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[bookmark: _Toc109555379]Introduction

Without a regular review, manufacturing processes can become stagnant and fail to benefit from technological advances, new perspectives, or a more highly skilled workforce. This leads to a lot of waste in the process, negatively affecting the company in terms of additional non-value-added cost, wasted production time and bottlenecks affecting the ‘one-piece-flow’ manufacturing concept. Although Lean can produce significant improvements to the business, small and medium enterprises are reluctant to take advantage of these benefits (Buehlmann and Fricke, 2016), presenting a competitive advantage to companies who embed Lean practices into their work.

For this report, any wastes contributing to seconds of the overall process are not considered and are instead grouped into the larger improvements. This is because processes with longer lead times should be measured in longer time intervals for ease of completing the mapping process (Johansson and Osterman, 2017).

This report is a case study on the Data Plate (DP) manufacturing process at Safran Seats Great Britain (SGB), reviewing it against current Lean methodologies to identify potential improvement activities. The DPs are mandatory for identification and must be installed to both the sub-assemblies and completed product to allow the customer to identify and track individual components during installation and maintenance activities. As SGB have exceeded their allocated Capex allowance for 2022, no budget was available to implement any changes to the process. Therefore, the report is limited to non-additional cost solutions, besides labour costs, only.


[bookmark: _Toc109555380]Aim

The aim is to explore the eight forms of waste identified in current Lean manufacturing methodologies and analyse a real-world process to identify which, if any, of these wastes exist in the execution of the process.

Although there is contention over whether there are seven (TIMWOOD) or eight wastes (TIMWOODS/DOWNTIME), the only difference is the addition of the waste ‘non-utilisation of resources’ (Pacheco and Heidrich, 2021). In this report, the ‘non-utilisation of resources’ is considered a waste as the introduction of automation of repetitive tasks is important in Industry 4.0 methodology (Gradim and Teixeira, 2021).

The established eight wastes of Lean principles are identified in the acronym ‘Downtime’, (Coughlin and Posencheg, 2019), as shown in Table 1.


	Letter
	Term
	Definition

	D
	Defects
	Non-conformances that cause a product to deviate from design intent

	O
	Over-production
	Manufacturing more product than required

	W
	Waiting
	Inactive production time caused by a delay in receiving goods/materials

	N
	Non-utilised talent
	Team members experience, skills and knowledge not capitalised on

	T
	Transportation excess
	Movement of a product, equipment or materials beyond requirement

	I
	Inventory excess
	Holding additional stock beyond the customer demand rate

	M
	Motion excess
	Non-value-added movement of team members to carry out an operation

	E
	Excess processing
	Additional operations that add no value to the end product


[bookmark: _Ref106960211]Table 1: Lean methodology eight waste definitions

Any waste identified in a step in the process is measured and quantified in the current state. Improvements to the process are then developed, trialled and implemented, with the new process compared against the original process to quantify any improvements.


[bookmark: _Toc109555381]Agreeing the project scope

Before any improvement activities can be carried out, the current state of the process must be determined. A top-level macro view of the process provides clarity of the operations required to complete the process from start to finish, without exploring the individual steps within each operation (Brown, 2019). The SIPOC below, Figure 1, provides this information.




[bookmark: _Ref108773895][bookmark: _Ref108773889]Figure 1: DP Manufacture SIPOC
With the operations established within the SIPOC as a base, a Value Stream Map (VSM) can be derived to provide the current state measurement values for the operations (Wijaya et al., 2022). The DP VSM, Figure 2, considered the following parameters:

· Shift (SGB currently operate a single shift)
· Quality (% of Right-First-Time)
· Takt time (75 minutes – based on 450 available daily minutes and a requirement of 6 sets of DPs per day)
· Steps (number of process steps in each operation)
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[bookmark: _Ref108774280]Figure 2: Value Stream Map (VSM) for the DP process

The completed VSM identified a violation of the Takt time for the printing of the DPs, Figure 3. Currently, overtime either in the week or the weekend compensates for delays in receiving DPs.
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[bookmark: _Ref108774737]Figure 3: DP Creation Process Takt Time derived from the VSM

Assessing the data obtained from the VSM and mapping it to the eight wastes of Lean principles provides a focus to improvement activities. Table 2 demonstrates the outcome from the assessment.

	
	Phase

	Term
	Measure
	Calculate
	Populate
	Manufacture
	Release

	Defects
	☐	☒	☒	☐	☐
	Over-production
	☐	☐	☐	☐	☐
	Waiting
	☐	☒	☐	☐	☒
	Non-utilised talent
	☐	☒	☒	☒	☒
	Transportation excess
	☐	☐	☐	☐	☒
	Inventory excess
	☐	☐	☐	☐	☐
	Motion excess
	☐	☐	☐	☐	☒
	Excess processing
	☐	☐	☐	☐	☒
	Total
	0
	3
	2
	1
	5


[bookmark: _Ref108775978]Table 2: Waste mapping against the data obtained via the VSM
From the table, it can be determined that the biggest cause of waste in the process is the ‘release’ phase, with 5 of the wastes identified in the process. As this is an inspection phase created as a containment action for the defects in ‘calculate’ and ‘populate’ phase, the aim is to remove this operation by removing the potential for defects from the preceding operations.

Automating the ‘calculate’ and ‘populate’ phases as far as practically possible will reduce the number of opportunities for error to a level when the DP producer is able to identify errors independently at the point they occur.

Exploring the print settings to reduce the overall ‘manufacture’ phase time below the Takt time is a key improvement for the sustainability of the process to meet the customer requirements and remove the bottleneck.

The biggest cause of waiting in the process is where the process changes from one department to another. Enabling the operators to carry out all operations themselves would remove the waiting time.

The improvement ideas were submitted to the sponsor for approval, an important part of scoring as a team and bringing support to push through changes (Arcidiacono, Costantino and Yang, 2016), with only the enabling of the operators being rejected, Table 3. The sponsor demined the current process as too complicated and high risk for the operators in its current condition.


	Improvement
	Phase
	Description
	Sponsor Approved

	1
	Calculate
	Calculate the weights by automating the process
	Y

	2
	Populate
	Auto-populating all DP fields
	Y

	3
	Manufacture
	Change print settings
	Y

	4
	Release
	Remove release inspection phase
	Y

	5
	All
	Operators self-generate DPs
	N


[bookmark: _Ref108777994]Table 3: Sponsor 'Go/No Go' decision for improvement ideas
To facilitate the improvement activities, developing a micro-level process from the macro-level clarifies the components of each operation (Atkinson et al., 2012), Figure 4. 


[image: Chart

Description automatically generated]
[bookmark: _Ref108778534]Figure 4: Swim lane diagram of the micro-level process steps



Once the micro-level process steps have been determined, it is possible to carry out an analysis and determine the value of each of the steps in achieving the customer requirement. In this instance, printing DP labels, the Value-Added (VA) steps would be those where receiving a completed DP set would be impossible without. For example, any manual calculation/conversion of weights or inspection activities would not be a ‘value added’ step as, if the preceding steps were carried out correctly, with built in ‘Poke-Yoke’ controls, they would no longer be required.

A summary is provided in Table 4.

	Phase
	Action
	Value Added (VA)
	Non-Value Added (NVA)

	Preparation
	Create SNM
	 
	X

	
	Create DP matrix
	 
	X

	
	Create DP Template for each variant
	X
	 

	Measure
	Weigh Pallet
	X
	 

	
	Weigh Suite & Pallet
	X
	 

	
	Submit Weights
	 
	X

	Calculate
	Convert Units
	 
	X

	
	Subtract Pallet from overall weight
	 
	X

	
	Subtract Shipping Brackets weight
	 
	X

	
	Subtract unit specific Loose Items Kit weight
	 
	X

	
	Record values on traveller
	 
	X

	Populate
	Open correct DP Template
	 
	X

	
	Enter data from traveller into DP Template
	X
	 

	
	Add Date/Stamp information
	 
	X

	Manufacture
	Etch DP
	X
	 

	
	Cut-out DP
	X
	 

	Release
	Review DP
	 
	X

	
	Return DP to QT
	 
	X

	
	Photograph DP
	 
	X

	
	Issue DP to Release Team
	X
	 

	
	Fit DP
	X
	 


[bookmark: _Ref109555243]Table 4: Analysis of the 'Value-Added (VA) and 'Non-Value Added (NVA) steps of the DP process

The analysis demonstrates that the current process has 8 VA steps, accounting for 38% of the process, whereas there are 13 NVA steps, accounting for 62% of the process.

[bookmark: _Toc109555382]Improvements

[bookmark: _Toc109555383]Improvement 1 – Calculate the weights

Once the Operators have weighed the completed product, a Weight Record, Figure 5, communicates the data to the Quality Technician (QT). This form acts as the trigger to calculate the weights required for the DPs. 
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[bookmark: _Ref107125223]Figure 5: Excerpt of a Weight Record

The QT then calculates the correct weights for all the plates to provide the weights for each module of the completed product, removing the items such as shipping brackets, loose items kits and seat weights. To calculate the weights, the following tools are required:

· Weight Record, Figure 5
· Weight Manifest, Figure 6
· Weighing calculation Standard Operation Procedure (SOP), Figure 7
· Unit convertor (Metric/Imperial depending on the final customers’ requirements)
· Calculator

The QT works through the Weighing calculation SOP, Figure 7, calculating each step manually and recording it on the Weight Manifest, Figure 6 to be able to enter the correct weights in the correct places for the DP manufacture.
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[bookmark: _Ref107132013]Figure 6: Weight Manifest showing calculation steps
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[bookmark: _Ref107132059]Figure 7: One sheet of the suite weighing calculation process from the Optima Standard Operation procedure
This manual method of weight calculation incurs waste. The QT prints and collates all the documents required and reads a text-heavy document to understand the calculation steps. There is also a high probability of error in the process, potentially caused by:

· reading the SOP incorrectly and carrying out the incorrect calculations
· using the incorrect conversion rate
· typographical errors during weight calculation

It is possible to remove these steps by solving the calculations automatically. SGB already use an Excel spreadsheet to designate unique Serial Numbers, Figure 8, to completed production parts.
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[bookmark: _Ref107295190]Figure 8: Example of an SGB Serial Number Matrix

By adding the formulae for each variant into the relevant line in the spreadsheet, the Excel file automatically calculates the values for the QT with just the initial weights provided by the Operator (Price, 2013). As a proof of concept, the calculator for the variants was developed and added to the Excel file as a separate tab, shown in Figure 9.
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[bookmark: _Ref107759784][bookmark: _Ref107759777]Figure 9: Serial Number Matrix calculator tab

The QT’s used the tab as an error checking method, alongside the traditional method to check for errors. This approach enabled the QT’s to become accustomed to the principle of automatic weight calculation and gather their support to push through the change to full automation of the process. The Serial Number Matrix (SNM) with built-in calculator, rather than a calculator tab, is now the standard way of working.


Table 5 shows the costs of the old and new approaches, with the values for the QT and Quality Engineer (QE) costs taken from the SGB standard values.


	Consideration
	Role
	Cost per Hour
	Cost per minute
	Time Taken (minutes)
	Total Cost
	Plates per Day
	Plates per Year
	Year Total Cost

	Old Method
	QT
	£30
	£0.5
	10
	£5
	6
	1560
	£7800

	New Method
	QT
	£30
	£0.5
	1
	£0.5
	6
	1560
	£780

	Setup Cost
	QE
	£40
	£0.6
	30
	£20
	
	
	


[bookmark: _Ref107765117][bookmark: _Ref107848453]Table 5: Summary of the costs of both the old and new approaches to Weight calculation

The table demonstrates that the changes will lead to a yearly saving of £7020 for weight calculation. Considering the setup cost of £20, the year-1 profit will be £7000. Based on these calculations, the QT’s will receive an additional 46.8 hours a year to utilise their skillset on QT work, rather than weight calculations.

The number of failure modes has changed from a potential of 10, to just two, based on the manual calculation of each step compared to entering the two weight values into the SNM. 


[bookmark: _Toc109555384]Improvement 2 – Populating the plates

The DP templates for the project are variant specific. The base template of the blank DPs contains the project specific information. Each variant copies the project populated base template and has the variant specific information entered to create a separate file for each variant. 

Once a set of DPs are required, the QT opens the relevant variant template and manually enters the unit specific information into each box where it is required. 

This approach contains a high amount of risk, leading to a mistake on average of one per day. Selecting the incorrect variant template would cause all the variant specific information on the set of DPs to be incorrect. In addition, by manually entering the specific unit data, each field entered could have errors and inconsistencies due to typing/spelling mistakes. Figure 10 identifies the potential failure modes, 13 variant specific fields and 12 manually entered unit specific fields.
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[bookmark: _Ref107036329]Figure 10: DP template showing variant specific & unit specific fields

To reduce the number of potential failure modes, and the time spent manually entering the same data multiple times across the templates, it is possible to set variables within the DP templates. Removing the variant specific information from the templates and entering the data into an Excel spreadsheet enables the Gravograph software to extract the data from the spreadsheet (Gravotech, 2018a). To prevent multiple spreadsheets with the same data across them, an expanded SNM, Figure 11, contains this information.
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[bookmark: _Ref107845100]Figure 11: Expanded Serial Number Matrix including weight calculations and 'Variable' fields

A single DP template replaces the templates for each variant. With the variant specific information removed and replaced with a ‘variable’ parameter that coincides with the column header in the SNM, Figure 12, the auto-population of the plates can proceed. When the QT has entered the weights into the SNM and copied the whole row into the variables table in the Gravograph software, the software replaces the variable text with the unit specific information for each field. 
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[bookmark: _Ref107847395]Figure 12: Gravograph new template showing unit data replaced with 'variable' placeholder text

Table 6 shows the costs of the old and new approaches, with the values for the QT and QE costs taken from the SGB standard values.


	Consideration
	Role
	Cost per Hour
	Cost per minute
	Time Taken
	Total Cost
	Plates per Day
	Plates per Year
	Year Total Cost

	Old Method
	QT
	£30
	£0.5
	12
	£6
	6
	1560
	£9360

	New Method
	QT
	£30
	£0.5
	2
	£1
	6
	1560
	£1560

	Setup Cost
	QE
	£40
	£0.6
	180
	£120
	
	
	


[bookmark: _Ref108964001]Table 6: Summary of the costs of both the old and new approaches to DP population

The table demonstrates that the changes will lead to a yearly saving of £7800 for DP population. Considering the setup cost of £120, the year-1 profit will be £7680. Based on these calculations, the QT’s will receive an additional 52 hours a year to utilise their skillset on QT work, rather than populating DPs.


[bookmark: _Toc109555385]Improvement 3 – Manufacture the plates

DPs currently violate the Takt Time threshold required to meet the customer demand, with any overrun being absorbed through overtime. This creates a bottleneck at the printing stage with reprints due to errors compounding the problem. The original process took 90 minutes on average per set of plates. The following projects improved the process:

· Cost vs Quality analysis of the print resolution

The original resolution set by default by the software was 600 Dots Per Inch (DPI). A ‘cost vs quality’ assessment proved that significant time-savings are possible without compromising the quality of the print, Appendix 1. Once printed, the DPs validated the output of the ‘cost vs quality’ assessment, Appendix 2. The print quality remained constant throughout the 600–400 DPI range, however, a significant decline in print quality exists at the 300 DPI setting, Figure 13.
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[bookmark: _Ref108171892]Figure 13: Images showing the degradation in print quality between a 400 DPI (top) and 300 DPI (bottom) print

For this reason, the 400 DPI print setting became the new default for the process.


· Compressing the file into a single print layer

Originally, the files included two distinct layers, one for printing the text of the DPs and one for printing the lines. Primarily, the software would be used to cut the plates out as well as print, a function SGB cannot exploit as the specified plate has a paper-backed adhesive layer on the rear. Within the advanced menu in the Gravograph software, there exists an option to compress all information onto a single layer. 

Doing so produced a significant time saving of 19 minutes compared to the previous method. Appendix 3 demonstrates the effect of compressing the image on a single layer.

· Rotating the plates to print horizontally

The Gravograph machine works more efficiently printing from left-to-right, than top-to-bottom. When printing left-to-right, it first builds up speed on the print line to reach its maximum speed. The print head must then slow down prior to reaching the end of the print area for the specified file and come to a complete stop before returning to the start to print the next line. To improve the machine efficiency, the machine should operate at the maximum velocity for as long as possible.

Changing the plate positioning to maximise the horizontal print area, rather than the vertical resulted in a 7 minute, 11 seconds reduction in print timing for the plates used in the trials, Appendix 4.

Overall

Considering the cumulative effects of the three projects above, the net result was a reduction in overall print time on the actual DP templates of 60 minutes, Table 7.

	Plate sets
	Current print time
	DPI 400
(reduced print time)
	Single Layer
(reduced print time)
	Horizontal
(reduced print time)

	1
	90 mins
	59 mins
	40 mins
	30 mins


[bookmark: _Ref108176601]Table 7: Summary of print time savings for all three improvements

The Gravograph printer creates the DPs using a laser to etch the aluminium material. For safety reasons, the machine must be supervised during its operation. The summary of the cost effect of the time saving is demonstrated in Table 8.


	Consideration
	Role
	Cost per Hour
	Cost per minute
	Time Taken (minutes)
	Total Cost
	Plates per Day
	Plates per Year
	Year Total Cost

	Old Method
	QT
	£30
	£0.5
	90
	£45
	6
	1560
	£70,200

	New Method
	QT
	£30
	£0.5
	30
	£15
	6
	1560
	£23,400

	Setup Cost
	QE
	£40
	£0.6
	10
	£6
	
	
	


[bookmark: _Ref108177202]Table 8: Summary of cost based on time savings for DP printing

Additionally, a saving is realised in the reduction of the running time of the Gravograph machine (Gravotech, 2018b; EDF, 2022):

Gravograph power = 1.6 kW/h
Extraction unit = 1.1kW/h
Total power per hour = 2.7 kW/h
Energy cost per hour = £0.282
Total cost per hour = £0.7614
Old method cost = 1560 plates * 1.5 hours *£0.761 = £1780.74
New method cost = 1560 plates * 0.5 hours *£0.761 = £1335.56
Saving (annual) = £455.18

Adding the labour saving to the energy saving presents an overall annual saving of £47,255.18. The initial setup of all three methods takes a QE only 10 minutes once, at the first creation of the template. The total setup cost is £6, providing a year one saving of £47,249.18.

[bookmark: _Toc109555386]Improvement 4 – Release the plates


With the successful implementation of improvements 1 & 2, the opportunity for error in the creation of DPs is virtually non-existent. New Poke-Yoke methods eliminate the common causes of error, such as typing errors, miscalculations and incorrect template selection (Coughlin and Posencheg, 2019).  

It is therefore redundant to have an inspection and recording step in the process to check for these errors. Previously, this step comprised of a QE comparing the DPs to the drawing specifications and the QT photographing and storing photographs of the plates for the release team to have evidence the DPs were correct prior to shipping. Table 9 demonstrates the timings and costs associated with these steps.  


	Consideration
	Role
	Cost per Hour
	Cost per minute
	Time Taken (Minutes)
	Total Cost
	Plates per Day
	Plates per Year
	Year Total Cost

	Inspection
	QE
	£40
	£0.6
	10
	£6
	6
	1560
	£9,360

	Recording
	QT
	£30
	£0.5
	10
	£5
	6
	1560
	£7,800

	Total
	
	
	
	20
	
	
	
	£17,160


[bookmark: _Ref108340178]Table 9: Cost and timing associated to the inspection gate

Removing the inspection gate provides a saving of £17,160, with a reduction in the processing time of 20 minutes.  The elimination of the wait time for an engineer to become available to carry out the inspection also removes an additional 20 minutes. There is no start-up cost for the removal of the inspection gate.
[bookmark: _Toc109555387]Results

[bookmark: _Toc109555388]Time

The impact of all four improvements proves to be significant. The project delivered a net reduction in the time taken to complete the process by 118 minutes, Table 10, with the biggest time saving caused by the changes in the Gravograph print settings.


	Methods
	W1
	Weigh
	W2
	Calculate
	W3
	Populate
	W4
	Manufacture
	W5
	Release
	Total

	Original
	5
	10
	25
	10
	1
	12
	5
	90
	20
	20
	198

	New
	5
	10
	25
	1
	1
	2
	5
	30
	0
	0
	79

	Saving
	0
	0
	0
	9
	0
	10
	0
	60
	20
	20
	119


[bookmark: _Ref108346306]Table 10: Timings of full process, broken-down into stages in minutes taken. W columns denote 'wait' times

Table 11 shows timings improvement.

	Original Timings
	Improved Timings

	Lead Time = 58 minutes
	Lead Time = 36 minutes

	Process Time = 142 minutes
	Process Time = 43 minutes


[bookmark: _Ref108968029]Table 11: Process timings pre and post improvement
The analysis proves that the DPs cycle time is faster, with less waiting time. This includes the reduction in manufacturing the plates from a Takt time violating 90 minutes, to a sub-Takt time limit of 30 minutes, removing the need for overtime to clear any backlog.

[bookmark: _Toc109555389]Cost

The project also provided a financial return exceeding the initial start-up costs for each of the improvements, Table 12.

The savings are significant. With an expenditure of just £146 in labour start-up costs, the business benefits from £79,235 annual savings.





	Improvement #
	Annual Saving (£)
	Initial Cost (£)

	1
	£7,020
	£20

	2
	£7,800
	£120

	3
	£47,255
	£6

	4
	£17,160
	£0

	Total
	£79,235
	£146


[bookmark: _Ref108352408]Table 12: Savings vs start-up costs analysis


[bookmark: _Toc109555390]Process steps

Implementing the improvements within this report would lead to a reduction in the number of process steps from 21 down to 12, Appendix 5. The changes would create a much leaner and less complex process, removing the waste and allowing the team members to concentrate on their roles.

[bookmark: _Toc109555391]Documentation

To standardise and sustain the process, the following documents were drafted, Table 13:

	SOPs
	Business Process

	SOP0328_001 - DP Format
	QUA06 G10 Iss5 SNM Creation Guideline

	SOP0329_001 - DP Population
	

	SOP0330_001 - DP Template Configuration
	


[bookmark: _Ref108967901]Table 13: SOPs & Documents supporting improved methods

[bookmark: _Toc109555392]Conclusions

This report has proven that without periodic review, processes can become bloated with waste by failing to capitalise on new technologies, knowledge and ways of working. Even small, low-cost initiatives can have profound effects on the cost and efficiency of manufacturing processes. Although this project was restricted to non-additional cost solutions, it still delivered an annual saving of over £79,000.

Implementing a continuous improvement approach to process evaluation supports business needs. Moreover, focusing on and implementing low-cost initiatives first produces in turn funding for higher-cost initiatives.

Furthermore, the project has released qualified quality professionals from mundane activities, allowing the business to capitalise on their expertise. Quality professionals, as part of their role, are required to support continuous improvement initiatives. Therefore, the time used previously printing DPs can be instead used to run such improvement activities, perpetuating cost saving to the business. 

This project has also demonstrated that the business should not be deterred by the implementation costs of initiatives, provided they are supported by a full business plan, clearly defining the financial return on investment.



[bookmark: _Toc109555393]
Further projects

Although this report has produced improvements in both the cost and throughput of the DPs, the activity was limited in scope, budget and expertise. Should additional resources be allocated to future DP improvements, the following topics could be explored:

· Exporting all unit data and creating the populated DPs directly from the company Enterprise Resource Planning (ERP) system (currently BaaN, soon to be M3)
· Changing the DP software to one that can interact directly with Excel/ERP system
· Purchasing a more efficient laser etching machine
· Redesigning the DPs to remove empty space and use less material per plate
· Handing responsibility for DP population and printing to the Operators
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[bookmark: _Toc109555396]Appendix 1 – ‘Cost vs Quality’ assessment of DP printing
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[bookmark: _Ref108170508]Appendix 1: 'Cost vs Quality' assessment showing the effect of DPI changes on the print time of a single DP


[bookmark: _Toc109555397]Appendix 2 – Completed printed DPs as an output of the ‘Cost vs Quality’ assessment

[image: ]
[bookmark: _Ref108171320]Appendix 2: 'Cost vs Quality' prints by DPI

[bookmark: _Toc109555398]Appendix 3 – Single layer printing on a single plate
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[bookmark: _Ref108174858]Appendix 3: Evidence of the improvement in print time by compressing the DP into a single layer
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