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Descri pti on Magnet core, process for producing a
magnet core and residual current device 5 The
invention relates to a magnet core for | ow frequency
applications which is wound froma soft nagnetic
strip. It also relates to a process for producing such
a magnet core, and a residual current 10 device with a
megoet - Lar&,, Magnet cores which are formed froma
spiral-wound netal strip, so-called "toroidal strip
cores are used, for exanple, in current

nsforrrers out ut transfor
uﬁ?%r?ﬁ cco‘?‘?:pen§£ C(?Sr?mfge gupplrlcé%f%?on 130 C%r(?sraé'ual
curéeidudl mMdrent sleariage chokes, single-circuit
chokes, transductor chokes and sumor differenti al
current transforners for Fl-safety switches. As such,

t heye af ey disethd Ndike dsowof hegtgney cargerad towpi cal 20
operating frequencies of SOto 60 Hz and at |east

befm@ukauamﬂeﬂaim@ﬁgehlem trevearfet T Tores$Uded in
hi gl s equency PR catlbons: 2005 PaK LA Gl Atel i on
e pal

need insulating t I ndi vidual strip |ayers
agprcrmtcno@ savdt e magoedv obdeedayd car remtdialsiqure eat

ﬁ\;rlv 25 frechlenm es r]ter%e voI Ltage bet ween t he i ndi vi dual
st ?YJ |s"t)9p| caICPy less than 100 TN. At this
vol t age the intrinsic oxide |ayer on the strip

surfaces ener.al ad at or insul ation
AR A SRR LRl ALS FOn AL DR et

f VWCVS&QQM%@ I‘Q%&ollaa&eéﬂﬁlpf ccﬂﬁ@@‘e,t | LrepraRer,t ifes
are high: fault current transforners fo
a.exa i tlif\/éﬂ’rré”ﬁn&uétraéérfpéﬁ?rﬁev‘i"é%%‘lt florRnsEarmess-

(fst% rpeu&%paere%%%d%xséog&eseeu@w@ difoiads,| eastidual

icient to 2 trigger the nmagnet system of the
r e¢1erazssentr dliayi trrasponsiogpgef ehokes - oﬁng@m@@ﬁé

Obéh ﬁ%és" ,e tlrsa ts%u%cc 're\é%o%hg QRét s n@@C&thﬂ%{wrr
t ranst ormer desi gn possi as vve ct| on
at cmzl‘tserttypjr@aisf&mmrsatfbmgFtreqﬁemzysw)itcﬁees-lz ASt r$elch

rraterlal use t core nust above taII Ig

UHEVHY b L5 bl e QPR B IRER FEabT T Ty 1P g

gesp@tdiy fheuE@nels of 50 to 60 Hz and at least below
the kilohertz range. Unlike magnet cores used in high
frequency applications, no particular attention need be
paid to insulating the individual strip layers against
one another to avoid eddy currents, since at low
frequencies the voltage between the individual strip
layers is typically less than 100 puV. At this voltage
the intrinsic oxide layer on the strip surfaces is

generally adequate for insulation.

However, the demands placed on magnet cores for low
frequency applications in terms of magnetic properties
are high: fault current transformers for a.c.-sensitive
residual current devices, for example, must provide a

secondary voltage which is at least sufficient to



10

15

20

25

30

core itself, together with the material properties
conbi ned wth the technol ogi cal processing of the 10
material, by neans of heat treatnment, for exanple,

have a significant effect on relative perneability. In
order to reach sufficiently high relative perneability
values it was hitherto necessary to 15 achi eve the

| onest possible saturation magnetostriction constant
As of | A51 < 2ppmor even < 0.3ppm A further

i Npordgatt Prermeguiesi seyswas bd abai evkedde rOSAY

geonet ricall erfect strips_possible wth the mninmm
nunber o f}osjtér/uﬂg “ur é‘ll%_ %ff éc %98 %}é\a/e(?l?j SUeh % Emad 20
S ad ¢Hi Bd O It HER @GR0 Sonbatit0Bue 08s t ant afsSE ame v rdas km
achieved easily with a few alloys, and, i addiLioqz It
i Pt i Mo dSi &t BlQEhFEGBCBhO%xaa“cttqé? | fogpica

C OFOSA 14 M@;@% | BRUBOt HeS Rel MAUSETdRlusCRl®r the
productiéﬁ? 25 1t mghld however be possible to achieve
higoned ddnee petnakeve ey lwheke niperibighetthaosnidy

c | i .magnet
o aR e Mook 1 ARRONE 08 Rrdll r o 22 Ehey magnet
i ntooEuidetk lit Goglechragreth30heonatasial popwotnicsf r om
one qr. nore..strips and/or.in.the case of. subs ent
et e B2 RREhRPibRiRAE SR Ce T, Ko

f i st i8S S 9f rieh@smegnatacot ecantent3, high &:elmgiliee have
pernmeability is nmentioned in JP 63- 115313, for
exarptE 1 iispFostdest198 APLaF $¥F et Hott f or

introducing 5 stresses into strip cores in a specific
manner in order to inprove the nmagnetic properties of

st¥l prnted S geaphghufféghentyy appyh cegidris’e The

0 .eeﬁtteagiltitlﬁ/oiv%gﬁgtsi 00 | SstASLRIOLE ASRECLf %P 10
gnhet core un roma soft magnetic strip for |ow

f reeguency tayeplliovasitopsseibheasathuad i pergredisidtiniytdon

iQ&LE;%EH:?% EPexiﬁdQFE&%Qx%Q %%%Qagiﬁ?épéﬁfeﬁsférther
important prerequisite was to achieve the most
geometrically perfect strips possible with the minimum
number of structural defects. However, such a small
saturation magnetostriction constant As can only be
achieved easily with a few alloys and, in addition, it
is almost impossible to achieve an exact alloy

composition without impurities in industrial-scale

production.

It would however be possible to achieve high relative
permeability with numerous other alloy compositions if
the magnet core were free of mechanical stresses.
Mechanical stresses may be introduced into the magnet
core as it is wound from one or more strips and/or in
the case of subsequent heat treatment. The relationship

between the freedom from stress of the magnet core and
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A further object of the invention is to specify a 15
process for produci ng such a magnet core. This object
is achieved in the invention by nmeans of a magnet core
for |l ow frequency applications consisting of a

spiral -wound, soft magnetic strip, said soft 20
magnetic strip having on at I3east one side a | ayer
made of the ignition residue of a
static-friction-reducing material such that |ayers of
t hiel gofte Inetginet ive rmekeriilaktyand hayetsned irhelH @iditi on
refje%of a staticfriction-reducing materi al

al ‘e f(‘?ﬁ'(‘ﬁfé‘ﬁ‘p e cross- 25 section of the magnet
core. The invention is based on the know edge that
mechani cal stresses introduced during. the w nding af

£ HES ERfIAO T2 oL 456UBEER BT 17 et HE e
caysed s tihe S tfagt chbhat theashseei pic tharsdf tin order
magnetic strip is not ideal. Such variations from an

i deal inpegie dhe mMpoR6tdC PROPRFEEEy, of et Bl fapr@soffor

t he; sofd.. I C, %tlriicg i §pQot ideally snooth, but
possesses cert ar sur?ace roughness. The surface
roughness varies within the mcro- and nano-scal e

r e and i.s ject. to certain fluctuatio rd
el pl R R S wl Lk
canidir Usimyg wohedr &piotl aokbft fnaqhéoic piacigsfod tlow
vari es both between i ndi vi dual castipng batches .an
R R BARRGUE D B ate P U o ke T g
proguctd oy Jyledld Yedsdtfisgeot oHabNgsScR s dasses.
defined in DN 4762/1S0O 4287/ 1, neasured as the

arithnetical mean of the two strip sides

( BRIARARNS IR JNEKRASS i ndeftlBe Yaltosseity a
approxi mately 1% ?ypl cal fLy, owever, the val ués
achievessh difeer lpetodeen n2¥%sant §%agnet i poB®MEe cases as

hi gh as approximately 15% 15 Secondly, rather than
achieving ideal strip geonetry with exactly

pl &es payaldtelissuchaeesdi hidushei Ahveral en ranuferctsurcd a

produces variations fromthis geomlat(ri%ti n the forsrgi%f
bl i S N ddevorlf FHOHEPSHapRI 1 Spt1ons consisting

of a spiral-wound, soft magnetic strip, said soft
magnetic strip having on at least one side a layer made
of the ignition residue of a static-friction-reducing
material such that layers of the soft magnetic material
and layers of the ignition residue of a static-
friction-reducing material alternate through the cross-

section of the magnet core.

The invention is based on the knowledge that mechanical
stresses introduced during the winding of the magnet
core or its subsequent heat treatment are caused by the
fact that the shape of the soft magnetic strip is not

ideal. Such variations from an ideal shape are twofold:
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The consequences of these variations fromideal strip
shape are I ocal or whole-layer tensions in the magnet
core created during the wi nding process by |ocal or
surface fluctuations in the thickness and surface 25
roughness of the individual strip layers. At the sane
time, geonetrical surface defsgects lead to the
interlocking of the strip layers, thereby preventing
the relief of mechanical stresses in the nagnet core
duFingt heatthe eatofewe. othéhael foft wdjgerioust3P is not
hatio of surf ce r nes u
de?%é gi vg]en} ta{lr'geusu%fo g%(%gg?ga% ?%g%é{{l o&é)]gfr%ecul arly
hlgbugmméaseipkes&uEQSeatonbanpssnVsrmhsrwaﬁﬁmnsﬂhé p
| ayers uch, and _thus to partjcul arl ca
st %?EOTr? |Qﬁ?°7§ﬁ?lﬁorﬁﬂgefgﬂﬂaﬁ%n?g? % %ﬁ

5 behyeed 1ol Atdua ngerieabhbbyrUs1 - S84 Ls &ﬁérﬁﬂfacture of
magnetostriction constant Ks and nechanical stress a,

i fEpeSERIRA A SiRSFageetiesnai Bhe oFPRbAsT @kt di ki GRdtion
13&5&%“ | llesSuehndbstgebh Osal eASLAD dodenuat e

and w dely spread ative perneability val ues.” One
f uneiariees alndonidépn ef sthglenbehth odué ste ocmsﬁte@l

for mc l e i o
Lot R RN P kel 8 008 L OT L Hedllness
I aysrckeﬂnded hits DT0! di7$RFTEDOAZET N1 | hree amgned amrtsheby

the jntroduction of c fr ction:-reducin .
e T A G e PtV RaaP EELR Bl S e RAp L/ St
berigak ki &k 0 s inlhekrahaker efoapaiéeimi el yrapgnet core

i's wound, but shoul d t ake pl ace prior to heat

t rBERHEnt LY 20 PEESwi ﬁ&ehérailuwe%\?%%‘fe%talr%a%%tweﬁél 2%
oni & en re3{ due et '?:%sé*sahbchiéh Cli oéb[%%ﬂd{galy 15%.

material’ remains in the nagnet core, st at | east
as long as the duration of the heat treatnent is

e e Rttt AUnE Py B Pal YR Rt

heat tH resatarent pﬂan@eppeaa&anesurﬁ@ceaJiwdmmﬁIWakﬂxmale

Adsor iveI or chem ca and, whe
i i i e RrraRe L ar e st St This iRty 1o
t eppered i &% llldeeughdyypi ealily aotbehd dhepay.gani c
conponent of the static-friction-reducing material is

consuned. For this reason, the term'ignition residue
The consequences of these variations from ideal strip

shape are local or whole-layer tensions in the magnet
core created during the winding process by local or
surface fluctuations in the thickness and surface
roughness of the individual strip layers. At the same
time, geometrical surface defects lead to the
interlocking of the strip layers, thereby preventing
the relief of mechanical stresses in the magnet core
during heat treatment. The almost ubiquitous
combination of surface roughness and structural defects
over large surface areas leads to particularly high

surface pressures at the points where the strip layers
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6 1is used here and belowto refer to that part of the
static-friction-reducing material which remains
between the strip layers followi ng heat treatnment. It
is not therefore necessarily only mneral substances.
5 The magnet core disclosed in the invention has a
rel ative perneability pr of 400, 000pr800,000. In the
past such high relative perneability values were
achi eved by the use of nmagnetostriction-free
rraitcsnctla,l sandl Ghbs $ocpasitdendblyy r@ti@ltsedlcvm reiregerc of
su e aII Th e t he
|ﬁ€en T on ofl%?§x1ﬁ§eg%van %%§£ gf%@l%gﬁg sible to
reli eve mechani cal stresses and thus achi eve a high
relative perneability value with other
non- magnet ostricti on-free 1§_aELoys by the use of a
static-friction-reduci ng nhteti-al which exercises a
| ubricating effect on the individual strip |ayers
during heat treatnment. Such alloys can thus al so be
USeCddbd N 100 2AURAGYK; appLT 3t Ions degenl ed above.
e partlc es o e static-friction-reducing
nau@gnaiommla@e@@smbyahavés aamhma@a@lmaénﬁttélese?pcof if
e nm Fﬁr t c te refers
R o S A R b e g
Stéﬁfﬁkciﬁhﬂﬂy(ﬁmalﬂ-EedhcdmgtoﬁtioméeBe&dEtduﬁnadequate
necessarily spheri cal can al so, be cylindrical or
| i SRR BB P Ve PAPERERBLL R Y YA or
over 500 nmtend towards the formati on of aggl onerates
and can formirregularly shaped, sintered bodles whi ch
r drrerfuntRrso tadh coagePRgOf Betipyerfpion is

St%srﬁggﬁe tcet | Q- &%@%wgpﬁaﬁsﬁba&c&w%Jlepaﬁfbr?scmz%vne

ative perrrea ity I neffective
ideal geometry leading to the interlocking of the strip

layers and thus to distortions in the magnet core by
the introduction of a static-friction-reducing material
between the individual strip layers. This may be
carried out either before or after the magnet core is
wound, but should take place prior to heat treatment.
Following heat treatment at least the ignition residue
of the static-friction-reducing material remains in the
magnet core, whilst at least as long as the duration of
the heat treatment is sufficient any loss on ignition

is consumed.

The magnet core disclosed in the invention is subjected
to heat treatment at temperatures typically below

600°C. Adsorptively or chemically bound water and,
where, applicable other solvents are lost at these
temperatures, although typically not all the organic
component of the static-friction-reducing material is

consumed. For this reason, the term 'ignition residue’
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7 I'n an advant ageous enbodi nent the particles of the
static-friction-reducing materi al have particle

di aneters dp below 60 nm in particular preferably
particle dianmeters of 20 nmor below This is because,
5 as experinments have shown, a reduction in
staticfriction-reducing effeg can be observed from
particle sizes above 20 nm |f possible, therefore,
particles with dianeters greater than 20 nm shoul d not
beisseskneree pmrot ibelloar Ity) bheghrrebathae pagnetft dmee
10 pernee ility is re uired. The quésqg §$et C

i Bt9the TGP P oliP hGE tBnpY ot § e 1% een
t rené nentip tpieadl Inp1hawiagnaest ceysiahdnne mofis not
magnetic strip. However, 15 both aporphous and

cr %?%ﬁf??ﬁeQQQQﬁi?ﬁiﬁg ardy ﬁbﬁﬁﬁ?%aﬁTQﬁ?ﬁﬁﬁﬁﬁh ng on
the i ntended use of the magnet core. A nunber of

different alloy conpositions can 20 conceivably be
usBle frergndfe qragnetiscdpreedi 8l biedinverhkon Mamtd on.

SIpELaidyd S, ea@ﬁqﬁ%?ag%/ 4P £id Hdpte th@ 88b U?@é.‘ Ofh

magnet ostriction cons comon it on-Based” af oys
cathé)epa.slechucan thievemeies uda abermpalpilites whiwds cmmeot

rall 0|ded c Iete an _be 25 _toler ted
e LR R RO Ry f B S R R S A S
| nTione @sthodisremt] yotretileetinyR8t hambéheo Bl d0itable
co osition of the soft magnetic strip is essentially

T RS MRERESHEAEST HBER OSRA bER nigh At TS Bhe
Ofoff@rs?l@{@@cﬁra\ﬁtaga that 1t lgbpoé/gl};f[eaﬂﬁ #Hdiede b,

c, d, e and f being specified i 8 percent per atom
Obmgpqulqpkygmgq§se§ ggd thus achleve a high relative

permeability value with other non—magnetostrlct1on~free
alloys by the use of a static-friction-reducing
material which exercises a lubricating effect on the
individual strip layers during heat treatment. Such
alloys can thus also be used in the low frequency

applications descried above.

The particles of the static-friction-reducing material
advantageously have a particle diameter dp of less than
500 nm. Here the particle diameter dp refers to the
maximum diameter of a particle since the static-
friction-reducing particles are not necessarily
spherical, but can also be cylindrical or flake-shaped,
for example. Particles with diameters over 500 nm tend
towards the formation of agglomerates and can form
irregularly shaped, sintered bodies which render the
lubricating effect of the static-—friction-reducing
material required to achieve a high relative

permeability ineffective.
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18; 5el4; 1f6; d + e >16; a + b +c +d + e +f = 100
and it being possible to replace cobalt wholly or
partially by nickel. The iron cross-sectional area AFe
of the magnet core is defined by the formula: D -D.
AFe = a 2h-qg, where Da is the external dianeter of the
magnet core, DI is its interrpal dianmeter, h is the
width of the strip and n the fill factor 0% S n S
100% r > 40% being typical of magnet cores. 15 Spaces
bﬁIm\m ddweargtagiepulsagebsdimech neeessaridles esulthef rom
the non-ideal .strip geonetry, redu the iron

o1 S e o7 B4 BOoPAERE R ghBY® Bt TS
cediahdtend ent behewf 60 | nhaciOrpdepreset prafeeaduye of
20 the degree of variatign in the strip froman ideal,

pl Rt jrakaldismedrast of| RO0oRR eRbBRI PENtTRES efS Regause,

treat riRe JPeAce GAbGnNas RelihbtidRCiOrstdtiQf- nore
than 80% whilst in 25 alternative enbodi nents the
f i f¥idicrorradiciown sSffegtison BEW!SaT0ed fMmm particle

effectiv rf-ace._rough . f [ ' .

a vlan(%éagag)(?a}s% yZ% 1@5“ S HFIQ% gg_glgeﬁir%gdt%?%&g v}ajl tazrgtel(():ulglsy
30wiltth R HdbterseveratrRThdso 2Them ssitend iroet be used
magnet ostri cti Qn _const ant f the t [
S s redy PRl 5o pam K dT IR G of o

permeability is required.

The finished magnet core, i.e. the magnet core
following completion of the heat treatment, typically
has a nano-crystalline soft magnetic strip. However,
both amorphous and crystalline strips are also

conceivable depending on the intended use of the magnet

core.

A number of different alloy compositions can
conceivably be used for the magnet core disclosed in
the invention. Since it is not necessary to eliminate
the saturation magnetostriction constant, common iron-
based alloys can be used, and even residual impurities
which cannot generally be avoided completely can be

tolerated without any undesirable effect on magnetic

properties.

In one embodiment of the invention the alloy
composition of the soft magnetic strip is essentially
as follows:

FesCopCucSigBeMe,

M being at least one of the elements V, Nb, Ta, Ti, Mo,

W, Zr and Hf; a, b, ¢, d, e and f being specified in
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remanence i nduction to saturation induction BR/Bs is
greater than 40% In one enbodi nent of the invention
the magnet core has 5 a renmanence induction to
saturation induction ratio BR/'Bs of 1% < BR/'Bs < 30%
auf, in alternative enbodinents it is 30% < BR/ Bs <
80% or 80% < BR/Bs < 97% Muigerials suitable for use
as static-friction-reducing 10 naterials are those
whi ch can be applied easily, by spraying, rolling or
dqpmsietritolpefxr amoa; SOl 6t boA 20; gass phase & 9y 5s¢l idd<

AP o Gaude Ins Eratbe frlct on etiuden the - o *

i ngliwvigdual1 o9t Gng hayBesngngossitdbe tid srapitey @@aarat e

a Iubrlcatlng effect as the nagnetic core is wound and

duridid % & Pairtéeléy Recharkeht stresses during the

subsequent heat treatnent. However, there are al so

ot her requirenents which a sui t abl e

stﬂéhe d-don cross-redtépnalnares e afisthoonagret qoyre is
5%?.%®9%gepgg§hghg the material should not form

m11Ke, "tensi on creatlng | ayers or generate

tension-creating corrosion layers as is the case, for

exanple, with alumrﬂun1ylicate l'ithiumsilicate and

magnesi um oxi de coatgngs qgﬁfron1an aqueous 25

solution. In addition™ the Btatic-friction- reduci ng

mat eri al shoul d nelther trigger undesirable surface

reactions or diffusion processes within the strip,

gensial @, €8St o - Sxeatndig cSﬂHrdel’ﬂéim@fefcheCmSgnaﬁ core, D;i

Suitabl e static-friction-reducin |als i ncl ude

t He 418 dRitRGP2hafdBrepeF sel F dge the strip

C%maerrplt@lel ¥iavakhabbe pgdernthe gwe rPf> 4/6%r ®elihg or
'"HDK' and has a sim /| ar thernal coeff|C|ent of

expaisiagn ofompaBet 190588+ p; nanodi spersed Si 02 with
magnesi um et hyl at e; pi gnent soot; carbon nanot ubes or
Co) fullerene. In such cases it is possible, where
am@jaimbbe,twegna%édstoip oéay@rs urtfiade retdessir iy vt he

use of ter ee_5 sol ven ts, such as Lk nes
artd S&tltre rgfncghg goma ld%xpeﬁ%t%e a\a/ééc%ghl}%v?%cel %thg
all&tbnpmisbl—eebﬁlaﬁhle&lEeanAﬂen'pfOVBﬁemagm@ttd’r&e To a

magneti.c properties of net core with a coating of
AT 8s S eRbt SIS b1 Lh0TEr RS TTT I &, TSPOHSUgR
t hege deyeEes od0vhel abaye BRYLisd add eig rirdn Qir riedudi, ng

effect. Their effect is due to the [ oosening of the

migee-pora Lweénshaety or partially consumed during
heat treatnment. They are therefore suitable for use as

additives to the static-
In one embodiment after heat treatment the magnet core

has a fill factor n of more than 80%, whilst in
alternative embodiments the fill factor is 70% < n <

80% or 65% < n £ 70%.

The effective surface roughness RT of the strip is
advantageously 1% £ RT £ 12%, and more advantageously
1% < RT £ 6% or even 1% < RT £ 4%. The saturation
magnetostriction constant As of the magnet core is

advantageously less than 6 ppm and the ratio of
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15 friction-reducing material, for exanple. Zirconium
propyl ate, alum nium butylate or a magnesi um net hoxi de
solution, for exanple, are suitable additives, as is
boron nitride. 20 One process disclosed in the

i nvention for producing a nmagnet core for |ow
frequency applications conprigses at | east the
foll ow ng steps: an anorphous, soft magnetic strip,
whi ch may be manufactured using the rapid
sotéﬂaﬂémmﬁixndqmtacﬂssxnBamueaampheinﬁac$¢mnnBk#@sahd
25 coat ed statlc friction-reducing materia

ThE €25 § Iih ¥ wound into a magnet core, typically
a toroidal strip core, and the magnet core is subject
to_heat treatpent in order to nEart t he desired

magRetie PRGBS Es Of fBestaVPRIPRcEROMIMMCi TRF S has

mey epbadn S LXRIiRG &J WhELeating ehdectian ddeio
strip and enabling the individual strip layers to

s| Befds00ér 1one BulGishér 3hbrautasin yaltanratige gabpdipents
[ SlQOf% g)doe 4 %RQ%r ry oad theoat |BngB{Jr<o<‘ge,ss after the

strip been™ 11 mound into a magnet core,” coating
t he magnet core u5|ng t he econom cal process of dip

coatjing, for exa Bot h versi of the rqges

O T PRI or 31 U5 RaBRGE CoF b G Bh Jueing
I axw@ézylaflseem@‘ vechRanhdah sthepsespahied mnm haye

a high relative perneabjlity value. While jn the first

vePRF v e Ztllddge 10 CERPAIRGCBUFFAB N TRIHHY Ui Gy 92°

tragidd analypreeessenranelavabgeditiom themaut set, in
the second these 10 stresses generally continue to‘

OC%WP%ISSJbé’f'orf@I lexapind eg e@bAdvwRerBi Brdefe tHe prigtiess,
rg t.?»} A %hf r'l?l'd'l%]d{lg ug#;PQQ nﬂ)‘?{f} é‘land in
conS|dera

itates the re ani cal
sttiebs enarfrretxmqeher]ﬂeimg dabrcoamdgreﬁ@ectﬂea?w tirheeat nent
and therefore this ver |on of p{gcegslfgg

priovi st G SEghet E5PE 8th§lP%rge FHeel ott

nemééﬁaﬁiﬂakndﬁﬁﬁyghs'EhelaQOCBssSdbSGQ@smw hent he
|nvent|on t herefore 20 provides | east two

t
CHRAHTHE f $loVSteds s tP@IrFeFrﬁh?gﬁo can ve ’i%%‘ﬂlr ements

'nﬂﬁﬂ&ﬂ“@“éd&ﬂ&bﬂé“s%@%ﬂbnﬁkheﬁloﬂhﬁé@ué&ﬁb mdtestilal, must
the |1 oosening of the core due to_the at |east partla

c orRRinptETh esRmPHe s WREEE- PPPELP &R Bt dRdeS et erghguld
duriinge heate thireatinent WhisGBndL¥E8tiNG 1ayers or generate

tension-creating corrosion layers as is the case, for
example, with aluminium silicate, lithium silicate and
magnesium oxide coatings applied from an aqueous
solution. In addition, the static-friction-reducing
material should neither trigger undesirable surface
reactions or diffusion processes within the strip,

generate tension-creating shrinking effects.

Suitable static-friction-reducing materials include the
following: nanodispersed SiO, which is commercially
available under the name of 'Aerosil' or 'HDK' and has

a similar thermal coefficient of expansion to the
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25 core sufficient freedomfor the relief of stresses,
and, secondly, a lubricating effect between the strip
| ayers which is produced by the rolling or sliding
properties of spherical, cylindrical or flake-shaped
particles or entire |ayers. Here, at the tenperatures
30 occurring during heat treapnent which do not exceed
600C, the lubricating effect in particular plays a
significant role, while |oosening due to consunption

i sstelmt inaeiqdﬂ@@k:seah iS3.0p switle Magridse Umaotethiydbtat

t hese relative | ow t erat ur s |t S il

Wk B Aran B brcASBeE ARES  PhnrenguLL ExBRe MEA  ducn
steddas fid Gtd Qosisadue, th@Ebeébpllcéﬂhlé £ theawigani c
conmponent is not generally congletely consuned. 5 The
prefReasigie GWLads ALEREX RVehRR RS ol 1A tREd 156

achy £¥eh % %he%%s'aic%ﬂgig ek&@@ﬁeé Nad e £ M Dfc b1 s
F-l1oop or in the formof a Z- and R-loop. However,

since it is primarily the R-1oop which achi eves t he

h I I Lh
'z%‘eséﬁah%%?{t@e%@v ! GYo%Al Ugs: ; §1£@|@'¢:§ %Sél';eett?s't

arl'y stress-free design

avanmhehunﬁmlnmpmmwembnmpnsnthelmagmekactprqpﬂﬁu&ﬂsznf a
t he heat treat iS ad ar.ri ed

R- |
S gt en g ehAtihe' BroalBRl areg L s &t

f i ehh St i0g mbr a@BuUah theubavehase aﬁa;eéﬁse &5 frﬁﬂ:t mﬁze
the nma neLic roperties of the nagnet core, and at a
t eHper raptgggcﬁgggegnqh%ffect Their effect is

statd CtJ rﬂh‘ét 1ORskedHGl BE FREChLGheCadbhe AR Iﬁgltg,y 20

deposition froma gas phase or a solution, by solid
paraitclad lde posistined  flnoimne ba@‘peﬁm@m@rt us’ﬁhﬁg’ e

a%ﬂ e]lef_por%c %’ta&ﬂr ?é?nﬁgg tadi& et%és Stt%th*

eve a re atlve s B tFict |on re uci ng
rnﬁﬁmatmon&u@ﬁm@én@em&téylploffdﬁ agﬂméﬂqﬂﬂﬂlnqﬂnﬂhm(n
or_even. of

;PR AT TIRAPE. BROUPSte ok itrde T kL de

sudiadie, Foat e&ahpilel i aner sducane efddictives acdd dved
and, on t he ot her, that the | ayer of 30

sthanian miitgdiogn- redu0|ng materi al does not becone too
thick. For if the layer is too thick, the fill factor
of the nmagnet core drops too far durlng heat treat nent
mmﬂne;pggqyﬂsfﬂggﬁﬂopgdt1@fthﬁe1nventlon for producing a

nggdﬂ% @o%%'%grrgguckggquency applications comprises at

least the following steps: an amorphous, soft magnetic
strip, which may be manufactured using the rapid
solidification process, for example, is provided and
coated with a static-friction-reducing material. The
strip is then wound into a magnet core, typically a
toroidal strip core, and the magnet core is subject to
heat treatment in order to impart the desired magnetic
properties, the static-friction-reducing material
exercising a lubricating effect on the strip and
enabling the individual strip layers to slide over one
another more easily. Alternatively, it is possible to

carry out the coating process after the strip has been
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13 material is consuned and the magnet core becones

too 'l oose' and thus too sensitive for subsequent
handling. For this reason, |ayer thicknesses d of the
static- 5 friction-reducing material prior to heat
treatnment of d <5 p m preferably ofd<l| pnor evend<
0.5pmor d < 0.2 p mare advantageous. The process

di sclosed in the invention has the 10 advant age t hat

it permts the production of a nagnet core with

patrduredll iardey  ansoueabkerapgoebttngropertagsst igpre using

particular with a high relative perneability val ue,

i THoRC I e BICEAR GFf FHBUPOSE The o e-

el i m nat es dependence on special, often costly all oy

15 conpositions and renders the conplete renoval, of

i BRIFD tYesigns wd APPoPTORREEeBIERYL e P RiGH A (7€, 2

|t d GRALT S SURRTINUQ WS 160FRE §X £ 584 €6F | A OGRAUr €S
designed to achieve the nbost perfect strip surfaces
posteidrses Engs thive prochssedaskioletelatitre nemmaaiddty

20, Laf, Deplsed 110 h8AUG e L oo PLOGHCLAON, GO S OF
toroidal s I'ip cores by S|np?e neans. | n addition,

Si s oMme rsatingn wiiadpngovidédgf bradi timialr gir defssetss
in the strj it is also possible to avoid, the
uﬁH@%F?ﬁHF%gﬁf%§§&398 QBFggg’o?nr%?%t?%QPQQH A ity
vadtiesssetb gl riaRetoael fudi 66! osedlr i 4 thwerdrwient i on
is particularly suitable for use in a residual current
device since, due to its high relative perneability,

praviges anpdequateby Begbhsesphsasy, diaas: t an0

trigger the nmagnet system of the rel ease rel ay
r estporisifnd dtgoncaredpfing ngterial considerably

facilitates the relief of mechanical stresses from the
magnet core during heat treatment and therefore this
version of the process also provides a magnet core

which is largely free of mechanical stresses.

The process disclosed in the invention therefore
provides at least two mechanisms for stress relief
which can be used individually or in combination. These
are, firstly, the loosening of the core due to the at
least partial consumption of the static-friction-
reducing material during heat treatment which gives the
core sufficient freedom for the relief of stresses,
and, secondly, a lubricating effect between the strip
layers which is produced by the rolling or sliding
properties of spherical, cylindrical or flake-shaped
particles or entire layers. Here, at the temperatures
occurring during heat treatment which do not exceed
600°C, the lubricating effect in particular plays a
significant role, while loosening due to consumption is

relatively weak. This is due to the fact that at these
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Enbodi ments of the invention are explained in greater
detail below with reference to the attached draw ngs.
Fig. 1 showsa schematic cross-section through a
5magnetic toroidal strip core. Fig. 2a shows a
schematic section of a plurality of strip layers in
the toroidal strip cores desgzibed in the first step
of 10t he process disclosed in the invention. Fig. 2b
shows the sane section after a subsequent process
steplatlbrdliyg.1cic tempezatheesaite seqpromafliewader or

g?é%'@éﬁﬁ%@éﬁiﬁl%%%%peFkgbmstggos g@%é%ﬁ%ﬁéﬁgﬁﬁ?#g%ﬁ%ﬁgg
| e | ivHiakukale 20tent teapdnedt panict ajederally
desi gnated by the same reference nunerals in al
fi gepRletely Kagsureshows a cross-section through a
magnet core (1), or nore exactly through a magnetic
toroidal strip core, consisting of numerous strip
| aliee PR cefte dimglesedoin the siprmdien ora™ sofysed to

£ t yRiGal : us: | Ps i ndek._
& e L AR £ ATV R P s, AR T BEeE
presentor dealthgediortr pfwat A- samdt s lexactHgwever, since

pl ane- parall el, . surfaces.5. In fact, .its thickn

var ¥ IQﬁﬁﬂQS}%gaﬁ%an'§8P?a%%l$%u%%% %stzﬁhf %ﬁ%heSt
acgs%]ﬁxﬁéﬁbbﬂllfl&ystwailgf%, I’T&MS phesesat gecsmatusic wefofcts 15
such as hul ges and/ or wedge- or bone-shaped )
crRAR Bt A onals t&FEss T PR %?ﬁ?gri Jcrhemé%]ﬁ’? ac® ¥&dghness
Ofdéﬂkﬁ%ﬁ{d IR 1% dtTobliksmst r ahedryr heokscibiev e -2 obbe

| ack of ideal geonetry presented by the strip 2 as
cabediant ttiredtoeks ésapdvenhegeously carried out field-

free, i.e. in the absence of a magnetic field strong
enough to have an adverse effect on the magnetic
properties of the magnet core, and at a temperature T

of 505°C £ T < 600°C.

The static-friction-reducing material can be applied by
deposition from a gas phase or a solution, by solid
particle deposition from a suspension or using the sol-

gel process, for example.

It is advantageous to achieve a relative static-
friction-reducing material surface density p of 10 mg /m?
< p £ 600 mg/m?, or better still of 20 mg/m® £ p < 300
mg/m? or even of 50 mg/m? < p £ 150 mg/m’. This ensures,
on one hand, that a sufficient static-friction-reducing
effect is achieved and, on the other, that the layer of
static-friction-reducing material does not become too
thick. For if the layer is too thick, the fill factor
of the magnet core drops too far during heat treatment

when a significant part of the static-friction-reducing
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irregularities, when the magnet core 1 is wound the
static friction between the individual strip |layers 3
which is significantly higher than woul d be presented
10 by an ideal strip |leads to nmechanical stresses in
t he magnet core 1. These nechani cal stresses could be
relieved during the heat treagnent of the nmagnet core
1 follow ng wi nding. However this is conpletely or at
| east partially prevented by the sustained
inmeténtklrmpJdbnﬁhmédaaﬁdﬂtmelmygnstScoEégbe@om@meoo

ste a ess ,as discl, sed i.n_the invent
ot o0 HhedgHE (65 EoRe I FEhEOFeP SPBRIGT pendling.
process illustrated, first the magnet core 1 is 20

wound, then its strip layers 3 are coated with a

st BPFctRiF c’fﬁ’%ﬁmred@éﬁ% thdckrpgrepyddPp EbALFHRLLI%or
SXBHPLE1 oA OMENRLing tndt-8AUALkY oROSS! péstt@r@%aeﬁ@eof d
strip prior to wnding, either by dipping

cofit Pnuous prefeesdlyf of exanpl . mThe ﬁﬁgﬂe@ 6o$/e5 I % or
25 tge@ §W9h§05§9 t Jy%géegggatnent duri ng which the
statlc FFi'ctl on-T duc ng material is partially or
extenS|ver consunmed. Here the freedom from stresses

t he net cores 1 js achieved both by th
UBI? Rt Tl bR osed e Chgt FETPRELOP oRT o ng
mes@vhtagh it 3@ peransenichg pf:oah@tﬂagn@f £ar@metie
to the partial consunption of th

st @Pre- T+l thaot-iced@dilng fﬁﬁpérﬁaﬂe BroReti P ReRfEies,

COL% atSi APl & tvﬂt??(%a'f'lqrgquﬁ:bli‘gtli‘@@tpéfﬁé"élgfﬂity el ue,
|g a shows a section om t he wound rragnet core

w vhthdrleeoraati fechypdicalddaffinulspf t Thagpeesesstrip

2. . ' ahl e e n

e R ookt D e S R R
regmmpmsﬁuﬂbnﬂsdhdbeen@etbatheathmplehanremwwab ofThe

surface, b5 of the strip 2 is not perfecjly at,_ but
aLTR oL AP R0 = e BPaBERaRTFEal Mok e rene ime
manh ef e i e 1S Iupee QRN e&&pm@kcbelsctﬂ@m C@t@dechyres
hooks 6. Superinposed on these 'short-wave'

0seEFIMEDAL B LVEnFhRarest 1BeEE POkt BF AP dRtelaces

extendi ne along apd §QB%§§stB§séléé@d 5 en&estldntion
spaces 7 formbetween the strip |layers 3 as the nagnet

coras Be w&ﬁmoto ?ﬁﬁé@@esﬁéée@raﬁiécuh@l@s‘?‘?%ﬂw ef peceriidal
thgyr{ﬁa %’ gl%rﬁéﬁnsse§h'983£t§5§a-§Ené@e
magnet™ core an i add

compensation is provided for structural defects in the
strip, it is also possible to avoid the undesirable

excessive spread of relative permeability values.

The magnet core disclosed in the invention is
particularly suitable for use in a residual current
device since, due to its high relative permeability, it
provides an adequately high secondary voltage to
trigger the magnet system of the release relay

responsible for cut-off.
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15 lead to nechanical tensions. Fig. 2b represents the
section fromthe nagnet core after the strip 2 has
been coated with a static- friction-reducing materia
8. The static-friction- 20 reducing naterial 8
sheathes the strip 2 and thus fornms internediate

| ayers 10 between the strip hayers 3, resulting in a

| ayer sequence conprising alternating |ayers of soft
magnetic strips 2 and static-frictionreducing nmateria
8. Erbed hrem tsurdfacehed iafventiéost rirp 2x@baiged in greater
signjficant snmoot her. t han the i gipal,. and,as such
o Gk SRR A s 2 e ass Shar PhEecn it SRS igE,
i's conposed of spherical or cylindrical particles or
of graphitic layers, it already has a narked

| uBt9 cat i HPYET f ec? WAPERAFAE] FFPaP e thl | FHi g o
the 30 strip layepgaqapdithusroehhievesrsirasses in the
core. -After coating, the nagnet core is heat-treated
in aretort or continuous furnace. Fig. 2c indicates
th ' t hi e t :
stg%?b%ari C (%V{)gg rngSF%ggFr% e?%a ﬂ%% %grat ipa]lliryalolrty of
ext ensi vel y consusedipWhayerenin nshe st @ssighli atinint he
ignition residue 11 of the static-friction-redycin
material which noﬁ/OFSane?Wél}%e?n}rér%%ig Y &S s%fo
bet ween the stripthayprscdss Thestbbesd aln (18t ideritdon.
consunption | eads to a | oosening of the nagnet core.

If the ignition residue also has the aforenentioned

| uby i cadh N KRS ectnet Bene suerfomdaredt al JBONRRIHTS
both” contribute to the relieving 10 of stresses in the
core. Fig. 3 is apragkesrepersenting various

enbodi nents of the invention. In addition to
nano- di spersed Si 02, carbon nanotubes, fullerene and
pi Bhent2s adrowar e ahsosdbeusedtisn after a further
static-friction-reducin terials for coating. Layers
of MyO, zirconi unPpPGpy angé%hd al uni ni um but hyl at e
are al so exam ned. Ensenbl es of 50-100 core are coated
and heat treated. The magnetic, pro ert%eﬁ% in

pali 19 cul ST at | VBT bePAeEBPPFHH2YS a2t &% SYRSGTEF of
20 50 Hz, are thep;geEasHEQUin Thee I 8@ ©ford almtdatfilar
perneability is specified as 2s/< ur>, where s is
standard devi ati oform.

Identical parts are designated by the same reference

numerals in all figures.

Fig. 1 shows a cross-section through a magnet core (1),
or more exactly through a magnetic toroidal strip core,
consisting of numerous strip layers 3. The magnet core
1 is wound from a soft magnetic, typically amorphous
strip 2 onto a cylinder 4, which is later removed. The
strip 2 does not present ideal geometry with smooth,
exactly plane-parallel surfaces 5. In fact, its
thickness varies locally causing surface roughness, and

in addition the strip 2 may present geometric defects
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As a conparative exanple, ensenbles of uncoated 25
reference cores were produced using the traditiona
process. The table shows that static-friction-reducing
| ayers of nano-di spersed Si02 in particular result in
high |l evels of relative perneability. Layers of MO

zi rconi um propyl ate or al um psum but hyl ate cause
slight 30 tensions or are largely passive. These

| ayers can nevertheless lead to i nproved magnetic

Pr Q€ td € ofges rHndl /err @8dgeRCOrt benextemseéd ecross—
consunption of the_ 18 |ayer during_heat treatnent

wi FRCHEPIY 19 0dSehiifg of tPReSEBFaCantOtFRIE Th@t the
rekigf, of nechaniGalatelr 85sasokMapo- di spersed S102
with small additions of O as an 5 additive al so
permts the | oosening of the core due to consunption
dugi tr . ht O
e R B s R Ei
pr esei i hgpamausensibgntbeehtbkg ef frdtotiems t he
positive effects of Si and 10 _coat|j C

Corb eGSR o ShowASoHar crnesphrt] SRl Yo
nagoa thi s pefisad oo B2 tpleays taenbdhdimidegl | gible rajers 3
Tests usjing finely dispersed Si02 with article siz
O VEEE T AT EESO0 I SRORES L ehr el Ao BT o
Magesh Ci QP HH @S 1 elalisPabt hethahidal egtiedd £k iih the
perneability to values around 200, 000. A slight,

t horgiethotonretl -sileisEi Baphagecati SFREFOS | FPREYRR i ¢
Properdd &s agﬁtg\?g) stgxeb%e%aﬁlﬂéggméﬁt BoPafhd GhegZ&dfe 1

60 nut and O Furthernore, the concenttration of
t hEo Bl @2irin wimalidios péiowevnratbbsi bf | cemebstehe or at

neti c_pr.aperti f th or I rat. ;
AL AL RSy B, 9L RuSEERRA A Fing
copt ethia aftirans lefyeksb%.to 5% it is possible to
nmeasure slight deteriorations which 25 increase

further at higher concentrations. Carbon nanotubes,

fuk]er enesrng R NbfsaoprédeeBdt af 0liMsclosed in the
tension-creating [ayers. They exercise a |ubricating,

ef RNt F ra i T9E S pPoRt BAIRST t AR ot e Bb 1 pimgon
wopad 1 and, @32 A9 1l skehaXes durbpocheatadioatamnt 1 is

wound, then its strip layers 3 are coated with a
static~friction-reducing material by dip coating, for
example. However, it is equally possible to coat the
strip prior to winding, either by dipping or by a
continuous process, for example. The magnet core 1 is
then subjected to heat treatment during which the
static-friction-reducing material is partially or
extensively consumed. Here the freedom from stresses of
the magnet cores 1 is achieved both by the lubricating
effect of the static-friction-reducing material and by
a loosening of the magnet cores due to the partial
consumption of the static-friction-reducing material,
since the magnet core 1 is able to expand during heat

treatment.
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19 List of reference nunerals 1 Magnet core 2 Strip 5
3 Strip layer 4 Cylinder 5 Surface 6 Hook 7 Space 10 8
Static-friction-reducing material 9 Coated surface 10
Internediate |layer 11 Ignition residue 20 O ains

16

Fig. 2a shows a section from the wound magnet core with
three strip layers 3 of the soft magnetic strip 2. Due
to the considerable enlargement and in the interests of
simplification, the strip layers 3 are represented as
being flat rather than curved. The surface 5 of the
strip 2 is not perfectly flat, but has micro- and nano-
scale geometrical defects in the manner of surface
roughness which is indicated by hooks 6. Superimposed
on these ‘short-wave’ oscillations are ‘long-wave’
structural defects extending along and across the
strip. As a result, spaces 7 form between the strip
layers 3 as the magnet cores is wound. These spaces are
undesirable because they reduce the iron cross-
sectional area of the magnet core and, in addition,

lead to mechanical tensions.

Fig. 2b represents the section from the magnet core
after the strip 2 has been coated with a static-
friction-reducing material 8. The static-friction-
reducing material 8 sheathes the strip 2 and thus forms
intermediate layers 10 between the strip layers 3,
resulting in a layer sequence comprising alternating
layers of soft magnetic strips 2 and static-friction-
reducing material 8. The new surface 9 of the strip 2
is significantly smoother than the original, and as
such significantly closer to an ideal surface. If the
layer is composed of spherical or cylindrical particles
or of graphitic layers, it already has a marked
lubricating effect which facilitates the sliding of the

strip layers and thus relieves stresses in the core.

After coating, the magnet core is heat-treated in a

retort or continuous furnace. Fig. 2c¢ indicates that



10

15

20

25

30

1. Magnet core for |ow frequency applications
consisting of a spiral-wound, soft magnetic strip,

5sai d soft magnetic strip having on at |east one side

a layer conprising the ignition residue of a
static-friction-reducing material such that |ayers of
soft magnetic material and ig#ition residue of a
static-friction-reducing nmaterial alternate 10t hrough
the cross-section of the magnet core, wherein the
statrendrtieis aedtediicianghetmt ehbaktpt dvt flete i Sorpigrenting

soot, or carbon nanqtubes, or C50Q fullerene o

al RyFartabiis Bt taa didPor RFSHSLTPLH rRtatmbodi iRy
pr pahgeds aps adk A td1M§ tBet REnSt@bhCresidue 11 of the
friction-reducing material. 2. Magnet core in

acebrEbATEr i IPingducing material yvhicheRpretfQghs the
hayj B, il 0
4 o)é%lggﬁrger%%%% oloaﬁ\/%g RARLL LE%NPthdOMPRIE 1ayers _3.h The

Magnet core I n accordance Wt
clmdtetial Dostt hbigpdrt iconsgmptipheleads to a loosening

static-friction-reduci ok ' VA

pa(r)%i %’% T et &°70] p v%hr%grt g edpl)g%télggg%%%&% h’%bégg]ng}aas
cotkei af acansaineredrlbrdlaicimy effact hiehgee tived es of
thgugégéégﬁgfIéﬁéﬁgkfga%ugggg contribute to the relieving

of stresses in the core.

Fig. 3 is a table representing various embodiments of
the invention. In addition to nano-dispersed SiO2,
carbon nanotubes, fullerene and pigment soon are also
used as static-friction-reducing materials for coating.
Layers of MgO, zirconium propylate and aluminium
buthylate are also examined. Ensembles of 50-100 core
are coated and heat treated. The magnetic properties,

in particular relative permeability u. at a frequency of
50 Hz, are then measured. The range of relative
permeability is specified as 2s/< yr >, where s is

standard deviation.

As a comparative example, ensembles of uncoated
reference cores were produced using the traditional
process. The table shows that static-friction-reducing
layers of nano-dispersed SiO; in particular result in
high levels of relative permeability. Layers of MgO,
zirconium propylate or aluminium buthylate cause slight
tensions or are largely passive. These layers can
nevertheless lead to improved magnetic properties of

strip cores since the extensive consumption of the
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materi al having a particle dianmeter dp where dp 30< 60
nm 5. Magnet core in accordance with claim1l or 2,

21 the particles of the static-friction-reducing
material having a particle dianeter dp where dp 20 nm
5 6. Magnet core in accordance wth one of clains 1 to
5, the soft magnetic strip begng nano-crystalline.

7. Magnet core in accordance with one of clains 1 to
105, the soft magnetic strip being crystalline. 8.
Magagtér caneing recoordaacamenitt Ridhepefmit atlnes lodserbing
15t he, soft nmgnetic strip being_anprphous. . 9.
I\/Hﬁﬁe’fh%o‘f%r? r?réf{:ctg}u(faﬁ@? \ﬁe#ﬁggn%o‘gegﬁﬁ?h%a]l Fgepses-
the soft magnetic strip essentially conprising the
20al | oy conpositi on FeaCobCucSi dBeM M being at | east
on’ga’é‘?“le%‘f%rﬁ%}ZWlm,swl ﬁqldltlons of MgO as an

additive also permits the loosening of the core due to
consumption during heat treatment, although the
percentage of MgO must be kept low enough to prevent
the coating from presenting any tension-creating
effect. Thus the positive effects of Si0O, and MgO

coating can be combined.

It has been shown that the particle size of nano—A
dispersed Si0O, plays a not un-negligible role. Tests
using finely dispersed SiO, with a particle size of 500
nm or 1000 nm show a clear deterioration in magnetic
properties, in particular a reduction in permeability
to values around 200,000. A slight, though not yet
significant deterioration in magnetic properties can
also be measured at a particle size of 60 nm and above.
Furthermore, the concentration of the SiO; in the
dispersion also influences the magnetic properties of
the core. In concentrations of more than approximately
8%, as opposed to concentrations of 1.5% to 5%, it is
possible to measure slight deteriorations which

increase further at higher concentrations.

Carbon nanotubes, fullerene and pigment soot do not
form tension-creating layers. They exercise a
lubricating effect which can be exploited as the core
is being wound and also as it relaxes during heat

treatment.
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Mo, W Zr and EIf; a, b, ¢, d, e and f being specified
in percent per atom 0b20; 0.5c 25p< 2; 6.5d18; 5el4;
1f6; d + e > 16 andatb+c+d+e+f= 100; and cobalt bei ng
able to be wholly or partially replaced by nickel. 30
10. Magnet core in accordance with one of clains 1 to
9, the magnet core having ai$ill factor of > 80%
after heat treatnent. 22 11. WMagnet core in
accordance with one of clains 1 to 10, the fill

f abiot of bes g ef@% aumezra868%

Magnet core
Strip

Strip layer
Cylinder
Surface
Hook

Space

W Ny U W N

Static-friction-reducing material
9 Coated surface
10 Intermediate layer

11 Ignition residue



5 12. Magnet core in accordance with one of

clains 1 to 10, the fill factor g being 65% < n <
70%
20
Claims
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Magnet core for low frequency applications
consisting of a spiral-wound, soft magnetic strip,
said soft magnetic strip having on at least one
side a layer comprising the ignition residue of a
static-friction-reducing material such that layers
of soft magnetic material and ignition residue of
a static-friction-reducing material alternate
through the cross-section of the magnet core,
wherein

the static-friction-reducing material provided is
pigment soot, or carbon nanotubes, or C4 fullerene
or an alkylate of a metal and/or transition metal
being provided as an additive to the static-

friction-reducing material.

Magnet core in accordance with claim 1,
the magnet core having a relative permeability u.

where 400,000 < u, £ 800,000.

Magnet core in accordance with claim 1 or 2,
the particles of the static-friction-reducing
material having a particle diameter dp where dp

< 500 nm.

Magnet core in accordance with claim 1 or 2,
the particles of the static-friction-reducing
material having a particle diameter dp where dp

< 60 nm.

Magnet core in accordance with claim 1 or 2,
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10 13. Magnet core in accordance wth one of clains 1
to 12, the magnet core having an effective surface
roughness RT where 1% < RT < 12% 15 14. Magnet core
in accordance with one of clains 1 to 12, the
effective surface roughness RT being 1% < RT < 6%. 20
15. Magnet core in accordan wth one of clains 1 to
12, the effective surface roughness RT being 1% < RT <
4% 25 16. Magnet core in accordance with one of

clai mehd pordicied e MRGNGL a€QFkEr RAVE 1h & SARIUMAt | ON
magnet ostriction constant As where As < 6 ppm 30 17.

MagneRaEBF &2} MaAtidyr Falee tWCLR Bhenefet|hi WEcIct @
< 20 nm.

6. Magnet core in accordance with one of claims 1 to
S,

the soft magnetic strip being nano-crystalline.

7. Magnet core in accordance with one of claims 1 to
5,

the soft magnetic strip being crystalline.

8. Magnet core in accordance with one of claims 1 to
35,

the soft magnetic strip being amorphous.

9. Magnet core in accordance with one of claims 1 to
8,
the soft magnetic strip essentially comprising the
alloy composition
Fe,CopCucSigBeMs,
M being at least one of the elements V, Nb, Ta, Ti,
Mo, W, Zr and Hf; a, b, ¢, d, e and f being
specified in percent per atom; 0 £ b £ 20; 0.5 £ ¢
£2; 6.5£d<£18; 5 e < 14; 1 <f<£L6;d+e>
16 and a + b + ¢ + d + e + £ = 100; and cobalt
being able to be wholly or partially replaced by

nickel.

10. Magnet core in accordance with one of claims 1 to
9,
the magnet core having a fill factor of > 80% after

heat treatment.
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16, the magnet core having a remanence induction to
saturation induction ratio BR/'Bs of BR/'Bs > 40% 23
18. Magnet core in accordance with one of clains 1 to
16, the magnet core having a remanence induction to
S5saturation induction ratio BR/ Bs of 1%BR/ Bs30% 19.
Magnet core in accordance vvb h one of clains 1 to 16,
t he nmagnet core having a remnnence induction to
10saturation induction ratio BR/ Bs of 30¥8BR/ Bs 80%
20. Magnet core in accordance with one of clains 1 to
16, 15the mmgnet core having a remanence induction to
satur YEPRAC | PRI tiTo R GCRLIIeNBR/ Bt bf OB YBR/ B igPys to
21. Mpgnet core in accordance with one of clainms 1 to

2020,
the fill factor n being 70% < n < 80%.

12. Magnet core in accordance with one of claims 1 to
10,
the fill factor n being 65% < n £ 70%.

13. Magnet core in accordance with one of claims 1 to
12,
the magnet core having an effective surface

roughness RT where 1% < RT < 12%.

14. Magnet core in accordance with one of claims 1 to

12,
the effective surface roughness RT being 1% £ RT <
6%.

15. Magnet core in accordance with one of claims 1 to
12,
the effective surface roughness RT being 1% £ RT <

4%3.

16. Magnet core in accordance with one of claims 1 to
15,
the magnet core having a saturation

magnetostriction constant As where Ay < 6 ppm.

17. Magnet core in accordance with one of claims 1 to
16,
the magnet core having a remanence induction to

saturation induction ratio Bgr/Bs of Br/Bg > 40%.
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boron nitride being provided as an additive to the
static-friction-reducing materi al . 22. Process for
produci ng a magnet core for | ow 25frequency
appl i cations conprising the foll ow ng steps:

provi sion of an anorphous, soft magnetic strip;
coating of the strip with a,static-frictionreducing
material; 30- coiling of the strip into a nagnet core;
subj ection of the magnet core to heat treatnent, the
static-friction-reducing material exercising a
lubricating effect on the strip, 24 wherein the_ heat
t Feat HREet S rined6QEIPPER d¥ i FloeP A& 1aBEENE et of
a magpgtic field and/or the staticfriction-reducing
material is applied using the 5 sol-gel process

and/ oFh¢ Her Eiedt icerfer heviib- f ebeled Iy Iratieduait ibei hg

appl '§Qtlpé/at5i%f d nRRkh 811%9@98%9'80” Fromag /pe < 303,

suspensi on. . "Process for pro&h0|ng a nagnet core
for Iom;lOfrequency applications conprising the

T obl o J}Qeétc%‘?:% 1nPLOYLSHOR-OT, Alh AR RIOUS 3 RATE o
magneti1c str
16,
the magnet core having a remanence induction to
saturation induction ratio Bgr/Bs of 30% < Br/Bsg <

80%.

20. Magnet core in accordance with one of claims 1 to
le,
the magnet core having a remanence induction to
saturation induction ratio Bgr/Bs of 80% < Br/Bg <

97%.

21. Magnet core in accordance with one of claims 1 to
20,
boron nitride being provided as an additive to the

static-friction-reducing material.

22. Process for producing a magnet core for low
frequency applications comprising the following
steps:

- provision of an amorphous, soft magnetic strip;

- coating of the strip with a static-friction-
reducing material;

- coiling of the strip into a magnet core;

- subjection of the magnet core to heat treatment,
the static-friction-reducing material exercising

a lubricating effect on the strip,
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coiling of the strip into a magnet core;

coating of the strip layers formng the nagnet 15core
with a static-friction-reducing material; subjection
of the magnet core to heat treatnent, the
static-friction-reducing material exercising a

| ubricating effect on the s %ip, wher ei n 20t he heat
treatnent is carried out field-free in the absence of
a magnetic field and/or the staticfriction-reducing
mat er yabrésn appl i ed using the sol-gel process and/ or
the static-friction-reducing material being applied by
sol i dtpartezlt £ 1eesasnti o 25FF bR P wuspedsi-dneeaan the

Procegssd e RIFOQUGIRG e i BREDET 4 COEE/ 40T oW b gguency
applications conprising the follow ng steps: 30-

pr ovi 5T HC g aecuvBrphbasersaf tismrpretiiad s1sipg; the
coat | g1 Ofe i . ReldlsP Ay Br e ol 8 £ {01 GLIRBLAANELAG: ng
material;” coiling o? the strip into a nagnet core;

25 - mafectl deiob eheliadney ek tiptidatiet derpathion
the s I c-frictiqn-reducing materi al exercising a
Iubri%%%é%bsg%§%é%98h'the strip, wherein pigment soot
or carbon nanotubes or 060 5fulierene is used as the

SE?@i§§Jgé§§iﬁ%}'%%ggﬁhggg a magnet core for low
frequency applications comprising the following
steps:

- provision of an amorphous, soft magnetic strip;

- coiling of the strip into a magnet core;

- coating of the strip layers forming the magnet
core with a static-friction-reducing material;

- subjection of the magnet core to heat treatment,
the static-friction-reducing material exercising
a.lubricating effect on the strip,

wherein

the heat treatment is carried out field-free in the

absence of a magnetic field and/or the static-

friction-reducing material is applied using the
sol-gel process and/or the static-friction-reducing
material being applied by solid particle deposition

from a suspension.

24. Process for producing a magnet core for low
frequency applications comprising the following
Steps:

- provision of an amorphous, soft magnetic strip;
- coating of the strip with a static-friction-
reducing material;

- coiling of the strip into a magnet core;
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mat eri al and/or an al kylate of a netal or transition
netal being used as an additive to the
static-friction-reducing material. 10 25. Process for
produci ng a magnet core for |ow frequency applications
conprising the follow ng steps: provision of an

anor phous, soft nagnetic stE Ep; coiling of the
strip into a magnet core; coating of the strip

| ayers form ng the magnet core with a

st ati e- ubgéd©lon eduainkg maghekt| abre sl eat itgraahehhe
magnet core to heat treatnent,

static- FPPcEronts eﬁﬁ}c‘itr’r@nrrﬁ?@PFéPgerﬁ%‘f%lfjs‘?lng?%r‘:mlng

| ubri caki ngoefdectnpr e tSbhi Phe 20Whgs i N pi gnent
soot or carbon nanotubes or 060 fullerene is used as
the sVBEFeLT R ITBH- rO@lcPrgAEPER | BRNAHIGT dn Ceo

al kyl atie1 &fefe MBY AlseQf ol @R8I gtgalgff]aic&edr{l&e%%%@s
an additive to the static-friction-reduci ng materi al

25 26Mma PR hek RN e @dr dakvéatpt af onenatfalelodi ns 22 to

25, t@?axl'l@?ttlc;rf el %&n%eﬁﬁgngsgéféé e&’n UL R to the
tenperature T where 505CT600C. 30 27. Process in

accor ghackcwWintirtome -okducangsm@ervaR6, boron nitride
bei ng used as an additive to the
static-friction-reducing material. 26 28. Process in
agbor Barmces wi idr gredotichbakma@et oc@% fidre lowr f ace

f
cover feJSns Lhoh 10 L hecSLARL £ L1 Tk il

steps:

- provision of an amorphous, soft magnetic strip:

- coiling of the strip into a magnet core;

- coating of the strip layers forming the magnet
core with a static-friction-reducing material;

- subjection of the magnet core to heat treatment,
the static-friction-reducing material exercising
a lubricating effect on the strip,

wherein pigment soot or carbon nanotubes or Cg

fullerene is used as the static-friction-reducing

material and/or an alkylate of a metal or

transition metal being used as an additive to the

static-friction-reducing material.

26. Process in accordance with one of claims 22 to 25,
the heat treatment being carried out at a

temperature T where 505°C < T < 600°C.

27. Process in accordance with one of claims 22 to 26,
boron nitride being used as an additive to the

static-friction-reducing material.
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nmg/ m2. 29. Process in accordance with one of clains 22
to 28, the surface coverage density p of the
staticfriction-reducing material being 20 ng/ n2p300
ng/ n2. 30. Process in accordance with one of clains 22
to 29, the surface coverage density p of the
staticfriction-reducing natgglal bei ng 50 ng/ n2pl50
ng/ n2. 31. Process in accordance with one of clains 22
to 30, the layer thickness d of the

stati erbeb st ONredusi NG ABLeEhabnprborcipidhesty to 27,
treatnment being d < 5 pm 32. Process in accordance

with 6Re BfrEdred mevErass densthe Pagerthhiiatdss d of

the st:m@lwlcédmr@dwteglg@tsgm& g i1y /Po<hgak gog
treatnment_ being d . Process I n accordance

wi th B8&nof cl ai ns 22 to 32 the layer thickness d of
the static-frictionreducing naterial prior to heat

treatnment being d < 0.5 pm 27 the layer thickness d
oP 9t hBretats ciif rdxidrolaneduwii Ny eme eof atlgmisor22t gohedt

treat Qts$¥%%§$(%ové% epgénglgg ?B&§4%1 sﬂgtlc—

accordance w one of °Cl ar s

st at i Exiet tin-oreduedngi mgtﬂatellbélm®I3Q)mgﬂm i 8doby 300
depOSItlQﬂ fromthe gas phase or froma solution. 10
36. ﬁgéldual current device with a nagnet core in
accordance with one of clains 1 to 21.

30. Process in accordance with one of claims 22 to 29,
the surface coverage density p of the static-
friction-reducing material being 50 mg/m?® < p < 150

mg/m?.

31. Process in accordance with one of claims 22 to 30,
the layer thickness d of the static-friction-
reducing material prior to heat treatment being d <

5 um.

32. Process in accordance with one of claims 22 to 31,
the layer thickness d of the static-friction-
reducing material prior to heat treatment being d <

1 pm.

33. Process in accordance with one of claims 22 to 32,
the layer thickness d of the static-friction-
reducing material prior to heat treatment being d <

0.5 um.

34. Process in accordance with one of claims 22 to 33,
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35.

36.

27

the layer thickness d of the static-friction-

reducing material prior to heat treatment being d <

0.2 um.

Process in accordance with one of claims 22 to 34,
the static-friction-reducing material being applied
by deposition from the gas phase or from a

solution.

Residual current device with a magnet core in

accordance with one of claims 1 to 21.



