
Concepts for Products and Processes / Facilities 

develop, rate and select

Robust Design
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The Issue

This was already o.k.
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Attempts to improve

Where is the failure
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Roadmap for Improvement

Measure, don´t guess
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Method of Solution – Transfer Functions with
Robust Design for Products & Processes

The Solution: Transfer Functions
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The Improvement

Done, all is o.k.
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Robust Design – Causal Chain

Goal: Set up a causal chain from final product to process parameter

Benefit:
• Know transfer functions Yi = f(Xi) for products and processes

• Reductions in costs by optimized parameterisations and tolerances

• Know risks (products & processes)

CTQ = f(Yi) = measurable requirements to the product

Yi = f(Xi) = f (measurable process parameter)

X’s = f(XSupplier) = 

f (measurable product 

parameter of the suppliers)
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Robust Design – The Way to robust Products

Product 

characteristics

VOC – Voice of 

the Customer?

Component 

characteristics

Process

parameter

HoQ 1

Key 

requirements

HoQ 2

HoQ 3+4

Measurable 

requirements

VOCs
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Robust Design – 1. Requirement Management

Transfer requirements to measurable values

VOC
Customer 

requirements

key
requirements

CTQ

CTQ

Product o.k.

Deviation of length

Thickness W15 [mm]

Angle 01 [grad]

Angle 02 [grad]

Length L23 [mm]

Deviation of angle

Layer thickness Thickness W10 [mm]

Length L09 [mm]

… etc.

CTQ = Critical to Quality 
= measurable requirements
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Robust Design – 2. Differentiate Functions with 
Function Diagramm and Analysis

Critical to Quality                                                        Measurable Product characteristics

- Lightness
- Dimensions
- No failures like gaps, etc.
- Colour
- Slip force
- ...................

New product 
to be developed

Requirements Functions Product characteristics

Gap [mm]
Length [mm]
colour
Waviness
Force [N/mm²]
...................

Key Question: Which functions the new product 

has to yield in the future, that all 

measureable requirements  -

CTQ‘s will be fulfilled?

Independent from Technology!



 2015
Folie 11

Robust Design – 3. Develop Concepts based on 
Functions

With creative technologies, morphologic box , scamper, TRIZ and Axiomatic Design ideally 

good and suitable performing concepts will be developed.
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Robust Design – 4. Analyse and rank concepts

Suitable concepts will be ranked according there functionality, risks, complexity, costs, 

time schedule and feasibility and compared in a Pugh Matrix.

As well FMEA – Failure Mode and Effect 

Analysis - as FTA – Fault Tree Analysis will 

attended.
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Robust Design – 5. Build up and measure 
concepts 

The selected concept will be build as model or low volume production. Statistical analysis 

based on measurement data work out correlations of the causal chain.
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Robust Design – 6. Document possible 
Correlations

HoQ – House of Quality documents possible correlations and therefore possible causal 

chains for products and processes.
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Robust Design – 7. Prioritize Influence Factors

QFD: Technical Importance for 

HoQ 1, 2 or 2+4

RZ: from product Design FMEA 

and/or Process FMEA

Prioritization Matrix
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Robust Design – 8. Plan experiments to 
investigate product- / process-transfer functions

For data from current 

production / series / 

zero series

For experiments / DoE 

– Design of 

Experiments during 

R&D, zero series or 

within the PEP / PPAP

Experiments to investigate product transfer function
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Robust Design – 9. Statistical analysis and 
transformation of results to real life

Transfer Functions Y = f (Xi) documents correlations from results of experiments and/or 

measurements of production series.

Optimization of product and process with knowledge of these correlations.
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Robust Design – 9. Statistical analysis and 
transformation of results to real life

Transfer Functions Y = f (Xi) documents correlations from results of experiments and/or 

measurements of production series.
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Robust Design - 10. Parametrization and 
statistical tolerances of influence factors

Avoid over-engineering by statistical parametrization and 

tolerances for product characteristics and process 

parameter

Erstes Quartil 4,2554
Median 4,4045
Drittes Quartil 4,5401
Maximum 5,0812

4,3854 4,4102

4,3891 4,4184

0,1917 0,2093

A-Quadrat 0,52
p-Wert 0,183

Mittelwert 4,3978
StdAbw 0,2001
Varianz 0,0400
Schiefe -0,0439987
Kurtosis -0,0370029
N 1001

Minimum 3,8199

Anderson-Darling-Test auf Normalverteilung

95%-Konfidenzintervall für Mittelwert

95%-Konfidenzintervall für Median

95%-Konfidenzintervall für StdAbw

5,04,84,64,44,24,03,8

Median

Mittelwert

4,424,414,404,39

95%-Konfidenzintervalle

Zusammenfassung für ND Zeit

Erstes Quartil 74,447
Median 74,957
Drittes Quartil 75,550
Maximum 77,619

74,949 75,048

74,908 75,024

0,766 0,836

A-Quadrat 0,97
p-Wert 0,015

Mittelwert 74,998
StdAbw 0,800
Varianz 0,639
Schiefe 0,203603
Kurtosis -0,155228
N 1001

Minimum 72,898

Anderson-Darling-Test auf Normalverteilung

95%-Konfidenzintervall für Mittelwert

95%-Konfidenzintervall für Median

95%-Konfidenzintervall für StdAbw

77,676,876,075,274,473,672,8

Median

Mittelwert

75,0575,0074,9574,90

95%-Konfidenzintervalle

Zusammenfassung für WKZ Temp

Erstes Quartil 224,01
Median 225,00
Drittes Quartil 226,03
Maximum 229,88

224,95 225,14

224,89 225,09

1,47 1,60

A-Quadrat 0,70
p-Wert 0,069

Mittelwert 225,04
StdAbw 1,53
Varianz 2,34
Schiefe 0,211667
Kurtosis 0,041675
N 1001

Minimum 221,04

Anderson-Darling-Test auf Normalverteilung

95%-Konfidenzintervall für Mittelwert

95%-Konfidenzintervall für Median

95%-Konfidenzintervall für StdAbw

230,00228,75227,50226,25225,00223,75222,50221,25

Median

Mittelwert

225,15225,10225,05225,00224,95224,90

95%-Konfidenzintervalle

Zusammenfassung für Nachdruck

Cpk: 1,32

Pressure Tool temperature

Pressure timeComponent rate %

= f ( 

Erstes Quartil 0,9881
Median 1,0017
Drittes Quartil 1,0148
Maximum 1,0685

1,0002 1,0026

1,0003 1,0032

0,0184 0,0201

A-Quadrat 0,40
p-Wert 0,366

Mittelwert 1,0014
StdAbw 0,0192
Varianz 0,0004
Schiefe -0,0407861
Kurtosis 0,0182876
N 1001

Minimum 0,9448

Anderson-Darling-Test auf Normalverteilung

95%-Konfidenzintervall für Mittelwert

95%-Konfidenzintervall für Median

95%-Konfidenzintervall für StdAbw

1,061,041,021,000,980,96

Median

Mittelwert

1,0031,0021,0011,000

95%-Konfidenzintervalle

Zusammenfassung für LängenAbw

Erstes Quartil 0,29000
Median 0,35000
Drittes Quartil 0,40000
Maximum 0,54000

0,33583 0,35844

0,33462 0,37000

0,06922 0,08530

A-Quadrat 0,48
p-Wert 0,230

Mittelwert 0,34713
StdAbw 0,07642
Varianz 0,00584
Schiefe -0,125147
Kurtosis -0,159220
N 178

Minimum 0,12000

Anderson-Darling-Test auf Normalverteilung

95%-Konfidenzintervall für Mittelwert

95%-Konfidenzintervall für Median

95%-Konfidenzintervall für StdAbw

0,540,480,420,360,300,240,180,12

Median

Mittelwert

0,370,360,350,340,33

95%-Konfidenzintervalle

Zusammenfassung für WinkelAbw

Erstes Quartil 0,59335
Median 0,60185
Drittes Quartil 0,61064
Maximum 0,63859

0,60132 0,60287

0,60092 0,60282

0,01204 0,01314

A-Quadrat 0,43
p-Wert 0,303

Mittelwert 0,60210
StdAbw 0,01257
Varianz 0,00016
Schiefe 0,118636
Kurtosis -0,213771
N 1001

Minimum 0,56252

Anderson-Darling-Test auf Normalverteilung

95%-Konfidenzintervall für Mittelwert

95%-Konfidenzintervall für Median

95%-Konfidenzintervall für StdAbw

0,63750,62500,61250,60000,58750,57500,5625

Median

Mittelwert

0,60300,60250,60200,60150,6010

95%-Konfidenzintervalle

Zusammenfassung für Fuge

Length deviation

Angle deviation

Gap
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Key projects

Synthetic materials and injection moulding (choice)

 Reduce failure rate injection moulding and extrusion

 OEE - Overall Equipment Effectiveness projects at several lines/customers

 Plastic-hybrid-components: task force during SOP and reduction of failure rate at 

security related issues of electrical steering systems

 Overmoulded components: RFT for full automatic assembly

 Laser welding of plastic components: process optimization

 Interior doors: SOP and optimization of synthetic material injection moulding

 Interior: SOP and optimization of synthetic material injection moulding facilities 

 Vehicles: I-Tafel: SOP and robust product design

 TPE- and PVC- extrusion

 Injection moulding process (contact systems): reduce failure and time problems



 2015
Folie 21

Schlüsselprojekte

Extrusion: Gummi und Kautschuk (Auswahl)

 Aufbau und Inbetriebnahme einer Fabrik zur Herstellung von Hydraulikschläuchen

 Fertigung von Reifenkomponenten, Schlauchfertigung

 Kontinuierliche Vulkanisation via Mikrowelle und Salzbad

 Dimensionierung und Layout von Kautschuk-Extrudern, und -Extruderschnecken

 Kalander- und Rollerheadprozesse: Inbetriebnahme der weltgrößten Rollerhead-Anlage 

zur Transportbandherstellung

 Layout und Inbetriebnahme einer Douplex-Rollerhead-Anlage

 Walzenbeschichtung

 Layout und Konzeption einer neuen Generation von Warmfütterextrudern

 Kontinuierliches Compounding von Kautschuk auf Zweischneckenextrudern

 Compounding auf Zweischneckenextrudern: Recycling von Gummi
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Robust Design – Demand of resources

What is new with Robust Design?

• Pro-active, reliable and predictable development process

• Treat customer´s requirements more comprehensive, work for risks

• Identify critical design parameter and understand correlations

• Understand causal chain → Robust Design for products & processes
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Lean Six Sigma DMAIC

Conventional development

Development with Robust Design
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Contact

mts Consulting & Engineering GmbH

Wernher-von-Braun-Str. 8

D-82256 Fürstenfeldbruck

Tel.: 08141-888403-0

Mail: info@mts-contech.com

www.mts-contech.com

mailto:info@mts-contech.com
http://www.mts-contech.com/

