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Abstract 

Anautomatedcontrolsystemforthree-phaseore-thermalfurnacesispresented, integrating a Siemens S7-1200 PLC, 

WinCCvisualization, radarsensors, 

andenergymetersforcontinuousmonitoringanddynamicregulationofelectrodepositions, voltages, andcurrents. 

Electrodeimmersionandpowerareadjustedtominimizeshort-networkasymmetry, 

stabilizingphasevoltagesandensuringuniformthermaldistribution. Implementedonrectangular (RPO-11,150) 

andcircular (RKO-22,5) furnaces, thesystemincreasedfurnaceproductivityby 5.3%, improvedpowerfactor (0.81 

→ 0.83), andreducedelectricityconsumptionby 2.9%. Thisapproachprovidesenergy-efficient, stable, andhigh-

performanceoperationofferroalloyfurnaces. 
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I. Introduction 

Ferroalloyproductionis a high-energy, multi-

phasemetallurgicalprocesscharacterizedbysignificantelectricityconsumptionandinherentprocessinstability. 

Overthepastcentury, accumulatedexperienceinfurnaceoperationhasledtocontinuoustechnologicalimprovements, 

withparticularfocusonautomatingtheelectricalcontrolofore-thermal (submergedarc) furnaces. 

Theefficiencyandproductivityofthesefurnacesdependcriticallyontheuniformdistributionofpowerandthermalproces

ses. Furnaceperformanceisinfluencedbyfactorssuchaselectrodeimmersion, short-networkasymmetry, 

andthespecificelectricalresistanceofthechargematerials. 

Conventionalcontrolsystemsmeasureelectricalparametersandadjustelectrodepositionsbutoftenfailtominimizeener

gyconsumptionoroptimizethepowerfactor, resultinginreducedproductivityanduneventhermaldistribution. 

Thisworkpresents a methodandsystemforautomatedelectricmodecontrolthataddressestheselimitations. 

Bydynamicallyregulatingelectrodepositionsandpowerbasedoncontinuousvoltageandcurrentmonitoring, 

thesystemminimizesshort-networkasymmetry, stabilizesphasevoltages, andimprovesenergyefficiency, 

resultinginincreasedfurnaceproductivityandreducedspecificelectricityconsumption. 

 

Overthecentury-longhistoryofferroalloyproduction, 

theaccumulatedknowledgeandexperiencehavebeencontinuouslyrefinedandarestillbeingimprovedtoday. 

Againstthebackdropofdiversetechnologicalreforms, specialattentionispaidtotheautomaticcontrolsystemsofore-

thermalelectricfurnaces. 

Ferroalloyproductionischaracterizedbyhighenergyconsumptionandmulti-phaseprocessinstability, 

whichleadstolossesandreducedproductivity. Itisknownthatasfurnacepowerincreases, 

specificheatlossesandtheamountofelectricityrequiredpertonofalloydecrease. 

Theoptimalvoltagealsodependsonthespecificelectricalresistanceofthechargematerialsandthenatureofthearc. 

Asymmetryintheshortnetworkcausestheso-called “slow” and “wild” phaseeffects, 

whichrequireintelligentregulation. 

http://www.ajer.org/
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Itiswellknownthatferroalloyproductioninvolvessignificantenergyconsumption. Forexample, if 1000 

kWhofelectricityisrequiredtoproduce 1 tonofsteel, approximatelyfivetimesmoreelectricityisneededtoproduce 1 

tonofvariousferroalloys (suchassilicomanganese, high-carbonferromanganese, medium-carbonferromanganese, 

ferrosilicon, etc.). A majorshareoftheproductioncostofferroalloysisattributedtoelectricityconsumption, 

accountingfornearlyhalfofthetotalcosts. 

Itisalsoknownthatthereexists a methodandsystemfortheautomaticcontroloftheelectricalregimeofore-

thermalfurnaces. 

Thissysteminvolvesmeasuringelectricalparametersduringthesmeltingprocessfromelectrodesimmersedinthecharge

, whicharepoweredby a three-phasetransformerviaconductors. Theseparametersincludephaseactivepower, 

electrodeactiveresistance, andvoltageattheelectrodes. Thesystemalsodetermineselectrodepositions, 

collectsparametervalues, andperformsregulationwhennecessary. However, thismethodandsystemdonotensure a 

reductioninelectricityconsumption. Moreover, 

thepresenceofanasymmetricnetworkdoesnotallowforanincreaseinthepowerfactor, 

whichisrelatedtotheuniformdistributionofthermalprocesses. As a result, furnaceproductivityremainslow, 

whichinturnaffectsproductquality. 

Theabove-mentionedshortcomingsareeliminatedby a methodforcontrollingtheelectricalregimeofanore-

thermalfurnace. 

Thismethodinvolvesmeasuringelectricalparametersduringthesmeltingprocessfromthreeelectrodesimmersedinthec

harge, whicharepoweredby a three-phasetransformerviaconductors. Theparametersmeasuredateachelectrode, 

usingtransducers, includephaseactivepower, electrodeactiveresistance, andvoltageattheelectrodes. 

Themethodalsoincludesdeterminingelectrodepositions, collectingelectricalparametervalues, 

andperformingregulationwhennecessary. 

Priortothestartoftheprocess, thefurnaceisequippedwithradar-typesensors, a programmablelogiccontroller (PLC), 

andanenergymeteringdevice. 

Measurementofelectricalparametersandelectrodevoltageiscarriedoutbasedontheprincipleofcontinuousmonitoring. 

Inaddition, dynamicautomaticregulationofelectrodepositionsisperformedinsuch a waythatthefirstelectrode, 

locatedclosesttothefurnacetaphole, istheleastimmersedinthechargeandissuppliedwiththehighestpower. 

Thethirdelectrode, locatedfarthestaway, isthemostdeeplyimmersedinthecharge, whilethemiddle (second) 

electrodeissuppliedwithlowerpowercomparedtothefirstandthirdelectrodes. Thisminimizesshort-

networkasymmetryandensuresuniformdistributionofpowerandthermalprocesseswithinthefurnace. 

Continuousmonitoringofelectricalparametersincludescontroloflineandphasecurrents, voltagesonthehigh- andlow-

voltagesidesofthetransformer, active, reactive, andapparentpower, aswellasthepowerfactor. 

Electrodepositionsaredeterminedusingradar-typesensors, 

andthedataaretransmittedtotheprogrammablelogiccontroller (PLC). 

CollectionofelectricalparametersiscarriedoutbyanenergymeteringdeviceusingtheModbus RTU protocol, 

andthedataareintegratedintothe PLC forfurtherregulation. 

Regulationofelectricalmodesisperformedprimarilybasedonelectrodevoltagevalues, andsubsequentlybypower. 

Whennecessaryandpossible, transformertapchangingunderloadisapplied. 

For a rectangularopen-typeore-thermalfurnace, threeself-bakingelectrodeswith a diameterof 1000 mmand a five-

stagetransformerwith a capacityof 11,150 kVAareused. 

For a circularopen-typeore-thermalfurnace, threeself-bakingelectrodeswith a diameterof 1200 mmareused. 

Theseelectrodesarearrangedattheverticesofanequilateraltrianglewith a spacingdiameterofapproximately 3100 

mm. 

Themethodalsoinvolvespreliminaryuniformpreparationofchargematerialsanddeterminationofoptimalelectricalop

eratingmodesofthefurnaceinordertominimizespecificenergyconsumption. 

Thesystemforautomaticcontrolofanore-thermalfurnaceincludesthreeelectrodesimmersedinthecharge, 

connectedviaconductorsto a three-phasetransformer. 

Eachelectrodeisequippedwithtransducersformeasuringelectricalparameters, specificallyphaseactivepower, 

electrodeactiveresistance, andelectrodevoltage. Thesystemalsoincludesmeansfordeterminingelectrodeposition, 

collectingelectricalparametervalues, andperformingregulationwhennecessary. 

 

Inaddition, thefurnaceisequippedwithradar-typesensors, a programmablelogiccontroller (PLC), 

andanenergymeteringdeviceforcontinuousmonitoringofelectricalparametersandelectrodevoltage. Furthermore, 

thefurnaceisequippedwithdynamicelectrodepositioncontrolmechanismsarrangedsuchthatthefirstelectrode 

(closesttothetaphole) isleastimmersedandsuppliedwiththehighestpower, thethirdelectrode (farthest) 

ismostimmersed, andthesecondelectrode (inbetween) 

issuppliedwithlowerpowercomparedtothefirstandthirdelectrodes. Thisminimizesshort-

networkasymmetryandensuresuniformdistributionofpowerandthermalprocesseswithinthefurnace. 
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Thesystemadditionallyincludes a programmablelogiccontroller (PLC) configuredtoexecute a 

controlalgorithmbasedonelectrodevoltages, aswellas a visualizationinterface (HMI/SCADA) 

formonitoringandcontrollingphysicalprocesses. 

Theprogrammablelogiccontroller (PLC) isoftheSiemens S7-1200 series, 

andvisualizationisperformedintheWinCCenvironment. 

Thetechnicaleffectoftheinventionistoincreasetheefficiencyofelectricityuseinore-thermalelectricfurnaces, 

increasefurnaceproductivityforthetargetproduct, simplifythetechnologicalprocess, 

andreducespecificelectricityconsumption. Thisisachievedusingthemethodandsystemdeveloped, 

whichprovideoptimalthree-phaseregulationbasedontheelectrodevoltagesofore-thermalfurnaces, 

compensateforshort-networkasymmetry, anddynamicallycontrolelectrodepositions. 

Themethodincludesdynamicautomaticregulationofelectrodepositionssuchthatthefirstelectrode, 

closesttothefurnacetaphole, istheleastimmersedinthechargeandsuppliedwiththehighestpower, 

whilethethirdelectrode, farthestaway, isthemostdeeplyimmersed, andthemiddle (second) 

electrodeissuppliedwithlowerpowerrelativetothefirstandthirdelectrodes. Thisminimizesshort-

networkasymmetryandensuresuniformdistributionofpowerandthermalprocesseswithinthefurnace. 

Thissolutionreducesspecificelectricityconsumption, increasesthepowerfactor, 

andensuresuniformdistributionofthermalprocesses, whichincreasesfurnaceproductivity. 

Theinventionisillustratedinfourfigures: 

Fig. 1 – showsthe (RPO)-11,150 rectangularopen-typeore-thermalfurnaceshort-

networkschematicwithelectrodesarrangedin a straightline. 

Fig. 2 – showsthe (RKO)-22,5 circularopen-typefurnaceshort-

networkschematicwithelectrodesarrangedattheverticesofanequilateraltriangle (spacing D≈3100 mm). 

Fig. 3 – showsthefirstvoltagedistributionmode (example: 72–82–85 V). 

Fig. 4 – showsthesecondvoltagedistributionmodeafterchanges (example: 86–72–85 V). 

Toimplementthemethod, researchworkand a seriesofmeasureswerecarriedout, includinguniformpre-

treatmentofchargematerialsandrefinementofthefurnace’soptimalelectricaloperatingmodes. 

Theoptimalelectricalregimeisdefinedasonethatensuresminimalelectricityconsumptionpertonofalloywhilemaximiz

ingthetransformer’sratedcapacity. 

Generalprinciplesusedintheresearch: 

Asfurnacepowerincreases, specificthermallossesdecrease, andconsequently, 

electricityrequiredpertonofalloydecreases. 

Optimalvoltagedependsonthespecificelectricalresistanceofthechargeandthearccharacteristics. Ore-

thermalfurnacesusingcarbonasthereduceroperatewith a charge-coveredarc, withelectrodesdeeplyimmersed, 

ensuringarcstabilityatlowvoltages. 

Thelowertheconductivityofthecharge, thehigherthevoltagerequired. 

Lossesintheshortnetwork (betweenfurnaceandtransformer) amountto 7–15% ofthetransmittedpower. 

Inthisregime, power, electrodevoltages, andcurrentsareregulatedbyraising/loweringelectrodesand, ifnecessary, 

byswitchingtransformertapsunderload. 

Modernautomatedfurnacecontrolsystemsallowbettercontrolnotonlyofelectricalregimesbutalsooftemperatureregi

mesandelectrodewearprocesses. 

Implementationforrectangularopen-typeore-thermalfurnaces (RPO)-11,150: 

Theinventionwasinitiallyappliedtothreefurnaces, eachwith a rectangularbathandthreeself-bakingelectrodesof 

1000 mmdiameterarrangedin a straightline (Fig. 1). Eachfurnaceispoweredby a 11150 kVA, five-

stagetransformeroftype EPTC-11150/10. Electrodeimmersiondepthinthechargeis 1200–1400 mm. 

OneimplementationexamplecorrespondstoFig. 1 (RPO)-11,150 furnaceshort-networkschematicwithstraight-

lineelectrodearrangement. Thefurnaceiscontrolledusing a Siemens S7-1200 PLC (notshown) 

andvisualizedinWinCC (notshown), displayingallelectricalandtemperatureregimes. 

Electricalparametersincludecurrentandvoltagesignals, suchaslineandphasecurrents, low-sideshort-

networkvoltages, whicharefedto a Lovato DMG800 energymeter (notshown). Thedata, processedviaModbus 

RTU protocol, aretransmittedtotheSiemensprocessor, includinglineandphasecurrents, high- andlow-

sidetransformervoltages, active, reactive, andtotalpower, powerfactors, andnetworkfrequency. 

Electrodepositioninformationisalsocollectedfromradar-typesensors, 

includingtapholeprocessdataandelectrodewearparameters (timesincelastwear, 

electrodelengthpassedinpreviousandcurrentshifts, whethertheprocessisactive, etc.). 

Short-networkasymmetrycausespowerredistributionamongelectrodes. Specifically, a phaseleadingitsopposite-

phaseelectrodebecomes “wild,” while a laggingphasebecomes “slow” (e.g., forforwarddirection, phase A 

leadsphases B and C by 120° and 240°, respectively), causing 15–20% 

powertransferfromtheslowtothewildphase. Initially, severalregulationoptionsweretested: powercontrolmode, 
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short-termcurrentandresistancecontrolmodes, butlateremphasisshiftedtoelectrodevoltagecontrol, 

prioritizingelectrodevoltagefirst, thenpower. 

Duringresearch, thevoltage-basedcontrolconceptledtotheideaofadjustingelectrodesandwearsuchthatthe “stable” 

phase (secondelectrode E2) operatesclosetoslow-phaseparameters, whiletheformerslowphase E1 alignswithwild-

phaseparameters. Dynamicelectrodepositionregulationwasimplementedsothatthefirstelectrode E1 

(closesttotaphole) isleastimmersedandsuppliedwiththehighestpower, thethirdelectrode E3 (farthest) 

ismostimmersed, andthemiddleelectrode E2 receiveslowerpowercomparedtothefirstandthirdelectrodes. 

Thisminimizesshort-

networkasymmetryandensuresuniformdistributionofpowerandthermalprocesseswithinthefurnace. 

Knowledgeofwhichelectrodeaffectsothersintermsofvoltagedistribution (inthiscase 3→2→1) 

allowedoptimalelectrodepositioningtoachievethedescribedregime. ObservationsareillustratedinFigs. 3 and 4 

andtheaccompanyingtable. 

Firstcase: electrodevoltagesaveraged 72–82–85 V (Fig. 3). 

Secondcase (afterchanges): 86–72–85 V (Fig. 4). 

Withthisvoltagedistribution, linecurrents (equivalenttoelectrodecurrents) decreasedslightly, 

furnacepowerfactorincreasedfrom 0.81 to 0.83, andpowerandthermalprocessesweredistributedmoreevenly. 

Thisstabilizedthefurnace, reducedoverloads, minimizedelectrodemovementandimmersiondepthvariations, 

therebyincreasingproductivityandreducingelectricityconsumption. 

Implementationforcircularopen-typeore-thermalfurnaces (RKO)-22,5: 

Threeself-bakingelectrodesof 1200 mmdiameterarearrangedattheverticesofanequilateraltriangle (spacing 

D≈3100 mm, Fig. 2) withimmersiondepth 2200–2400 mm. Eachfurnaceispoweredbythreesingle-phase 7500 

kVA, 17-stage transformers. 

Aswith RPO-11,150 furnaces, 5% 

slow/wildphaseeffectsoccurbecausetransformersarepositionedononesideofthefurnace. 

Phaseasymmetryiseliminatedonlyiftransformersarepositionedat 120° relativetothefurnace. 

Optimalregulationusesvoltageandpoweroverwiderlimits, reducingfrequentelectrodemovement. 

Withproperlyselectedchargematerial, theprocessremainsstable, 

andautomationmaintainselectrodevoltageandpowerwithminorcorrections. 

Observationsshowedincreasedfurnaceproductivityandreducedspecificelectricityconsumption. 

Forexample, withtheinventionfullyimplementedinautomaticmode, dailyproductivityincreasedby 3.58 tons 

(5.3%), andelectricityconsumptiondecreasedby 150 kWh/t (2.9%). 

Theinventionissuitableforferroalloyplantsusingrectangular (RPO-11,150) andcircular (RKO-22,5) furnaces, 

aswellasothersimilarthree-phaseore-thermalfurnacesrequiringenergy-efficientandstableelectricaloperation. 

 

 

Tablesandindicators 

Parameters: Periods Electrode-1 Electrode-2 Electrode-3 

Voltage, V Old 72 82 85 

New 86 72 85 

Linecurrent, A Old 571 614 602 

New 483 603 552 

Cosine-(cos φ) Old 0.81 0.83 0.79 

New 0.86 0.87 0.75 

Electrical power- MW Old 2,2 2,9 2,7 

New 2,8 2,0 2.7 
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Fig.3. 
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Fig.4. 
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