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Abstract. CAQC (Computer Aided Quality Control)-System for hot rolled strip has
been jointly developed by voestalpine Stahl Linz and VAI in the mid nineties. The
system was installed in the seven-stand hot-strip mill of voestalpine´s steel plant in
Linz / Austria in 1997. It is able to predict the mechanical properties as well as the
thickness and composition of the scale layer of the hot rolled strip immediately after
cooling and downcoiling A simulation of all process-steps such as austenitization
during reheating of the slab and dissolution of the micro-alloying elements in the
reheating furnace, deformation, recrystallization and grain growth processes in the
austenite, precipitation during roughing
and finishing as well as phasetransformation and precipitation in the cooling line and during cooling of the coil
down to room temperature is performed. The results of the pre-calculation after
roughing based on the up stream parameters are used for a fully automatic in-line
control of the production in the finishing mill. If the material is subjected to stretchlevelling in subsequent process-steps such as pickling the elongation caused by the
stretch levelling unit is also taken into account for the prediction of the mechanical
properties. The results of the calculated values are compared with the mechanical
properties obtained by tensile testing. Operational experience with the CAQCsystem will be presented in the paper.

1. Introduction
The development of the CAQC- (Computer Aided Quality Control-) system has been
started in the early eighties in order to predict the inner and surface quality of slabs derived
from the actual production conditions such as chemical composition, the process
parameters of the melting and continuous casting e.g. casting speed etc. [1] The motivation
for this development was that no reliable, direct on-line-measurement of the hot slab quality
had previously existed – and does not yet exist up to now. Therefore it was a consequent
step to extend this idea of in-line quality control by prediction to the next production step of
hot strip rolling. The development of a similar system which should be able to determine
the properties of hot rolled strip began in November 1995 within the scope of a joint project
of voestalpine Stahl GmbH and VAI is also available on the market under the name
VAI - Q Strip. Different principle methods for describing the relationship between chemical
composition, production conditions and mechanical properties are available:
¾ Physical-metallurgical modelling of the process
¾ Statistical methods
¾ Artificial intelligence methods (e.g. neural networks, genetic algorithm)
The decision was made in favour of the physical-metallurgical modelling approach, as it
was expected that only a physical model has the required flexibility and would lead to the
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highest possible accuracy as well. For the adaptation of selected model parameters actual
process data are used, applying linear and nonlinear regression analysis. These ideas were
realized by an interdisciplinary team which consisted of specialists from the fields of
research, quality control, automation and operation.
The declared goal of this project was the prediction of the mechanical properties and
the consistency of the surface of hot rolled strip in the as-delivered condition by physicalmetallurgical modelling of the hot-rolling process. The system should also be able to
support material design by simulation:
¾ The properties of a steel strip with a “new” chemical composition after “virtual” rolling
can be calculated
¾ The impact of other rolling schedules and cooling patterns on the mechanical properties
can be predicted
within certain boundary conditions.
In the first phase prediction functions have been created for the most important
mechanical properties such as yield strength, tensile strength and fracture elongation using
the up-stream process parameters. A real time computation is performed during the rolling
procedure, therefore the properties are available just after coiling or cooling and stretch
levelling, material disposition can be made earlier than before which permits prompt order
planning in the quality- and the logistic department. Operation of the prediction system
started in July 1997.
The objective of the second phase of the project was the design of an in-line control
system for the mechanical properties. If the pre-calculation after roughing – with the
scheduled setup for finishing and cooling – shows a deviation of the predicted values from
target, the preset for e.g. the cooling conditions will be changed by the system in order to
meet the required properties. The function of this feature has been commissioned in January
2000.
In a third project step new functions have been established which are used to predict
the properties and thickness of the scale layer after hot rolling and cooling. These results
are the basis for the control-system of the following pickling process to set up adequate
process parameters in order to guarantee the required surface quality and maximal
productivity.
2. The Evolution of Microstructure in the Hot Rolling Process
The layout of the hot strip mill of voestalpine Stahl GmbH is shown in Fig. 1. Slabs
are heated to rolling temperature in the reheating furnace, subsequently descaled and rolled
in the roughing stand to the transfer bar thickness and - after a second descaling step rolled to the final thickness, cooled on the run out table and coiled. The microstructure
changes continuously in the different production steps of hot rolling.
Slab reheating of low carbon steel, structural and also micro-alloyed steel to rolling
temperature is characterized by the alpha to gamma transformation and the dissolution of
precipitates such as nitrides and carbonitrides (in microalloyed steel grades) formed during
the preceding cooling-step of the slabs after casting. Since the reheating temperatures and
the reheating times are sufficiently high for full austenitization, the austenitization process
itself is of minor interest for the final microstructure. However, austenite grains tend to
grow when the precipitates are dissolved, therefore excessive grain coarsening should be
avoided to achieve a fine grained final structure.
During roughing and also during finish rolling repeated austenite deformation and
recrystallization as well as grain growth between the rolling passes occurs as soon as
recrystallization is completed. This sequence of deformation and recrystallization produces
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Fig. 1. Layout of the Hot Strip Mill

a successive refinement of the austenite grains, resulting in a typical grain size of about
50μm in the transfer bar. Dynamic recrystallization may occur after high strain
accumulation. In normal mild steel and structural steel, which do not contain microalloying
elements, no significant accumulation of strain hardening could be observed in the roll
forces of the voestalpine hot strip mill. Here, grain refinement only results from the
successive recrystallization at decreasing temperatures. Although during finish rolling time
is often very short for the precipitation of microalloying elements, the addition of
microalloying elements such as Nb or Ti yields - due to the solid drag effect – to a strong
retardation of static recrystallization, which results in the accumulation of retained work
hardening.
The transformation of the refined and even work hardened austenite to ferrite and
pearlite takes place during accelerated cooling on the run-out table. In low carbon steels,
ferrite is the dominant phase after the transformation. At low cooling rates and thus high
transformation temperatures, austenite transforms to ferrite and pearlite, whereas at high
cooling rates, the formation of bainite and martensite can be observed. Usually, the
austenite decomposition can be approached by means of isothermal or continuous TTTdiagrams, which quantify the composition of the different phases after application of a
specific cooling cycle. However, rolling and cooling do not follow a continuous cooling
path with a constant cooling rate. During finish rolling the strip is cooled by the rolls and
cooling water, but the temperature is also increased during deformation. Cooling on the run
out table is also not a continuous action. Therefore neither an isothermal nor continuous
TTT-diagrams are able to describe exactly the transformation during rolling and cooling in
a hot strip mill.
Precipitation hardening is another very important factor influencing the mechanical
properties. Volume fraction, size and distribution of precipitates are of course influenced by
the chemical composition and also by dissolution during reheating, the time-temperature
history during rolling and cooling. On the transfer table some coarse precipitates may form
in Ti- and Nb-alloyed grades. These precipitates reduce the potential of later precipitation
hardening. The interpass-time periods in the finishing mill are too short for strain induced
precipitation of microalloying elements. Retardation or even the stop of recrystallization is
caused by the effect of the microalloying elements in solid solution. Small precipitations
with a size of few nm which give a strong contribution to the strength (up to 100 MPa) are
generated during and after phase transformation.
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The final strength of the material is affected by solid solution hardening, the grain
size, the proportion of the different phases in the final microstructure, volume fraction, size
and distribution of precipitates and the dislocation density in the different phases of the
final microstructure. A comprehensive physical metallurgical model has to combine these
different contribution to get accurate values for the mechanical properties.
3. Modelling
The CAQC system was developed on the basis of the CAROLL offline model
developed by a team of the University of Graz [2, 3]. A comprehensive model suitable for
online application had to be created by modifying and extending the models and by using
the production parameters of the hot-strip mill, such as rolling forces, temperatures, and
cooling header switching times [4-6]
The simulation covers all metallurgical processes from austenitization and dissolution of
the precipitates in the reheating furnace, rolling-deformation, recrystallization and growth
processes in the austenite and precipitation during roughing and finish-rolling to
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Fig. 2. Hot strip mill: Process steps and metallurgical models

transformation and precipitations in the cooling line and during cooling in the coil as shown
in austenite grain size during finish rolling to transformation and precipitations in the
cooling line and during cooling in the coil as shown in Fig.2.
All calculated values (e.g. austenite- and ferrite grain size, recrystallized fraction,
amount of precipitation) are available over (discretizised) strip thickness. The macroscopic
quantities are gained by averaging.
Temperature Model
Since these microstructural processes strongly depend on the time-temperaturedeformation sequence, the knowledge of the exact temperature history during production is
an indispensable prerequisite for microstructural modelling. The temperature evolution
from discharge to coiling for any point of the strip is calculated by the numerical solution of
4

the heat equation, that couples by the temperature itself to all of the metallurgical processes.
The following boundary conditions for the different process steps are taken into account:
¾ heat loss due to convection and radiation,
¾ water cooling at the descalers, between the finishing stands and cooling at the
runout table,
¾ heat transfer to the rolls,
It is also considered that the heatflux through the surface is affected by the scale
thickness, which itself is a function of the time-temperature history. Additionally the effect
of heat generation due to deformation and phase transformation as well as coil cooling is
included. The resulting highly nonlinear coupled system of differential equations are solved
according to a numerical method, discretizing the direction of thickness. Since these
equations are so-called "stiff" differential equations, an absolutely stable integration method
is employed, i.e., a method where no stability-related incrementation limits are to be
observed.
The pyrometric temperature measurements after roughing, finishing and cooling are used to
adapt (for any point of each strip) area-specific heat-flow-coefficients for the on-line
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Temperature model: Calculated temperature-distribution for a strip in the finishing mill (across
thickness)

calculation. Fig. 3 shows the temperature evolution in the finishing mill for a specific point
of the strip across thickness.
Deformation Model
The deformation is considered to be a parapolic shaped function over thickness.The
deformation energy is calculated according Sims equation, whereas the part which is
transferred to heat is a fit parameter adjusted by the hot-strip mill data. In our case rolling
force calculation is only used to give a better estimation of the heat produced by the
deformation (heat source for temperature model).
Recrystallization and Grain Growth Model
The sequence of deformation and recrystallization produces a successive refinement
of the austenite grains. In order to describe the possible interactions during finishing, the
manifold reported kinetic equations for static and dynamic recrystallization [7,8] as well as
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for the grain size were used and adjusted to laboratory simulations. Static and dynamic
recrystallization as well as strain accumulation were described as a function of temperature,
strainrate, strain, content of the microalloying elements and time intervals between stands.

Fig. 4 (a) Temperature and -

Fig. 4 (b) Austenite grain size evolution during

Fig 4.a and Fig. 4.b. illustrate the time- temperature history across the thickness and the
development of the austenite grain size during roughing
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In microalloyed steel recrystallization is stopped by precipition during finish rolling.
Fig. 5.a illustrates the development of the recrystallized fraction of austenite during finish
rolling for a microallyed steel grade, in Fig. 5.b the austenite grain size is shown.

Fig. 5 (b) Austenite grain size during finish rolling

Precipitation Model
Microalloying (MAE) elements and their precipitates significantly affect the
properties of HSLA steels in various ways. They have influence on the grain growth, the
recrystallization kinetics, transformation behaviour and precipitation strengthening. It is
therefore necessary to describe the amount of alloying elements in solid solution and the
type, fraction, composition and size of precipitates, respectively. It is a well-known feature
of the complex carbonitrides of Ti, Nb and V, that they are non-stoichiometric and mutual
soluble, which can be described by NbxTiyVz(CαNβ). Beside these particles, others like
MnS, TiS and AlN can be formed. In order to describe the thermodynamic equilibrium at
reheating temperature, the Hillert-Staffanson model [9] was used for the molar free energy
Gprec of the carbonitrides. According to the sublattice model, where Ti, Nb and V occupy
one sublattice and C, N and vacancies occupy the other sublattice, an equation for the
entropy Sprec can be derived. More simple equations can be written for AlN, MnS and TiS.
Together with mass balance equations, wherein the mole fraction of precipitates is added as
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an additional parameter, the whole nonlinear equation set is simultaneously solved by the
Newton-Raphson method. As a result, the equilibrium chemical composition of the matrix
and of the precipitates as well as their volume fraction are predicted as a function of
temperature and particle size [10]. By means of thermodynamic calculations the system
calculates the equilibrium amount of precipitated carbonitrides and MAEs in solution. This
data are further used for the calculation of ferrite grain size and mechanical properties.
Transformation Model
On the run-out table, the refined or even work-hardened austenite starts to transform.
The austenite decomposition during intensive water spraying is predicted based on a
fundamental model which has already been reported in [3]. In this model, the changes of
the phase diagram for the multi-component system and the TTT-diagram for a specified
grain size are calculated for the given chemical composition. The information about the
isothermal transformation kinetics is then used to predict the austenite decomposition
during cooling using a modified Scheil approach [11]. An example of the output of the
transformation model is illustrated in Fig. 6: The evolution of the temperature and of the
ferrite and pearlite fraction at the surface and the core of a 5 mm HSLA strip due to
transformation of austenite during run-out table cooling is shown as the result of the
calculation.
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Evolution of temperature and ferrite and pearlite fraction at the surface and the core of a 5 mm HSLA
strip during run-out table cooling

Ferrite Grain Size
As in ferritic steels the ferrite grain size has a major influence on the mechanical
properties, much effort was laid on the prediction of the ferrite grain size. While some
authors [12,13] use the cooling rate for the description of the resulting ferrite grain size,
other authors [14] have developed formulas depending on the temperature where some
small amount, for instance 5%, of austenite has been transformed. As one can see in Fig. 7
the time temperature history of a hot strip during cooling may be very complex. The
temperature drops due to the water spray and the temperature increases due to the latent
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heat of phase transformation. The figure also shows the points for 5, 50 and 95% amount
transformed. Thus the whole temperature history can not be described with one parameter
only.
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Fig. 7 Time-Temperature-Curve of a 2 mm Strip during run-out table cooling
Dashed line: Ferrite transformation start acc. TTT-diagram 5 %, 50 % and 95 % transformed

The known important parameters for describing the ferrite grain-size is the whole
temperature history of undercooling below Ae3 and the difference of the maximum ferrite
fraction xfmax ..to the actual ferrite grain size xf.Therefore we developed for the calculation
of the ferrite grain size an integrated value over these two parameters in the form

d α = c0 + c1 ⋅

[∫ ( Ae3 − T (t )) n ⋅ ( x maxf (t ) − x f (t )) dt ]

m

with c0, c1, n and m being fit parameters. The exponents were found to be n ~ 5/2 and
m ~ 1/4 for HSLA grades. Fig. 8 shows the predicted versus the measured mean ferrite
grain size for several strips of HSLA and C-Mn structural steel grade. The standard error of
prediction is 0.37µm, which is less than 7.5% of the measured values for the grain size.
For the development of this model the ferrite grain size over the strip thickness of 300
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Measured versus predicted mean ferrite grain size for HSLA and C-Mn structural steel
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strips was investigated with an image analysis system (KONTRON KS 400). Fig. 9
compares the ferrite grain size measured over the strip thickness of a 10 mm thick strip with
results calculated.
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Fig. 9

Comparison of measured and calculated ferrite grain size over the strip thickness

Mechanical Properties
Finally, the gap between the calculated quantities describing the microstructure after
cooling, e.g. the chemical composition, the ferrite grain size, the volume fraction and size
of precipitates on the one hand and the mechanical properties on the other hand has to be
surpassed. To achieve that with the required accuracy, structure-property relationships
known from literature have to be improved and adapted to the measurements of an
individual hot strip mill. For this, both statistical methods and AI (artificial intelligence)
methods such as neural networks can be used. It turned out that, based on accurate
microstructural models, the achievable accuracy of both the structure property relationships
established by using linear regression methods and neural networks is comparable. But with
linear regression models the huge resource of statistical methods for data analysis and
model development is available, which is especially important as the available data from a
typical hot strip production are often strongly correlated. Such a correlation makes it hard
or even impossible to identify the individual strength contributions. The linear regression
method allows to bring in all the available metallurgical know-how. It results in a simple,
explicit formula, which can be easily checked for plausibility and compared to results
known from literature. Anyway, it has to be mentioned that the linear regression is done
with quantities like ferrite grain size and amounts of precipitation which itself are
calculated values that are highly nonlinear with respect to process parameters.

4. Function of the CAQC-Hot Strip Mill System

As a basis for precise microstructural modelling and prediction of properties,
averaged process parameters such as rolling loads or temperatures are insufficient. Accurate
segment tracking by the CAQC-system is a fundamental necessity. The continuous casting
CAQC system provides the chemical composition for slab segments of 0,5 m. The hot
rolled strip is subdivided into segments with a length of 5 m. The production parameters for
the whole reheating and hot rolling process are recorded by the CAQC- strip system of the
9

hot strip mill for each strip segment. Pyrometric on-line temperature measurements in the
reheating furnace, after discharging, during roughing and after the first and the last stand of
the finishing mill as well as in three positions on the run out table provide important
information as an input for numerical models. On the basis of these data, the CAQC-strip
system is able to calculate the mechanical properties for any segment of the strip which
makes detailed information on the variation of the mechanical properties along strip length
available. This information can never be obtained if the strip is tested in the conventional
way using tensile tests for two end-positions of the strip.
5. Results

A comparison of measured and calculated mechanical properties is shown in Fig. 10
for low carbon and structural steel and in Fig. 11 for high-strength microalloyed steel
grades. The figures illustrate the good agreement between the values measured on strip
specimens taken at different positions of the strips and the values calculated by CAQC
based on the actual production parameters for the corresponding strip segment. A more
detailed analysis is performed on the basis of the microalloyed steel grade ALFORM 420.

Yield Strength
550

60

650

450

350

250

150
150

250

350

450

50

550

Measured [%]

Measured [N/mm²]

Measured [N/mm²]

Elongation to Fracture

Tensile Strength

450

350

250
250

550

350

450

550

40
30
20
10
10

650

Calculated [N/mm²]

Calculated [N/mm²]

20

30

40

50

60

Calculated [%]

Fig. 10 Mechanical properties of LC and structural steel grades: Measured versus calculated values

Comparison of calculated and measured / middle of
coil / direction: longitudinal

Comparison of calculated and measured / middle of
coil / direction: longitudinal
520

580

500

560

480
540
C_RP02 N/mm^2

C_RM N/mm^2

460
520

500

440
420
400

480

460

440
440

460

480

500

520

540

560

580

steel grade
steel grade
steel grade
steel grade
steel grade

380

1
2
3
4
5

360
340
340

M_RM N/mm^2

360

380

400

420

440

460

480

500

520

steel grade
steel grade
steel grade
steel grade
steel grade

M_RP02 N/mm^2

Fig. 11 Mechanical properties of microalloyed steel grades: Measured versus calculated values

10

1
2
3
4
5

In Fig. 12 the distributions of calculated and measured values for the yield strength
are compared. Basic statistic in Table 1 shows small differences between the mean values,
median, 10% and 90 % percentile. However it is well known that mechanical properties of
an industrial produced strip are not “physical constants”. Although the techniques of
control become more and more sophisticated, up to now it is impossible to keep the
production parameters exactly constant for a strip of e.g. 1000 m length and a mass of
30000 kg. For instance unavoidable variation in the cooling process causes scatter of the
mechanical properties.
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calculated - measured

N

Mean value

Median

10 % Percentile

90 % Percentile

for Rp0,2
for Rm

82
82

-5.9
0.2

-4.5
0.3

-2.0
-3.8

-7.7
2.7

Table 1: Difference between calculated and measured values

Another reason for variation of properties is the testing system. Therefore the
influence of the testing-equipment has been investigated carefully. For a sample of 73
strips, two specimen have been taken out of the same position of the strip next to another.
The mechanical properties have been determined on two different but well-calibrated and
certified tensile testing machines. Fig. 13 illustrates the results: The mean value of the
difference for the yield strength determined with two different tensile testing machines was
3 MPa, the mean value of the difference for the tensile strength was 5,3 MPa. Since the
difference of the properties determined with two testing machines is of the same magnitude
as the difference between calculated and measured value, it can be concluded, that the
accuracy of prediction is comparable with the reproducibility of measured properties.
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6. Maintenance of the CAQC- System

To ensure the required accuracy of the system even with changing production
conditions or drifting or even defect measurement devices, the model has to be
continuously checked against tensile test results. A special selection-routine for the strips to
be checked by tensile testing has been implemented. It is particularly necessary not only to
select strips of a certain grade just by chance but to include strips with production
parameters close to the limits of the tolerance field of the specific parameter in order to
check the validity of the system also in borderline conditions. In addition SPC methods are
applied for quality monitoring.
7. In-line Control of the Mechanical Properties

Usually inevitable deviations from prescribed production conditions (e.g.: chemical
composition, or deviation of the prescribed reheating cycle due to unexpected interruption
of production) will not be compensated by the following process steps. The consequence is
an inherent variance of the mechanical properties. By means of the described models the
influence of small variation of the Nb content on the one hand and the variation of the
coiling temperature on the other hand on the yield strength has been studied. Fig. 14 shows
the combined influence of variation of the chemical composition and the coiling
temperature. The knowledge of the interaction between chemical composition, reheating-,
finishing- and coiling temperature is the backbone of the CAQC-in-line control system.
Fig. 15 illustrates the relation between yield strength, finishing temperature and coiling
temperature. After roughing a pre-calculation with the scheduled setup-parameters for
finishing- and cooling-temperature is performed. If the result of the pre-calculation show a
deviation of the predicted values in respect of the aim, the preset for e.g. the cooling
conditions will be changed by the system in order to meet the required properties.
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Fig. 14 Contour map of the yield strength for micro-alloyed steel as a function of the Nb-content and the
coiling-temperature (with variation of the number of active cooling headers)

HSLA

C-Mn

Fig. 15 Yield Point Rp0.2 transverse to the rolling direction for structural steels (right) and parallel with the
rolling direction for micro-alloyed steels (left) as a function of the final rolling temperature and the
coiling temperature.

7. Simulation Tool

It is necessary to mention that CAQC-strip provides also an offline simulation tool.
Within the scope of the model validity it is possible to create “virtual” hot rolled strip with
a new chemical composition or to change the time-temperature-deformation history in order
to study the influence of these parameters on the mechanical properties. This feature is
particularly useful to develop material with custom-tailored properties.
8. Scale Defect Prediction Model

The formation of the scale on hot rolled strip accompanies the production from the
very beginning. Since scale formation can not be avoided, the scale-layer has to be removed
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in the following production step of pickling – if required by the product. But additionally
scale can be the reason of severe surface defects, which may be the cause for downgrading.
In the last years many hot strip mills have been equipped with surface inspection systems to
detect surface defects such as e.g. rolled in scale. In order to avoid such defects and to
optimise the productivity of the pickling process, it is necessary to understand the principles
of formation, and the re-arrangement of the scale phases during hot strip production. The
goals of the third phase of the CAQC project were:
¾ Investigations of the scale build-up, transformation and pickling laws.
¾ Implementation of the laws for scale formation and decomposition in the CAQCsystem, since the surface temperature of the strip is available for the complete time
history of every strip position.
¾ Use of these scale information for the control of the pickling process which is strongly
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Fig.16 Measured versus calculated scale thickness - samples taken from normal production

dependent on scale thickness and scale composition.
¾ Prediction of the appearance of certain scale defects by using process parameter and
results of the models implemented in CAQC.
After detailed investigations of the scale formation process occurring during hot
rolling and of the (wustite) decomposition process during coil cooling a model has been
derived and implemented in the CAQC-system. From the comprehensive description of the
process the value for scale-thickness, –phases and temperatures before entering each
finishing stand are available. With these values – together with deformation process data –
it is possible to calculate the scale thickness for every strip position and to predict the
appearance of certain scale defects with high accuracy.
Fig. 16 shows the good correlation between measured and calculated scale thickness
for samples representing the whole product mix and taken along different strip positions.
The result is that more than 80% of the defect-free segments of a strip (having a
typical length of 5m) are correctly identified as good and also that those segments having
defects were correctly identified as bad segments in more than 80% of the cases! All these
results were obtained without (!) data from an installed surface inspection system after the
last finishing stand. It is up to improved detection and classification performance of surface
inspection systems to contribute significantly to the prediction already reached.
Fig. 17 gives the resulting prediction under the assumption of a total of 5% bad
segments after pickling. Thus, the operation can be sure for 99% of all the segments. The
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results obtained are now used for the control of the pickling line and will help to further
increase the surface quality. The scale prediction model is integrated within the automation
system of the pickling line. If necessary the setup speed of each coil is modified by the
position-dependent scale defect model (see Fig. 18)
Pickling Speed [m/min]

76% good segments correctly predicted
19% good segments cautiously predicted as bad
4% bad segments correctly predicted
1% false prediction for bad segments

190

actual speed
scale defect model
pickling model
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Fig. 17: Prediction of scale defects

Fig 18 Scale defect model for pickling speed setup

9. Conclusion

CAQC-Hot Strip is a comprehensive system – based on through-process modelling –
that ensures accurate prediction of the mechanical properties of hot-rolled strip for low
carbon mild steel, structural- and microalloyed high-strength steel. The system has proven
its capability in several years of stable operation. Additionally, the built-in feature of
controlling the mechanical properties has supported the efforts to reduce the variation of
properties. The scale defect model is a useful tool for the surface inspection of strip with
high requirements concerning the surface quality and is the basis for the optimising the
productivity of the pickling line.
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