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[bookmark: _Toc123287683]Six Sigma and Assignment Introduction

The objective of this assignment is to select a particular product within the organization and apply a statistical Six Sigma approach that can provide the organization a methodological tool in an attempt to improve the businesses workplace process and reduce product variation which in turn can lead to product defect reduction. This can improve product quality, employee morale and also most importantly the company’s profit therefore, the organization can remain competitive in this ever growing and competitive marketplace. 

[bookmark: _Toc123287684]What is Six Sigma?

Six Sigma can be termed as a method that can provide organizations tools, such as sets of management techniques and principles in order to improve their processing capabilities and performance by reducing the probability that production errors or indeed defects that occur.  The Six Sigma methodology can be used to decrease process variation which, in turn lead to the improvement in profit, quality of the product and also the employee/s morale.  Six Sigma was founded in the 19th century as a mathematical theory (Folaron, J. and Morgan, J.P., 2003).  However, it has ventured into today’s modern mainstream business world and now it its seen as one of the most refined and perfected methodological practices for improving businesses and customer satisfaction therefore, for this assignment a DMAIC approach will be used which, has roots in the (“plan, do, study and act”) cycle which, was introduced by an American Engineer Bill Smith who worked for Motorola.  DMAIC is an acronym for the following phase order of the Six Sigma: 
1. Define (characterization) - identifying the problem which need to be solved
2. Measure (characterization) - quantification using data of extent of issue
3. Analyze (characterization) - review the process map to identify root cause
4. Improve (optimization) - focus on idea on how to reduce process variation
5. Control (optimization) - maintain the change implemented after study
[bookmark: _Toc123287685]Ideology and Principles of Six Sigma in the Workplace

The goal of applying Six Sigma is to reduce variation in order to optimize quality control and in combination with Lean, also to reduce waste.  For most organizations, the Six Sigma data-driven approach methodology can be defined as a measure of quality which, can strive for near perfection by eliminating operational defects which in turn, can lead towards “six standard deviations” between the specification limits and the mean.   With this in mind, by using “Lean” Six Sigma the process methodology aims to reduce not just the process waste or defects, but also to provide a framework to the overall cultural change and mindset of the organization which can lead to greater profitability and increased efficiency from both the managers and employees by paying attention to how waste affects their production processes.  The primary goal here is to deliver the maximum benefit to the customer/organization by any changes to the processes or procedures and establish a “clear” standard to a particular quality which is demanded by the customer

[bookmark: _Toc123287686]Company Overview for the Six Sigma Task

LSN Diffusion is a leading manufacturer of Nickel, Cobalt and Fe based alloys predominantly used for thermal spraying with a spectrum of many chemical analyses and particle size distributions which are sold world-wide.  Our powders can be used for general hard-facing application, laser additive, hipping and also can be used in aerospace industries for high temperature brazing.  Material must therefore be of a high quality.




[bookmark: _Toc123287687]LSN’s Manufacturing “Atomizing” Process

Similar to a food recipe, melt charges are formulated and assembled using metallic raw material which are melted using induction type furnaces.  Molten metal is then converted to powder by atomizing technology.  Once the material is atomized and screened to a particular particle size distribution, the material is analyzed using analytical equipment such as ICP which determines the final chemical composition of the finished product.  Material is then usually certified and shipped to customers. 

The atomizing process that converts molten metal to powder can be seen in (fig 1) below
(fig 1)
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[bookmark: _Toc123287688]Project Charter

As per (fig 2) the project charter represents the intended Six Sigma study.  The project charter details and lays-out the objectives.  As stated by Starns, V.A., (2019), a project charter can be rich in clarity and give easily adequate information so it can be understood by all ranks of hierarchy within the organization of its particular goals.

(fig 2)
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[bookmark: _Toc123287689]Define Phase

This initial define phase would normally start only after a particular problem issue has been identified which is desired to solve.  This may also include a specific problem statement which would identify the objectives.  The primary goal or purpose is to ensure that the focus is on the particular problem or issue (Watson, G.H. and DeYong, C.F., 2010).


[bookmark: _Toc123287690]Problem Statement

LSN Diffusion Ltd currently has a high rejection rate of material which is for sure costly to the organization.  In today’s market, the energy and also the material costs involved when replacing or rectifying material could indeed put the company at financial risk.  Material is normally rejected if the product does not meet specific specification criteria.  However, some of the rejected material could be subjected for customer concession depending on the severity of the particular defect area.  General criteria for rejections can include:

· Chemical composition  
· Particle size distribution
· Physical properties
· Physical appearance
· Welding characteristics





[bookmark: _Toc123287691]Recorded Rejection Rate

Rejected material is logged and discussed on a regular basis.  As per (fig 3) below, this data set denotes the total overall failures which has occurred ~back-end of 2022 (LSN ~Q3/4).  Rejection and customer concessions data are routinely collected and discussed in an attempt to drive improvement within the business.  Data here is shown as rejected “line items” or individual works orders.  The pie-chart below shows that ~48% of the material has been rejected on chemistry composition alone which, has the highest cost associated with it.   Material in this instance has to be remelted therefore includes additional energy and material associated costs.  The second highest cause of rejection is that of particle size distribution.  However, particle sizing can be adjusted by the process of re-sieving therefore, this can be regarded as a “easy-fix”

(fig 3)
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The tables below as seen in (fig 4) & (fig 5) shows the actual breakdown per fault mode on rejected material produced between ~Sep and Nov-2022.  The data is presented as the following:
· Rejected line items
· Rejected tonnage (batch size qty)
· Percentage rejected by weight

(fig 4)
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(fig 5)
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[bookmark: _Toc123287692]SIPOC Diagram

A SIPOC diagram as per (fig 6) below has been used as a visual representation of our business processes.  The ideology of this visual representation is to define the inputs and outputs of LSN’s processes and can also be used to determine inefficiencies which can trigger process improvements.  The objective of this SIPOC is an attempt to bring all personnel on the same page in regards, to our processes.  This transparency is useful to stimulate debate to the identification of problem-solving actions (Galli, B.J., 2018).

 (fig 6)
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[bookmark: _Toc123287693]LSN Diffusion’s Process Map

The “overall” process and “detailed” map of LSN can been seen in (fig 7) below.
(fig 7)
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[bookmark: _Toc123287694]Measure Phase

The measure phase details the “extent” of the problem in regards, to data.  The data must be the measure of the process performance in the “current” state.   The measure phase also requires as much applicable data as possible in order to quantify the problem or issue.  For this particular stage of the project to be successful requires the co-ordination of various departments within the organization (Krishnan, B.R. and Prasath, K.A., 2013).

[bookmark: _Toc123287695]Pareto Analysis of initial Rejection Data

From the data collected a Pareto analysis was conducted.  The Pareto principle is a toll which is commonly known as the 80/20 rule whereby, from a theory perspective that 80% from the output from a system can be determined from the 20% of the input (typical distribution).  This particular tool can be useful when a decision or indeed many decisions need to be made that could help organizations improve their processes.  A Pareto analysis of data can potentially identify key issues or problems within the business.  This particular technique is coined by an Italian economist namely “Vilfredo Pareto”.

From a tonnage perspective using the 80/20 Pareto rule (and as seen in previously in fig 4 & 5), material failure on “particle size” alone makes-up the majority of the total of rejected quantity.  However, material here may have been submitted to laboratory for evaluation several times until particle size allowable limits were met thus, dis-jointed overall picture of rection cause.  From a sample of data below in (fig 8 & 9), nearly 19,000 kg have been rejected on chemistry composition alone with no obvious pattern to failure!  This represents ~5% of material produced in this period which constitutes to ~£50,000 per month in energy and labour costs to re-produce.  This main focus of the project will be on this particular area.
(fig 8)
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(fig 9)
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[bookmark: _Toc123287696]Analyze Phase

At the analyze stage of the project the particular problem or root cause within the production process can be identified.  The analyze phase consists of reviewing all of the production processes with an intent to improve its efficiencies therefore, the goal of the analyze phase is to validate the root cause of the problem and gain a better and more detailed knowledge of it.  Once the problem has been identified, it then time to seek ways to reduce rejection causing defects by removing variation and bottlenecks (Prasad. Et al, 2012).

[bookmark: _Toc123287697]The 5 “Why’s”

A problem-solving technique such as the “5 Why’s” was developed and used in this study as an attempt to identify/solve and reduce the rejection rates by repeatedly questioning “why”.  Ideology or goal of this technique explores the cause and effects to a particular issue or issues.  This strategy can lead to the particular root-causes of problems encountered.  This can root-cause analysis tool as below in (fig 10) can also be used if followed through to prevent the undesired effects from re-occurring (Serrat, O., 2017).
(fig 10)
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[bookmark: _Toc123287698]Ishikawa Modelling

In combination with the “Five Why’s” ideology for this Six Sigma project, another analysis tool commonly known as a “Ishikawa diagram” can be implemented.  According to Radziwill, N., (2017), this particular tool can be used to explore potential causes which, may result in a defect or indeed a series of defects or failures.  This tool as in (fig 11) also known as a “fishbone” diagram was originally created by a Professor Kaoro Ishikawa in the early 1960’s.  This concept consists of fours basic steps which can help to drill down to the potential root cause of the problem which can consist of:
· Identification of “possible” root cause
· Identification of the original problem
· Identify the factors involved in the problem
(fig 11)
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This cause-and-effect type diagram information can show links that may exist between that of the issue or problem to that of the potential root-cause thus providing means of generating ideas which can, therefore, lead to the broadening of thinking and to see the overall picture (Coccia, M., 2018). 
[bookmark: _Toc123287699]Improve Phase

The improve phase of a sig sigma project or study is where potential solutions of the particular issues can be found by identifying the root causes.  It is also regarded as a “creative” phase of such a study as it can be not too reliant on data gathered.  Here, people are encouraged to participate in the thinking or brainstorming of problems and collectively come up with ideas for solution which can be considered as the main purpose of this phase.  Focus here is also to help develop ideas in order to reduce or remove certain variations in a process.  Several steps can help attain or navigate the improve stage can consist of:
· Create a list and select of potential or beneficial solutions
· Use a pilot scale to test a proposed solution
· Determine whether or not such a project goal had positive impact

[bookmark: _Toc123287700]Poke Yoked

The batch records (hard copies) from all rejected batches were re-examined.  As mentioned, a high number of batches were rejected on chemistry composition alone!!  From the 5 Whys and the Ishikawa tools, focus was on “why” LSN had a higher reject rate in regards, to chemistry failures.   The ABS system which, is used at LSN Diffusion is a computer program whereby all virgin and revert compositions are entered then charges can be calculated to produce fresh material.  As can been seen (fig 12 & 13) the number of rejected batches of material were “poke-yoked” into material being produced from material with “known” chemical analysis v material produced with “unknown” chemical analysis.  In regards, to material with unknown chemistry compositions, average or theoretical values are manually entered into the ABS system so fresh material can be produce without the need for using expensive virgin raw material which, cuts down the overall inventory metal on site.

(fig 12)
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(fig 13)
[image: Chart, pie chart

Description automatically generated]

[bookmark: _Toc123287701]Summary of Re-evaluated Chemistry Failures

The data here suggests that there is a ~ratio of 3:1 in regards, to material being rejected when average of theoretical “assumed” chemistries are produced than that of material with known and validated ICP chemical analysis data. 

Examples of melt charge sheet using average, theoretical compositions can be seen in (fig 14, 15, 16 & 17) 
(fig 14)
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(fig 15)
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(fig 16)
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(fig 17)
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[bookmark: _Toc123287702]Predicted Cost Saving if LSN Used Known Composition in Charges

From the data collected between average/theoretical charges if LSN Diffusion “only” used known analyzed revert, then the rejected material in regards, to chemical composition may decrease by ~75%.  However, this would equate to ~25% of the total failures when taken into accounts all failure modes.  As mentioned, costs “£’s” on chemistry failures are high as material would often need to be freshly re-produced.  Although, it’s rather difficult to quantify exact cost, estimates are however, in the region of £ 30 to 40 k per month.  
[bookmark: _Toc123287703]Control Phase

For any Six Sigma project, the objective of the control phase is to validate and measure any process improvements made and implement particular control plans within the process.  Even after the project has ended, the control phase seeks to assign and allocate responsibility as well as accountability to ensure new or revised operating procedures are strictly adhered to, so gains made by the project are indeed maintained.  This may include cultural change within the organization and the retraining of personnel with an intent on including the “previously” excluded!

[bookmark: _Toc123287704]Rejection Data Post Control Phase

For the period mid Nov to year end 2022 a more focused approach was taken in regards, to charge make-up contract review and the material used within the melt’s charges.   Due to the company’s expansion the laboratory as well as other departments, additional personnel have been employed to the team.  Ideology of this project was to reduce chemistry rejects by using known revert rather than revert of a “assumed” composition.  However, to employ and train people to competent level to run a out of hour shift is a goal for 2023.  Although, back end of 2022 it was possible for the laboratory to extend their analytical time from 8 hours to ~14 hours due to the severity of the costs and risks of remelting revert on an assumed chemistry basis.  As shown in (fig 18 & 19) below, the total rejects for approximately same timeframe have reduced.  Not only the total quantity of rejects.  But also, the ratio of rejected material of known verses unknown which, is an instant financial cost benefit.  From a theoretical perspective, if all revert prior to melting were to be fully analyzed on three shift basis which, mimics the melt shift pattern then we would see a further reduction of costly re-works.  For this period, as per (fig 19) below, we have now seen a reduction in the overall rejections on a chemistry issue basis.  Of all melt charges now formulated by the use of unknown analyses, only ~22% have now been rejected.  
(fig 18)
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Fig (19)
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Rejection data for this period can be seen in (fig 20).  For each charge completed, a contract review and sign-off of the charge formulation will now also be taken place.  

[bookmark: _Toc123287705]Goals for 2023

· ~95% of remelt revert use with known chemical analysis
· ~95% of melt charges being contract reviewed
(fig 20)
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[bookmark: _Toc123287706]Project Evaluation

From the “Ishikawa” and “5 whys” modelling it appears that the high material rejection rate could be the result of using previous revert material with assumed chemical composition into fresh material.  A pilot study was therefore, conducted over several weeks whereby efforts were made to use more material with known analysis.  Using the same data format as previously, the data here as seen in (fig 21 & 22) suggests that improvements have been made.  It is important to note that however, that the production output between both periods (line items and tonnage) have been quite consistent therefore, values of rejected material as reported below for both time periods have been fair.
(fig 21)
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(fig 22)
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Between both periods regardless of using known or, unknown revert chemical analysis, the “overall” material rejected on chemistry have been reduced by ~50% of line items which, equates to ~10 k kg in tonnage as shown in (fig 23) below.  This indicates that there “may” be improved composition control on a higher proportion of material inventory on the shop floor at any one time.

(fig 23)
[image: ]

In order for this pilot study to continue, a contract review of charges must be completed with an official sign-off to validate that known chemistry compositions have been used going forward in the manufacture of fresh material.  Therefore, an MITP contract review checklist (fig 24) will be issued to the nominee/s as a new quality procedure from 2023.  This check sheet will be included in the quality assurance policy for auditing purposes for example.

The financial impact of the organization of such an improvement as shown in this project would be of great significance.  Although, LSN Diffusion produces a “niche” product, there are still competitors in this specialist field where we have to compete with.  Inventory at LSN Diffusion represents ~90% of the turnover therefore as mentioned the saving here could help us stay competitive in the marketplace.  It is also important to note that recently industries such as ours are now faced with high energy costs.  Therefore, the reduction of rejects will have an even bigger impact in the future to the organization

However, research does not prove, it merely indicates!
 (fig 24)
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Chemistry with Un-known Analysis 40 14215 75.8%
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REJECTED (LINE ITEMS) Chemistry with

Known Analysis
 23%
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CHARGE HAKE-UP REPORT
Charge Number : 92109 Date : 11/81/22
Alloy Code N338 Time : 87:52
Furnace T3
Material Bin Material  Location Kilos Class
Name Nunber Description Requested  Code
1.Carbon 728089 ke 0.133 (HTV )
2.Ni boron 728356 ke 8.497 (LTU )
3.Nickel 728220 KC 167 .8«(LTV )
.Nickel 728351 ke 51.336 (LT )
5.Silicon 728360 KC 9.2 (LTV )
6.N580 76913 Kesae 25.4 (STD )
7.N610 73356 KC 0.5«(STD )
8.N610 76007 Kesnc 54.9«(STD )
9.N610 76008 - 40.1 (STD )
Total Kilos Charged 3u9.9
The Final Weight will be 350.0 Kilos
————— solution - - - — — — - — — — pptimal - - - - - Number of





image16.png
Charge Number
Alloy Code
Furnace

Material
Name

1.Chrome
2.KBH
3.Nickel
4.F-Sinter
5.N384
6.N386
7.N387
8.N486
9.N580
168.Unclass

Total Kilos

CHARGE

92997
N48O -
@1

Bin
Number

728366
728577
728643
76261
76354
76352
76148
763208
76372

75813

Charged

The Final Weight will be

- - - - Solution - - - -

Actual Cost
086 .12

u

Cost/Lb
13.35373

HAKE-UP REPORT
Date : 11/22/2
Time : 09:34
Waterial  Location  Kilos  Class
Description Requested  Code
ke 2.455 (HTU )
Ke 2.021 (LTU )
ke 12.979 (LTU )
Ke 2.0 (sTD )
K 39.4 (STD )
Ke/AC 8.3 (STDO )
0.3%(STD )
17.0%(STD )
- 104.2 (STD )
ke 11.428 (SO )
300.0
300.0 Kilos
777777 optimal - - - - - Number of

Actual Cost

7 171 .4k

Cost/Lb Solues

"
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LSN Diffus
CHARGE

Charge Nunber : 92399
Alloy Code Nas7 -
Furnace )

Haterial Bin

Nane Nunber

1.carbon 728089
2.Nu98 76015
3.Nickel 728456
u.silicon 728360
5.Lshi2 760un
6.N387 7618
7.N387 761un
8.N387 76145
9.Unclass 73455
10.Unclass 73770
11.Unclass  7u872
12.Unclass 75004
Total Kilos Charged

The Final Weight will be

————— Solution - - - -
Actual Cost Cost/Lb
8,297.22  23.53492
Standard Gost Cost/Lb
4,355.12  12.44321

Sufficient Inventory Available for

Time
Material Location Kilos C:
Description Requested
ke 8.076 (HTY
ke 75.636 (LTV
KC 2.8 (LTY
(sTD
8.3 (STD
KC 8.4 (STD
350.0 Kilos
—————— optimal - - - - -

4 Identical Gharge(s)

11/68/22
06:54

lass

Code
)
)

Nunber of
b Solves

7
Lb
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CHARGE MAKE-UP REPORT

harge Number : 91935 Date : 10/26/22
illoy Code : CRCLASS - Time : 12:11
“urnace 1
Material Bin Material  Location Kilos Class
Name Number Description Requested  Code

1.COCRW-D45 75859 85.8«(Dental)

2.CRCLASS 75838 42.5«(Dental)

3.CRCLASS 75963 115.2 (Dental)

4.Chrome 727907 KC 21.6 (HTU )
5.Cobalt 728148 ke 48.2 (HTU )
6.Molybdenun 727766 ke 0.277«(HTV )
7.Molybdenum 728067 ke 8.856 (HTU )
8.Silicon 728266 ke 1.337 (LTV )
9.4 sheet 728065 ke 2.088 (HTU )
10.CoCrHo 72128 KC 0.8«(Dental)
fotal Kilos Charged 325.8

rhe Final Weight will be 325.0 Kilos
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Fault Mode Rejected Line Items | Rejected Kg | % Weight
Chemistry with Known Analysis 21 6389 78.4%
Chemistry with Un-known Analysis 6 1759 21.6%
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REJECTED (LINE ITEMS) - POST CONTRACT REVIEW

Chemistry with Un-_
known Analysis
22%
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221112022 N-101F52 76140 61 Chemistry LowSi~0.6% No Yes
22/1112022 | NWC58045PW1 | 76139 110 Chemistry Hiwh WC Content No Yes
201112022 N-200-PW1 76260 127 Chemistry Lows™0.7 Yes Yes
201112022 N-616D-F52 76312 567 Chemistry Low Cr (10.5%) No Yes
201112022 N-330L1 76320 122 Chemistry High'si No Yes
301172022 N-260-PL1 75650 an3 Chemistry Lowsi (1,4%) No Yes
01122022 N-320-PW1 74226 667 Chemistry Fluid (high 8 & i) No Yes
011212022 N-320-PW3 76405 863 Chemistry Fluid (high 8 & 5i) No Yes
011212022 N-320-PW3 76404 405 Chemistry Fluid (high 8 & i) Yes Yes
011212022 N-320-PW3 76427 518 Chemistry High Boron ~1.20% No Yes
04/12/2022 N-302-PL2 76410 267 Chemistry Crpickup No Yes
04/12/2022 N-550-F57 76566 131 Chemistry Soft (low Q) Yes Yes
06/12/2022 N-330PL2 76428 434 Chemistry | Hard ~38Rc Boron top end No Yes
07/12/2022 N-200PW1 76420 220 Chemistry Btosiratio !! No No
09/12/2022 N-330-56 76539 558 Chemistry High B. Hard No No
101212022 N-330-FS6 76569 997 Chemistry High B. Hard Yes Yes
101212022 N-330-FS6 76542 107 Chemistry High B & Si (hard No Yes
1211212022 N-480-PW1 76328 169 Chemistry cowcrac No Yes
131212022 N-280-PW1 76661 65 Chemistry Contaminated No Yes
131212022 | F-FeCriavisPLIE | 76521 2 Chemistry Lowcav Yes Yes
1611212022 N-C276-PLY 76701 54 Chemistry HighB& C No Yes
171212022 N-C276-PLY 76714 57 Chemistry HighB& C Yes Yes
181212022 | NigocraoHv2 | 76711 66 Chemistry High 8 =0.1% I No No
181212022 N-280-PW1 76805 235 Chemistry Sof lowB &.51 No No
20122022 | nigocrooFs7 | 76813 o7 Chemistry High § =0.1% I No Yes
20122022 | nigocr2o-Dw1 | 76820 123 Chemistry High 8 =0.19% I No Yes
2211212022 | NiBOCr20DM2 | 76889 173 Chemistry High S 0.1% 1 No Yes
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Fault Mode Rejected Line Items | Rejected Kg | % Weight
Total Chemistry Failures. Prior Study (Un-known Analysis) 40 14215 89.0%
Total Chemistry Failures. Post Study (Un-known Analysis) 6 1759 11.0%
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REJECTED (LINE ITEMS) - COMPARISON OF BOTH TIME
Total Chemistry PERIODS
Failures. Post
Study (Un-known _
Analysis)
13%
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Fault Mode Rejected Line Items | Rejected Kg | % Weight
Total Chemistry Failures. Prior Study 52 18765 69.7%
Total Chemistry Failures. Post Study 27 8148 30.3%





image25.png
MITP contract review checklist

Page Lof 1

Checklist/guideline of information that needs to be reviewed.
The below information is to be checked by the technical department.

Once all information is correct and accurate the paperwork can be
submitted to the shop floor

Information to checl

Charge Formulation Sheet and planner file
Does the following information matcl
- Furnace
- Product code

- Works order number
- Number of melts

Number Validation:
Are the Charge numbers unique?

Chemistry Validation:
- Does the Charge Formulation (ABS) match the product specification?
- Does the Revert WO numbers correspond to relevant alloy under "Material
Name"
- Does all the revert components of charge contain chemical analysis for
traceability

information check
sing information check
- Post-Processing information check
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To identify the root causes of rejects at LSN Diffusion Ltd and implement particular actions to reduce the occurance of failures

Problem Statement - A description of the problem at LSN Diffusion

Goal Statement - To define the particular target of the project / mission

LSN Diffusion currently has a high level of rejected material which does not meet
customer specification

The aim of this project is to reduce the material reject rate to less than 2%

Project Leader / role - Paul Corry - Technical Manager

Approach of project -

Six Sigma project

Voice of customer - To identify customers specifications

The definition of rejects

The customer must have good quality powder and to the correct specification
required by the customer

The current rejection rate at LSD is in excess of 5%

Key metrics - quantity of material rejected, cycle and replacement time,
increased capacity, Increase profit margins and especially the reduction of energy|

Estimated financial savings - in excess of £30,000 per month

Project scope - all material in the process need to be included as kpi's. All
"causes" of all rejected material need to be validated

Customers specification must be used to measure and validate against

Six Sigma project start date:

~Project completion date:

Nov-22 Jan-23
Project milestones: 1 2 3 4 5
Description: Define Measure Analyze Improve Control
Description type: | Characterization | Characteri: Characterization Optimization Optimization





