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[bookmark: _Toc146096202]Abstract
This project is an investigation into the catastrophic failures of the bucket wheel excavator main drive assembly. It looks at the causes of the failures, and provides a solution to prevent re-occurrences. It examines the spares availability and equipment obsolescence, leading to the decision to remove the electric motor and two-stage gearbox arrangement, and replace it with a hydraulic motor. The report encompasses all stages of the project, from problem identification through solution design, implementation and testing, whilst using a combination of quantitive data, qualitative data and technical documentation to aid decision making.
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[bookmark: _Toc146096231]Figure 1 - Diagram of Bucket Wheel Excavator
[bookmark: _Toc146096203]Introduction
I am the Harbour and Blending Plant Mechanical Engineer for Tata Steel Port Talbot, my roles and responsibilities include small and medium scale projects, asset maintenance, plant improvements and asset reliability. One of the assets under my scope of management is a 2,000 tonne per hour, Bucket Wheel Excavator. 
A bucket wheel excavator is a large piece of equipment used in bulk material handling processes, particularly in the mining and port industries to reclaim bulk materials from stockpile or blend materials from different parts of the stockpile to ensure a consistent mix.
Bucket Wheel: This is the primary component, consisting of a large wheel with a series of buckets attached to its perimeter. As the wheel rotates, the 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.
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[bookmark: _Toc146096232]Figure 2 - Photograph of Bucket Wheel Excavator existing drive assembly
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[bookmark: _Toc146096233]Figure 3 - Diagram of Bucket Wheel Excavator existing drive assembly
Slew Bearing: This component allows the excavator to rotate (slew) around its axis, enabling it to access different areas of the stockpile, this is driven by hydraulic motor.
Yard conveyor: situated underneath the excavator, this transports the excavated material from the bucket wheel away to further processes
[bookmark: _Toc146096204]Reasons and Relevance
1. High rate of breakdowns/ catastrophic failures to main bucket drive assembly
2. Obsolescence of current equipment
3. High operation costs (energy consumption)
4. High maintenance and repair costs
[bookmark: _Toc146096205]Project Aims
1. Increased reliability 
2. Increased serviceability
3. Increased output (improved adaptability to material requirements)
4. Decreased maintenance requirements
5. Decreased operation costs
[bookmark: _Toc146096206]Key Considerations
Obsolescence and Repair Costs: Address the challenges posed by the aging electric motor and gearbox system, especially the high repair costs and frequent downtime
Adaptability: The new system must be versatile enough to handle various materials with different bulk densities efficiently
Safety: Ensure the hydraulic system adheres to safety standards and minimizes risks to personnel
Environmental Impact: Analyse potential environmental hazards, especially hydraulic fluid leaks
Economic Analysis: A thorough cost-benefit analysis - considering the initial investment, operational costs, potential savings, and long-term sustainability
[bookmark: _Toc146096207]Phase 1: Initial Data Collection (2 weeks)
[bookmark: _Toc146096208]Historical Data Analysis
· Review maintenance logs and repair records of the current electric motor system
· Analyse downtime frequency and its correlation with gearbox failures
· Evaluate the cost trends associated with repairs and replacements over time
[bookmark: _Toc146096209]Operational Efficiency Metrics
· Measure the power consumption of the current electric motor system
· Calculate the efficiency of the system by comparing input power to the actual output
· Measure system condition (temperature, pressure, vibration)
[bookmark: _Toc146096210]Stakeholder Interviews
· Conduct interviews with operators and maintenance personnel to gather insights into the challenges and limitations of the current system
· Collect feedback on the adaptability issues when handling different materials
[bookmark: _Toc146096211]Market Research
· Investigate the availability and cost of replacement parts for the current gearbox
· Research advancements in hydraulic drive technology and its adoption rate in similar industries/applications
· Literature review of technical documentation and BS/ISO standards
[bookmark: _Toc146096212]Environmental Impact Assessment
· Analyse the environmental footprint of the current system, considering factors such as energy consumption and waste generation over lifecycle
[bookmark: _Toc146096213]Phase 2: Design (6 Weeks)
Collaborate with design engineers, hydraulic experts, electrical engineers, and PC&A engineers to create a proposal for replacement of drive assembly. Completing extensive modelling and CFD analysis on the torque reaction arm and the adapter required to couple the new hydraulic motor to the existing bucket wheel drive shaft. This stage will require extensive research into the design of hydraulic systems and selection components to ensure the designed system fulfils the requirements in terms of safety, environment and operation.
[bookmark: _Toc146096214]Phase 3: Manufacture (4 Weeks)
The tendering and selection of a supplier to supply the hydraulic components, and a supplier to manufacture and install the adapter coupling, new support structure and hydraulic motor torque-reaction arm.
[bookmark: _Toc146096215]Phase 4: Installation (2 Weeks)
The Installation of the new system using multiple contractors during a pre-planned outage period of 2 weeks. Due to the criticality of the machine on operations, the entire machine cannot be taken out for the  duration of the install, the yard belt will remain live and will continue to be fed using front loading shovels. This will be the biggest challenge for the project as the production schedule for annual plan has already slipped and will need to be recovered to allow time for installation.
[bookmark: _Toc146096216]Phase 5: Testing (1 week)
Commissioning and testing of the new system using materials of varying bulk densities, using robust commissioning plan to certify adherence to design parameters. This requires pre-planning to ensure that the full range of material is stockpiled ready for testing.
[bookmark: _Toc146096217]Phase 6: Analysis (2 Weeks)
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[bookmark: _Toc146096223]Performance Metrics
· Monitor the hydraulic system power consumption and compare it with the previous electric motor system
· Measure the hydraulic system response time, especially when adapting to different materials
· Measure system condition (temperature, pressure, vibration)
[bookmark: _Toc146096224]Adaptability Tests
· Conduct tests using materials with varying bulk densities to evaluate the hydraulic system's adaptability and efficiency
· Measure the time taken for the system to adjust to different materials and compare it with the previous system
[bookmark: _Toc146096225]Maintenance and Downtime Monitoring
· Track the frequency and duration of maintenance activities for the hydraulic system
· Compare the downtime of the hydraulic system with the previous electric motor system
[bookmark: _Toc146096226]Cost Analysis
· Calculate the operational costs associated with the hydraulic system, considering factors such as power consumption, maintenance, and potential repair costs
· Compare the total cost of ownership of both systems over a projected period
[bookmark: _Toc146096227]Environmental Impact Assessment
· Monitor potential hydraulic fluid leaks and their environmental impact
· Compare the environmental footprint of the hydraulic system with the previous system
[bookmark: _Toc146096228]Stakeholder Feedback
· Gather feedback from operators and maintenance personnel regarding the ease of use, efficiency, and reliability of the hydraulic system
· Conduct surveys to assess user satisfaction and areas of improvement

Total time required: 17 weeks

[bookmark: _Toc146096229]Background research completed to date
· Historical Data Analysis
· Operational Efficiency
· Stakeholder interviews
· Market research
· Business case
· Literature review
· Initial Design Proposal
[bookmark: _Toc146096230]Project Requirements
· Tata Steel UK support and funding for project (est. £200,000)
· CAD / CFD Package for design and testing (SolidWorks)
· Machining/Fabrication company for manufacture (TBD)
· Hydraulic Equipment Supplier for supply, assembly and installation (TBD)
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[bookmark: _Toc146096234]Figure 4 - Photograph of damaged cluster gear from 202 failure
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[bookmark: _Toc146096235]Figure 5 - Photograph of damage to planetary carrier from 2023 failure
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[bookmark: _Toc146096236]Figure 6 - SAP data of gearbox replacement / failures over time
Page 1 of 2
Page 2 of 2

image1.png
W

TATA STEEL TATA

—




image2.JPG




image3.jpeg




image4.jpeg




image5.jpeg




image6.png




image7.png




image8.png
Sloc MvT S Mat. Doc. Item Pstng Date Quantity in UnE EUn PO Bin Profit Ctr Document Header Text

REOL 261 4941881364 1 27.02.2023 NTEAN 1002
D230 101 5008002931 1 27.02.2023 L EAL 1002
REOL 262 4941881363 1 27.02.2023 [T EAL 1002
D230 261 4941879530 1 27.02.2023 NTEAN 1002
D230 101 5006993956 118.05.2021 1 EA 6210679651 1002
REOL 262 4932002586 1 18.05.2021 [T EAL 1002
D230 261 4932001539 1 18.05.2021 [T 1002
REOL 261 4932002587 1 18.05.2021 TN 1002
W03 641 4931999621 1 17.05.2021 [ ISEANN 6210679651 1002
641 4931999621 217.05.2021 |1 EA 6210679651 1002
W03 101 5006793980 1 22.01.2021 [T EAL 1002
REOL 261 4928426480 1 15.10.2020 [NTSEAN 1002
D230 101 5006647205 115.10.2020 |1 EA 6210646849 1002
D230 261 4928426238 1 15.10.2020 [NTSEAN 1002
W03 641 4928426231 1 15.10.2020 [NTSNEANN 6210646849 1002
641 4928426231 215.10.2020 |1 EA 6210646849 1002
REOL 262 4928426469 1 15.10.2020 [T EAL 1002
W03 101 5006571859 1 21.08.2020 [T EAL 1002 G/CO3
DOOL 261 4921725671 1 13.08.2019 [NTSEAN G/C13 1002
REOL 261 4921726141 1 13.08.2019 [NTEAN 1002
REOL 262 4921726099 1 13.08.2019 [T EAL 1002
D001 101 5005853092 118.04.2019 [T EAL G/C13 1002
PTO2 261 4915853524 1 24.07.2018 [NTSEAN M/COL/17 1002
REOL 261 4915855318 1 24.07.2018 [NTEAN 1002
REOL 262 4915855315 1 24.07.2018 [T EAL 1002
PTO2 311 4912873704 2 12.11.2017 [ EA M/COL/17 1002
PTO3 311 4912873704 1 12.11.2017 (TN M/COL22 1002
PTO3 101 5004845259 129.09.2017 [T AL M/COL22 1002 mix up with paperwork
REOL 261 4908801204 1 08.12.2016 [NTEAN 1002
REOL 262 4908801203 1 08.12.2016 [T EAL 1002
PTOL 261 4908800697 1 08.12.2016 [NTEAN G/C16 1002
PTOL 311 4907563501 2 03.08.2016 [T EAL G/C16 1002
D001 311 4907563501 1 03.08.2016 [NTEAN G/C13 1002
D001 101 5003946855 1 28.07.2016 [T EAL G/C13 1002
REOL 261 4907294860 1 20.05.2016 [NTEAN 1002
PTO2 261 4907294828 1 20.05.2016 [NTEAN M/COL/17 1002
REOL 262 4907294829 1 20.05.2016 [T EAL 1002
PTO2 101 5003798977 112.04.2016 [T EAL M/COL/17 1002 RTS HARBOUR, C'OCONNOR
REOL 261 4907125101 1 31.03.2016 [NTEAN 1002
REOL 262 4907125100 1 31.03.2016 TR 1002
PTO2 261 4907124657 1 31.03.2016 [NTEAN M/COL/17 1002
PTO2 101 5003514621 1 22.09.2015 [T EAL M/COL/17 1002 R.Kehoe
D001 261 4905079318 1 03.12.2014 [T G/C13 1002
REOL 261 4905079445 1 03.12.2014 [NTSEAN 1002
REOL 262 4905079444 1 03.12.2014 [T EAL 1002
D001 101 5002633844 1 20.05.2014 [T EAL G/C13 1002 9953
REOL 261 4903896111 1 01.08.2013 [NTEAN 1002
REOL 262 4903896110 1 01.08.2013 [T EAL 1002
PTOL 261 4903896052 1 01.08.2013 [NTSEAN G/C16 1002
PT10 311 4903540878 1 06.03.2013 [NTEAN 1002
D001 311 4903540627 1 06.03.2013 [NTEAN G/C13 1002
PTOL 311 4903540878 2 06.03.2013 [T EAL G/C16 1002
PT10 311 4903540627 2 06.03.2013 [T EAL 1002
D001 101 5001007932 1 15.09.2011 [T EAL G/C13 1002 8599
REOL 261 4901433381 1 17.12.2010 TN 1002
D001 261 4901433382 1 17.12.2010 TN G/C13 1002
REOL 262 4901433380 117.12.2010 (L EAL 1002
D001 561 4900199576 1 26.06.2009 L EAL G/C13 1002





image9.jpeg




