1 Description Low hysteresis sensor The invention relates to a low hysteresis sensor, such as a
current sensor or a position sensor, wherein the current or the position is measured by means of the
change in a generated magnetic field in an open magnetic circuit. Sensors can measure changes of a
magnetic field which are caused by an event to be measured. Using one or more flux conducting soft
magnetic elgmegiptitie generated magnetic field is concentrated at a flux detector located in an air
gap in the flux conducting soft magnetic element. Owing to the air gap, the magnetic circuit is open.
The magnetic field may for example be generated by a current or by a movement of a permanent
magnet. Depejsidingeretiesspsgee of the generated magnetic field, the sensor may be a current sensor
or a position sensor. DE 100 11 047 Al discloses a current sensor, while DE 198 25 433 Al discloses a
position sensor; both are based on this measuring principle. However, sensors of this type have the

disadvantageibahesash rlareceIsacw iyitetiats Rerise male dabhysteresimsiribedippsrprducting soft
magnetic element. DE 42 29 948 Al discloses a current sensaor in which this h%/steres_is Is avoided in

order to imprUEth & BEIRARS CHTRBL LSRRI ISTRRARYSERY JBFRLY Udhit e BiAgle closed soft

magnetic cogeneiied pitgaorisring dnresiehmpiehithsarougasuring current flows and a secondary
winding magnetically coupled to the primary winding via the magnet core. The magnet core is

periodically remagnetised to saturation point, and the voltage drop is sensed, the voltage drop being

proportional $erif@ segondasuratReGse framgheicHidrNiARY precading yaties ehtieholtage drop,
an average value is formed, wherein th% contribqutio_ns of the additiorEI ma%n{?%tisation Cl%rents cancel
0

each other. REBYELIHGIIL MG Lha GRRESh B MEGREYn e A o RS HTRGB Doint,

independentnedghetipriiviars cdrieit tadarametian kdedtte Degeeiic coadiganmane fRilndependent of the
history of the core in the sensin @Croiess. There is th%rﬁefore no hysteresis. However, this sensor has

the disadvarft Hi9G Hﬁ SR }%”868 &HF%PetBPe@éﬂ{‘ﬁ%\?e%&BWi%Peeféfore based

on the problem of specifying a sensor which has a simple structure and permits an accurate
measurement of a magnetic field generating event, such as an electric current or the mqvement of a
permanent G HAOHAIS BB ACLEALEPE hEoHALRH N EA & UG R
Advantageoysrfnaiitei develep Deptisdingoittaessdyeet ohditegakcthedergnddofielainis The invention
specifies a sensor comprising a magnetic field source, at le I ucting soft magnetic
clement wit RGP A GRS LAt RHaEeR g et phid QAL T FSgHER ild sensor i
located in theuniegaseraod, mieds DES 98ckmNgE Al idischoagreposiieit eériber rbafinatdtisdd source. The
flux conductitn?ssoft maanetic element consists in part or wholly of an alloy consisting of 35 % by
weight Ni 50105 BUEHAIIRY RIS Sweight Co 206 by weight, 0% by weight Mn 1.0% by weight, 0 % by
weight Si 0.5 % by weight and 0.5 % by weight Cr 8 % by weight and/or 0.5 % by weight Mo 8 % by

weight, wherein (Mo+Cr) 8. rest iron ang}ém oiaabl impurities. The change of the. magnetic flux of
the magnet TulE Sb et SR A BB s Rl e o i dcting sof
magnetic eldimeteil thetigenetated mpstgresicdfalt il wocomhicatepsafithegnegoelémigatd sensor in the air
gap. The event to be measured may be a flowing current in the case of a current sensor or a
movement of a permanent magnet in the case of a position sensor. As a coercitive field strength is
reduced, theDRat2r28l B ietaticlobtha furadsdnsting sdiicmigs byistetsnesnteniddthis the sensor
hysteresis are jacreasinolyreduced; Thisesulie In a-lncrepse nsensar ineaity, Adow sensor
hysteresis ana an ereased Sensor fneati y FOSUIT I8 More AecUrate measurement of the magnetic
flux which issiegle i tsdes theagrenarent wikiyaetrisaigplacetid pthrotagb dviethtivhe toetdsariinyx 3
conducting soft magnetic_element or. as the current flows., The accuracy of the sensor is improved by
using this a1y T R VS ST RLe Lot TS e A o lted g AR i
permalloy invalvbs tegaksadieantage of a very low saturation below 0.8 T and high material costs due
to the high Ni content. The sensor according to the invention at least in part offers a material saturation
of more than 0.85 T. In order to minimise the drop in material saturation at elevated operating
temperatures hthem@QuaecEmisqratioical \s revodd nedisbe: ttosatovatidn@oiid, temdpgkeataktagef dhepflux
conducting s netic i > 1 ?fl) f% r erated at
125C. This EoobAL T BE S b B RB AR e SN R e O AT 00 o
125C which ¢sitsgoicaniy peapeiting ivakessdrthéorakage dvehieteasprageavialng i Tfosragidyvdtetiedntlux

conducting St 58&9%‘?}!@%36?%?&9&%85? rﬁgﬁétﬁa‘i%ﬁﬂg%i% c%%?.@&éﬂ%?h‘é’ﬁ '%'/3 e particularly

suitable for sensors such as position and current sensors, because their material hysteresis is reduced
and the accueaglt of this pernsdiciscinagaatieatiampilthitasagrzel toctuides@yNLia) B8iMg or Ca or a

weigh, Mg O BoEE Ve 1y G 0 OT R By o IghC B 0n 0 By et B BBE6 by weight and

0.02 % by weight.



The impurity level may for example be minimised by cerium deoxidation, VIM (vacuum induction
melting), VAR (vacuum arc melting), ESR (electros]ag refining) or other known processes. According
to the invention, an increased chromium or molybdénum content may result in a further reduction of
coercitive field strength. This effect is however dependent on the nickel content of the alloy. If this is
too high or toqiigndeerefishen BINisRMNerestGHAn i peRIg iR dield Rireng thefararddison to iron, the
alloy 4 according to the invention therefore contains 35 to 45 percent by weight of nickel and 0.5 to 8
percent by \/\Pé’l@tﬁf%fschromium and/or molybdenum. The sum of the two elements Mo and Cr is held
below 8 percent by weight in order not to reduce the saturation too much. In further embodiments, the
nickel content is defined more precisely, being 38 % by weight Ni 45 % by weight or 38 % by weight Ni
42 % by weiGMVRYSiriRSERIBORAH S LIsEABIAYRE ReeMBIMRIF RBHGHIE AR PRERHIY weight
(Cr+Mo) 8 % by weight is/are used. In a further embodiment, the alloy consists of 35 % by weight Ni
45 % by weight, 0% by weight Co 2% by weight, 0% by weight Mn 1.0% by weight, 0%_by weight Si
0.5 % by weldi RO AV EBA R TNRESS L S BIIER S SREBMT GRS B weigh,
wherein (Mor#s1 Snipetdtaiiandantdepitiable noputtemeanaeation oy migmamtrig Mn and/or Si,
wherein 0 % b %Vé?i%ht <Mn 0.5 % bé\?,Yf?i ht and 0 % by weight < Si 0.2 % by weight. Mn and Si can
[

be used for §& BAVSRpHER ARG |6 CUHRM-A S BINRRENPL 3 RSHBRSNIBaENRNt, the alloy
also contains Co, wherein 0 % by weight < Co 0.5 % by weight. Co can increase saturation. In a first
embodiment, the magnetic field source comprises a direct current or an alternating current which
onoratos a TUGAREIERRAS SONER QWA SR T LR AR FREPRRABAKCIAL b ARLAEHE b magnetic
field is properiemsaldeviiepmagmsitate ofetbebfisvingtevietie Taseseaaananay. further comprise at least

one winding wound around the flux conducting soft magnetic element. The current to be measured
flows through this winding. 5 In a second embodiment, the magnetic field source comprises a

permanent rragnevsmtiohgseoifivablsenstatienioridiegfumeagneticction sofiroeaganietist elenirit. The
magnitude of th$ change of the ene[?ted ma&lr;%ﬂc flux is pro ortio&al o the ma}ﬁf?itude of the change
B

in the positiocr9 lfﬁténfg HRagR 56 SRR ﬁ‘_??h8“ﬁ feR0 SR [arhite gﬁ‘ﬁaﬁet can be
determined ffietd tbesohartgentdfdinetiofigidaieadtuis Tdvatpeimerent gapgnetrmeaminesaohanjed to an

bject th ition of which.is, t d. Thi invol l r rot |ati t
hich i detGUl BB oSO8 BAHEERE WAt R ey A8 PHALR T AFBHER ki altermating
directions ofgagneisation. i haseonieas Iy ay deapuvedasisitg afis @ity oidigagras msuinted on a

yoke. Alternatively, the permanent magnet may be a sir_;%e unit with varyin ma;%ﬁtisation. The flux
conducting s%fp)h‘é(@Pgé‘ﬁcoe?/éﬁiéﬁieiﬁﬁyfb@%ﬁa%%bbﬁﬁ‘&\lﬁ LOWap¥ WeigheeMBsdhRShtOY single

U-shaped flyssomndyaing salldnegss icoelempphisigrryiied.s'bs ARAGANER g g of the U being

the air gap. In a“further embodiment, the flux conducting soft magnetic element comprises several
separate pameigithaad/airlyapodutwmeightelto padtséd ThaviightovtietingdviofCn agharstélement may
have one 0f£ﬂ8§%a!§)ﬁ%ra8f’e%&mﬁ§$m‘”9 an air gap. In one embodiment, the generated magnetic
flux is measured without contact using a magnetic field sensor in the form of a Hall probe. As an
alternative, the magnetic field sensor may comprise a strip of amorphous soft magnetic material. A

itabl teyial i i il T hmel
S & Co L A A S YA M0 a2, e
embodimen_tbemfmmcéé/\ﬁibgmﬂumew@@@iﬁwg&_téﬁ@gﬁm@alemeﬂ@m@ger@@tdahgmnetiatic
repfese”tat"?fécjﬂfié‘é!{@effms’@ﬂ'E‘E% &fﬁrﬁgﬁﬁ‘?&g‘(ﬁé}mé‘oﬂ%ﬂg'&ﬂ“g%ﬂgrﬁﬁé\mﬁ%% element made of
t gure ZIs a epr 0

an alloy according to the invention; Fi _ lagrammatic r sentation of a second embodiment
of a sensor Wi fdxtynerigfiywodt aueghanidhd earertf m adeant senafibgracamndimgnbahe invention;

Figure 3 sh ?rﬁlaﬁerﬁ}_erﬁﬁrb‘ﬁspiﬁ%g%%éeoﬁﬁlgéﬁ'ﬁ%l{%ﬁéﬂﬁh 47 or 37 % by weight Ni and various

chromium contents; Figure 4 shows the measured coercitive field for alloys with 40 % by weight Ni and
various chromium or molybdenum contents; and

As a coercitive field strength is reduced, the material hysteresis of the flux conducting
soft magnetic element and thus the sensor hysteresis are increasingly reduced. This
results in an increase in sensor linearity. A low sensor hysteresis and an increased
sensor linearity result in a more accurate measurement of the magnetic flux which is

generated as the permanent magnet is displaced or rotated relative to the flux



Figure 5 shows the measured coercitive field for further alloys according to the invention. Figures 1
and 2 show two sensors 1 and I', each of which comprises a flux conducting soft magnetic element 2
of a soft magnetic alloy with a coercitive field strengih of less than 100 mA/cm. Figure 1 shows a
sensor 1 according to a first embodiment, which is designed as a current sensor. Figure 2 shows a

SeNSOr acCOERMLERiRySRFOMARIROCIERRM oV AicthésctlasiaTashas PrpastipacyTIAE Batbrsensors 1
and I' comprise the component described below. Each of the sensors 1 and |' comprises a magnetic

field source % HWRIBVEE MY HERY ot It dheci SARSUGHIP SATLIBRRs UCH EMEMagnetic field sensor
5 located in the air gap 4 and measuring a change of the magnetic flux of the magnetic field source 3.
The magnetic field sensor 5 may for example be a Hall probe. The two sensors 1 and I' differ in the

source of the faASHE fRAENFHSRY NG Regpalioyiiay alyesdlimiisnd v Hiageti YR !IRyenerated by a

current 6 flowdngdhisaugioancesertiirahiyhangte iy edsictiiier epiiRseiie sl Pyoataitedeagarble. 7 This
magnetic field is %uided F%y the flux conducting soft maé;netic element 2 and concentrated at the

magnetic fieRFSERLYH 8 fHEAVETHIAS RIS 22 RLT e Amaied thstiHESOR QLT EhaR dent on

amperage, spabat. theorepes agieiodsehBeaismineddiansdheaneastses geaemiedmyagnetic field. The
sensor of the first embodiment is therefore a current sensaor. In the sensor I' according to the second

embodimentfABSHHYRRHDHENT 1S GRIREIAHE by SRR BRPRAGNet 7. The permanent magnet 7
comprises a plurality of areas 8 having alternating directions of magnetisation 9. The direction of

1116 sonso O AL CHEA G b IGhE 0 DLPR L MOt BL8 L3S BN not shown

in the drawingoP@erachereierecritows tpereih Snezs and rpasnpresereedk-dsperiBousment of the
permanent magnet 7 changes the magnetic field which is concentrated at the magnetic field sensor 5

in the air gap@ BRR#Id ifRik Fohe GERIgE SeMRGHER I 18R RITEE° G i k3agnitehds @ igadlynetic field
changes depgrds:an iReRute M OhEiervaYieBapHtiiihssPermanent magnet 7. The position of the

object connected to the permanent magnet 7 can be determined from this measured magnetic field.
The sensor I' according to the second embodiment is therefore a position sensor. The flux conducting

soft magnetigileManb Ll HIs CORBRRNSTH hafibiee RARHOMSRAGR dffepgistedi aigHoy with a
composition described by the following formula: 35 % by weight Ni 45 % by weight, 0 % by weight Co

2 % by weighf, RIAREBIEGRIED RIR DAEtisy sy vialiAbl o Tos BRNGAERFNCE RO ROSHIBY NS GHE'EAH 0.5 % by
weight Cr 8 Y-y wajgki AR Wl GrakiphyQighiivie @ decky ARIght AuREelndMAs-GRsss fest iron and

unavoidable impurities. This alloy is an iron/nickel-based alloy with chromium and/or molybdenum. The
coercitive ficltCERRSAJth of the pure NiFe alloy can be reduced considerably by the addition of the
elements chromium and molybdenum, while saturation is more than 8 0.85 T and thus higher than in
80% NiFe permalloys. This combination of properties results in a reduced material hysteresis. It is

therefore poSHBHE HEMEUREIHASASDE € op INEAT LA 6aMRHTaNIRI RYSG €%iBar AN increased
sensor 'i“eaEHé(seTélb?HéThPsf‘AHaftiH‘S‘eRﬁ%@%lRﬂ’vgi‘t(gﬂﬁﬂﬁé’{éaoi RSHRLOY Bl weigHf Evggshows the

coercitive field strength for alloys with 47 and 37 % by weight Ni and a chromium content from 1 to
6.65 % by weighis Phéxureigbsifon Othe inbxsveahtéeeclilé tiehy avrighie hhdWcbiom %At = 10 A/cm

(Bio) of thes&g@ﬁ%ﬁ%sﬁum%s&g@@ﬁpes 1 and 2. The compositions are given in percent by

weight. 11

The impurity level may for example be minimised by cerium deoxidation, VIM
(vacuum induction melting), VAR (vacuum arc melting), ESR (electroslag refining)

or other known processes.

According to the invention, an increased chromium or molybdenum content may
result in a further reduction of coercitive field strength. This effect is however
dependent on the nickel content of the alloy. If this is too high or too low, there is no

significant reduction of coercitive field strength. In addition to iron, the alloy



Fe Ni Cr He (mA/cm) B10 (T) 93/4759 Rest 47.4 0.96 24 1.39 93/4760 Rest 4745 1.67 26 1.33
93/4867 Rest 47.4 2.17 35 1.31 93/4868 Rest

according to the invention therefore contains 35 to 45 percent by weight of nickel and
0.5 to 8 percent by weight of chromium and/or molybdenum.

The sum of the two elements Mo and Cr is held below 8 percent by weight in order

not to reduce the saturation too much.

In further embodiments, the nickel content is defined more precisely, being 38 % by

weight < Ni < 45 % by weight or 38 % by weight < Ni < 42 % by weight.

In further embodiments, 1 % by weight < Cr < 8 % by weight and/or 1 % by weight <
(Cr+Mo) <8 % by weight is/are used.

In a further embodiment, the alloy consists of 35 % by weight < Ni <45 % by weight,
0 % by weight < Co < 2 % by weight, 0 % by weight < Mn < 1.0 % by weight, 0 % by
weight < Si < 0.5 % by weight and 0.5 % by weight < Cr < 8 % by weight and/or 0.5
% by weight < Mo < 8 % by weight, wherein (Mo+Cr) < 8, rest iron and unavoidable

impurities.

The alloy may also contain Mn and/or Si, wherein 0 % by weight < Mn < 0.5 % by
weight and 0 % by weight < Si < 0.2 % by weight. Mn and Si can be used for

deoxidation, in particular at higher chromium contents.

In a further embodiment, the alloy also contains Co, wherein 0 % by weight < Co <

0.5 % by weight. Co can increase saturation.

In a first embodiment, the magnetic field source comprises a direct current or an
alternating current which generates a magnetic field as it flows through a conductor.
The magnitude of the generated magnetic field is proportional to the magnitude of the
flowing current. The sensor may further comprise at least one winding wound around
the flux conducting soft magnetic element. The current to be measured flows through

this winding.



47.4 3.14 28 1.228 93/4869 Rest 47.4 4.10 34 1.146 93/4870 Rest 47.4 5.05 46 1.08 93/4525 Rest
47.6 6.04 31 0.99 Table 1 5

In a second embodiment, the magnetic field source comprises a permanent magnet
which is movable relative to the flux conducting soft magnetic element. The
magnitude of the change of the generated magnetic flux is proportional to the
magnitude of the change in the position of the permanent magnet. As a result, the
position of the permanent magnet can be determined from the change of the magnetic
flux. The permanent magnet can be connected to an object the position of which is to
be measured. This may involve a linear or rotary relative movement which is detected

by the sensor.

The permanent magnet may have a plurality of areas with alternating directions of
magnetisation. These areas may be provided with a plurality of magnets mounted on a
yoke. Alternatively, the permanent magnet may be a single unit with varying

magnetisation.

The flux conducting soft magnetic element may be shaped in various ways. In one
embodiment, a single U-shaped flux conducting soft magnetic element is provided,
the gap between the legs of the U being the air gap. In a further embodiment, the flux
conducting soft magnetic element comprises several separate parts with an air gap
between these parts. The flux conducting soft magnetic element may have one or

more slots, each representing an air gap.

In one embodiment, the generated magnetic flux is measured without contact using a
magnetic field sensor in the form of a Hall probe. As an alternative, the magnetic field
sensor may comprise a strip of amorphous soft magnetic material. A suitable material
is commercially available under the trade name VITROVAC from Vacuumschmelze
GmbH & Co KG. A magnetic field sensor made of this material is disclosed in EP 0
294 590 A2.

In one embodiment, two or three magnetic field sensors are provided.

Embodiments are described in greater detail below with reference to the drawings.



1150C/H2 Fe Ni Cr Mn Si He (mMem) B10 (T) 93/4444 Rest 36.95 2.10 0.50 0.21 72 1.17 93/4443
Rest
6

Figure 1 is a diagrammatic representation of a first embodiment of a sensor with a
flux conducting soft magnetic element made of an alloy according to the

invention;

Figure 2 is a diagrammatic representation of a second embodiment of a sensor with
a flux conducting soft magnetic element made of an alloy according to the

invention;

Figure 3  shows the measured coercitive field for alloys with 47 or 37 % by weight

Ni and various chromium contents;

Figure 4  shows the measured coercitive field for alloys with 40 % by weight Ni and

various chromium or molybdenum contents; and

Figure 5 shows the measured coercitive field for further alloys according to the

invention.

Figures 1 and 2 show two sensors 1 and 1°, each of which comprises a flux
conducting soft magnetic element 2 of a soft magnetic alloy with a coercitive field

strength of less than 100 mA/cm.

Figure 1 shows a sensor 1 according to a first embodiment, which is designed as a
current sensor. Figure 2 shows a sensor according to a second embodiment, which is
designed as a position sensor. Both sensors 1 and 1’ comprise the component

described below.

Each of the sensors 1 and 1’ comprises a magnetic field source 3, a flux conducting

soft magnetic element 2 with an air gap 4 and a magnetic field sensor 5 located in the
air gap 4 and measuring a change of the magnetic flux of the magnetic field source 3.
The magnetic field sensor 5 may for example be a Hall probe. The two sensors 1 and

1’ differ in the source of the magnetic field.

In the sensor 1 of the first embodiment, a magnetic field is generated by a current 6

flowing through an electrically conductive circuit represented by a wire or a cable.



36.954.15 0.5 0.2 60 1 93/4442 Rest 36.95 6.65 0.5 0.22 42 0.81 Table 2 In the comparative
embodiment of Table 1, the alloy contains approxin}ately 47 % by weight Ni. With this nickel content,
there is no correlation between chromium content and coercitive field. At a lower nickel content of
approximately 37 % by weight, the 9 coercitive field is reduced from more than 70 mA/cm to

approximatelphfhadvent #B IR g0IERaIBYEOABEIBIRERESIROMEA R auadKP afmbodiments of an

alloy for the flux conductin% soft magnetic element 2 of the sensor 1 or I' respectively, each containing

40 % by weiGPRINREARYRE BRANETHtel SPRSHaderaeth i ARS RSB A 6783 tEhd 4 % by weight
Mo are addeddgniir SRE@NHepRBEEINEMEMPLRTe caas: the #asseifvedicld ernaindg reduced as the

chromium and molybdenum content increases. Table_3 summarises the compositions and values of
B10, 1-Ic and %8 (P& MERUIASRGFEFFOMAIRALT Rl sTHE NSRS the HIB ¢BRABKRIRY Soft magnetic

element 2 ofiHagfsrasofulrentcandae made. The values of the coercitive field strength 1-Ic of these
alloys are also represented graphically in Figure 5. Fe Ni (70 w/w) Cr (70 w/w)

In the sensor 1’ according to the second embodiment, the magnetic field is generated
by a permanent magnet 7. The permanent magnet 7 comprises a plurality of areas 8
having alternating directions of magnetisation 9. The direction of magnetisation 9 is
illustrated in Figure 2 with reference to the magnetic poles north (N) and south (S).

In the sensor 1’ of the second embodiment, the permanent magnet 7 is moved by an
object not shown in the drawing. Figure 2 therefore allows for both linear and rotary

movement.

The movement of the permanent magnet 7 changes the magnetic field which is
concentrated at the magnetic field sensor 5 in the air gap 4 by the flux conducting soft
magnetic element 2. The magnitude of the magnetic field changes depends on the
extent of the movements of the permanent magnet 7. The position of the object
connected to the permanent magnet 7 can be determined from this measured magnetic
field. The sensor 1’ according to the second embodiment is therefore a position

Sensor.

The flux conducting soft magnetic element 2 of the current sensor 1 and the position
sensor 1’ consists of an alloy with a composition described by the following formula:
35 % by weight < Ni < 45 % by weight, 0 % by weight < Co <2 % by weight, 0 % by
weight < Mn < 0.5 % by weight, 0 % by weight < Si < 0.2 % by weight and 0.5 % by
weight < Cr < 8 % by weight and/or 0.5 % by weight < Mo < 8 % by weight, wherein

(Mo+Cr) < 8, rest iron and unavoidable impurities.

This alloy is an iron/nickel-based alloy with chromium and/or molybdenum. The
coercitive field strength of the pure NiFe alloy can be reduced considerably by the

addition of the elements chromium and molybdenum, while saturation is more than



Mo (70 wiw) B10 (T) FI, (mA/cm) T, (C) Rest 36.1 2.1 1.05 72.9 164 Rest 38.0 3.3 1.10 59.3 184
Rest 40.1 2.1 1.33 51 248 g

0.85 T and thus higher than in 80% NiFe permalloys. This combination of properties
results in a reduced material hysteresis. It is therefore possible to produce a sensor 1
or 1’ with a reduced material hysteresis and an increased sensor linearity. This

improves the accuracy of the sensor 1 or 1’ respectively.

Figure 3 shows the coercitive field strength for alloys with 47 and 37 % by weight Ni

and a chromium content from 1 to 6.65 % by weight.

The composition, the measured coercitive field and the induction at H = 10 A/cm
(B1o) of these alloys are summarised in Tables 1 and 2. The compositions are given in
percent by weight.

1150°C/H2
Fe Ni Cr Hc (mA/cm) B (T)
93/4759 Rest 47.4 0.96 24 1.39
93/4760 Rest 47.45 1.67 26 1.33
93/4867 Rest 47.4 2.17 35 1.31
93/4868 Rest 47.4 3.14 28 1.228
93/4869 Rest 47.4 4.10 34 1.146
93/4870 Rest 47.4 5.05 46 1.08
93/4525 Rest 47.6 6.04 31 0.99
Table 1
1150°C/H2
Fe Ni Cr Mn Si Hc (mA/cm) | By (T)
93/4444 Rest 36.95 2.10 0.50 0.21 72 1.17
93/4443 Rest 36.95 4.15 0.5 0.2 60 1
93/4442 Rest 36.95 6.65 0.5 0.22 42 0.81
Table 2

In the comparative embodiment of Table 1, the alloy contains approximately 47 % by
weight Ni. With this nickel content, there is no correlation between chromium content

and coercitive field. At a lower nickel content of approximately 37 % by weight, the



Rest 40.0 4.5 1.09 37.4 208 Rest 40.0 5.8 0.99 32 187 Rest 40.0 7.1 0.87 30.2 164 Rest 43.0 5.8
9

coercitive field is reduced from more than 70 mA/cm to approximately 40 mA/cm as

the chromium content increases.

Figure 4 shows two embodiments of an alloy for the flux conducting soft magnetic
element 2 of the sensor 1 or 1’ respectively, each containing 40 % by weight Ni. 2 and
4 % by weight Cr are added to the first embodiment and 2 and 4 % by weight Mo are
added to the second embodiment. In both cases, the coercitive field strength is

reduced as the chromium and molybdenum content increases.

Table 3 summarises the compositions and values of Bjp, Hc and T (Curie tempera-
ture) for further alloys from which the flux conducting soft magnetic element 2 of the
sensor 1 or 1’ can be made. The values of the coercitive field strength H; of these

alloys are also represented graphically in Figure 5.

Fe Ni (% wiw) | Cr (% wiw) | Mo (% wiw) B (T) H. (mA/cm) T. (°C)
Rest 36.1 2.1 1.05 72.9 164
Rest 38.0 33 1.10 59.3 184
Rest 40.1 2.1 1.33 51 248
Rest 40.0 4.5 1.09 374 208
Rest 40.0 5.8 0.99 32 187
Rest 40.0 7.1 0.87 30.2 164
Rest 43.0 5.8 1.02 311 248
Rest 44.0 4.5 1.15 32.6 291
Rest 44.0 5.8 1.05 35.5 270
Rest 44.0 7.1 0.95 38.7 248
Rest 40.0 19 1.30 36.5 279
Rest 39.9 4.3 1.15 315 277
Rest 41.7 55 1.12 36.5 316
Rest 40.0 2.2 21 1.12 30.6 243

Table 3

The air gap 4 in the flux conducting soft magnetic element 2 results in a shearing of
the magnetic circuit, i.e. the hysteresis loop measured at the flux conducting soft
magnetic element 2 becomes flatter the wider the air gap 4 is.



1.02 31.1 248 Rest 44.04.5 1.15 32.6 291 Rest 44.05.8 1.0535.5270 Rest 44.0 7.1 0.95 38.7 248
Rest
10

The coercitive field strength H. of the soft magnetic material determines the
remanence of the loop in the open magnetic circuit. This directly affects the hysteresis
and thus the accuracy of the sensor 1 or 1’ respectively. By using an FeNiCr material
according to the invention with a low coercitive field strength, the sensor hysteresis

can be reduced.

In sensor applications, soft magnetic materials are for example used as flux
conducting soft magnetic elements or flux concentrators. As a rule, sensors are
required to map an input value into a sensor signal in as linear a manner as possible.
For the soft magnetic material, this means a low coercitive field strength and thus a

low hysteresis.

Saturation should not be caused to drop by more than 30% between room and
maximum temperature by the ambient temperature of the sensor application, e.g. —40

to 125°C in sensors for motor vehicles.



40.0 1.91.3036.5279 Rest 39.9 4.31.1531.5277 Rest41.7 5.51.12 36.5 316 Rest40.02.2 2.1
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30.6 243 Table 3 The air gap 4 in the flux conducting soft magnetic element 2 results in a shearing of
the magnetic circuit, i.e. the hysteresis loop measuigd at the flux conducting soft magnetic element 2
becomes flatter the wider the air gap 4 is. 10 The coercitive field strength H of the soft magnetic
material determines the remanence of the loop in the open magnetic circuit. This directly affects the
hysteresis apgithte hyghaccuracy of the sensor 1 or respectively. By using an FeNiCr material
according to the invention with a low coercitive field strength, the sensor hysteresis can be reduced. In
sensor applications, soft magnetic materials are for example used as flux conducting soft magnetic
elements or flux codReRIBLEISchRRIEME: Sensors are required to map an input value into a sensor
signal in as linear a manner as possible, For the soft magnetic material, this means a low coercitive
field strength andMAIBERRSISENESR (Baturation should not be caused to drop by more than 30%

between room angt featigHe il iRTEGIRIBETR RyfthRagnvtieBlaemeraiit af Ibgsensalr gaplication, e.g.
-40 to 125C in sensors for motor vehicles.. 11 List of Reference Numbers 1Current sensor I'Position

sensor 2Flux conétidNhe8 §e5hagh BRI RFLMBRISSEE0n Stk AERPL A0 108 HARREAR)SN L gnetic field
sensor 6Current fesansalchage el 8fy ar@idrr maoentheasngidioferiissueiayggnetisation 12

characterised in that

the flux conducting soft magnetic element (2) consists of 35 % by weight < Ni <
50 % by weight, 0 % by weight < Co < 2 % by weight, 0 % by weight < Mn <
1.0 % by weight, 0 % by weight < Si < 0.5 % by weight and 0.5 % by weight <
Cr < 8 % by weight and/or 0.5 % by weight < Mo < 8 % by weight, wherein

(Mo+Cr) < 8, rest iron and unavoidable impurities.

2. Sensor according to claim 1,
characterised in that
the magnetic field source (3) comprises a direct current (6) or an alternating
current which generates a magnetic field.

3. Sensor according to claim 1 or 2,
characterised in that
the sensor further comprises at least one winding (6) wound around the flux

conducting soft magnetic element (2).

4.  Sensor according to any of claims 1 to 3,
characterised in that

the sensor (1) is a current sensor.

5. Sensor (1’) according to claim 1,
characterised in that
the magnetic field source (3) comprises a permanent magnet (7) movable

relative to the flux conducting soft magnetic element (2).



Patent Claims 1. Sensor (1; 1') comprising: a magnetic field source (3), at least one flux conducting
soft magnetic element (2) with at least one air gap ﬁ) and at least one magnetic field sensor (5)
located in the air gap (4) and measuring a change 0f the magnetic field of the magnetic field source
(3), characterised in that the flux conducting soft magnetic element (2) consists of 35 % by weight Ni

50 % by weight, Gs¥hdey (YejalaESrair fokRYamMeRINt, O % by weight Mn 1.0 % by weight, 0 % by weight Si
0.5 % by weight and 0.5 % by weight Cr 8 % by weight and/or 0.5 % by weight Mo 8 % by weight,
wherein (Mo+Cr) 814@steFsahIRd M avoidable impurities. 2. Sensor according to claim 1, characterised

in that the magnetjg firléhaperctmbgheompiisasuaEIeE £Hseent (6) or an alternating current which
generates a magnetic field. 3. Sensor according to claim 1 or 2, characterised in that the sensor further

comprises at least one winding (6) wound around the flux conducting soft magnetic element (2). 4.

Sensor according3gnesry( of) cledargihdeokiemametagised in that the sensor (1) is a current sensor. 5.
Sensor (1') accordin%to claim 1, characterised in that the magnetic field source (3) comprises a

permanent magn&fFAGRBYEHIA Fifhtive to the flux conducting soft magnetic element (2). 13 6. Sensor
(1) according to claipepmahaiagsiggisedindbabiroepnaaeytonagast€y Wishnaaemigshgn a rod. 7.

Sensor (1') accor%rsl%ﬁto claim 5 or 6, characterised in that the permanent magnet (7) comprises a

plurality of areas YS9 AR SFHRRiGHs of magnetisation (9).

8.  Sensor (1) according to any of claims 1 and 5 to 7,
characterised in that

the sensor (1’) is a position sensor.

9.  Sensor (1) according to any of the preceding claims,
characterised in that
the flux conducting soft magnetic element (2) forms a magnetic circuit with at

least one air gap.

10. Sensor (1) according to any of the preceding claims,
characterised in that

the flux conductor (2) has one or more slots, each of which provides an air gap

(4).

11. Sensor (1, 1’) according to any of the preceding claims,
characterised by

38 % by weight < Ni < 45 % by weight.

12. Sensor (1, 1’) according to any of the preceding claims,
characterised by

1 % by weight < (Cr+Mo) < 8 % by weight.

13. Sensor (1; 1’) according to any of the preceding claims,

characterised by



8. Sensor (1) according to any of claims 1 and 5 to 7, characterised in that the sensor (1') is a position
sensor. 9. Sensor (1) according to any of the preceﬂng claims, characterised in that the flux
conducting soft magnetic element (2) forms a magnetic circuit with at least one air gap. 10. Sensor (1"
according to any of the preceding claims, characterised in that the flux conductor (2) has one or more
slots, each of whighyppgyj 2 aip gapq4). i@Agor (1, 1') according to any of the preceding
claims, characterised by 38 % by weight Ni 45 % by weight. 12. Sensor (1, 1') according to any of the
preceding claims, characterised by 1 % by weight (Cr+Mo) 8 % by weight. 13. Sensor (1; 1') according

to any of thejprecegliag, ¢lRIMS ERARALISSH Y cldiRs¥ fy1weight Co 0.5 % by weight. 14. Sensor (1;

1" according to any of claims 1 to 11, characterised in that the magnetic field sensor comprises a strip
of amorphous soféhARGHERHIAEWAI. 15. Sensor (1; 1') according to any of the preceding claims,

characterised in that (e ReagRIE fiplkhrenspricel B rifdt BrXBndts KANFRGLE MESHAIng to any
of the preceding claims, characterised in that two or three magnetic field sensors are provided.
15. Sensor (1; 1’) according to any of the preceding claims,
characterised in that

the magnetic field sensor (5) is a Hall probe.

16. Sensor (1; 1’) according to any of the preceding claims,
characterised in that

two or three magnetic field sensors are provided.





