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Introduction

The company in question manufacture instruments in the drug discovery pathway. The first step in this pathway is to use microplate readers, used to detect the concentration of a certain compound in a sample. Light is passed through the sample containing a drug and the amount of light absorbed indicates the concentration of the compound in the sample. The next stage is to use Live Cell Imaging equipment to observe the interaction between drug and pathogen.
This project focusses on the Live Cell Imaging instrument, where contamination of the imaging camera represents a risk to the customer from poor image quality and incurs a significant amount of downtime from cleaning operations on site. Using the DMAIC process improvement methodology, the objective of this project is to reduce camera contamination and its associated downtime. 
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[bookmark: _Toc165256618]Voice of the Customer/Critical to Quality

Table 1: Voice of the Customer/Critical to Quality
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Table 2: Stakeholder Analysis
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[bookmark: _Toc165256620]Measure

An effective sampling plan will ensure that there are repeatable metrics to compare the results of implemented measures to the original benchmark. Based on the Process Flow Roadmap and Stakeholder Analysis meetings, the Subassembly and Instrument Test phase were defined as areas of importance. This is due to the Cameras being built and sealed in the subassembly phase, meaning that the risk of contamination is likely induced at that point.
The data type for the camera subassembly timings is continuous and quantitative due to it being related to time and can be counted and not in whole integers. The test phase downtime is Binomial, discrete, and quantitative. I.e., it has a pass-fail specification of if there is contamination present or not. Camera contamination rework downtime is also included to capture the extent of the failures and adds a layer to investigate should a 0% First Time Through rate (FTT) occur.
To establish the sampling quantity, Bayes Success Run Theorem was employed with a confidence and reliability level of 80% selected. This was deemed appropriate as the risk of the data being inaccurate, carries a relatively small risk as the consequence of inaccuracies is the timing data being askew. There is no increased risk of the customer as the existing methodology for finding and rejecting cameras due to contamination is robust.
Where:
ln = natural log
n = Sample size
C = Confidence level
R = Reliability




Using the sample size equation above (Durivage, 2016), the figure should always be rounded up to the nearest whole integer (Luko, 1997). Resulting in a sample size of 8, a feasible timeframe-based instrument production throughput.

Subassembly timings will be taken from fixed points to minimise measurement variation. Instrument contamination during the test phase will be measured by the Technicians using the Quality, Cost, and Delivery (QCD) downtime tracker. To minimise measurement variation, the technicians were informed of the fixed points in which their timing measurements should be taken to ensure data reliability.
[bookmark: _Toc165256621]Data Collection Plan

1. Subassembly
· The time taken to assemble one camera unit.
· Frame assembly is collected, 45-degree angle block is removed, and mirror is glued to the block (24-hour cure). Once cured, assembly is built then stored in its location in a sealed, plastic box and backflushed.
· Define start/finish for data collection (SOP). Operator training conducted.
· Start time - from the point of materials arriving to technician after mirror gluing and curing time. 
· Finish time - Once complete, boxed assembly on shelf and backflushed.
· Sampling plan = 8
· Bayes Success Run Theorem N = 8, 80% reliability and 80% confidence that the results are correct.

2. Instrument Test
· The time taken to remove contamination from camera(s) after first detection.
· Instrument is received by test technician; they start instrument test, check for image contamination, contamination is found, source of contamination identified, cameras cleaned, the instrument optical pathway is realigned, and instrument test procedure can be restarted.
· Define start/finish for data collection (SOP). Operator training conducted.
· Start time – When the source of contamination is identified as the camera(s)
· Finish time – Once the technician is ready to re-start instrument test after realignment of instrument optical pathway.
· Sampling plan = 8
· Bayes Success Run Theorem N = 8, 80% reliability and 80% confidence that the results are correct.
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[bookmark: _Toc165256623]Camera Subassembly
Table 3: Camera Subassembly Timings
[image: ]
[bookmark: _Toc165256624]Instrument Test
[image: ]Table 4: Instrument Test Downtime





[bookmark: _Toc165256625]Historical Scrap Data Collection

[image: ]Historical scrap data also had to be recorded. As it cannot be planned for when camera rejects will occur, a data collection plan cannot be produced Therefore, historical scrap data from 2021-2023 was compiled to gather the reject data.Table 5: Camera Rejects






[bookmark: _Toc165256626]Measurement System Analysis

A Measurement System Analysis (MSA) can be undertaken to ensure the methods used for gathering data are suitable. A Kappa is used to evaluate attribute, pass/fail type data, requiring a minimum of 40 sample items Maxey et al. (2004). As there was 0% First Time Through (FTT), the data types are not applicable to this method.
A Gauge R&R (Repeatability and Reproducibility) study is used for continuous data. However, this methodology suits larger sample sizes and is typically used to compare results with different variables applied. Such as, the environment and operators. Since the purpose of this project is to establish the extent of the effect of contamination in terms of downtime, a Gauge R&R does not apply.





[bookmark: _Toc165256627]Analyse
[bookmark: _Toc165256628]Normality Anderson Darling Tests
The timings indicate a normal distribution of results as the p value is greater than 0.05. Identifying the data’s Normality type, shows what statistical analysis tools are used as they will differ if the distribution is normal or not normal.[bookmark: _Toc165256418][bookmark: _Toc165256579]Figure 4: Normal Probability Plot for Subassembly Timings


[bookmark: _Toc165256419][bookmark: _Toc165256580]Figure 5: Normal Probability Plot for Testing Downtime

[bookmark: _Toc165256629]Process Capability Analysis (CPK)
[bookmark: _Toc165256630]Subassembly Timings
The CPK distribution’s nominal was selected from the manufacturing database routing time of 0.96 hours. A USL and LSL (Upper and Lower Specification Limits) were set at +/- 10 times the routing time resolution of 36 seconds. 
[bookmark: _Toc165256420][bookmark: _Toc165256581]Figure 6: Capability Analysis of Subassembly Timings 1




Using the routing timings as the nominal far exceeds the actual measured timings giving no process capability insight. A nominal was based on the mean of the measured timings with the same USL and LSL range. 

[bookmark: _Toc165256421][bookmark: _Toc165256582]Figure 7:Capability Analysis of Subassembly Timings 2

[bookmark: _Toc165256631]Test Downtime[bookmark: _Toc165256422][bookmark: _Toc165256583]Figure 8: Capability Analysis of Test Downtime



[bookmark: _Toc165256632]Control Charts

An X-mR chart was selected to visualise continuous, variable data over time from data sets with a subgroup size of 1. The Centre Line, UCL and LCL formulae and Shewhart’s constants that are dependent on the subgroup size were used, as in Appendix A. (Stamatis, 2003; Rahardja, 2014; Grey, 2019; Woolf et al., 2023)
The defined UCL and LCL for X̄-R charts are +/- 3σ from the centreline (Grey, 2019; Hessing, 2023). These were not utilised as a subgroup of 2 – 9 is required to calculate the range of each subgroup which is not applicable to the data collected. 
[bookmark: _Toc165256633]Subassembly Timings[bookmark: _Toc165256423][bookmark: _Toc165256584]Figure 9: X Chart for Subassembly Timings

[bookmark: _Toc165256424][bookmark: _Toc165256585]Figure 10: mR Chart for Subassembly Timings


It is expected to see narrower Specification Limits as they are user defined. Whereas the Control Limits are calculated from the chart’s data points. Using Control Charts highlight out of control processes by showing timings exceeding the Specified Limits or visible trends, characterised by seven consecutive points on the same side of the centre line or continuously moving positively or negatively (Kiemele et al., 2000). Although, such trends may only become apparent with continuous monitoring and a larger sample size.
[bookmark: _Toc165256634]Test Downtime[bookmark: _Toc165256425][bookmark: _Toc165256586]Figure 11: X Chart for Test Downtime

[bookmark: _Toc165256635][bookmark: _Toc165256426][bookmark: _Toc165256587]Figure 12: mR Chart for Test Downtime



[bookmark: _Toc165256636]Camera Rejects
[bookmark: _Toc165256637]Pareto
To visualise the reject data, a Pareto diagram was utilised to identify how many of the camera rejects are due to contamination. 

[bookmark: _Toc165256427][bookmark: _Toc165256588]Figure 13: Defects Pareto for Camera Rejects
The diagrams highlight that the highest frequency failure is contamination. Although, an oversight of the dataset is that: “Marked Window When Cleaning” is a cleaning measure due to contamination. Furthermore, the 8 contamination rejections do not show if the faults are internal or external failures. Therefore, a Variable Pareto diagram was also used to ascertain if rejects are internally or externally borne and who bears the financial onus of repairs.[bookmark: _Toc165256428][bookmark: _Toc165256589]Figure 14: Variable Defects Pareto for Camera Rejects

[bookmark: _Toc165256429][bookmark: _Toc165256590]Figure 15: Camera Rejects Variable as Supplied

[bookmark: _Toc165256430][bookmark: _Toc165256591]Figure 16: Camera Rejects Variable in House

[bookmark: _Toc165256638]Improve

[bookmark: _Toc165256639]Generating Improvement Alternatives

To generate methods on how to reduce camera contamination occurrences in the test phase, a Brainstorming session with the key stakeholders was conducted where the comments and observations were fed into an Ishikawa Analysis. The points gathered were fed into a Process Failure Mode Effect Analysis. The scoring based on guidance from Chin et al (2009) and Ravi Sankar and Prabhu (2001), Appendix B. For example, point 3 of the PFMEA relates to camera windows being scratched during cleaning, as there was a failure rate of 2 in 25, or 8% this returned an Occurrence score of 7. 
[bookmark: _Toc165256640]Ishikawa Analysis

[image: ]
[bookmark: _Toc165256431][bookmark: _Toc165256592]Figure 17: Ishikawa Analysis


[bookmark: _Toc165256641]PFMEA[image: ]Table 6: PFMEA

[bookmark: _Toc165256642]Ishikawa/PFMEA Analysis
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[bookmark: _Toc165256432][bookmark: _Toc165256593]Figure 18: Ishikawa/PFMEA Analysis
[bookmark: _Toc165256643]Value Stream Mapping
Value Stream Mapping (VSM) is typically used in the Define phase for scoping a project. It can also be used during the Measure phase to outline the current and future state of processes. These maps will observe the increase in camera subassembly timings from process changes compared to the decrease in instrument test downtime. A SIPOC also provides an overview of a process, as the acronym suggests, Suppliers, Inputs, Process, Outputs and Customers (MacNeil, 2024). However, these methods are too meticulous for this project, requiring significant time investment. Furthermore, items such as Time (C/T), Setup Time (S/T) and Uptime required for a VSM (Nallusamy and Ahamed, 2017), were not measured or in the scope of the data collection plan.  Therefore, a Current State and Future State Process Flow Map was produced to highlight process changes. 
[bookmark: _Toc165256644][image: ][image: ]Current State
Future State[bookmark: _Toc165256433][bookmark: _Toc165256594]Figure 19: Current State Process Map

 [bookmark: _Toc165256434][bookmark: _Toc165256595]Figure 20: Future State Process Map

[bookmark: _Toc165256645]Improvement Opportunities 

There were seven key points highlighted from the PFMEA and Ishikawa analysis to focus on:
[bookmark: _Toc165256646]1 Reduce Subjectivity
Missing contamination during testing poses a high risk to the customer, thus scored highly in the PFMEA. In Figure 21, the dark contamination circled in yellow is pronounced and seldom overlooked. However, this is less of a risk to the customer than the contamination circled orange which also fails specification and is in the Region of Interest (ROI) where the customer will conduct their imaging. This contamination type can be missed by using dirty computer monitors that hiding contamination or draw the eye to other areas of the image.
[image: ]
[bookmark: _Toc165256435][bookmark: _Toc165256596]Figure 21: Camera Contamination Example


[bookmark: _Toc165256647]2 Improve Subassembly Procedure
Upon review and the results of the brainstorming sessions and observation of the camera subassembly procedure, the issues of note were:
1. Technicians were not using the Laminar Flow cabinets during subassembly, Figure 22.
2. The technician was not concentrating air dusting to the camera lens, the area of interest.
3. There is no pre-subassembly check of the cameras for contamination.

[image: IMG_8624.JPG]
[bookmark: _Toc165256436][bookmark: _Toc165256597]Figure 22: Technician Presenting Open Camera Lens Outside of Laminar Flow Cabinet


[bookmark: _Toc165256648]3 Improve Test Procedure
Reducing downtime from cleaning contaminated cameras, will be controlled at source during the subassembly procedure. Furthermore, the Reducing Subjectivity opportunity highlights a disparity in technician methods of contamination analysis, due to the variation in technician training
[bookmark: _Toc165256649]4 Remove Cardboard
Cardboard is a key contributor to dust particles in clean manufacturing environment (Munro, 2019; Berestina and Bakhvalov, 2021). The cameras were delivered lineside in cardboard boxes and decanted as in Figure 23.
To benchmark the extent of the issue, environmental particle counts were taken in key areas in the manufacturing area, shown in Appendix C.
[image: IMG_8984.JPG]
[bookmark: _Toc165256437][bookmark: _Toc165256598]Figure 23: Technician Unboxing Camera on Workbench
[bookmark: _Toc165256650]5 5S Areas
Upon visual inspection, the Laminar Flow cabinet was unmaintained as in Figure 24, the air filter was caked in dust, Figure 25, and the build area was cluttered. A particle count test was conducted, that highlighted a failure. 
[image: IMG_8661.jpg]
[bookmark: _Toc165256438][bookmark: _Toc165256599]Figure 24: Untidy Laminar Flow Cabinet
[image: IMG_8665.JPG]
[bookmark: _Toc165256439][bookmark: _Toc165256600]Figure 25: Dirty Laminar Flow Cabinet Filter
[bookmark: _Toc165256651]6 Check Incoming Stock
As the Pareto charts highlighted in Figure 15, some contamination rejects are manufacturer borne, and are only identified hours into the test phase. There is no current process defined step to check incoming stock quality.
[bookmark: _Toc165256652]7 Review Tooling
As per Figure 16, 2 rejects in 2023 result from camera windows being scratched by metal forceps, holding lens tissue, used during cleaning.
Observation of the subassembly procedure shows specialised tooling is damaging coated surfaces as in Figure 26, subsequently contaminating the camera lens.
[image: IMG_8940.JPG]
[bookmark: _Toc165256440][bookmark: _Toc165256601]Figure 26: Damaged Coating on Camera Thread Reducer


[bookmark: _Toc165256653]Control

To reduce causes of variation, leading to significant downtime during the test phase, a control strategy was developed. Error proofing methods are characterised by prevention and detection.
[bookmark: _Toc165256654]Prevention
2 Improve Subassembly Procedure
A revised subassembly SOP will be introduced, detailing the use of Laminar Flow cabinets and detail specific cleaning activities, with the key changes being trained to the technician. The subassembly build time will increase after implementation of additional process steps. This increase will be justified by the reduction in testing downtime and monitored by additional timings and evaluation of its control chart.
3 Improve Test Procedure
AI image analysis of contamination will make the process more robust and increase throughput. The testing procedure improvement will be sustained by monthly QCD evaluations. After the control measures are introduced, a decline in contamination downtime is expected. Should an upward trend or special causes be observed from the Control Charts, the 5-Why root cause analysis tool will be used.
4 Remove Cardboard
To reduce cardboard dust, decanting of components must be done off-line, and the SOP defined use of the Laminar Flow cabinet will filter out environmental particulates creating a segregated environment.


5 5S Areas
The Laminar Flow cabinet was cleared with technician assistance. Unnecessary items were Red Tagged and kept off-line, and the cabinet filter was replaced, Figure 27. A technician was nominated to keep the area clean, focussing on checks including running weekly particle counts, which now have zero particulates of any size. Figure 28.
[image: IMG_8671.JPG]
[bookmark: _Toc165256441][bookmark: _Toc165256602]Figure 27: Maintained Laminar Flow Cabinet
[image: IMG_8672.JPG]
[bookmark: _Toc165256442][bookmark: _Toc165256603]Figure 28: Weekly Technician Check Sheet
6 Check Incoming Stock
An SOP defined process step where the cameras are checked for contamination will be added into subassembly process prior to building activities validated using a stereomicroscope, Figure 29. The microscope will be kept inside the laminar flow cabinet reducing the ingress of contaminants.
[image: IMG_9133.JPG]
[bookmark: _Toc165256443][bookmark: _Toc165256604]Figure 29: Stereomicroscope
7 Review Tooling
[image: ]Camera windows being scratched from cleaning operations is reduced from replacing the metal forceps with rubber tipped variants. Fig 30.


[bookmark: _Toc165256444][bookmark: _Toc165256605]Figure 30: Rubber Tipped Forceps (Buy Beadsmith Haemostats Clamp Coated Jaw, 2023)

[image: ]Furthermore, the 3D-Printed Camera tightening tool, was redesigned to ensure that the damage occurring to the coated parts from the protrusion in Figure 31, is removed, as in Figure 32.
[image: ][bookmark: _Toc165256445][bookmark: _Toc165256606]Figure 31: Old Tightening Tool

[bookmark: _Toc165256446][bookmark: _Toc165256607]Figure 32: Redesigned Tightening Tool





[bookmark: _Toc165256655]Detection
1 Reduce Subjectivity

There is significant awareness around technician subjectivity and its control is encompassed by an ongoing software project due to be delivered in July 2024. The software utilises Artificial Intelligence (AI) for image analysis and detects contamination faster and to a finer degree than the technicians, removing subjectivity. 
[bookmark: _Toc165256656]
Cost-Benefit Analysis

As many of the required parameters of a full cost-benefit analysis are not available. S simplistic calculation of the main potential costs and benefits was produced. Li and Pizer (2021) state that industry used discount rates are either 3% or 7%. As the discount rates are not known for the company, 7% was used demanding higher returns.
Using the calculation methods outlined by Stobierski (2019) and Thakur (2023). The Cost-Benefit analysis produced a ratio of 2.79. A figure higher than 1 indicates that the project is worth undertaking based on the expected returns.

Table 7: Cost Benefit Analysis
[image: ]


[bookmark: _Toc165256657]Control Plan[image: ]Table 8: Control Plan


[bookmark: _Toc165256658]Future Recommendations

Test Fixtures
The use of the Stereomicroscope has an element of subjectivity and is not able to analyse relative intensity of particles. Using Poka-Yoke error proofing method, a test fixture that takes an image using the camera can utilise the automatic image analysis software and can be fed directly into the test procedure stage, removing the additional non-value-added process step of double handling data. Furthermore, taking an image in this manner will help to error-proof the process by highlighting supply issues of Dark and Hot Pixels. 
SOP Update Findings
Using the stereomicroscope inside Laminar Flow cabinet and the camera assembly batch size being increased to 4 resulted in the Laminar Flow cabinet not being large enough to conduct subassembly activities. The supplier has provided a quote for a larger, dedicated cabinet, Appendix D, reducing risk of contamination of from other, uncontrolled processes. Its purchase is awaiting the result of Capex funding acceptance.
Cardboard Elimination
[image: ]As the environmental particle count is high, a project to eliminate cardboard entering the manufacturing environment is ideal. However, the enormity of the task, including changing how goods are delivered lineside and stored is understood. The recommendation given, is to produce a clean area. This area will house all laminar flow cabinets where no cardboard may enter, and all assemblies are sealed before exiting. Figure 33.[bookmark: _Toc165256447][bookmark: _Toc165256608]Figure 33: Positive Pressure Room Proposal
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[bookmark: _Toc165256448][bookmark: _Toc165256609]Figure 34: Individual Charts Constants (Tables of constants for Control Charts, No Date)
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[bookmark: _Toc165256449][bookmark: _Toc165256610]Figure 35: Severity Rankings (Ghasemian & Zeeshan, 2017)
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[bookmark: _Toc165256450][bookmark: _Toc165256611]Figure 36: Occurence Rankings (Ghasemian & Zeeshan, 2017)

[image: ]
[bookmark: _Toc165256451][bookmark: _Toc165256612]Figure 37: Detection Rankings (Ghasemian & Zeeshan, 2017)
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Table 9: March Particle Readings
	Date
	Time
	Particle size
	Position 1
	P.P. rack
	Position 2
	Centre
	Position 3
	Subs rack

	
	
	
	Σ
	Δ
	Σ
	Δ
	Σ
	Δ

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	01/03/2024
	10:45
	0.5
	493,347
	451,322
	599,997
	524,777
	622,599
	545,260

	
	
	2.5
	42,025
	34,962
	75,220
	54,737
	77,339
	58,975

	
	
	5
	7,063
	7,063
	20,483
	20,483
	18,364
	18,364

	
	
	
	
	
	
	
	
	

	04/03/2024
	11:20
	0.5
	318,539
	297,703
	408,945
	363,063
	412,123
	369,039

	Monday
	
	2.5
	20,836
	16,598
	45,909
	40,259
	43,084
	37,787

	
	
	5
	4,238
	4,238
	5,650
	5,650
	5,297
	5,297

	
	
	
	
	
	
	
	
	

	05/03/2024
	10:15
	0.5
	515,242
	483,459
	506,766
	466,154
	507,473
	472,158

	
	
	2.5
	31,783
	25,426
	40,612
	31,078
	35,315
	28,252

	
	
	5
	6,357
	6,357
	9,575
	9,575
	7,063
	7,063

	
	
	
	
	
	
	
	
	

	06/03/2024
	10:00
	0.05
	897,347
	827,777
	862,739
	797,054
	888,165
	840,490

	
	
	2.5
	69,570
	53,678
	65,685
	51,912
	47,675
	39,493

	
	
	5
	15,892
	15,892
	13,773
	13,773
	9,182
	9,182

	
	
	
	
	
	
	
	
	

	07/03/2024
	10:00
	0.05
	783,987
	746,553
	563,623
	515,948
	840,844
	785,400

	
	
	2.5
	37,494
	30,371
	47,675
	37,081
	55,444
	46,615

	
	
	5
	7,063
	7,063
	10,594
	10,594
	8,829
	8,829

	
	
	
	
	
	
	
	
	

	08/03/2024
	13:10
	0.05
	993,050
	946,788
	1,387,162
	1,331,718
	1,397,578
	1,355,732

	
	
	2.5
	46,262
	42,731
	55,444
	49,087
	38,846
	38,668

	
	
	5
	3,531
	3,531
	6,357
	6,357
	3,178
	3,178

	
	
	
	
	
	
	
	
	

	11/03/2024
	11:15
	0.05
	652,969
	614,123
	1,100,760
	1,027,305
	999,407
	927,365

	Monday
	
	2.5
	38,846
	28,605
	73,455
	60,389
	72,042
	58,622

	
	
	5
	10,241
	10,241
	13,066
	13,066
	13,420
	13,420

	
	
	
	
	
	
	
	
	

	12/03/2024
	10:00
	0.05
	440,375
	423,777
	694,287
	642,374
	685,459
	638,490

	
	
	2.5
	16,598
	15,539
	51,913
	40,259
	46,969
	37,787

	
	
	5
	1,059
	1,059
	11,654
	11,654
	9,182
	9,182

	
	
	
	
	
	
	
	
	

	13/03/2024
	10:05
	0.05
	282,518
	252,147
	581,280
	531,133
	570,686
	523,011

	
	
	2.5
	30,371
	24,014
	50,147
	41,671
	47,675
	38,846

	
	
	5
	6,357
	6,357
	8,476
	8,476
	8,829
	8,829

	
	
	
	
	
	
	
	
	

	14/03/2024
	10:00
	0.05
	496,172
	454,854
	823,539
	760,679
	734,899
	673,805

	
	
	2.5
	41,318
	33,549
	62,860
	54,031
	61,094
	52,265

	
	
	5
	7,769
	7,769
	8,829
	8,829
	8,829
	8,829

	
	
	
	
	
	
	
	
	

	15/03/2024
	10:30
	0.05
	2,644,367
	2,575,150
	2,029,890
	1,971,621
	2,298,282
	2,226,240

	
	
	2.5
	69,217
	58,623
	58,269
	51,912
	72,042
	61,801

	
	
	5
	10,594
	10,594
	6,357
	6,357
	10,241
	10,241

	
	
	
	
	
	
	
	
	

	18/03/2024
	10:00
	0.05
	369,392
	349,969
	520,539
	487,343
	450,969
	402,941

	Monday
	
	2.5
	19,423
	15,185
	33,196
	25,780
	48,028
	37,080

	
	
	5
	4,238
	4,423
	7,416
	7,416
	10,948
	7,416

	
	
	
	
	
	
	
	
	

	19/03/2024
	09:55
	0.05
	717,595
	678,043
	950,672
	893,462
	950,319
	904,763

	
	
	2.5
	39,552
	34,255
	57,210
	46,616
	45,556
	40,259

	
	
	5
	5,297
	5,297
	10,594
	10,594
	5,297
	5,297

	
	
	
	
	
	
	
	
	

	01/01/1900
	10:10
	0.05
	296,644
	237,668
	336,549
	301,587
	311,829
	262,742

	
	
	2.5
	58,976
	43,438
	34,962
	27,899
	49,087
	38,493

	
	
	5
	15,538
	15,538
	7,063
	7,063
	10,594
	10,594

	
	
	
	
	
	
	
	
	

	21/03/2024
	10:00
	0.05
	440,021
	393,406
	760,326
	701,350
	679,455
	620,479

	
	
	2.5
	46,615
	37,433
	58,976
	49,441
	58,976
	48,382

	
	
	5
	9,182
	9,182
	9,535
	9,535
	10,594
	10,594

	
	
	
	
	
	
	
	
	

	22/03/2024
	10:30
	0.05
	1,161,854
	1,125,833
	1,350,435
	1,293,931
	1,649,551
	1,590,222

	
	
	2.5
	36,021
	31,430
	56,504
	48,028
	59,329
	51,209

	
	
	5
	4,591
	4,591
	8,476
	8,476
	8,122
	8,122

	
	
	
	
	
	
	
	
	

	25/03/2024
	10:05
	0.05
	506,413
	452,028
	606,001
	535,372
	719,008
	616,948

	Monday
	
	2.5
	54,385
	40,612
	70,629
	57,209
	102,060
	78,752

	
	
	5
	13,773
	13,773
	13,420
	13,420
	23,308
	23,308

	
	
	
	
	
	
	
	
	

	26/03/2024
	11:00
	0.05
	756,441
	713,359
	776,571
	716,183
	586,224
	527,955

	
	
	2.5
	43,084
	38,493
	60,388
	50,853
	58,268
	49,087

	
	
	5
	4,591
	4,591
	9,535
	9,535
	9,182
	9,182

	
	
	
	
	
	
	
	
	

	27/03/2024
	10:50
	0.05
	240,846
	211,182
	353,500
	324,189
	383,165
	351,382

	
	
	2.5
	29,664
	24,014
	29,311
	21,542
	31,783
	24,720

	
	
	5
	5,650
	5,650
	7,769
	7,769
	7,063
	7,063

	
	
	
	
	
	
	
	
	

	28/03/2024
	10:30
	0.05
	289,934
	258,504
	278,986
	245,790
	288,874
	256,031

	
	
	2.5
	31,430
	24,014
	33,196
	25,780
	32,843
	25,427

	
	
	5
	7,416
	7,416
	7,416
	7,416
	7,416
	7,416





Table 10: April Particle Readings
	Date
	Time
	Particle size
	Position 1
	P.P. rack
	Position 2
	Centre
	Position 3
	Subs rack

	
	
	
	Σ
	Δ
	Σ
	Δ
	Σ
	Δ

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	02/04/2024
	10:00
	0.05
	345,373
	309,357
	359,151
	326,661
	321,717
	289,581

	
	
	2.5
	36,021
	29,311
	32,490
	26,486
	32,136
	27,545

	
	
	5
	6,710
	6,710
	6,004
	6,004
	4,591
	4,591

	
	
	
	
	
	
	
	
	

	03/04/2024
	10:00
	0.05
	357,385
	316,420
	502,529
	446,732
	451,322
	410,710

	
	
	2.5
	40,965
	27,192
	55,797
	42,024
	40,612
	33,902

	
	
	5
	13,773
	13,773
	13,773
	13,713
	6,710
	6,710

	
	
	
	
	
	
	
	
	

	04/04/2024
	10:00
	0.05
	851,085
	793,875
	941,491
	882,869
	905,116
	850,731

	
	
	2.5
	57,210
	52,619
	58,622
	50,500
	54,385
	48,735

	
	
	5
	4,591
	4,591
	8,122
	8,122
	5,650
	5,650

	
	
	
	
	
	
	
	
	

	05/04/2024
	10:00
	0.05
	1,240,253
	1,192,225
	1,770,680
	1,718,414
	1,981,862
	1,925,712

	
	
	2.5
	48,028
	41,318
	52,266
	46,969
	56,150
	51,912

	
	
	5
	6,710
	6,710
	5,297
	5,297
	4,238
	4,238

	
	
	
	
	
	
	
	
	

	08/04/2024
	10:10
	0.05
	814,242
	739,490
	1,067,211
	985,987
	1,024,480
	969,389

	Monday
	
	2.5
	78,752
	54,385
	81,224
	67,804
	55,091
	46,615

	
	
	5
	24,367
	24,367
	13,420
	13,420
	8,476
	8,476

	
	
	
	
	
	
	
	
	

	09/04/2024
	N/A
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	10/04/2024
	10:00
	0.05
	586,378
	542,081
	823,893
	768,802
	891,364
	827,777

	
	
	2.5
	44,497
	31,431
	55,091
	44,143
	63,567
	53,328

	
	
	5
	13,066
	13,066
	10,948
	10,948
	10,241
	10,241

	
	
	
	
	
	
	
	
	

	11/04/2024
	10:00
	0.05
	902,291
	834,487
	980,690
	900,526
	994,110
	911,120

	
	
	2.5
	67,804
	58,975
	80,164
	66,038
	82,490
	65,686

	
	
	5
	8,829
	8,829
	14,126
	14,126
	17,304
	17,304

	
	
	
	
	
	
	
	
	

	12/04/2024
	10:00
	0.05
	1,215,180
	1,135,016
	1,383,984
	1,203,113
	1,429,893
	1,341,606

	
	
	2.5
	80,164
	68,510
	80,871
	71,689
	88,287
	77,693

	
	
	5
	11,654
	11,654
	9,182
	9,182
	10,594
	10,594

	
	
	
	
	
	
	
	
	

	15/04/2024
	10:00
	0.05
	694,641
	665,683
	753,616
	717,948
	813,298
	767,036

	Monday
	
	2.5
	28,958
	22,954
	35,668
	29,311
	46,262
	38,140

	
	
	5
	6,004
	6,004
	6,357
	6,357
	8,122
	8,122

	
	
	
	
	
	
	
	
	

	16/04/2024
	10:00
	0.05
	631,427
	591,168
	662,504
	577,098
	744,788
	701,704

	
	
	2.5
	40,259
	28,958
	90,406
	69,570
	43,084
	35,668

	
	
	5
	11,301
	11,301
	20,830
	20,836
	7,416
	7,416

	
	
	
	
	
	
	
	
	

	17/04/2024
	10:00
	0.05
	423,777
	392,700
	461,563
	404,353
	528,308
	478,867

	
	
	2.5
	31,077
	20,129
	57,210
	40,612
	49,441
	40,612

	
	
	5
	10,948
	10,948
	10,948
	16,598
	8,829
	8,829

	
	
	
	
	
	
	
	
	

	18/04/2024
	10:15
	0.05
	247,909
	218,951
	300,175
	262,741
	327,721
	292,406

	
	
	2.5
	28,958
	23,308
	37,434
	30,371
	35,315
	29,665

	
	
	5
	5,650
	5,650
	7,063
	7,063
	5,650
	5,650

	
	
	
	
	
	
	
	
	

	19/04/2024
	10:00
	0.05
	156,444
	133,136
	417,067
	346,438
	501,116
	422,011

	
	
	2.5
	23,308
	19,423
	70,629
	60,388
	79,105
	68,864

	
	
	5
	3,885
	3,885
	10,241
	10,241
	10,241
	10,241

	
	
	
	
	
	
	
	
	

	22/04/2024
	10:05
	0.05
	997,994
	892,756
	1,510,764
	1,372,683
	1,367,442
	1,219,064

	Monday
	
	2.5
	105,238
	87,934
	138,081
	127,840
	143,378
	132,077

	
	
	5
	17,304
	17,304
	10,241
	10,241
	11,301
	11,301

	
	
	
	
	
	
	
	
	

	23/04/2024
	10:50
	0.05
	395,172
	342,553
	750,791
	638,137
	732,781
	618,714

	
	
	2.5
	52,619
	42,025
	112,654
	96,056
	114,067
	98,882

	
	
	5
	10,594
	10,594
	16,598
	16,598
	15,185
	15,185

	
	
	
	
	
	
	
	
	

	24/04/2024
	10:00
	0.05
	570,333
	531,134
	687,225
	635,812
	740,903
	678,749

	
	
	2.5
	39,199
	73,195
	51,913
	42,025
	62,154
	50,147

	
	
	5
	6,004
	6,004
	9,888
	9,888
	12,007
	12,007

	
	
	
	
	
	
	
	
	

	25/04/2024
	10:00
	0.05
	554,441
	494,053
	894,875
	801,291
	972,214
	880,396

	
	
	2.5
	60,388
	50,147
	93,584
	78,399
	91,818
	76,633

	
	
	5
	10,241
	10,241
	15,185
	15,185
	15,185
	15,185

	
	
	
	
	
	
	
	
	

	26/04/2024
	10:40
	0.05
	1,060,501
	882,162
	953,144
	773,039
	932,309
	757,148

	
	
	2.5
	178,339
	143,731
	180,105
	150,087
	175,161
	146,909

	
	
	5
	34,608
	34,608
	30,018
	30,018
	28,252
	28,252
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[bookmark: _Toc165256452][bookmark: _Toc165256613]Figure 38: Laminar Flow Quotation
Normal Probability Plot Subassembly Timings
(AD* = 0.343, p = 0.4904)
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Shade	1	2939	2939	3513	3513	3513	4087	4087	4087	4661	4661	10001	0	0	3	3	0	2	2	0	3	3	0	0	Hist	#N/A	822	822	1080.3333333333333	1080.3333333333333	1080.3333333333333	1338.6666666666665	1338.6666666666665	1338.6666666666665	1597	1597	#N/A	0	0	3	3	0	2	2	0	3	3	0	0	Within Variation	-64.220364741641561	-39.265957446808727	-14.311550151975901	10.642857142856926	35.597264437689759	60.551671732522593	85.506079027355412	110.46048632218825	135.41489361702108	160.36930091185391	185.32370820668675	210.27811550151955	235.23252279635238	260.18693009118522	285.14133738601805	310.09574468085088	335.05015197568372	360.00455927051655	384.95896656534939	409.91337386018222	434.86778115501505	459.82218844984789	484.77659574468066	509.73100303951355	534.68541033434633	559.63981762917922	584.594224924012	609.54863221884489	634.50303951367766	659.45744680851055	684.41185410334333	709.36626139817622	734.320668693009	759.27507598784177	784.22948328267466	809.18389057750744	834.13829787234033	859.09270516717311	884.047112462006	909.00151975683877	933.95592705167167	958.91033434650444	983.86474164133733	1008.8191489361702	1033.7735562310029	1058.7279635258358	1083.6823708206687	1108.6367781155016	1133.5911854103342	1158.5455927051671	1183.5	1208.4544072948327	1233.4088145896656	1258.3632218844984	1283.3176291793313	1308.272036474164	1333.2264437689969	1358.1808510638298	1383.1352583586627	1408.0896656534953	1433.0440729483282	1457.9984802431611	1482.952887537994	1507.9072948328267	1532.8617021276596	1557.8161094224924	1582.7705167173251	1607.724924012158	1632.6793313069909	1657.6337386018238	1682.5881458966564	1707.5425531914893	1732.4969604863222	1757.4513677811551	1782.4057750759878	1807.3601823708207	1832.3145896656536	1857.2689969604864	1882.2234042553191	1907.177811550152	1932.1322188449849	1957.0866261398176	1982.0410334346504	2006.9954407294833	2031.9498480243162	2056.9042553191493	2081.8586626139822	2106.8130699088142	2131.7674772036471	2156.72188449848	2181.6762917933129	2206.6306990881458	2231.5851063829787	2256.5395136778116	2281.4939209726444	2306.4483282674773	2331.4027355623102	2356.3571428571431	2381.311550151976	2406.2659574468089	2.2022130062536303E-2	2.6317861672256793E-2	3.1338515232894569E-2	3.7182858411905426E-2	4.395858144098487E-2	5.1782272434736223E-2	6.0779214254169996E-2	7.1082975216240032E-2	8.2834766597052079E-2	9.6182541479651731E-2	0.11127981216911212	0.12828416722763589	0.14735547423046705	0.16865376063230167	0.19233677264209478	0.21855722065986688	0.24745972950547471	0.27917752218151032	0.3138288770170965	0.35151340943618675	0.39230824093097172	0.43626412870188858	0.48340163942101649	0.53370745923625873	0.58713093900739532	0.64358097841482564	0.70292335460566624	0.76497860009359342	0.82952053043787499	0.89627551461777921	0.96492256992632786	1.0350943486920618	1.1063790663918203	1.1783234000709628	1.2504363629036273	1.3221941357941041	1.3930458108420409	1.462419975060232	1.5297320368000138	1.5943921727952188	1.6558137514706277	1.7134220690278974	1.7666632196017846	1.8150129101453576	1.8579850251890546	1.8951397465928785	1.9260910390548198	1.9505133234325225	1.968147176654566	1.9788039187161963	1.9823689733564971	1.9788039187161965	1.9681471766545662	1.9505133234325225	1.9260910390548198	1.8951397465928792	1.8579850251890548	1.8150129101453576	1.7666632196017846	1.7134220690278978	1.6558137514706279	1.5943921727952191	1.5297320368000138	1.4624199750602327	1.3930458108420414	1.3221941357941045	1.2504363629036281	1.1783234000709635	1.1063790663918205	1.0350943486920618	0.96492256992632852	0.89627551461777955	0.82952053043787521	0.76497860009359342	0.70292335460566691	0.64358097841482576	0.58713093900739555	0.53370745923625873	0.48340163942101705	0.4362641287018888	0.39230824093097172	0.35151340943618714	0.31382887701709677	0.27917752218151048	0.24745972950547471	0.21855722065986669	0.19233677264209456	0.1686537606323022	0.14735547423046741	0.12828416722763625	0.11127981216911237	9.6182541479651912E-2	8.283476659705219E-2	7.108297521624013E-2	6.0779214254170079E-2	5.1782272434736223E-2	4.395858144098487E-2	3.7182858411905426E-2	3.1338515232894569E-2	2.6317861672256769E-2	Overall Variation	294.61723414807329	312.39488946511182	330.17254478215034	347.95020009918892	365.72785541622744	383.50551073326596	401.28316605030449	419.06082136734301	436.83847668438159	454.61613200142006	472.39378731845864	490.17144263549716	507.94909795253568	525.72675326957426	543.50440858661273	561.28206390365131	579.05971922068989	596.83737453772835	614.61502985476682	632.3926851718054	650.17034048884398	667.94799580588256	685.72565112292102	703.50330643995949	721.28096175699807	739.05861707403665	756.83627239107523	774.61392770811369	792.39158302515216	810.16923834219074	827.94689365922932	845.72454897626778	863.50220429330636	881.27985961034494	899.05751492738341	916.83517024442199	934.61282556146045	952.39048087849903	970.16813619553761	987.94579151257608	1005.7234468296147	1023.5011021466531	1041.2787574636918	1059.0564127807302	1076.8340680977687	1094.6117234148073	1112.3893787318457	1130.1670340488845	1147.9446893659228	1165.7223446829614	1183.5	1201.2776553170384	1219.0553106340772	1236.8329659511155	1254.6106212681541	1272.3882765851927	1290.165931902231	1307.9435872192698	1325.7212425363082	1343.4988978533468	1361.2765531703853	1379.0542084874239	1396.8318638044623	1414.6095191215009	1432.3871744385394	1450.164829755578	1467.9424850726166	1485.7201403896549	1503.4977957066935	1521.2754510237321	1539.0531063407707	1556.8307616578093	1574.6084169748476	1592.3860722918862	1610.1637276089248	1627.9413829259634	1645.7190382430019	1663.4966935600403	1681.2743488770789	1699.0520041941174	1716.829659511156	1734.6073148281946	1752.384970145233	1770.1626254622715	1787.9402807793101	1805.7179360963487	1823.4955914133873	1841.2732467304256	1859.0509020474642	1876.8285573645028	1894.6062126815414	1912.3838679985799	1930.1615233156183	1947.9391786326569	1965.7168339496955	1983.494489266734	2001.2721445837724	2019.049799900811	2036.8274552178495	2054.6051105348879	3.0912355610450606E-2	3.6942252934172089E-2	4.3989719633469003E-2	5.219339539716978E-2	6.1704444473623131E-2	7.268652102563436E-2	8.5315483988758573E-2	9.9778822552289939E-2	0.11627475428967854	0.13501096021560241	0.15620292479734663	0.18007185432427153	0.20684215412512974	0.23673845395067503	0.26998218137823793	0.30678769524492688	0.34735800469875827	0.39188011421295654	0.44052005049613091	0.49341764322873449	0.5506811474698845	0.61238181085208743	0.67854850271174372	0.74916253446017445	0.82415281014846986	0.90339145270625787	0.98669005417538136	1.0737966969283428	1.1643938869786126	1.2580975298087713	1.3544570635724069	1.4529568441505987	1.5530188516343437	1.6540067588227569	1.7552313699242406	1.8559574026515633	1.9554115502957012	2.0527917232581139	2.1472773331180122	2.2380404478588605	2.3242576156250028	2.4051221275224948	2.4798564686137499	2.5477246913285336	2.6080444377741219	2.6601983373914946	2.7036445143266779	2.7379259547395387	2.7626785077411946	2.7776373241373604	2.782641573794352	2.7776373241373609	2.7626785077411946	2.7379259547395387	2.7036445143266783	2.6601983373914946	2.6080444377741228	2.5477246913285336	2.4798564686137499	2.4051221275224957	2.3242576156250028	2.2380404478588605	2.1472773331180126	2.0527917232581143	1.9554115502957019	1.8559574026515633	1.7552313699242406	1.6540067588227578	1.5530188516343444	1.4529568441505993	1.3544570635724069	1.2580975298087713	1.1643938869786139	1.0737966969283435	0.98669005417538136	0.90339145270625787	0.82415281014846986	0.74916253446017533	0.67854850271174416	0.61238181085208743	0.5506811474698845	0.49341764322873449	0.44052005049613158	0.39188011421295688	0.34735800469875827	0.30678769524492688	0.26998218137823793	0.23673845395067522	0.20684215412512993	0.18007185432427153	0.15620292479734663	0.13501096021560241	0.11627475428967861	9.9778822552290009E-2	8.5315483988758573E-2	7.268652102563436E-2	6.1704444473623291E-2	5.2193395397169828E-2	4.3989719633469038E-2	3.6942252934172186E-2	LSL	LSL=3096
3096	3096	0	3	USL	USL=3816
3816	3816	0	3	Nom	Nom=3456
3456	3456	0	3	Measurement
Frequency
Capability Analysis Subassembly Timings
Shade	1	4408	4408	5269	5269	5269	6130	6130	6130	6991	6991	10001	0	0	3	3	0	2	2	0	3	3	0	0	Hist	#N/A	822	822	1080.3333333333333	1080.3333333333333	1080.3333333333333	1338.6666666666665	1338.6666666666665	1338.6666666666665	1597	1597	#N/A	0	0	3	3	0	2	2	0	3	3	0	0	Within Variation	-64.220364741641561	-39.265957446808727	-14.311550151975901	10.642857142856926	35.597264437689759	60.551671732522593	85.506079027355412	110.46048632218825	135.41489361702108	160.36930091185391	185.32370820668675	210.27811550151955	235.23252279635238	260.18693009118522	285.14133738601805	310.09574468085088	335.05015197568372	360.00455927051655	384.95896656534939	409.91337386018222	434.86778115501505	459.82218844984789	484.77659574468066	509.73100303951355	534.68541033434633	559.63981762917922	584.594224924012	609.54863221884489	634.50303951367766	659.45744680851055	684.41185410334333	709.36626139817622	734.320668693009	759.27507598784177	784.22948328267466	809.18389057750744	834.13829787234033	859.09270516717311	884.047112462006	909.00151975683877	933.95592705167167	958.91033434650444	983.86474164133733	1008.8191489361702	1033.7735562310029	1058.7279635258358	1083.6823708206687	1108.6367781155016	1133.5911854103342	1158.5455927051671	1183.5	1208.4544072948327	1233.4088145896656	1258.3632218844984	1283.3176291793313	1308.272036474164	1333.2264437689969	1358.1808510638298	1383.1352583586627	1408.0896656534953	1433.0440729483282	1457.9984802431611	1482.952887537994	1507.9072948328267	1532.8617021276596	1557.8161094224924	1582.7705167173251	1607.724924012158	1632.6793313069909	1657.6337386018238	1682.5881458966564	1707.5425531914893	1732.4969604863222	1757.4513677811551	1782.4057750759878	1807.3601823708207	1832.3145896656536	1857.2689969604864	1882.2234042553191	1907.177811550152	1932.1322188449849	1957.0866261398176	1982.0410334346504	2006.9954407294833	2031.9498480243162	2056.9042553191493	2081.8586626139822	2106.8130699088142	2131.7674772036471	2156.72188449848	2181.6762917933129	2206.6306990881458	2231.5851063829787	2256.5395136778116	2281.4939209726444	2306.4483282674773	2331.4027355623102	2356.3571428571431	2381.311550151976	2406.2659574468089	2.2022130062536303E-2	2.6317861672256793E-2	3.1338515232894569E-2	3.7182858411905426E-2	4.395858144098487E-2	5.1782272434736223E-2	6.0779214254169996E-2	7.1082975216240032E-2	8.2834766597052079E-2	9.6182541479651731E-2	0.11127981216911212	0.12828416722763589	0.14735547423046705	0.16865376063230167	0.19233677264209478	0.21855722065986688	0.24745972950547471	0.27917752218151032	0.3138288770170965	0.35151340943618675	0.39230824093097172	0.43626412870188858	0.48340163942101649	0.53370745923625873	0.58713093900739532	0.64358097841482564	0.70292335460566624	0.76497860009359342	0.82952053043787499	0.89627551461777921	0.96492256992632786	1.0350943486920618	1.1063790663918203	1.1783234000709628	1.2504363629036273	1.3221941357941041	1.3930458108420409	1.462419975060232	1.5297320368000138	1.5943921727952188	1.6558137514706277	1.7134220690278974	1.7666632196017846	1.8150129101453576	1.8579850251890546	1.8951397465928785	1.9260910390548198	1.9505133234325225	1.968147176654566	1.9788039187161963	1.9823689733564971	1.9788039187161965	1.9681471766545662	1.9505133234325225	1.9260910390548198	1.8951397465928792	1.8579850251890548	1.8150129101453576	1.7666632196017846	1.7134220690278978	1.6558137514706279	1.5943921727952191	1.5297320368000138	1.4624199750602327	1.3930458108420414	1.3221941357941045	1.2504363629036281	1.1783234000709635	1.1063790663918205	1.0350943486920618	0.96492256992632852	0.89627551461777955	0.82952053043787521	0.76497860009359342	0.70292335460566691	0.64358097841482576	0.58713093900739555	0.53370745923625873	0.48340163942101705	0.4362641287018888	0.39230824093097172	0.35151340943618714	0.31382887701709677	0.27917752218151048	0.24745972950547471	0.21855722065986669	0.19233677264209456	0.1686537606323022	0.14735547423046741	0.12828416722763625	0.11127981216911237	9.6182541479651912E-2	8.283476659705219E-2	7.108297521624013E-2	6.0779214254170079E-2	5.1782272434736223E-2	4.395858144098487E-2	3.7182858411905426E-2	3.1338515232894569E-2	2.6317861672256769E-2	Overall Variation	294.61723414807329	312.39488946511182	330.17254478215034	347.95020009918892	365.72785541622744	383.50551073326596	401.28316605030449	419.06082136734301	436.83847668438159	454.61613200142006	472.39378731845864	490.17144263549716	507.94909795253568	525.72675326957426	543.50440858661273	561.28206390365131	579.05971922068989	596.83737453772835	614.61502985476682	632.3926851718054	650.17034048884398	667.94799580588256	685.72565112292102	703.50330643995949	721.28096175699807	739.05861707403665	756.83627239107523	774.61392770811369	792.39158302515216	810.16923834219074	827.94689365922932	845.72454897626778	863.50220429330636	881.27985961034494	899.05751492738341	916.83517024442199	934.61282556146045	952.39048087849903	970.16813619553761	987.94579151257608	1005.7234468296147	1023.5011021466531	1041.2787574636918	1059.0564127807302	1076.8340680977687	1094.6117234148073	1112.3893787318457	1130.1670340488845	1147.9446893659228	1165.7223446829614	1183.5	1201.2776553170384	1219.0553106340772	1236.8329659511155	1254.6106212681541	1272.3882765851927	1290.165931902231	1307.9435872192698	1325.7212425363082	1343.4988978533468	1361.2765531703853	1379.0542084874239	1396.8318638044623	1414.6095191215009	1432.3871744385394	1450.164829755578	1467.9424850726166	1485.7201403896549	1503.4977957066935	1521.2754510237321	1539.0531063407707	1556.8307616578093	1574.6084169748476	1592.3860722918862	1610.1637276089248	1627.9413829259634	1645.7190382430019	1663.4966935600403	1681.2743488770789	1699.0520041941174	1716.829659511156	1734.6073148281946	1752.384970145233	1770.1626254622715	1787.9402807793101	1805.7179360963487	1823.4955914133873	1841.2732467304256	1859.0509020474642	1876.8285573645028	1894.6062126815414	1912.3838679985799	1930.1615233156183	1947.9391786326569	1965.7168339496955	1983.494489266734	2001.2721445837724	2019.049799900811	2036.8274552178495	2054.6051105348879	3.0912355610450606E-2	3.6942252934172089E-2	4.3989719633469003E-2	5.219339539716978E-2	6.1704444473623131E-2	7.268652102563436E-2	8.5315483988758573E-2	9.9778822552289939E-2	0.11627475428967854	0.13501096021560241	0.15620292479734663	0.18007185432427153	0.20684215412512974	0.23673845395067503	0.26998218137823793	0.30678769524492688	0.34735800469875827	0.39188011421295654	0.44052005049613091	0.49341764322873449	0.5506811474698845	0.61238181085208743	0.67854850271174372	0.74916253446017445	0.82415281014846986	0.90339145270625787	0.98669005417538136	1.0737966969283428	1.1643938869786126	1.2580975298087713	1.3544570635724069	1.4529568441505987	1.5530188516343437	1.6540067588227569	1.7552313699242406	1.8559574026515633	1.9554115502957012	2.0527917232581139	2.1472773331180122	2.2380404478588605	2.3242576156250028	2.4051221275224948	2.4798564686137499	2.5477246913285336	2.6080444377741219	2.6601983373914946	2.7036445143266779	2.7379259547395387	2.7626785077411946	2.7776373241373604	2.782641573794352	2.7776373241373609	2.7626785077411946	2.7379259547395387	2.7036445143266783	2.6601983373914946	2.6080444377741228	2.5477246913285336	2.4798564686137499	2.4051221275224957	2.3242576156250028	2.2380404478588605	2.1472773331180126	2.0527917232581143	1.9554115502957019	1.8559574026515633	1.7552313699242406	1.6540067588227578	1.5530188516343444	1.4529568441505993	1.3544570635724069	1.2580975298087713	1.1643938869786139	1.0737966969283435	0.98669005417538136	0.90339145270625787	0.82415281014846986	0.74916253446017533	0.67854850271174416	0.61238181085208743	0.5506811474698845	0.49341764322873449	0.44052005049613158	0.39188011421295688	0.34735800469875827	0.30678769524492688	0.26998218137823793	0.23673845395067522	0.20684215412512993	0.18007185432427153	0.15620292479734663	0.13501096021560241	0.11627475428967861	9.9778822552290009E-2	8.5315483988758573E-2	7.268652102563436E-2	6.1704444473623291E-2	5.2193395397169828E-2	4.3989719633469038E-2	3.6942252934172186E-2	LSL	LSL=823.5
823.5	823.5	0	3	USL	USL=1543.5
1543.5	1543.5	0	3	Nom	Nom=1183.5
1183.5	1183.5	0	3	Measurement
Frequency
Capability Analysis
Shade	1	3144	3144	4572	4572	4572	6001	6001	6001	7430	7430	10001	0	0	3	3	0	4	4	0	1	1	0	0	Hist	#N/A	120	120	220	220	220	320	320	320	420	420	#N/A	0	0	3	3	0	4	4	0	1	1	0	0	Within Variation	-78.023936170212778	-71.640957446808528	-65.257978723404264	-58.875000000000014	-52.492021276595757	-46.1090425531915	-39.72606382978725	-33.343085106382993	-26.960106382978736	-20.577127659574479	-14.194148936170222	-7.8111702127659726	-1.4281914893617227	4.9547872340425414	11.337765957446791	17.720744680851055	24.103723404255305	30.486702127659555	36.869680851063819	43.252659574468069	49.635638297872333	56.018617021276583	62.401595744680833	68.784574468085083	75.167553191489333	81.550531914893611	87.933510638297861	94.316489361702111	100.69946808510636	107.08244680851061	113.46542553191489	119.84840425531914	126.23138297872339	132.61436170212764	138.99734042553189	145.38031914893617	151.76329787234042	158.14627659574467	164.52925531914892	170.91223404255317	177.29521276595744	183.67819148936167	190.06117021276594	196.44414893617022	202.82712765957444	209.21010638297872	215.59308510638294	221.97606382978722	228.35904255319144	234.74202127659572	241.125	247.50797872340422	253.8909574468085	260.27393617021272	266.656914893617	273.03989361702128	279.4228723404255	285.80585106382978	292.188829787234	298.57180851063828	304.95478723404256	311.33776595744678	317.72074468085106	324.10372340425528	330.48670212765956	336.86968085106383	343.25265957446805	349.63563829787233	356.01861702127655	362.40159574468083	368.78457446808511	375.16755319148933	381.55053191489361	387.93351063829783	394.31648936170211	400.69946808510639	407.08244680851061	413.46542553191489	419.84840425531911	426.23138297872339	432.61436170212767	438.99734042553189	445.38031914893611	451.76329787234044	458.14627659574467	464.52925531914889	470.91223404255322	477.29521276595744	483.67819148936167	490.06117021276589	496.44414893617022	502.82712765957444	509.21010638297867	515.593085106383	521.97606382978722	528.35904255319144	534.74202127659566	541.125	547.50797872340422	553.89095744680844	3.332750005777381E-2	3.9828505867138868E-2	4.7426582499919767E-2	5.6271201393869853E-2	6.6525337074743951E-2	7.8365429804457959E-2	9.1981078161610413E-2	0.10757441963600567	0.12535915829710564	0.14555920102266193	0.16840686781721867	0.19414064754633933	0.22300247805200638	0.25523453913201805	0.29107555822886616	0.33075664177281261	0.37449665976773217	0.42249722711708781	0.474937341992694	0.53196775879651492	0.59370519042272418	0.66022645099401023	0.73156266537263548	0.80769368485339821	0.88854285884805861	0.97397231940750584	1.0637789384907876	1.1576911164550052	1.2553665538976877	1.3563911474676438	1.4602791334737615	1.5664745811542546	1.6743543106132437	1.783232279185734	1.8923654450578402	2.0009610792386368	2.1081854575139465	2.2131738240082051	2.3150414787332938	2.4128958043592168	2.505849013746333	2.5930313708237862	2.6736046143650976	2.7467752981185969	2.8118077524059251	2.8680363722631408	2.9148769457401058	2.9518367530656251	2.9785231926882934	2.9946507230709636	3.0000459486187738	2.994650723070964	2.9785231926882938	2.9518367530656251	2.9148769457401063	2.8680363722631408	2.8118077524059255	2.7467752981185969	2.6736046143650984	2.5930313708237867	2.505849013746333	2.4128958043592177	2.3150414787332938	2.2131738240082055	2.1081854575139469	2.0009610792386368	1.8923654450578409	1.7832322791857349	1.6743543106132446	1.5664745811542553	1.4602791334737615	1.3563911474676447	1.2553665538976881	1.1576911164550061	1.0637789384907881	0.97397231940750584	0.8885428588480595	0.80769368485339865	0.73156266537263615	0.66022645099401078	0.59370519042272418	0.53196775879651548	0.47493734199269444	0.42249722711708781	0.3744966597677325	0.33075664177281305	0.29107555822886616	0.25523453913201805	0.22300247805200668	0.19414064754633981	0.16840686781721867	0.14555920102266212	0.12535915829710581	0.10757441963600567	9.1981078161610413E-2	7.8365429804458056E-2	6.6525337074744118E-2	5.6271201393869853E-2	4.7426582499919857E-2	3.9828505867138937E-2	Overall Variation	-63.280245637174573	-57.192140724431084	-51.104035811687588	-45.015930898944099	-38.927825986200602	-32.839721073457113	-26.751616160713624	-20.663511247970128	-14.575406335226639	-8.4873014224831493	-2.399196509739653	3.6889084030038362	9.7770133157473254	15.865118228490815	21.953223141234318	28.041328053977807	34.129432966721296	40.217537879464786	46.305642792208275	52.393747704951778	58.481852617695267	64.569957530438757	70.658062443182246	76.746167355925735	82.834272268669224	88.922377181412713	95.010482094156202	101.09858700689972	107.18669191964321	113.2747968323867	119.36290174513019	125.45100665787368	131.53911157061717	137.62721648336066	143.71532139610414	149.80342630884763	155.89153122159112	161.97963613433461	168.06774104707813	174.15584595982162	180.24395087256511	186.3320557853086	192.42016069805209	198.5082656107956	204.59637052353906	210.68447543628258	216.77258034902604	222.86068526176956	228.94879017451302	235.03689508725654	241.125	247.21310491274352	253.30120982548698	259.3893147382305	265.47741965097401	271.56552456371747	277.65362947646099	283.74173438920445	289.82983930194797	295.91794421469143	302.00604912743495	308.09415404017841	314.18225895292193	320.27036386566539	326.35846877840891	332.44657369115242	338.53467860389588	344.6227835166394	350.71088842938286	356.79899334212638	362.88709825486984	368.97520316761336	375.06330808035682	381.15141299310034	387.2395179058438	393.32762281858732	399.41572773133083	405.50383264407429	411.59193755681781	417.68004246956127	423.76814738230479	429.85625229504825	435.94435720779177	442.03246212053523	448.12056703327875	454.20867194602221	460.29677685876578	466.38488177150924	472.4729866842527	478.56109159699616	484.64919650973974	490.7373014224832	496.82540633522666	502.91351124797012	509.0016161607137	515.08972107345721	521.17782598620056	527.26593089894413	533.35403581168771	539.44214072443106	3.4941698085350831E-2	4.1757576319486817E-2	4.9723661362522056E-2	5.8996664214120829E-2	6.9747452976140489E-2	8.2161013691677109E-2	9.6436128035903221E-2	0.11278472391004861	0.13143085601553989	0.15260927602916285	0.17656355623938458	0.20354373658087765	0.23380347301389443	0.267596675173492	0.30517363312660606	0.34677664680865794	0.39263518706450906	0.44296063389788182	0.49794065515264596	0.55773330693229917	0.62246095505197263	0.6922041340815881	0.76699547639795751	0.84681385740509452	0.93157891398822357	1.0211461006445268	1.1153024509448606	1.2137632104760283	1.3161695007636403	1.4220871616022095	1.5310069016195582	1.6423458638716921	1.7554506851079332	1.8696020945869321	1.9840210616979135	2.0978764620836219	2.2102941905838258	2.3203676073764798	2.4271691625455301	2.5297630053612039	2.6272183492315406	2.7186233329263518	2.8030990945255554	2.8798137576710467	2.9479960209526621	3.0069480412182359	3.056057310552557	3.0948072445896821	3.1227862263510433	3.139694884261679	3.1453514244122198	3.139694884261679	3.1227862263510433	3.0948072445896821	3.0560573105525566	3.0069480412182359	2.9479960209526612	2.8798137576710459	2.8030990945255545	2.7186233329263514	2.6272183492315397	2.5297630053612035	2.4271691625455292	2.3203676073764798	2.2102941905838258	2.097876462083621	1.9840210616979128	1.8696020945869312	1.755450685107933	1.642345863871691	1.5310069016195578	1.4220871616022084	1.31616950076364	1.2137632104760272	1.1153024509448606	1.0211461006445262	0.93157891398822268	0.84681385740509441	0.76699547639795707	0.69220413408158776	0.62246095505197196	0.55773330693229872	0.49794065515264541	0.44296063389788182	0.39263518706450873	0.34677664680865794	0.30517363312660545	0.26759667517349162	0.2338034730138942	0.20354373658087765	0.17656355623938425	0.15260927602916266	0.13143085601553978	0.11278472391004861	9.6436128035902999E-2	8.2161013691676818E-2	6.9747452976140586E-2	5.8996664214120691E-2	4.9723661362521931E-2	4.1757576319486817E-2	LSL	LSL=180
180	180	0	4	USL	USL=300
300	300	0	4	Nom	Nom=241.125
241.125	241.125	0	4	Measurement
Frequency
mR Chart
RValues	1	2	3	4	5	6	7	8	619	707	775	401	8	308	466	Rbar	Avg=469

1	2	3	4	5	6	7	8	469.14285714285717	469.14285714285717	469.14285714285717	469.14285714285717	469.14285714285717	469.14285714285717	469.14285714285717	469.14285714285717	UCLr	UCL=1533

1	2	3	4	5	6	7	8	1532.8244680851067	1532.8244680851067	1532.8244680851067	1532.8244680851067	1532.8244680851067	1532.8244680851067	1532.8244680851067	1532.8244680851067	Sample Number
Moving Range
X Chart
Xbar	1	2	3	4	5	6	7	8	910	1529	822	1597	1196	1188	880	1346	Avg	Avg=1184

1	2	3	4	5	6	7	8	1183.5	1183.5	1183.5	1183.5	1183.5	1183.5	1183.5	1183.5	UCL	UCL=2431

1	2	3	4	5	6	7	8	2431.2203647416418	2431.2203647416418	2431.2203647416418	2431.2203647416418	2431.2203647416418	2431.2203647416418	2431.2203647416418	2431.2203647416418	LCL	LCL=-64

1	2	3	4	5	6	7	8	-64.220364741641561	-64.220364741641561	-64.220364741641561	-64.220364741641561	-64.220364741641561	-64.220364741641561	-64.220364741641561	-64.220364741641561	LSL	LSL=824

1	2	3	4	5	6	7	8	823.5	823.5	823.5	823.5	823.5	823.5	823.5	823.5	USL	USL=1544

1	2	3	4	5	6	7	8	1543.5	1543.5	1543.5	1543.5	1543.5	1543.5	1543.5	1543.5	Sample Number
Sample Result
X Chart - Camera Contamination

300	120	300	240	120	180	249	420	241.125	x̄ = [Y VALUE]

8.25	241.125	557.325	UCL = [Y VALUE]

8.25	557.32500000000005	-75.075	LCL = [Y VALUE]

8.25	-75.074999999999989	NUMBER


 TESTING DOWNTIME (MINS)



Moving range chart

180	180	60	120	69	69	171	121	Av(mR) = [Y VALUE]

8	121.28571428571429	226	UCL = [Y VALUE]

8	226.07657142857144	16	LCL = 16

8	1	NUMBER


testing downtime (mins)



Defects Pareto
Freq	Contamination	Hot Pixels	Dark Pixels	Marked Window When Cleaning	Andor Request return (RMA67688)	Line appeared after 3 days 	Imaging problem 	Camera blown - wired incorrectly 	wrong connector fitted 	8	5	4	2	1	1	1	1	1	CumLine	Contamination	Hot Pixels	Dark Pixels	Marked Window When Cleaning	Andor Request return (RMA67688)	Line appeared after 3 days 	Imaging problem 	Camera blown - wired incorrectly 	wrong connector fitted 	#N/A	0.33333333333333331	0.54166666666666663	0.70833333333333337	0.79166666666666663	0.83333333333333337	0.875	0.91666666666666663	0.95833333333333337	1	Defects
Frequency
Percent
Defects by Variable Pareto
Freq	As supplied	In House	15	9	Variable
Frequency
Variable: As supplied
Freq	Contamination	Hot Pixels	Dark Pixels	Marked Window When Cleaning	Andor Request return (RMA67688)	Line appeared after 3 days 	Imaging problem 	Camera blown - wired incorrectly 	wrong connector fitted 	2	5	4	0	1	1	1	0	1	Defect
Frequency
Variable: In House
Freq	Contamination	Hot Pixels	Dark Pixels	Marked Window When Cleaning	Andor Request return (RMA67688)	Line appeared after 3 days 	Imaging problem 	Camera blown - wired incorrectly 	wrong connector fitted 	6	0	0	2	0	0	0	1	0	Defect
Frequency
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Part Number Camera Unit without Cables

 Thendiidualcamras prir 10 sub-ssembly processing arereceved from thesupplie.

« The camerasare subected tosu-assembly processing. Then the Camera Unt s the resdy 1o be fited t the strument
a1 storad onsheles between the sub-sssembly and main buld ares n seled latic contaners.
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the during main bul tage.

« Totalinstrument testing akescircs 115 hours

« During the instrumant tesig stege, camera contaminaton check s compltad part way through te st pocess,
Cechnician estmata of 20 hours o te st procedurs.

« Camera contamination checks cannat bechecked sarler i th esting process due 0 the nstrument requirament o have
been sligned to 3 cotain dgres befre doing s
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« There s anaversgeof 63 Phani Pl msruments i he 2023 and 2024 10°
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Customer Type Drivers/Issues CTQ Specification

Redacted

(Manufacturing 

Leader)

Manufacturing 

Engineering

Internal Rework

Downtime: inefficient 

process – callouts

Reduce

Cost

Process changes must 

utilise original 

equipment

Limited 

resources 

available

Redacted

Senior Quality 

Engineer

Rejects Rework Reduce

Test Technicians Internal Rework  Downtime Reduce

1 440

2 to 20 50

>20 0

Voice of the Customer/Critical to Quality

Redacted External Rejects Rework Monitor

Blemish 

Specification: 

±25% of local 

relative intensity.



Cluster 

Size 

(Pixels)

Rejects Scrap Reduce



Quantity 

Allowed

Comments



Internal

Internal Time Downtime Reduce
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Name  Interest  Reason for  Assistance  Priority of  Engagement  Wins for them  Action  Action Owner  Success Criteria  

Redacted  Project Sponsor  Resource time  and funds  Low  Project  completion  Keep updated  with  progress/monthly  reviews.  Joseph  Lancastle  Test throughput  increased and  downtime  reduced  

Redacted  Team Leader  Project time  allocation  Medium  Time savings  Organise/allow  technician  release  Joseph Lancastle  New process  with reduced  downtime  

Redacted      Sub - Assembly  Technician  Outline build  process  High  Time savings  Assist with  process  analysis/timings  Joseph Lancastle  Reduced reject  rate, less rework  

Redacted  Quality Engineer  Assistance with  rejects  Low  Time  Savings /improve  product quality  Provide  historical  reject data  Joseph Lancastle  New process  with reduced  rework/ scrap  

Redacted  Manufacturing  Engineer  Sign off on final  process.  Medium  Time  Savings /improve  process  Sign of any  changes made  Joseph Lancastle  New process  with reduced  contamination  
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Camera _Mirror Gluing__Camera Assembly _Total
1 0003:27 001143 001510
2 00:04:23 002105 002523
3 000302 001040 00:13:42
4 0003:39 002258 002637
s 0003:15 001641 001956
5 0003:21 001627 0019:48
7 000255 001145 00:14:40
5 0003:31 001855 002226
Total 00:03:27 00:16:17  00:19:48
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Number

Instrument 

Serial 

Number

Camera 

Contamination 

Downtime (Mins)

Manufacturing Cost

12400L23259 300 £220.00

22400L23261 120 £88.00

32400L23263 300 £220.00

42400L24264 240 £176.00

52400L24266 120 £88.00

62400L24267 180 £132.00

72400L24268 249 £182.60

82400L24270 420 £308.00
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Camera Contamination Issue _Fault Description Fault Origin __ Year
Yes Contamination InHouse
Yes Contamination InHouse
No Dark Pixels As supplied
No Dark Pixels As supplied
Yes Contamination assupplied | 2021
No Suppler Request retum s supplied
(RMA67588)
Yes Contamination InHouse
Yes Contamination As supplied
No Line appeared aiter 3 days s Supplied
Yes Imaging problem s Supplied
No Hot Pixels As Supplied
No Hot Pixels A5 Supplied.
No Hot Blyel; Assupplied | 500,
Yes Contamination InHouse
No Hot Pixels A5 Supplied
No Dark Pixels A5 Supplied.
No Camera blown -wired InHouse
incorrectly
No ‘wrong connector ftted s Supplied.
Yes Contamination InHouse
Yes Contamination InHouse
No Dark pixels AsSupplied | 203
No Hot Pixels A5 Supplied
Yes Contamination InHouse
Yes Marked Window Wnen Cleaning | In House.
Yes Marked Window When Cleaning  In House





image10.png
Method

1. Camera Subassembly Procedure
2. Camera Window Cleaning
72 Window Ceanine )

3. Test Contamination Check

4. Camera Subassembly SOP
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5. Damage to Coatings

6. Foam Inserts In Boxes

7. Instrument Performance

8. Laminar Flow Cabinets

>

9. Pre-Assembly Checks
T e

10. Testing Procedure
T P

11. Supplier Contamination Specs
o e .

Measure

15. Contamination from Subs to

12. Cardboard Dust

16. Trained Build Technicians

>
13. Clean Cabinets

17. Trained Test Technicians

>

14. Housekeeping

>/

Manpower

Phenix instrument
imaging is impacted by
camera

contamination,

resulting in excess
rework and downtime.
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S
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1

Camera 

Subassembly 

Procedure

Introduction of 

Contaminants

Poor Image Quality resulting in 

Rework

6 No cleaning, detection or prevention measures  10

Only at Test stage 

which incurs 

significant rework.

8 480

SOP and Training updates 

to ensure cleaning and build 

processes are correct

J.Lancastle

29/04/2024

3 5 6 90

2

Camera Window 

Cleaning (Test)

Scratching Camera 

Window

Rejecting or scrapping 

camera.

8 Tooling and/or method used for cleaning 7

Cleaning Occurs 

in Test Stage, 

Images Would 

7 392

Metal Forceps Used, What 

Scratch Window. Replace 

with Plastic Tooling

J.Lancastle

29/04/2024

4 1 3 12

3

Test Contamination 

Check

Not Identifying Camera 

Contamination 

Poor Image Quality at 

Customer

8 Technician Subjectivity Issues 5 None 10 400

Project Virgo, running in 

Tandem, using AI Software 

for image analysis, will 

J.Lancastle

31/07/2024

3 1 1 3

4

Camera 

Subassembly SOP

Contaminated Camera 

Assemblies Being 

Assembled

Poor Image Quality resulting in 

Rework

6 No cleaning, detection or prevention measures  10

Document 

Controls Process 

but not 

8 480

SOP and Training updates 

to ensure cleaning and build 

processes are correct

J.Lancastle

29/04/2024

3 5 6 90

5

Damage to 

Coatings

Damage to Camera 

Coatings Producing 

Contamination

Poor Image Quality resulting in 

Rework

6 Coatings Damage from Poor Tooling 2

Only at Test stage 

which incurs 

significant rework.

8 96

Ensure all tooling is 

adequate and does not 

damage

J.Lancastle

29/04/2024

3 1 6 18

6

Foam Inserts in 

Boxes

Contaminating Built 

Assemblies

Poor Image Quality resulting in 

Rework

6 Foam Shedding 3

Only at Test stage 

which incurs 

significant rework.

8 144 Remove Shedding Material

J.Lancastle

31/05/2024

2 1 5 10

7

Instrument 

Performance 

Variation

Contamination Having 

different intensities on 

different instruments

Poor Image Quality at 

Customer

7 Instrument Variation 2

Contamination 

Check Procedure, 

but has Potential 

2 28

Project Virgo, running in 

Tandem, using AI Software 

for image analysis.

J.Lancastle

31/07/2024

3 1 1 3

8

Laminar Flow 

Cabinets

Contaminating During 

Assembly

Poor Image Quality resulting in 

Rework

6 Dirty Cabinet Filters, Poor Housekeeping 8

Only at Test stage 

which incurs 

significant rework.

8 384

Particle count, clean 

Cabinet Filters, 5S the area, 

setup controls

J.Lancastle

29/04/2024

2 2 4 16

9

Pre-Assembly 

Checks

Camera Contamination 

From Supplier

Poor Image Quality resulting in 

Rework or Scrap

3

Customer Supplied Contamination, Not to Our 

Spec

6

Only at Test stage 

which incurs 

significant rework.

8 144

Verify camera cleanliness 

from supplier for a sample

J.Lancastle

30/06/24

2 4 4 32

10 Testing Procedure

Not Identifying Camera 

Contamination 

Poor Image Quality at 

Customer

9 Technician Subjectivity Issues 7 None 10 630

Project Virgo, running in 

Tandem, using AI Software 

for image analysis.

J.Lancastle

31/07/2024

3 1 1 3

11

Supplier 

Contamination 

Specs

Camera Contamination 

From Supplier

Poor Image Quality resulting in 

Rework or Scrap

6

Customer Supplied Contamination, Not to Our 

Spec

7

Only at Test stage 

which incurs 

significant rework.

8 336

Verify camera cleanliness 

from supplier for a sample

J.Lancastle

30/06/24

3 4 4 48

12 Cardboard Dust Camera Contamination

Poor Image Quality resulting in 

Rework

6 Cardboard Stored in Assembly/Build Section 9

Only at Test stage 

which incurs 

significant rework.

8 432

Particle count environment, 

remove and decant 

cameras away from 

J.Lancastle

30/06/24

2 4 4 32

13 Clean Cabinets

Contaminating During 

Assembly

Poor Image Quality resulting in 

Rework
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ltem Description
VLFTI800 Vertical Laminar Flow Cabinet
316-grade Stainless Steel Worksurface
Base Stand

Delivery & Installation
Commissioning

Options

ltem Description
Base Stand

UV Light & Inferlocked Remov able Lightweight Night Door

316-grade Stainless Steel Work Surface
Replacement ULPA Filter
Replacement Pre-filter

Quotation

Part No. NETT Price Qty Total NETT Price
K-VLFT1800 £6,046.00 1 £6,046.00
K-VLF1800WS  £492.00 1 £492.00
K-VLF1800ST  £492.00 1 £492.00
£300.00 1 £300.00
£370.00 1 £370.00
Total £6,997.00

Part Number NETT Price

K-VLF1800ST = 492.00
K-VLF1800UV  909.00
K-VLF1800WS '  492.00

K-HF0138 601.00
K-PFO022 55.00




