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1. [bookmark: _Toc165235732]Introduction
The manufacturing industry demands high efficiency and profitability, particularly in fast-paced environments like Sony UK Technology Centre (Sony) in Pencoed, Wales. Sony produces TV broadcast cameras and equipment and offers collaborative manufacturing services for non-Sony products (Sony UKTec, 2018).
Sony maintains a robust manufacturing network, including the Sony Kosai (Japan) plant, exclusively producing Sony products. Currently, Sony procures a sub-assembly, known as the 'Loupe Sub-Assembly' (BHAMSPEC, 2023) from the Kosai plant for integration into two Sony models. Figure 1 shows the component referred to as the ‘Loupe Sub-Assembly'.
[bookmark: _Toc165040562][image: ]Figure 1- Image of a fully assembled Loupe






The Loupe is integrated into the final product, designed to enable precise camera positioning by the operator, with a purpose to facilitate accurate angling and orientation of the camera capturing specific areas. Figure 2 illustrates the EL20 model, incorporating the Loupe.
[bookmark: _Toc165040563]Figure 2 - EL20 Production Unit
[image: ]

With Sony Kosai due to close, the decision was made to transfer the sub-assembly process to Pencoed. In November 2023, three Sony engineers visited the Kosai site getting a better understanding of the process, promoting information sharing between the Kosai and Pencoed engineers.
Existing production data of the loupe was shared by Kosai engineers allowing Pencoed engineers a better understanding of the process. Several opportunities of improvement in terms of reducing defects within the process were observed. This six-sigma project will focus on reducing a specific defecting within the process, improving efficiency, profit and reducing the scrap rate, using a range of techniques whilst addressing the five areas of the DMAIC methodology (Michael, 2005).
Overall, the manufacturing industry is a challenging industry, evident with the closure of the Kosai site. However, this closure offers Pencoed a business opportunity, providing an additional product adding to an already diverse portfolio (Ansoff, 1979). Through conducting this Six Sigma project, Sony will benefit from increased efficiency and reduced scrap rates, resulting in increased profit. Moreover, reducing waste through defect reduction contributes to sustainability and aligns with Sony Global goals and objectives, making this a beneficial project beyond the means of financial gains.
2. [bookmark: _Toc165235733]Define
The phase is critical, establishing a clear understanding of the problem, defining project scope, and aligning efforts with customer expectations, guiding the team towards achieving specific goals (Monday, 2022). The following section will discuss these matters, laying the foundations for the project.
[bookmark: _Toc165235734]2.1. Problem Statement 
The Loupe sub-assembly is a complex build, utilising many intricate building techniques, including a critical gluing process involving bonding multiple lenses into position then curing under UV light. At this stage, if the bonded lenses are defective in any way, the unit is unable to be repaired and must be scrapped. Dust trapped between the lenses will reduce the first-time yield (FTY) of the process, negatively impacting the efficiency (Watts, 2022). This increases the scrap rate of high-value components, impacting the overall net profit (Desai, 2018). Figure 3 shows the images used on the assembly instruction of the Loupe.
[bookmark: _Toc165040564]Figure 3 - Loupe Assembly Instructions
[image: ]
The instructions show the lens being placed into the barrel where glue is applied around the perimeter of the lens which is then cured in a UV oven, this is repeated for the second lens. Figure 4 shows an illustration of the dust defect issue.
[bookmark: _Toc165040565]Figure 4 - Illustration of dust contamination defect
[image: ]

Highlighted is a small particle trapped between the glued lenses one and two. As this is unrepairable both lenses are scrapped along with the barrel, whilst lenses three and four are salvageable and can be used for another unit. At this stage the scrap cost is £29.63, which quickly becomes a high figure when running at increased volumes, reducing efficiency and profits.
[bookmark: _Toc165235735]2.2. Process Map
Process mapping is useful in visualising the process, displaying workflow without lengthy descriptions. Allowing individuals to identify areas of inefficiencies, focusing efforts for improvements (Lee, 2006)
[bookmark: _Toc165040566]Figure 5- Process Map Before Improvements
[image: ]
Figure 5 shows the process of the loupe assembly. The focus for this project will be on the operations conducted at station one. Through observing the operational breakdown for this station, we can see that this is the most dust critical stage as this is where the lenses are assembled and bonded.
[bookmark: _Toc165235736]2.3. Voice of the customer & Critical to Quality
To ensure the project goals align with the customer requirements, it is imperative that the voice of the customer and critical to quality points are considered. Identifying these points at the offset allows for a focused approach, meeting customer expectations whilst delivering high-quality results (Hartung, 2010)
In the following section, both points will be considered, highlighting their critical role in guiding the project towards effectively meeting customer expectations and achieving quality outcomes.
[bookmark: _Toc165235737]2.3.1. Voice of the Customer (VOC)
The VOC is a critical input for improvement projects, ensuring that the objectives of the project align with the customers' expectations and requirements (Yang, 2007). In this case, the Senior management team of Sony Pencoed are the key stakeholders as they have identified the defect rate as a key area of improvement for the project. Several benefits have been highlighted relating to decreasing the defect rate including;
· Improved Efficiency 
· Reduction in Waste
· Reduced Scrap Costs
· Improved sustainability
Overall, the defect rate has been identified as an area of improvement for the Sony management team. As well as improving profits, improvements made show the high standards offered at Pencoed.
[bookmark: _Toc165235738]2.3.2. Critical to Quality (CTQ)
To identify the primary contributors to defects, Critical to Quality (CTQ) parameters are employed. CTQ parameters signify the pivotal variables within the process, directly impacting the attainment of desired quality standards (SixSigma, 2018). Table 1 shows the CTQ factors that have been observed by the Kosai engineers during 2023 from a production total of 2210 units.
 (Equation 1 – Defect Percentage)
[bookmark: _Toc164971336]Table 1 - Loupe Assembly Defects
	No.
	Defects
	Number of Defects
	Percentage (%)

	1
	Misalignment of lenses
	8
	0.362

	2
	Dust contamination
	112
	5.068

	3
	Cosmetic Fail
	9
	0.407

	4
	Misfitted Components
	12
	0.543

	
	
	Total Defect (%)
	6.380



[bookmark: _Toc165040567]Figure 6 - Defect Percentage (Table 1)
[image: ]
Based on data shown in figure 6, the most frequent defect is dust contamination. 
Overall, it is evident that dust contamination defects are the highest contributing defect. Station one is highlighted as the critical stage where these failures occur, directing focus of the Sony team on this specific operation.
3. [bookmark: _Toc165235739]Measure
The Measure phase directly follows the Define phase, typically lasting two to three weeks. During this phase, meticulous data collection occurs with input from stakeholders, laying foundations for current processes, validating measurement systems, and assessing process capability (Stehmann, 2021).

[bookmark: _Toc165235740]3.1 Data Collection Plan
This phase involves developing a data collection plan. This is a structured approach to gather relevant data allowing analysis of the current state of the process (Hessing, 2021).




[bookmark: _Toc164971337]Table 2 - Data Collection Plan
	Measure
	Definition
	Data Type
	Method
	Sampling notes
	Who? / How?

	Dust contamination
	Particles counted within a specified area
	Quantitative
	Particle counter
	300L volume of air sampled from 3 areas, 3 times to calculate average
>Cleanroom
>Clean Cell
>Standard Cell
	PCD Engineers measure using a calibrated particle counter in 2 different areas

	Defects
	Defects: Misalignment of lens / Dust Contamination / Cosmetic Fail / Misfitted Components
	Quantitative
	System Data
	100% of units built within 12 months Jan-Dec
	Existing Data from Kosai engineers from their bespoke data collection system



Table 2 presents the data collection plan for this project. There are two measures, dust contamination and defects. This data will be presented in the following sections.
[bookmark: _Toc165235741]3.2 Process Capability
Defect Per Million Opportunity (DPMO) is a performance metric used in six-sigma methodology calculating the quantity of defects that occur per million opportunities to manufacture the product (Brue, 2015). Equation 2 is used to calculate the DPMO for each month of production.

  (Equation 2 – DPMO Calculation)
[bookmark: _Toc164971338]Table 3 - DPMO
	Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total
	Average

	Sample Size
	160
	125
	185
	127
	225
	200
	173
	185
	210
	225
	185
	210
	2210
	184

	Misalignment of lenses
	0
	0
	1
	1
	3
	1
	0
	0
	2
	0
	0
	0
	8
	0.67

	Dust contamination
	8
	6
	10
	7
	16
	11
	13
	8
	6
	11
	7
	9
	112
	9.33

	Cosmetic Fail
	0
	0
	3
	0
	2
	2
	0
	0
	0
	2
	0
	0
	9
	0.75

	Misfitted Components
	0
	0
	4
	4
	3
	1
	0
	0
	0
	0
	0
	0
	12
	1.00

	Total Defects
	8
	6
	18
	12
	24
	15
	13
	8
	8
	13
	7
	9
	141
	11.75

	Defect Percentage (%)
	5.00
	4.80
	9.73
	9.45
	10.67
	7.50
	7.51
	4.32
	3.81
	5.78
	3.78
	4.29
	/
	6.39

	DPU
	0.050
	0.048
	0.097
	0.094
	0.107
	0.075
	0.075
	0.043
	0.038
	0.058
	0.038
	0.043
	0.064
	0.064

	DPMO
	12500
	12000
	24324
	23622
	26667
	18750
	18786
	10811
	9524
	14444
	9459
	10714
	15950
	15967



[bookmark: _Toc165040568]Figure 7 - Defects by month (Table 3)
[image: A graph with different colored lines and numbers
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Table 3 above shows a monthly breakdown of four observed defects seen on the Loupe assembly process. Using mean data from the far-right column, there is an average of 184 units manufactured each month, a total of twelve defects, giving a DPMO value of 16,131 units. Overall, it is evident that the highest contributing defect is dust contamination, averaging nine defects per month.  
Using equation 1 to calculate the DPMO for solely dust contamination, the DPMO is 12,669, which is 78% of the total average DPMO.
The sigma level based off the average DPMO of 15,967 is 2.4 sigma (σ), with a FTY of 98%, which although is a high FTY, the target for all camera related business at Sony is 100%.
Figure 7 presents the 4 observed defects, showing that as production volumes increase, defects also increase.
[bookmark: _Toc165235742]3.2. Dust Data Experiment
Dust contamination data is collected from the 3 areas stated using a calibrated particle counter. The particle counter works by creating a vacuum, pulling airborne particles into the funnel where they are electronically measured and counted.

[bookmark: _Toc164971339]Table 4 - Particle count for 3 areas
	
	Area

	Particle size (Micron)
	Standard workstation
	HEPA Workstation
	Cleanroom

	
	
	
	

	0.3
	227483
	88309
	0

	0.5
	73929
	28906
	0

	1
	19937
	7789
	0

	3
	425
	174
	0

	5
	99
	41
	0

	10
	17
	11
	0

	Total 
	321890
	125230
	0



The area with the highest average of particles is the Standard Workstation with an average of 321,890 particles. Next is the HEPA Workstation with an average of 125,230 particles. The cleanroom environment showed 0 particles present. This data will be used in the analysis stage to determine the location of the assembly.
4. [bookmark: _Toc165235743]Analysis
In the analysis phase, engineers from both sites work closely together through weekly online meetings using a variety of analytical techniques analysing the data collected during the measuring phase, aiming to gain an improved understanding of the performance of the process, highlighting areas of improvement and revealing root causes of issues (Shankar, 2009). 
[bookmark: _Toc165235744]4.1. Failure Mode & Effect Analysis
During the visit to Japan, a team of engineers consisting of mechanical, manufacturing, electrical and production team leaders was formed to conduct a Failure Mode and Effect Analysis (FMEA) (Stamatis, 2014). The FMEA is conducted with the aim of identifying potential failure modes within the process and quantifying using numerical ratings. This FMEA will be focusing on dust contamination defects.
[bookmark: _Toc165040569]Figure 8 – FMEA Stage 1
[image: ]
The FMEA shown in figure 8 reveals four potential causes of dust contamination between lenses. The highest potential cause with the risk priority number (RPN) score is dust transferred from an operator, with a value of 1000. Dust is easily transferred via clothing and hair, an action to introduce clean overalls was implemented. 
Section 3.2 - Table 4 shows a high presence of dust with a HEPA unit, giving a relatively low detection score, therefore a high RPN score of 600. It was recommended to move the assembly into a clean room environment.
Dust is easily picked up as components are stored within a warehouse environment. The current method of cleaning the components with an air gun does not eliminate dust from the area, but instead disturbs surrounding dust into the area. The recommended action to counter this is to store the dust critical components in the clean room.
[bookmark: _Toc165235745]4.2. Cause and Effect Diagram
A Cause-and-Effect diagram is used to help identify root causes of failures (Forrest, 2003). In figure 9, a Cause-and-Effect diagram created by both Kosai and Pencoed engineers is shown, highlighting potential causes of dust contamination issues.
[bookmark: _Toc165040570]Figure 9 - Cause and Effect Diagram
[image: ]
Collating potential causes of dust defects allows project members to focus their efforts on the issues at hand. The recommended actions in the FMEA section 4.1. will address many potential causes highlighted in figure 9. However, through this root cause analysis further questions were raised regarding the cleanliness of the material from the supplier. The following section presents a trial conducted to investigate this issue.
[bookmark: _Toc165235746]4.2.1. Parts investigation trial
The trial involved inspecting the components original supplier packaging under a magnifier and light which will be conducted by the ‘Parts Quality Assurance’ (PQA) department. A clear direction was set by identifying the components which are dust critical, these components are listed below.
· 4-578-597-01 LENS (G12), VF
· 4-578-598-01 LENS (G34), VF
· 4-578-604-01 SHEET (G5), VF MASK
· 4-578-599-01 LENS (G5), VF
· 4-578-600-01 LENS (G67), VF
· 4-552-898-01 BARREL (2030) VF
The components were observed in their original packaging and inspected within a controlled clean room environment to mitigate external factors.
It was observed that all lens components including the gasket (VF Mask), were packaged suitably and showed no dust on any of the components upon inspecting the components individually. Figures 10 and 11 below show the packaging for these components.

[bookmark: _Toc165040571]Figure 10 - Lens Packaging
[image: A plastic bag with silver objects in it

Description automatically generated]
[bookmark: _Toc165040572]Figure 11 - VF Mask (Gasket) Packaging
[image: A plastic package with black gaskets

Description automatically generated]

The packaging for the barrel metalwork can be seen in Figure 12 below.
[bookmark: _Toc165040573]Figure 12 - Barrel Component Packaging
[image: A white foam tray with black round objects

Description automatically generated]

It was observed that the packaging for barrel was polystyrene, a material which is a good insulator, giving off a strong electrostatic attraction, causing smaller particles such as dust to cling to the material, known as ‘Static cling’ (Mitchell, 2022).
Inspection of the components found metal swarf within the internal threads of the barrel; highlighted in Figure 13 below.
[bookmark: _Toc165040574]Figure 13 - Swarf present on internal barrel threads
[image: ]
The swarf is created in the cutting process of the threads, making it likely that when the lens is assembled, this swarf becomes dislodged, becoming trapped between the lenses.
[bookmark: _Toc165235747]4.2.2 Parts investigation Actions
With discussions concluding that suppliers could not eliminate this issue, an additional process will now be introduced. This involves using an ultrasonic cleaner to clean the components prior to assembly. The cleaner works by agitating the liquid using high-frequency pressure waves which creates cavitation bubbles, dislodging debris including the swarf shown in Figure 13 (L&R Ultrasonics, 2021). The components will be placed in a dryer to evaporate the liquid. This process will be trialled prior to implementation to ensure there is no negative impact on the process and that the required output can still be reached.
[bookmark: _Toc165235748]4.3. KT Decision Analysis
To further confirm the decision to locate the Loupe assembly in the clean room, a Kepner Tregoe (KT) analysis is conducted (Tregoe, 1979). Figure 14 shows the spreadsheet used to conduct the analysis.
[bookmark: _Toc165040575]Figure 14 - KT Analysis for assembly location
[image: ]
The three options considered to locate the operation of the Loupe were scored against the goals/objectives set. The highest scoring option was the clean room location with a weighted score of 412, highlighting that it is the most suitable option to minimise dust contamination within the assembly process.   
In summary, the analysis phase focused on understanding potential causes of defects, identifying what may cause dust contamination. Through conducting a root cause analysis via the Cause-and-Effect method, an investigation into material handling process prompted. This investigation revealed that the barrels contained debris from the cutting process during manufacture. This outcome directs focus on key areas where dust me and other debris may be creating defects.
5. [bookmark: _Toc165235749]Improve
 The improve stage of a Six-sigma project is where analysis is transitioned to action, implementing improvements targeting the key areas highlighted in the analysis stage as causes of issues (Roughton, 2016).
[bookmark: _Toc165235750]5.1. FMEA Action Update
Once the recommended actions created in the initial FMEA have been completed. Members who were involved in the analysis must reconvene to assess the results of the implemented actions.
[bookmark: _Toc165040576]Figure 15 - FMEA Stage 2
[image: ]
Figure 15 shows the updated FMEA analysis with completed actions and their results. Through creating a physical storage location within the clean room, dust contamination of the parts is significantly reduced, lowering the RPN from 480 down to a score of sixty.
The second action involved locating the assembly of the Loupe in the cleanroom. With a consistent downflow of air coming from fifteen/ HEPA filter units installed in the ceiling, any dust particles are pushed out of the room via air ducts. Evaluating this action shows a major decrease in the RPN, from 600 to ten.
Fabrics such as polyester, nylon, and synthetic blends exhibit high levels of static electricity, creating an electrostatic charge that draws nearby dust particles onto the material's surface. Consequently, when the operator moves, these dust particles may become dislodged, potentially infiltrating the assembly area (Quensel, 2002). To combat this, lint free anti-static clean room suits will be used when in the clean room. These suits are made from a static-dissipative material, eliminating the electrostatic charge that attracts and holds dust. The results from implementing this action reduced the RPN from 1000 to ninety.
Overall, through implementing recommend actions and reassessing the FMEA, there has been a significant improvement to the process, reducing the RPN score.
[bookmark: _Toc165235751]5.2. Further improvements
Through thorough examination of the process, other areas of improvement were identified ensuring product quality. It was noticed during the cleaning of the components; any dust was blown into the surrounding area. To combat this, it is recommended to install a dust extraction system so components can be cleaned within a controlled area without disturbing the surrounding environment. Figure 16 shows an image of a dust extraction system currently used for a different product within the clean room.
[bookmark: _Toc165040577]Figure 16 - Dust extraction System
[image: A white box with black trim and white box with black trim

Description automatically generated with medium confidence]
[bookmark: _Toc165235752]5.3. Improvements Trial
Although theoretically the improvements above will be beneficial to the process and show no risk or impact to the product, a trial must be conducted to validate this.
[bookmark: _Toc165235753]5.3.1. Trial results
On January 23rd, a thirty-piece engineering trial was planned and conducted by Pencoed engineers. This trial focused on implementing the improvements recommended within this report, recording defects, timings and that the target output of sixty units per week is achievable and not impacted by the improvement. The trial observations are presented in table 5 below.




[bookmark: _Toc164971340]Table 5 - Pilot Trial Results
	
	Impact
	

	Improvement Action
	Resultant Defects
	Additional time per unit (s)
	Target output achievable 
	Comments

	Ultrasonic cleaning
	0
	2.3
	Yes
	15 units per cycle

	Component drying
	0
	4.8
	Yes
	15 units per cycle

	Cleanroom storage
	0
	4
	Yes
	Operator must now pick kit themselves

	Assy conducted in clean room
	0
	0
	Yes
	No impact

	Clean suits worn
	0
	0
	Yes
	No impact

	Dust extraction
	0
	0
	Yes
	No Impact



There were no defects from implementing these improvements. The total additional time per unit is 11.1s, having minimal impact on the output, allowing Sony to achieve the target output of sixty units per week. Therefore, it is concluded that the improvements above are suitable to implement for mass production and will have no negative impact on the process.
[bookmark: _Toc165235754]5.4. Updated process map
[bookmark: _Toc165040578]Figure 17 - Updated Process Map (Current)
[image: ]
Figure 17 shows the updated process map for the process, including the new cleaning and drying process.
[bookmark: _Toc165235755]5.5. Validation
To validate these improvements, data was collected during the initial months of mass production, beginning on January 29th with the data collection concluding on April 26th. The initial three weeks followed a ramp up plan to allow for additional training and caution (Hayes, 2022), beginning at a target of thirty units and increasing by fifteen units per week to the target of sixty units. During this period a total of a total of 735 units were outputted, the data for these units is presented in the following sections, focusing on dust defects alone.
[bookmark: _Toc165235756]5.5.1 Defect rate reduction
For a fair comparison, data from Kosai for the most recent 735 units. Table 6 shows the results prior to the improvements and after.
[bookmark: _Toc164971341]Table 6 - Recorded Dust Contamination Defects Comparison
	
	Prior to improvement
	After Improvements

	Dust failures
	32
	1

	Percentage failure (%)
	4.35
	0.14



[bookmark: _Toc165040579]Figure 18 - Dust Defects Comparison (Table 6)
[image: ]

Figure 18 displays a 4.5% reduction in dust defects from a sample of 735 units. One dust defect was recorded after the improvements, this was investigated and concluded that this failure was recorded during the training phase of mass production.
In the following section, the cost benefit of these improvements will be presented.
[bookmark: _Toc165235757]5.5.2 Cost benefit
Table 7 shows the scrap cost for the sample data.
[bookmark: _Toc164971342]Table 7 - Contamination Defects Scrap Costs
	
	Defects
	Repairable
	Unrepairable
	Total Scrap Costs (£)

	Prior to improvements
	32
	2
	30
	888.9

	After Improvements
	1
	0
	1
	29.63



Table 7 shows the total defects, the quantity of repairable units, which is a result of dust being trapped above the glued lens, and the unrepairable units which is where dust is trapped between the glued lenses. Thus, giving a scrap cost of £888.90 prior to the improvements and £29.63 after, a 96.5% decrease in overall scrap cost.
Overall, the changes implemented to the process have had a positive outcome on product quality, delivery, and cost. Although output has slightly decreased due to the increase in assembly time, the target output is still achievable.
6. [bookmark: _Toc165235758]Control
Control is a critical phase, ensuring improvements implemented are maintained and previous methods are not re-adopted. Types of control can range from physical, behaviour or system controls (SAGE Automation, 2018).
Physical controls have been implemented including the use of HEPA filters, clean room suits and dust extraction systems, minimising dust within the assembly area. Clear assembly instructions, highlighting dust critical operations and checks are indicated clearly, prompting operators to adhere to this. These assembly instructions can only be accessed from the workstations inside the clean room and therefore does not allow the assembly of the product to be conducted outside of the clean environment.
Several systems have been introduced to the process including a clean room storage system, alerting warehouse operators of dust critical components. A step locking system has been developed by Pencoed software engineers, improving traceability of the unit along the process by eliminating the risk of the unit missing a stage. This is done by introducing scanning points at each stage, if the scanned unit has not completed the previous stage, the operator will be alerted.
The Loupe product has been integrated into Sony’s existing data system, which provides real-time data access for engineers and operations personnel. Key performance indicators (KPIs) will be continuously monitored to prevent any increase in defects and to meet target output levels. Engineering and operations teams will conduct weekly KPI assessments to uphold product quality and ensure timely delivery.
Overall, many controls have been implemented ensuring that the KPI’s are met. These include physical controls such as dust extraction systems and the use of HEPA filters. Behavioural controls such as process training and detailed assembly instructions. Additionally, system controls are in place to mitigate the risk of deviating from the established process.
7. [bookmark: _Toc165235759]Limitations and Recommendations
Overall, the project successfully reduced dust contamination defects within the Loupe assembly process, leading to improvements in efficiency, scrap rate, output, and overall net profit. However, certain limitations, such as budget and timescale constraints, hindered further exploration into additional enhancements. Additionally, the absence of opportunities for 'Design for Manufacture' (DFM) limited the optimisation of products and manufacturing processes (EW MFG, 2020). Furthermore, post-improvement data collection was restricted due to the reporting timeframe.
It is recommended that Pencoed engineers review KPIs for the Loupe model and explore additional avenues to further reduce defect rates, maximise efficiency, increase output, and ensure product quality.
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