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Attempts to improve

Where is the failure 1?
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Roadmap for Improvement
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Method of Solution — Transfer Functions with
Robust Design for Products & Processes

! The Solution: Transfer Functions Y=¥(X;)
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The Improvement

‘Done, all is o.k. .
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Robust Designh — Causal Chain

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

V.
N

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

——

X's = f(XSuppIier) =
f (measurable product
parameter of the suppliers)

Benefit:
* Know transfer functions Yi = f(Xi) for products and processes
* Reductions in costs by optimized parameterisations and tolerances

* Know risks (products & processes)
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Robust Desigh — The Way to robust Products

VOC - Voice of Product

the Customer? characteristics
Key Mea_surable
requirements requirements
Component
VOCs characteristics
| .—EE_’E HoQ 1 &
Process
parameter
ot HoQ2 [
[
»C HoQ 3+4
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Robust Design — 1. Requirement Management

Transfer requirements to measurable values

— CTQ
key '__. CTQ LR .
—lrequirements CTQ = Critical to Quahty.
N ) = measurable requirements

{ Length L23 [mm]

- Deviation of length

Length L0O9 [mm]

— Angle 01 [grad]

Product © - Deviation of angle [—

— Angle 02 [grad]

—| Thickness W10 [mm]

Layer thickness [—

— Thickness W15 [mm]

.. etc.
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Robust Design — 2. Differentiate Functions with
Function Diagramm and Analysis

Requirements == Functions == Product characteristics

Critical to Quality Measurable Product characteristics
-Lightness — —>  Gap [mm]
- Dimensions
_ _ Length [mm]

_léo Ifallures like gaps, etc. ~ New product 7 colour
Ptaind | to be developed —  Waviness
- Slip force — ——» Force [N'mm?]

------------------- e — sEmEEEEEEEEEEEEEEEE

_____________________________________________________________

Kev Question: Which functions the new product

has to yield in the future, that all
measureable requirements -
CTQ's will be fulfilled?

Independent from Technology!
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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.

|
Develop design concepts . Component criteria
Axiomatic Marphological UE
design matrix
| | 4 ~
) Y3 TRIZ :
Scamper gl <1 |lg——r C
Technical realization Functional analysis
Functon
HF1 electr. | hilfraul.  |pmum. |
HF2 draugﬁ puffing 'l,:
HF3 vigitica | horizontal [arngular
Funktion -design-Matrix for every conzept |
h
Produc Product
I:llzn'Jutﬂa L | Ap| Ay crld:fa-ria L
HF CaEiall HF DIE B
HF1 ® | N HF 1 ]
HF2 L HF2 L
HF3 Ol HF3 = " D
o - |—.'
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Robust Desigh — 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.

H

Analysis of design concepts
Costs Product complexity Functional tree
OFD=3F+P+T+C+2 —
2

Functionality w*

=1 % 108 Failure tree

TOU =E DPL

J concept-FMEA
criteria | costs |compl.| risks | function- | Time relevant
ality feasibility
concep
A + - + Tt
E - b =53 1 -
C + + T + +
v
Pugh-Matrix
Selected designis)
Contract
specification
# Mts Consulting & Engineering GmbH ~ © 2015

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.

ANALYZE

[0} Conflict table Conflict table
HoQ 1 J /6&’ |
b 4 & Schedule for relevant trials Implem antation of tests
Product =g Component - 1 1
criteria HoQ2 3 tea Product | perfor- | Analysis of .| an evaluation on a basis
B> s criteria | mance critical criteria [ & of actual figures,
A Erri?grLiT *BE-, or high rises data and facts
|
B ! | &
< B : infolinie A ke
Tech.importance < - s e e |
— B !
¢ Technical importance :
Dresign Scorecard hd
I—I‘ Level 2

Pricrization matrix

specification

Functional r S——
M

Friorigation matris

| ol
"t Realization e
v of concepts and P Fun:ﬂ_{:r{al_:rep Lp| Failuretree |y C:EREEI > Bl i ?
Design Scarecard selection based ! d e "o e i
" Level 1 ongivi_ . :
o Rpn=5x0
build samples
@.— @ {sample size)
;.::,-'7"‘ p . v o .
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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.

a ] Al
Produktmerkmal / &
Prozessparameter oéo
v &
§ 0?} e & o &
£ S & & & &
5 B
v & & & N . & & ©
o & o & & R & » &
c\Fé dﬁq} ’@é? ’@{QQB e*\%‘ 919\ <°‘§ EN -&\@q \349‘2 3
Critical to Quality & & & & & & & o &° & & &
o & & 3 & & § Noid & ‘53’ & & o
I ZielgroBen Gesamtsystem . & N (‘QP (\{? & %e}*\' & (‘"\6\ @‘\% ,@‘&
® & & «© +© & d"bﬁé\ & o & <& N N
Farbhelligkeit 0,6 3 9 3 9 3 3 9 3 3 3 9 3
Farbton vor PUR 47 1 3 3 1 9 9 3 9 3 3 3 3
GleichmaBRigkeit der Farbe 18 3 9 1 3 1 9 9 9 1 1 9 1
Sichtbare Fehler (Risse,
Fugen, Leimdurchschlag, 838 9 9 9 1 9 9 9 1 9 9 9 9
Beizrénder) vor PUR
"Sperrgrund” Blasen [cm?] 88 9 9 9 9 9 1 9 9 9 9 9 9
Farbton nach PUR 6,5 3 3 3 1 3 3 3 3 3 3 3 3
Sichtbare Fehler (Risse,
Fugen, Leimdurchschlag, 94 9 3 1 9 3 1 3 3 1 1 3 1
Beizrénder, Einschllsse,
Blasen (Schaumrénder)) nach
Oberflichenaufbauhaftung
Stérung: Wélbung/Lackblasen 100 3 3 ! 3 ! 3 3 3 ! 3 3 3
Technische Bedeutung 425 332 215 345 262 267 332 286 215 235 332 235
+ Mts Consulting & Engineering GmbH ~ © 2015 :
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Robust Design — 7. Prioritize Influence Factors

3 .,
o000

. mts Consulting & Engineering GmbH

QFD: Technical Importance for
Produktmerkmal /
Prozessparameter Q‘-ﬁ& HOQ 1 y 2 Or 2+4
= 0 O . .
g R R RZ: from product Design FMEA
= KN < < <
= & & &S e and/or Process FMEA
el n Gesam stem & 8
g Y @@ QD((\\ $é .5‘? 6‘? Q}‘% cﬁé\
Farbhelligkeit 0,6 3 9 3
Farbton vor PUR 4,7 1 3 9 . g . .
GleichméRigkeit der Farbe 18 3 9 1 P rl O rltlzatl O n M atrlx
Sichtbare Fehler (Risse,
Fugen, Leimdurchschlag, 28 9 9 9
Beizrénder) vor PUR PﬂOﬂSlemngsmatﬂX
"Sperrgrund" Blasen [cm?] 88 9 9 9 > D
Farbton nach PUR 65 3 3 3 : °
Sichtbare Fehler (Risse, » L
Fugen, Leimdurchschlag, 04 9 3 U Y I B | T ——
Beizrander, Einschlsse, g Y '
Blasen (Schaumrénder)) nach o o : @
Oberfldchenaufbauhaftung 100 3 3 1 " RZ
Sté : Wélbung/Lackbl i » P
=2 Tec:ni::}l?e BZ:eut?Jizn 425 332 262 ! »
RZ=BxA
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Robust Design — 8. Plan experiments to

investigate product- / process-transfer functions

Experiments to investigate product transfer function For data from current

. r lon ri
Produkt- | Daten-| Komp. |Daten-|Hypo- beabsicht. |n | Tool P oduct O / series /
merkmal |art Merkmal | art these Einstellung Zero series
L [dB(A)] |stetig |ra-HR |stetig |jerauher |6u, 8u, 15 | Regression
HR,umso | 10w...
\ lauter
Komponentenmerkmal [Iﬁ;]_| Importance B Bemerkung! Messverfahren StuFel Stufe2 Hypothese
FO r expe rl m e ntS / D O E Deckfurnier Qualitat 9 263 Wergleichsmuster quer langs
- D eS I g n Of Klebefilmtyp 9 219 Messung nach G5 2015 Lieferant & Lieferant B
Experiments during e st
. v:rc Kausr:rlw?;rerlwc] " (Parfumer 3 73 Plattentaster ! Dickenschwankungen 0.4 07 bﬁasi:;rl:nl:ﬁi o
R&D, zero series or Gts oseer
Wit h i n th e P E P / P PA P Holzkitt Tup 9 1BE  |Messung gemnal G5 oo Tup1 Tup 2 ;ipTi;S:besser
Wlies - Tup 3 144 |Messung gernal GS wuy WIC Y2 EE 12i3t besser als
Ylies-Gramrmatur 9 M4 |Messung gemil GS uuuu ie di_Cker_dEStD
welliger ;
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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.

Deviation of Length = f (pressure time;

Optimal Nachdruc ND Zeit WizTemp
tool temperature O 09049 Hoeh 525,0 7,50 95,0
s Akt [225.0] [4.4091] [75.0]
Progn. Tief
LinAbw £rogn. 1e 225,0 1,50 75,0
[ ] < 06 |
B 06 - 09 | Zusammengesetzt \
o9 - 12 N .
12 - 15 Erwiinschtheit
m15- 18 D: 0,9049
W18 - 21
- H > 21
i Fuge
—Q Minimum
]
2 y = 0,6026 e B | Y
2 d = 075630 \ \
< =0,
(9]
o]
b4

WinkelAb

Minimum /
y = 0,2782 T A 0
d = 1,0000 /

LangenAb
- - @@ Minimum
e e e % e e L

WkzTemp d = 097982 7
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DoE und Regression Kunststoffbeispiel.MPJ
DoE und Regression Kunststoffbeispiel.MPJ

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.

Deviation of Length = f (pressure time;
tool temperature

Darstellung der Anpassungslinie
LangenAbw = 0,5844 + 0,09480 ND Zeit

1,075 s 0,0030594 2,0
R-Qd 97,5%
R-Qd(kor) 97,5%

LanAbw 15

1,050 -
1,0

0,5

—_
o
N
(%]

L

1,000 -

LangenAbw

0,975

0,950 -

38 40 42 44 46 48 50 52
ND Zeit
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Robust Design - 10. Parametrization and

statistical tolerances of influence factors

Length deviation

. . . . . . .
- | AVOIA OVEr-engineering by statistical parametrization and
‘A-Quadrat 0,40
p-Wert 0366
Mittelwert 10014 H H
olerances 10r proauct cnaracteristics an FoCess
Varianz 0,0004
Schiefe -0,0407861
Kurtosis 0,0182876
y ram r
Minimum 0,9448
Erstes Quartil 0,9881
ledian 1,0017
Drittes Quartil 10148
Maximum 10685
95%-Konfidenzintervall fir Mittelwert =
1,0002 10026
95%-Konfidenzintervall fiir Median druck )
10003 10032 Pressure o i T i e Tool temperature  oumreammms
95%-Konfidenzintervall fiir StdAbw 7 A-Quadrat 070 A-Quadrat. 097
00184 0,0201 P 0065 pwert o0
- - Mittelwert 22504 Mittelwert 74,998
Stabw 152 800
Varionz 234 Varionz 0639
Sahefe oariéer Schiefe 0203603
Korosis 0041675 Kirosis 0155228
. N
Angle deviation .. ... .
g 9 N Median 74957
A-Quadrat 0,48 Drittes Quartil 226,03 Drittes Quartil 75,550
p-Wert 0230 Moim im e
5% Konfidenzinteralfor Mitteiwert 953 Konfidenzintervall ir itsiwert
Mittelwert 034713 1 25 74945 75046
StdAbw 007642 95% Konfidenzintevalflr Median 5% Konfidenzintervall for Median
i 000584 T ms oanm o mm o aus oase mes o o o T y
Schiefe -0,125147 '95%-Konfidenzintervall fiir StdAbw '95%-Konfidenzintervall fiir StdAbw
Kurtosis 0159220 —T xe 150 o766 o83
N 178
Minimum 012000
Erstes Quartil 0,29000
Median 0,35000
Drittes Quartil ~ 0,40000 e D
Maximum 054000 e R —
95%-Konfidenzintervall fur Mittelwert —
033583 035844 et |
95%-Konfidenzintervall fiir Median Eo E2 ES ED 2 - e e e
0,33462 0,37000
95%-Konfidenzintervall fiir StdAbw [ L -
0,06922 0,08530
I
o, H ——
Component rate % Pressure time
Jacrat 0s2
_ . pewert oies
on-Darling-Test auf Normalverteilung Pm:'&z"ws | Mittelwert 43978
A-Quadrat 043 H i Varans G010
p-Wert 0303 | Schife “o0s30987
B Kurtosis. -0,0370029
Mittelwert 0,60210 3, | N 1001
StdAbw 0,01257 0 | Minimum 38199
Varianz 0,00016 oosissnn || EtesQuarl 42554
Schiefe 0118636 Sabn fpesamt 0006TESED Drtes Quartl 45401
Kurtosis 0213771 I aximum
N 1001 | S5 Konfdeninterval f Mittewert
"
Minimum 056252 [ onfcenzinterval fur Median
Erstes Quartil 059335 [ S L R ) ostortaemtera i e
Median 0,60185 [ 5% Konfidenzintervall o StaAbw
Dy 0,61064 . . ox o1 02093
063859 | — .
95%-Konfidenzintervall fiir Mittelwert L
060132 0,60287 & L £ & &
95%-Konfidenzintervall fiir Median & 4 xﬁ ,ﬁ““ R
05750 osers  Os00  oes 06250
0,60092 0,60282
X . — e D
95%-Konfidenzintervall fiir StdAbw Cpk. 1,32 Erv, Gesamiestung
PRM < USG  E0.72
* e 001204 001314 PPN = 0SG 15161 s e m—
|_ e Gesa: 000 || BPM Gessm: 5337 || PRM Gesart 26233 - - - -

95%-Konfidenzintervalle

Mittelwert | |

Median | | |

06010 06015 056020 06025 05030
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Key projects

Synthetic materials and injection moulding (choice)

.mts Consulting & Engineering GmbH © 2015

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: |-Tafel: SOP and robust product design

TPE- and PVC- extrusion

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

Extrusion: Gummi und Kautschuk (Auswabhl)

.mts Consulting & Engineering GmbH © 2015

Aufbau und Inbetriebnahme einer Fabrik zur Herstellung von Hydraulikschlauchen
Fertigung von Reifenkomponenten, Schlauchfertigung

Kontinuierliche Vulkanisation via Mikrowelle und Salzbad

Dimensionierung und Layout von Kautschuk-Extrudern, und -Extruderschnecken

Kalander- und Rollerheadprozesse: Inbetriebnahme der weltgro3ten Rollerhead-Anlage
zur Transportbandherstellung

Layout und Inbetriebnahme einer Douplex-Rollerhead-Anlage
Walzenbeschichtung

Layout und Konzeption einer neuen Generation von Warmfutterextrudern
Kontinuierliches Compounding von Kautschuk auf Zweischneckenextrudern

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

Development with Robust Design

Conventional development

Lean Six Sigma DMAIC

Genutzte Ressourcen

SOP SOP Timeft]

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
.mts Consulting & Engineering GmbH © 2015 Folie 22




Contact

mts Consulting & Engineering GmbH
Wernher-von-Braun-Str. 8
D-82256 Furstenfeldbruck

Tel.: 08141-888403-0
Mail: info@mts-contech.com
www.mtis-contech.com
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