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Development Tools

¢ DoE — New Materials / Processes

* Model / Ingredient Selection & Limits / Perform Experiments | Select
Result / Confirmation Experiment

¢ Al — Historic Compound / Process Data

 Data / Criteria / Prediction | Select Result /
Confirmation Experiment
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* Prediction based on Al * Prediction based on DoE
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- Data Calculation Al « Data Calculation DoE
Artificial Intelligence: Neuronal Network and Algorithm Experimentation: Measurements:

Variation of Factors Responses

Input a / weight a Layerl  Layer2  Layerd E
1 —

— H—/'. 7 Compound
Input b/ weight b v ", >< . F,F— Process | T
Imput ¢ / weight ¢

\
— 0 0l0 — "
Objective of the Experiment is the identification of the factors (F1,..Fn) type

of influence on the responses (R1_...Rn) and description with mathematical
A model with multiple layers of equations for further processing.

~

Extended model of an artificial neuron neurons, each connected to the ANOVA is used for statistical evaluation.
with moderated input weights preceding and succeeding layer.
o Weights could be assigned to the =
connections between nodes lt1 .n) f(A * A‘1F = A F *..)

Source: T. Rashid, Neuronal Nets, 2017

H-J Dr. Hans-Joachim Graf

| onsultmg
=



Navigating the Complexities of Rubber Development raf

ompounder

* Algorithm Al * Algorithm DoE
Matrix multiplication with the terminology of neuronal nets The Prediction is calculated with the
(w — weight, | = Input, O - X-Matrix multiplied sigmoid function)

o Intercepts and
o Regression Factors:

[w1,2 w2,1] _ [11 *wil,1 I2x w2,1]
(Table shows case for linear regression)

wl,2 w22 I2+w1,2 T2 w22

The input values for the subsequent layer is in each case:

e ==

Each x must be treated with the sigmoid, respective R1 A, A, A, A,
activation function:

Y — R2 Az AF1 2 XF2.2 AFn.Z
Values for subsequent layers change to:

O = sigmoid (X)

Rn An AF.n AFn.n AFn.n
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Mathematic basics of Development Tools

¢ DoE
* Linear and 2", 3 order regression: Experimental effort.

¢ Al
* Feed Forward

- Dependingon d

* Machine Learning ’a

- Limited resources, time constraints a hint for machine learning models
Dependency on property

accuracy: Experimental effort
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Data Structure
Rubber Compounds
* Ingredients
* Normalized to 100 parts
polymer = phr

* Properties
* Rheological properties
¢ Physicals
* Other
* Appearance
* Dynamics
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* Al Data Structure * DoE Data Structure
¢ Trial&Error Data Collections & Data Sets
¢ OFAT Data Blocks * Blocks of 9 — 20 Sets

¢ DoE Data blocks

* Property Data
According Customer / Market
Specification

* Property Data
Project related

: : * Data Diversity: blockwise
* Data Diversity
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« Data Quality * Data Cloud?

¢ Faulty Data in
¢ No useful Solution out

 Sources of Error

¢ | ack of Standardization

Data In
* Variation Mixing e
luti
* Variation Testing >0 ucl)our’][
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* Standarization  Data Cloud?

¢ Eliminate Redundant

Ingredients
(Neutralization of Names)

* Separation
¢ Polymer Compatibility
¢ Ingredient Solubility

Data In
¢ Crosslinking Systems @ Solution

Out
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* Decrease of Variation, Increase Precision

¢ Laboratory Mixing Machine: Variation
* Raw Material / Process Protocol Influences

* Testing

¢ Test Protocol: 5 instead of 3 samples per Test

* Evaluation of Measurement Error
(Man — Machine — Material)

* Design of Experiments: Number of Repeats

¢ Round Robin Testing with external Laboratories
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Source: C.E. McCormick,

Evaluating and Utilizing the
Precision of-a-fest-Method;
Elastomerics 1983

Good Accuracy
Good Precision
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* How to check / improve quality Corrglation betwgen crosslin.k
density and physical properties

of a historic data pool?
Dymamic Modukas
* Al Prediction of compound inside 95% 1{?,:-3-3
confidence interval

® Elimination of outliers possible, if N
ingredient — property relation can be Properties Tonaite
demonstrated »

¢ Properties correlated to crosslink Hystersis,
Permenent Set,
Friction Coed.

density (according Coran)

® Correlation analysis of properties ' " crosasak Deqsity mm—r

Source: D. Hertz, Elastomerics 1984,

® Properties inter-correlated
A.Y. Coran, in Science Technology of Rubber, § Vulcanization,

Academic Press 1994
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* PrOpeI'tieS over Crosslink *  Variation of Ingredients: Example Sulphur

Source: L. Gonzales, et al., KGK 2005

Density
¢ Variation of ingredients cause a T 1o %
shift of properties e | [ Hign supur |
e
* Hardness / Modulus £ . s
£ /
* Static- / Dynamic Force s |/ T
= | ’ 22 ®/ |
* Crosslink Density / CLD /) <z S
Concentration J,_C*' /"'(

L)
® 0,73 0,982 1234 1,485 1.738 199
P

Crosslink Density
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* Checking Data * Coran’s Diagram
) . Variati fl dients: E le Sulph
¢ Correlation of Related Properties sanato goﬁza,z‘s?:?a,_[i’g,? o piE SUTphur

* Hardness / Modulus

A

» Static- / Dynamic Force

Crosslink Density / Cross
Linker Concentration

¢ Using a consistent sulfur content when
cutting out a curve enables the
assessment of accuracy by observing

the dispersion or clustering of points
along the curve. Crosslink Density
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* Property (TS) over XLD & Loading (CB N330)
* Cutting property-XLD slices

* Property Data Slice
* With outlier

;Pruperty_
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* Property over XLD & Sulfur
* Cutting Property-XLD Slices

. \\
Coran’s Diagram N\
v
Reversed 7
e

Hardness

H-J ﬁsumng Dr. Hans-Joachim Graf

524_-——’»-""__

w2y —

B O
r I I I
-_-______-_-_|____ Tear __',___.....ll- A

A

SgrenTtH pd

3 A
Trouser ' /|
23°C9, v 'I //' "_':'- 18
- 7 . [,’ Tt 188
. 1.378_80



Navigating the Complexities of Rubber Development

- Data Management

¢ Ingredients

Copy / Paste
ingredients from
master ingredient
file

¢ Neutralization
* CAS No.

*  Chemical name

H-J ﬁsu,ﬁng Dr. Hans-Joachim Graf
&2

Hie Far (iagam Help
Inpur A

Ingredients:

EPCM M

CrCHM a2

CPCCM M0 C255 CHES
CPCH C2-TOM-80
EFCM Z2-TO-M-30

=1
Ulrssl Wil
Ulrasd 7000 SR
HISHEL 24300
SILANE 172 OLC
Licid BR 5T

WISTRO

Paria Wik
-

Jodol wgreaents
Densty foaic |
Cost (par o]
o fpar mass]

Recpersiosin .

(240 M4.80

00

48,00
230

15,00

CMPD-25 CHWPD2E  CMPC-27  CMPD-20

1500 S0 15,00 2.0

o

CHMPD-22
1500

1150

00
230

Gmana

Mr ax Fram o Weght Trdet

o m
HYE
HIE-ENL LR
ERO

EROH

EPOH

EOOH

£eoH

£enk
T

SR N80
CANTH

GA NN
LiteRaN WINE
LK 000 (3
HitsREY 2430
SUANE {72 0LE
Liquel BR 5T
MISTRON

Tavame (F
MHIS 440
PRCOGPL
THE

I

[

g

i L
00

a
a
£
£
&
a
i
il
£

cosoccoeoo oo

sococcocoo o

i
i
a
a
Q

raf

ompounder

=13l

Misturs

2, e FE i

Hhumber format | v

by EE] 114 b 16380

T

wid

Poyaify; W
ot

Tafal mgrecients
Liznsiy fcake )
Cost fer vl
Cost jper mass)

RN

Impact NGt dafa fram 2IpEaard | | A i (SEname misues) Alrin T (A TR

100

18



Navigating the Complexities of Rubber Development raf
ompounder

DM LM =lolx]
 Data Management ==
rg el Crizia Outpar
M 3 M ¥ MED-57 b M [-54 M- B M 3 M 33 HALL WP -6 WP L-EE Hamg M Wax  From To Wewght Trdott
e T
CMEO-AN CMRP-06 CNRLF CMRP-bE CMPU£] CMEDE CMFUDE? CMFUEY CMEO-E4 CMPL-ES CMPL-EE P
Hoaney Viscosly
X Al 47 50 44 20 a7 EEEINE B+ 176 100 3008675
faaney Soorch
b 2200 2210 3E 00 ML-125 G 156 836 2038975
F ik 11,90 15-125 474 G164 REAF]
‘ - 84.05 TI5 128 5§28 9405
Rhasmafer -
ro p e I e s ] 2,70 2,70 MLT190 3934 255 0E3928 0ea13s
P [ T=2-100 225 nag 02065 0275125
E 080 08 Tes0-150 a6 1,03 051308 0,536877%
3 Te80-180 a3 222 1138775 1,162876
F HH-1K) TR CLGHOM U
C | HAHLML 180 438 1722 BAT0G2S  00O7aIS
opy / Paste property i
| FALTES a3z 388 0382975 085358
3 T=d-165 a4 614 0824825 10323
f t ] Test-165 055 656 153085
nNames 1Irom master - 7o 165 03 126 doves
p Telit-T6% 1768 1567 ERCEETED
- 3 IL1Es 527 2042 01548 ™
p ro pe rty fl Ie ! WH-MI =165 424 147 7.39475
Physicals
b Hardnzss "Sha 44 (1] 52,045
] Tansie (MPa A62 2255 1 &2 1 BN
b Clongetion 5] 12533 811,32 455481228
- - Maaitus (W) [
¢ Standardization pen = s o
b Density a8 1,17 10S9ETE 1 0505
Heaf Aging- 185
b ATensie (W)165 166 408 3 1 5 32875
] Aklonganan (%) -6 8§ [ -é ] ol QAR o
. b Abtsrdess * I 2 2 v
Standard properties - vs] [ iz
i 26185 = 215 205 205 207 pord Tallngredienls 181965 372,83 28E2110 23172005
Dlenziy feake |
ot fper voll
. CCast {par mass)
2 Custom propertles Rec e ratios in . Sam 105 s = e 1038
. 100
Mumger tornat: | 1234567 | %) |_¥mport input data from clipooard | | Ao Mtk (ovenwmbe mbturel | | ALk i [rew miture} |
H-J ’ 5 ;
=¥ _ Dr. Hans-Joachim Graf
| | onsulting 1 9
W

Sy



Navigating the Complexities of Rubber Development

Prediction Compound Formula
with &
G™'Compounder

Physical Properties
5.0 - -

\ 4

1

ent

ent

Objective of the Experiment: |dentification of the Important
factors (Fy..Fy), with their effects (Responses Ry,..R.) on
properties and ability of description with regression equation:

Y Fail N\
@ Design of Experiments Confirma
% m i Ingredients [Factors] are varied Respanses [R,] are measil e .
- Confirm ™. ingredient ] __, tion
a ation | i
) Ingredient [£,] = Compound = R.R.R, Experim
B Experlm Ingredient [Fy] T p
-
ye
<

-
L

| Ryq = 108 + AF 4 AF, +.) |

L /
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Artificial Intelligence: G Compounder EXPERIMENTAL DESIGN
» Compound History » Explore Materials
» Analyze / Eliminate Foulty Data » Evaluate

Histo
» Simulate ry > Decide
&
> Select Solution Future > Select Possible Solution
for Confirmation Trial for Confirmation Trial

» Confirm » Confirm
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* Conclusion
¢ DoE and Al complement each other perfectly.
¢ All Data in the cloud is not recommended.
¢ Quality of data remains an issue.
¢ Database can be improved with suitable tools.
¢ Management of data will enhance Al accuracy
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