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Dr. HJIG
Compound Development Consulting I

+ Advantage of a PC-Program

+ Motivation for Program Development
+ Description of the GrafCompounder?

+ Comparison with Statistic Experimental Design
(DoE)

+ Combination of Grafcompounder with DoE
+ Advantages / Summary
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Motivation for Program
Development

Dr. HJG

Consulting

Recipe is used 1 Time
per
Project / Evaluation

i\

Reinvention Time?*)
~1- 2 Jahre!

*) personal Estimation

Mid size - / Large company:
Recipes in use ~ 500 — 2000
Laboratory recipes ~ 1000/year

Cost of Recipe
Developmentin a
Laboratory
~ 500 US$/Recipe

Invest of 500.000 US$/year
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Motivation for Program ELELHIE
Development Consulting

+ Question:

+ Why we can hardly take Compound Databases
as working capital,
Saving time and effort in our daily work?
% Avoiding reinvention
% Increase our compounding knowledge.

% Gaining room for really new ideas in compound
development
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Motivation for Program
Development
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Motivation for Program

Development

Dr. HIG

Consulting

=% Patent EP 0865 890 A1
(Bridgestone) is dealing
with compounds used in

tire manufacturing
= Dependency of factor —
response relationship with none
linear regression equation.
= Usage of a function to determine
boundary conditions.

= ldentification of a compound
with targeted properties.

EP 0865 890 A1

Européisches Patentamt
(19} 0’)’ European Patent Office

Office européen des brevets

@1 EP 0 865 890 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
23.09.1998 Bulletin 1998/39

(21) Application number: 97934747.3
(22) Date of filing: 08.08.1997

(51) Int. C1.5: B29B 9/14, GO6F 17/00,
B29D 30/00

(86) International application number
PCT/JP97/02784

(87) International publication number
WO 98/06550 (19.02.1998 Gazette 1998/07)

(B84) Designated Contracting States:
DE ES FRGBIT

(30) Priority: 08.08.1996 JP 210273/96
{71) Applicant:

Bridgestone Corporation
Tokyo 104 (JP)

(72) Inventor: NAKAJIMA, Yukio
Tokyo 197 (JP)

(74) Representative: Whalley, Kevin
MARKS & CLERK,
57-60 Lincoln’s Inn Fields
London WC2A 3LS (GB)

(54) METHOD OF DESIGNING MULTICOMPONENT MATERIAL, OPTIMIZATION ANALYZER AND
STORAGE MEDIUM ON WHICH MULTICOMPONENT MATERIAL OPTIMIZATION ANALYSIS

PROGRAM IS RECORDED

{57) A design of a material composed of a plurality
of components can be performed with ease. In an opti-
mization apparatus 30, a known compositional ratios
and the like, and mechanical behaviors thereof are
inputted by an experimental data input unit 40 and a
learning is conducted in a non-linear calculation unit 32
in order to establish a corresponding relation between
compositional ratios of multi-component materials and
the like, and mechanical behaviors thereof as a conver-
sion system based on a neural network. Ranges and
the like constraining mechanical behaviors, such as a
“oung's modulus and the like which are to be optimized,

and compositional ratios and the like are inputted in an
optimization item input unit 42, and a mechanical
behaviors are predicted in an optimization calculation
unit 34 from compositional ratios and the like of the
multi-companent materials using the cptimization item
and the conversion system of the calculation unit 32,
and an objective function is optimized until the objective
function, expressing the mechanical behaviors are con-
verged. The optimized compositional ratio and the like
of the multi-compenent materials is output from a opti-
mization result output unit 44.
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Motivation for Program
Development

Dr. HIG

Consulting

=% The patent US 7541122B2 (Fa.
Honeywell) deal with ,,empirical®

United States Patent

Dietrich et al.

US 7,451,122 B2
Nov. 11, 2008

{10y Patent No.:
(45) Date of Patent:

DoE with the help of neuronal -
network algorithm ’

-

Datenbase from historical compound

data o
= Elimination of foulty data sets out of
the data base
=¢ Calculation of a compound with the
help of none linear neuronal network

algorithm

Building of a equation for the
simulation of the correlation between
factors (compound ingredients) and
responses (properties).

Dr. Hans-Joachim Graf

EMPIRICAL DESIGN OF EXPERIMENTS
USING NEURAL NETWORK MODELS

Inventors: h, Brooklyn Park, MN
- Menon. Golden Valley
MN (US): Dinkar M
Fridley, MN (US); Lew
Apple Valley, MN (US)
Assignee: Honeywell International Inc.,
Maorristown, NJ (LIS)
Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 280 days.
Appl. No.: 11/394,317
Filed: Mar. 29, 2006
Prior Publication Data
LS 2007/0239633 Al Ot 11, 2007
Int. C1
GOGE 100 (2006.01)
GOGE 300 (2006.01)
GO 15418 (2006.01)
GO6G 700 (2006013
GOGN 302 06,01
U Cl. TO6/15
Ficld of CI. el None
See application file for complete search history.
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Motivation for Program ELELHIE

Development

Consulting

Ble Edit Insert Records Window e
Window  Help

% Commerzialisation of C
neuronal network ai"g”’i”)rlthm S —

«cekimport-ey S
“amples\503) ————
SL108_709_sum o ——

Recipe can be Mixed:

% CAD-CHEM

=% Program needed,é

AESAMOLL

= Prediction was .usfiﬁﬂma*ccurate

TU RAN §.§

% Program was tak
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Motivation for Program ELELHIE

Development

Consulting

Statistic Experimental Design (DoE) allows a
factor — response calculation with regression equations

Influences:

_ Effects:
Factors are varied Responses are measured
F, —»
£ — Process — R.,R,,..R,
2
.
Fs

=% Objective of the Experiment should be the identification of the most
important factors (F, ..F), to be able to measure Effects (Responses

R ....-R;) and to describe there dependency in a mathematical
equation:

Ri(1...n) — f(Ao + A1F1+....AnFn +....) W
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Dr. HJG

Design Guide
for GrafCompounder

Consulting

Ble Edit Insert p Eords  Windg
5 Y O

% Calculation with Iiﬁ:a*ar felations ships

% Most DoE shows a Ilnear model equation is sufficiently ™
accurate.

, bul allow

e “”d uring calculatmns ;,;;;

ta in the compoumd database

% Program should work correctly even wﬂh a.{l_clmaller
database o | so || e e

% Program should be, cp_mpatlb1éwnh aﬂtypenfea
programs
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Description
of GrafCompounder

+ GrafCompounder

GrafCompounder version W=k
File Egit He L]
Input “|Criteria:
1 From To Weight
estdateien
Recipes:

ngredients: 20A kS5 i Sl DALRL A BRI 515 £ LF (B 0pE 17 [50ALE18 [50ALE42

MR (SMR - 10) 1 1 004 . 00 100.00[ 100.00 B

M330 10.00] 3000 5000 25000 45000 7500 4500 65000 50.00 i 43 57

Caco3 20000 2000 2000 20000 2000 2000 2000 20.00 :

Maphtenic Ol 00 25000 4500 00 500 4500 00 g=25.00 _ 10.00g = 55 [

o mbotrt /- function for cc

Stearic Acid 2.0 ) o0 2.00 ) 2. 20 Toq oo d il et

IFFD 200  2.00 2.00 2.00 200  2.00 2.00 2.00 2.00) : 2
B _ 120 g g1.50 1.50 1.50 150 1. 0 i 15
a ing of cc | anual
CBS - 80 . ) / . ) g 4 1 0.
atal 14615 186.15[ i 213.5375
roperties:
MooneyML(1+4) 100°C 0.00] 33.7375
Mooneyt5 (120°C 20.00) 29.25
Density g C 1243 | 1156825
Hardness L © 1 QE 40 45 2 44 91
M300 1.80 3.00) . 00 : 3.8865
5 1 23.00) : 17.664
EB i 7 680.00 ' i 842125
DVR -26°C /24h . Fa tl o n Of th - 27.6575
DVR 0°C /24h 1™ 4 i) b 161 .Y 13.285
DVR 23°C /7Zh 8.000 10000 1400 9.00 16.000 1000 17 i i 13.3275
DVR 70°C /24h * 3-'?.-3-3 50.00  61.00 -7,-3-3 50.00  54.00 4{3-} JIIJ.,J 17.00] It ! 545175
4] D E EN [ a]
Recipe ratios in %: §§ EESum of recipe ratios (should be 100%):

[ 5] 11 4475 625 12| 13 [ g | ] ‘100
Blisimn b m o o pmm e ATNTAE BT | e I L e Y B I A S RO PR | | | Mo rkm wmming omssm e nmichm mon inmbs e ) | | Mo rhm emmins Somomyss wmminshs s =) |
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Description or- Fie

of GrafCompounder

Consulting

+ Analysis of a recipe database with Multiple
Linear lteration (MLI)

=% Search criteria manageable with different weights!

% Recipe Selection (Exclusion of unwanted recipes
during analysis)

=% Avoid Analysis of none compatible Polymers
= Automatic an Manual Mode
= Simulation of Blends of Compounds

= Property Data should be from a trustworthy source, if
not your own

Dr. Hans-Joachim Graf 12



Description or- Fie

of GrafCompounder

Consulting

=% Analysis based on
Measurables
Targets
Weights Path 3

Rating functions shows the
distance between values and
target

Iteration in small steps from
different starting points

Check of maximum agreement with
the target

Path 4

Path 2

= Report of Results
Recipe /’,4/\‘ Path 5
All calculable physical properties

Missing data left out Path 1

Show all Recipes with their
percentage used in an analysis
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Description

of GrafCompounder -

% Working with the
GrafCompounder

% Create a table by

-
copylpaste from Design  "oredent [CHEBIINENERETSIENRST
Expert® XXX XXX XXX XXX

% Assign titles to the rows :
- Properties:

% Ingredients:

% Properties:

Dr. Hans-Joachim Graf 14



Comparison Dr. HJG
DoE versus GrafCompounder L"S"'““g I

+ Testing the MLI-method a database is needed, which
can be analyzed in different ways.
% 1. Example

= Oil / Filler DoE (with own Experiments)
% Factors: Filler 1, Filler 2, Filler3 and Oil

% 2. Example
DoE published by DuPont Dow in 1998

=% Factors: ENB, DTDC, S, MBT, TiTBD, ZdiBC, DTP

% Same Optimization criteria will be used in DoE Software
(Design Expert®) and in GrafCompounder.

Dr. Hans-Joachim Graf 15



Comparison Dr. HJG
DoE versus GrafCompounder L"S"'“"g I

% 1. Example

=% Oil / Filler DoE (based on own experiments)
% Factors: Filler 1, Filler 2, Filler 3 and Oil

Dr. Hans-Joachim Graf 16



Comparison Dr. HJG
DoE versus GrafCompounder L"S"'“"g I

% DoE with 4 Factors
Polymer used was Vistalon 8600

% Factor Name Units Minimum Maximum
% A C6630 phr 60.00 95.00
B CaCoO3 phr 10.00 70.00
C Clay phr 10.00 50.00
D Oil phr 70.00 95.00

=% A fractional factorial DoE with 11 compounds only!

Dr. Hans-Joachim Graf 17



Comparison Dr. HJG
DoE versus GrafCompounder [Sensulting

Peddedws. Adud

% Rheological Data are

examined g =
% MV and T5 can be £
measured quite ol 4
accurate. R

Both are significant with
a linear model equation

Dr. Hans-Joachim Graf 18



Comparison -
DoE versus GrafCompounder

CaCO3

Paraffinic Oil phr

T5 (120°C) min

Dr. Hans-Joachim Graf 19




Comparison e I
DoE versus GrafCompounder gensutting
QalayRAa
% Optimization area calculated o —> \
with Design Expert — - =1

% Solution given by i::/:({ ]
GrafCompounder ) ~ e

20

aCoO3
XXdz

\
=} o ¥
8
| |
_\%

% With an additional boundary
condition: take same amount of A
CB 6630 similar to Optimization
Value in Design Expert

Dr. Hans-Joachim Graf 20



Comparison -
DoE versus GrafCompounder

CaCO3

Paraffinic Oil phr

T5 (120°C) min

Dr. Hans-Joachim Graf 21




Comparison Dr. HJG
DoE versus GrafCompounder gensutting

Owverlay Plot

=% Optimization area calculated_
with Design Expert

' 34.008 P
52.00 — 4.032
=% Solution given by / 324?2

GrafCompounder

B: CaCOs3

with the additional condition
(CC 6630 — 73 phr)

A C6630

Dr. Hans-Joachim Graf 22



Comparison -
DoE versus GrafCompounder

CaCO3

Paraffinic Oil phr

T5 (120°C) min 4.01 + 0.25

Dr. Hans-Joachim Graf 23



Comparison Dr. HJG
DoE versus GrafCompounder L"S"'“"g I

% What we have learned

% Calculation with GrafCompounder and
optimization result with Design Expert has some
characteristic differences

% GrafCompounder gives always one solution

% Design Expert provides an area, where you
can identify a solution

% With an additional boundary condition both
solutions can be narrowed, that they fit into
95% confidence interval and measurement
error of test methods for the repsonses.

Dr. Hans-Joachim Graf 24



Comparison Dr. HJG
DoE versus GrafCompounder L"S"'“"g I

+ 2. Example

+ DoE published by DuPont Dow in 1998

% Factors: ENB, DTDC, S, MBT, TiTBD, ZdiBC, DTP
% DoE with 41 Experiments

Dr. Hans-Joachim Graf 25



DoE Analysis and Result

Dr. HJG

Consulting

% Tensile at break is significant
with linear model

= Sulfur has larger influence
followed by DTDC and TiBTD,
but negative

% Elongation is significant with
quadratic model, but linear
model is a sufficient fit

= Sulfur has the largest influence
followed by DTDC

% Hardness is sufficient significant
with linear model as well

= Main influence Sulfur, DTDC

Dr. Hans-Joachim Graf

Predicted vs. Actual

| Tensile

Predicted vs. Actual

Elongation

100.00 200.00 300.00 400.00 500.00 600.00
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Dr. HJIG
DoE Analysis and Result Consulting

% Selection of responses
for the test with Overtay Pt

graphical optimization:
% Hardness ]
65°ShA - 70°ShA = -
% Tensile at break & T~ o
11MPa - 12 MPa | e ED
% Elongation of Break B S
350 % - 400 % .

+ Flag points to one
solution

Dr. Hans-Joachim Graf 27



Dr. HJG
DoE Analysis and Result Consulting

% Factor values giving this

result - e

+ ENB: 5,58%

% Sulfur — 0.44 phr . Z 20

+ DTDC - 2.11 phr

% MBT — 1.00 phr S TE =

% TiBTD - 1.50 phr T 3 ](m

% ZdiBC — 1.50 phr e ‘ ‘

% DTP — 1.50 phr S

Dr. Hans-Joachim Graf 28



DoE Analysis and Result -

+ Analysis with point ‘Factor  Name  Level
prediction results: _—_

. ZF 11.2 MPa e
___
+ ZD 335 % D MBT 1.00
+ Hardness 66.5°ShA _F .ZD'BC 1.50
I .

Dr. Hans-Joachim Graf 29



Analysis with
GrafCompounder

%+ Paste table into Graf Compounder

% Select boundaries

File Edit Help
Input data: :(Criteria: §:|0utput:
[ From | To [weight[ Trdoff |:
Recipes:
M Ingredients: cure Pro1 JcurePro2  JeurePro3  jcureProd  curePro5 JeureProd jeurePro7 jeureProd Jeure Pro 8 jeure P Mixture1
fl Mordel IP 4... 100.00 100.00 100.00 100.00 100.00] 100.00
Maordel IP 5... 100.00) 100.00) 100.00
IZinc Oxide 5.00 5.00 5.00 5.00 5.00 5.00 5.00] 5.00 5.00)
Stearic Acid 1.00) 1.00 1.00 1.00) 1.00 1.00 1.00] 1.00 1.00)
CB M 650 175.00) 175.00 175.00) 175.00) 175.00 175.00) 175.00] 175.00 175.00)
Sunpar 2230 100.00 100.00 100.00, 100.00] 100.00 100.00, 100.00] 100.00 100.00,
E:DTDC 3.00 0.00 3.00 3.00 3.00 0.00 1.50] 0.00 3.00)
C:Sulfur 1.50) 1.50 1.50 1.50) 1.50 1.50 0.30] 1.50 1.50)
D:MET 1.50) 0.50 1.50 0.50 0.50 0.50 1.50] 1.50 0.50)
ETIETD 0.00] 3.00 0.00 3.00 3.00 0.00 1.50) 3.00 3.00)
F.ZDIBC 0.00] 0.00 1.50 3.00 0.00 1.50 0.00] 3.00 3.00)
G:DTP 0.00 0.00) 3.00 3.00 3.00 3.00 3.00 0.00) 0.00]
Properties: -
WENB 9.00) 5.00 5.00 9.00] 5.00 5.00] 5.00)
Units Mooney Peak §2.00] 39.00) §5.00] 66.00] 92.00] 90.00 91.00]
Lnits ML1+4 61.00] 635.00) 66.00] 45.00 71.00] 69.00) 62.00]
MNm ML 1.00 1.10) 1.10) 0.90 1.10) 1.10 1.20]
min. ts2 310 2.40 1.80 1.90) 1.80 3.00] 2.50)
min. tcdo 20.90] 13.90) 10.80] 8.60) 16.10] 6.40] 10.70]
MNm MH 8.50) 5.90 8.90 9.30) 6.70 5.40) 9.00)
MPa M 50 3.45 2.2 2.7 3.42 2.2 1.58] 27
MFPa M100 7.56 5.49 6.59 §.32 5.10 3.50) 7.15
MPa IZF 13.70 13.10 13.40 2.60 10.60] 13.20] 11.5 12
% IZD [ 263.00 211.00) 166.00) 261.00) 373.00 183.00) 325 335
Shore A Hardness 75.00] 68.00) 72.00] 72.00] 69.00| 63.00 72.00) 65 67
% C5 24100 44.50) 43.60) 40.60] 35.40) 32.30] 32.60 36.40]
% C5 24125 69.00] 65.90) 61.00] 55.20) 54.50] 59.70 55.00]
24hr150C  |CS 24150 81.60) 74 .50 69.40) 67.90) 68.10) 73.40) 63.60)
% Rehbound 31.20) 35.30 36.40) 35.20) 35.40) 31.90] 37.40
unit [Tan delta 0.32 0.32 0.33 0.31 0.32 0.36] 0.2
MPa M50 70125 5.20) 4.35 531 6.98) 4.30 2,70 5.26)
el I | [ DHEY
Fecipe ratios in %: 2(5um of 1
[ [ I I [ I I I I I : 0
Mumber format | Impartinput data from cliphoard || Auto mix (overwrite mixture) || Auto mix (new mixure) |
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Analysis with
GrafCompounder

+ Paste table into
GrafCompounder B:DTDC 0.98

% Select boundaries e 1

+ ZF-MPa : 11.5120 T

% ZD-% : 325-335 FZDIBC 1.33
% H-°ShA :65-67

Dr. Hans-Joachim Graf 31



Analysis with Dr. HJG I
Des i g Nn Ex pe rt® Consulting

% Run Optimization - Overlay Plot
Graphical
% Select same boundaries
% ZF-MPa :11.5-12.0 C
4 ZD-%  :325-335
+ H-°ShA : 65-67 ) o

Dr. Hans-Joachim Graf 32



Compare Result
Design Expert® vs GrafCompounde

=% Boundary Conditions

=% Select boundaries
=% ZF-MPa : 11.5-12.0
% ZD-% :325-335
% H-°ShA : 65-67

G&: C:Sulfur

\
\
\

\
)
|

=% The Design Expert
optimization graph shows the
location of the result as a
yellow area, but
GrafCompounder result is 030
tagged with a flag. 500 600 700 800 900

Dr. Hans-Joachim Graf 33



Analysis with -
GrafCompounder

% Boundary Conditions

=% Select boundaries
= ZF-MPa : 11.5-12.0
% ZD-% :325-335
% H-°ShA : 65-67

Ingredients Result Result
GrafCompounder ' Design Expert®

D:MBT 1 1

F:ZDiBC 1.33 1.33

Hardness 67 67.5

+) Note: Accelerators are preset!

Dr. Hans-Joachim Graf 34



] Dr. HJG
Conclusion Consulting

+ Compounds in databases are type of happen
stance data

% Which can not analyzed with a systematic approach
today

% DoE in each case needs data based on a planned
experiment.

+ GrafCompounder allows to search a database for a
possible solution using targets

% At minimum you get an very good idea about the
center point in a DoE

Dr. Hans-Joachim Graf 35
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