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 Data Analysis
 Statistics

 Analysis of happenstance data, to prove theories, es-
timations and a hypothesis

 Data mining
 Analysis of happenstance data, to identify hidden cor-

relations between data
 Predictive Analytics

 Statistic and Data mining procedure to predict a 
future behavior with existing data sets
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 What is predictive data analytics?

 The application of statistical analysis of historic data 
to predict future trends, patterns, and  behavior to 
improve the outcomes in automated and human 
processes
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 Where to use predicitve data analysis in rubber manufacturing?

 IBM SPSS predictive analytics 

solutions enable manufacturers to:
 Proactively identify equipment reliability

and product quality issues 
 Decrease equipment failures with

reliability-centered maintenance 
 Reduce costs associated with MRO (repair and overhaul)

inventory and labor
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 Where to use predictive data analysis in rubber manufacturing?

 Across every phase of production, predictive analytics helps 

manufacturers:

 Efficiently perform root-cause analyses
 Reduce machine/appliance/asset downtime due to the failure of   critical 

parts
 Minimize supply chain problems due to product issues
 Improve productivity of maintenance resources
 Avoid costs of machine/appliance/asset failure
 Realistically forecast warranty accruals
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 How to do predictive data analysis?

  Classification
 Uses a known outcome field (target) and its relationship to predictor inputs to 

build a model that can predict the target value in new data
 C&RT, QUEST, Linear Regression, Logistic Regression, Neural Network, SVM

 Association
 Builds a model that shows the patterns of entities (events, purchases, 

attributes) in a data set
 Apriori, CARMA, Sequence

 Segmentation
 Divides the data set into clusters of records that are similar
 K-Means, Kohonen, TwoStep Cluster 

 Forecasting
 Produces future estimates for time based data 
 ARIMA, Exponential Smoothing
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 Why not predictive analytic?
 Software is available on the market
 Modern controls deliver all kind of data

 What is needed:
The application of statistical analysis of historic data to predict fu-
ture trends, patterns, and behaviors to improve the outcomes in 
automated and human processes
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 Why I should not use this way of thinking and analysis to 
“forecast” a compound using historic set of data?
 Correlation of ingredients and properties.

 DoE tells us: most are linear!
Example: Filler / Oil loading and ratio on basic physicals

 Estimate effects of changes of ingredients on properties.

 Selection of mathematical model
 Linear – none linear
 Iteration
 Approximate function
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 Actually an older idea: 
9 patents identified dealing with this type of analytics:
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 Compound ingredient / property relation
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Compound RecipeCompound Recipe

F1

F2

F3

Influences: Effects:

R1, R2,.. Rn

 Objective of the Experiment should be the indentifcation of the most 
important factors (F1,..Fn), to be able to measure Effects (Responses 

R1,...Rn) and to describe there dependency in a mathematical 

equation:

Ri(1...n) = f(A0 + A1F1+....AnFn +....)Ri(1...n) = f(A0 + A1F1+....AnFn +....)
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  Recipe database

 Useful, if following information available: 
 Historical knowledge around ingredients and their effect on pro-

cessing in the accompanying mixtures
 Data about conspicuous features of the mixture in production
 Database should contain information about the article manufac-

tured from this mixture and its behaviors in use.

 Design guide for updating the database

 Design guide for formula development 
Business-

 laboratory formulae 
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  Recipe database and the use

 Comparative analysis of formulas analogous 
an inquiry in a library

 Comparison of parts made of the formula
 Accelerator system as an example

 Choice of a formula,
 Change after arbitrary criteria (Trial and Error)
 Possibly processing according to a DOE in 

addition
Business-

 laboratory formulae 
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  Recipe database organization

 Cure Kinetic at 3 different Temperatures
 Basic physicals

 H, TB, EB, M³,E,
 C-Set 70°C / C-Set 150°C for HT-Polymers

 Aging Properties
 Hot Air 7d/70°C 7d/150°C for HT-Polymers

 Viscosity at 3 different Temperatures
 SIS-50 / RPA

 Other set of data
 FEM – Data
 Dynamic properties

Business-
 laboratory formulae 

Source: Scarabaeus GmbH

Figure: Scarabaeus GmbH
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Data Sets contain:
●  Formula
●  Rheological Properties
●  Vulcanizate Properties – Laboratory sheet
●  Vulcaniczate Properties – Molded part
●  Other Properties (dynamic,..), depending on the article
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 Database

 Raw Material Data Base
 Field for 

 Recipe
 Property  

 Search Functions
 Export of complete set 

of compound data
 Document organization
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 Database

 Without error because of 
automated transfer of 
measurement results

 Link with recipe
 Link with processing 

data possible
 Export to table calcula-

tion programs
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Citrix Server SCB Server
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Administrator
 

Technikum
 

Organisation of IT for LIMS
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Compound / Property Dataset

Source: Scarabaeus GmbH
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Laboratory Testing Order 

Source: Scarabaeus GmbH
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 Statistic Experimental Design 
Software

 Optimization tool
 Numerical
 Graphical
 Point prediction
 Confirmation report

 Calculation of ingredient – 
property relations with limited 
organized set of data

Design-Expert® Software
Factor Coding: Actual
Overlay Plot

NR Tmasse
NBR Tmasse

X1 = A: Tzyl
X2 = B: Tplunger

Actual Factors
C: Pback = 8.00
D: Sspeed = 52.00
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NBR Tmasse: 128.000

NBR Tmasse: 130.000
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 Optimization
Design Expert® has sev-
eral tools for optimization:

Numerical

Graphical

Point prediction

The graphical optimization 
allows to visualize the tar-
gets as an overlay plot in 
one graph.

You can run the nu-
merical first and then 
transfer the values in 
the graphical opti-
mization

Design-Expert® Software
Factor Coding: Actual
Overlay Plot

ZF
ZD
Hardness

X1 = A: A:ENB
X2 = C: C:Sulfur

Actual Factors
B: B:DTDC = 0.53
D: D:MBT = 1.00
E: E:TiBTD = 1.50
F: F:ZDiBC = 1.50
G: G:DTP = 1.50

5.00 6.00 7.00 8.00 9.00
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0.60
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1.50
Overlay Plot

A: A:ENB
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ZF: 11.000

ZF: 12.000

ZD: 300.000

ZD: 300.000

ZD: 350.000

Hardness: 72.000
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 GrafCompounder 2.001

 Table calculation software us-
ing happenstance data sets

 Based on Java
 Import / Export function for 

communication
 Allows automatic mixing of 

compounds and manual 
mixing

 Calculates property data
 Shows data composition of 

the result
 Import / Export of result

Source: GrafCompounder
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 Analysis based on 
 Measurables
 Targets
 Weights
 Rating functions shows the dis-

tance between values and target
 Iteration in small steps from differ-

ent starting points
 Check of maximum agreement with 

the target

 Report of Results
 Recipe
 All calculable physical properties

 Missing data left out
 Show all Recipes with their per-

centage used in the analysis 
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Design-Expert® Software
Factor Coding: Actual
Overlay Plot

MV
T5
t10

X1 = A: C6630
X2 = B: CaCO3

Actual Factors
C: Clay = 32.30
D: Oil = 70.00

60.00 67.00 74.00 81.00 88.00 95.00
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40.00

46.00
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Overlay Plot

A: C6630
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MV: 34.300 MV: 36.000

T5: 3.902

T5: 4.100

t10: 0.435

t10: 0.439

MV: 34.008
T5: 4.032
t10: 0.436
X1 72.16
X2 60.84

 Analysis with data fitting on linear 
regression model equation 
 Optimization area calculated 

with Design Expert
 Analysis without fitting  of data

 Solution given by GrafCom-
pounder
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 Full set of data in Recipe, resp. Compound development is of 
advantage for:
 Comparison multiple recipes which each other
 Correlation between ingredients and performance of compounds
 Mathematical handling to virtual create compound with such data 

sets

 Considerations
 A database with little to no errors is required, which should be 

possible with LIMS and an infrastructure accordingly 
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 Finally we should accept, that we are in the computer age

Thanks for your attention. 
What are your comments?
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