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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existing electro-mechanical motor and gearbox assembly is outdated, leading to high 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 a comprehensive 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 crucial role 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. 

Bucket Wheel Assembly 
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. 

Boom Conveyor 

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. 

Luffing System 

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 shown in 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 6 - Gearbox Casing Damage 

 

Figure 7 - Spur Gear Damage 
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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. Objectives 
1. Enhance the responsiveness and adaptability of the reclaimer to different 

material densities and conditions. 

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

3. Minimise operational disruptions caused by equipment downtime and failures. 

4. Decrease the frequency and extent of maintenance required. 

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

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

7. Lower the energy consumption of the reclaimer operations. 

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

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

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

11. Invest in a technology that is supported by robust supply chains and technological 
advancements, ensuring long-term viability and support. 

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

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

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

9.4. 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 

Vendors 

Provide necessary materials, components, or services, critical 

for timely delivery and quality. 

Financial 

Department 

Manages budget, funding, and financial tracking, ensuring the 

project stays within financial constraints. 

IT/ OT Support 

Team 

Provides technical support for integration and operation of new 

technologies with existing, ensuring compatibility and support. 

Regulatory Bodies Government or industry organisations enforcing regulations, 

ensuring adherence to legal and regulatory requirements. 
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Human Resources Manages staffing needs, training, and development, ensuring 

the project team is adequately supported. 

External 

Consultants 

Provide specialised knowledge or skills not available within the 

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
y 

Projec
t 

Spons
or 

Projec
t 

Manag
er 

Engineer
ing Team 

Operatio
ns Team 

Quality 
Assuran
ce Team 

Safety 
and 

Complia
nce 

Officers 

Suppli
ers and 
Vendor

s 

Financial 
Departm

ent 

IT 
Supp

ort 
Team 

Regulat
ory 

Bodies 

Human 
Resourc

es 

External 
Consulta

nts 

Local 
Commun

ity 

Sharehold
ers 

Define 
project 
scope 

A R C C C C I I I I I C I I 

Develop 
project plan 

I A/R C C C I I C C I I C I I 

Budget 
approval 

A R I I I I I C I I I I I C 

Technical 
design and 
developmen
t 

I R A/R C C C C I C I I C I I 

Risk 
assessment 
and 
mitigation 

A R C C C A/R I I I I I C I I 

Implementa
tion and 
execution 

I A/R A/R C C C I I C I I C I I 

Testing and 
validation 

I R C C A/R C I I C I I C I I 

Compliance 
and safety 
checks 

I R C C C A/R I I I A/R I C I I 

User training 
and support 

I R C A/R I I I I C I A/R I I I 

Go-live and 
deployment 

I A/R A/R C C C I I C I I I I I 
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Post-
implementa
tion review 

A R C C C I I I I I I C I I 

Continuous 
Improvemen
t 

I R C A/R A/R C C I C I I C I I 

Stakeholder 
Communica
tion 

A R I I I I I I I I I I I I 

Change 
Managemen
t 

A R I C C C I I I I A/R I I I 

 

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. 
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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 

 

Very
Satisfied

Satisfied

NeutralDissatisfied

Very
Dissatisfied

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

Satisfied

NeutralDissatisfied

Very
Dissatisfied

2. How satisfied are you with the 
current system's maintainability? 

Very
Satisfied

Satisfied

NeutralDissatisfied

Very
Dissatisfied

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

different materials? 

Very
Satisfied

Satisfied

NeutralDissatisfied

Very
Dissatisfied

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



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 29 of 210 

 

 

9.6.2. Desired Future System Attributes Survey 

 

Very
Satisfied

Satisfied

NeutralDissatisfied

Very
Dissatisfied

5. How satisfied are you with the 
current system's real-time 

monitoring capabilities? 

Very
Satisfied

Satisfied

NeutralDissatisfied

Very
Dissatisfied

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

mechanisms? 

Very
Important

Important

NeutralUnimportant

Very
Unimportant

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

Important

NeutralUnimportant

Very
Unimportant

8. How important is maintainability for 
the future system? 

Very
Important

Important

NeutralUnimportant

Very
Unimportant

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

system? 

Very
Important

Important

NeutralUnimportant

Very
Unimportant

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

• Emphasised the need for a more reliable drive system to reduce unplanned 

downtime. 

• Highlighted the importance of improving operational efficiency to meet production 

targets. 

• Focused on reducing maintenance and operational costs. 

Very
Important

Important

NeutralUnimportant

Very
Unimportant

11. How important are advanced real-
time monitoring capabilities for the 

future system? 

Very
Important

Important

NeutralUnimportant

Very
Unimportant

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

future system? 
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9.6.3.2. Maintenance Teams 

• Reported frequent breakdowns and difficulties in sourcing obsolete parts for the 

current electric drive system. 

• Concerned about long repair times affecting overall productivity. 

• Requested training for new systems and technologies to enhance maintenance 

effectiveness. 

• 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 

• 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 

• 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 

• Stressed the importance of reducing the environmental impact and ensuring 

compliance with regulations. 

• 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 project team 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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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) 

 

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. Implement a 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 MII 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 

Suppliers Inputs Process Outputs Customers 

Internal: Current electric 
drive system 1. Define Phase: 

  
Operations 
Managers 

Engineering 
Team 

Maintenance 
records 

Identify 
stakeholders and 
their needs 

Project Charter Maintenance 
Teams 
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Maintenance 
Team 

Energy 
consumption 
data 

Develop project 
charter SIPOC Diagram 

Equipment 
Operators 

Project 
Manager Downtime logs Map current 

process 
High-level 
Process Map 

Production 
Engineers 

  Financial 
records     Finance 

Department 

External: Supplier 
catalogues 

2. Measure 
Phase:   

Environmental 
and Safety 
Officers 

Alternative 
system 
suppliers 

Technical 
specifications 

Develop data 
collection plan 

Baseline 
Performance 
Data 

External Vendors 
(for system 
components and 
technical 
expertise) 

Training 
providers 

Condition 
monitoring 
tools 

Collect data on 
system reliability, 
maintenance 
costs, energy 
consumption, 
and operational 
downtime 

Measurement 
System Analysis 
(MSA) Report 

  

Consultants SCADA and 
CMMS data       

Industry 
experts 

Feedback from 
stakeholders 

Conduct Gage 
R&R study     

  
Environmental 
compliance 
data 

      

    3. Analyse 
Phase:     

    Perform root 
cause analysis 

Root Cause 
Analysis Report   

    
Conduct 
statistical 
analysis 

Statistical 
Analysis Report   

    Validate 
hypotheses 

Validated 
Hypotheses   

          

    4. Improve 
Phase:     

    
Develop and 
evaluate potential 
solutions 

Solution Design 
and 
Implementation 
Plan 

  

    
Design and 
implement 
hydraulic system 

Pilot Test Results   

    Conduct pilot 
testing 

Optimised 
Hydraulic Drive 
System 
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    Optimise system 
performance 

    

          

    5. Control 
Phase:     

    Develop control 
mechanisms Control Plan   

    
Implement 
monitoring 
processes 

Performance 
Monitoring 
Reports 

  

    Conduct training 
sessions 

Updated 
Standard 
Operating 
Procedures 
(SOPs) 

  

    
Update 
documentation 
and 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 

Project Name 
 BWR Availability & Reliability 

Improvement  
Business/De

pt. 
Port Talbot 

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 

Description 
Improve Asset Reliability using Six Sigma methodology to identify root cause 
and determine most valuable workstreams. 

Business Case 

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. 

Problem Statement 
Catastrophic Failure of BWR drive system causing significant impact to 
operations. 

Process Function Harbour Engineering. 
Project Goals Measure Current Target 

Improve Availability 

Maximum Uptime (24hr operation, 365 
days per year), Planned Maintenance 
(12 hrs per week over 51 weeks) - 
Breakdowns / Maximum Uptime 

70% 95% 

Improve MTBF Maximum uptime/ count of breakdowns 2728 mins 8640 mins 
Improve Quality – 
material mix 
consistency / laying 
control 

Laying Control 70% 95% 

Improve Safety – 
increased safety 
features / overload 
warning 

Qualitative Data N/A N/A 

Improve Efficiency 

Component Efficiency (100% Load) 
Electric Motor = 0.94 
Electric Motor Power Factor = 0.85 
Fluid Coupling = 0.98 
Gearbox = 0.94 

74% 93% 

Improve Customer 
Satisfaction – 
serviceability, 
operational 

Qualitative Data N/A N/A 

Reduce Maintenance 
costs 

Monthly Accounting Report £3.6M pa £2.2M pa 

Reduce Operation 
Costs 

Monthly Accounting Report £4.1M pa £3.1M pa 

Reduce Spares Costs Monthly Accounting Report £1.8M pa £0.9M pa 
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Reduce Obsolescence 
risk OEM Report >1year <10 Years 

Reduce MTTR 
Duration of Breakdowns/Count of 
Breakdowns 

854 mins 60 mins 

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

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

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

 

(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 aligned with its goals and can adapt to unexpected challenges. 

According to (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 

• Define the project scope, goals, and objectives. 

• Identify stakeholders and their needs. 

• Develop a project charter. 

• Map the current process. 

Key Activities 

• Kick-off meeting with stakeholders – Project Manager 

• Conduct Voice of the Customer (VoC) analysis - Project Manager 

• Create a project charter and SIPOC (Suppliers, Inputs, Process, Outputs, 

Customers) diagram – Project Manager 

• Develop a high-level process map of the current system – Engineering Team 

Deliverables 

• Project Charter 

• SIPOC Diagram 

• High-level Process Map 

9.8.2. Phase 2: Measure 

Estimated Duration: 2 months 

Objectives 

• Collect data to establish baseline performance. 

• Identify key performance indicators (KPIs). 

• Validate the measurement system. 

Key Activities 

• Develop a data collection plan – Data Analyst 

• Collect data on system reliability (MTBF, MTTR), maintenance costs, energy 

consumption, and operational downtime – Maintenance Team 

• Conduct a review to validate the measurement system – Data Analyst 

Deliverables 

• Data Collection Plan 
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• Baseline Performance Data 

• 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. 

• Perform statistical analysis to understand variations and trends. 

• Develop hypotheses about potential improvements. 

Key Activities 

• Perform root cause analysis (e.g., Fishbone Diagram, Pareto Analysis) – 

Engineering Team 

• Conduct statistical analysis (e.g., ANOVA, regression analysis) – Data Analyst 

• Validate hypotheses through additional data collection and analysis – Engineering 

Team 

Deliverables 

• Root Cause Analysis Report 

• Statistical Analysis Report 

• Validated Hypotheses 

9.8.4. Phase 4: Improve 

Estimated Duration: 3 months 

Objectives 

• Develop and implement solutions to address root causes. 

• Test and validate improvements. 

• Optimise the new hydraulic drive system. 

Key Activities 

• Brainstorm and evaluate potential solutions – Engineering Team 

• Develop detailed design and implementation plans for the hydraulic system – 

Engineering Team 

• Implement Solutions – Project Manager 

• Conduct pilot testing and validate improvements – Maintenance Team 
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• Optimise the new system for performance - Engineering Team 

Deliverables 

• Solution Design and Implementation Plan 

• Pilot Test Results 

• Optimised Hydraulic Drive System 

9.8.5. Phase 5: Control 

Estimated Duration: 2 months 

Objectives 

• Establish control mechanisms to sustain improvements. 

• Monitor and measure the performance of the new system. 

• Document the new process and update standard operating procedures (SOPs). 

Key Activities 

• Develop a control plan with KPIs and monitoring processes – Project Manager 

• Implement control mechanisms (e.g., control charts, regular audits) – 

Maintenance Team 

• Conduct training sessions for operators and maintenance staff – Project Manager 

• 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 a clear 

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

TASK OWNER PROGRESS START
DURATION 

(WEEKS)
END 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78

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

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

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

Site visits to finalise contract scope

Sheffield Transmission Developments, 

David Brown Gearboxes, Bosch Rexroth 100% 3/4/23 2 17/4/23

Quotations Received and Vendor Selection
Sheffield Transmission Developments, 

David Brown Gearboxes, Bosch Rexroth
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% 4/9/23 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 Manufacture Tender Documentation 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

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 41 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

Jun-24Jan-24 Feb-24 Mar-24 Apr-24 May-24Aug-23 Sep-23 Oct-23 Nov-23 Dec-23Mar-23 Apr-23 May-23 Jun-23 Jul-23Project Start:
Mon, 02/01/2023

Jan-23 Feb-23
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TASK OWNER PROGRESS START
DURATION 

(WEEKS)
END 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

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

Site visits to finalise contract scope

Sheffield Transmission Developments, 

David Brown Gearboxes, Bosch Rexroth 100% 3/4/23 2 17/4/23

Quotations Received and Vendor Selection
Sheffield Transmission Developments, 

David Brown Gearboxes, Bosch Rexroth
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% 4/9/23 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 Manufacture Tender Documentation 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



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 48 of 210 

 

Figure 12 - Initial Gantt chart

TASK OWNER PROGRESS START
DURATION 

(WEEKS)
END 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78

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 41 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
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9.10. Resources Required 

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

• Engineering Team to Design and implement the chosen solution. 

• Maintenance Team will provide input on current issues and assist with testing and 

validation. 

• 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 
It is 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 

financial impact 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. ROI considers the ratio of cost savings and 

increased revenue attributable to upgrades relative to the costs of those upgrades. As 



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 52 of 210 

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 ROI 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 equipment to 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 ISO50001:2018 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 

quantitative 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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10.1.4. Data Collection Methods 

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 

Title 

Data Required Data Type Data Source Data 

Collection 

Method 

Constraints Resource 

Required 

Data Collection 

Plan 

System 

Reliability 

Failure rates, 

repair times, Parts 

replaced, labour 

hours 

Quantitative CMMS Review and 

categorise 

maintenance 

logs 

Data 

accuracy, 

historical 

completeness 

Maintenance 

staff, CMMS 

access 

Collect 

historical data 

over the past 2 

years 

Maintenance 

Costs 

Annual 

maintenance 

costs, Cost per 

failure 

Quantitative CMMS, 

financial 

records 

Extract detailed 

financial 

reports 

Accounting 

consistency, 

record 

completeness 

Financial 

analyst, 

CMMS 

access 

Extraction and 

review of 

financial records 

for the past year 

Energy 

Consumption 

Energy usage per 

hour, Energy 

Efficiency 

Quantitative SCADA, 

energy 

meters 

Collect real-

time data 

Meter 

calibration, 

data logging 

intervals 

Energy 

meters, 

SCADA 

system 

Continuous data 

logging over a 6-

month period 
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Operational 

Downtime 

Unplanned 

downtime hours, 

Downtime 

Frequency 

Quantitative CMMS, 

operational 

logs 

Review 

downtime 

records, log 

incidents 

Data entry 

consistency, 

accurate time 

logging 

Maintenance 

staff, CMMS 

access 

Collect 

historical data 

over the past 2 

years 

Stakeholder 

Insights 

Perceived 

reliability issues, 

Maintenance 

challenges, 

suggestions for 

improvement 

Qualitative Interviews 

with 

operators, 

maintenance 

staff 

Conduct 

structured 

interviews, 

distribute 

surveys 

Subjective 

data, 

response bias 

Interviewers, 

survey tools 

Conduct 

interviews and 

surveys over 2 

week period 

Condition 

Monitoring 

Vibration levels, 

temperature 

hotspots, oil 

contamination 

indicators 

Quantitative 

and 

qualitative 

Vibration 

analysis 

tools, 

thermal 

cameras, oil 

analysis kits 

Perform regular 

condition 

monitoring 

checks 

Equipment 

availability, 

environmental 

conditions, 

sample 

handling 

Monitoring 

tools, 

trained 

personnel 

Collect 

historical data 

over the past 2 

years 
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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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Figure 13 - Availability 

 

Figure 14 - MTTR 
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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 is in its “End-of-Life” phase.  
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Table 7 - Maintenance Cost Data 

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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Figure 16 - Repair Costs 

 

Figure 17 - Repair Times 
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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 

Year 
Annual Energy Usage 

[kWh] 
Annual Running Cost [£] 

Annual CO2 

[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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Figure 18 – Annual Energy Usage 

 

Figure 19 - Annual Energy Costs 
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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 
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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 aligns 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 kits. 

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. 
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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. 5 Why 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. 
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Figure 22 - High MTTR 5 why diagram 

High MTTR - 67 Weeks

What caused the specific situation? Why wasn't the problem detected? What systems failed?

1st WHY? Extensive time required for repairs Lack of support from gearbox OEM Lack of communication

2nd WHY?
No spare gearbox or components held in 

stock
Gearbox system is no longer manufactured OEM no longer supports gearbox system

3rd WHY?
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

4th WHY?
Manufacturer no longer supports this 

gearbox
Gearbox system uses old, outdated and 

inefficient technology
OEM operates exclusively within defence 

sector

5th WHY?
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

5 Why's



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 71 of 210 

 

Figure 23 - Gearbox planetary carrier failure 5 why diagram 

 

Gearbox Planetary Carrier 
Failure - 16 occurences

What caused the specific situation? Why wasn't the problem detected? What systems failed?

1st WHY? Planetary gear teeth fractured Lack of early warning systems Predictive maintenance system

2nd WHY? Excessive load and wear No real-time condition monitoring Outdated monitoring technology

3rd WHY? Misalignment of gears Insufficient predictive maintenance tools
Lack of integration with maintenance 

planning

4th WHY? Wear and tear on gear components Budget constraints
Limited access to advanced diagnostic 

equipment

5th WHY? Inadequate maintenance and monitoring
Business prioritization of short-term cost 

savings over long-term investments
Absence of automated alerts and 
notifications for potential failures
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Figure 24 - Gearbox bearing failure 5 why diagram

Gearbox Bearing Failure - 7 
occurences

What caused the specific situation? Why wasn't the problem detected? What systems failed?

1st WHY? Bearing overheated and seized No real-time lubrication monitoring Lubrication monitoring systems

2nd WHY? Insufficient lubrication Lack of sensors to detect lubrication levels Lack of automated lubrication alerts

3rd WHY?
Lubrication only performed during weekly 

maintenance outages
Budget limitations Outdated maintenance practices

4th WHY?
Difficult access to the gearbox for 

lubrication
Prioritization of other maintenance issues

Limited use of modern lubrication 
technology

5th WHY?
Design constraints and physical location of 

the gearbox
Insufficient focus on advanced monitoring 

systems
Inadequate investment in lubrication 

infrastructure
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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 misalignment 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 

Technology Measurement Materials Method

Electric Motor and gearbox 
arrangment outdated, and no longer 

used for this application

Absence of automated alerts and 
notifications for potential failures

Lack of comprehensive 
maintenance logs and records

Repairs not completed to OEM 
standard

Limited access to advanced 
diagnostic equipment

Insufficient use of diagnostic tools
Inefficient failure reporting and 

response protocols

Inadequate predictive maintenance 
tools

Delays in failure detection and 
reporting

Wear and tear of gear components Inadequate lubrication schedule

Outdated maintenance and 
monitoring technology

Lack of real-time condition 
monitoring systems

Substandard quality of bearings and 
gears

Insufficient preventive maintenance 
routines

Gearbox U/S

Lack of integration between 
monitoring systems and 
maintenance planning

Inadequate data collection 
methods

Use of incompatible or low-quality 
lubricants

Lack of real-time load monitoring 
procedures Problem 

Statement

Inadequate investment in predictive 
maintenance technology

High operational temperatures Inadequate training Planetary gear failure

Budget constraints Harsh working conditions Human error during operation Planetary gear carrier failures

Prioritization of short-term cost 
savings

Exposure to dust and debris
Lack of adherence to maintenance 

schedules
Bearing failures

Insufficient focus on training and 
development

Variability in operational loads Gear teeth fractures

Spares no longer available due to 
the age of the equipment

Management Environment Manpower Machine
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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 wheel reclaimer and prioritise them based on their impact 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 
Step 

Potential Failure 
Mode 

Potential Effect 
Severity 

(S) 
Potential 

Causes 
Occurrence 

(O) 
Current 
Controls 

Detection 
(D) 

RPN 
Recommended 

Actions 

Gearbox Gear tooth wear 
Reduced 

efficiency, 
breakdown 

8 
Poor 

lubrication, 
wear and tear 

6 

Regular 
maintenance, 

lubrication 
schedules 

4 192 

Improve 
lubrication, use 

high-quality 
lubricants 

Gearbox Bearing failure 
Overheating, 
mechanical 

failure 
9 

Contamination, 
inadequate 
lubrication 

5 

Vibration 
analysis, 

temperature 
monitoring 

5 225 

Install real-time 
condition 

monitoring 
systems 

Gearbox Seal failure Oil leakage 7 
Aging seals, 

high pressure 
4 

Visual 
inspections, 
scheduled 

replacements 

3 84 

Upgrade seals, 
increase 

inspection 
frequency 

Gearbox Misalignment 
Vibration, 

increased wear 
8 

Improper 
installation, 
operational 

stresses 

5 

Alignment 
checks, 

vibration 
monitoring 

4 160 

Improve 
installation 
procedures, 

frequent 
alignment checks 

Electric 
Motor 

Overheating 
Motor damage, 

fire risk 
10 

Overload, 
inadequate 

cooling 
4 

Thermal 
protection, 

regular 
maintenance 

4 160 

Install improved 
cooling systems, 

conduct load 
analysis 

Electric 
Motor 

Insulation failure 
Short circuits, 

fire 
9 

Aging 
insulation, 

electrical stress 
3 

Insulation 
testing, 

maintenance 
schedules 

3 81 

Use higher quality 
insulation, 

increase testing 
frequency 
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Electric 
Motor 

Bearing failure 
Motor seizure, 

operational halt 
8 

Inadequate 
lubrication, 

contamination 
5 

Regular 
lubrication, 

vibration 
monitoring 

4 160 

Improve 
lubrication 

practices, install 
better seals 

Conveyor 
Belt 

Tear or rip 
Material 
spillage, 

downtime 
8 

Overloading, 
material 
impact 

5 

Regular 
inspections, 
belt tension 

checks 

4 160 

Use stronger 
materials, 

implement impact 
protection 

Conveyor 
Belt 

Misalignment 
Reduced 

efficiency, belt 
damage 

7 
Improper 

installation, 
wear 

6 

Alignment 
checks, 
tension 

maintenance 

3 126 

Improve 
installation 
procedures, 

frequent 
alignment checks 

Conveyor 
Belt 

Slippage 
Reduced 
material 

throughput 
7 

Insufficient 
tension, drive 

issues 
5 

Tension 
monitoring, 

drive 
maintenance 

4 140 

Enhance 
tensioning 

systems, improve 
drive maintenance 

Hydraulic 
System 

Hose leakage 
Hydraulic fluid 
loss, pressure 

drop 
6 

Aging hoses, 
high pressure 

4 

Regular 
inspections, 

pressure 
monitoring 

4 96 

Upgrade hoses, 
increase 

inspection 
frequency 

Hydraulic 
System 

Pump failure 
Loss of hydraulic 

power 
9 

Wear and tear, 
contamination 

4 

Vibration 
monitoring, 

pressure 
checks 

5 180 

Install real-time 
condition 

monitoring 
systems 

Hydraulic 
System 

Valve sticking 
Loss of control, 

operational 
inefficiency 

7 
Contamination, 

wear 
4 

Regular 
maintenance, 

filtration 
systems 

4 112 

Improve filtration, 
increase 

maintenance 
frequency 

Slewing 
Mechanism 

Bearing failure 
Reduced 

manoeuvrability, 
breakdown 

8 
Contamination, 

inadequate 
lubrication 

5 
Vibration 
analysis, 

5 200 
Install real-time 

condition 
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lubrication 
schedules 

monitoring 
systems 

Slewing 
Mechanism 

Gear wear 
Reduced 

efficiency, 
breakdown 

8 
Poor 

lubrication, 
wear and tear 

5 

Regular 
maintenance, 

lubrication 
schedules 

4 160 

Improve 
lubrication, use 

high-quality 
lubricants 

Structural 
Frame 

Cracks 
Structural 

failure, safety 
hazard 

10 
Fatigue, 

overloading 
3 

Visual 
inspections, 
load analysis 

3 90 

Conduct regular 
structural 

assessments, 
strengthen design 

Structural 
Frame 

Corrosion 
Reduced 
structural 
integrity 

8 
Environmental 
exposure, poor 
maintenance 

4 

Regular 
inspections, 
protective 
coatings 

4 128 

Apply corrosion-
resistant coatings, 

improve 
maintenance 

Boom Buckets wear 

Reduced 
material 
handling 
efficiency 

7 
Abrasive 

materials, 
improper use 

6 

Regular 
inspections, 

maintenance 
schedules 

4 168 

Use wear-
resistant 

materials, 
increase 

inspection 
frequency 

Boom 
Structural 
damage 

Failure, safety 
hazard 

10 
Overloading, 

impact 
3 

Visual 
inspections, 

load 
monitoring 

3 90 

Conduct regular 
structural 

assessments, 
strengthen design 

Electrical 
System 

Short circuit 
Equipment 

damage, fire 
9 

Aging wiring, 
insulation 

failure 
4 

Insulation 
testing, 
regular 

maintenance 

4 144 
Upgrade wiring, 
increase testing 

frequency 

Electrical 
System 

Power loss 
Operational 
downtime 

8 
Electrical 

faults, power 
supply issues 

5 
Redundant 

power 
systems, 

3 120 
Improve power 

supply 
infrastructure, 
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regular 
maintenance 

conduct load 
analysis 

Electrical 
System 

Component 
failure 

Loss of 
functionality 

7 
Aging 

components, 
stress 

4 

Regular 
testing, 

scheduled 
replacements 

4 112 

Use higher quality 
components, 

increase testing 
frequency 

Control 
System 

PLC failure 
Loss of control, 
operational halt 

9 
Software bugs, 

hardware 
failure 

3 

Software 
updates, 
hardware 

testing 

3 81 

Implement 
redundant PLC 

systems, increase 
testing frequency 

Control 
System 

Sensor failure 

Incorrect 
readings, 

operational 
errors 

7 
Contamination, 

wear 
4 

Calibration 
schedules, 

regular 
maintenance 

4 112 

Use higher quality 
sensors, increase 

calibration 
frequency 

Control 
System 

Network failure 
Loss of 

communication 
8 

Cable damage, 
signal 

interference 
3 

Regular 
inspections, 

signal testing 
4 96 

Improve cable 
protection, 

enhance signal 
integrity testing 

Dust 
Suppression 

System 
Nozzle blockage 

Ineffective dust 
control 

6 
Contamination, 

wear 
4 

Regular 
cleaning, 
filtration 
systems 

4 96 

Improve filtration, 
increase 

maintenance 
frequency 

Dust 
Suppression 

System 
Pump failure 

Loss of dust 
suppression 

capability 
8 

Wear and tear, 
contamination 

3 

Vibration 
monitoring, 

pressure 
checks 

4 96 

Install real-time 
condition 

monitoring 
systems 
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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 

initial investment 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 for the bucket wheel reclaimer. The primary benefit of their solution includes 

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 initial implementation 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 

Criteria Weight 

ABB 

Weighted 

Score 

BOSCH 

Weighted 

Score 

Thyssen-

Krup 

Weighted 

Score 

Technical Capability 30% 2.4 2.7 2.7 

Cost 25% 1.75 2.0 1.25 

Implementation 

Timeline 

20% 1.2 1.8 1.0 
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Spares/ Support 

Services 

15% 1.2 1.35 1.2 

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 for implementation. 

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 

Document was then sent to MII 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 



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 90 of 210 

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. 
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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. Upgrading to 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 values in Table 12, it is 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 

(T) [h] 

Power 

rating 

(P) [kW] 

Load 

Factor 

(X) [%] 

Annual 

Energy 

Annual 

Running 

Cost [£] 

Annual 

Co2 [kg] 
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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 

(T) [h] 

Power 

rating 

(P) [kW] 

Load 

Factor 

(X) [%] 

Annual 

Energy 

Usage 

[kWh] 

Annual 

Running 

Cost [£] 

Annual 

Co2 [kg] 

A 8712 132 0.50 574,992.00 86,248.80 133,973.14 

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) × 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟(𝑋) ×

𝑅𝑢𝑛𝑡𝑖𝑚𝑒 (𝑇)  

Equation 2 (Beaty, 2000) 

𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 [𝑘𝑔] = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 [𝑘𝑊ℎ] × 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. Using the 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 ×  100 =  𝟐𝟑𝟔. 𝟗𝟑%   

This ROI 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)   × 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 essential in 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 financial and 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 MII Engineering Ltd, a specialised manufacturing facility 

with expertise in producing industrial walkways and platforms. MII 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. I 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 all components 

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 all temporary 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 
• Ensure all temporary works comply with the (Health and Safety Executive, 2015), 

including risk assessments, method statements, and safety plans. 

• 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 will involve 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

1

Jan 23 Jan 23 Jan 23 Jan 23 Jan 23 Feb 23 Feb 23 Feb 23 Feb 23

02/01/23 09/01/23 16/01/23 23/01/23 30/01/23 06/02/23 13/02/23 20/02/23 27/02/23

TASK OWNER PROGRESS START DURATION (WEEKS) END 1 2 3 4 5 6 7 8 9

Do not delete this row. This row is hidden to preserve a formula that is used to highlight the curren day within the project schedule. 

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

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

Project Start:

Display Week:

Mon, 02/01/2023
Jan-23 Feb-23
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Improve 79% 20/2/23 56 21/3/24

Brainstorm and evaluate solutions Engineering Team 100% 27/2/23 4 27/3/23

Project outline sent to vendors for quotation Project Manager 100% 20/2/23 2 6/3/23

Site visits to finalise contract scope

External Vendors

100% 27/3/23 2 10/4/23

Quotations Received and Vendor Selection

External Vendors

100% 10/4/23 2 24/4/23

CAPEX Funding Application Project Manager 100% 24/4/23 2 8/5/23

Design Phase 100% 8/5/23 18 11/9/23

Hydraulic System Design External Vendors 100% 8/5/23 7 26/6/23

Hydraulic Design Review #1 Project Manager 100% 15/5/23 2 29/5/23

Hydraulic Design Review #2 Project Manager 100% 29/5/23 2 12/6/23

Hydraulic Design Buy-off Project Manager 100% 12/6/23 2 26/6/23

Structural Design External Vendors 100% 12/6/23 13 11/9/23

Structure Design Review #1 Project Manager 100% 12/6/23 4 10/7/23

Structure Design Review #2 Project Manager 100% 10/7/23 4 7/8/23

Structure Design Buy-off Project Manager 100% 7/8/23 2 21/8/23

Structural Manufacture Tender Documentation Project Manager 100% 21/8/23 2 4/9/23

Structural Manufacture Vendor Selection Project Manager 100% 4/9/23 1 11/9/23

Manufacture Phase 100% 26/6/23 23 4/12/23

Hydraulic System Manufacture External Vendors 100% 26/6/23 12 18/9/23

Sturctural Steelwork Manufacture External Vendors 100% 11/9/23 12 4/12/23

Installation Phase 0% 1/2/24 7 21/3/24

Removal of Redundant gearbox Maintenance Team 0% 1/2/24 1 8/2/24

Removal of existing steelwork External Vendors 0% 8/2/24 1 15/2/24

Installation of new structural steelwork External Vendors 0% 15/2/24 3 7/3/24

Installation of new hydraulic drive system External Vendors 0% 7/3/24 2 21/3/24
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Figure 29 - Gantt Chart 

 

Control 0% 21/3/24 11 2/6/24

Develop control plan Project Manager 0% 21/3/24 0.5 24/3/24

Testing under 0% load External Vendors 0% 21/3/24 0.5 24/3/24

Testing under coal load External Vendors 0% 24/3/24 0.5 28/3/24

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 Team 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

University 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

This is an empty row
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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. 

During the close-out meeting, the project team 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 will incorporate 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 

equipment is suitable for its 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 
Step 

Potential Failure 
Mode 

Potential Effect 
Severity 

(S) 
Potential 

Causes 
Occurrence 

(O) 
Current 
Controls 

Detection 
(D) 

RPN 
Recommended 

Actions 

Hydraulic 
Motor 

Overheating 
Motor damage, 

reduced 
efficiency 

9 
Inadequate 

cooling, 
excessive load 

4 
Thermal 

sensors, load 
monitoring 

4 144 
Enhance cooling 
system, improve 
load distribution 

Hydraulic 
Motor 

Seal failure 
Hydraulic fluid 

leakage, 
pressure drop 

8 
High pressure, 

seal wear 
4 

Regular 
inspections, 
scheduled 

replacements 

3 96 

Use high-quality 
seals, increase 

inspection 
frequency 

Hydraulic 
Pump 

Cavitation 
Reduced 

efficiency, noise 
7 

Air in fluid, 
high fluid 

temperature 
4 

Pressure 
monitoring, 

fluid 
temperature 

control 

4 112 

Improve fluid 
management, 

install anti-
cavitation devices 

Hydraulic 
Pump 

Bearing failure 
Pump seizure, 

loss of hydraulic 
power 

9 
Contamination, 

inadequate 
lubrication 

3 

Vibration 
monitoring, 

fluid 
cleanliness 

4 108 
Improve filtration, 

increase 
lubrication checks 

Valves Sticking 
Loss of control, 

operational 
inefficiency 

7 
Contamination, 

wear 
4 

Regular 
maintenance, 

filtration 
systems 

4 112 

Improve filtration, 
increase 

maintenance 
frequency 

Valves Leakage 
Hydraulic fluid 
loss, reduced 

pressure 
8 

Seal wear, 
improper 

installation 
3 

Regular 
inspections, 

pressure 
monitoring 

3 72 

Improve 
installation 

procedures, use 
high-quality seals 
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Hydraulic 
Lines 

Rupture 
Loss of hydraulic 

fluid, pressure 
drop 

9 
Mechanical 

damage, aging 
hoses 

4 

Protective 
sheathing, 

regular 
inspections 

4 144 

Upgrade hose 
material, enhance 

protective 
measures 

Hydraulic 
Lines 

Blockage 
Reduced flow, 

loss of efficiency 
7 

Contamination, 
improper 

maintenance 
3 

Regular 
inspections, 

filtration 
systems 

3 63 

Improve filtration, 
implement 

regular cleaning 
routines 

Control 
System 

PLC failure 
Loss of control, 
operational halt 

9 
Software bugs, 

hardware 
failure 

3 

Software 
updates, 
hardware 

testing 

3 81 

Implement 
redundant PLC 

systems, increase 
testing frequency 

Control 
System 

Sensor failure 

Incorrect 
readings, 

operational 
errors 

7 
Contamination, 

wear 
4 

Calibration 
schedules, 

regular 
maintenance 

4 112 

Use higher quality 
sensors, increase 

calibration 
frequency 

Control 
System 

Communication 
failure 

Loss of control, 
data errors 

8 
Network 

issues, signal 
interference 

3 

Regular 
signal 

testing, 
redundant 

systems 

3 72 

Improve network 
infrastructure, 
enhance signal 

integrity 

Hydraulic 
Reservoir 

Fluid 
contamination 

Reduced 
efficiency, 

component 
wear 

7 

Poor 
maintenance, 
environmental 

exposure 

4 

Filtration 
systems, 

regular fluid 
checks 

4 112 

Improve fluid 
handling 

procedures, 
enhance filtration 

Hydraulic 
Reservoir 

Overheating 
Degraded fluid, 

reduced 
efficiency 

8 
Inadequate 

cooling, 
excessive use 

3 

Temperature 
monitoring, 

cooling 
systems 

3 72 

Upgrade cooling 
systems, 

implement better 
temperature 

control 

Slewing 
Mechanism 

Bearing failure 
Reduced 

manoeuvrability, 
breakdown 

8 
Contamination, 

inadequate 
lubrication 

5 
Vibration 
analysis, 

5 200 
Install real-time 

condition 
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lubrication 
schedules 

monitoring 
systems 

Slewing 
Mechanism 

Gear wear 
Reduced 

efficiency, 
breakdown 

8 
Poor 

lubrication, 
wear and tear 

5 

Regular 
maintenance, 

lubrication 
schedules 

4 160 

Improve 
lubrication, use 

high-quality 
lubricants 

Structural 
Frame 

Cracks 
Structural 

failure, safety 
hazard 

10 
Fatigue, 

overloading 
3 

Visual 
inspections, 
load analysis 

3 90 

Conduct regular 
structural 

assessments, 
strengthen design 

Structural 
Frame 

Corrosion 
Reduced 
structural 
integrity 

8 
Environmental 
exposure, poor 
maintenance 

4 

Regular 
inspections, 
protective 
coatings 

4 128 

Apply corrosion-
resistant coatings, 

improve 
maintenance 

Boom Buckets wear 

Reduced 
material 
handling 
efficiency 

7 
Abrasive 

materials, 
improper use 

6 

Regular 
inspections, 

maintenance 
schedules 

4 168 

Use wear-
resistant 

materials, 
increase 

inspection 
frequency 

Boom 
Structural 
damage 

Failure, safety 
hazard 

10 
Overloading, 

impact 
3 

Visual 
inspections, 

load 
monitoring 

3 90 

Conduct regular 
structural 

assessments, 
strengthen design 

Electrical 
System 

Short circuit 
Equipment 

damage, fire 
9 

Aging wiring, 
insulation 

failure 
4 

Insulation 
testing, 
regular 

maintenance 

4 144 
Upgrade wiring, 
increase testing 

frequency 

Electrical 
System 

Power loss 
Operational 
downtime 

8 
Electrical 

faults, power 
supply issues 

5 
Redundant 

power 
systems, 

3 120 
Improve power 

supply 
infrastructure, 
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regular 
maintenance 

conduct load 
analysis 

Electrical 
System 

Component 
failure 

Loss of 
functionality 

7 
Aging 

components, 
stress 

4 

Regular 
testing, 

scheduled 
replacements 

4 112 

Use higher quality 
components, 

increase testing 
frequency 

Dust 
Suppression 

System 
Nozzle blockage 

Ineffective dust 
control 

6 
Contamination, 

wear 
4 

Regular 
cleaning, 
filtration 
systems 

4 96 

Improve filtration, 
increase 

maintenance 
frequency 

Dust 
Suppression 

System 
Pump failure 

Loss of dust 
suppression 

capability 
8 

Wear and tear, 
contamination 

3 

Vibration 
monitoring, 

pressure 
checks 

4 96 

Install real-time 
condition 

monitoring 
systems 

Walkway 
Assemblies 

Structural failure 
Safety hazard, 

operational 
downtime 

9 
Overloading, 

improper 
maintenance 

3 
Visual 

inspections, 
load testing 

4 108 

Regular 
inspections, 

enhance 
maintenance 

protocols 

Walkway 
Assemblies 

Corrosion 
Structural 
integrity 

compromised 
7 

Environmental 
exposure, poor 
maintenance 

4 

Regular 
inspections, 
protective 
coatings 

4 112 

Apply corrosion-
resistant coatings, 

improve 
maintenance 

Walkway 
Assemblies 

Fastener failure 
Safety hazard, 

operational 
inefficiency 

8 
Vibration, 
improper 

installation 
4 

Regular 
inspections, 

torque 
checks 

4 128 

Use high-quality 
fasteners, 
improve 

installation 
procedures 

Emergency 
Stop 

System 

Failure to 
activate 

Safety hazard, 
operational risk 

10 
Electrical fault, 

mechanical 
failure 

3 

Regular 
testing, 

redundancy 
systems 

3 90 
Improve system 
design, increase 

testing frequency 
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Emergency 
Stop 

System 
False activation 

Unnecessary 
downtime 

7 

Sensitivity 
issues, 

improper 
calibration 

3 

Regular 
calibration, 

system 
checks 

3 63 

Improve 
calibration 

procedures, 
enhance system 

checks 



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 125 of 210 

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 

on their 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 I 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, I 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, I 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 I 

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

16.1. Appendix A: ABB Proposal (ABB, 1996) 
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16.2. Appendix B: BOSCH Proposal (BOSCH REXROTH, 

2023) 
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16.3. Appendix C: Thyssen-Krupp Proposal (Thyssen-

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

(BOSCH REXROTH, 2023) 
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16.5. Appendix E: Hydraulic Calculations (Ingleside 

Engineering, 2023) 
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16.6. Appendix F: Design Brief (Ingleside Engineering, 

2023) 
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16.7. Appendix G: Walkway Design (Inglside 

Engineering, 2023) 
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16.8. Appendix H: Walkway Tender Document 
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16.9. Appendix I: Walkway Quotation (MII Engineering 

Ltd., 2023) 
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16.10. Appendix J: Load Dynamic Calculations 

(Ingleside Engineering, 2023) 
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16.11. Appendix K: Thickness Testing Plan (Ingleside 

Engineering, 2023) 
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16.12. Appendix L: Temporary Works Design (Ingleside 

Engineering, 2023) 
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16.13. Appendix M: Factory Acceptance Document 

(BOSCH REXROTH, 2023) 
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16.14. Appendix N: Detailed Lifting Plan 

 

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 Category 2 – Tata PICOLO only (up to 100Te simple lift)

Safety Zones

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

Develop and communicate emergency procedures for potential 

incidents such as load drops or crane malfunctions. Ensure the lift 

crew is trained on these procedures.

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.

Person In Charge of Lifting Operations 

(PICOLO)

Appoint a PICOLO, responsible for overseeing the lifting operations 

and ensuring compliance with safety procedures.

Lifting Team

Assemble required lifting team, including riggers, signalers, and safety 

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.

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.

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.

LIFT PLAN
Crane Specifications

Lifting Plan Components

Safety Requirements

1. Pre-Lift Planning

2. Lift Coordination

3. Lift Execution

4. Post-Lift Procedures



David Adams 1908506  Independent Project (ACMA6013) 

Independent Project Report  Page 210 of 210 

 

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

Detailed Lifting Procedure for Hydraulic Motor Installation

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

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

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

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

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

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

1. Pre-Lift Inspection

Verify the weight of the hydraulic motor using motor data plate


