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Adaptive profile
optimisation for
the EAF

Dr Edward Wilson of Neural Applications Corporation describes how the
development of an intelligent adaptive system that will aptimally control and
co-ordinate multiple energy sources (selecting set-point profiles for electrical
oxygen, gas, and carbon energy inputs) is currently under way on the EAF at
North Star Steel, Minnesota.
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v applying artificiad intelligence tech
relbagies such a5 newiral neteorks LG
electrical power input controd for the
EAF, Mewral Apgpliatiorn Corporation has
achieved significant improvements in ale-
rade dansumplion, electrcal energy efficien-
oy, and productivity
& prototype B oourrently under develop
ment O Uhe EAF ot Monf Star Steel (WSS),
Minmesoda, that will extend this technology
proedaendg automatic oplsmaation and co-
ordination of all magor energy sources, inchud-
i) elecincsl powser, oaygen, gas and carbon.
The stelligent adaglvee svstam will malily
ererdgy mpul profiles on & contmucus basis,
bareed an prodiactsnn data and o an alptive
Furictiom specified by the steelmaker
The Basic appraach is 1o develop & model
that cer predit furnace performance in
rEspEnge fo wariations in he anergy input
profiles. Uinlke thenrctical or finte elemeni
madelling approsches, the neural network
model ussd hare 5 daveloped with and (on-
tinssusky sdapted to match actual productsan
data. Orie the model exists, The spade all pos-
sibile energy input profiles will be searched to
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Figure 1. A simple neural neteork,

aptimise the spedi fiedd et Tung Lion

Thee eventual outcome of the reweardy affor
will e a ey product for the steel industng,
the Intelbgert Total Ensergy Contraller OTECL
which aplenides the energy mpul from each
source velectrical, aygen, Gas aml canbon in a
ta-ardinaled marmer. This mielligent comirol
syRtam Wil autoimalically sdapt 1o <hanging
furnace ronditicng, equipment, practice, and
rap progerties, continuing T oplimine atter
thee initial desgn & installed. The wer spieified
cfijeTive Purclion may inchede the following:
enorgy costs, throughout, elecrode corump
L Tumace wepar: and memesions.

Co-oparating wil NS5 o the divelopimenl
of this prototype, Meural has developed and
installed data callection, analysis, and model
ling sywtemas ot the 10T OO EAF an NS, The
sysrem metrics and relatme weighleuge in the
abjective function were selected based on dh-
cussiand with the melthop supenntendent.

Intelligent systems

Comtrol and aptiimsation o comples imodem
irvdudirial processes often exoeeds the capa
bulitigs of consenticnal contrel technologies
It is sometimes valuable to augment cansen-
tional approsches of near contral syutems,
multe-variate statistics, and lonear signal pro-
ressing with indelligen systerms techinologics
such a5 neural nopaorks, tuEry logic and
genetic algoritims.

Inieligen dpalemas Techralogies. are Gllen
diffult to apply, howewer. Careful selection
ol hiores aned where 1o apply them i often ke
mast important step in developng an intelli-
gent confrol o cpiemdsation system. Moee
mformatian on this tapic may b found an
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the Interreet ot hEtpassy neural.oom.

Thae nordinear, parallel, and sdaptive capa-
tlrtieds af neural aetwearks make them
pramising for control applications. Newral
netwiorks derive their advaniage in solving
mmplex prr_l[:ll?l‘l'lﬁ.“rl:ll'l" ihe emergent proper
tas that come with the massive e oneed-
ban 4 Gimple prodessing uniis. With good
Iraiting technigiss, the netwarks are capabls
of smplementing complexs behayious

A semple exampls oF 8 neurad netwark s
drvmy Im Figuine 1 The inpats Cor szample, sen-
sars m & conlral agplicatepn] entar ot the left,
watare Thirsi signals ane distribufed 1o a numroer
of nonlmear processng unity (Beungrs] shiman
# thee middle Laiver of circles. The outputs of
these niguroms are passesd Lo another layer al
neurers far output (lerexample, a5 oontral acte
alad vakaedd, This architechure, given sufficient
numibar of newnans in the middle e & oape-
Ble ol mplemanting any multi inputimu i out-
put mapping. The newral retwaork may be
thought of as o generic nonlirsar magpeng func
fian elernant. Thi functional ity is defined by the
gars (weights) of the conmeclions L iwesn
reurend, Thiesd wasghts arg commandy sed
through adaptation, where the neoral netaork
B traired to ernulate 8 given TundTaom, o & 66T of
eIt data

To determine whese meoral nelworks can
cortribute effectively, the control systems
engineer must consider the strengihs of
newral retworks (panlinsaritg adaprabdliog
generality, ability bo make parallel], a2 well o
the costs associated with these bensfits, The
ciat-Bemwt it balance must be evaluated on an
application by application basi,

EAF energy optimisation
The primany source al 1harmal energy in EAFs
W el @lectric arc BS per cemt of k'Wh), with
widitional energy inpull from oxygen-heel
burner [5 per cent), and other ecothenme
meactions {30 per cent] that are supported by
inpEctimg oxygen o the Turnaoe ! Thes oy
gen combusts with carbon that & added as
fuel, ared with carbon, bydrocarbons, metals,
anidl aihed elemenls alieady on the scrap.
' Currently, snergy input set-paint prafiles are
developed through trial and erron, by simale
inear algorithme, or are based on the experi-
ene of furnace operators.

Ay shown in Faguire F, 57 per oend of this
mnergy ends up as heat in the maolten steel
Teri per cent is lost s heat contamned in the
ilag, Ten por cont |5 remawed continuously by
rzaling water. Twenby-ant per oerl @5t
lkraugh the oll-gas vent ("haurth Riole’} in
twen form: the hot gases represent & kds of
wnsible heat; and unbsirmes fusl such as CO

and Hy = a ks ol patential

ihemucal heat energy. One LT
goal of the ressarch i b Con- _ILP
tral and co-ardinate the e
engrgy inputs ta redoce off- u:&_ﬂ ':}C:'-.T-‘.'

gas ard cooding water ok, ]
w0 that a greater proportean -
of the energy inpul is 19anRs-
ferresd 1o thee sheel

0Of  ther  major

185, Bag

erengy
sowroes, Meural Applicalions
Corporaton has already
achicved slectrical erergy savings of 75 per
cent [alse elecrade savings of up to 25 per
ol and throughput increases of up to 12
per cenl] with the Intelligent Arc Furmace
Comtroller (IBHA). The 1AF uses paterited
neural metwark technoclegy 1o oplimse the
reqgulatson of the @lectrical ingut alone
Thie 34 installations worldwede {26 in the
USa) sawe up to 31 million a year each in
redced ereergy costs, reduced electrode con-
surnpbion, and increased throdngh pat

The time Fedtary of arc length set-poirts &
rommanly referred to as a “profile®. Profiles
are typitally tured manually aioording o tha
furnace aperators’ expenience with the fur-
nace. Optimisation of the arc length proliles
in thie 1&4F is currently achiesed through man
ual tunng, a function that will be automated
a4 part af that research

Thiere are similar input profiles for the axyg-
gen lance and the azygen-fesl Burness
Srandard practice s to use coarse profiles
toff, low, or high flow rates) that are sef
scrording Lo cperator experierce. Optimising
combustion inside the furnace & expected 1o
ekl comparatively better results than werg
athigwed by the IAF for electrical optimiss
tion. Owing to warisnce n Ghe chemical
makeup of the «rap, combuston & far from
aptimal, significant  amount  of
unburned fuel is kst ax C0 exiting throsigh
th af-gas went, The reaction from £O0 to

and a

L0, releases approxrmately Fous Bimes as
mch amergy as the feaciden af € to C0. A
g analyser fystem for comtinuous mondor-
ing of off-gas comcentrations for CO, 00,
and O, has becn installed for pee in profils
opiimisation and dioded loog cantrol

IMEC development

The major steps in the developrrant of the
ITEC are ilhstrated in Figune 3. In the first
phaee af this research, a festibality study wae
porformad in which data acquisition and
analysis  systems  were  developed  and
matalled on an EAF The data was analysed
aver several months to validate the research
approwch, gauge the oplimisation gotantal,
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Figure 2. A furnace showing energy flowe,
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Figure 3, The develop-
ment steps of the project,
from data collection to
conin syslem
imglementation.

and further dewclop the madelling ard opii
misation strategy. Variows intelligent tech-
nologies were investigated and evaluated
alfter condidesing the charactesiatics of this
optimisation applicateon and the data collec
ed, This methadology for evahesting and
develepng redearch propecls o wsed in
Meural’s other revearch in the metak sea,
The secand illiustratian o Figiane 3 represents
the use of inteligent snd coneendional tech
Festl g iis 1 Prodesd T data, elracting e sig-
ral fram the nose. Inthe second phase of this
resparch, a cost furdtion (onaining the wari
ables and wesghtings specitied by the steel
maker s evaluabed Tor eadh hest Al eyahe
atng this cost function for each of the
thomands of heats wee have logged. o newrsl
nertweork model an be developed that relates
o corcee nput Feature vector {dewnbing enes-
gy inputs, and 0 ol 10 a predicted (os1. 4
muore data is logged and wsed to train a neural
merwork madel of the fumace coEraiong, a
mode| of the oost werface will be produced. &
greatly sirmplitied Example o 1his oeept B
shaywm in Figuire 4 The actual model wil be far
e o plie, Since each mpul wall repodee
a dimension in the input space ared the cost
srlace wll e g rilti-denermacnal Frgger-s -

face. This hughlights the need for compresson

Siec! Fouhopdogy fremreg el

of the inputs info an input featune veoios

Tree model predicting tolal production omt
2 & functon of oxygen input and elecincal
povwser an time [fime during each heat when
am arc s present] i platted s o oost surfans
M Figure 4. All data i normalised by the
weeight of stesl produced, and axis labek
have been narmalised. This figure demon-
sirates, for tes inpat denensions, Tk akality
io develop a multi-dimensional predection
oost model Based an Tuinade data

Oince this surface has been developed, it may
b spachesd (hy mary dandard methiod)
fird the optimal wot of inputs. This ootims
Tinary is represenied o e hicd @Busbiation in
Figure 3 Hillclimbing will be wsed o deter-
mine different input conditions bo try in e
imens. Bnce each experiment takes aboul W
minates {ore heat), it would be diffsoult o ne
cepd weith a genen algosnhm approach eee
Howeser, if the modelling proves sufficently
acfurate, gengtic optimizatian (ould B
attempted on & sirwlated sypvbem mode|

When wtegrated into a GLI-driven sy
tem, thie model will give productson mae
adpEry an Sppartumity 19 e what progus
tion costs would result from tweaking the
imp peerliles — “wdhat-iT" predictive caps
bikty. The cptimdatesn algonithm must be
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Figure 4. & representative cost surface used in
nptimisaticn.

canstraimed by limitations imposed due bo salety reguine-
morits and cquipment Fmitatior

Adter stdying 1he optimisation capabilities that waould best
herslil the stealmaker, it was found that e ability 10 adjist
trar objective function was reeded {primanly to acount for
varging energy onsts of production throughput demands). The
nodeding and optimeaticn sirategy was designed to permil
ok Chamges in Th opst furecticn. Chamges to the oost Tur-
fo will resull in different multi-dimensional cost surfaces,
tut since the surenasies data far each heat is sbored. ot well
ber prssiblie to find the [estimated] nevw optimam vy quickly.
Hihe cost furction reanains 31 This new setting for somse timse,
perlormance will be further optimised a3 more dala i gath-
erid i this newr ares. To sccouit Tof the fact that funace
egapment, proiodises, personnel, snd sorap characteristics
change awer time, the relative wesghting given te each data
gaint willl b exparsntially decroased with it age. This will
tharege ther cost surface, and give the sysiom the capabi ity bo
adap? autormuatically 1o thess prooess <hanges.

This strategy was based on:

B Meural's experierce with the AF ard andersiasnding of the
artimaker’s needs

B Analysis af the noise leeel present in this comples mdustri-
d process, and

B Evaluation and comparison with several possible model

ing and aptimisation approsches (direct pewral nedwork
modelling, genetic algosithms ard 2a on). B
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