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Company profile Company profile -- SixSigmaIn TeamSixSigmaIn Team

SixSigmaIn Team  SixSigmaIn Team  -- Lainate (Milan Area, Italy) Lainate (Milan Area, Italy) 

The distinguishing feature of SixSigmaIn Team consists in the meThe distinguishing feature of SixSigmaIn Team consists in the merging of competencies related to rging of competencies related to 

Statistical Problem Solving, Adult Learning, Business IntelligenStatistical Problem Solving, Adult Learning, Business Intelligence and Tools Development. ce and Tools Development. 

SixSigmaIn Team provides advanced and customized DMAIC, DFSS, DeSixSigmaIn Team provides advanced and customized DMAIC, DFSS, Design of Experiments, sign of Experiments, 

Tolerance and Reliability Analysis trainings and solutions for aTolerance and Reliability Analysis trainings and solutions for an effective industrial application of n effective industrial application of 

statistical analysis with the best statistical tools.statistical analysis with the best statistical tools.

SixSigmaIn TeamSixSigmaIn Team’’s clients include the Italian locations of companies such as Sies clients include the Italian locations of companies such as Siemens VDO ( now mens VDO ( now 

Continental Automotive Italy ), Osram Sylvania,  Cabot , Rolls RContinental Automotive Italy ), Osram Sylvania,  Cabot , Rolls Royce, Philips, Reckittoyce, Philips, Reckitt--Benckiser, Benckiser, 

G.D Group, Zeiss Vision, Saes Getters, Diasorin, GSK, Solvay PhaG.D Group, Zeiss Vision, Saes Getters, Diasorin, GSK, Solvay Pharma and others. rma and others. 

Some Decision Support Systems / Stat Tool developed by SixsigmaISome Decision Support Systems / Stat Tool developed by SixsigmaIn Team:n Team:

•• MTBridge Engine MTBridge Engine ©© : Minitab Automation Tool: Minitab Automation Tool

•• Champion of Italy Champion of Italy ©© : Monte Carlo Simulation and Tolerance Analysis add: Monte Carlo Simulation and Tolerance Analysis add--in for Minitabin for Minitab

•• R&M 2000 R&M 2000 ©© :  statistics application to analyze, target and control pharma:  statistics application to analyze, target and control pharma products market share products market share 

•• R&M Rules and Maps R&M Rules and Maps ©© : software tool and book for strategic marketing and position a: software tool and book for strategic marketing and position analysis.nalysis.

International Collaboration NetworkInternational Collaboration Network

•• SStattat--Ease Inc  Ease Inc  

•• BMG Breakthrough Management Group Inc    BMG Breakthrough Management Group Inc    
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Company profile Company profile -- Casappa S.p.A.Casappa S.p.A.

Casappa S.p.A. Casappa S.p.A. –– HQ: Parma (Italy)HQ: Parma (Italy)

Casappa was founded in 1952. Casappa was founded in 1952. 

Through the holding Finrel SpA controlled by the Casappa Through the holding Finrel SpA controlled by the Casappa 
brothers, it groups 7 subsidiary companies and 5 associated brothers, it groups 7 subsidiary companies and 5 associated 

companies.companies.
The group has more than 1300 employees and had a turnover of The group has more than 1300 employees and had a turnover of 

227 million euro in 2008. 227 million euro in 2008. 

The core business of Casappa SpA is Hydraulics:The core business of Casappa SpA is Hydraulics:

-- external gear pumps and motorsexternal gear pumps and motors
-- axial piston pumps and motors (fixed and variable displacement)axial piston pumps and motors (fixed and variable displacement)

-- filtersfilters

High technology and great attention to High technology and great attention to 
Research & Development are essential to Research & Development are essential to 

the Company. the Company. 

Highly customerHighly customer--oriented, Casappa cooriented, Casappa co--

designs customized solution with the designs customized solution with the 
biggest world leader manufacturers of biggest world leader manufacturers of 

earthmoving and agricultural machinesearthmoving and agricultural machines
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Company profile Company profile -- Casappa S.p.A.Casappa S.p.A.

Some customers:Some customers:

AGCOAGCO

AMMANAMMAN--YANMARYANMAR

ATLAS COPCOATLAS COPCO

CATERPILLARCATERPILLAR

CNHCNH

DOOSAN INFRACOREDOOSAN INFRACORE

DAIMLER CHRYSLERDAIMLER CHRYSLER

GUIMA PALFINGERGUIMA PALFINGER

HYUNDAI HYUNDAI 

HYVA INTERNATIONALHYVA INTERNATIONAL

IRIR--BOBCATBOBCAT

JUNGHEINRICHJUNGHEINRICH

KOMATSUKOMATSU

MANITOUMANITOU

MANITOWOCMANITOWOC--GROVEGROVE

STILL WAGNERSTILL WAGNER

TEREXTEREX

TEXTRONTEXTRON

TOROTORO

TOYOTATOYOTA

VOLVOVOLVO

ApplicationsApplications
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The presentersThe presenters

Maria Pia DMaria Pia D’’Ambrosio Ambrosio -- SixSigmaIn Team sncSixSigmaIn Team snc

Maria Pia works as Senior Trainer at her own Company Maria Pia works as Senior Trainer at her own Company –– SixSigmaIn Team.SixSigmaIn Team.

She studied Chemistry at University of Milan and she worked as PShe studied Chemistry at University of Milan and she worked as Process Engineer for metallurgical rocess Engineer for metallurgical 

Companies for about 15 years. Companies for about 15 years. 

She has been involved in the Six Sigma activities and Statistic She has been involved in the Six Sigma activities and Statistic since 1997 and is a BMG Certified since 1997 and is a BMG Certified 

Master Black Belt.Master Black Belt.

Her main specialization knowledge is Design of Experiments, ToleHer main specialization knowledge is Design of Experiments, Tolerance and Reliability Analysis. rance and Reliability Analysis. 

She is Design Expert and  Minitab teacher / specialist.She is Design Expert and  Minitab teacher / specialist.

Her main activities are coaching, tutoring and supporting peopleHer main activities are coaching, tutoring and supporting people and Companies to get a major and Companies to get a major 

breakthrough in their processes.breakthrough in their processes.

Marco Manara Marco Manara -- Casappa S.p.A. Casappa S.p.A. 

Engineering Manager of the gear pumps and motors business unit aEngineering Manager of the gear pumps and motors business unit at Casappa HQ.t Casappa HQ.

Six Sigma Black Belt (certified by BMG Six Sigma Black Belt (certified by BMG -- Breakthrough Management Group Breakthrough Management Group -- in 2008). in 2008). 

Deeply involved in the Six Sigma deployment in Casappa, he has sDeeply involved in the Six Sigma deployment in Casappa, he has started a process of retarted a process of re--

engineering and reengineering and re--designing several company products, using statistical definitiondesigning several company products, using statistical definition of the process of the process 

tolerances and Design For Six Sigma concepts. tolerances and Design For Six Sigma concepts. 

In the last two years, among other responsibilities, he has beenIn the last two years, among other responsibilities, he has been working on developing several working on developing several 

models for tolerance analysis application.models for tolerance analysis application.
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SixSigmaIn Team & SixSigmaIn Team & Casappa S.p.A.Casappa S.p.A. collaborationcollaboration

Our collaboration started in 2006Our collaboration started in 2006

Main works together:Main works together:

•• Six Sigma and Advanced Statistics TrainingSix Sigma and Advanced Statistics Training

SixSigmaIn has been in charge of training Green SixSigmaIn has been in charge of training Green 

and Black Belts during the Casappa Six Sigma and Black Belts during the Casappa Six Sigma 

program deploymentprogram deployment

•• Optimization of measurement systemsOptimization of measurement systems

This was the key project carried out during the first This was the key project carried out during the first 

two years of  Six Sigma deploymenttwo years of  Six Sigma deployment

•• Tolerance analysis studiesTolerance analysis studies

The example published on Palisade website The example published on Palisade website 

concerned  the optimization of the assembly for a concerned  the optimization of the assembly for a 

low noise gear pumplow noise gear pump

< Casappa is using high< Casappa is using high--level competence in the analysis phase in orderlevel competence in the analysis phase in order to apply pragmatic but to apply pragmatic but 

reliable and robust solutions [reliable and robust solutions [……]. A modern manufacturing company can not take the risk of not ]. A modern manufacturing company can not take the risk of not 

understanding if a discrepancy in the quality control depends onunderstanding if a discrepancy in the quality control depends on a not optimized process or on a not optimized process or on 

errors introduced by the measurement system ! >errors introduced by the measurement system ! >

This article was published on the Italian journal This article was published on the Italian journal 

““Macchine UtensiliMacchine Utensili”” in November 2008in November 2008
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Hydraulic pumps Hydraulic pumps -- basic conceptsbasic concepts
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Hydraulic pumps Hydraulic pumps -- basic conceptsbasic concepts

Housing

INLET INLET 

SIDESIDE

(flow in;(flow in;

low pressure)low pressure)

OUTLETOUTLET

SIDESIDE

(flow out;(flow out;

high pressure)high pressure)



2010 Palisade Risk Conference, London - New Approach to Risk and Decision Analysis

All Trademarks mentioned in this document are property of their respective owners

Hydraulic pumps Hydraulic pumps -- basic conceptsbasic concepts
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Hydraulic pumps Hydraulic pumps -- basic conceptsbasic concepts
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Hydraulic pumps Hydraulic pumps -- basic conceptsbasic concepts

INLET 
SIDE

(flow in;
low pressure)

OUTLET
SIDE

(flow out;
high pressure)

Force 
acting on 
the gear

Force 
acting on 
the gear

Pump internal pressure distributionPump internal pressure distribution

Due to the pressure distribution, a force acts on the gear and pDue to the pressure distribution, a force acts on the gear and pushes it towards the inlet side of the ushes it towards the inlet side of the 

housing.housing.

This phenomenon is responsible for the This phenomenon is responsible for the material removalmaterial removal from the body produced during the initial from the body produced during the initial 

breakbreak--in of the pump. The material removal is essential for the good pin of the pump. The material removal is essential for the good performance (high efficiency) of erformance (high efficiency) of 

the pump. the pump. 
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Hydraulic pumps Hydraulic pumps -- basic conceptsbasic concepts

Force Force 

acting on acting on 

the gearthe gear

Force Force 

acting on acting on 
the gearthe gear

Material 
removal

The The bushing blocks geometrybushing blocks geometry plays a key role in determining the material removal amount.plays a key role in determining the material removal amount.

Material removal
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Case Study: Polaris PLP30Case Study: Polaris PLP30

TheThe bushing blocks geometry plays a main role in the process of defibushing blocks geometry plays a main role in the process of defining functional andning functional and

mechanical parameters related to the performance of the pumpmechanical parameters related to the performance of the pump (high efficiency, low noise level, (high efficiency, low noise level, 

assembly ability).assembly ability).

LetLet’’s take a look s take a look at the current situationat the current situation……

In this specific case (a pump of the series Polaris In this specific case (a pump of the series Polaris 

PLP30), PLP30), a change in the supplier a change in the supplier 

chain and the implementation of a chain and the implementation of a 

different production technologydifferent production technology

have required a rehave required a re--design both of the geometrical design both of the geometrical 

characteristics of the blocks and of some related characteristics of the blocks and of some related 

dimensions of the housing where the blocks are dimensions of the housing where the blocks are 

installed.installed.
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The Grc Ppk is only 0.36 and the GAP Ppk  is 0.99The Grc Ppk is only 0.36 and the GAP Ppk  is 0.99…… not enough! not enough! 

(certainly, if GAP > 0, there will  be a scrap)(certainly, if GAP > 0, there will  be a scrap)

A couple of parameters related to the material removal:A couple of parameters related to the material removal:

The Depth_135 Ppk is 0.23 and the Ang_Depth Ppk is 0.86 The Depth_135 Ppk is 0.23 and the Ang_Depth Ppk is 0.86 ………… definitely not enough!definitely not enough!

!
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Case Study: Polaris PLP30Case Study: Polaris PLP30

We have acquired a strong experience between 2007 and 2009 workiWe have acquired a strong experience between 2007 and 2009 working on ng on Drawing Tolerances Drawing Tolerances 

Statistical AnalysisStatistical Analysis and Capability Analysis of our processes.and Capability Analysis of our processes.

That was the startingThat was the starting--point of this new project, whose purpose is: point of this new project, whose purpose is: 

•• to improve and optimize to improve and optimize this pump performancethis pump performance to gainto gain

•• economical benefits (reduction of internal scraps) economical benefits (reduction of internal scraps) 

•• marketing advantages (higher quality and performance)marketing advantages (higher quality and performance)

•• ANDAND to create and standardize an internal statistical procedure to to create and standardize an internal statistical procedure to design all our new pumpsdesign all our new pumps

How is it possible to solve the problem in an efficient and robuHow is it possible to solve the problem in an efficient and robust way?st way?

To be robust, a Statistical Analysis of data is required. To be robust, a Statistical Analysis of data is required. 

To be efficient, we have to Simulate.To be efficient, we have to Simulate.

To win, we need Discipline and Method.To win, we need Discipline and Method.
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Drawing Tolerances Drawing Tolerances -- Robust definition using StatisticsRobust definition using Statistics
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CMM measurements (SPC)CMM measurements (SPC)

after the process optimization after the process optimization 
carried out in 2007carried out in 2007--2008 2008 

CMM dataCMM data Acquired data analysis and Acquired data analysis and 

best distribution identificationbest distribution identification
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and calculation of the tolerance and calculation of the tolerance 
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Drawing Tolerances Drawing Tolerances -- Robust definition using StatisticsRobust definition using Statistics

Automation can be applied to the measurements (e.g. when using CAutomation can be applied to the measurements (e.g. when using CMM data acquisition) and analysis MM data acquisition) and analysis 

of the parts dimensions to define the type of distribution betteof the parts dimensions to define the type of distribution better approximating the real data and the r approximating the real data and the 

process natural variation and capability. process natural variation and capability. 

In this way, the process variation and the type of distribution In this way, the process variation and the type of distribution of the data are continuously available of the data are continuously available 

and updated and can be used for short term and long term capabiland updated and can be used for short term and long term capability analysis. The long term ity analysis. The long term 

capability data are used to define the project tolerances or cancapability data are used to define the project tolerances or can be be used as inputs in Monte Carlo used as inputs in Monte Carlo 

simulations for tolerance analysis projects.simulations for tolerance analysis projects.

U
S
L

L
S
L
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Tolerance Analysis: Monte Carlo SimulationTolerance Analysis: Monte Carlo Simulation

Before starting with a Monte Carlo Simulation, we need to defineBefore starting with a Monte Carlo Simulation, we need to define a model of the pump:a model of the pump:

1. Definition of the responses we want to evaluate: Y1. Definition of the responses we want to evaluate: Y
11, Y, Y22, , ……, Y, Ymm

Definition of the desired targets for all the responses (LSL andDefinition of the desired targets for all the responses (LSL and/or USL) in order to /or USL) in order to 

optimize the pump performanceoptimize the pump performance

2. Definition of the factors involved: x2. Definition of the factors involved: x
11, x, x22, , ……, x, xnn; each factor x; each factor x

ii will be represented by:will be represented by:

-- a Nominal Value xa Nominal Value x
ii

-- a Tolerance range xa Tolerance range x
i,USLi,USL -- xxi,LSLi,LSL

-- a characteristic statistical Distribution (Normal, Weibull, a characteristic statistical Distribution (Normal, Weibull, ……))

In this specific project, what we want to optimize is the NominaIn this specific project, what we want to optimize is the Nominal Value (using Ppk). l Value (using Ppk). 

The Tolerance range and the data Distribution are given by the pThe Tolerance range and the data Distribution are given by the process (statistical rocess (statistical 

definition of the tolerances)definition of the tolerances)

3. Mathematical model of the pump: definition of the transfer fu3. Mathematical model of the pump: definition of the transfer functions nctions 

YY11 = f= f11 (x(x11, x, x22, , ……, x, xnn))

YY22 = f= f22 (x(x11, x, x22, , ……, x, xnn))

……

YYmm = f= fmm (x(x11, x, x22, , ……, x, xnn))
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1. Responses1. Responses

10 responses have to be optimized 10 responses have to be optimized simultaneouslysimultaneously

Evaluated in 
several 
locations

For For all the responsesall the responses, desired targets (LSL and/or USL, Ppk goal) are defined, in ord, desired targets (LSL and/or USL, Ppk goal) are defined, in order to er to 

optimize the pump performanceoptimize the pump performance

22

11

44

99

1010

5 ..85 ..8

33



2010 Palisade Risk Conference, London - New Approach to Risk and Decision Analysis

All Trademarks mentioned in this document are property of their respective owners

2. Factors of the model2. Factors of the model

The mathematical model presents The mathematical model presents 1919 factors. Due to process constraints or economical factors. Due to process constraints or economical 

reasons, some of them are not modifiable. Nevertheless, all of treasons, some of them are not modifiable. Nevertheless, all of them must be taken into account hem must be taken into account 

in the model: they will affect the responses and their variance.in the model: they will affect the responses and their variance.

Since there is a combination of Since there is a combination of two two 

bushing blocks and two  gearsbushing blocks and two  gears in the in the 

modeled pump, each parameter involved modeled pump, each parameter involved 

in the single assembly of one block has to in the single assembly of one block has to 

be considered twice. be considered twice. 

This gives 10 additional factors for a This gives 10 additional factors for a total of 29 factorstotal of 29 factors and and 2 constants2 constants

in the final mathematical model.in the final mathematical model.
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2. Factors of the model2. Factors of the model

We want to optimize the Nominal Value (and consequently the relaWe want to optimize the Nominal Value (and consequently the relative Ppk Value)tive Ppk Value)

while the Tolerance range and the data Distribution are given while the Tolerance range and the data Distribution are given 

by the process (statistical definition of the tolerances)by the process (statistical definition of the tolerances)

XX
USL

LSL

Each factor xEach factor x
ii is represented by:is represented by:

-- a a Nominal ValueNominal Value xxii
-- a a Tolerance rangeTolerance range xxi,USLi,USL -- xxi,LSLi,LSL

-- a a statistical Distribution statistical Distribution (Normal, Weibull, (Normal, Weibull, ……))

56.98556.98156.97756.97356.96956.96556.961
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USL 56.986
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O v erall C apability

PPM < LSL 0.00

PPM > USL 0.00
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PPM < LSL 1368.89
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Process Capability of Dr

In this case study, we have focused onIn this case study, we have focused on 8 factors8 factors which are modifiable in terms of nominal value. which are modifiable in terms of nominal value. 

The space of possible variation of these 8 factors will be invesThe space of possible variation of these 8 factors will be investigated using simulations.tigated using simulations.

We will try to find theWe will try to find the optimal combination of the factors able tooptimal combination of the factors able to best fulfill the targetsbest fulfill the targets (LSL and USL) (LSL and USL) 

we have defined for the responses.we have defined for the responses.
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3. Mathematical model3. Mathematical model

All the responses are expressed mathematically as a function of All the responses are expressed mathematically as a function of the factors.the factors.

The model is The model is quite complexquite complex, as it can be seen in the equations showing the mathematical , as it can be seen in the equations showing the mathematical 

relationship between some of the responses and the input factorsrelationship between some of the responses and the input factors. An example:. An example:

Ang Depth  
equations
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4. Implementing the model in Excel with @Risk4. Implementing the model in Excel with @Risk
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Some Process Capability basic conceptsSome Process Capability basic concepts

The Overall Process Performance indices (Pp,Ppk) are an estimateThe Overall Process Performance indices (Pp,Ppk) are an estimate of the Long Term Process of the Long Term Process 
Capability. Capability. 

They are a measurable property of a process to the specificationThey are a measurable property of a process to the specification or the ability of a process to or the ability of a process to 

produce output within specification limits. produce output within specification limits. 
The Long Term Process Capability is an effective metric for commThe Long Term Process Capability is an effective metric for communicating differences before unicating differences before 

and after an improvement.and after an improvement.

If the upper and lower specification limits of the process are UIf the upper and lower specification limits of the process are USL and LSL, the estimated mean SL and LSL, the estimated mean 

of the process is  of the process is  µ  µ  (position measure) and the estimated variability of the process,(position measure) and the estimated variability of the process, expressed expressed 

as a standard deviation (dispersion measure), is as a standard deviation (dispersion measure), is σσ, then commonly, then commonly--accepted Overall Process accepted Overall Process 
Performance indices include:Performance indices include:

Pp estimates what the process would be capable of producing if tPp estimates what the process would be capable of producing if the process could be centered. he process could be centered. 

Assumes process output is approximately normally distributed. Assumes process output is approximately normally distributed. 
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Some Process Capability basic conceptsSome Process Capability basic concepts

Ppk is a metric that does not account for process performance thPpk is a metric that does not account for process performance that is not exactly centered at is not exactly centered 
between the specification limits, and therefore is interpreted abetween the specification limits, and therefore is interpreted as what the process would be s what the process would be 

capable of achieving if it could be centered and stabilized.capable of achieving if it could be centered and stabilized.

Formulating this the most generally, estimation of a process perFormulating this the most generally, estimation of a process performance boils to a comparison formance boils to a comparison 

of the process variability (it is soof the process variability (it is so--called called ““process voiceprocess voice””) with client) with client’’s  expectations defined s  expectations defined 
through specification limits (it is sothrough specification limits (it is so--called called ““customer voicecustomer voice””).).

Pp and Ppk are based on total variability. They use an Pp and Ppk are based on total variability. They use an ““inflatedinflated”” standard deviation to account standard deviation to account 

for changes over time.for changes over time.
These definitions are motivated by the fact that for a normally These definitions are motivated by the fact that for a normally distributed process, 6distributed process, 6σσ is the is the 

actual process spread covering 99.73% of the parts; if the speciactual process spread covering 99.73% of the parts; if the specified process tolerance USLfied process tolerance USL-- LSL LSL 

= 6= 6σσ, then Pp = 1 and the process is said to be , then Pp = 1 and the process is said to be ‘‘just capablejust capable’’. . 

If Pp is greater than 1 then the process is meeting the specificIf Pp is greater than 1 then the process is meeting the specifications as long as the mean is ations as long as the mean is 
centered.centered.

If Ppk is greater than 1 then the process mean is sufficiently fIf Ppk is greater than 1 then the process mean is sufficiently far from the specification limit.ar from the specification limit.

The higher the number, the better the data looks within the specThe higher the number, the better the data looks within the spec limits.limits.
If the process is stable and in control the estimate of Pp is siIf the process is stable and in control the estimate of Pp is similar to the estimate of Cp (Short milar to the estimate of Cp (Short 

Term Process Capability, based on inherent common cause or withiTerm Process Capability, based on inherent common cause or within subgroup variation from n subgroup variation from 
Statistical Process Control (SPC) chart methods).Statistical Process Control (SPC) chart methods).

The above formulas for Pp, Ppk all assume that the data is NormaThe above formulas for Pp, Ppk all assume that the data is Normally distributed.lly distributed. If the data is If the data is 

not Normally distributed, the above formulas do not work (i.e. gnot Normally distributed, the above formulas do not work (i.e. give gibberish numbers).  ive gibberish numbers).  
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Some Process Capability basic conceptsSome Process Capability basic concepts

What happens if the process is not approximately normally distriWhat happens if the process is not approximately normally distributed?buted?

The indices that we considered thus far are based on normality oThe indices that we considered thus far are based on normality of the process distribution. f the process distribution. 

This poses a problem when the process distribution is not normalThis poses a problem when the process distribution is not normal..

One should note that there are an infinite number of distributioOne should note that there are an infinite number of distributions which may show the familiar ns which may show the familiar 

bellbell--shaped curve, but are not Normally distributed. shaped curve, but are not Normally distributed. 
This is particularly important to remember when performing capabThis is particularly important to remember when performing capability analyses. ility analyses. 

We therefore need to determine whether the underlying distributiWe therefore need to determine whether the underlying distribution can indeed be modeled well on can indeed be modeled well 
by a Normal distribution. by a Normal distribution. 

If the Normal distribution assumption is not appropriate, yet caIf the Normal distribution assumption is not appropriate, yet capability indices are recorded, one pability indices are recorded, one 
may seriously misrepresent the true capability of a process. may seriously misrepresent the true capability of a process. 
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Some Process Capability basic conceptsSome Process Capability basic concepts

The most common methods for handling nonThe most common methods for handling non--normal data are: normal data are: 

•• NonNon--parametric Approach Using the Empirical Distribution.parametric Approach Using the Empirical Distribution.

•• Transform the data so that they become approximately normal. TTransform the data so that they become approximately normal. Transformations do not always ransformations do not always 
work. Many a time, it will be also difficult to identify and usework. Many a time, it will be also difficult to identify and use the correct transformation.the correct transformation.

•• Identifying the distribution of the data. Based on probabilityIdentifying the distribution of the data. Based on probability plots and goodnessplots and goodness--ofof--fit tests,     fit tests,     
you can choose a distribution that best fits the data prior to cyou can choose a distribution that best fits the data prior to conducting a capability analysis. onducting a capability analysis. 

In this last case there are two methods of calculation of ppk inIn this last case there are two methods of calculation of ppk indexdex

•• ISO / Quantile / Clements Method ISO / Quantile / Clements Method 
•• Bothe / ZBothe / Z--scores methodscores method

Why the Bothe / ZWhy the Bothe / Z--scores Method is Betterscores Method is Better

For any distribution, the ZFor any distribution, the Z--scores method takes the actual risk level and calculates the metscores method takes the actual risk level and calculates the metric ric 

value corresponding to a normal distribution with the same risk value corresponding to a normal distribution with the same risk level.level.
Using this method, any given metric value always means the same Using this method, any given metric value always means the same level of risk.level of risk.
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Some Process Capability and DoE basic conceptsSome Process Capability and DoE basic concepts

Why Not Use the Normal Formulas Always?Why Not Use the Normal Formulas Always?
Expert opinions and statistical softwares vary on this practice,Expert opinions and statistical softwares vary on this practice, some recommend and use it, some recommend and use it, 

many are opposed, some others are undocumented.many are opposed, some others are undocumented.

The procedure we use ( and suggest ) to evaluate the Response CaThe procedure we use ( and suggest ) to evaluate the Response Capability in a Simulationpability in a Simulation

•• Distribution Identification to evaluate the optimal distributiDistribution Identification to evaluate the optimal distribution for the simulated data based on on for the simulated data based on 
the probability plots and goodnessthe probability plots and goodness--ofof--fit tests, prior to conducting a capability analysis study.fit tests, prior to conducting a capability analysis study.

•• Bothe / ZBothe / Z--scores method for Ppk calculation.scores method for Ppk calculation.

See our 2005 Economia & Management  paper or  2009 ASQ, Andrew SSee our 2005 Economia & Management  paper or  2009 ASQ, Andrew Sleeperleeper’’s paper for more infos paper for more info
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Ppk Risk model Ppk Risk model -- Resuming Resuming …… we use we use ……

The procedure we use (and suggest) to evaluate the Response CapaThe procedure we use (and suggest) to evaluate the Response Capability in a Simulationbility in a Simulation

•• Distribution Identification to evaluate the optimal distributionDistribution Identification to evaluate the optimal distribution for the simulated data based on for the simulated data based on 

the probability plots and goodnessthe probability plots and goodness--ofof--fit tests, prior to conducting a capability analysis study. (*)fit tests, prior to conducting a capability analysis study. (*)

•• Bothe / ZBothe / Z--scores method for Ppk calculation. scores method for Ppk calculation. 

Why ? (Plus)Why ? (Plus)

•• Capability metric is a measure of risk;Capability metric is a measure of risk;

•• We use capability metrics to make decisions risk optimization;We use capability metrics to make decisions risk optimization;
•• Applying the normal formulas always means that any particular Applying the normal formulas always means that any particular value of capability metric value of capability metric 

could represent much less risk or much more risk, depending on tcould represent much less risk or much more risk, depending on the shape of the distribution;he shape of the distribution;

•• A good capability metric means the same thing to management, rA good capability metric means the same thing to management, regardless of the process egardless of the process 
simulation;simulation;

•• Using this method, any given metric value always means the samUsing this method, any given metric value always means the same level of risk.e level of risk.
•• Incorrect Ppk values in a Solver context could be problematic Incorrect Ppk values in a Solver context could be problematic if Ppk metrics are not robust.if Ppk metrics are not robust.

Problems (Minus)Problems (Minus)

•• Requires long time for elaboration;Requires long time for elaboration;
•• Not  available as standard SixSigma command / function in @RisNot  available as standard SixSigma command / function in @Risk or Crystal Ball.k or Crystal Ball.

(*)  When automation is necessary, the distribution with the sma(*)  When automation is necessary, the distribution with the smallest GoF test statistics is llest GoF test statistics is 
chosen, even if it does not indicate that the distribution best chosen, even if it does not indicate that the distribution best fits the data.fits the data.
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Ppk Risk model Ppk Risk model -- How to simulate our data How to simulate our data inputinput scenario ?scenario ?

[ engineering point of view ][ engineering point of view ] OFATOFATdriven ordriven or

[ mathematics point of view ][ mathematics point of view ] Solver Solver driven or   driven or   

[ statistists point of view ][ statistists point of view ] DoE designDoE design driven ?driven ?

No doubts in this complex case study:No doubts in this complex case study: Design of (Simulated) Design of (Simulated) Experiments driven !Experiments driven !

in other words, DoS Design of Simulations (forin other words, DoS Design of Simulations (for @Risk) driven !  @Risk) driven !  

Design of Design of 

ExperimentsExperiments
Monte CarloMonte Carlo

SimulationsSimulations
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Adding DoS to our @Risk modelAdding DoS to our @Risk model
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Ppk Risk model Ppk Risk model -- Single RunSingle Run
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Ppk Risk model Ppk Risk model -- Running the DoS     Running the DoS     [First Step Simulation][First Step Simulation]

DoS Factor 
Level Ranges
(wide mesh)

Run #4 of 282
in progress

Start Full 
DoSimulations
CommandDoSimulations 

setup
summary

3 runs saved 
in memory

Last Run (#3)  
summary
report

CCD Face Centered
Runs = 2^f + 2*(f +1 ) + f

where f = 8

Undisclosed informationUndisclosed information
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Ppk Risk model Ppk Risk model -- First Step Simulation Results ScenarioFirst Step Simulation Results Scenario
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Ppk Risk model Ppk Risk model -- First Step Simulation ResultsFirst Step Simulation Results ScenarioScenario
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Ppk Risk model Ppk Risk model -- First Step Simulation Results ScenarioFirst Step Simulation Results Scenario
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Ppk Risk model Ppk Risk model -- First Step Simulation Results ScenarioFirst Step Simulation Results Scenario
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Ppk Risk model Ppk Risk model -- First Step Simulation Results ScenarioFirst Step Simulation Results Scenario
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Ppk Risk model Ppk Risk model -- First Step Simulation Results ScenarioFirst Step Simulation Results Scenario
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Ppk Risk model Ppk Risk model -- Running the Second Simulation StepRunning the Second Simulation Step

Run #54 of 282
in progress

New DoS Factor Level Ranges
(tightened and centered on 
best area of previous step)

Undisclosed informationUndisclosed information

53 runs saved 
in memory
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Ppk Risk model Ppk Risk model -- Second Step Simulation Results ScenarioSecond Step Simulation Results Scenario

(Selected) Single Run

Input  factor

Radar Chart

Undisclosed informationUndisclosed information

Graph Data sorted by 

Ang Depth Ppk
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Ppk Risk model Ppk Risk model -- Second Step Simulation Results ScenarioSecond Step Simulation Results Scenario

Much more encouraging than 

the equivalent first step 
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Ppk Risk model Ppk Risk model -- Final Solution ChoiceFinal Solution Choice
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Ppk Risk model Ppk Risk model -- Final Solution ChoiceFinal Solution Choice
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Ppk Risk model validation:Ppk Risk model validation: Final simulation of the chosen solutionFinal simulation of the chosen solution

The chosen 

solution

Undisclosed informationUndisclosed information
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Ppk Risk model Ppk Risk model -- Final Solution AnalysisFinal Solution Analysis
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Ppk Risk model Ppk Risk model -- Final Solution AnalysisFinal Solution Analysis
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Polaris PLP30 Polaris PLP30 -- Results evaluation using MinitabResults evaluation using Minitab

Radial clearancesRadial clearances (Old design pump vs new Optimized design pump)(Old design pump vs new Optimized design pump)
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Calculations Based on Weibull Distribution Model
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Polaris PLP30Polaris PLP30 - Results evaluation using MinitabResults evaluation using Minitab

GAP & Material removal depth starting angle (Old pump vs OptimizGAP & Material removal depth starting angle (Old pump vs Optimized design pump)ed design pump)
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Polaris PLP30 Polaris PLP30 -- Results evaluation using MinitabResults evaluation using Minitab

Material removal depth amount (Old pump vs Optimized design pumpMaterial removal depth amount (Old pump vs Optimized design pump))
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Polaris PLP30 Polaris PLP30 -- Results evaluationResults evaluation

AngleAngle

Material Material 
Removal Removal 

DepthDepth

Material removal depth vs angle (Old pump vs Optimized design puMaterial removal depth vs angle (Old pump vs Optimized design pump)mp)
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Scraps after the use of Statistical Simulation in Casappa Scraps after the use of Statistical Simulation in Casappa 

Introduction of the Introduction of the 

new optimized new optimized 
parts in productionparts in production

Old parts Old parts 

completely out completely out 
of productionof production

7 %7 %

1 %1 %

Scrap percentage at the end of line volumetric efficiency evaluaScrap percentage at the end of line volumetric efficiency evaluation:  tion:  from 7 %from 7 % to 1 % !to 1 % !

2008 / 09 Simplified simulation models2008 / 09 Simplified simulation models
(Two responses simulation, the(Two responses simulation, the example example 

shown on Palisade website)shown on Palisade website)

2010 2010 �� Current advanced simulation modelsCurrent advanced simulation models
(More responses and advanced analysis)(More responses and advanced analysis)

2008 2008 -- 20092009 2010 2010 

Target 0.2 %
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Why Palisade @Risk ?Why Palisade @Risk ?

Compared to its main competitors in Six Sigma applications (i.e.Compared to its main competitors in Six Sigma applications (i.e. Crystal Ball):Crystal Ball):

•• @Risk5.x has the most complete, documented, @Risk5.x has the most complete, documented, stable and maintainablestable and maintainable VBA / COM interface.VBA / COM interface.

This is the key factor of our choice.This is the key factor of our choice.
•• Simulation speed is secondary  (Simulation speed is secondary  (CB is faster only if PSA formulas are usableCB is faster only if PSA formulas are usable).).

•• As shown on this page, As shown on this page, the true bottleneckthe true bottleneck of our Ppk Risk model (and all robust Ppk models) of our Ppk Risk model (and all robust Ppk models) 
is the time required is the time required to identify the Response Distributionsto identify the Response Distributions..

•• In addition, generally speaking @Risk has more additional advaIn addition, generally speaking @Risk has more additional advantages / features if compared ntages / features if compared 
to Crystal Ball (*).to Crystal Ball (*).

(*) Franco Anzani(*) Franco Anzani’’s (DoS creator and designer) opinions (DoS creator and designer) opinion
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DoS Design of Simulations DoS Design of Simulations ©© : Technical Info: Technical Info

•• Excel / @Risk5.x blank template (in other words it is an addExcel / @Risk5.x blank template (in other words it is an add--in of an addin of an add--in) in) 

•• Design Space of Simulations:Design Space of Simulations:

•• internal engine: internal engine: CCD and Box BehnkenCCD and Box Behnken
•• external (importing Design Expert  XML definition file):  external (importing Design Expert  XML definition file):  Optimal  and User DefinedOptimal  and User Defined

•• up to up to 6464 Input FactorsInput Factors [ standard template ]  or [ standard template ]  or unlimitedunlimited (*)  [ advanced template ](*)  [ advanced template ]

•• among which up to among which up to 1616 [ Excel 2003 ] or [ Excel 2003 ] or 2020 [ Excel 2007 ] as factor levels[ Excel 2007 ] as factor levels
•• 3 to 163 to 16 Responses  [ standard template ],  Responses  [ standard template ],  3 to 2503 to 250 (*)  [ advanced template ](*)  [ advanced template ]

•• Export Simulated Data to:Export Simulated Data to:

•• Design Expert: DoE Simulated Data analysis and/or additional Design Expert: DoE Simulated Data analysis and/or additional optimization optimization 

•• Minitab: generic statistics analysis (**) Minitab: generic statistics analysis (**) 
•• gGobi: data visualization software (freeware)gGobi: data visualization software (freeware)

•• Fully Customizable on requestFully Customizable on request

•• Work in progress: DLL callable version based on Champion of IWork in progress: DLL callable version based on Champion of Italy structuretaly structure

•• it does NOT use Excel formulas / parser / interface it does NOT use Excel formulas / parser / interface 

•• fast simulation of millions of data fast simulation of millions of data 
•• Excel is used only as a final report / graph tool Excel is used only as a final report / graph tool 

(*)    (*)    limitedlimited by RAM memory, processor speed or available simulation time  by RAM memory, processor speed or available simulation time  

(**)  not suggested for DoE analysis (Minitab (**)  not suggested for DoE analysis (Minitab does not support robust transformationdoes not support robust transformation in DoE and in DoE and -- for a PpK Risk model for a PpK Risk model -- the transformation the transformation is a MUSTis a MUST))

©© Dos Design of Simulations is a Dos Design of Simulations is a ©© of Franco Anzani, SixSigmaIn Team sncof Franco Anzani, SixSigmaIn Team snc
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Bushing blocks optimization for an external gear pumpBushing blocks optimization for an external gear pump

If you require any further information, please contact:If you require any further information, please contact:

Maria Pia DMaria Pia D’’Ambrosio Ambrosio -- SixSigmaIn Team snc, pia.dambrosio@sixsigmain.it  SixSigmaIn Team snc, pia.dambrosio@sixsigmain.it  -- www.sixsigmain.itwww.sixsigmain.it

Marco Manara Marco Manara -- Casappa S.p.A.,  manaram@casappa.com  Casappa S.p.A.,  manaram@casappa.com  -- www.casappa.comwww.casappa.com

The videos shown during this presentation are available @ this wThe videos shown during this presentation are available @ this web address:eb address:

http://www.sixsigmain.it/palisade_london.htmlhttp://www.sixsigmain.it/palisade_london.html
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