rexroth Ltd
VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 17/18
Registered Number 768471 England
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rexroth

A Bosch Company

UK Site Locations

St Neots
Tel: +44 {0)1480 223200

UK Headquarters
Rexroth Service

‘: .m-m!,""‘?r

=5
conpud B E H "

Sales, engineering, design, assembly and service of
hydraulic systems and components of Bosch Rexroth.

Cirencester
Tel: +44 {(0)1285 863000

Sales, engineering, design, assembly and service of
electro-mechanical drive solutions, drives, linear motion and
assembly technology.

Wakefield
Tel: +44 {(0)1924 220100

Power Unit Manufacture
Hagglunds Service

Sales, engineering, design, assembly and service of
hydraulic systems and components of Bosch Rexroth.

Glenrothes
Tel: +44 {(0)1592 631777

Hydraulic Motors Manufacture
Regional Sales Office.

Sales and service of hydraulic systems and components of
Bosch Rexroth.

Blackburn
Tel +44 (0)345 604 4106

Area Sales Office - North

Newport, Wales
Tel: +44 (0)345 604 4106

Area Sales Office - South

Please click on this link for further information on our extensive range of products and services covering industrial hydraulics.
http:/fwww.boschrexroth.com/en/xc/

Bosch Rexroth Ltd

VAT Registration Number GB239306896 Editor: DCEN/EPU2-GB DCFR 72010-880 Page 18/18
Registered Number 768471 England
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16.5. Appendix E: Hydraulic Calculations (Ingleside
Engineering, 2023)

Existing Drive System : 130kW, 3300v-3ph-5Chz electrical motor through a fluid coupling and a David
Brown speed reduction gear box (details unknown, could be worm type).

Note gear box rating is 93 kW from SAP data.

The reclaim rate typically does not exceed 900 tph due to the downstream capabilities.

DAVID BROWN TYPE H SERIES GEAR UNIT C/W MOTOR BRACKET Bl
ASSEMBLY.

KW RATING: 93KW - OUTEUT 3.35 - RATIO 224:1.

AS USED ON NO.1 & NO.2 BWR BUCKET DRIVES.

The bucket wheel speed was timed at 9.15 secs per revolution, giving a shaft speed of 6.6 rpm.
Electrical motor shaft speed of 1480 rpm through the 224 : 1 reduction gear box is 6.6 rpm

Full load current to be advised by for the installed electrical motor, calculated value is 26.76 Amps on
a 4-pole electrical motor rated for 3300 volts.

Reclaim material was on Sinter Fines which is classed as a light material, operators target is
to maintain the reclaim rate at 12 amps. Reclaim material DRI is the heaviest material, and
the target is to maintain the load between 20 and 22 amps, any higher than these values it
starts to put the cylinder luffing forces into an amber warning mode.

We have assumed the following efficiencies for the various components in the drive

Component Efficiencies 100% Load 50% Load
Electrical Motor 94 93
Electric Motor Power Factor {Pf) 0.85 0.84
Fluid Coupling 98 98

Gear Box 94 90

For the assessment of the absorbed power when reclaiming Sinter Fines, we shall base this on the
values shown at 50% in the above table. The drive torgue shall then be calculated from the running
speed of 6.6 rpm.

Absorbed Power (kW) = (V x | x Pf x V3 x Eff.) / 1000

Torque = (Absorbed Power x 9550) / rpm

Power = 3300 x 12 x 0.84 x 1.732 x (0.93 x 0.98 x 0.9) / 1000 = 47.26 kW
Torque = (47.26 x9550) / 6.6 = 68,381 Nm
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For the assessment of the absorbed power when reclaiming DRI, we shall base this on the values
shown at 100% in the above table. The drive torque shall then be calculated from the running speed
of 6.6 rpm.

Absorbed Power (kW) = (V x | x Pf x V3 x Eff.) / 1000

Torque = (Absorbed Power x 9550) / rpm

Power = 3300 x 20 x 0.85 x 1.732 x (0.94 x 0.98 x 0.94) / 1000 = 84.14 kW
Torque = (84.14 x9550) / 6.6 = 121,745 Nm

Power = 3300 x 22 x 0.85 x 1.732 x (0.94 x 0.98 x 0.94) / 1000 = 92.55 kW
Torque = (92.55 x9550) / 6.6 = 133,920 Nm

The operator also mentioned that sometimes they do hit 24 amps but this is rare and typically caused
by avalanching onto the wheel, which would calculate to be 146,000 Nm

Drive Motor Selection.

Based on this information we can select a CB840-680 direct drive hydraulic motor complete with
shrink disc coupling.

The anticipated running pressures on DRI would be 195 bar to 220 bar
The anticipated running pressures on Sinter Fines would be 120 bar.
The anticipated running pressure at peak load of 24 amps is 235 bar.

The drive system would have a maximum torque capability of 221kNm at 350 bar.
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16.6. Appendix F: Design Brief (Ingleside Engineering,
2023)

DESIGN BRIEF

BUCKET WHEEL DRIVE UPGRADE AT TATA
STEEL, PORT TALBOT

INGLESIDE ENGINEERING

2023

Independent Project Report Page 189 of 210



David Adams 1908506 Independent Project (ACMAG6013)

e A% lllyiesiue
&k T

CONTENTS

Section Title Page
1.0 INTRODUCTION 3

2.0 REFERENCE MATERIAL 5

3.0 APPENDIX 6

Page 10 of 10

Independent Project Report Page 190 of 210



David Adams 1908506 Independent Project (ACMAG6013)

> \\® !tylesiue

1.0 INTRODUCTION

The harbour area, at the Tata Steel Port Talbot site, is the point where all raw materials are stored
prior to transfer to other parts of the processing plants. After the raw materials have been stored in the
harbour area, reclaim machines are used to collect the materials and discharge these onto belt
conveyors for onward use. These bucket wheel reclaim (BWR) machines are utilised for this purpose.

The drawing below shows the existing #2 BWR:

2107.13.00.12.003

TATA Steel have decided to upgrade the existing gearbox type drive unit and replace this with a
hydraulic motor (Hagglunds/Rexroth). To allow the new hydraulic drive system to be installed an
additional supporting structure is required for the power pack unit. TATA Steel also requested that the
new drive has a maintenance platform that is accessed from the current bucket wheel walkway.

The removal of the existing drive unit will affect the ‘balance’ of the overall machine. The addition of
the new components and the supporting steelwork structure also affects the ‘balance’ of the machine.

A calculation has been completed to show the requirements for the counterweights and this is shown
on drawing IEL-C407-002.

Page 10 of 10
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The drawing below shows the proposed arrangement of the drive upgrade scheme:

T T T T T T T T
5001 RHE I W ORAT 4T 4 bhoe R WL TES

These requirements have been the basis of the Ingleside Engineering Design Brief enabling us to
provide an effective solution to meet the requirements and expectations of TATA Steel.

All drawings and design information for this design brief can be found in Section 3 (Appendix) of this
document.

Page 10 of 10
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2.0 REFERENCE MATERIAL

TATA Steel Information

72030/BW/SD.71.B
2107.13.00.12.003
191001/A/004 B
191001/2/005 B
191001/2/006 A
191001/2/004 A
191001/2/015 A
191001/2/033 B
191001/2/035 C
191001/2/036 B
2100.09.02.12.003 A
078 5005

278 5017
R0024771

Diagram Showing Loads & Position with Boom Horizontal
General Arrangement of Bucket Wheel Reclaiming Machine
Arrangement of Head End

Details of Replacement Boom Middle Section Sheet 1
Details of Replacement Boom Middle Section Sheet 2
Details of Replacement Boom Middle Section Sheet 3
Arrangement & Details of Boom Walkways — Front Section
Details of Ballast Weights & Trimmers

Modifications to Existing Cell Less Bucket Wheel 6m Body Type ‘C’
Details of Bucket Wheel Shaft & Hub

Cell Less Bucket Wheel Inner Shaft Ref. 320

CB840 Hydraulic Motor

Torque Arm

Drive Unit

Ingleside Engineering Ltd. Information

|IEL-C407-001
|IEL-C407-002

Proposed Layout of #2 BWR Drive Upgrade
#2 BWR Drive Upgrade Counter Balance Calculation

Page 10 of 10
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16.7. Appendix G: Walkway Design (Inglside
Engineering, 2023)
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16.8. Appendix H: Walkway Tender Document

Request for Quotation

Project Title: BWR Drive Upgrade Project Engineer:  David Adams
Specification No.: TSE0130191-B E-Mail: d.adams@tatasteeleurope.com
Issue Date: 16/10/23 Desk Phone: 01639 603480
Tender Return Date:  30/10/23 Mobile: N/A
Location:

Bucket Wheel Reclaimer, Harbour & Blending, Burdening Dept, Port Talbot Works, SA13 2NG

Purpose of Works:
Invitation to tender for the manufacture, supply, and installation of structural steelwork and a 3190kg
counterweight for the Bucket Wheel Reclaimer Upgrade Project

Description of Works:

Manufacture, supply, and onsite installation of structural steelwork and a 3190kg counterweight as per
the specifications detailed in Appendix 1 - Manufacturing drawing set.

Selected vendor will be notified by 6th November 2023, Installation of the structural steelwork and
counterweight is scheduled to begin on 8th February 2024, the project is expected to be completed by 7th

March 2024 or earlier.

Supporting Documents Supplied:
Appendix 1 — Manufacturing Drawing set

Contents of Tender
Your tender should be addressed as follows: David Adams, Harbour Engineer, Tata Steel Europe Ltd, Port Talbot Works, SA13 2NG
Your tender must include the following:

. Project title, specification no., tender reference and date

e Scope of supply and provision of service incl. quantities, options and variants

. Price ex tax of the labour per operation, number of hours * hourly rate

Price ex tax of the supply per operation number * unit price
e Otherif detailed in description of works
*  Total price extax

If the Vendor considers it appropriate, they will send additional variants to the specification.

Tender Responsibilities

It is the responsibility of the vendor to gather all necessary data required to ensure that any equipment supplied will meet the system
requirements & maintain or improve current levels of facility performance. The contractor should carry out a complete survey of the current
installation for the benefit of their submission. Failure to identify any issues during the quoting pericd of the project will be rectified at the
vendor’s expense; TSE will accept no responsibility, financially or practically, for any issues arising from the vendor failing to carry out a full
survey. Any data supplied by TSE is enly information & a guide; the vendor should carry out all necessary actions to validate that information.
List of proposed equipment & materials should be contained within the quotation for TSE to review. As part of the quotation the vendorshould
present a list of all sub-contractors that may be used. TSE will review the proposed list of vendors & confirm the suitability of those companies
submitted. The vendor is respensible for any sub-contractors they employ.

The tendering parties should at no stage in the development of the project discuss the project with any third parties other than their sub-
contractors & they should ensure that their sub-contractors are also aware of this requirement.

Should any concessions or deviations be required, they must be requested in writing and clearly agreed between TSE & vendor prior to a
contract award. The vendor, at their own expense, must rectify any failures of compliance.

The TSE non-production terms and conditions for the supply of goods and services are applicable: “TSE Non-Production Supply of Goods and
Services Oct16.pdf".

Issue 505/08/2019 Retention AMIS 25.03 S+1 TSE-ME-FAC-0004-5 Page1of2
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Request for Quotation

All installations must comply with the TSE Mechanical Specification and the TSE Colour Specification. For all lifting equipment, a LOLER
certificate is required and the equipment must be marked with the Safe Working Load (SWL}. All machinery must be CE marked and an EC
declaration of conformity must be issued to TSE.

All electrical installations and software must comply with the TSE Controls Specification, Electrical Drawing Specification, ADDS PLC
Specification and Label Standard Specification.

The chosen vendor will provide all as installed drawings, calculations, specifications & operating/maintenance manuals, the bill of materials,
the spare & wear parts list, electrical drawings and software documentation within 2 weeks of the final acceptance of the facility. The
documentation must be supplied in printed (single copy) in conjunction with an electronic form (USB stick) to the TSE engineer.

Any validation test data remains the property of TSE & may not be distributed without TSE permission. All design drawings, calculations &
specifications, regarding this preject, are the property of TSE.

Site visits must be arranged through the relevant TSE engineer. Facility installations and modifications must be planned with the TSE engineer,
implemented around existing equipment and during normal production operating hours (where practicable). Where this is not practicable
then non-production shift patterns must be agreed with no disruption to preduction quality or volume.

A permit to work will be issued before the commencement of any work on site. Additional permits are required for hot work, roof access,
excavations, confined spaces and lifting operations. The vendor will be responsible for providing all risk assessment & methods statements,
these should be provided at least 5 days prior to project commencement. All contractors working on site must attend the TSE induction prior
carrying out any work on site. No pictures or videos are to be taken at any time.

Full H&S regulaticns apply whilst on site. CDM Regulations 2015 apply to all construction projects. The TSE statement of Health & Safety and
Envirenmental policy must be respected. Both decuments will be issued by the TSE engineer upon request.

Contractors should ensure that they provide all access equipment, lifting equipment & relevant PPE equipment that may be required to
complete works in a safe & controlled manner. All relevant certification should accompany any equipment that arrives on the TSE site & be
available for examination by relevant bodies at any time. Contractors should note that they are not to use TSE equipment unless they have
permission from the person responsible for the particular piece of equipment.

It isthe responsibility of the vendor to maintain their site in a safe & clean manner; site cleaning should be completed at the end of the working
shift & the site should be secured.

The vendor will be responsible for ensuring that all their waste materials are removed from site & disposed of in a safe & responsible manner.
A frequency for disposing of waste should be agreed with the responsible engineer.

Issue 5 05/08/2019 Retention AMIS 25.03 S+1 TSE-ME-FAC-0004-5 Page 2 of 2
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16.9. Appendix I: Walkway Quotation (Mll Engineering
Ltd., 2023)

Engineering Ltd

Tata Steel UK Ltd
Port Talbot Steel Works
Harbour & Blending
SA13 2NG

Your Reference: Tenderdoc1029873

Our Reference: MII-E-24-23901

FAQ: Mr David Adams

Subject: Quotation for Manufacture and Supply of BWR
Steelwork

Dear Sir,

We thank you for your valued enquiry and we now have pleasure in submitting our quotation for
the work as described.

Quote to manufacture and deliver to site the structural steelwork and walkways as per drawings
provided in Tender document pack ref: 1029873.

This quote is for the sum of £28,968.11 (Twenty eight thousand, nine hundred and sixty eight
pounds and eleven pence.)

Note: Quotation is not confirmation of resource allocation. Further planning meetings are being
held weekly where TATA will confirm site wide priorities.

We hope to have interpreted your enquiry requirements correctly and look forward to being of
service to you, assuring you of our best attention at all time, we remain,

Yours Faithfully

For and on behalf of
MII Engineering Ltd

Mﬁéi @aw

MIil Engineering Ltd

Unit 20, Pant Glas Industrial Estate

Bedwas, Caerphilly, CF33 8DR Tel:

+44 (0) 2920 857800

Fax: +44 (0) 2920 857839 Directors: B R Amesen, M J Moody, J A Brand
wWww.mii.co.uk Company Registration No. 6806614 England
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16.10. Appendix )

(Ingleside Engineering, 2023)
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16.11. Appendix K: Thickness Testing Plan (Ingleside

Engineering, 2023)

.
[ / ; E
3 o

Wyt g
= Lt

@

T
£ ] 1 { i’ ] _l —
] i g
£ @
H i : M
& - | \j _ |
l il
1 === |- 1
i i
L ALLY 3 El
hasi = g H
J‘ A gy \ o R
/ &
2 ! Y
5 / :i%r \ 70
FA NSRS i o

SCALE
REVISION Ho,

c Ingleside

55 CHECKS
DVE UP:
s

Independent Project Report

Page 200 of 210



David Adams 1908506 Independent Project (ACMAG013)

16.12. Appendix L: Temporary Works Design (Ingleside
Engineering, 2023)
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1. POSITION BWR OVER EXISTING ERECTED TRESTLE

2. INSTALL 2no 300*90 PFC UPRIGHTS AND WELD TO THE INSIDE OF THE BOOM
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3a. INSTALL 2no LIFTING POINTS UNDERSIDE BRACE BEAM

3b. RIG WEIGHT OFF LIFTING EYES PREVIOUSLY INSTALLED TO UNDERSIDE OF BRACE
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4b. INSTALL ANCHORS

Independent Project Report Page 203 of 210



David Adams 1908506 Independent Project (ACMAG013)

6. INSTALL NEW PLATFORM
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7. INSTALL NEW HYDRAULIC MOTOR |

8. REMOVE ALL TEMPORARY WORKS
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16.13. Appendix M: Factory Acceptance Document
(BOSCH REXROTH, 2023)

Factory Acceptance Test Document rexroth

Systemns and Engineering (DCEN/EPU2-GB) A Bosch Company

Location of Factory Test:
BOSCH REXROTH, Wakefield
Tel: +44 (0)1924 220100

Bosch Rexroth Limited

15 Cromwell Road

St Neots

PE19 2ES

Tel. +44 (0)345 604 4106

E-mail: sales@boschrexroth.co.uk
www.boschrexroth.co.uk

BOSCH REXROTH Representative:
lohn Berry

TATA Steel Representative:
David Adams

Date of Test Completion:
23/10/2023

System Description:

TATA STEEL BWR Hydraulic system components including CB840-680 direct drive
hydraulic motor complete with shrink disc coupling, DUC-LS2-132-250+000-0-A-Y-S-E-
400/50 HPU with integrated oil cooler, TC A 0840 2 0 00 Torque arm complete with pivot
attachment and SPDC CB—0 01856 00 00 speed sensor.

No. Test Item Test Description Pass/Fail Remarks
q Visual Inspection | Check for physical Pass No physical
damage, correct damage, labels
labelling, and correct.
component integrity.
2 Dimensional Verify dimensions Pass Dimensions within
Check against design tolerance.
specifications.
3 Hydraulic Motor Test motor for correct Pass Motor operates
Functionality cperation, including correctly
start-up and shutdown.
4 Pump Measure pump output Pass Output matches
Performance against expected specifications.
performance
parameters.
5 Valve Operation Check for correct valve Pass Valves operate

Bosch Rexroth Ltd
VAT Registration Numbaer GB239306896
Registered Number 768471 England

Independent Project Report

operation and response
times.

Editor: DCEN/EPU2-GB

DCFR 72010-880

within specified
times.
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6 Actuator
Perfermance

7 Torgque Reaction
Arm

8 Oil Cooler
Efficiency

9 Control System
Integration

10 | Pressure Testing

11 | Vibration Testing

12 | Noise Level
Measurement

13 | Electrical
Connections

14 | Functional Testing
of Safety Features

15 | Software
Functionality

16 | Documentation

Verification

17 | Final System Test

Bosch Rexroth Ltd
VAT Registration Number GB239306896
Registered Number 768471 England

Independent Project Report

Test actuators for
correct operation under
load.

Verify correct
installation and
functionality.

Measure oil cooler
performance and
efficiency under
operating conditions.
Test integration with
spider control systems,
including feedback
loops.

Conduct pressure tests
to ensure no leaks and
system integrity.
Measure vibration levels
during operation.

Measure noise levels
during operation.
Verify all electrical
connections are secure
and correctly labelled.

Test all safety features,
including emergency
shutdown and alarms.
Validate software
functicns and user
interface.

Check completeness
and accuracy of
documentation
provided.

Run full system testto
ensure overall
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Actuators function
as expected under
load

Proper installation
confirmed.

Cooler maintains
required
temperature.

Control system
integration
successful

No leaks detected;
system holds
pressure.
Vibration levels
within acceptable
range.

Noise leveis within
acceptable range.
All connections
secure and labelled
correctly.

All safety features
function correctly.

Software operates
as expected.

Documentation
complete and
accurate.

System operates
correctly under full
load
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rexroth

A Bosch Company

functicnality and
performance.

This document certifies that the hydraulic system has passed all factory acceptance
tests and inspections, confirming its readiness for installation and operation at TATA
Steel Port Talbot, as per all terms and conditions previously stated.

BOSCH REXROTH Representative: TATA Steel Representative:
John Berry David Adams
(Signature: } (Signature: )
Date: Date:
23/10/2023 23/10/2023
Bosch Rexroth Ltd
VAT Registration Number GB233306896 Editor: DCEN/EPU2-CB DCFR 72010-880 Page3/3

Registered Number 768471 England
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16.14. Appendix N: Detailed Lifting Plan

LIFT PLAN

Crane Specifications

Crane Type

DEMAG AC80-2

Lifting Capacity

80 Tonnes maximum (see diagram)

Boom Length 50 metres
Jib Length 15 metres
Maximum Reach 65 metres

Operator Certification

Certified crane operator with a valid license

Lift Classification

Safety Zones

Category 2 — Tata PICOLO only (up to 100Te simple lift)
Safety Requirements

Establish safety zones around the lift area to keep unauthorized
personnel at a safe distance. Use barriers and signage to mark these
zones.

Weather Monitoring

Monitor weather conditions continuously. Suspend lifting operations
if wind speeds exceed 8m/s as per regulations XXXX or if there are
adverse weather conditions such as heavy rain or lightning.

Emergency Procedures

1. Pre-Lift Planning

Develop and communicate emergency procedures for potential
incidents such as load drops or crane malfunctions. Ensure the lift
crew is trained on these procedures.

Lifting Plan Components

Site Inspection

Conduct a thorough inspection of the site to identify potential
hazards and ensure the ground is stable and capable of supporting
the crane and its loads.

Load Assessment

Evaluate the weight, dimensions, and center of gravity of each
component to be lifted. Ensure that all loads are within the crane’s
lifting capacity.

Rigging Equipment

Select appropriate rigging equipment, including slings, shackles,
spreader bars, and lifting beams. Ensure all rigging equipment is
inspected and certified.

2. Lift Coordination

Person In Charge of Lifting Operations

Appoint a PICOLO, responsible for overseeing the lifting operations

(PICOLO) and ensuring compliance with safety procedures.
Assemble required lifting team, including riggers, signalers, and safety
Lifting Team personnel. Conduct a pre-lift meeting to review the lift plan and

assign roles.

Communication

Establish clear communication protocols, including hand signals to
BSENXXXX and radio communication, to ensure coordination between
the crane operator and PICOLO.

3. Lift Execution

Stabilization

Position the crane on stable ground, using outrigger pads to
distribute the load. Ensure the crane is level and secure.

Rigging Setup

Attach the rigging equipment to the load, ensuring proper alignment
and secure attachment. Double-check all connections and load
distribution.

Test Lift

Perform a test lift to verify the load is balanced and the rigging setup
is secure. Make any necessary adjustments before proceeding with
the full lift.

Lifting Procedure

Execute the lift slowly and steadily, avoiding sudden movements. Use
tag lines to control the load and prevent swinging. Lift the load to the
required height and maneuver it into position with precision.

Load Placement

Lower the load slowly into its final position, ensuring it is aligned
correctly and securely placed. Disconnect the rigging equipment
carefully.

4. Post-Lift Procedures

Inspection

Conduct a post-lift inspection of the crane, rigging equipment, and
the lifted components. Check for any signs of damage or wear.

Documentation

Record the details of the lift, including the weight of the load, lift
height, and any issues encountered. Ensure all documentation is
completed.
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Detailed Lifting Procedure for Hydraulic Motor Installation

1. Pre-Lift Inspection

Verify the weight of the hydraulic motor using motor data plate

Inspect the lifting points on the hydraulic motor

Ensure the rigging equipment (slings, shackles, lifting beams) are rated for the load
2. Rigging Setup

Attach slings to the lifting points on the hydraulic motor using shackles and eye bolts
Secure the slings to the crane hook

3. Test Lift

Conduct a test lift to a height of 0.5 meters

Check the balance of the load and the integrity of the rigging setup

Make necessary adjustments

4. Main Lift

Slowly lift the hydraulic motor to the required height

Use tag lines to control the load and prevent swinging

Maneuver the motor into position above the mounting point

Lower the motor slowly into place

5. Post-Lift Inspection

Verify the hydraulic motor is securely positioned and aligned

Disconnect the rigging equipment

Inspect the crane and rigging equipment for any signs of wear or damage

Detailed Lifting Procedure for Hydraulic Pump Installation

1. Pre-Lift Inspection
Verify the weight of the hydraulic pump

Inspect the lifting points on the hydraulic pump

Ensure the rigging equipment (slings, shackles, lifting beams) is rated for the load
2. Rigging Setup

Attach slings to the lifting points on the hydraulic pump

Use a lifting beam to ensure stability

Secure the slings to the crane hook with shackles

3. Test Lift

Conduct a test lift to a height of 1 meter

Check the balance of the load and the integrity of the rigging setup
Make necessary adjustments

4. Main Lift

Slowly lift the hydraulic pump to the required height

Use tag lines to control the load and prevent swinging

Maneuver the pump into position above the mounting point

Lower the pump slowly into place

5. Post-Lift Inspection

Verify the hydraulic pump is securely positioned and aligned

Disconnect the rigging equipment

Inspect the crane and rigging equipment for any signs of wear or damage
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