THE CORRECT CHOICE OF AN INDUCTION
HARDENING INSTALLATION

How to calculatethe neededpower
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What work frequency to choose

Geometry of the pieceto be treated and its electromagnetic
characteristics

Geometry of the heating coill

Variable factors

Whenevera company is to buy an induction hardeninginstallation it submits its
specifications to prospectiveuppliers; often the technical answersreceived are so
contrastinghey disorienthose who aregbviously, not “experts”.

More often still thereis no logical correlationwith the problemsetforth. Only the clear
purposeof selling the availableproductbecausehe lack of technicalmeansdoes notallow
the supplierto manufacturehe installationthateffectively would be required.

It is necessaryo shedlight onthis.
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Powerrepresents the enerqy in the unit of time thatitiséallation is to be able to transfer
ontothe piece.

In aninductionheattreatmenthe heatingpoweris thatdeterminedoy the oscillating circuit
andmorecorrectlycalledreactivepower.

Accordingto physicalgeometricalcharacteristicof the pieceandto the temperatureo be
reachedthe choiceof anoptimal merit factor makesit possibleto maximize generator
performancesninimizing consumptions.

All right; but seengas lamnot anengineer,how can | “more or less”understand theequired
powerto hardenagivenpiece? LetPhysics help:
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Tp = theoreticalpowerKW/H/KG
Tc = thermalcapacityin KW/H/KG takenfrom the graph
P = hourly quantity of the materialto be processedn KG

Ce = absoluteinductorefficiency



Take a practicaéxample:

We haveto hardenthis picturedC 40 steelshaftwith @ 30 mm andlength300 mm

Let uscalculateits weight: 1,660kg
We haveto harden60 pieces/h

The cycle time of 60 secondswill be composedof different passivetimes (load, unload,
inductor positioning,closing of shields,additionalcooling at cycle end)and of an active
time to dedicateto heating

On atotal of 60 secondspnly 30 will be dedicateto heating

Let uscalculatethe hourly quantityof productbeingheatedup thatwill be of:
3,600secdivided by 30 = 120 cycles/hmultiplied by 1.660kg = 199.2kg
We know thathardeningdealtemperaturdor this steelis 900 °C

Fromthe graphwe readon the “steel” curve that we need0.18 kW/h for eachkilogram of
material;hencetheneededboweris of 36 kW.

Now we haveto divide the theoreticalpowerby the pieceinductorefficiency. This depends
uponvariousfactorsand it changeslso asfunction of the piecetemperature duringeating



(at the CuriePoint =720°the materialloosesmagnetism).

In ordernotto get tootechnical,you shouldcalculatea yield of 0.5 andyou will nevergetit
wrong!

Thereforethe correctpowerbecomes36 kW dividedby 0.5= 72 kW

Consideringhatthe pieceis notto be core hardenednorepoweris neededo heatrapidly
andtakethe solesurfacelayerconcerned tahe transformatiortemperature

Acceptanothermieceof advicethatwe know from experience:

If you requirehardeningwith a 4-6 depth,multiply thepowerby 2
Thatis 72x 2 = 144kW

If you requirehardeningwith a 2-3 depth,multiply thepowerby 1.5
Thatis 72x 1.5= 108 kW

This is, naturally,a calculationthat will appal the induction theoreticianbecauseit is
irrespectiveof the work frequencyandof manyotherimportantfactors....butit will allow
youto understandf your supplierhasoffered youthe properinstallation.




What workfreguency is to be chosen?

The frequency generatedhroughthe oscillating circuit affectsthe characteristicef the
heattreatmenin two aspects:

1) Penetration depth for “skin effect”
2) Intensity of the electromagneticfield lines

(1) definesthe inductionheatingdepth;it is independenof time durationand of the power
appliedto treatment.

Combinedwith thermalconduction(function of the heatingtime, of the applied powernd of
heatconductivity of the treatedmaterial)it specifiesthe effective depthof theheat
treatment.

(1) maybeexpressedin afirst approximationas:
Dpen  75000/f[mm]

Examples:

- Forafrequencyof 100kHz: Dpen 0.75mm

- Forafrequencyof 10 kHz: Dpen 7.5mm
Fromthe examplegheinfluenceof frequencyonthetreatedzone depth emergetearly.

(2) is a physicalparametetypical of eachelectromagnetiemissionandit indicates the
densityof the electromagnetiéield linesitself.

At the samepower,thefield lines proveto be moreconcentratedthe higher thefrequency.

From theseanalysesit appearsclear that high frequenciesare recommendedor heat
treatmentsconcerning small areasof material (surface hardening with well defined
transition zondetweerhardenednaterialandnot).

Geometryof the piece to be treated and its electromaqmdtazacteristics

The geometryof the part andthe heattreatmentrofile requiredaretwo fundamental
parameters$or the choiceof the powerandwork frequency.

Otherimportantparametersrethe physical-metallurgicatharacteristicof the material to
betreatedandtheir evolutionwhenchangingtemperature. Thepe of inductorusedoften
represents compromisebetweenmechanicabndelectrical



requirements.

Anotherasimportantparameteris the physicalcoupling betweeninductor and pieceto be
treated;from a strictly energypoint of view, the shorter thedistancebetweeninductor and
piece,the greater theyield.

Variable factors that magffect the choice of an induction hardening instt#bdin

Now thatyouhavelearnedhow to sizeinstallationpower,to choosethe more appropriate
frequencyandto understandvhat the most suitableinductoris, the problemposed ito
choosethe supplieiit is advisableto buy from.

Whatandhow manyarethe elementghat shouldinfluencethe choice?
Our considerations follow.

Managemenof the coolingliquid

The generatoheatsbut hardenings obtainedfrom coolingthe piece!

Suitablemanagemenof the hardeningliquid is essentialjt is necessaryto cool (in some
casesalsoto heatat the beginningof the shift) the liquid, to filter it thoroughly, ando
managets flow rateandpressure.



Coolingshower

The coolingliquid is to be sprayedoverthe pieceby usinga properlymanufactured shower
not with the“usualtubeanda pair of nozzles”.

The holesfrom wherethe liquid poursout areto be madeso thatthe jets are perfectly
perpendicular tahe piece.

The showeris to be designedo maintaina goodefficiency over time,andto ensure
constancyof results;therefore materialsresistant to oxidatioareto be used.



Componentsisedto manufacturghe equipment
Sooneror lateryou will needa sparepartor atechnicianfor repair.

You shouldchoosea manufacturethat really has theknow-howand not companieghat
only makethe heatinggeneratoandcommissiornthenthe mechanicapartto a third party.

Ask for componentgrom leadingsupplierswith asalesnetworkin your area,

You shoulddemanda clearuseand maintenancenanualbeprovidedwith partslist, a
managemensoftwarecopy,anda maintenancechedule.



Safety

Thesuppliermust delivera certificateof electromagnetidield emissions.



