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1. Introduction 
Swansea University was founded in 1920 and is an institution dedicated to research that grants both undergraduate and post-graduate degrees. The university is recognised for its achievements in the fields of science, technology, engineering and mathematics in both academic background and in research. The University is separated into three faculties, each offering a wide range of undergraduate and post-graduate studies in several different fields. Swansea University has accomplished numerous awards for its contribution to research, this includes “UK’s Best University for Postgraduate Study” in the WhatUni Student Choice Awards 2021 and 26th in the “Guardian University Guide 2023” for student satisfaction and graduate outcomes. Swansea University (2023) 
This project will focus on the faculty of engineering and science, specifically the mechanical engineering workshop situated at the Bay campus. The mechanical workshop is home to a range of machinery including manual milling machines, centre lathes, pillar drills, a fabrication room, carpentry machinery, a waterjet cutter, and CNC ProtoTRAK milling machines. These machines are used by technicians at the university for the manufacturing of samples and testing rigs for research and teaching practicals, and components designed by engineering students for their dissertation projects. The machines are also used for teaching purposes, as part of the mechanical engineering undergraduate course, students are tasked with designing and manufacturing, with the assistance of technicians, a ball bearing maze and stand out of aluminium. The students are given a set of dimensions that they must follow and are told the milling machine cutter size for the maze slot. The students’ designs are manufactured using the CNC milling machines in the workshop by means of CAM programming. In an academic year around 100-150 of these products are produced by the machines.
This is an aspect of the course that has been done for the last 6 years and has been relatively successful in terms of student satisfaction and understanding of design for manufacturing. A problem that has been consistent throughout those years is the assembly of the ball bearing maze to the stand. This problem occurs due to the maze contour being over/under tolerance after machining. This fault causes downtime, as the machine will be out of operation until the faulty component is replaced, increased costs, this is including the cost of replacement material, cutters and consumables, and workforce disruption, the students time is limited in the workshop due to other commitments so it can cause a problem to the customer being delayed in the manufacturing of their part.
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Figure 1 
Kumar (2024) states, Six Sigma is a collection of techniques and tools used to minimise variation, increase quality and efficiency, and decrease errors and defects in a business’s operations. The goal of Six Sigma is to achieve a nearly perfect level of quality, with only 3.4 defects per million opportunities. This can be accomplished by identifying and removing causes of variation and restructuring processes using an organised method known as DMAIC (Define, Measure, Analyse, Improve & Control).  Implementing Six Sigma principles in CNC milling processes is recognised as a method in which CNC workshops undergo CNC machining processes with low waste elimination and enhanced product production. It is beneficial for the successful production of the desired parts with minimal wastage, Hardware (2023). 
Research & practical limitations/implications 
This report will focus on implementing DMIAC principles to improve CNC milling operations when manufacturing a ball bearing maze and stand at Swansea University for mechanical engineering students. Swansea University is an organisation in the education sector, they do not sell the products manufactured in the workshop, but quality control is vital to have a high satisfaction rating from their customers (researchers and students) for a steady flow of customers. Data has been collected from November 2023-March 2024 by the technicians at Swansea University. In this period 136 student visited the workshop to manufacture their designs. 
2. Define
Problem Statement 
In CNC milling operations, there is a considerable challenge regarding the execution and maintenance of small tolerances consistently across manufactured components. Differences in machining parameters, material properties, tool wear, CAM (Computer aided manufacturing) capabilities and machine performance will contribute to deviations from desired tolerance. The problem that needs to be solved in this Six Sigma project is an over/under tolerance fault due to CNC milling for a ball bearing maze and stand manufactured at Swansea University. This is a problem as when identified the affected parts must be either discarded or sent back for rework, thereby increasing the cost and time of manufacturing, and creating higher inventory levels. This problem is observed when measuring the ‘contour’ section of the maze after machining, if it is missed here it is observed during the assembly process. This problem affects the Faculty of Engineering and Science at Swansea University, time spent on re-manufacturing the product causes a backlog to other components that need to be manufactured for other customers using the machinery. It also affects the company in terms of cost, brand and reputation. This problem was first observed in the first year of teaching the practical module to students, due to an increased volume of defects data has been collected for this project to record the tolerance errors.  This problem is observed in around 20 out of 100 parts made in the workshop. 
Processes Flow Map
Yang & El-Haik (2008) state a process map is a schematic model for progression. Anjard (1998) goes on to comment “A process map is considered to be a visual aid for picturing work processes which show how inputs, outputs, and task are linked”. The process map provides a means for both understanding and communicating operational details to those involved in the process. The main concept of these flowcharts is to provide a graphical interpretation of all the steps of a six-sigma process performed in the sequence they are actually conducted. This is an advantage as it help visualise and understand the activities in the process and their relationships. 
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Figure 2
Figure 2 shows the methodology adopted for this project and consists of six steps. The literature review is imposed to gain familiarity with existing research and results relevant to six-sigma and CNC milling operations. In this review process it is important to identify lean six-sigma implementation techniques. The next step looks at data collection, data has been collected in the 2023-2024 academic year. This is manufactured components from the practical teaching aspect of the mechanical engineering degree. The components are taken and measured for their dimensions and constraints based on the tolerances given. The following task will look at analysing the data using lean Six-sigma tools. The final steps of the project will look at implementing and developing the new model for six-sigma integration to CNC milling processes.  


3. Measure 
Pyzdek & Keller (2014) state the measure phase in the DMAIC process is about quantifying the   current working of the process under investigation and establishing a baseline for further analysis. They follow by proclaiming the main objectives of the measure phase are to define key process metrics, collect the relevant data and asses the process capability. Completing this phase successfully gives an understanding of the current state of the process and serves as a basis for improvement activities in the DMAIC process.   
From the engineering drawing of part A & part B in the appendix it can be see the decisive dimensions are 100mm (+0, -0.1) and 36mm (+0, -0.1). The tolerances are essential for mating parts in an assembly, these are unilateral tolerances as they only vary in one direction. A certain amount of variation is natural in all manufactured parts, a tolerance is used to control the variation, ensuring greater consistency and accurate performance from the part, ReadingPlastic (2024). 
[bookmark: _Hlk165017310]For the purpose of this project 100mm will be called Dimension A and 36mm will be called Dimension B. Every one in two parts of the 136 parts manufactured in the 2023-2024 academic year have been measured. This is called systematic sampling, Hayes (2024) states this type of sampling is a type of probability sampling technique in which samples from a large quantity are selected according to a random initial point but with a fixed periodic interval. They go on to exclaim systematic sampling helps gain an understanding of a large quantity of products without having to measure each one. 
These parts were measured using a Coordinate Measuring Machine (CMM) at the university which measures to four decimal places. Keyence (2024), purposes a CMM is an effective and highly accurate measurement tool that outperforms measuring alternatives such as micrometres, rulers, and vernier calipers. The table below shows measurements from dimensions A & B of the maze. 
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Figure 3
IM-R graphs have been constructed from the data in Figure 3. Hessing (2018) states that an IM-R chart is a combination of two charts, individual and moving-range, to track the process variability based on the samples taken from the project over a period of time. The graphical I-MR helps identify when the product goes over/under the required tolerance. 
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Figure 4 
[image: A graph with lines and numbers

Description automatically generated with medium confidence]
[image: A graph with lines and numbers

Description automatically generated with medium confidence]
Figure 5 
From the legend on the I-MR chart you can see the upper critical level (UCL) and lower critical level (LCL) have been included in the graphs. Chakraborty (2023) claims the UCL is the highest value that a process can achieve without being out of control. Whilst the LCL is the lowest value that a component can achieve without being out of specification. 
From the I-MR chart of dimension A it can be seen 14.7% of the parts are over tolerance (+100mm) and 16.2% are under tolerance (-99.9mm). For the I-MR chart of Dimension B it can be interpreted that 16.2% of the parts are overspecification (+36mm), also, 7.4% of the products were under tolerance (-35.9mm). When under tolerance the part must be discarded as material cannot be added when milled away, from the two I-MR charts it can be seen that 12 of parts manufactured had to be rejected. The components that are over-tolerance are placed back on the CNC milling machine to reach the required dimension. This was done for 9 of the components machined in the workshop. In total 30.8% of the sampled components needed further machining or a replacement part was manufactured. In figure 6 the process capability and potential capability can be seen. 0.025 is used as the estimated standard deviation. 
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Figure 6 
4. Analyse
It can be seen from data that a change needs to be made to the CNC manufacturing process to reduce the wasted material, time and consumables on producing the base of this product for students. A cause-and-effect diagram can be used as a visual tool to investigate the potential causes of the problem, MSI (2024). 
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Figure 7
	Machine 
	

	Misalignment 
	The spindle, tool holder or vice that the workpiece is being held in could be misaligned, resulting in potential errors during operations. 

	Maintenance 
	Lack of regular maintenance and/or servicing of the CNC milling machine, leading to unexpected performance and increased probability of dimension inaccuracy.

	Control System
	This could include software bugs, parameter settings or communication errors, impacting the execution of machine programs and resulting in dimensional variations. 

	Manpower
	

	Operator Training
	Lack of proper training or inadequate training programs for the CNC machine or HSMWorks through SOLIDWORKS, resulting in insufficient knowledge or skills to effectively operate the machine to produce accurate components.

	Process Adherence
	Non-compliance with standard operating procedures or recognised processes for CNC milling operations, where operators may deviate from given methods increases the risk of errors.

	Cutting Parameters
	

	Depth of Cut
	Improper depth of cut settings, where cuts are either to shallow or too deep causing issues such as tool overload, chatter and deflection, leading to over/under tolerance components 

	Work holding device 
	Ineffective or improper workpiece work piece fixturing techniques, for example, insufficient clamping force or incorrect part orientation. This can result in movement, vibration or distortion when milling, affecting components dimensions. 

	Dry/Wet
	Insufficient coolant application to the cutter, this can include inadequate coolant flow, the concentration of the coolant is too high/low. These issues can cause thermal issues, tool wear or poor chip evacuation that affects machining accuracy. 

	Spindle Speed
	Incorrect spindle speed setting for the material and tool 

	Feed Rate
	The feed rate being too fast or too slow, resulting in tool deflection and a poor surface finish that impacts the component tolerances. 

	Material
	

	Compatibility
	Compatibility issues between the material being machined and all the problems stated in the cutting parameters section. 

	Variability
	Inconsistencies in material properties, such as hardness and density, this will lead to variations in machinability and dimensional stability when CNC milling.

	Preparation
	Surface irregularities, the component being out of square, work hardening, and burrs can affect machining performance.  

	Method
	

	Tool Setup
	Improper tool setup procedures, including tool installation, tool length measurement or tool offset alignment, this can result on incorrect tool positioning or the tool to workpiece origin being incorrect.  

	Machining Strategy
	When using CAM the operator choses inappropriate strategies or techniques for specific workpiece geometries or material types, this can lead to wrong tool paths, tool wear and a poor surface finish. 


Figure 8 
A Pareto chart can be used to analyse a cause-and-effect diagram. Chandramouli (2023) states that Pareto analysis focuses on the few critical issues that cause most problems, the 80/20 rule. The 80/20 rule is called the Pareto principle, for many events roughly 80% of the effects come from 20% of the causes.  For this Pareto analysis reviewing the cause-and-effect diagram the technicians leading the practical session and manufacturing the product gathered to discuss the impact of each point in the diagram. 




	Causes
	Impact
	Cumulative Impact
	Cumulative Percentage %

	Feed Rate
	100
	100
	12.90322581

	Spindle Speed
	95
	195
	25.16129032

	Depth of Cut
	85
	280
	36.12903226

	Dry/Wet
	85
	365
	47.09677419

	Machining Strategy 
	80
	445
	57.41935484

	Tool Setup
	70
	515
	66.4516129

	Work Holding Device 
	45
	560
	72.25806452

	Machine Misalignment 
	40
	600
	77.41935484

	Manpower Process Adherence 
	40
	640
	82.58064516

	Material Preparation
	35
	675
	87.09677419

	Material Compatibility 
	30
	705
	90.96774194

	Machine Control System
	25
	730
	94.19354839

	Manpower Operating Training 
	20
	750
	96.77419355

	Material Variability
	15
	765
	98.70967742

	Machine Maintenance
	10
	775
	100


Figure 9

Figure 10
The factors that have the biggest individual impact such as spindle speed and feed rate, greatly add to the issue of over/under tolerance machining. From the data it can be seen these factors play a pivotal role in determining the overall process performance. The values of the cumulative impact show a progressive increase, suggesting that a small number of causes accounts for most of the impact. This aligns with Pareto principles that a ‘vital few’ factors account for much of the observed effect. From data it can be seen certain causes, such as machining strategy and tool setup, show large impacts individually and contribute considerably to the cumulative impact. Machine maintenance and material variability have relatively low individual impacts but still contribute to the cumulative impact. It is important not to overlook these causes when optimising the process efficiency and enhancing the quality of the product. 
5. Improve
[bookmark: _Hlk165223128]Parameters and settings used in original CNC milling operation
Operation 
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Figure 11 
[bookmark: _Hlk165023044]The data in figure 10 shows the cutting parameters for the operation for CNC milling the contour for the maze to sit in the base. To summarise this data, a 4-flute ⌀12mm high speed steel endmill is selected cutting at 800rpm and a feed rate of 400mm/min. Coolant is not selected so the students can see the cutting process. This cutter mills at full depth (-4mm), in the model drawing the toolpath of the cutter can be seen and the origin of the tool which is at the centre of the block. The overall time taken for this operation is 4 minutes 19 seconds. 
[bookmark: _Hlk165223178]Experiment to improve dimensional accuracy
There are many variables that can be changed in CNC milling to get different results. Through research and pursuit to gain the best possible results for this component the high-speed steel cutter has been replaced with a 3-flute carbide end mill. Tormach (2019) states carbide cutters stay sharper for longer, in addition a 3-flute cutter allows for more efficient movement of swarf chips improving surface finish and dimensional accuracy. 
Reviewing all the data from this project the experiment will focus on four factors. 
· Feed Rate
· Spindle Speed
· Coolant 
· Depth of Cut 
	Factors
	Setting 1 
	Setting 2
	Setting 3

	Feed rate (mm/min)
	300
	350
	400

	Spindle speed (RPM)
	1800
	1900
	2000

	Coolant 
	On
	Off
	

	Depth of cut (mm)
	0.5
	1
	4


Figure 12
These settings have been decided from research of ideal cutting speeds and feeds for Aluminium using 3 flute carbide end mills. For this experiment all combinations will be tested to find the best result. There are 54 different variations with these parameters.  The cutter has been replaced when the feed rate changes.
[image: ]Figure 13



The green blocks show the dimensions that are within the tolerance, whilst the red blocks show the dimensional inaccuracies. The data shows that when cutting without coolant the dimensions are often inaccurate. In addition, cutting at full depth (4mm) increases the likelihood of milling the pocket oversize. It is thought these issues occur as the aluminium swarf builds up around the cutter leading to a poor surface finish. 
The experiment shows that a feed rate between 350-400 mm/min, spindle speed between 1900-2000 RPM, Coolant on and depth of cut of 1mm produce the correct dimensions.
From this investigation 15 components were manufactured with the following settings, all the components produced were within tolerance.
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Figure 14

6. Control 
Control is the last phase of the DMAIC model. 6sigmastudy (2021) discusses the focus of this stage is to ensure that the model created and the gains that have been obtained in the previous stages of the cycle are maintained once the project has been completed. In the context of this project on CNC milling, the control phase involves implementing measures to monitor and maintain the improvements achieved in dimensional accuracy. 
Control measures are important to maintain dimensional accuracy when CNC milling contours. One measure put in place is in-process inspection. Before the finishing milling cut the machine stops and the operator checks with a digital micrometre dimension A and Dimension B to ensure the final cut will produce the correct dimensions. The operator can change the program/tool wear accordingly. 
The spindle speed and feed rate parameters are also controlled to optimise material removal rates, tool life and surface finish quality. When producing a CAM programme for the contour operation the spindle speed needs to be between 1900-2000 RPM and the feed rate needs to be between 350-400 mm/min. For the production of this product the control has been set by documenting and regulating the operation and parameters set out in the analyse stage. The CNC milling operator must have an understanding of the procedure and control measures before starting production. 
7. Conclusion
The implementation of six sigma at Swansea University to produce a ball bearing maze and stand can be considered as a success, it has improved the performance and dimensional accuracy of the operation. Through six sigma tools it was found that incorrect cutting parameters were causing the maze base to be machined over or under tolerance. The original cutting speed was not allowing for the quick evacuation of swarf, leading it to build up around the cutting face and affect the finished dimension. Through research investigation and experiment the correct cutting parameters were found to manufacture the component to the correct dimensions for it to be assembled to the maze stand. More work could be done on this project, a FMEA could be produced to analyse the design of the product and the failure modes. The product having such a small tolerance is still an issue that should be investigated further down the line. 
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Part Dimension A (mm) Dimension B Moving Range Dimension A (mm) Moving Range Dimesnion B (mm)

1 99.9327 36.0256 0.0673 -0.0256

2 99.9403 35.9658 0.0597 0.0342

3 99.9379 35.9821 0.0621 0.0179

4 99.9104 35.9932 0.0896 0.0068

5 99.8858 35.9345 0.1142 0.0655

6 99.8341 35.8819 0.1659 0.1181

7 100.006 35.9722 -0.006 0.0278

8 99.9743 36.0832 0.0257 -0.0832

9 99.9102 36.0401 0.0898 -0.0401

10 99.9034 35.9742 0.0966 0.0258

11 99.943 35.9334 0.057 0.0666

12 99.9869 35.9974 0.0131 0.0026

13 100.1308 36.0923 -0.1308 -0.0923

14 99.8432 35.9592 0.1568 0.0408

15 99.9347 35.9104 0.0653 0.0896

16 99.9261 35.9227 0.0739 0.0773

17 100.0932 35.8921 -0.0932 0.1079

18 100.1245 35.9444 -0.1245 0.0556

19 99.9084 35.9854 0.0916 0.0146

20 99.9578 35.9677 0.0422 0.0323

21 99.967 35.9881 0.033 0.0119

22 99.9324 35.931 0.0676 0.069

23 99.9195 35.9931 0.0805 0.0069

24 99.8896 36.0939 0.1104 -0.0939

25 99.9767 35.9806 0.0233 0.0194

26 99.9201 35.9298 0.0799 0.0702

27 99.9108 36.1217 0.0892 -0.1217

28 99.8839 35.9689 0.1161 0.0311

29 99.9329 35.9861 0.0671 0.0139

30 100.0608 35.9255 -0.0608 0.0745

31 99.9421 35.8798 0.0579 0.1202

32 99.9748 35.9345 0.0252 0.0655

33 99.9421 35.9768 0.0579 0.0232

34 100.1386 35.9108 -0.1386 0.0892

35 100.1978 36.1013 -0.1978 -0.1013

36 99.9486 35.9971 0.0514 0.0029

37 99.8369 35.9734 0.1631 0.0266

38 99.9401 35.9889 0.0599 0.0111

39 99.8923 35.9932 0.1077 0.0068

40 99.9109 35.9876 0.0891 0.0124

41 100.1823 35.9692 -0.1823 0.0308

42 99.9921 35.9818 0.0079 0.0182

43 99.9974 35.9777 0.0026 0.0223

44 99.9321 35.9598 0.0679 0.0402

45 99.8821 35.991 0.1179 0.009

46 99.932 36.1421 0.068 -0.1421

47 99.8459 35.9378 0.1541 0.0622

48 100.0764 35.8761 -0.0764 0.1239

49 99.9585 35.9078 0.0415 0.0922

50 99.9751 35.961 0.0249 0.039

51 99.9844 35.9732 0.0156 0.0268

52 99.9158 35.9748 0.0842 0.0252

53 100.1198 35.9179 -0.1198 0.0821

54 99.9676 35.9871 0.0324 0.0129

55 99.9911 35.9928 0.0089 0.0072

56 99.9262 36.098 0.0738 -0.098

57 99.9378 36.1089 0.0622 -0.1089

58 99.8792 35.9578 0.1208 0.0422

59 99.9258 35.9499 0.0742 0.0501

60 99.9752 35.9892 0.0248 0.0108

61 99.9821 35.8705 0.0179 0.1295

62 99.9868 35.907 0.0132 0.093

63 99.948 35.9832 0.052 0.0168

64 99.9032 36.1391 0.0968 -0.1391

65 99.9267 35.9751 0.0733 0.0249

66 99.8459 35.9178 0.1541 0.0822

67 99.9132 35.9957 0.0868 0.0043

68 99.9531 35.9788 0.0469 0.0212
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Average Dimension A (mm) Average Dimension B (mm)

99.95672647 35.97854412

Standard Deviation Dimension A (mm) Standard Deviation  Dimension B (mm)

0.077843938 0.062170033

Upper control limit (UCL) Dimension A (mm) Upper control limit (UCL) Dimension B (mm)

100 36

Lower control limit (LCL) Dimension A (mm) Lower control limit (LCL) Dimension B (mm)

99.8999 35.8999
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Process Capability  Potential Capability

Dimension A (100mm) Dimension A (100mm)

(UCL - LCL) / 6*ST.DEV (UCL-LCL) / 6*Est. St.Dev

0.214317694 0.6673

Cpk Process Capability Index with respect to Process Centering Process Performance Index with respect to Process Centering

Dimension A (100mm) Dimension A (100mm)

0.045090068 0.84088491

Process Capability  Potential Capability 

Dimension B (36mm) Dimension B (36mm)

(UCL - LCL) / 6*ST.DEV (UCL-LCL) / 6*Est. St.Dev

0.26835008 0.6673

Cpk Process Capability Index with respect to Process Centering Process Performance Index with respect to Process Centering

Dimension B (36mm) Dimension B (36mm)

0.048507391 0.89523092
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Pareto Chart of Causes of Over/Under Tolerance CNC Milling
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Run Feed Rate (mm/min)Spindle Speed (RPM) Coolant  Depth of Cut (mm)Dimesnion A (mm) Dimension B (mm)

1 300 1800 On 0.5 99.8736 36.0839

2 300 1900 On 0.5 99.913 36.021

3 300 2000 On 0.5 99.9347 35.9843

4 300 1800 Off 0.5 100.1134 36.0347

5 300 1900 Off 0.5 100.0854 36.0289

6 300 2000 Off 0.5 100.0129 35.9865

7 300 1800 On 1 100.0089 35.8921

8 300 1900 On 1 99.983 36.0347

9 300 2000 On 1 99.9934 35.9843

10 300 1800 Off 1 100.0559 35.8932

11 300 1900 Off 1 100.0453 35.8743

12 300 2000 Off 1 100.0289 35.9321

13 300 1800 On 4 100.0834 35.8643

14 300 1900 On 4 99.9853 35.9214

15 300 2000 On 4 99.9634 35.9287

16 300 1800 Off 4 100.142 36.0732

17 300 1900 Off 4 100.1021 36.0714

18 300 2000 Off 4 100.0436 36.0243

19 350 1800 On 0.5 99.9109 36.0315

20 350 1900 On 0.5 99.9421 35.979

21 350 2000 On 0.5 99.9578 35.9598

22 350 1800 Off 0.5 99.8923 35.9932

23 350 1900 Off 0.5 99.9341 35.9854

24 350 2000 Off 0.5 99.9398 35.9832

25 350 1800 On 1 99.9941 36.0219

26 350 1900 On 1 99.9643 35.9832

27 350 2000 On 1 99.9704 35.9921

28 350 1800 Off 1 99.9879 36.0931

29 350 1900 Off 1 100.0348 35.9843

30 350 2000 Off 1 99.9893 35.9802

31 350 1800 On 4 99.9332 36.0561

32 350 1900 On 4 99.916 36.0042

33 350 2000 On 4 99.9379 35.9721

34 350 1800 Off 4 100.1082 36.0145

35 350 1900 Off 4 100.0413 35.9934

36 350 2000 Off 4 99.991 35.992

37 400 1800 On 0.5 99.9023 36.0461

38 400 1900 On 0.5 99.9329 35.9842

39 400 2000 On 0.5 99.942 35.9898

40 400 1800 Off 0.5 100.0265 36.0871

41 400 1900 Off 0.5 99.9901 36.009

42 400 2000 Off 0.5 99.9937 35.9356

43 400 1800 On 1 99.9632 35.981

44 400 1900 On 1 99.9856 35.9972

45 400 2000 On 1 99.9873 35.9914

46 400 1800 Off 1 100.0457 36.0205

47 400 1900 Off 1 100.0721 35.9821

48 400 2000 Off 1 99.9929 35.9859

49 400 1800 On 4 100.0042 36.0403

50 400 1900 On 4 99.9874 35.9621

51 400 2000 On 4 100.0293 35.9742

52 400 1800 Off 4 100.0421 36.0265

53 400 1900 Off 4 100.0287 35.9957

54 400 2000 Off 4 99.9871 35.9761
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APPENDIX GA36b

LEVEL 5 ASSESSMENT SPECIFICATION

Student name: | Rhys Brannan Student ID number: | 2220980

Programme: BEng Mechanical and Manufacturing Engineering, BEng Manufactu
Systams Engincering, BEng Matorials Engincoring, SEng Advanced
Manufacturing Engineering

Module: Six Sigma Green Belt
: Contribution — 10 100
Module code: | ACMA 5005 o oduls | 100%
Assessment (%):
Lecturer: Andrew Thorn Internal Verifier: | Kelvin Lake

Assignment Title: | Undertaking a Green Belt| Word count (or | 3,000 words
Project equivalent):

2900412024 Return date of | 27/05/2024
provisional - marks
& written feedback:

‘Allwritten assessments, where practical and possible, must be submitied via

Submission Tunitin unless otherwise instructed by the Lecturer. (Please DO NOT put this
metho assessment specification into Turnitin or it will match many similarities with
other students’ submissions.)
Alternative submission method (if applicable):
Late submission of the assessment will result in a late penalty mark.
Penaltes for late submission: Up to one week late, maximum mark of 40%.
Over one wesk late, 0%. Only the Extenuating Circumstances Panel may
approve a change to submission dates
Academic Academic honesty s required. In the main body of your submission you must
honesty / give creditto authors on whose research and ideas your work s based. Append
referencing: o your submission a reference lst that indicates the books, artcles, etc. that

you have used, cited or quoted i

complete this assessment

WModule Learning Outcomes
(from module syllabus)

Upon the successful completion of this module, the student should be able to

+ Demonstrate a range of tools and techniques when applying the six sigma DMAIC
methodology to a chosen problem.
+ Design and execute a Six Sigma Green Belt project
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