
2 RoundRobinTestProjectin
UniversaINetworkforMagneticNDE

ここに示す本論は2006年9J:lPragueの凶際ネットワークの会議で決定 したランドロビン試験の結

果を細めたものである｡ランドロビン試験のEl的は磁Ll.xは.lJFH非破壊評価のj!.妄准化である｡2007年 9月

Cardiff及び､2008年9月 Budapestの合議で基蝉化の明確な方針を打ち山すことができなかった｡

雅者がランドロビン試鮫の結架を基に韮雑化の指針を示 したのが本論である｡この本論はah,'2IQlHの

ランドロビン試験がこの中で述べた指針に益づいて行われることを願い2008年11月にUNMNDEの全

てのメンバーに送ったものである｡

10



2･lParticipantsandtheirmeasuringmethodsinRoun dRobinTest

Group COunt∫Y SJrT1#1 ple#2 Rep○■t Measurlngdata Expcnmentaldetails

S.ThkAh88hi JaparL yes yes yes WFOWRONco AnalysisofsetOfquasistatiく:

minOrhysteresisI○○ps
minorkN)P f=0,05Hz(frame.Ring,plato),(=
parameters

A_Mo醐 Ur( yes yes yes Vr111S RMSol8Hs晦naI Magnef=50HFIuxDe(fran℃)FIuxDe(Charpy(Rings)Doub一eInsLty(Steel):0.1T(ロ唱rPy),1T,0.02T(Plate)nSity(FeCualk)Y):0.lTa),0.08T(CharpyC),0.7TCoilmethod

W Powerloss POwerLossf=50HzFluxDensity(steel):0.1T(Charpy).lT(frame),0,02T(Plate)FluxDensity(FeCualloy):0.1T(CharpyB),0.08T(CharpyC).0.7T(Rings)

L.DuprB I)elglum yes yes yes Hc MagneticHysteresis

+freq= 0.05Hz(Charpy);0.05Hz(frame).*maxflddampritude:4kA/mMr

(Charpy);SkA/m(frame).TTlermalryagedFe-Cub"oys:+f=0.05Hz(Charpy);0.1Hz(rlng).+rTuX fkkJampfitude:3kA/m(CharpyB);4kA/m(CharpyC);SkA/m (nng)

～

一maX VlrqlnCUrVe

Qm

Qc coerciVeneld

G.Dobzzl8mm GermLlny yes yes yes Nco CoやrcJVityde斤Ved UpperHanTl○nics
tromupper

16〟o¶

K

Hcm CoOrCJVityderIVed Magne

rOm anaySIS 16A/Cnl.DH25%

anlOIitude bandpass-filteredtoarangeof2-24kHz.Fe-Cuarloy:fE=50Hz,HW =5〃cm. bandpass-f"teredto

Vmr

ll



Vmax amplitude

a.Au即 JltytuAk Poland yes yes yes lnトUa MagnetoacoustiCernissi○n(MAE)f=1Hz

lnt-Uan coU∩toーMAE

lnt-Ub [ntegralofrms MagnetkBarthaLJSellNoisef=1Hz,sokr此 ass○urceoff'dd.

○∩VebpeorBHN pN:k-upcoll

lnt-Ubn coU∩toーBHN

J,Bydwv8ky Slovak yes yes yes I Magnets(-AdaptiveTesting

Fe-Cuarloys:(ha,hb)=(560.600)inAJmunit(Br1-Br4)

Vrms Magnetkb rkhausenNoiseFe-Cuarloy:f=0.3Hz. lrTlaX=1.5A

I.TbnaB C2reCh yes yes yes Hc MajOrhysteresisーoop

Mr

pmaX Maximum

Jl MagnetkAdaptiveTestingF:magnetizalngrleld.lF:magnetizing

amplitude(2)A1-A5:dIF/dt=93.8mNsnomaILoroHingdirectionI:lA=750mA.lF=600mAこp■:

I- DerTVativeof

dLJd.F) P.(5)Cr1-CT4:dFIdt=121Nm/S(6)81-B4:dlF/dt=94.0m〟s1/p:lA=200mA,lF=160mAこ1/LLl:
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G.VerteBy Hungary yes yes yes I PenⅥeability(optimizedMagneticdescTIDtOrS) Magneti⊂AdaFItiveTesting

F.Gillenot Hun即ry yes yes yes VexcJp MagneticBarkhaLJSenNoise

wave)

V_lp MBNValUeal

VISat MBNvalueal

X.瓜eber France yC5 yes yes Vmax MagnetkBarkhausenNOiscfexc:55Hz.AnalyslS:10kHz-5MHz
PP

H.HAu朋r Austria yes yes yes Hc Cercivity MajOrhysteresislOOp(triangularwav8Signal)
Mr Remanence

F.FIOrilLo Italy yes yes yet Mr Remanence Na9netichysteresislOOppolarlZalionvalueJp=1.2T
Hc

P PermeabiljtyatJp=1,2T(I/po)

W EnergyLoss

a Rayfeighc○nstantmeasurement(J=af～bJf)Measurmgーrequencyf=10Hz

b

E.HriJltDforou Greece yes yes parLlal pmaX MaximurTl MagnetkhysteresisIOOp
∨-lunit.

Hc Coercivity

M. Argentinn yCB yes yes Vmax MagneticBarkhausenNoise

Pun)BLreg& lHzandVoltage30V

Vmax50 VmaXot50aVeragO

S.Tbi血 hi Japan yes yes

D.PALL Korea yes yes PJti一l Vn¶S NagneticBarkhausenN○ise
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Asor5thSeptember2007,twosetsorsamples(#1,#2)areclrCulated

#1:A1-A5,Af1-Af5,B1-B4,Bbl,Brl-Br4,Cl-C4,Cr1-Cr4in Korea

#2･Ap1-Ap5m Athens

group country period method

A.Mitra lndia NML 5weeks Hysteresis,BHN

T.JayakUmar 】∩dia lGCAR 6weeks Hysteresis.BHN

G.Y.Tian UK 20｢3weeks MBN,ABN

C,Lo USA 3weeks AChysteresis,BHN

F.Landgrat BraZi1
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2･2Sampleshapeandsi2:e

lnProject3wemakethestandardizationofmagneticpropertleSCOnneCtedwithdegradationln

steels.Weshallstarttheround-robintestinwhicheachmemberpracticeshisown

measurementsbyuseorthesa血eSa皿ples.WecompareallthemeasuriL)gresultsduringthe

PTaguemeetinglnSeptember2006Wecanoffbrtwokindsofsamples;A.cold-rolledsteel

samplesandB.thermallyagedFe-Cualloys.

A.Cold-rouedsamples

Weshaltprepare5cold-rottedsamplesoff=0%,5%,10%,20%and40%.Thedislocationdensity

wasobtainedbyTEManditisfromlogto101OcmlZ.CharpyimpacttestandVickershardnesstest

havebeendoneonsuchsanlPIes.

YoucanusethesesampleslnyourmeasurementThesamplesshapesandsIZeSarethe

followlng;

C Si Mn Fe

.s B 5

FulトsizeCharpyspeclmen

35

h=10

30

Frame-type
wlthmagnetIZlnganddetectlngCOlls

E joh=10
(mm)
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B.Thermal1yagedsamples

Therma】lyagedFe-098wt.% CualloyswerepreparedfわrmodelingneutronirradlatlOnln

nuclearreactorpressurevessels.Byagingthesamplesat500℃,Cuprecipitatesareformedin

theFemetalmatrlX.Therewillbe5sampleswlthdlfrerentageLngtimeintheseries.Vickers

hard_nessandcoerciveforceweremeasuredonsuchsamplesandcon月rmedthematerlalwas

substantiallychanged.

Thesamplesshapesandsizesarethefollowlng;

h=10mm

IT.mm
55mm

Ba卜tyPeSPeClmen

･2◎ ト : mm

Rlng-typeSPeClmen

withmagnetlZlnganddetectlngCOIIs

KiJldLyarLSWerthisanTWutlCeTnetuatuiね〟usLf'yoLLaTYLtuereSLedinLheTVundrob約usl.We

haveLomakeaElme-SChedukandtokrwwyoLuC〃℃umStanCeS.

Willvdujointheroundrobintest? 1)Yes 2)No

Wh ichkindsofsamt)le島areYouinterestedin?

1)Wea代interestedinthecold-rouedsamples.

2)WeareinterestedLnthethermalIyagedFe-Cusamples.

3)Weareinterestedlnboththesenesorsa皿 ples.

Wh atareYourmeasuringmethods?

Wh atlSYourmeasuringschedule?

1)WecandothemeasLuementanyti血e.

2)Themeasurementispossibleonlylntherollowlngtime-period.

forYourmeasurement?

OurmeasurementwlHtake:

AfとeJ･ObtaLIunganswersfromallthemembeI･SOFtheUniversalNeEworh仲ullalesLonDecember

31th2005)EkeELmeEableandtheorde(･oFlheUNmembeT･SLnEkeroundl･ObinLeslsaccoT･dingLoLhe

abovedatawillbedeEermuledandcLrCuLaEedtoallthemembersSendmgoFLherLl･StSampleslo

uleflrsILaboral01ツaCCOT･dLllgtOEkelLmeLablecarlbeexpectedlnmidMarch2006.
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2-3.StandardizationofmagneticND E

WestaJ･tedRoundRobinTestamongUNMNI)EmembersfわrthestandardizatlOnOfmagnetic

NDEandhavevaluabledatanowWehaveconsist.entresultsandinconsISt.entOneS.Ibelievethe

firstRoundRobhTest.ISSuccessfulandfrultful.ThesecondRoundRoblnTestwillsoonstart.

Wehavetogivean evaluationtothepreviousresultstomakethesecondRoundRobinTestmore

successRllandfruitful.

WediscussedourresultsintheUNMNDEmeetingofBudapest.Isunnarizedourresults

accordlngtOyourOPlnionsandhavemadeareportonRoundRobinTest.Myevaluationisnot

necessarilycorrectinthisreport.IfyouhaveanyargumentagalnStmyOPlnion,pleasetellme

yourargument･ThemostimportantitemisshowninthelastsectionXII "proposal'- Iwish

thatthisreporttriggersanimateddiscussionoverthestandardizationofmagneticNl)E

21311.RoundRobinTestandevaluation

RoundRobinTesthelpsustoknowseveralissuesforthestandardizationofmagneticNI)E.

SomepropertiesobtalnedfromhysteresISloopsshowagoodagreementwltheachotherlnthe

closedsamples(seeFig.I)Inopenedsamples,however,WecouldnothavegoodagreementlnOur

resultsevenincoerciveforce(seeFlg.2).TheresultsbyBarkhausennoiseeffectshowedalarge

disagreementamongeachgroup(seeFig.3).

ThedlSagreementisan unexpectedresultforus,sincethesemagTleticpropertiesarecausedor

theinteractionbetweenmagnetlCdomainwallsandthelatticedefectssuchasdislocations.As

Prof.mon皿iillersaid,thatmagnetlCdomainwallisasensorinthemagneticND Emethod.All

thepropertleSShouldchangeconsistentlywithlatticedefectsButourdatadonotnecessarily

agreeconsistentlywltheachother

ltisdifnculttosaywhichresultsarecorrectorwrongforthedlfrerentresults.Butwehaveto

judgeourresults,farthestandardi2:ationofmagnetictechnique.Itwouldbethebestwayto

decidewhichiscorrectorwrongthateachgroupevaluateshisresultsandtechniquesCOmParlng

withtheothers.

As StuttgartgroupinMax-Plancklnstitutesays,coerciveforce,theInitialsusceptibilityand

Raylelgh constanthasasimplefunctionofthedislocationdensltyP･

Hc∝ p J/2,

xo∝ /o'l/2,

a∝ p IJ,

where

B=XOH+aH2.
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TherelationrepresentsthepinnlngeffectofdislocatlOnS.Wehavedatasupportingthe

theoreticalrelation.

2･3･2.Coerciveforceasastan dardproperty

Coerciveforceisareliablemagneticpropertyexperimentallya上ldtheoreticallyandpossibleto

beobtainedindependentofthedemagnetizatlOneffect.Thereliablemeasurementforcoercive

forceispossiblefortheclosedsamplesasweltastheopensamples.Itwasmeasuredinthe

RoulldRoblnTestbyseveralgroupsRayleigh constantsaJldhysteresislosswou一dbestandard

propertleStOOAn dRayleigh constantsandhysteresISlossshouldbemeasuredbymanygroups

inthesecondRouJldRobiLITestandthemeasurlngteClmiquetothemcanbeevaluatedbythe

comparisonoreachresults.

ThevaluesofcoercIVeforcearenearlythesamelntheclosedsamples(seeFig4)butdeferent

inopensamples(seeFigs.5and6).ThedeferenceiscausedofthemeasurlngteClmlque.The

measurlllgteClmiqueshouldbeimprovedintheopensamplescomparlngwiththeclosedones

CoercIVeforcelSnotdisruptedbythedemagnetizationeffectandthevaluesoropensamples

shouldagreewiththeclosedones.

SIS-3.Coerciveforceandtheotherproperties

WehavetheothermagnetlCpropertiesbutfor ''coercIVeforce'-･Theothermagnetic

propertiesshouldagreewith HcoerciveRorceHintheirtrendfundamentally,Absolutevaluesare

di用culttobeobtainedlnSOmeproperties.Butthetrendoftherelativeonesshouldagreewlth

coerciverorceH .Inthepropertiesobtalnedfro皿hysteresisloops,thevaluesinclosedsamples

arereliablecomparedwithopenedsamples.IfsomepropertydユSagTeeSWith ●●coerciverorcel,

weshouldexplainthedlSagreementh10mthephysICalpointofview.

2-3-4.Remanen(:e

"Remanence"isamagneticstructuresensitivepropertyandshowsaconsistentrelationwlth

coercivefTorce(seeFigs.7and8).Thevaluesobtainedbyusagreewitheachotherintheclosed

samples(seeFig7).Tllerelationbetween ●'remanetwe''anddislocationsISnotSlmPleandits

valueisdecidedbytheotherfactors,suchasthedemagnetizationeffect. ●'Remarle'一Ce''isnot

anappropriatepropertytogettheinrorrnationorlatticedefects.

2-315.Directionofstandardization

WehavemanymagneticstructuresensltlVeprOPertleS.Someorthemal･enotapprOPrlatetO

NDEfromtwocausesmainlyOneiscausedorthefundan)entalreasonsuchas "rernanence''.

Theotheriscausedorthemeasuringtechnique.Thelaterwouldbeconqueredbythe

lmPrOVementOrOurtechnique.Weshouldasslgnthereasonforthedisagreementofourdata,due

totherlrSt.reasonOrthesecond
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2-3-6.SamplesofRoundRobinTest.

1.Cold-rolledlowcarbonsteel(picturen.amesamples,Charpysamplesandplatesamples)

2.Agingat773KlnCu-Femodelalloy(rlngSamples,ChaLrpySamplesandplatesamples).

a)Withoutpre-straln

b)withpre-strainE=10%

ThechangeofmagnetlCpropertiesISVerySmallintheaglngSalnpleswithoutpre-strainThe

changeisclearinco一d-rolledsteelsamplesThemlCrOStruCtureOfmaterlalsISthesame

fundamentallyillfraJneSamples,rlngSamples,Charpysamplesandplatesamples,though Small

diWerenceexistsa血ongthem.

2-3-7.Minorloopproperties

MlnOrlooppropertiesaresensltivetothemicrostructureormaterialscomparedwiththemajor

loopproperties.Theirrelationwlth latticedefects,however,hasnotbeenstudiedfullyfromthe

theoreticalarlde叩erimentalpointorγlew.ThemlnOrlooppropertiesdependonthemagnetic

amplitude,though SomeofthemareIndependentoftheamplitude.Howtoconquestthelatter

shortcomlngWOuldbethepresentproblem

Wehaveal一agTeenlentamongthemlnOrlooppropertleSObtainedbyeachgroup(seeFigs.9and

10),though afbwdisagreementsexistintheheavilydeformedsamples.ThetrendandthehJgh

sensitlVltylnheavilydeformedsamplesshouldbeexplainedintermofphysICS.

MATmethodhasthesamecharacteristlCaStheminorloopmethods.MATissensitivetothe

microstructureormaterialscomparedwiththeminor-looppropertleSbyTakal1aShigroupand

DupregroupaSWeHasthemajorloopproperties,ButMATmethodhastwoshortcomings

1.Theirrelationwithlatticedefectshasnotbeenstudiedtheoretically.

2.MATpl･OpertiesdependonthemagnetlCamplitudeandmagneticfield.

Thefirstshortcoml∫一gSwouldbeconqueredbythetheoreticalstudy.Thesecondshortcomlng

revealsinthesensitlVltythatdependsconsiderablyontheshapeofsamples(seeFigs.llto14).

ThedifferentsensltlVityinthesamp一eshapewouldbecomedifncultyofNDEagainsttheactual

objectswithvar10uSShapes.ThesensitivitywouldbedifferentinthepositionorallObject.

TheresultofVertesyisthesameaSthatofBydzovskyinthetrendof1/FLbutthelrresultsare

dlFerentfroJnthatorTomas(seeFigs.ll,12aJld13).

2-3-8.Summery

@Summery1MAT

1.MATpropertiesdependontheamplitudeofminor-loopsaswellasthemagneticfield.Thelr

sensitivitydependsontheshapeorsa血Plesstrongly(seeFlgSIOand14).

2.MATpropertiesaremuchmoresensitivethantheothers,5to20timesorcoercIVeforce.

3.MATpropertleShaveaconsistentrelationwithcoercivefわrcebutdonothaveallnearrelatioll
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withcoerciveforce(seeFigs.10to12)

@Summery2Takahashlmethod

1.Theminorllooppropertiesareindependentoftheamplitudeofminor一oopsaswe一lasthe

applledfield.

2ThepropertieshaveagoodrelatlOnWithcoerciveforceandaremoresensitivetolattlCedefects

thancoerciveforce(seeFigs8)

3ThesensitlVltyOfthepropertiesinclosedsamplesisnearlythesameasthoseofopened

samples(seeFigs.8and15)

@ Summery3Theotherminor-loopproperties

1.Thepropertiesdependontheamplitudeorminor-loops.

2.Theminor-looppropertiesaremoresensitlVetO一atticedefectsthancoerciveforce(seeFig.10).

3Theproperty1/Q.doesnotnecessanlyhavethelinearrelationwithcoerciveforce(seeFlgS.9

a∫ldlO).

@ Summery4Traditional

1.ThetraditionalpropertleSRaylelghconstant,hysteresISlossandlnltlalsusceptlbllltyWere

measuredbyonlyoneortwogroups.

2.ThetraditlOnalpropertleSexceptfb∫rema∫lenCehaveasimplerelationoralinearrelatlOnWlth

coercivefわrce.

3.Raylelghconstanthasahighersensitivitythancoercivefわrce.

4.Themeasurlngtechniqueofthemismoredimcultthanthatorcoerciveforce.

2-3-9.Barkhausennoisemethod

BHNmethodsareconvenienttotheJneaSurementindependentortheshapeofobjectsBHN

effecthasbeenstudiedtheoreticallyandexperlmentallyandthemethodhasbeenexpectedtobe

NDEfordegradatlOnbeforecrackinltlat10n

ThedataofBarkhausennoiseeffectdependontheeachmeasurementmethod(seeFigs.16to

23)though thedataareconsistentwith '̀coercLueForce'lintheirtrend.Thereasonable

conditionsfわrmeasurementshouldbefbulldcomparlngWithcoercIVefわrceAlmostdatahavea

linearrelationwith .'coercLUeForce‥(seeFigs.16,2021and23).Thedisagreementwith

-coe/･cweforce''appearslnheavilydeformedsamples(seeFigs16and17)ThedecreaseorVrms

intheharddefわrmationwouldbecausedorthemeasurlngCOndition.

ThereasonablecondltlOnSformeasurementtosuchasthe丘･equencyandtheamplltudeofthe

appliedGeldshouldbefoundcompanngwith .lcoercLUeforce".Wehavetoconquerthisitemfor

thestandardizationofBHNmethods.
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2･3･10.Evaluationofhysteresismethodstoeachgrotlpmethod

Wehaveourownmethodsorspecialtechniquesthathavebeendevelopedbyourselves.Someof

themwerediscoveredrecentlyandhavenotbeennecessarilyexaminedfromthewidepointof

view.IhavepointedoutmyvleWPOlntSaccordingtotheirdataMyevaluationlSnotneCeSSarlly

correctJfyouhaveaLnyargumentagainstmyOpinion,pleasete)1meyourargument.

a)Takahashigroup

MlnOr-looppropertiesareIndependentoftheappliedmagneticfieldaswellastheamplitudeof

mlnOrloops.ThelrChangeagalnStdislocationsandCupreclpitatesagreeswiththatorcoercive

force(seeFigs.25,26and27).Theirsensitivityishigherthanthatofcoerciveforce.The

measurlngteClmiqueispoorcomparlngwiththeothergroups;eSPeClallyinopensamples(see

Figs,5and6).ThepoorteclmlqueappearsintheCharpysamplesagedwithoutpre-straini∫l

whichtherelationsappearsinthesecondquadrant(seeFig.28),Thelinearrelationbetween

minor-looppropertiesandcoerciveforceisobtainedinthetherTnallyagedFe-Cuopenedsamples

(seeFigs29,30and31)

b)Tomasgroup

1.Theminor-looppropertiesshowaconsistentchangeagalnStcoercivefわrce,exceptfわrFe-Cu

alloyagedthermal1ywithoutpre-strain(seengs,35and36)

2.MATpropertiesareverysensltivetothemlCrOStruCtuTeOrmaterlals(seeFigs32to37).The

propertiesdependontheappliedGeldaswellasthe丘eldamplitude.MATvaluesdependon

thesampleshapestrongly.

3.TherelationbetweenMATpropertiesandcoercIVefわrceappearsinthesecondquadrantinthe

thermallyagedFe-Cualloys(seeFigs.35,36and37).Thisfactshouldbeexplainedreasonably.

4.MATpropertieshavetheDon-linearrelationwithcoerciveforce(seeFigs.32and37).Wehave

toexaminewhetherthenonllinearitycausesorthefunda皿entalreasonororthemeasunng

technique.

C)Dupregroup

Theproperties,W,1/jLA'uand1/Qcchangeconsistentlywithcoerciveforcelntheringsamples

(seeFigs.39alld40)

ThesevaluesinCharpysamplesarenearlythesaJneaSthatorringsamples(seeFigs.39and

40).Themeasuringtechniquefわropenedsamplesisinthehighlevel.

Theminor-looppropertiesdependontheamplitudebuttheirsensitlVitydoesnotshowthe

remarkabledif'ferenceinthesamples.Itwouldbecausedorthefactthattheminor-loop

amplitudeisenough comparedwiththemajorloop.Therelationofcoerciveforceandtheother

magneticPropertiesdoesnotshowthelinearityintheFe-Cusamplesagedthermallywithout

pre-strain(seeFigs.41and42).ButtherelationshowsthenearlylinearrelationstheFe-Cu
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sampleswith10%pre-strain(seeFigs.43and44).

d)FIOrlllogroup

ThepropertleS,Wandi/yshowthellnearrelatlOnwithcoerclVerbrce.Rayleighconstant1/bis

moresensitivethantheotherpropertiesbutdonotshowthelinearrelationwithcoerciverbrce

(seeFig.45aand45b).Thenon-1inearitywouldbeexplainedbythedislocationdependenceor

i/basshowninsectionI.

TherelationorcoercivefわrceandtheothermagnetlCPropertiesdoesnotshowthelinearityln

theFe-Cusamplesagedthermallywithoutpre-strain(seeFig.46).Buttherelationshowsthe

nearlylinearrelat10nStheFe-Cusampleswlth10%pre-straln(seeFig.47),

e)Hausergroup

TheresultsofcoercIVeforceandremanenceagreewellwiththeothergroups(seeFigs.4and7).

RemanenceisnotappropnateforNDEorlatticedefectsasdiscussedlnSectionrV(seeFig,48).

r)Hristofbrougroup

ThemagnetlCSuSCePtlbilityobtalnedbyaminorloopshowsaconsistentrelatlOnWlthcoercIVe

force,though ltisnon-linearrelation(seeFig.49).Thenon-1inearityshouldbeexamlnedwhether

ltlSCauseOrthefundamentalorortheI.echrucalone.

2･3･11.EvaluationofBarkhausennoisemethods

ThedataofBarkhausennoiseeErectdependontheeachmeasurementmethodandsonledata

arenotconsist.entwlthcoerciveforcelntheirtrendAlmostresultsshowalinearrelatlOnWith

coercIVeforce,Dobmanngroup(FlgS.22and23),Bydzovskygroup(FlgS.19,20and21)Lumlng

group(Figs.16and20),Augustyniakgroup(Fig.16and21),Klebergroup(Fig.23)andPark(Figs.

20and21).

Wehavenon-linearresultswithcoercivetTorceinthecold-rol一edsamples(seeFigs.16aJld17).

BHNpropertiesaswellascoerciveforcechangeremarkablyillthecold-rolledsamplescompared

withthethermallyagedsamples.Thereasonofthenon-1inearityshouldbeexplained.

ThesensitivityofBHNpropertiesisnotnecessarllyhlgherthanthatofcoerciveforce,though

theadvantageofBHNmeasurementlSbetterthanthatofcoerclVeforce.

Remark

TherelationorcoercIVeforceaLldthemagneticpropertiesdoesnotshowthelinearitylntheFe-

Cusamplesagedthermallywithoutpre･strain(seeFigs.28,35,36,41,42and46).Theaging

effectlSVerySmalllnthesampleswithoutpre-Strainandthemeasuringerrorwouldbe

containedinbothcoercivefわrceandtheotherproperties



2-2-12.Proposal

1･Themagneticpropertiesshouldbeevaluatedonthebasesor "coercivefbrce''obtalnedinthe

closedsamples

2,Absoluteva一uesaredifnculttobeobtainedingeneral.Butthetrendoftherelativeonesshould

agreewith ▲̀coercIVeforce'､obtalnedintheclosedsamp一es

31Ifsomepropertydisagreeswith "thecoerciveforcel,weshouldexamlnethecauseof

disagTeement,Whichcauseitcomesfrom.

4.Thevaluesinclosedsamplesaremuchmorerellablethanlnopenedsamplesinthehysteresis

methods.OurgoallSNI)Efortheopenedsamples.Themeasurlngtechniquefortheopened

samplesshouldbelmpl･OVedcomparlngWlththedataorclosedsamples･

5.BHNmeasurementcanbe仁amedoutintheopenedsamples.TheBHNpropertiesshouldbe

comparedwith ●̀coerclVefわrce"obtainedbytheclosedsamplestoo

6.ThevaluesofBHNshouldchangeconsistentlywith ''coercrveforcel'･Iftheydonot,thecause

shouldbeexplalnedfromthephysicalpointofview

7.ThevaluesofaBHNpropertyasweltasahysteresislooponethataremeasuredbydlfferent

groupsshouldbethesameultlmately.
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ここに示すデータはランドロビン試験結î1を私の提案 した指針に迎づいて解析 したものである｡用

いられている物理品の記号の説明は'2-1ParticipantsandtheirmeasuringmethodinroundRobin

Testりにある｡磁気的物理Jliiが保磁力Hcと線形の関係､又はrLi純なJXJ係にあるか見て欲しい｡例え

ば､残留磁化 (レマネンス)Mrは保磁力Hcと線形の関係にない (Flgure7､ngure8参照)｡

2-3-13DataofRoundRobinTest
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