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01 - Introduction

									

The company seeks to reduce its defect rate by conduction of a DMAIC project using lean six sigma techniques. Six sigma is a tool that is used to improve the capability of a process (Asq, 2017). The company management focuses so much on the maximization of yield so that maximum profit can be earned. Reduction defectives directly relates with profit of the company.
Currently, Logic One Automation Ltd performs with a defect rate of more than 10%. The goal of this DMAIC project is to reduce the defect rate down to 3%. The inspection system at Logic One Automation Ltd includes a test for verifying proper insertion of pipes/end caps using a leak tester. Test results for last 3 months indicates more than 10% of units tested had failed the final test due to improper fixing of pipes and end caps. Process capability analysis on Minitab was done for this process and a Cpk value was 0.27 and DPMO was 377777.78.
The customer specification for the number of defectives is maximum 3% from total production as per company goals and objectives which is set under consultancy of top management. From the improvement of reducing the defect rate, it will save the company roughly £6000 per month. This project is planned to start in August 2020 and will be completed in November 2020.
Many gaps in the operation were identified by the team in this project. This project sets out the work and corrective/preventive actions for them. Below are points that were addressed in this project as per its action plan for sustaining process performances.
· Modifying process control parameters as required based on improvement opportunities.
· Training and awareness with skill matrix and competency evaluation
· Systematic document controlling for Standard Operating Procedures (SOPs), Working Instructions (WIs) and procedures.
· Supplier Quality Assurance (SQA)
· Supervision level enhancements & Workplace condition improvements
· Workplace layout modification for higher efficiency
· Proper inventory management plan



02 - Define Phase


2.1 Problem Statement/Discussion of the process being examined
The inspection system at Logic One Automation Ltd includes a test for verifying proper fixing of pipes/end caps using a leak tester. Test results for last 3 months indicates more than 10% of units tested had been failed from the test due to improper fixing of pipes and end caps.
The company specification for number of defectives was maximum 3% from total production as per company goals and objectives which set under consultancy of top management.
2.2 Quality Characteristics
· SIPOC Analysis
	Supplier
	Inputs
	Process
	Output
	Customer

	Pipe manufacturer

End caps manufacturer

Accessories suppliers


	Pipes

End caps

Accessories

Knowledge

Tools 


	Receiving

Testing

Assembling

Checking


	Radiators
	Distributors

Vehicle assembly line

Sales persons


Figure 1 - SIPOC Diagram
A SIPOC diagram is a tool used by a team to all the input & outputs of a project in a table form. It helps define a complex project that may not be well scoped (Simon, 2015).
From the SIPOC diagram, the process steps can be understood with its relationships with interested parties.





2.3 Critical-To-Quality (CTQ)

CTQ explains what points major impacts on final quality of product are and what the drivers for those are (Tools, 2013). These identified CTQs would be evaluated in the analyse phase for identifying relevant root causes under cause and effect diagram. That will help to taking proper corrective/preventive actions for avoiding/minimizing non-compliance in the operation.

[image: ]
Figure 2 - Critical To Quality Diagram




2.4 Process Mapping
A process map is a type of walk through step by step guide on the different processes/decisions that need to be made during the project from start to finish (Lucid, 2016). The entire process is described by below process flow charts. The total process is shown below in figure 03. From purchasing raw materials to handing over finished product to customer had explained from figure 03 with decision making steps established inside operation.

[image: E:\Fiverr\Orders done\6 Sigma\Garethwillia174\PFD.PNGPFD]
Figure 3 - Process Flow Diagram







03 - Project Charter


A project charter is a document that lays out the scope and objectives of the chosen project. The project charter is a live document that is used throughout the project (Ray, 2017). Below in Fig.1is the project charter for this project.
	Project Name
	Defect reduction of end capping process

	Project sponsor
	CEO

	Date of Project approval
	November 2020

	Project scope
	This project scope covers the process from receiving of raw materials to finishing the final product including all stake holders attached to this operation

	Problem statement
	We currently have more than a 10% defect rate

	Goal
	To achieve 3% by April 2020 

	Project Team
	Person A (LM): Champion of project
Person B (NG): Electrical Process & Safety
Person C (SJ): Test & Operation
Person D (SH): Project Manager
Person E (GW): Design
Person F (JF): Software Instillation
Person G (JW) : Manufacturing

	Communications plan
	In this project we need to communicate with as below department heads under leadership of person A & D
Person C: Purchasing
Person D: Receiving Inspection
Person G: Assembling
Person B: Final checking
Person E: Designing

	Project Risk
	In this project, the risks below can occur.
· Due to correction or rectifications project time can be delay.
· Operational time can delay due to project.
· During the defects (rejection) investigation if found someone guilty management will take action.


	Benefits of project

	If we achieve less defectives, then then benefits will be;
· Cost saving (approx. £6k per month)
· Increase profit margin
· Management Learn the efficiency of work
· Skill growth of staff
· Minimize defect rate
· Customer satisfaction


Figure 4 - Project Charter

04 - Project Timeline


It is important for a project to follow a timeline as it sets out all of the aims and objectives of the main milestones within the project and also gives the team members a guide to follow so that they know if they are on track with their tasks (Stepanov, 2017).
	Phase
	Activity
	August-2020
	September-2020
	October-2020
	November-2020

	Define
Phase
	
Team formation

	X
	
	
	

	
	
Finalizing project charter

	X
	
	
	

	Measure
Phase
	Training
	
X

	
	
	

	
	Gathering data
	


	X
	
	

	Analyze
Phase
	Analyzing data
	


	
	X
	

	Improve
phase
	Selecting solutions
	


	
	X
	

	Control
Phase
	
Developing implementation plan

	


	
	
	X

	
	Monitoring results
	


	
	
	X

	
	Closure and Recognition
	


	
	
	X


Figure 5 - Project timeline


05 - Project Team



	Name of team members
	Functional Role
	Project Experience

	Person A - LM
	Project leader
	Project sponsor

	Person B - NG
	Team Leader
	Master Black belt

	Person C - SJ
	Team member
	Potential Black belt

	Person D - SH
	Team member
	Potential Green belt

	Person E - GW
	Team member
	Potential Green belt

	Person F - JF
	Team member
	Potential Green belt

	Person G - JW
	Team member
	Potential Green belt

	Person H - RE
	Team member
	Potential Green belt


Figure 6 - Project Team Members







06 - Communication Plan



	Name

	Department
	Communication frequency
	Communication way

	Person C
	Purchasing
	Once a week

Daily

	Face to face dissection

On the job 

	Person D
	Receiving Inspection

	Once a week

Daily

	Face to face dissection

On the job 

	Person E
	Assembling

	Once a week

Daily

	Face to face dissection

On the job 

	Person F
	Final checking

	Once a week

Daily

	Face to face dissection

On the job 

	Person G & H
	Designing
	Once a week

Daily

	Face to face dissection

On the job 


Figure 7 - Communication Plan


07 – Measure Phase



7.1 Data collection
Based on CTQ analysis and other considerations, data was collected from two process steps.
1. Data on identified non-compliance of receiving pipes/end caps against specifications.
2. Data on identified defectives by leak test on final checking.

7.1.1 Data Collection plan
This plan explains how the data collection process was planned in this six-sigma project. During the data collecting process, responsibilities and authorities were shared for proper operation. Two points were identified to collect data to be analysed during the analyse phase of this project.

[image: ]
Figure 8 - Data Collection Plan







7.1.2 Summarized data on identified non-compliance of receiving pipes/end caps against specifications.

[image: ]Target values

Figure 9 - Customer Product Dimensions

	Dimension A
specifications
269.50 ±0.3%  (268.69-270.30)mm
	Identified Qty

	-0.5%
	268.1525
	1

	-0.4%
	268.4220
	3

	-0.3%
	268.6915
	3

	-0.2%
	268.9610
	14

	-0.1%
	269.2305
	22

	Target
	269.5000
	25

	+0.1%
	269.7695
	31

	+0.2%
	270.0390
	39

	+0.3%
	270.3085
	45

	+0.4%
	270.5780
	16

	+0.5%
	270.8475
	1

	Dimension B
specifications
281.80 ±0.3%  (280.95-282.64)mm
	Identified Qty

	-0.5%
	280.3910
	1

	-0.4%
	280.6728
	12

	-0.3%
	280.9546
	3

	-0.2%
	281.2364
	15

	-0.1%
	281.5182
	11

	Target
	281.8000
	19

	+0.1%
	282.0818
	81

	+0.2%
	282.3636
	32

	+0.3%
	282.6454
	14

	+0.4%
	282.9272
	6

	+0.5%
	283.2090
	6


Figure 10 - Dimension Tolerances
· Total items checked at receiving inspections: 200 samples from 200 lots.
· The company specifications were ±0.3% for any dimension of incoming materials.
· As per incoming inspection procedure, the sample size for each lot was minimum 10%.
· All data collected was recorded with batch details for further analysis purposes.












7.2 Measurement System Analysis (MSA)

The existing measurement system was evaluated using Gage R&R study on Minitab statistical data analysis software. The company procedure was to take the average value of three measurements of the same unit. Then the measurement system analysis using Gage R&R study was performed based on the measuring of dimension A.

[image: ]
Figure 11 - Minitab Gage R&R Data
Based on the results of gage R&R test for MSA, there is no significant impact on the number of defectives identified by measuring. Therefore, the project team was focused on variations of receiving materials against company specifications.
[image: ]
Figure 12 - Gage R&R Study Data
7.3 Process capability Analysis

[image: ]
Figure 13 - Process Capability Analysis for Dimension A
Considering the impact of a defective item occurring, the team identified dimension A as the most important measurement. The variations of the diameter of end caps causes them to not fit properly when fitting with radiator. The target value of dimension A was 269.50mm. As per company specifications, 0.3% tolerance was accepted. Then range for dimension A was 268.69 - 270.30mm. The process capability analysis on Minitab was done and Cpk value was 0.27 and DPMO was 377777.78.





7.4 Failure Modes and Effects Analysis (FMEA)
Failure Mode and Effects Analysis (FMEA) is a tool used to try and identify and potential failures that can occur with a product or process. It aims to reduce the effects of failure and in turn reduces the amount of waste, defective parts, and harmful outcomes (Morgan, 2016).
A FMEA was conducted to identify any potential failures that can happen on the operation of fitting the end caps/pipes to the radiator core. The identified potential failures were evaluated for impact of final product quality based on its severity of failure(R), probability of happening (P) and detectability (N) under existing controls. After multiplying R & P & N, the failures with higher RPN values were considered as most critical possible failures which can highly impact on the quality of final product.

[image: ]
Figure 14 - FMEA Diagram










08 - Conclusion



The aim of this report was to apply the define and measure stages of DMAIC to a project in my workplace. I used a recent project that was carried out where we were experiencing a high rate of rejected radiator core parts that were failing the leak test after the end caps and inlet pipes had been assembled. This was resulting in the customer, Jaguar Land Rover who were receiving the end products being unhappy with the products as it was causing them to lose money from having to scrap parts and was also having a negative effect on the production team who did not have enough good parts to assemble to the cars.
After carrying out the define & measure stage it was clear to see that there was an issue with the dimensions of the end caps that were being supplied. If the end cap was not within specification, then it would not seal the radiator core properly which would result in the leak test failing the part.
Now that the root cause had been identified, it allowed the team to look further into the manufacturing process on the end caps to make sure that they were being manufactured within the tolerances set out in the specification. 
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Gage R&R Study - ANOVA Method
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