SUCCESS STORY

voestalpine quality assurance project with
Statistica Data Miner and voestat

Consolidation of SixSigma by designing a scale error
forecast model for steel strip production

The automotive industry places the highest demands on the surface quality of a steel strip. So-called (mill) scale defects disturb further processing operations considerably and can therefore lead to scrapping the entire steel strip. In
the past, the total costs caused by (mill) scale defects amounted to around EUR 1 million per year.
The aim of quality assurance was therefore to develop a statistical model of production conditions for predicting scale
defects. It should be possible to deduce from this which production conditions can be used to prevent the occurrence
of scale defects.
Higher mathematical methods or multivariate considerations as well as the joint consideration of different production processes finally led to success and a reduction of error costs by 80 pc.

BACKGROUND ON PRODUCTION
In Austria, at the Linz plant of voestalpine STAHL division, around 5.5 million tons of crude steel are cast into slabs
each year. In order to be able to produce steel sheets from this semi-finished material (e.g. length: 12 m, width
1,600 mm and thickness 225 mm, mass 30 t) for the production of cars, for example, the steel must be rolled into
steel strips with the required thickness.
During (hot) rolling, scale errors may occur. In this process different oxide layers in other words scale layers form
on the steel surface. Under certain conditions, the scale layer on the surface of the steel strip is rolled into the base
material. This defect is called the mill scale defect. Minor defects on the steel strip can be removed at the pickling
lines.
Figure 1 shows the schematic structure of the hot strip mill - a series of complex processes.

Figure (1): Schematic structure of a hot strip mill

In the furnaces, the slab (12 m long / 200 mm thick) is heated to a temperature of around 1,200 deg. C by direct gas
firing. In the roughing stand, the slab is rolled reversing to a roughing strip (60 m long / 40 mm thick). In the finishing
line the pre-strip is then continuously rolled to the desired final thickness dimensions. Finally, the finished steel strip
(e.g.: 1,600 m long / 1.5 mm thick) is cooled to temperatures of between 550 and 740 deg. C and wound up.
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Following the finishing line, the steel strip is inspected by means of a surface inspection device. With the help of this
device it is possible to detect scale defects or to assess the quality of the steel strip.
Each production day, hundreds of process parameters or millions of measured values are recorded and stored in databases. The size of the databases (central data warehouse with the process databases) is several terabytes.

Figure (2): Several terabyte of process data

TASK DEFINITION AND ANALYSIS
The first question was on which process parameters the development of mill scale defects (ZUC) depends. This was
answered with the help of data mining and/or by applying higher statistical/mathematical methods. Standard statistical methods fail miserably due to the complex relationships between production conditions and scale defects. One
reason for the bad results, e.g. of the correlation calculation (Pearson), are certain conditions which are only rarely
fulfilled, including the assumption of normal distribution and linearity. The ranking correlation according to Spearman
often provides insufficient results because - among other things - strictly monotonous correlations are assumed.
The following application example is intended to illustrate this.

Figgure (3): Number of scale error traces at
different strip temperatures
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Figure (4): The number of scale error traces
is not normally distributed
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In Figure 3, the temperature of the steel strip on the abscissa of steel frame 2 is scaled and the number of scale error
traces on the steel strip on the ordinate is scaled. In Figure 4 it can be seen that the variable „Number of scale error
traces“ is certainly not normally distributed and/or deviates strongly from the Gaussian bell curve (red curve). The
result using the (linear) regression/correlation calculation would result in a „correlation“ of 5 pc and/or the insight that
the temperature at steel frame 2 has no (considerable) influence on the development of scale errors.
Two evaluation tools are used at voestalpine - Statistica Data Miner/Process Optimizer and voestat.
In addition to the standard procedures mentioned above, Statistica also contains a large number of analysis procedures such as non-parametric statistics, decision trees, &c.
voestat is an efficient, standardized analysis software. The program contains self-developed complex statistical/mathematical algorithms.

Figure (5): Importance of the influencing variables

Figure (6): Relationship between temperature and
mill scale error (ZUC)

Figure 5 shows the results of the STATISTICA decision trees. The steel strip temperature calculated with voestat.
frame 2 (Temp_G2) is considered to be very important - with regard to the mill scale defect (ZUC). Figure 6 shows
further details.
voestat calculates a coefficient of (0.51) ~ 51pc, which means that the strip temperature at steel frame 2 has a strong
influence on the occurrence of scale errors and/or 51 pc of scale errors depend on the temperature mode of operation; the unsuitable statistical standard procedures resulted in an influence of 5 pc for clarification.
In order to really avoid and/or predict the mill scale error, additional multivariate considerations are unavoidable.
The above question is univariate: On which process parameters do the mill scale defects depend? The corresponding
multivariate would be complementary: On which combinations of process parameters do mill scale defects depend?
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Here is a suitable application example with regard to the problem of mill scale defects:

Figure 7a shows that the service life of the rolls alone
does not have a strong, clear influence on the mill scale
error (ZUC). The different roll types also show no significant influence (Figure 7b). Figure 7c shows the combination of the two.
If both variables are considered simultaneously, it can
be seen that the service life and also the roll type have a
strong influence on mill scale defects.

Figure (7a,b,c): Influence of service life and roller type on the mill
scale error (ZUC)

The results of the Maximum Likelihood function values in Statistica show that both variables and/or their combination
have a significant influence. voestat calculates that the occurrence of scale errors depends to 40 pc on the interaction
of the duration of use and roll type.
Programmatic support is crucial here, because with 200 process parameters there are already 19,900 possible combinations of two variables; 1,313,400 combinations of three variables
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FORECASTING MODEL FOR 34 INFLUENCING
FACTORS AND PRODUCTION MONITORING
In total, Statistica and voestat discovered 34 significant
correlations; the results of the two software packages
are not necessarily identical. Based on this, the prognosis
model was developed in Statistica using the „Generalized
Linear Models” model (Figure 8).
The explanatory power of the model is extremely high,
i.e. 95 pc of the mill scale errors can be correctly predicted. The findings of the model were implemented directly in the production process. The model can also be
used to monitor production and, if necessary, to sound
an alarm.

Figure (8)

INDIVIDUAL CONSIDERATION WITH STANDARD STATISTICAL METHODS VS HOLISTIC PROCESS MODELLING
The following Figure 9 shows once again the importance
of the use of higher mathematical methods and the combined approach of different process parameters and
entire processes. This is why the voestalpine way is also
referred to as Six Sigma.
The background is not the criticism of Six Sigma and its
five phases themselves, but that the Six Sigma methodology is based on inadequate statistical standard procedures - at least for problems in voestalpine. Furthermore,
Six Sigma looks at individual processes in isolation and
already has a limited, univariate character right from the
beginning.
VARIANT I: standard statistical procedures
Figure (9)
VARIANT II: higher - univariate - statistical methods
VARIANT III: higher - univariate & multivariate - statistical methods
With the help of statistical standard procedures, no substantial reduction of the error costs would have been possible; with model variant III, the sum was reduced by 80 pc. This corresponds to annual savings of EUR 800,000.
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„With the combination of Statistica Data Miner and the self-developed
evaluation software voestat, we were able to recognize and model complex relationships in the totality of production, even in terabytes of data.
With conventional Six Sigma methods, this would have been impossible.“
Jürgen Zeindl, Quality Manager

BACKGROUND ON STATISTICA AT VOESTALPINE
voestalpine uses Statistica Industrie Professionell as a strategic tool for industrial data analysis in several corporate
divisions. The complete equipment of the employees with these common methods is optimized by some power
users, who have additional tools such as Statistica Data Miner/Process Optimizer and can thus continue data analysis on a more complex level. These are regularly spectacular improvement projects, which are characterized by a
consideration of the processes in their entirety and considerable profitability.
voestalpine is a successful international group with a large number of specialized and flexible companies that manufacture, process and further develop high-quality steel products. voestalpine, headquartered in Linz, Austria, is
represented by around 360 production and sales companies in over 60 countries. The group consists of a total of
five divisions. Sales in the 2009/10 business year amounted to approximately EUR 8.6 billion and voestalpine has
almost 40,000 employees worldwide.
More information: www.voestalpine.com

StatSoft (Europe) GmbH is your partner for data analysis. Customers have trusted our software products and
services for over 30 years. Our experts advise you, implement solutions, accompany analyses and train your
employees. With Statistica, we offer you a software suite that has been tried and tested worldwide for decades.
Statistica includes general and specialized solutions for statistical and graphical data analysis in all industries and
business areas.
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