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[bookmark: _Toc172484447]Introduction 

The lean methodology is a systematic approach implemented to produce a high quality and low cost process or service, using a wide range of tools and techniques to reduce company lead times or eliminate waste. Panwar, et al., (2015) introduce lean manufacturing as, organisations looking for a prudent global strategy to respond to the new challenges emerged not only due to intense global competition but also because of continuously evolving customer requirements. By introducing the ‘House of Lean’ concept and applying the building blocks of lean methodology, starting with process stability as the foundation while introducing lean techniques to ultimately improve process quality, delivery time and costs (Figure 1). 
This report will focus on the guide datum process and aim to reduce stoppage times, improve product quality and have a positive effect on company cost savings. The first area of analysis will identify the different types of waste within the guide datum process, followed by an in-depth review of value and non-value added steps to the process from the customer’s perspective. Thereafter, an evaluation of how the process can be made leaner and identifying the potential downfalls of implementing the newly generated improvements including the costs that may occur, and the possible solutions that could counteract these problems. 
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[bookmark: _Toc172484874]Figure 1 - Illustration of 'House of Lean' Concept (Guytingco, 2017)
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[bookmark: _Toc172484449]Overview of Process

[image: ]The Coilers is a processing area within the Hot Mill department of Tata Steel, producing steel coil for customer distribution. The 3D model in (Figure 2), captures the scope of the Coiler area and highlighted are the areas to be captured within this report. Path taken for C4 guides
Path taken for C5 guides
C4 Guides
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[bookmark: _Toc172484875]Figure 2 - 3D model of Coiler area with highlighted places of interest for guide datum.

Madison (2005) highlights the advantages to process flowcharts by describing them as depictions of the “big picture” to identify key elements and scope of the process. According to Hunt (1996), process mapping is an analytical and communication tool used to describe in workflow diagrams, with the intention to improve existing processes or to implement a new process driven structure in order to reengineer business process (Darwish, 2011). The process flowchart for the guide datum procedure (Figure 3), documents the current steps taken to complete the task. Further analysis will be discussed further on within the project report, through value analysis and additonal lean techniques to reduce overall cycle time. 
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[bookmark: _Toc172484876]Figure 3 - Process Map of Guide Datum Procedure
[bookmark: _Toc172484450]Identifying Types of Waste in Process

[bookmark: _Toc172484451]Motion

The waste in motion includes any unnecessary movement of people, equipment, or machinery. This includes walking, lifting, reaching, bending, stretching, and moving. Tasks that require excessive motion should be redesigned to enhance the work of personnel and increase health and safety levels (Skhmot, 2017). The guide datum process involves multiple cases of unnecessary motion. Firstly, the operator must remove himself from the work area by stepping off entry roller tables and walking back to the operations pulpit while isolations are removed, so equipment can be positioned for the datum process. Once the operator has correctly positioned equipment and isolations are re-instated, they must travel back to work area to begin measurement phase of the process. Gathering readings by measuring tape requires excessive bending and stretching to reach low lying points of interest. Lastly, further motion is required to the operations desk for the system input of recorded findings. This type of waste is prominently linked to the datum process and therefore, by reducing or removing these ranges of motion through lean techniques could provide positive outcomes to the process. 










[bookmark: _Toc172484877]Figure 4 - Percentage of Motion Time in Guide Datum Process.
[bookmark: _Toc172484452]Waiting

When carrying out the guide datum process, multiple steps have been identified where operators are idle waiting for mechanical and electrical local isolations of plant equipment. Also, upstream processing areas of the Hot Mill are required to wait for the process to be completed before starting operations. These waiting times cause a detrimental effect to the departments production availability and also has implications on customer delivery timescales. The calculations seen below are Hot Mill performance figures captured over a weekly period. The Overall Equipment Effectiveness was calculated to show where improvements can be made by introducing lean measures to improve overall Key Performance Indicators.

Performance = 62,125 tonnes rolled : 74,833 planned rolled tonnes 
= 83%
Availability = 108.54 rolling hours : 23.08 delay hours 
= 82.47%
Quality = 40 coils diverted : 2,209 coils rolled : 2,169 right first time
= 98.18% 
Overall Equipment Effectiveness = 67.2%

[bookmark: _Toc172484453]Defects

The role of this process is to improve overall quality of the steel product by inputting recorded physical data of guide positioning into the operating system for the achievement of true values. When data is not recorded accurately, this can produce an adverse effect on coil presentation quality standards until the operator can counteract with offset measures. The measurement system (measuring tape) used within this process allows the opportunity for human error. Multiple factors can contribute to adverse findings such as operator experience, tape readability and operator eyesight could produce abnormalities. The procedure requires precision, as anything over 10mm out of tolerance can cause presentation defects such as telescoping, staggered walling and shouldering. Depending on customer standards, further processing can be required in downstream re-work stations. For example, staggered walling of coils outside of customer specifications requires re-work on the Coil Temper Mill. This has an added effect on stock levels and customer waiting times. The trend path below (Figure 3), demonstrates the average number of defects by time after the guide datum process. 
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[bookmark: _Toc172484878]Figure 5 - Trend of Quality Defects After Guide Datum.

[bookmark: _Toc172484454]Overprocessing 

Over-complexity is a main feature to this area of waste, by creating more non-value steps than required to achieve the desired goal. The sequence of data capture and data entry within this process has far greater complexity than is required to reach the desired outcome. As an example, the recording of measurements are noted after completion. These recordings are then taken back to the pulpit, where the operator takes the lowest figure and inputs the data into the operating system through a precise set of instructions. By reducing or removing these steps, will improve overall complexity of the task and ultimately benefit the overprocessing of information. 


[bookmark: _Toc172484455]Value Analysis 

	Internal Customer
	External Customer

	Speed of Work
	Delivery Times

	Coil Presentation
	Quality

	Safety
	Consistency of Product

	Consistency of Outputs
	Cost

	Production Tonnages
	Minimal Non-Value Added Activities


In most of the work on lean techniques, customer satisfaction is often used as a measure of performance to monitor how well a product or service is delivering value (Santos, et al., 2019). Although, Found and Harrison (2012) argue that customer opinion is often one-dimensional based on how well their needs are met and rather than product attributes such as perofrmance. When analysing the guide datum process, customers can be split into two categories – internal and external. Internal customers of this process include downstream processing areas such as Coil Handling, Hot Coil Finsihing and the Senior Management team. The identification of external customers comprises of the multiple companies purchasing steel coil for their manufacturing operations. The value created from this process completion may differ from both categories of customers due to various requirements of specification. The table below (Figure 6) categorises both sets of customers and what creates value from their perspective.

[bookmark: _Toc172484879]Figure 6 - Table displaying perceived value of the Internal and External Customer.
Through analysing the areas of value against both sets of customers, each area highlighted above similarly coincides with each other. For example, creating a desirable speed of work rate will produce improved delivery times for the external customer. While creating a standardised process across all shifts, will produce a consistency of outputs and ultimately lead to a consistent product. The value add chart (Figure 7) displays the process steps and the time to complete each against process Takt Time. These are broken down into three categories – Value Add, Necessary Non-Value Add and Non-Value Add. The main aim of these data measurements are to establish process balance and to identify which process steps create opportunity through the removal of Non-Value Add activities (Brook, 2017). Therefore, by implementing lean techniques to improve the guide datum process, will create greater value for both sets of customer. 

[bookmark: _Toc172484880][image: ]Figure 7 - Value Add Chart for Guide Datum Process with Process Takt Time.

[bookmark: _Toc172484456]Evaluation of Lean Techniques for Process Improvement 

[bookmark: _Toc172484457]Man/Machine Separation (Jidoka)

Person-machine separation in lean manufacturing refers to reducing direct interaction between workers and machines, enhancing efficiency (Hernandez-Matias, R. Ocampo, Hidalgo, & Vizán, 2019). The idea of separating human and machine is a concept within the Jidoka lean principle, one of the main pillars of the ‘House of Lean’. This concept could provide enhanced improvements to the guide datum process, through removing motion of operators and waiting times for mechanical and electrical isolations. The main requirements for isolations in this task is to secure equipment due to concerns for operator safety. However, if there is a possibility for the operator to be removed from this area and replaced by machine, this would create an enhanced improvement to task efficiency. Also, providing greater safety measures for operators by allowing them to stay within the pulpit during the process.
The datum rig prototype shown in (Figure 8), has been designed to allow datum measurement while equipment is live. Therefore, removing any requirements for isolations during the process. The strict dimensions of the datum rig provides standardisation of measurements through removing the person from the process. While also reducing start up quality diversions by delivering measurements consistent with operating system feedback, reducing the need for operator interventions such as equipment offsets.
[bookmark: _Toc172484881]Figure 8 - Designed Guide Datum Prototype.[image: ]

[bookmark: _Toc172484458]SMED

[image: ]Generally, SMED aims to standardize and simplify the operations. By this means, the need for special skilled workers is also minimized. The SMED technique is used as an element of Total Productivity Maintenance (TPM) and “continuous improvement process” in various studies to reach lean manufacturing (Ulutas, 2011). The first phase of SMED analysis involved breaking down each process step into internal and external categories. The difference between internal (stopped) and external (running) activities rely on if the process step can be completed depending on equipment state. The previously mentioned datum rig prototype (Figure 8) can be analysed against current guide datum cycle times and predicted target times, through the use of a SMED data capture table (Figure 9). This table clearly identifies the reduction in internal activity cycle times such as removing isolation and motion steps, resulting in a 71.8% reduction in overall cycle time, from 19.5 minutes to predicted 5.5 minutes. Therefore, improving overall process availability and providing greater process outputs. 
[bookmark: _Toc172484882]Figure 9 - SMED internal/external cycle times against target times after improvement.
[bookmark: _Toc172484459]5S

Deshpande, et al., (2015) explains 5S as a workplace management methodology which helps for improving working environment, human capabilities and thereby productivity. The word ‘5S’ represents the five disciplines for maintaining a visual workplace. Also, ‘5S’ is workplace management to minimize the loss of time and unnecessary movements as well. The five areas of this concept are – Seisu (Sort), Seiton (Straighten), Seiso (Shine), Seiketsu (Standardise) and Shitsuke (Sustain). Each of these principles provide different values to creating a leaner workplace environment. When applying this to the datum process improvement, actions are required for each phase of 5S implementation to enhance the overall benefits. The table below (Figure 10) categorises each phase of the concept and actions to be taken:

	‘5S’ Phase 
	Actions 

	Sort
	· Implement datum rig improvement. 
· Keep/remove process steps once improvement identified (Figure 9).

	Straighten
	· Create storage area for datum rig
· Ensure storage area in close proximity to work area.
· Limit motion time of crane when landing rig. 

	Shine
	· Routine structural inspections i.e. rig measurement checks for system compatibility.
· Cleaning and painting of datum rig for crane visibility.

	Standardise
	· Create standard working procedure (SWP) document for new process steps. 
· Add procedure to operator checklists and problems can be documented in shift reports. 

	Sustain 
	· Employ training plan to capture all shifts and operators.
· Create Standard Work Confirmation (SWC) meetings to capture shift feedback on improvement. 
· Create datum schedule – Shift and frequency requirements. 



[bookmark: _Toc172484883]Figure 10 - Table of 5S phases and actions to be taken for each.
[bookmark: _Toc172484460]Potential Problems Associated with Improvement and Solutions

The identification of potential problems associated with the discussed improvement is vital to understand, so pre-planned solutions are created to improve transition flow from past to future process states. 
[bookmark: _Toc172484461]Employee Process Buy-In

Change is an inevitable and constant part of the organisational or social society (Mullins, 2016). The idea of change can have a positive or negative effect depending on employee perceptions. Certain perceptions can be influenced by beliefs about the organization, its change capability, and its history with change.  This in turn shapes your perception of a specific change event (Turner, 2023). There is an importance for employee buy-in to create a standardised process output across all shifts. However, if this is not the case then variability across shifts could cause an increase in process cycle times, leading to projected target times increasing and overall process availability decreasing. The solutions to overcome this problem includes communicating the incentive of the benefits to this process change, such as the reduction in operator motion to and from the work area. Also, as previously mentioned when introducing 5S, training plans and standard work confirmations can be included to create a standardised working procedure across all shifts. 
[image: What is change management, Navigating Change: A Comprehensive Overview of  Change Management]










[bookmark: _Toc172484884]Figure 11 - Generic Change Strategy for Employee Process Buy-in (Ahmad, 2021).
[bookmark: _Toc172484462]Open Gantry Crane 

The availability of the area open gantry crane is essential to this improved process functioning as predicted. Without the availability of this crane the proposed process could not be completed, as the datum rig would not be able to be positioned. The solution to this problem revolves around communication, team leaders are required to pre-plan process activities via radio or telephone to ensure crane availability for task completion. Also, to ensure continuous flow of the process, crane positioning with the datum rig is essential in keeping changeover times reduced. Through forecasting the requirement of the datum rig, the Just-In-Time methodology can be utilised or for further improvement a kanban system could be used to signal the crane driver when to position datum rig. Although, this may require additional project funding. 
[bookmark: _Toc172484463]Datum Rig Design

The Datum Rig is the main concept of improvement to this process, the correct manufacturing of this product is vital to process completion. Datum Rig dimensions are a key element for design, as precise measurements are required for system compatibility with physical equipment dimensions to create a consistent process or product. Also, rig materials and design are essential to withstand stress from Coiler guides when squeezed at datum point. Lean techniques that may improve design include Poke Yoke, through error proofing the datum rig. This would reduce the chance of failure when in operation and also, produce a design that allows the process to be completed correctly first time. However, there are other areas outside of lean that could provide solutions to these problems such as Design Failure Mode and Effect Analysis (DFMEA) and Finite Elements Analysis (FEA). Both of these tools, can provide insight before manufacturing to failure effects and design capability under stress. 



















[bookmark: _Toc172484464]Conclusion 

Overall, this project report aimed to select a workplace process, identify the waste within this process and apply lean techniques to reduce the waste created. Through the use of analytical tools several types of waste were detected within the guide datum process. Also, identifying and examining the value added and non-value steps of this process, allowed for further insight into where lean techniques could be applied for process improvement. Applying techniques such as Man/Machine Separation, SMED and 5S, allowed for an overall reduction in cycle times and created a process with an improved continuous flow by implementing the Datum Rig design. Finally, the potential problems associated with this proposed improvement and the solutions applied, allowed for foresight into prospective issues instead of costly effects in hindsight. On the whole, this project has the potential to improve the customer focused areas of lean. However, cost analysis would be required to understand the viability for the proposed improvement to overall process performance. 
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