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Rathod smd davice for detarmining the magnetic charsctoristivs of & lamination stack

¥

THe Fiverntion raivdes o7y mal ng the ragnetio propertise of & mination

stack having » ferromagnsatio cove, eomprising so excitation davies which comprises s povey supply it and an

sletricst resonant chroull xcited by the powst supply Unit saftd rasonanmt clroult comprising & capaciios ang 8n

sapaciior-and i grovides on the core sud which

sxcitation winding genarsieg

V’
&

§ mtagnetic i in the cors fur g mesgnetic glecull, and somprising w meandting
g 8 b3

24

fevive which Hag @ oamessuning winding provides o the core and magnetisally toupkd o the exgitating

winding,

i orcdes toastaterning of measurs the magnetic propertee’ s bundle of beninstion

>

c s Rraverny Fromt the priae

i,‘/'

ard {ATIRIS 28} to produce e slsctromagnetio fux having an excliation coll mownied on a Whshapad yobks or
anva gprewhich closneinin & magnetio crout vis the buodle of laminations, The excitation el s thereby fed Wy
an alternating curaat voluge wourse. By mosns of # mossurament ool whish s magnstically soupied to the
sycitation soff, which e Brewise rrsunted on the sore, the magnetls propenty of the burddle of aninatives san

itk this msthod or this dades, aowrapanatiedy high

now be duducad, i by erag

gisetricat foss Tuntee hag Desn found disaiantagevushy iy the powse supaly of the Gwitce brordeeto be sl g

-,4«

detect thg Benity of the hysteresls aurve, This & i the more true when | comes t measuring bundles o

fasvinations tor high-pertirmancs slectriog) machings with regard (o thals ragnetic properiies.,

Furtharmare, ¥ B known In the oase of stdy current sensory {DEIFTI5GIA] 10 £onnedt & canacitor o the
sxchation coft By poralist in-order 1o gvy the evdliation dovice & dfferent sesanines charactaristis than the

misuring device. The resonspee frequanny of the gscilisting civoull of the sxciation winging and capadiios

diffars Fom thy sxdliatio

o the-oaciiiating olrouit as 8 powsr supply W
& forced osciliation. Ulsadvantagaously, thiv device abo leads 1o @ comparstively high alectrical loss factor nits

powes supply. Purtheriors, sddy Qurent sensors ave ot suitable for moasuring hysterasis lossas

Other veleaant  publicaliseg  weer B
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JRHONIVERER, WOZDIZ/OIRIEE and

Lresoription ol the Inveraing

s therefors an object of the brventisn 16 madify g device of the tvok devbed in the infrodustimy In g
strustinaly siaple mander B such o way that, with this envege-sfiicient bundie of Lusingtions, whitk &
sultable for sbeorbing soroparatively Bigh magneie By nsitiey, thelr magretie property sar bivmeasoreddn

partiodar vt regard e magnaticlosses,

Theobjert i solved by the brasntior invthat the power sepphe anit seitsethe oscilisting clroult fo an oasifiation

with th resomands frequengy of osciilad
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srsrge-eficiantle alto with rogard Soothey hysteresls
) 3
roduived for & nompsiativale hah megnetic

devicg for debving the exsitationcoll, orcan by wmporsriy atorad 40 the capaciior. Astording To Uss invention,

tha podiiies and sepative seusation vaites of iy bysteress curve o loopowith @ comparstively lowe toval

reastive power can everal tees over themessurement whnding, The deviescartherefors

don, Furthermors, sdditions! messtrgs e reaotive curram

bhedistinguished o s comparativelv lowecost oper
8 ¥

sompansativrr can by dispansad with, wehich oan be usadfor a further sostradiction b the devige:

fy geneoal, & b mentioned that the bndie of laminations can reprasents statay, sotor or ehhe sty elentrins
serapnnent-ol an obecirioal maching, Bundisof aninations can be understond to masn fosulsting sonnegtad

tavmnatinn gty o plectriosl faninations, For examplg, Ga&wg moguer oEn be dsed for connsating the

* X

particgiar weideh oan be compossd of sddy aurrent lossey andfor hysterssis fosses,

The measursmant on the bundle of hminations oan b parfviad pesticaianly energe-officlently i the power

supply sacites the oscilfating clroult S0y fepe eopilation, After g charging of the oscfliating <ot by the power

]

supphe sy further slketriond onorgy (hes S0 ke supplied to e axditation dovive, s that an independent
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msusursment of the magnetie properties s possibla, This gan, Inter alig s
panticislanty stable with rugarg o disturhanges. Advantagenusly, the resonance oirnull oan he oxcliad to g free

osciifatinn Qi&f.n& the entirg measursoentdaty aoquisy i

Hthe power sugply axcites the osciliating ciesuit los foroed aaniliation, the socuraoy of the messuring methoed
can e furthey oreased by repested muaswementy @t makhmran voltage wmpituce of e exoftation
oscilintion for gaversting thepisgnetic Hux, The deviog oan thereby msssurs the magnetis pragertv ol s hundles
of i¥minations sxiremely reproducibie In addition, with these repented mossurementds with & resonanes
osciiytion st the excliation o, the possibiilty can epsrgs of funther oreasing the scourany of the
medsursind dits by esing an sy calculation, For esomple standerd deviation, Advantagsously, the

oscilinting ciauit var i exolad o sfored peclistion duningthe entire measursiant oty Sogulaition,

The massuremant on the hundis ol laminations can be parformed pacticuleriy ensrge-aNigleontie I the power

supphe axoitsy the ovaliating oircut o 2 fehporaribe Tree and Lo aniy fresd oiciBatiny, Aot s ot S
% 3 ¥ ] ¥ B

the wscilinting ol by the power supply, for scample ssoiliation, po futherelestries

angrgy hay to be supplied o the evcitativn devide, o thet an intepandent mussurement of the magnetic

properies iy possible, This con, b ally, fead e mesg ¢ partinalarly stablewith vegard o
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distwrhances. Advaniageoushy, e secilfation olisuit can be wxcited W sush @ mived csnifation forced and e

seoifation) shiving the entird msastremeny dlata atuuisiBon,

Therampitusls of the oscifation for generating the electromagoetic fuccan be Rept to 8 mavimuny Suelng the
smessUrersent svet iy the cose of active osses o the spsonahee ot i thiat the ovcitation freguaney of the
powsr sugphye oolncilsg with the resunancy Treguensy of the teeilating dirgult, The slestricel energy consumad

a5 tha agtive povar of the osciliating chauibonn he replaneg by the potas supply,

For w comparatively robust and snergy-efficient device, the power supply wmay have as vaertes which forma g

Ssoiating olrslt invertsy with the oeciliating sl of i anelistin davgs i additiay, the rosnifactring

soate of the device conv b swvidenbly rndivsd S ingugmnsive devion can therehy bepravids,

Boliable msduremenst dota avpdsition-car poatr when the fnverter improsses o voltage e the peeilating

e cary be further ersases e geciating clsoult lovertar hag woawiicing

gsunarly, THis reserant switebing, that 510 say the zerg voliags o current

W rasonance osclilatinn of the oscilfeting olrowt and generaty 8n inoreased

sagnatic fuewithowt sdaitionsl enargy supple Tor the axaltation daw

Constructive slmplicliy tan be achivved i the sasiliating ciroult s designed s o sarles oscilfating clecuit

i ovdar o mprove the signal of the slectrical variables measursd by the oadiliating cirouly, the osciliating

st cars Favn 8 throtds,

# the oscllialing ol haw ot leasl ong wapaciance that can be shangad I shg 1o change s resonange
fragusngy T 30 hwraased power spectaing of the bundie of roinalions <o by sensurssl wilh respent 10
raagrafic fosses. & bandvwidth of therasonance froguaney of 58 H2 1o 10 kM2 can be found 1o be adusrdznesis
here, With a low resanaace freguaney, for axample, hyterasy osses can be pradorpinanthy detected, Yor which

purpnss higher resosanes frequencias san Besuitatle for detenting the eddy corrant fasses,

The ostiliating clrouitvan be provided ity capaciance elemeant, which cart beoswitehed onand off by msans

of @ swiich In order o change Re resonsnes reguenoy S Nezdless o say it gioberal capacilance slemenis

The ohisct of the heantion Iv aleo o provide somethad for detwrmining e moegnatio property, Iy particudar

with rogard to the magneti toases, of & bindle edlambbations, whishis sremaly snargyafficient

The abinet iy solved by the vention i that the osclifsting civauit Jor genwrating the sleciromagnetis Thax

sreited to an et e tion Witk s pesonnnes feaguanny




ade ty dederraine the saturaiion valuss of & bundie

of faminativng 3o a1 deemine e vnpeeliy oeses; proferablye hestoresty fosses, and conseyentiy e

sundinant losses

Stimple sathod condiions are ohiginss hpawitiag e

$

clrouit b a frse osciliation, 1 cansindesy be

sufficiant 10 we @ frse swingout behaviser of the oscillating oriult Ry & shfiidient miessurement date
agguisition, Advantagaously, the respnares cloult oot by oxaited to o fras pociiintion durbhyg the entivs

mensurernent daty seauisiti,

Thi securasy of the mossuremant daty stquisiion for deterindng satusation valges of the bundle of

farnigaiiong Canr be horsased by oxoitiny te-osnilinting clrmull wea fovged espifiation. Dug o the oeeed

number of idergiosl seotilations scquives Wrough repuated magsuning, the option Tu usemethods for aevgr

§

corracting san b adopted osder o Barthey increse the soduney of the methods Sdvantagaotisly, the

geciliating Sircgit can b axeited o sush g omived ceoligtion Uorced sond Free coailistion) durlng the satlve

messurernent date sogudsitiny

Shmple and vet snergeaificient method conditions wre oblained by sreiting the oeelisting

terporarily frep and tenporarihy Torced aucliation. On the basiy of the messured date for fren osciliation, ¢
fred weingenuy batavisr of the owclilating Crouit can be measured, Tor axample, which can somriinse ta a Bigh
aocuvagy in thedetarmination of the magrativ lovses: Sdvantagecushy; thy oseiliating drowlt canhoaxcited o g

foreed ang free oscillation during the ertPemessuternent data soguisition,

The methist can be further lnproved with raspest T By nesuragy v the geteemdnation of saturtion wmiues of
thibundle of henldations vihet the sasitation freguendy and the resonance frngoeney ol the oscillating chroult
are ideatcal, v way 1 b posdble fo provide gy increased sumber of sedundant mnmsyrement datg for

N

getpaaining the magratic properyy ofthe huadipof minationg

h

i the resunance fregttensy of the oscilisting Srouitis changed ot the determinating o the maghstid prodssty
of the hundiy of Iamdsations, an increased power spectrure of the Bundie of minations can beomsasurad with
sespach fothe megneticlosses. & bargdwidth of thet reconanges Hequenoy of 53¢ Hy to J0EH2 oab be Ranvd td b
asvantaguous Bera, WER o bow rggonange froguenoy, T sxample, hysterasis tosses can be pradominanthy

detactedl, for wiich purpose Bigher insotance Trequsnaing can Be spitable o detecting the sddy surrart

el

Simplified hoading cnditfons for the method can sesult inthe size of the cepaditance being changed: This
changs vant b sffected, for examale, by chanpdng the sive of the slectrics! sapenitames I the peoiliating slfraalt

by selehingon ovswitching off copacancey el sevfichesto BuvoseiBating clrouit.



sgroperty of the buralle o Bandnalions 1R pogsibly v distin
Sabhwead adddy stirrent iosses ared Bstaresis fosses, owhinh the onilisting deault v sprratad sutonssivelywith
Sweer ciffarand rasonance frequensies, & baneheeidty of the regonanoy Freyusnor T B0 Htg W ke san Ba §

o by ogchevdgesus heve. WRN & low redphance Trégusany. e oxample, hystoresly Bhesad o by

gsradominantly datentad, for which purpote Righar restnante fregqusaties gan e syitabls oy detegting the

sy current losees,

Thy mathed can be mproved §a sathematicabmods! oF the huesteresis curve, whinh i3 taRen by asgount in

the daterbuination of the maghetk propsety of the bargt g bassdon the recorded

msasurament dats: The ares of the bygtorsis curve can reprscent & momirs of the ryvagnetic losses, Vartows
mathods ot b e 10 determing womethsenatined rovadel of the hestaresie curves For sxample, » Langavin
function can be vsed o mathermutioslly desoribe thy hesteresic with @ pararvstnie rmodel, The aarameters for

shivfinction can be determingd fropothe currant messiren dats or sstimated frden 1t Other Nunotinng am

i the mathemativy model, the ait gap i taken into/acuoent &3 3 Wear of the Resterasis cunve the muthad

cn dnprows in aocursey. For el alvgaps U posilte 10 sieme that the & sap shears the hysterasis surve

with ¥ StRlght Hne. i the alr gap i taken inte soonent i the mathamaticet moded, the influgnse of the glogag

and the influeree o the bun Qudshiag,

Tha socuracy el the method san Y furthar incressed i, dudag the detevninatiy of the magrstig propesties of
the bundis of mingtions; s omoarizon & mude bebwean reforencs measgrement datg on o seferance byt

of landnations with thy rscordesd msaswrsment data. For this pmurpose. o assuring beidge can be

advantagaouih ased

St Despsiption o the Urawing

7

The object of the fvvenfion i for exampls, shown Invowrs detall in the figures with referange 1o exemplary

embodiments.

-

fE b the invention for rpasining 8 megnetic property of 8

¥

g, 1 oshunag o cohmatio visw of ¢ devies adoandin

hundle of hodnations atcorging 1o a fiist sxemplany grobodinent,

Big. ¥ shows a8 schematic view of an sfternative ermbadiviant of an seoltation devics alternative o Fig 1

accarding to & sesond sxempliny wnbiadimend,
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S nocillatirgy lrcult of Fig Fdemalisd Viowes! thesspadianeg,

Bl 4 shwows 8 sigas! path for free oscllistion,

Fig. Sshows 3 signal path for forced neciliation,



Fig $shows a signal path Ry & tempotarihy frew and tamyparsliy formad oscifiation and

,,

P Yehows @ schaamatiowiaw of w further exelathey devive altermative to Hg. 1 scowding vy y hivd sxemplary

Wayah nphenenting the rseention

s L aceording o St oenniyy anhodimest dhiown e Fgure L R moeasniriog masnetie e

Dy

sxample using the hostaresie Ssirvn 30 of & biindle of laminations X ket o ferrdmagnetic Sore 4 &rainil thiseare

< 3

. fwee wendings are provided santelye e eication winding & and & msssiremient winging §, which arg

T 7

ragnedioally souplad. The excitation wingding 8 fopart of an excitation device 7, which Includes # prwer sepnly

Sand @ cupasiangy B The oxpilation device 7 and capscitance B are elestrically comacted W& serley

Fo

clroadt 30 THis capaciianee § san, for oxemple, be frmad By one O mors eroinnsctag

Hance slements, for seample capacitor or sapssiums,
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fe ..‘g, L as @ curvent souree 1 vontrolinble via & contrgd

voltape and genarstess & aurrent LR i the oscllating oircult 38, as o regult of witish the axcitation winding §

genarates a magnetls fuk 13 0 the core 4 which leads 1o a magnatio clrouit 130 in this magaetic slrauit 1

i
g

the hundie of mipations 3 the core 4 angd the alr gaps rosulting hubvwween the stws 4 angd the bundle o

faivations 3. The magnetio oot 15 tharsfore passes over the bundie of hmbratiom &,

The tisaduramadl whing § B pEt &F » wiesiurament devite 14 which & maegnetically coupled o the
axcitation wingding $. Preforably the seitation devics ¥ and wnssurament winding & have differant winding
audiviets. The drmasuring voltagn Ui i plcknd ug by the masurement whnling 8, which fe tosigned avs ool

Beavolnge mensurementdnvite 15, wiichvollsss Gt e taken Into sscount diring the detarmination of the

DA

magnelio property of the buadly of lambhatlons X In order to generate bigh flux densitiers o the bundls of

fmdnatiens B while noverthaless being able o schivee @

.

sarticgianty high anergy officiency, the gacillsting

4/\4

Glguit 30 e nwnite by the powsr supply 8 with the resaneres fregurenny T of the oeniffating cleouit U

Avghown By Figurss 4. 5 and §, the osclaiing sireslh 10 oxn vecilatn ditffersnthy with tha resonanee frequany

For axamphy, an osolfisting oot 10 v avgited o 8 frew ascillation 18 with the yssonsnce freguen

of the dooilation circei 10, with such an sscillation 19 aveording 1o Hg. ¢ abls to by seen, This

atianuation iy the oscilistion 1§ s To realize this
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axsitation, roferase B made o an exoltatiore devite T¥ of g 7, which 580 altainative gmbodinant 1o the

$

sxciterdovice 7 shown n P 1 wherehy a sevond exermphey emobudiment s Tormed, Thus ssenfrom Fig. 7w

oo

Toge snures 23, whdch oot be sedtched ob and off We ¢ change-over sivitg
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9 and thus Dy axaltn the asollfating oroult 10 0 3 free attenuated osciffstion 18 scoording to Fig. 4

Capactiay
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Ay s alvernstive te Big 7, IR Sthe gelisting snge 4

oscilating ottt 1D coussd by sctive piowsy 2an b sooppunsated foro and o slestsomagnetis Sy 13 Witk @

Righ Hus daraity con sheays by generatad &5 oan b suen herg this ascillation 83 con kuep the ampiiieg

the onilating olrault, desgite the aotive loss This slgnlicantly increnses the astursgy of the mathed T

dtermining the magnetic property of the basdle of amiimations 3,

e be 3o long thal g frow atsounted oscillatim 18 adiusts with the

the restnance olraadt 18 can alsy e ooxaited w

tompnranily forced osciliation 33 ang termporanly freph attantisteg
chrgudt 30 to e temporasily suppled with oy excilation ult) befors o free ostllintion 38 v premitled
Furthermore, by mosns of this previouvereilation with 8 Torsed ostilistion 3%, the cepagitanes 8 fur thy free
oacifiation I8 & suffictently cherged, which makes the rpethod partividarly fast and essy W hanadle. Par thiy

purpese, for exaraple, the ersitation device 29 show Pl 3 canhe usads

This excitation devite 28 seonrding Ty B 2 also has & particgiriy robiust design of the slectricst sourse forthe
prawer supply & of the osciliating clrouit 1 Hers, an ireesrter 1%,

with the osciliating circuit 30, is used, The Svertar 18 mnressss an

clrguit A0, whinh inads fo an sxcitatiny currant L31 in widition, the

within the megning of & zerg-voitage swilching, v that & switehing devive 20 actuntes the respective switchas
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iinihe g orossing of the oad voltage.

The sealifating clrodt 38 of Big. 2, ofich b shown by greater detail dn Big 3 shows 8 capacitancy alamsnt 93
which oy b swliched on and O W ite sapaoity 3. Thie switeh 27 lsactusted for this parpose it alse pussitile

L providdis pluradity of copaciivocey 8T which can 54 switchad orvand off - wiiich are not showny i detell With

the cagrcitance slement 81, which can bo switchad ongnd off, the restnigncs fragueior Tooof the asdllinting

glegpit 30 can e sdiusted In sconrdanee with the messurament reguirement, sives the tapaciianse 9 oan
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gcsnrding to the ctance slavient B0 and Ihy capacianine slertent BL Thug &n
ingreased parfarmancg spectrery of the bundle of fandnations Brear be messured with roqpest 1o magnetis
fosses, & bandwiith of the retonance fraguaney of S0 HY 1o 10 KHs is aduartagacus Reve Wih s ltw resonsnes
freguensy, Bystersaly Iosses oan be detected pradominantly; wharsby 3 higher resonance fraguency §s sultable

a the predumainaet detection of sudy surrent fosses. The oscillating ciraudt 10 shoven in g 3 also offers the

savnve funchion,

b

he throttie 5 o the resonsnce oirgult
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