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[bookmark: _Toc165148443]Introduction
[bookmark: _Toc165148444]Company Background
Established in late 2007 and based in Caerphilly, Richwest Engineering Ltd manufactures precision components for industry (Richwest Engineering Ltd, 2017a; Company House, 2023). Proficient in computerised numerically controlled (CNC) machining technologies, they rapidly produce products for the automotive, marine, and construction sectors (Richwest Engineering Ltd, 2017b). The company has recently experienced a growth period, having secured a contract now worth £246,000, an increase from the initial £111,415, concluding on April 14, 2023 (Speak, 2023a; Speak, 2023b).

[bookmark: _Toc165148445]Project Identification
The problem primarily lies in the issues of tolerance consistency, dimensional accuracy, and material management. A notable example is Figure 1, part number EL9141, where material misidentification led to an inadequate heat treatment, resulting in a hardness well below the required specifications. As a result, the reworking of this batch caused the company to incur losses estimated at £1,415 (Speake, 2023b). Since this incident, another product batch necessitated extensive rework due to fractures along the length of the raw material, which went undetected during the machining process (West, 2023). These examples exemplify the need for a systematic approach to quality management.
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[bookmark: _Toc165148416]Figure 1 Failure to heat-treat EL9141 (Author’s photograph)

[bookmark: _Toc165148446]Benefits of the Project
Adopting Six Sigma's DMAIC methodology will substantially benefit product quality and customer satisfaction. By reducing defect occurrences, lead times will shorten and improve financial savings by eliminating costly reworks. Eureka and Fuhrman (2018) were in a situation comparable to that of Richwest Engineering. Still, they reduced their daily scrap rates and lead times, making the process approximately 33% faster using Lean Six Sigma. In addition, this project is an opportunity for the company to become familiar with internationally recognised quality management practices and systems, driving immediate and long-term changes in quality.

[bookmark: _Toc165148447]Define
[bookmark: _Toc165148448]Problem Statement
In December 2023, the Haas VF0 milling machine demonstrated a 100% defect rate of product EL9141, failing to meet quality criteria. Since their introduction in late 2020, the company has seen a scrap rate of 23.16%, resulting in 44 defective components. The most recent failure incurred a financial loss of £1,415 for correction. The main costs of poor quality include revenue loss, material scrap, and labour costs while diminishing customer satisfaction and confidence in the company.

[bookmark: _Toc165148449]Voice of the Customer/Critical to Quality
Yang (2007) claims that business success relies on customer value. Gale (1994) and Anderson and Narus (1998) support and define this belief as the balance between benefits and costs. 86% of customers are willing to pay more for a superior service; meanwhile, 89% would seek alternatives following a poor experience (Oracle, 2011), proving its importance. Having already received reactive feedback through critique and concerns (Speake, 2024c; West, 2024b), Figure 2 seeks to gain a deeper insight into customer priorities using data from a Kano-specific questionnaire, which utilises functional and dysfunctional questioning techniques (EPM, 2021; Qualtrics, 2024).


[bookmark: _Toc165148417]Figure 2 Kano analysis (Author’s figure)

As the Kano analysis highlights, customers prefer precision, affordability, and timeliness, making them performance—and attractive-related expectations, aligning with industry views on the importance of quality control (Flinchbaugh, 2019; Rapid Direct, 2024). Meanwhile, material quality and technical support are basic expectations that will impact satisfaction when lacking. Figure 3's Critical to Quality (CTQ) tree delineates these priorities into definable quality characteristics.




[bookmark: _Toc165148418]Figure 3 Critical to quality tree (Author’s figure)

CTQ trees are valuable tools for transforming feedback into measurable targets and simplifying broad needs into specific, quantifiable goals (Brook, 2022; Visual Paradigm, 2024). At Richwest Engineering Ltd, they are cost and result-centric, prioritising cost efficiency and quality to enhance production without sacrificing speed. Despite the challenge of setting precise targets due to a diverse product range and limited historical data, the CTQ objectives remain clear: decrease lead times, increase machine efficiency, extend tool life, reduce downtime, and improve satisfaction.

[bookmark: _Toc165148450]Process Mapping
Ohno (1988), the creator of the Toyota Production System, advocates workplace walkthroughs, later known as a Gemba Walk (Mičieta et al., 2021; Brook, 2022; Praxie, 2024). The walk's goal is to observe and understand processes. Figure 4's Suppliers, Inputs, Processes, Outputs, and Customers (SIPOC) diagram, crafted using a Gemba Walk, outlines the process flow from material receipt to customer delivery, highlighting potential defect points, particularly during the machining, inspection, and treatment steps. 



[bookmark: _Toc165148419]Figure 4 SIPOC diagram (Author’s figure)


[bookmark: _Toc165148451]Project Scope
Typically, a Six Sigma project runs for three months (Allen, 2019); this project will commence from the project assignment on December 6th, 2023, to the submission deadline on April 29th, 2024, as per the assessment specification. Given the lack of historical data, a specific quantitative goal is unattainable. Instead, the project aims to qualitatively enhance the VF0 machine's operation, targeting quality improvements and defect rate reduction.

[bookmark: _Toc165148452]Project Charter
The project charter summarises the findings from the Define phase and serves as a tool for monitoring the project plan, making it a living document. Due to its extensive nature, it is available under the following page and known as Table 1.

[bookmark: _Hlk162993316]Intentionally left blank; see next page.
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[bookmark: _Toc165148435]Table 1 Project charter for Haas VF0 CNC milling quality improvements (Author’s table)


[bookmark: _Toc165148453]Measure
[bookmark: _Toc165148454]Identify Measurement Variation
Six Sigma aims to reduce variation to prevent customer dissatisfaction, focusing on the characteristics critical to quality (Hutwelker, 2019; Brook, 2022). Variations are categorisable as man, machine, material, method, measurement, and mother nature (Cancian, 2022; Hayes, 2023), all of which affect quality. While environmental factors like thermal shift may impact machine operations (Miller, 2023), their effects on Richwest Engineering Ltd.'s small batches are minimal. Instead, variations typically arrive from operator actions and process techniques (Tarvin, 2016; Shahrukh, 2019; Lynch, 2024). For example, the measurements taken are influenced by the choice of instrumentation and the level of training and understanding the operator has.

[bookmark: _Toc165148455]Determine Data Type
Numerical data, vital for statistical analysis, fall into two primary types: continuous and discrete, facilitating normal and binomial distributions, respectively (Hutwelker, 2019; Brook, 2022). Continuous data, not limited to whole numbers, includes dimensional measurements, speeds, feed rates, cycle times, and downtime for setups or maintenance. Discrete data, producing a binary outcome, encompasses counts like defects, specification compliance on-time deliveries, and qualitative data such as defect types or corrective actions taken.

[bookmark: _Toc165148456]Develop a Data Collection Plan
This project plans to conduct a whole-population study, capturing data from every batch the machine produces to ensure a comprehensive analysis. The absence of historical data necessitates this approach, which will provide an understanding of machine performance and enable an assessment of the process capabilities. The machinist will manually log data in Excel via the data cards menu, allowing for prompt data recording at the machine controller using a mobile device. Documentation will require cycle times, total units, defects, operations count, defect categories, and actions taken to correct, providing continuous and discrete data. The machinist will measure first-offs at randomly selected intervals using inspection equipment; they are also to refer to the simple check sheet, shown in Figure 5, to ensure proper conduct and representative results.



[bookmark: _Toc165148420]Figure 5 Check sheet for CNC machinists (Author’s figure)


[bookmark: _Toc165148457]Perform Measurement System Analysis
As part of the variation reduction effort, implementing a Gage Repeatability and Reproducibility (Gage R&R) is necessary to evaluate the precision of component inspection by operators (Hutwelker, 2019; Moeller Aerospace, 2024). The study will prove whether different operators can produce consistent measurement results. Operators regularly utilise vernier callipers and internal micrometres, making the component depicted in Figure 6 suitable for the analysis due to its features and critical tolerances. A sample of ten components is randomly chosen from a batch of eighty-two to ensure a representative assessment.

[image: ]
[bookmark: _Toc165148421]Figure 6 Subject for the Gauge R&R study (Author's photograph)

All operators must use the same instruments for the study to remain consistent. The goal is to validate the measurement system's ability to identify defects before data collection and subsequent analysis. Findings from the vernier calliper and micrometre studies are available in Table 2 and Appendix A, respectively. Using the "average and range" method with a d2 constant of 1.693, as suggested by Milivojevich (2015) and Robertson (2024), results in the Gage R&R percentages of 17.78% for the vernier calliper and 11.38% for the micrometre. The difference is likely due to the micrometre featuring a ratcheting system, preventing operators from overtightening. Brook (2022) and Quality-One (2024) categorise values below 20% as acceptable, thus validating the measurement system.


[image: ]
[bookmark: _Toc165148436]Table 2 Gauge R&R study for vernier calliper (Author’s table)

[bookmark: _Toc165148458]Data Collection and Assess Process Capability
An analysis of the process capabilities follows the validation of the company's measurement system. Thirty components are chosen at random for inspection to calculate the process capability (Cp) and the process capability index (Cpk), as endorsed by case studies like Kahraman et al. (2012). The following equations align with Brook's (2022) and Pannell's (2022) definitions. These results state that the Cp is 1.30 and the Cpk is 1.27, suggesting a process which is unlikely to produce non-conforming parts. However, a capability of less than 1.33 is considered insufficient by the standard classifications and will require more inspection (Brook, 2022; AlisQI, 2024). Table 3 includes one month's worth of data, including cycle times, total units, defects, operations, and categories. The defect rate, determined by the ratio of defects to total units, currently stands at 16.06%.
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[bookmark: _Toc165148437]Table 3 One months’ worth of production data (Author's table)

Intentionally left blank; see next page.


[bookmark: _Toc165148459]Analyse
[bookmark: _Toc165148460]Process Analysis Methods
Table 4 analyses potential failures within the manufacturing workflow, including the likelihood of occurrence, severity, detection, and the calculated Risk Priority Number (RPN). The material handling, heat treatment, and inspection processes exhibit high RPNs, indicating a greater potential risk. These results correlate with past events and underscore the need for improvements to mitigate risks and enhance reliability. The application of a spaghetti diagram in Figure 7 illustrates material flow. Currently, material identification relies on hand-written labels using a white paint marker. This system risks material misidentification in cases where marking is unclear or forgotten. Additionally, verification at delivery is minimal, causing an over-reliance on suppliers to provide the correct grade of material, introducing another point of potential failure.

[image: ]
[bookmark: _Toc165148438]Table 4 Process failure mode effects analysis (Author’s table)



[bookmark: _Toc165148422]Figure 7 Spaghetti diagram (Author’s figure)


[bookmark: _Toc165148461]Review Analysis Methods
The following section will employ carefully chosen graphical analysis tools to maximise data utility. With no historical data, the analysis will utilise one month of production data, measurements from a sampled batch, and insights from Gemba walk discussions. Tools include histograms to understand the distribution of continuous data, permitting comparison between the process and the requirements (Qsutra, 2024). Pareto charts will assist in directing focus by ranking the most prevalent defect types (GeeksforGeeks, 2021; Brook, 2022). The Ishikawa diagram will identify the root causes of quality issues in prior phases.

[bookmark: _Toc165148462]Graphical Analysis Tools
The histogram in Figure 8 graphically represents the measurement distribution for a component batch against the customer-set tolerances of 4.9mm and 5.1mm. The data suggests a controlled and capable process, as all measurements are within the range. The distribution appears normal as most results cluster near the centre, indicating a consistent process.

[image: ]
[bookmark: _Toc165148423]Figure 8 Histogram on component measurement distribution (Author’s figure)

Utilising the Pareto principle, which claims that eighty per cent of quality issues will arise from twenty per cent of the causes (Kumar et al., 2019; Laoyan, 2024), the Pareto chart in Figure 9 features the defect type distribution. This analysis suggests that most defects originate from two specific components and manifest as cosmetic issues. These defects were due to a miscommunication in work instructions, resulting in using an abrasive sanding belt for deburring, which produced an unsightly but functionally acceptable finish.


[image: ]
[bookmark: _Toc165148424]Figure 9 Pareto chart on defect type prevalence (Author's figure)

Figure 10's Ishikawa diagram focuses on the primary sources of variation, including man, method, material, and measurement. Due to insufficient evidence of issues, it neglects machines and mother nature. The diagram indicates potential problems due to the absence of standard operating procedures, contributing to subpar inspection practices and inventory management systems.



[bookmark: _Toc165148425]Figure 10 Ishikawa diagram on high defect rate (Author's figure)


[bookmark: _Toc165148463]Identify Sources of Variation
This section will build on the prior analysis conducted with the current measurable data by exploring the sources of variation. The histogram suggests that the machine consistently produces components within tolerance and minimal variation. However, this conclusion utilises a limited data set consisting of a single dimension of thirty samples randomly selected from a batch of eighty-three. To better understand the current process, the company must consider extending this examination to a broader data set over a longer period.

The PFMEA, Pareto chart, and Ishikawa diagram evidence that the company lacks formal procedures, inspection documentation, and systematic material labelling and storing protocols. These deficiencies introduce variability risks, as unclear work instructions lead to material-related defects through misidentification and selection errors. Additionally, the absence of standard processes leads to the over-processing of goods, which has resulted in cosmetic defects.

Intentionally left blank; see next page.

[bookmark: _Toc165148464]Improve
[bookmark: _Toc165148465]Generate Improvement Alternatives
Before generating ideas, clear improvement criteria are necessary to ensure alignment with the CTQ attributes. The primary characteristics are quality, time, and costs, further categorised as 'must-haves' and 'desirables'. Solutions must consider the problem statement and past incidents.


All components must:
· Utilise the correct material grades.
· Conform to customer specifications.
It is desirable to:
· Reduce lead times and cycle times.
· Minimise waste and operating cost

Teams often use brainstorming sessions to determine solutions, focusing on aspects critical to quality. Yet Evans (2012) and Hagen, Bernard, and Grube (2016) suggest using reverse brainstorming to alternate perspectives by encouraging and worsening problems. Brook (2022) also recommends this approach, stating that solutions are derivable by reversing inverting the results. Figure 11 details a mind map from one of these sessions, where the goal was to produce an intentionally flawed process from which improvements are possible.



[bookmark: _Toc165148426]Figure 11 Reverse brainstorming mind map (Author's figure)


While evaluating the proposals, aligning them with the project scope and ensuring relevance to the CTQ characteristics is essential. This report will prioritise suitable solutions, such as the following:
· Implementing a more robust labelling system is one solution to mitigate material misidentification. Potential methods include writing the grade onto the surface, adopting a colour-coding system like steel suppliers (ParkerSteel, 2024), or even integrating QR codes linking the grades to an inventory management system.
· The data implies a weakness in the company's early defect detection ability; thus, a more proactive approach to inspection is necessary. This solution necessitates intensifying the inspection of components at critical stages and introducing mandatory inspection sheets for a traceable record of results to facilitate future investigations.

[bookmark: _Toc165148466]Cost/Benefit Analysis
Table 5 presents a Pugh matrix that evaluates the different strategies for addressing the issue of material misidentification. The matrix indicates that the best solution is to adopt a colour-coding system using aerosol paints. Warehouse personnel will immediately mark the material on delivery, aligning with existing colour charts available across the company's facilities. Despite all methods sharing similar accuracies, the aerosol method is more durable and easier to apply, thus making it less likely to rub off and liable to misidentification.

[image: ]
[bookmark: _Toc165148439]Table 5 Pugh matrix for material labelling (Author’s table)

[bookmark: _Toc165148467]Improve FMEA Phase
Table 6 presents a revision to the PFMEA, including the proposed amendments to the process controls for material identification and inspection. The analysis improves detection rates, which in turn lowers the RPN value. While the predictive data offers insight into the potential benefits, actual performance data is necessary to validate them.


[image: ]
[bookmark: _Toc165148440]Table 6 Post improvement process failure mode effects analysis (Author's table)

[bookmark: _Toc165148468]Future State Process Map
Figure 12 displays a future state process map that integrates the improvements and includes decision points relating to material defects and production issues. This map ensures that process complexity is minimal despite the modifications, reducing the likelihood of disruptions to the shop floor as leadership introduces the new procedures.



[bookmark: _Toc165148427]Figure 12 Future state process map (Author’s figure)



[bookmark: _Toc165148469]Control
Following the implementation of the solutions, the control phase aims to ensure that they remain in place. Burnes (2017) and Mullins (2019) suggest that employee resistance is among the primary reasons for the failure of change initiatives. Contrarily, Maurer (2023) argues that it stems from a lack of understanding of the reasons for change and resentment towards leadership. This report suggests involving and actively seeking employee feedback to counteract resistance. In addition to this, the company needs to adopt a formal control plan and continue to document the manufacturing processes.

The control plan will list each process step, complete with measurements, specifications, and a response plan for when they fail to meet targets, as recommended by Brook (2022). Additionally, the shop floor will continue to record daily production data, as initiated during the Measure phase, along with the mandatory inspection sheets introduced during the Improvement phase. The goal is to facilitate a more straightforward analysis for future Six Sigma endeavours by providing comprehensive historical data.

Documenting standard operating procedures will ensure compliance with the process changes and serve as a reference for both leadership and employees to resolve any uncertainties. A training program may also be necessary to ensure all staff can read the colour-code charts and accurately complete the new inspection documents.

This report details many techniques and information that will apply to future projects. These include the significance of continuously logging production data, assessing process capability, and the effectiveness of reverse brainstorming sessions for generating alternative solutions to problems. This report and accompanying data will also be available to future project teams in the spirit of documentation that Six Sigma encourages.
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Project Charter
Project Title:| Haas VFo CNC Milling Quality Improvements: Reducing Defect Rates
Start Date: 06 December 2023 End Date:| 29 April 2024
Business Needs

streamlining the production process to minimise defects following the unacceptable defect
rate in December 2023 will lead to more efficient resource use and prevent it from
reoccurring. Addressing the inefficiencies in the production process will also reduce the costs|
associated with unnecessary scrap and rework.

Problem Statement
In December 2023, the Haas VFO milling machine had a 100% defect rate for product EL9141,
failing quality standards. Since late 2020, a 23.16% scrap rate led to 44 defective components,
costing £1,415 in corrections.

Goal Statement

Review the current process for the Haas VFO CNC milling machine and identify areas for
quality improvement, such as decreasing scrap-related losses and avoiding further financial
losses from correction costs.

Costs of Poor Quality

Internal failure costs include scraping and reworking products EL9141, costing £1,415 to
replace. In addition, external failure costs include returns, customer dissatisfaction, and
damage to the company's reputation. The company will also incur ongoing appraisal costs in
the future as the customer requests material and hardness certifications.

Voice of the Customer

Customers expect products to meet specific quality standards and place value on receiving
their products on schedule at a reasonable price. Failing to meet these requirements will
ultimately lead to customer dissatisfaction.

Project Scope

Within Scope Outside of Scope

The project will only focus on the processes | This project will exclude products produced
associated with the Haas VFO machine and the | with other machines or processes, such as
products it produces. ‘welding and fabrication.

Project Plan

Plan Actual
Start of the project:| 06/12/2023 06/12/2023
End of the Define phase:|  05/01/2024 19/01/2024
End of the Measure phase:|  09/02/2024 02/03/2024
End of the Analyse phase:|  01/03/2024 30/03/2024
End of the Improve phase:|  05/04/2024 21/04/2024
End of the Control phase:|  29/04/2024 27/0a/2024
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A Vernier caliper (All measurements in millimeters)
Operat Trial LD Ay
perater - One | Two [ Three | Four | Five | Six |Seven| Eight | Nine | Ten | ‘"o oo

1 505 | 502 | 505 | 502 | 507 | 500 | 509 | 506 | 503 | 504

2 508 | 501 | 499 | 508 | 501 | 503 | 502 | 502 | 506 | 5.04

A 3 505 | 502 | 504 | 504 | 500 | 506 | 502 | 500 | 507 | 505
Average | 5.06 | 502 | 5038 | 503 | 503 | 5038 | 504 | 503 | 505 | 504 | 503

Range | 003 | 001 | 0.06 | 002 | 007 | 0.06 | 007 | 005 | 0.04 | 001

1 501 | 438 | 500 | 500 | 501 | 501 | 508 | 438 | 503 | 501

2 502 | 500 | 504 | 501 | 500 | 500 | 502 | 502 | 505 | 505

B 3 504 | 499 | 503 | 500 | 501 | 498 | 491 | 503 | 504 | 502
Average | 5.02 | 499 | 502 | 500 | 501 | 500 | 499 | 501 | 504 | 503 | sou

Range | 003 | 002 | 0.04 | 001 | 001 | 003 | 012 | 005 | 0.02 | 004

1 508 | 505 | 508 | 505 | 506 | 508 | 507 | 506 | 508 | 506

2 508 | 503 | 504 | 505 | 507 | 503 | 509 | 508 | 506 | 506

c 3 509 | 504 | 507 | 502 | 504 | 502 | 504 | 507 | 507 | 508
Average | 5.08 | 504 | 506 | 504 | 506 | 504 | 507 | 507 | 507 | 505 | 5059

Range | 0.01 | 002 | 0.04 | 003 | 003 | 0.06 | 005 | 002 | 0.02 | 002

Part Average 506 | 502 | 504 | 502 | 503 | 502 | 508 | 504 | 505 | 504

GR&Rasa % of the tolerance
d,value:|1.693 Equipment variation (EV) | 0.0215 | 25.27% Overall range 0.036
Nominal:| smm Operator variation (AV) | 0.0284 | 44.10% Range of parts: 0.040
Tolerance:|0.2 ‘Gauge R&R (GRR) 0.0356 | 17.78% Range of operators: 0.048
Part variation (PV) 0.0236 | 30.63%
Total variation (TV) 0.0427 | 100%
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Part ID Cycle Time Total Units Defects Operations Defect Categories

04767-0042-01 00:19:57 1 0 5 None

04767-0027-01 00:25:48 1 1 3 Aesthetic

PCR 2666 00:00:33 104 1 1 Dimensional

71016161 00:10:07 51 19 5 Aesthetic

71016160 00:09:54 50 17 5 Aesthetic

CC079-P-13901 00:04:21 2 0 3 None

88902-07 00:12:56 4 0 2 None

MISHM 1001 00:03:11 2 2 3 Aesthetic

MISHM 1002 00:01:17 2 0 1 None

71016154 00:02:29 62 0 1 None

EL9141 R1 00:20:06 18 0 3 None

71015613 00:03:35 105 5 2 Dimensional

PCC-PRM0209 00:00:52 100 0 1 None

70122 RG 00:09:23 24 3 1 Dimensional

IPS001 00:07:14 4 0 2 None

RA 0093 00:03:17 52 0 1 None

EL9247 R1 00:06:20 127 0 1 None

V001 01:00:18 1 0 4 None

EL9125 R3 00:05:51 22 0 1 None

E4060 R3 00:03:34 4 1 2 Aesthetic

EL9140 R1 00:07:51 83 2 3 Dimensional

Overall

819 51 50
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B. Inside micrometer (All measurements in millimeters)

Parts
e ) One [ Two [Three | Four | Five | Six [Seven]| Eight | Nine | Ten | ~"°5

1 1048 | 1049 | 105 | 10.46 | 1049 | 1050 | 10.49 | 105 | 1049 | 10.49

2 1049 | 1051 | 1052 | 1049 | 105 | 105 | 1046 | 105 | 105 | 10.51

A 3 1048 | 105 | 1049 | 105 | 1051 | 1051 | 10.49 | 1051 | 1048 | 105
Average | 10.48 | 1050 | 10.50 | 1048 | 1050 | 10.50 | 1048 | 1050 | 10.49 | 1050 | 10.435

Range | 001 | 002 | 003 | 004 | 002 | 0.01 | 003 | 001 | 0.02 | 002

1 1049 | 105 | 1050 | 1048 | 1052 | 105 | 1051 | 1051 | 1051 | 105

2 1048 [ 1050 | 105 | 10.48 | 1053 | 1050 | 10.48 | 105 | 1052 | 105

B 3 1049 | 1049 | 105 | 1048 | 105 | 105 | 10.49 | 1052 | 1053 | 10.52
Average | 10.49 | 1050 | 10.50 | 1048 | 1052 | 10.50 | 1049 | 1051 | 10.52 | 1051 | 10.501

Range | 001 | 001 | o0 o |00 | o [00 | o002 | 002 002

1 105 | 105 | 1051 | 1049 | 10.52 | 1052 | 1048 | 1051 | 105 | 1051

2 105 | 1049 | 1052 | 1051 | 105 | 1051 | 1049 | 10.52 | 1052 | 1051

c 3 1049 | 1049 | 1049 | 1049 | 1049 | 1051 | 105 | 1051 | 105 | 10.49
Average | 10.50 | 1049 | 10.51 | 10.50 | 1050 | 10.51 | 1049 | 1051 | 10.51 | 1050 | 10.502

Range | 001 | 001 | 003 | 002 | 003 | 0.01 | 002 | 001 | 0.02 | 002

Part Average 1049 | 10.50 | 1050 | 10.49 | 1051 | 1051 | 10.49 | 1051 | 1051 | 10.50

GR&Rasa % of the tolerance
d,value:|1.693 Equipment variation (EV) | 0.0104 | 36.09% Overall range 0.018
Nominal:|10.5mm Operator variation (AV) | 0.0045 | 6.80% Range of parts: 0.022
Tolerance:|0.1 ‘Gauge R&R (GRR) 00114 | 11.38% Range of operators: 0.008
Part variation (PV) 00131 | 57.11%
Total variation (TV) 0.0174 | 100%
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