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
DEBEARE changes of a magnetic field which are caused by an event to be
measured. Using one or more flux conducting soft magnetic elements, the
generated magnetic field is concentrated at a flux detector located in an
LW Igaetadiaedhgsr 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.

THeeResine @ntbetsUme Wéﬂ@ﬁeﬁi@@@ﬁ@&,dsmﬂ%%t@ﬁ%\% §é1%o$©ﬂ§q1d§1ﬂwn
be a current sensor or a position sensor. DE 100 11 047 Al discloses a
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have the disadvantage that measuring accuracy is limited by the material

hysteresis of the flux conducting soft magnetic element. DE 42 29 948 Al
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improve the accuracy of the measurement, This current sensor comprises
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coupled to the primary winding. via the magnet core. The magnet core is
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sensed, the voltage drop being proportional to the secondary amperage.
From the. current an recediln values of the voltal%e droB, an average
T%ﬂ}@@?&ﬁ@g My Rj?ﬁxamp ebe generated by a current or by a movement of a
permanent magnet. Depending on the source 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 disadvantage that measuring accuracy is

limited by the material hysteresis of the flux conducting soft magnetic element.

DE 42 29 948 Al discloses a current sensor in which this hysteresis is avoided in
order to improve the accuracy of the measurement. This current sensor comprises a
single closed soft magnetic core with a primary winding through which the measuring
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 to the secondary amperage. From the
current and preceding values of the voltage drop, an average value is formed, wherein
the contributions of the additional magnetisation currents cancel each other. As a
result of this periodic remagnetisation of the magnet core to saturation point,

independent of the primary current to be measured, the magnetic conditions are



the contributions of the additional magnetisation currents cancel each
other. As a result of this periodic remagnetisation of the magnet core to
saturation point, independent of ther%rimary current to be measured, the
magnetic conditions are 2 independent of the history of the core in the
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has the disadvantage of a complicated structure and operation. The

hySHIESISt invention is therefore 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 .
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matter of the independent claim. Advantageous further developments

form the subject matter of the dependent clajms. The invention specifies a
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field sensor. The magnetic field sensor is Jocated in the air gap and
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The flux conducting soft magnetic element consists in part or wholly of an
allo nsisting of 35 % by weight < Ni <. 50 % by weight, 0 % b

THl b Em i vesl B R URlRC. 598, HEPeRHFL Cagn Agyantageous

furiedg o VR 1op Mg eightthS isuifebt Yhdue mefighy dapflien¥eynweight<_Cr<8
% by weight and/or 0.5 % by weight <_ Mo <_ 8 % by weight, wherein
(Mo+Cr) <_ 8, rest iron and unavoidable impurities. The change of the
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measured. With the. flug conductgenf%joft magn_etic element, the generated
copLTEA HLTRED R EFMEREYR Al Jenst el Ramend albant als Tegaii
fielthecaventTiochragnens fictd saayobi follaednig thyedngap ting oaseuwésa change
of%H(rer%rz]itgﬁg |§ {ePJ gf%gvrﬁ%ﬁgttlg Figld source. The flux conducting soft magnetic
element consists in part or wholly of an alloy consisting 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.

The change of the magnetic flux of the magnetic field source is caused by an event to
be measured. With the flux conducting soft magnetic element, the generated magnetic
field is concentrated at the magnetic field 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, 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



permanent magnet in the case of a position sensor. 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
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measurement of the magnetic flux which is generated as the permanent
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magnetic element or as the current flows. The accuracy of the sensor is
improved by using this alloy for the flux conducting soft magnetic element.
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content. The sensor accordinﬁh;[)o the invention at least in,part offers a
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sensor to be operated at 125C. This temperature corresponds to the
er limit of the ambient temperature range of -40C to 125C which is
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of properties which are particularly suitable for sensors such as position
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Mg or Ca or a combination of two or more of these elements and lie
below the following limits: Ca <_ 0.0025 % by weight, Mg <_ 0.0025 % by
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of properties which are particularly suitable for sensors such as position and current
sensors, because their material hysteresis is reduced and the accuracy of the sensor is

increased.

Impurities may include O, N, C, S, Mg or Ca or a combination of two or more of
these elements and lie below the following limits: Ca < 0.0025 % by weight, Mg <
0.0025 % by weight, S < 0.01 % by weight, O < 0.01 % by weight, N < 0.005 % by
weight and C < 0.02 % by weight.

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



weight and C <_ 0.02 % by weight. The impurity level may for example be
minimised by cerium deoxidation, VIM (vacuum induction melting), VAR
(vacuum arc melting), ESR (electroslétg refining) or other known
processes. According to the invention, an increased chromium or
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strength. This effect is however dependent on the nickel content of the
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coercitive field strength. In addition to iron, the alloy 4 according to the
invention therefore contains 35 to 45 Hercent by weight of nickel and 0.5
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nde rleipers MeaifidCotshetd 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

Invigigit emBBdiientyyeiehiicke NiohteARi Yol dhmateiabie iyéoidhigT being 38 % by
embodiments, 1 % by weight < Cr <_ 8 % by weight and/or 1 % by
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embodiment, the alloy consists of 35 % by weight <_ Ni <_ 45 % by
weight, 0 % by weight <_Co <_ 2 % by weight, 0 % by weight <_ Mn <
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' G ight.and/or 0.5 % by weight<_Mo<_8%b
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weig +Cr) <_ 8, rest iron and unavoidable impurities. The
alloy may also contain Mn and/or Si, wherein 0 % by weight < Mn <_ 0.5
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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.



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
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to the magnitude of the flowing current, The sensor may further comprise
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second embodiment, the magnetic field source comprises a permanent
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bymagnet can be connected to an object the position of which is to be

ERAY: 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 nﬂ?}{?ﬁf]etisatiqgi These areﬁHs ma
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flux conducting soft magnetic element may be shaped jn various ways. In
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m&aj@ewsatithprovided, 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
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.



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
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suitable material is commercially available under the trade name

VITROVIAE BRJUPLAG SRTL SrRABRIC edempit Bade fian AllRugreridingitp the
sensor maggwdithis 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
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representaitdi: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
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measured. coercitive fied for alloys with 40 % by weight Ni and various
chromium'&nmﬁwwaér‘f B Qfeéﬁtﬁzl Figure 5 shows the measured

coercitive field for further alloys according to the invention. Figures 1 and
.2 show t 1and 1 h of which ' fl dycti
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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.



strength of less than 100 mA/cm. Figure 1 shows a sensor 1 according to
a first embodiment, which is designec} 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
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source 3, a flux conducting soft magnetic element 2 with an air gap 4 and
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field sensor 5 may for example be a Hall probe. The two sensors 1 and 1’
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thertesdieansm sagpetic field is generated by a current 6 flowing through
an electrically conductive circuit represented by a wire or a cable. 7 This

magnetic field is guided by the flux conducting soft magnetic element 2
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comprises a plurality of areas 8 having alternating directions of
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by an object not shown in the drawing. Figure 2 therefore allows for both

MAXELRFEnd 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



The movement of the permanent magnet 7 changes the magnetic field
which is concentrated at the magnet%(;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
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permanent maanet 7 can be determined from this measured magnetic
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._current sensor 1 and the position sensor 1' consists of an alloy with a
IMRSRYSS SR cHEaEYiBE By AR BN GERRRHIIYA!Y 35 9% by weight < Ni <
45 % by weight, 0 % by weight <_ Co <_ 2 % by weight, 0 % by weight
<_Mn<_0.5% by weight, (P % by weight< Si< 02 %Db v(yeight and
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and_a 1o Ryuweiohtenyier@in toMoes37 Isy \Beikgat 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
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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 angdo8@/p by weight
Ni—and-a chromium-content from-1 tol6- 65 04 hv waindht The combposition
the measulred coGreitive field Md thelinductibn at  EGGARER (Biofer )
Wé4eballoys areRssimmalrised4dndlablegs 1 ahl62. The conffdositions are.39
YETeH Rest 47.45 167 26 133
93/4867 Rest 47.4 2.17 35 131
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




percent by weight. 1150ax2 Fe Ni Cr He (mA/cm) Bio (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 3.1428 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
coerBRivEaRIR! s HOREeHPom e GRMIT S hAGdimaY appr Beindid P 30Mdidcm as
Rest 36.95 2.10 0.50 0.21 72 1.17 93/4443 Rest 36.954.150.50.260 1
the SIUAMMURIMBIONE @555 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
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reducc%1 as the cﬁromlum 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.




4 % by weight Cr are added to the first embodiment and 2 and 4 % by
weight Mo are added to the second gmbodiment. In both cases, the
coercitive field strength is reduced as’the chromium and molybdenum
content increases. Table 3 summarises the compositions and values of
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conducting soft magnetic element 2 of the sensor 1 or 1' can be made.
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caABO BeBiE@9 32 187 Rest 40.0 7.1 0.87 30.2 164 Rest 43.0 5.8 1.02
31.1 248 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 1.9 1.30 36.5 279 Rest 39.9 4.3 1.15
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e 3 Th alr ap 4 in the flux Eonductln soft ma net element 2

CO O S RN Q4 A OB O AT L AR e
remmatttﬁﬂhé}i aherfbups vslod ueingseasor signal in as Imear 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.



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 and thus the accuracy of the sensor 1 or 1' respectively. By

LisstiRerfabi®umptetial 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

1 condugiipgssiidmagnetic elements or flux concentrators. As a rule,
,sensors are required to map an input value into a sensor signal in as

LlineaP3SHHARRBISHE possible. For the soft magnetic material, this means a

2 low cerseibrrilicin susmethgratdarsnantow hysteresis. Saturation should
not be caused to drop by more than 30% between room and maximum

3 tempMAANRE S 4lfeSaW et temperature of the sensor application, e.g.

4 -40 1njtgak in sensors for motor vehicles. 11 List of Reference Numbers
1 Current sensor. 1' Position sensor 2 Flux conducting soft magnetic

5 elemMAIENEIRIRETRAG source 4 Air gap 5 Magnetic field sensor 6

6 CurrenirfeRermanent magnet

7 Permanent magnet
8 Area of permanent magnet

9 Direction of magnetisation



8 Area of permanent magnet 9 Direction of magnetisation 12 Patent
Claims 1 Sensor (1; 1') comprising: a,magnetic field source (3), at least
one flux conducting soft magnetic elefment (2) with at least one air gap (4)
and at least one magnetic field sensor (5) located in the air gap (4) and
PdieaeewiRg a change of 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, 0 % by weight <_
1.Co SenoPg by eidhprRidyby weight < Mn <_ 1.0 % by weight, 0 % by
weight < Si<_ 0.5 % by weight and 0.5 % by weight <_ Cr<_8 % by
weiMASRENS TK $oWPtiSight < Mo < 8 % by weight, wherein (Mo+Cr)

<_ & Kest tes fndcdnaveicthaisrimagHées e Rniean ey @racrdngttorelaifydp
characterised in that the ma%Cnetic field Sourcﬁ?é?é comprises a direct

curkehiB)Pbrean’ QREMAREH iR EERAat Py etalds NrRlpHaRIE A 3.

SenseisaaegrdisgtgetfithelnfigletR BERCLFIRE thiy bRt tel s eower {(@ther
comprises at least one winding (6) wound around the flux conducting soft

maSHRBESISAER . 4. Sensor according to any of claims 1 to 3,
charactRic@shdudhag 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).



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 fiux conducting soft magnetic element
(2). 13 6. Sensor (1') according to claim 5, characterised in that the

6. PergrasentImageeidiny i Mianted on arod. 7. Sensor (1°) according to
claim 5 or 6, characterised in that the permanent magnet (7) comprises a

plufREeUred & Biavith alternating directions of magnetisation (9). 8.

SenpepéimareRidimdo@nis shaiatasoh aned 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

7.eleg@rb(4) fpsare Rimpanatmes@iiswith at least one air gap. 10. Sensor
(1" according to any of the preceding claims, characterised in that the

fluxCBBRGHAST4Y) KL one or more slots, each of which provides an air
gaphéfeddareansrgitt {7) asepidiegdpamniief diareeqeyinirctaensating

directions 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



characterised by 38 % by weight <_ Ni <_ 45 % by weight. 12. Sensor (1,
1") according to any of the precedingEl laims, characterised by 1 % by
weight <_ (Cr+Mo) <_ 8 % by weight. 13. Sensor (1; 1') according to any
of the preceding claims, characterised by 14 0 % by weight<_Co<_0.5

% kyoysioieidtt SESODE vd ByAreRIAiNg to any of claims 1 to 11,

characterised In that the magnetic field sensor comprises a strip of
amorphous soft magnetic material. 15. Sensor (1; 1') according to any of

14heqresnding glaimsdRiaaiRFisea inbatiheimagnetic field sensor (5) is

a Hall probe. 16. Sensor (1; 1') according to any of the preceding claims,
chaRiasiadethitihatwo or three magnetic field sensors are provided.

the magnetic field sensor comprises a strip of amorphous soft magnetic material.

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.





