Harley Oulton - 1809832

Harley Oulton

[bookmark: _heading=h.1ksv4uv][image: Image result for timet logo][image: A circular diagram with text and words

Description automatically generated]2024

Undertaking a Green Belt Project   

HARLEY OULTON



[bookmark: _Toc165199470][bookmark: _Toc165199480][bookmark: _Toc165236420]Contents

Contents	1
List of Figures and Tables	2
Introduction	3
Define	4
Measure	6
Analyse	9
Improve	10
Control	13
References	13
Appendices	14




5

[bookmark: _Toc165199471][bookmark: _Toc165199481][bookmark: _Toc165236421]List of Figures and Tables

Figure 1: Intermediate Cutting Process Flow	5
Figure 2: Project Board	6
Figure 3: Loaded ID Stamp	6
Figure 4: Example of Inspection Book Data	7
Figure 5: P-Chart of 57 Week of Gathered Results	8
Figure 6: P-Chart Test Selection	8
Figure 7: Completed Over Check	10
Figure 8: Laser Marked Dot Matrix	11
Figure 9: SIC L-Moov Unit Marking Bar Test Piece	11
Figure 10: Future State Process Map	12
Figure 11: High Level Process Flow (Rod Rolling)	14
Figure 12: High Level Process Flow (Rod Finsih)	15

Table 1: Voice of Customer (QTC)	5
Table 2: Data Collection Results	9
Table 3: Defect Rate before and after Operator Change	10
Table 4: Cost/Benefit Analysis of Improvement	12
Table 5: Defect Rates Post Containment	13


[bookmark: _Toc165199472][bookmark: _Toc165199482][bookmark: _Toc165236422]Introduction 

This Six Sigma project is being undertaken within the Waunarlwydd plant of Timet UK. Timet UK is the UK part of the global titanium production company Timet. 
Founded in America in 1950, Timet has been a world leader in titanium production from its start, producing the world's first titanium ingot (Anon., 2024). With 240 patents issued (Anon., 2024) Timet is at the forefront of titanium melt and mill technologies. The titanium produced by the company is used within many sectors, the largest volume sold to the aerospace and energy sector. Smaller shares go to military and medical uses. 
Timet UK Waunarlwydd is a Titanium Mill located in Waunarlwydd Swansea, that specialises in bar, sheet, and plate products, of different alloys and grades. TI64 is the major titanium alloy processed, and available in two different grades, SQ and RQ, Standard quality and Rotary Quality, from the site. Rotary quality is used in rotating parts, such as engine turbines, as it has the strength and heat resistance to withstand conditions with engine turbines. 
The project discussed in this Six Sigma green belt assignment is within the Bar Section of the plant. Timet Waunarlwydd processes billet and bar stock to peeled/polished bars ranging from 16-110mm diameter. 

As Timet UK produces products for the aerospace sector, it must meet the industry quality standards of that sector. Aerospace quality stands are governed by AS9100 rev D, and these standards align with ISO9001:2015. Traceability is an aerospace safety requirement and must be followed. All parts produced must be correctly marked and allow for traceability throughout the production process should a fault occur. Within the Bar production line, Part IDs are manually added to bars and batches in several different forms.

This project has been selected as there has been an increasing number of ID errors within the Bar Process, causing batch ID mix ups and customer escapes. Current bar practices follow the traditional method of manual impact stamps, individual digit stamps are used and set out by the station operator, that are manually hammered against the product to form the ID/product number. 
The process is inefficient and offers a very high level of risk in relation to human error factors which has led to several recent customer escapes with the digits/lettering being printed in the wrong orientation, printed too lightly (inadequate force used when stamping ID, leaving the ID illegible) and incorrect stamp set up (ID missing digits or digits loaded in wrong location). 
The frequency and nature of ID escapes creates a poor company image to suppliers and monetary concessions for the batches. These escapes are returned for re-identification, and 8D fault finding teams launched, leading to additional work for the company. 
The project aims to reduce ID errors, which in turn will lower the amount of additional work required, decrease causes of concessions, and stop all identification related customer escapes. It will also satisfy the 8D launched to find the cause of the escape. 
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[bookmark: _heading=h.15zb5o6trxj8]Business Case
[bookmark: _heading=h.5yd7klml3mkx]
[bookmark: _heading=h.lqmwprfa1v0d]The rod department of Timet Waunarlwydd has a lack of traceability of product throughout the process, relying on manual ID stamping, ID tallies attached to batches with metal wires and Job cards that travel with the batch throughout the process. The manual addition of IDs by operators leads to several errors caused by Human Factors within the process. J Reason states “Human rather than technical failures now represent the greatest threat to complex and potentially hazardous systems” (J, 1995;4:80-89). Timet UK has seen an increase of customer escapes due to poor traceability, leading to company initiatives to stop further escapes. At the same time the aerospace industry has seen an increased desire to address Human Factors issues, which PCC has mirrored. This project fits into these two initiatives as it looks to satisfy the requirements of both issues. 
[bookmark: _heading=h.4qi2octz5q77]
[bookmark: _heading=h.ojvyhinnpp4t]Problem Statement 
[bookmark: _heading=h.oo4rfpnertgr]
[bookmark: _heading=h.cfqxef819jf7]Lack of traceability of IDs within the rod department. Manual human addition and validation of IDs creating defects and failing to detect these defects. Defects caused by operator error (Human Factors) leading to increase in ID mix ups and customer escapes, causing lost time and revenue due to rework and customer concessions. 
[bookmark: _heading=h.hwr67xoq84gr]
[bookmark: _heading=h.ls6o7bg5bo8q]Process Mapping 
[bookmark: _heading=h.yo5ut4rrqk1b]
[bookmark: _heading=h.3lw61sv2pcx1]Different forms of IDs are added and removed to the bars/batches throughout the process at different stages. A high-level Rod Process map was created to identify what IDs are added at what processes and highlight important gates where issues may arise. This high-level Process map can be found in the Appendix.
[bookmark: _heading=h.ar7z7eaxt0fm]Using the Rod Process map, four gates have been identified where ID marking of the batches/bars is critical to their traceability throughout the production process. 
[bookmark: _heading=h.4q5zy3jfgc2z][bookmark: _heading=h.u36om859wd57]The third gate is Intermediate Cutting. At this stage all bar sizes are cut, and the Heat Number is added to the ends of the bars. This is the vital ID for material traceability and customer needs. When the customer receives the material, they validate it is the correct material by comparing the traveller ID and the stamped ID. The IDs are added manually by the operator using “impact” stamping. This gate is the main cause of ID errors and has led to several customer escapes. 
[bookmark: _heading=h.cmg36wcew1j3]Gate 3 (Intermediate Cutting) is the area in which this project will be focused. 
[bookmark: _heading=h.lnhcgm40qsbh]
[bookmark: _heading=h.rvlvz67lrc5z]Below is a more detailed process map of the Intermediate Cutting Process. 
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[bookmark: _Toc165236408]Figure 1: Intermediate Cutting Process Flow
[bookmark: _heading=h.cq2els59khb6]
[bookmark: _heading=h.1i1b012rf8b4]Voice of the Customers/Critical to Quality  
[bookmark: _heading=h.5urtc0v1clky]
[bookmark: _heading=h.oiu6t6x0ydy3]The voice of the customer is split into two separate customers, first customer Final Inspection the next process step following Intermediate Cutting, and second the customer being the current or future customers who are the end user of the produced material. These customers will have overlapped requirements and some differences. These requirements are listed in the table below.

[bookmark: _heading=h.x253o0ek5pki][bookmark: _Toc165236403]Table 1: Voice of Customer (QTC)
Customer 	Critical to Quality
Final Inspection 	No ID errors 	Increased readability of IDs 	Improved method of validating IDs
Current Product Customer 	No ID errors	No further escapes

[bookmark: _heading=h.gf1ra0w98bkh]
[bookmark: _heading=h.jecbct6t94cw]For Final Inspection, the aim was to gather proactive data from the operators, questioning them on issues and requirements that they had relating to IDs at their process step. The operators were gathered in shift groups, using the works skills matrix to capture all operators trained in Final Inspection, and interview for their feedback.  
[bookmark: _heading=h.pylbr0u0i6c4]For the Current Product Customer, reactive data gathered from customer complaints, concessions, and product returns over a previous 6-month period. This was used to build a list of requirements critical to them. 
[bookmark: _heading=h.tne3y81iuowp]
[bookmark: _heading=h.u0q4er7e06ko]Project Charter 
[bookmark: _heading=h.ifuvhjgt8rv9]
[bookmark: _heading=h.7lbr5dlxu3qz]Improve traceability by changing the method IDs are applied to material and validated within the Rod Department, minimising Human Factors that lead to the defects. The project aims to reduce the level of defects to a sigma level of 6, in line with aerospace standards. 
Final goal of the project is to satisfy the 8D problem solving exercise started due to the customer complaint following multiple defect escapes. A method of change to the process must be completed to satisfy.    
The project board provides essential governance and steering for the project team. It's direction and advice help the project manager keep the project moving in the right direction, the SRO (Senior Responsible Owner) is a senior member of the organisation and is supported by a Senior User(s) representing the users of the project output, and Senior supplier(s) who supply the goods or services.  
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[bookmark: _Toc165199484][bookmark: _Ref165207846][bookmark: _Toc165236409]Figure 2: Project Board
[bookmark: _Toc165199474][bookmark: _Toc165199485][bookmark: _Toc165236424]Measure 

Batch IDs for the materials are displayed as a 7 or 8 character code. The first 3 characters are always alphabetical, followed by 4 numbers. The final 8th character, an alphabetical character, is used only for split batches. See figure below for an example. 
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[bookmark: _Toc165236410]Figure 3: Loaded ID Stamp
Due to the nature of ID marking, the desired result has only two outcomes, Correct/Incorrect or Pass/Fail. Any discrepancies in the part marking to the Traveller ID will lead to a failure. All data gathered will thus be attribute data as it “consists of classifications rather than measurements” (Pyzdek, (2014)).
While it may be possible to gain quantitative data by recording the number of errors in the ID, for example the number of characters incorrect, the outcome is still a failure no matter how many characters are incorrect. Thus, this level of data collection is not required as it would yield no additional analytical benefit. 
To develop a data collection plan to highlight Id defects within the process, the current methods of data collection used within the process were considered. 
The data required to assess the capability and defect rate of ID errors at Intermediate Cutting, are the number of defects detected, date of the detection, quantity of bars through Final Inspection as the sample size and the quantity will be grouped into calendar weeks. 
All bars within a batch are required to be inspected at final inspection by trained inspectors for any material or ID defects. As each bar is required to be inspected, random sampling or another sampling method is not required. No defects will be missed through this inspection method but due to batch production the sample size will not be consistent through each calendar week. 
The Inspection operators will gather the data required. When inspecting, the operators store inspection information in written notes at the inspection bench. These books will be checked daily by a Manufacturing Engineer (the Project manager) to store on a spreadsheet. 
[image: A white board with black writing
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[bookmark: _Toc165236411]Figure 4: Example of Inspection Book Data
For historical data, each ID error is tracked by a Non-Standard Note document, created by a Quality Engineer. These notes are stored on a company system and tracked through a NSN database. Each note will contain all the required information, date, batch count and defect number. The notes are saved against a code relating to the defect. ID_ERROR is the code for all ID defects/Error. This data will be exported from the database to a spreadsheet, then organised into useable form. 
The time frame for the data collection will span a year, using a mix of historical and current data, gathered by the two collection methods. 
The data collection time frame was increased to 57 following several additional events which occurred after 52-week period. These additional events were added to the data as it was deemed beneficial to the process analysis. 

The data was chosen to be processed and displayed in a P-chart using Minitab as the Graphical analysis tool. As the data is attribute data and has only a Pass/Fail, there is no upper or lower limit specification. P-Charts display the proportion of defects in a sample over time and use historical data to establish the control limits of the process, allowing any deviation or stability change to be detected in the process. The P-Chart below x-axis is measured in Sample weeks while the y-axis is the proportion of defects in the sample. As previously mentioned, the sample size of each week varies due to batch production, so there is a high amount of deviation in the upper control limit seen in the P-Chart.  
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[bookmark: _Toc165199486][bookmark: _Ref165207836][bookmark: _Ref165207861][bookmark: _Toc165236412]Figure 5: P-Chart of 57 Week of Gathered Results
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[bookmark: _Toc165199487][bookmark: _Toc165236413]Figure 6: P-Chart Test Selection
Two tests were run on the P-Chart in Figure 5 and the Test criteria are shown above in Figure 6. 
Test Results for P Chart of Defects

1.  One point more than 3.00 standard deviations from centre line 

Test Failed at points: 1, 3, 4, 6, 8, 12, 18, 20, 23, 25, 27, 28, 29, 35, 38, 39, 40, 41, 42, 43, 44, 46, 47, 50, 51, 56.

2.  9 Points in a row on same side of the centre line. 

Test Failed at points: 31, 32, 33.

Using the test results from the P-chart above, the process shows a lack of stability beginning week 33 of sampling and increasing again in the remaining 16 weeks. The frequency of weeks that ID defects occur increases in the second half of the gathered data, with 5 events above the UCL due to the events containing high defect counts in relation to the sample size.

The trend seen in the P-Chart allowed the data to be split into smaller time frames, to gain a better understanding of the current process capability. The table below shows the results of the process within each timeframe. 

[bookmark: _Toc165236404]Table 2: Data Collection Results
	 
	57 Weeks 
	Final 24 Weeks
	Final 16 Weeks

	Total Bars Through Final Inspection 
	67800
	30962
	21828

	Known ID Defects within period 
	552
	380
	354

	Defects Opportunities per unit 
	8
	8
	8

	DPMO 
	1017.7
	1518.0
	2027.2

	DPO (%)
	0.10
	0.15
	0.20

	Defect Percentage (%)
	0.81
	1.23
	1.62




Equation 1: DPMO

Equation 2: DPO

Equation 3: Defect Percentage
[bookmark: _heading=h.4yva401uyudq][bookmark: _Toc165199475][bookmark: _Toc165199488][bookmark: _Toc165236425]Analyse

By analysing the data provided in the Measure section, the process is shown to have a low defect percentage, 0.81%, over the 57-week data period. The process shows an increasing trend of instability over the last 24 weeks of the gathered data. The defect percentage doubles to 1.62% in the final 16 weeks for data. This is a worrying trend and shows that a negative change has occurred at the Intermediate Cutting process step. This change has led to a deterioration in the quality controls at the process as 5 high defect proportion events occur after week 32. 
Using Wk.32 of 2023, 7/08-13/08, as a starting reference point to assess the process step, the team analysed any change that occurred following that week. No change in the machine procedure or SOP were found. The quantity and speed of bars processed at the production step saw no increase, remaining constant to average rates. No updates to machine were completed by engineering. Finally, no changes to any quality standards were performed after this period, ID make up remained the same. 
By investigating the company skills matrix, a change was observed in the operators trained and operating at Intermediate Cutting. Three new operators were trained and became the sole operators at Intermediate Cutting following Week 32, each on one of the 3 shift patterns. By using the dates, the NSN notes were raised for each ID error, and comparing against shift patterns/attendance, the three new operators accounted for all events following Week 32, and responsible for 3 of the 4 ID errors that lead to escapes.  
[bookmark: _Toc165236405]Table 3: Defect Rate before and after Operator Change
	 
	First 33 Weeks 
	Final 24 Weeks

	Total Bars Through Final Inspection 
	36838
	30962

	Known ID Defects within period 
	172
	380

	Defects Opportunities per unit 
	8
	8

	DPMO 
	587.9
	1518

	DPO (%)
	0.06
	0.15

	Defect Percentage (%)
	0.47
	1.23



The gather data was separated once again to display the defect rates pre the operator change and following the change. The defect rate of the new operators is shown to be 2.5x that of the pervious operators. This indicates an issue with the training provided to new operators or outlines the difficulty in manually loading a stamp with the characters mirrored. 
When assessing the comments in the NSN, several of the errors related to mixed similar alphabetical characters, P and Fs for example, and numerical character being in the wrong position, 68 not 86. The second of these issues is most likely caused by viewing the stamp in reverse (example in Figure 3). These two issues are caused by Human Error and any solution in the improve section must aim to remove the operator stamp creation, to minimise its’ effect. 

[bookmark: _Toc165199476][bookmark: _Toc165199489][bookmark: _Toc165236426]Improve

For the improve phase of DMAIC, two separate improvements for the process were created. An ID over check of the current method and a change of method to laser marking part IDs. 

The first improvement option, involves creating an over check of the stamp ID. The overcheck will consist of the operator ink stamping the stamp ID on to the traveller in a designated area, which product release will check against the traveller ID. An incorrect match between the stamped ID and the traveller ID will not be shipped, reducing customer escapes, meeting a CTQ requirement. This stamped over check has a benefit of the operator being able to see the created stamp in the correct order before hard stamping. Reading in the correct order should decrease the error rate greatly. 
[image: A receipt with writing on it
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[bookmark: _Toc165236414]Figure 7: Completed Over Check
Negatives for this improvement are that they do not need some CTQ requirements for Final Inspection, the method of applying the ID has not changed and thus the method of validating has will not change. While Human Error is reduced by viewing the stamp the correct way round, the operator is still required to manually build the stamp, and any lapse in concentration when viewing the stamp, will cause an error and possibly an escape. Safety factor of the process is also not reduced.
The second improvement is Laser Part Marking. This improvement will change the method the IDs are applied to the material by laser marking dot matrix or QR codes to the material. The IDs will be generated by scanning the barcode on the Traveller (see Figure 7), removing the need for manual input.
 [image: A round object with a black circle on a wooden surface
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[bookmark: _Toc165236415]Figure 8: Laser Marked Dot Matrix
The codes are then validated by hand scanners at final inspection, by comparing the traveller ID to the marked ID. The scanners show a non-match on a screen or by beep tone. This system can be integrated into the plant SAP system, providing real time updates on the product status. It should also decrease the validation time, improving efficiency. 
This is the chosen improvement method. Two laser marking systems were trialled and one chosen due to ease of use and safety. The SIC L-Moov unit is shown in figure below. 
[image: A person holding a machine
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[bookmark: _Toc165236416]Figure 9: SIC L-Moov Unit Marking Bar Test Piece




As the chosen option a cost/benefit analysis was completed to launch an ECAR, shown in Table 4. 

[bookmark: _Toc165236406]Table 4: Cost/Benefit Analysis of Improvement
	Options 
Decision Analysis
	Do Nothing 
Business as usual 
	Preferred 
Apply Project Strategy 

	Option description 
	Continue use of manual stamping process 
	Purchase and install new unit 

	Benefits 
	· No additional outlay 
	-Digitise system (paperless)
- Risk mitigation against customer escapes 
- Risk mitigation against manual handling issues 

	Disbenefits 
	· High level risk 
· Safety issue, hand stamping 
· High level customer escapes/Human error 
	· Initial outlay 

	Cost (Outlay)
	$XXX undefined in event of an escape or IR
	$34,330 

	IRR – Return ($)
(Savings per AR200)
	N/A
	N/A

	Delivery duration 
	N/A
	6 Weeks 

	Risks 
(Severity Rating)
	a. Higher safety risks – manual stamping (9)
b. Manual handling/intervention (8)
c. Increased human error risk – customer escapes. 
	a. Delay to ECAR approval (6) 
b. Software integration 
c. Supplier delay (5) 



Although not the chosen improvement, the over check has been employed as a temporary containment method for the 8D exercise, while the L-Moov unit is on order. While not satisfying the Final Inspection CTQ requirements, no further escapes have occurred in the in the 6 weeks the containment has been in place, satisfying the End Customer CTQ. 

[image: A diagram of a process
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[bookmark: _Toc165236417]Figure 10: Future State Process Map
The future state process map displays how the decision and need to build the stamp is replaced by data loaded into the unit automatically once the traveller barcode is scanned. Human Factor limited to only scanning the barcode and securing the laser marking during operation. 
[bookmark: _Toc165236407]Table 5: Defect Rates Post Containment
	 
	6 Weeks Post Containment 

	Total Bars Through Final Inspection 
	6936

	Known ID Defects within period 
	50

	Defects Opportunities per unit 
	8

	DPMO 
	901.1

	DPO (%)
	0.09

	Defect Percentage (%)
	0.72



Has seen in the above table, the defect rate has dropped since the containment but still does not satisfy the No ID error requirement. 

No validation of the Laser marking system can be undertaken before the purchase and arrival of a unit, the date of which falls after the deadline of this project. 
[bookmark: _Toc165199477][bookmark: _Toc165199490][bookmark: _Toc165236427]Control

For the control phase, further trialling of laser setting to optimise the marking speed and readability is needed before signing off. Once the settings have been calibrated for ID marking, the parameter will be controlled so ID marks are uniform. In addition, the laser will be added to the company Gage Pack calibration software, to ensure accuracy and consistent marking and that the parameters do not shift with use. The daily control plan for the process updated to check that the unit is within calibration and working/being used correctly. Control plans are checked daily by QE. 
A new SOP will be written as process steps have been changed, and training provided to the operators on the use of the Laser marker. An updated risk assessment for the process must be completed to factor in the removed of hand stamping and the addition of the laser. 
The hand scanner provided to Final Inspection will provide quality assurance checks and data logging, as each bar ID is scanned. If any matrix is not readable, the scanner will fail, raising an alert for the Laser marker to be examined by maintenance.  

Following implementation, data will continue to be gathered from the process and this plotted on a P-chart. The data gathering plan are business as usual so the process can easily be assessed and monitored by the project owner. An improvements document will be standardised, and a handover document completed to aid in further ID traceability projects at the site. 
References
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[bookmark: _Toc165236418]Figure 11: High Level Process Flow (Rod Rolling)
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[bookmark: _Toc165236419]Figure 12: High Level Process Flow (Rod Finsih)
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