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PROFILE and flatness failures are well
known roblems at hot and old rolling 
mills  hey are diffi ult to re isely redi t 
and dire tly affe t the uality of the stri  
es e ially for ultra thin stri s, high tension 
grades and non oriented ele tri al steels  

ver time, im rovements in thi kness 
a ura y, width a ura y and rofile ross
stri  dire tion  thi kness distributions have 
been made

et, steelmakers are still suffering from 
deviations in ro ess arameters for 
e am le, inade uate redu tion rofiles and 
non homogenous reheating  that might 
lead to lo al varian e in stri  rofile and 
onse uently result in flatness failures  

hese failures introdu e additional osts 
to steelmakers for reworking the oils to 
meet the re uired uality s e ifi ations  
herefore, it is ru ial to redi t the flatness 

deviations and failures orre tly and early 
enough to revent them from being 
introdu ed at all

enerally, finite element and rule based 
models are used for redi ting rofile 
and flatness failures  f the arameters 
su h as roll tem erature and roll ga  

settings  deviate from a e ted ranges, 
flatness failures may emerge  owever, 
the rule based models an only rodu e 
useful results when the flatness failures are 
imminent be ause they do not take into 

a ount the histori al values of all o erating 
arameters and u stream ro ess ste s  

n the a tual rodu tion ro ess, many 
other fa tors ome into lay that affe t 
the e e ted flatness of the stri , su h as 
non uniform thermal gradients, failure in 
for e distribution, lo al irregularities in roll 
thermal e ansion due to one ooling 
failures and so on

om ared to ty i al ma hine
learning based solutions, mart teel 
e hnologies  a roa h not only redi ts 

the flatness deviations and failures, but also 
automati ally om utes the o timal mill 
settings so that fewer flatness failures o ur 
in the end

 eam lead  a hine earning     etallurgy   ounder and , mart teel e hnologies, erlin

 signifi ant im rovement in rofile and flatness failure redu tion is a hieved by re ise ro ess ontrol 
through artifi ial intelligen e  and ma hine learning  he main innovation is not only redi ting 

rofile and flatness deviations, but om uting o timal hot stri  mill settings in a fully automated way 
for ea h am aign and ea h ro ess ste , for ea h slab, transfer bar and stri  utomated o timisation 
based on  and  is a lied during am aign lanning and online during rodu tion  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 annot redi t 
these failures early and re isely enough 
to revent them from ha ening  his is 
be ause e isting a roa hes fo us mainly 
on rolling arameters only and do not 
onsider u stream events, steel ro erties 

or the histori al behaviour of the revious 
stri s in a suffi ient way during rolling  

urrent models are unable to take the 
s e ifi s of very similar steel grades or stri  
dimensions rolled in the ast into a ount  
o, one e am le out of many is the orre t 
hoi e of bending for es of the work 

rolls based on the non uniform thermal 
gradients a ross the stri  rofile  f the lo al 
tem erature deviation around the edges 
of the stri  falls out of the tem erature 
toleran e range for the sele ted rolling 
s hedule, high redu tion ratios may lead 
to edge waves  he key uestion is, how 
an we find and eliminate the a tual root 
auses of edge waves to revent them 

from ha ening in the first la e  otential 
andidates for root auses are many and 

in lude roll ga  settings, redu tion lans, 
non homogenous reheating of slabs, 
lubri ation of working rolls and more

mart teel e hnologies has reated 
a software system that solves all of the 

above hallenges and om utes in a 
fully automated way a om lete set of 
o timal settings for all relevant finishing 
mill arameters to minimise all rofile 
and flatness failures  hen setting all 
rolling arameters for the u oming 
stri , rior to the start of rolling, mart 
teel e hnologies  system takes the 

e isting mill settings as an in ut and 
automati ally out uts o timised settings  
he o timisation of all finishing mill 

settings takes la e not only for ea h 
ro ess ste , but in arti ular for ea h 

slab  he mart teel e hnologies olling 
timiser is om lemented by online 

modules that su ort rolling 
mill o erators to rea h the 

highest level of re ision 
and to minimise all 

ro ess deviations
hus, mart 

teel e hnologies 
signifi antly redu es 
the rate of rofile and 

flatness failures through 
the elimination of their 

root auses  

te    re icti  t e  
deviations

efining a orre t and re ise target 
signal is vital for a su essful ma hine
learning based uality o timisation ro e t  

easured flatness values obtained from 
stri  ins e tion systems ontain valuable 
information  owever, they are insuffi ient 
for a modern uality ontrol a roa h if 
they are used alone without onsidering 

any of the orres onding ro ess 
information su h as slab and transfer bar 
dimensions, rolling s eed, roll ga  settings, 
bending for es, leveling, the lifetime of the 
work rolls, information on loo er ositions, 
roll ga lubri ation and interstand ooling

mart teel e hnologies uses the 
measured flatness values along with all 
relevant u stream data for the redi tion 
of flatness deviations  he sour e data 
onsisting of thousands of signals with 

varying ti k fre uen ies from   u  to 
  and asso iated metadata is i ed 

through advan ed redi tive models based 
on ro rietary re urrent neural networks to 

redi t the flatness deviations  n e am le 
illustration of flatness deviation is shown by 

 oil o ogra hy in Fig.1
  mart teel e hnologies rovides a 

fully develo ed model for the redi tion of 
rofile and flatness  his model is then only 

tailored to the s e ifi s of the arti ular 
hot stri  mill in order to rea h the highest 

ossible erforman e value

ig . ro le and flatness deviation heatmap

ig  . The user interface for inspection of merged data from roughing mill and descaler

Reducing profile and flatness failures
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ll e isting histori  slabs, transfer 
bars and stri s are then ro essed with 
this new te hnology  inally, the signals 
and redi tion information are ma ed 
to a ommon o ordinate system as a 

re ondition for the root ause analysis to 
a hieve a re ise osition based mat hing 
for every stri  

ll rofile and flatness values are 
redi ted online and ma ed onto mart 
teel e hnologies  latness nalyser shown 

in Fig.2

Step 2 – Optimising the hot rolling 
process
ased on s own ross rodu t osition 

mat hing te hnology, the flatness target 
signal, whi h is the flatness deviation level 

er metre of the stri , is assigned to ea h 
osition on the transfer bar automati ally

imultaneously, mart teel e hnologies  
software automati ally merges flatness 
deviations with all evel  hot rolling signals 
su h as reheating o ygen er entage, 
roughing tem erature between asses, 
settings for all mill stands, loo er ositions 
and information on lubri ation or ooling 
and many more

 odern systems ty i ally rovide 
thousands of high fre uen y raw signals 
with different sam ling rates  mart 
teel e hnologies analyses the a tual 

high resolution time series  his is of vital 
im ortan e be ause short s ikes in signals 
su h as loo  lifter tension  ontain valuable 

information
mart teel e hnologies also rovides 

visualisation tools for easy manual 
ins e tion of the merged and transformed 

ig . nalysis of the uality effects of different parameter combinations

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

data as de i ted in Fig.2
t this oint, it is im ortant to note that 

all the mentioned data is obtained from 
the live rodu tion system rather than 
doing a ost mortem analysis  lso, the 
re ommendations for the finishing mill 
settings are dire tly 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 furna e and roughing 
mill data have been merged orre tly  
herefore, the ne t ste  is to e tra t 

meaningful features from ea h relevant hot 
rolling mill signal

n addition to the finishing mill, the 
relevant ro ess ste s in lude the u stream 
stages roughing mill, des aler and slab 
reheating furna e  whose ro ess status 
influen es the finishing mill  ubtle 
deviations in timing, tem erature and 
geometri al ad ustments an add u  to 
influen es that lead to deviations in rolling 
and ould ause rofile or flatness failures

ased on the information e tra tion 
des ribed above, mart teel e hnologies 

rovides an easily understandable system 
that allows te hnologists to ins e t the 
feature s a e of the hot rolling mill  he 
users of the software an sele t arbitrary 
ombinations of roughing and finishing mill 
arameters, steel grades, o erational data 

and ins e t their effe ts on the flatness 
deviation as de i ted in Fig.3

he leaned and transformed live 
rodu tion data then allows mart teel 
e hnologies to algorithmi ally find the 

o timal ombination of finishing mill 
arameters with res e t to stri  flatness 

uniformity based on histori al data  
he o timiser takes all relevant ro ess 
onstraints into a ount  o a hieve 

this, mart teel e hnologies ombines 
deterministi , hysi al ro ess modeling of 
the hot rolling ro ess with robabilisti  
modeling based on methods from rtifi ial 
ntelligen e and a hine earning

hrough live integration with the 
rodu tion lanning system, an o timised 

rolling s hedule is om uted automati ally 
for ea h rodu tion am aign, see Fig.4  

dditionally, live model out ut su orts 
o erators of the rolling mill itself with live 
re ommendations for settings, su h as 
rolling s eed, roll ga  settings, bending 
for es, leveling, tension ontrol, roll ga
lubri ation and interstand ooling to rea h 
the highest re ision in ro ess ontrol

he onsisten y of the mart teel 
e hnologies  software suite allows the 

e tension of the o timisations to all 
u stream and downstream ro esses 
through the onne tion of all relevant 

arameters and model out uts  his 
state of the art o timisation a roa h is 
the most romising solution for the whole 

rodu tion ro ess in order to a hieve the 
best uality in final rodu ts   �
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