
 www.steeltimesint.com 
September 2020 - Vol.44 No6

HYDROGEN &  
STEELMAKING

ROLLING WELDINGWORKFORCE

Siemens on how to decarbonise the 
steel industry

Using artificial intelligence to 
reduce profile and flatness failures

The nature of welding and its 
relationship with the steel industry

Claudia Atunes explains the thinking 
behind the Optima Project

STEEL TIM
ES INTERNATIONAL – Septem

ber  2020 – Vol.44 No6

STAINLESS STEEL – THE REAL MIRACLE METAL 

Since
1866

STI Cover.indd – read OK MM (Editorial).indd   1STI Cover.indd – read OK MM (Editorial).indd   1 17/09/2020   06:08:0217/09/2020   06:08:02



ROLLING

www.steeltimesint.com September 2020

PROFILE and flatness failures are well�
known Sroblems at hot and Fold rolling 
mills� 7hey are diffiFult to SreFisely SrediFt 
and direFtly affeFt the Tuality of the striS 
esSeFially for ultra�thin striSs, high�tension 
grades and non�oriented eleFtriFal steels� 
2ver time, imSrovements in thiFkness 
aFFuraFy, width aFFuraFy and Srofile �Fross�
striS direFtion� thiFkness distributions have 
been made�

<et, steelmakers are still suffering from 
deviations in SroFess Sarameters �for 
e[amSle, inadeTuate reduFtion Srofiles and 
non�homogenous reheating� that might 
lead to loFal varianFe in striS Srofile and 
FonseTuently result in flatness failures� 

7hese failures introduFe additional Fosts 
to steelmakers for reworking the Foils to 
meet the reTuired Tuality sSeFifiFations� 
7herefore, it is FruFial to SrediFt the flatness 
deviations and failures ForreFtly and early 
enough to Srevent them from being 
introduFed at all�

*enerally, finite element and rule�based 
models are used for SrediFting Srofile 
and flatness failures� ,f the Sarameters 
�suFh as roll temSerature and roll gaS 
settings� deviate from aFFeSted ranges, 
flatness failures may emerge� +owever, 
the rule�based models Fan only SroduFe 
useful results when the flatness failures are 
imminent beFause they do not take into 

aFFount the historiFal values of all oSerating 
Sarameters and uSstream SroFess steSs� 
,n the aFtual SroduFtion SroFess, many 
other faFtors Fome into Slay that affeFt 
the e[SeFted flatness of the striS, suFh as 
non�uniform thermal gradients, failure in 
forFe distribution, loFal irregularities in roll 
thermal e[Sansion due to ]one Fooling 
failures and so on�

&omSared to tySiFal maFhine�
learning�based solutions, 6mart 6teel 
7eFhnologies· aSSroaFh not only SrediFts 
the flatness deviations and failures, but also 
automatiFally FomSutes the oStimal mill 
settings so that fewer flatness failures oFFur 
in the end�

�� 7eam lead ² 0aFhine /earning� �� 93 ² 0etallurgy� �� )ounder and &(2, 6mart 6teel 7eFhnologies, %erlin

$ signifiFant imSrovement in Srofile and flatness failure reduFtion is aFhieved by SreFise SroFess Fontrol 
through artifiFial intelligenFe �$,� and maFhine learning �0/�� 7he main innovation is not only SrediFting 
Srofile and flatness deviations, but FomSuting oStimal hot striS mill settings in a fully automated way 
for eaFh FamSaign and eaFh SroFess steS, for eaFh slab, transfer bar and striS� $utomated oStimisation 
based on $, and 0/ is aSSlied during FamSaign Slanning and online during SroduFtion� %y Selim 
Arikan1, Dr. Jan Daldrop1, Dr. Otmar Jannasch2 and Dr. Falk-Florian Henrich3
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:hile the underlying 
reasons for flatness 
deviations and failures are 
well�known, steelmakers Fannot SrediFt 
these failures early and SreFisely enough 
to Srevent them from haSSening� 7his is 
beFause e[isting aSSroaFhes foFus mainly 
on rolling Sarameters only and do not 
Fonsider uSstream events, steel SroSerties 
or the historiFal behaviour of the Srevious 
striSs in a suffiFient way during rolling� 
&urrent models are unable to take the 
sSeFifiFs of very similar steel grades or striS 
dimensions rolled in the Sast into aFFount� 
6o, one e[amSle out of many is the ForreFt 
FhoiFe of bending forFes of the work 
rolls based on the non�uniform thermal 
gradients aFross the striS Srofile� ,f the loFal 
temSerature deviation around the edges 
of the striS falls out of the temSerature 
toleranFe range for the seleFted rolling 
sFhedule, high reduFtion ratios may lead 
to edge waves� 7he key Tuestion is, how 
Fan we find and eliminate the aFtual root 
Fauses of edge waves to Srevent them 
from haSSening in the first SlaFe" 3otential 
Fandidates for root Fauses are many and 
inFlude roll gaS settings, reduFtion Slans, 
non�homogenous reheating of slabs, 
lubriFation of working rolls and more�

6mart 6teel 7eFhnologies has Freated 
a software system that solves all of the 

above Fhallenges and FomSutes in a 
fully automated way a FomSlete set of 
oStimal settings for all relevant finishing 
mill Sarameters to minimise all Srofile 
and flatness failures� :hen setting all 
rolling Sarameters for the uSFoming 
striS, Srior to the start of rolling, 6mart 
6teel 7eFhnologies· system takes the 
e[isting mill settings as an inSut and 
automatiFally outSuts oStimised settings� 
7he oStimisation of all finishing mill 
settings takes SlaFe not only for eaFh 
SroFess steS, but in SartiFular for eaFh 
slab� 7he 6mart 6teel 7eFhnologies 5olling 

2Stimiser is FomSlemented by online 
modules that suSSort rolling 

mill oSerators to reaFh the 
highest level of SreFision 

and to minimise all 
SroFess deviations�

7hus, 6mart 
6teel 7eFhnologies 
signifiFantly reduFes 
the rate of Srofile and 

flatness failures through 
the elimination of their 

root Fauses� 

6teS � ² 3reGictiQJ ÁDtQeVV 
deviations

'efining a ForreFt and SreFise target 
signal is vital for a suFFessful maFhine�
learning�based Tuality oStimisation SroMeFt� 
0easured flatness values obtained from 
striS insSeFtion systems Fontain valuable 
information� +owever, they are insuffiFient 
for a modern Tuality Fontrol aSSroaFh if 
they are used alone without Fonsidering 

any of the ForresSonding SroFess 
information suFh as slab and transfer bar 
dimensions, rolling sSeed, roll gaS settings, 
bending forFes, leveling, the lifetime of the 
work rolls, information on looSer Sositions, 
roll�gaS�lubriFation and interstand Fooling�

6mart 6teel 7eFhnologies uses the 
measured flatness values along with all 
relevant uSstream data for the SrediFtion 
of flatness deviations� 7he sourFe data 
Fonsisting of thousands of signals with 
varying tiFk freTuenFies from ��� +] uS to 
�� +] and assoFiated metadata is SiSed 
through advanFed SrediFtive models based 
on SroSrietary reFurrent neural networks to 
SrediFt the flatness deviations� $n e[amSle 
illustration of flatness deviation is shown by 
667 &oil 7oSograShy in Fig.1�

  6mart 6teel 7eFhnologies Srovides a 
fully�develoSed model for the SrediFtion of 
Srofile and flatness� 7his model is then only 
tailored to the sSeFifiFs of the SartiFular 
hot striS mill in order to reaFh the highest 
Sossible SerformanFe value�

)ig �. 3roæle and flatness deviation heatmap

)ig  �. The user interface for inspection of merged data from roughing mill and descaler
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$ll e[isting historiF slabs, transfer 
bars and striSs are then SroFessed with 
this new teFhnology� )inally, the signals 
and SrediFtion information are maSSed 
to a Fommon Fo�ordinate system as a 
SreFondition for the root Fause analysis to 
aFhieve a SreFise Sosition�based matFhing 
for every striS� 

$ll Srofile and flatness values are 
SrediFted online and maSSed onto 6mart 
6teel 7eFhnologies· )latness $nalyser shown 
in Fig.2�

Step 2 – Optimising the hot rolling 
process
%ased on 667·s own Fross�SroduFt Sosition 
matFhing teFhnology, the flatness target 
signal, whiFh is the flatness deviation level 
Ser metre of the striS, is assigned to eaFh 
Sosition on the transfer bar automatiFally�

6imultaneously, 6mart 6teel 7eFhnologies· 
software automatiFally merges flatness 
deviations with all /evel � hot rolling signals 
suFh as reheating o[ygen SerFentage, 
roughing temSerature between Sasses, 
settings for all mill stands, looSer Sositions 
and information on lubriFation or Fooling 
and many more�

 0odern systems tySiFally Srovide 
thousands of high�freTuenFy raw signals 
with different samSling rates� 6mart 
6teel 7eFhnologies analyses the aFtual 
high�resolution time series� 7his is of vital 
imSortanFe beFause short sSikes in signals 
�suFh as looS lifter tension� Fontain valuable 
information�

6mart 6teel 7eFhnologies also Srovides 
visualisation tools for easy manual 
insSeFtion of the merged and transformed 

)ig �. $nalysis of the Tuality effects of different parameter combinations

)ig �. $utomated parameter optimisation for each rolling campaign, selected sample parameters

data as deSiFted in Fig.2�
$t this Soint, it is imSortant to note that 

all the mentioned data is obtained from 
the live SroduFtion system rather than 
doing a Sost�mortem analysis� $lso, the 
reFommendations for the finishing mill 
settings are direFtly submitted online to the 
live /� system�

&learly, the raw signal data from the 
finishing mill is still of limited use even after 
all relevant reheating furnaFe and roughing 
mill data have been merged ForreFtly� 
7herefore, the ne[t steS is to e[traFt 
meaningful features from eaFh relevant hot 
rolling mill signal�

,n addition to the finishing mill, the 
relevant SroFess steSs inFlude the uSstream 
stages �roughing mill, desFaler and slab 
reheating furnaFe� whose SroFess status 
influenFes the finishing mill� 6ubtle 
deviations in timing, temSerature and 
geometriFal adMustments Fan add uS to 
influenFes that lead to deviations in rolling 
and Fould Fause Srofile or flatness failures�

%ased on the information e[traFtion 
desFribed above, 6mart 6teel 7eFhnologies 
Srovides an easily understandable system 
that allows teFhnologists to insSeFt the 
feature sSaFe of the hot rolling mill� 7he 
users of the software Fan seleFt arbitrary 
Fombinations of roughing and finishing mill 
Sarameters, steel grades, oSerational data 
and insSeFt their effeFts on the flatness 
deviation as deSiFted in Fig.3�

7he Fleaned and transformed live 
SroduFtion data then allows 6mart 6teel 
7eFhnologies to algorithmiFally find the 
oStimal Fombination of finishing mill 
Sarameters with resSeFt to striS flatness 
uniformity based on historiFal data� 
7he oStimiser takes all relevant SroFess 
Fonstraints into aFFount� 7o aFhieve 
this, 6mart 6teel 7eFhnologies Fombines 
deterministiF, ShysiFal SroFess modeling of 
the hot rolling SroFess with SrobabilistiF 
modeling based on methods from $rtifiFial 
,ntelligenFe and 0aFhine /earning�

7hrough live integration with the 
SroduFtion Slanning system, an oStimised 
rolling sFhedule is FomSuted automatiFally 
for eaFh SroduFtion FamSaign, see Fig.4� 
$dditionally, live model outSut suSSorts 
oSerators of the rolling mill itself with live 
reFommendations for settings, suFh as 
rolling sSeed, roll gaS settings, bending 
forFes, leveling, tension Fontrol, roll�gaS�
lubriFation and interstand Fooling to reaFh 
the highest SreFision in SroFess Fontrol�

7he FonsistenFy of the 6mart 6teel 
7eFhnologies· software suite allows the 
e[tension of the oStimisations to all 
uSstream and downstream SroFesses 
through the FonneFtion of all relevant 
Sarameters and model outSuts� 7his 
state�of�the�art oStimisation aSSroaFh is 
the most Sromising solution for the whole 
SroduFtion SroFess in order to aFhieve the 
best Tuality in final SroduFts�  �
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