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The effect of v-ray irradiationon magneticpropertiesof electromagnetisteelsheetdhas
beeninvestigatedThe measurementserecarriedout by usingtransformeir-e-Si(97%-
3%) sheetsThe enegy lossesanddependencef the relative permeabilityaswell as of
the differentialpermeabilityon strengthof the magnetizindield beforeandafterirradia-
tion weremeasuredThe measurementshaw that, after irradiation,the enegy lossesin
the electromagneticsheetsor a maximumfield of 1.0 Teslaat the frequeng of 50 Hz
decreasetb lessthan10% of enegy lossedeforeirradiation. The valueof the saturation
magneticfield after irradiation also decreasedy about10%. The relative permeabitity
valuesin theregion of rotationof magnetizatiomomainsafterirradiationdecreasednthe
averageby 5%, whereaghe valueof their differentialpermeabilityaroundeachworking
pointremainedinchanged.

PACSnumbersi75.50.Bb,75.90.+w81.40.-z UDC 537.621.3537.622537.639

Keywords: electromagnetisteel,magneticproperties permeability effects of ~-irradiation, high-
doseirradiation

1. Introduction
The changeof physicalpropertiesof magneticmaterialscausedby irradiation with

enegetic particleshave beenthe subjectof several investigationg1-3]. Many authors
have reporteddecreasef remanencethe magnetizatiomabove the kneeand maximum
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permeabilityof 2% siliconiron samplesfterprotonor electronirradiation[4,5]. Also the
changesf the shapeof hysteresidoop in several soft magneticmaterialsafter neutron
irradiationhave beenreported6,7]. However, a limited amountof work hasbeendoneto
elucidateheeffectof v-rayirradiationonthe magnetigropertiesandnominalenepgy loss
of electromagnetisheetd8].

The electromagnetid-e-Si (97%-3%) sheetshave beenusedin fabricationof mag-
netic and electromagnetiénstrumentssuchas motors, transformerssmoothingcholes,
etc. Sometimegheseinstrumentsare usedin severe ervironmentalconditionssuchas
in irradiationfacilities, wherethey are exposedto ~-radiation. Presentwvork was made
with the aim to determinethe effects of y-radiationon the nominalenegy loss of elec-
tromagneticsheetsandtheir relative anddifferentialmagneticpermeabilities\We present
the experimentakesultswhich demonstratéhe changeof enegy lossesand of magnetic
propertiesf the sheetsausedy irradiationof 4 and8 Mrad using®®Co y-rays.

2. Experimentatedchnique

Transformesheetsverecutto thestandard andl formsandfour smallidentical-yole
magneticcircuitsweremade Eachmagnetiacircuit hascross-sectionsf thecentralleg of
25cn? andthelaterallegsof 12.5cm?. Thecentralleg carriesthe primaryandsecondary
windingsof 400turnseach.The dimensionsaandthe meanlengthof the magnetidines of
forcein thecircuit areshovnin Fig. 1.
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Fig. 1. Shell-typemagneticcircuit usedin the measurement&ross-sectionsf thelateral
legsare12.5cn? andof the centralleg 25 cm?. The dimensionsareL, = 22.5 cm and
Lo = 10 cm. Thenumberof windingsin thetwo coilswasn,; = ng = 400 turns.

All experimetswere carriedout usingthe four small magneticcircuits. Their enegy
lossesas a function of maximummagneticfield valuesat the frequeng of 50 Hz were
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measuredTheir first magnetizatiorcurvesand hysteresidoopswere obtainedusingthe

direct currentin one of the magneticcircuit windings[9,10]. The relatve permeability
curvesasafunctionof magnetidield werederivedfrom thedataon thefirst magnetization
curves.

In orderto determinghedifferentialpermeabilityvaluesasa functionof themagnetic
field [11,12],we proceededasfollows:

The primary windings of two magneticcircuits were connectedn seriesandan AC
voltageof pulsationw andrmsvalueV wasappliedto the windings,andthe rmsvalue
of thecurrentI circulatingin thetwo primarywindingswasmeasuredT he impedancef
eachwindingis thengivenby

v

7 = —.
21
To take therealpartof thisimpedanceénto considerationthe valueof inductanceof each

winding wascalculatedrom therelation

1
— X ——co0s9,

L =
w 21

whered is thephaseangle.

To determinghephaseangled, anoscilloscopavasusedn thez —y mode.A voltage
proportionalto the currenti anda voltageproportionalto [ vd¢ (obtainedusinganinte-
gratingRC circuit) wereappliedto thez andy inputs,respectrely. Analysisof theellipse
ontheoscilloscopescreerpermitedthe determinatiorof the phaseangled betweeni and
J vdt. Theinductancevasobtainedrom therelation:

L_¢_niSB

I L H’

wheren; is the numberof turnsin the primarywinding, L the meanlengthof magnetic
field linesin themagneticcircuit, B themagnetidield, H themagnetizindield andsS the
cross-sectionf the centerleg.

Thedifferentialpermeabilityis obtainedrom therelation:

L
Hd = n%—SQW—ICOSd

To changethe averageworking point, we usedtwo secondaryindingswhich werecon-
nectedwith oppositephaseasshavn in Fig. 2, to make initially the sumof thealternatve
voltagesinducedon the secondaryindingsequalto zero. Thenwe applieda continuous
current(DC) I to thesecondvindingandchangedheaverageworking pointof magnetic
circuits

Iy

HO = ngf.
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Fig.2. Theelectriccircuit usedto determineug asafunctionof magnetidield.

The variation of differentialpermeabilityasa function of magnetizingfield was ob-
tainedby a superimposing volts AC signal of 50 and of 100 Hz onto the continuous
current.The AC voltagewasmaintainedconstantduring all experimentswhile the value
of thecontinuousurrentappliedin thesecondargidewaschangedrom 0 to 500mA and
from 500mA backto 0.

To studythe effects of ~-ray irradiationon the magneticpropertiesof the sheetsthe
four magneticcircuitsweredemagnetizefil 3] anddismantled Their sheetsvereexposed
to 8°Co y-raysat the doserateof 2020rad per minute[14,15] at room temperatureTwo
were exposedto a 4 Mrad dosewhereashe othertwo were exposedto a 8 Mrad dose
(twice the expositiontime). After irradiation,the sheetof thefour magneticcircuitswere
assemblee@xactly asbeforeirradiationandtheirenegy lossesandall mentionednagnetic
propertiesveremeasuredinderidenticalconditionsasbeforeirradiation.

3. Resultsanddiscussion

Figure 3 shaws the resultsobtainedfor the enegy lossesasa function of maximum
magneticfield of the magneticcircuits beforeand after irradiation. Main causesof the
lossesaredueto eddycurrentsandthehysteresi§16].

For maximummagneticfields up to 0.4 T, the changeof the enegy lossesdue to
irradiationarevery small, but for highermaximumfields,a gradualdecreasef thelosses
in irradiatedsheetshasbeenobsered. The enegy lossesof electromagnetisheetdor a
maximummagnetidield of 1.0T, atthefrequeng of 50 Hz, arereduceddy irradiationby
about10%. The decreasef enegy lossescausedy irradiationis probablydueto the~-
ray annealingeffect of the solid statedefectswhich arepresenin the sheetsThe enegy
lossesof the sheetsafter irradiationby 4 and8 Mrad doses for ary value of magnetic
field, arethe same The mostappropriatexplanationfor thisis thatsaturatiorof effectsof
irradiationis achievedat somedosebelov 4 Mrad.
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Fig. 3. Enegy lossesasa functionof maximummagnetidield.
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Fig. 4. Thefirst magnetizatiorturves.

Figure4 shaws theresultsfor the first magnetizatiorcurvesof the magneticcircuits,
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for a 500 mA DC current,beforeandafterirradiation. Explanationof thesecurvesis as
follows:

The first magnetizatiorcurvesbeforeand after y-irradiationare similar in the region
of reversibleandirreversibleboundarydomains.However, whenthe value of the applied
magnetizindield increaseso reachtherotationof magnetizatiomlomaing17], thevalues
of the magneticfield and of the saturationmagneticfield of the circuits after irradiation
decreaselp to 10%, i.e., up to the valuethat was found for the maximummagnetizing
field.
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Fig. 5. The hysteresisoops.

Figure5 shaws theresultsfor the hysteresidoopsof the magneticcircuits, for a 500
mA DC current,beforeandafterirradiation. An analogougesultwasobtainedasin the
caseof the first magnetizatiorcurves. This may be dueto the changesn the magnetic
orderingandto the creationof magnetizatiorof antiferromagnetidlomainsby ~-rayirra-
diation[18,19]. The~-rayirradiationmayalsochangethe domainstructuredy affecting
thevelocity of the domainwall motion. Thatmakesthe walls move afterirradiation. The
changeof the areaof the hysteresisoopsgivesanexplanationto the smallerenegy losses
of themagneticcircuitsafterirradiation.

Thevalueof theremanencef the hysteresidoopsof the magneticcircuits afterirra-
diationis slightly lowerthanbeforeirradiation.

Figure6 shavstherelative permeabilitycurvesasafunctionof magnetizindield of the
magnetiaircuitsbeforeandafterirradiation.Onecannoticeanaveragedecreasef 5% of
therelative permeabilityvaluesafterirradiationin theregion of rotationof magnetization
domains.
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Fig. 7. Thedifferentialpermeability
Figures7 and 8 shav the measuredesultson differentialpermeabilityasa function
of magneticfield beforeand after irradiation, for the frequenciesf 50 and 100 Hz, re-
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spectvely. The curvesshaw that the valuesof the differential permeabilityuy for each
working pointimposedby the magnetizindield Hy, afterirradiation,arestill unchanged.
Thatreflectsthe obsened unchangedorm and meanvalueof the slopeof the small AC
hysteresisoopsaroundeachworking point.
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Fig. 8. Thedifferentialpermeabilitycurvesat 50 Hz andat 100 Hz.

4. Conclusion

Thereportedresultsrevealthedecreasef the enegy lossef the saturatiormagnetic
field andof theremanencef the magneticcircuitsafterhigh-dosey-ray irradiationof the
electromagneticteel (97% Fe - 3% Si). The valuesof the relative permeability corre-
spondingto the rotation of magnetizatiordomains,alsodecreasaftery-ray irradiation,
whereaghedifferentialpermeabilityvaluesat all working pointsthatweremeasuredhave
beenfound to remainunchangedy irradiation. The resultsfor 4 Mrad andfor 8 Mrad
irradiationare almostthe same.Furtherwork is expectedto give more detailsaboutthe
change®f themagnetigropertiesandtheir relationto v-ray enegy anddose.
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UCINAK OZRACIVANJA v-ZRACENJEMNA MAGNETSKASVOJSTA
TRANSFORMAORSKOG Fe-Si(97%—-3%)ZELJEZA

Istrazivao se utinak ozr&ivanja~y-zratenjemna magnetskaswjstva transformatorség
Fe-Si (97%—-3%) Zeljeza. Mjerili su se gubici enegije, te ovisnostrelativne perme-
abilnostii diferencijalnapermeabilnos jakosti magnetizirajéeg polja prije i nakon
ozr&ivanja.Mjerenjapokazujudasezamaksimalngoljeod 1.0 Teslai frekvenciju5oHz
ozr&ivanjemsmanjujuenegijski gubicizaoko 10%. Smanjujesetakoder za 10%vrijed-
nostpolja zastenja.Vrijednostirelatvne permeabilnostu podriju rotacije magnetskih
domenasmanjujuseozraivanjemu prosjekuzaoko 5%, dok sevrijednostidiferencijalne
permeabilnostbko svake radnetocke ne mijenjaju.
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