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Description

TECHNICAL FIELD

[0001] The present invention relates to a current sen-
sor apparatus used for non-contact measurement of a
relatively large electric current.

BACKGROUND ART

[0002] Many types of magnetic sensor apparatuses
and non-contact-type electric current sensor apparatus-
es utilizing magnetic sensor apparatuses have been
long developed since such apparatuses are useful in in-
dustry. However, their application fields have been lim-
ited and the market scale have been thus limited. Con-
sequently, development of such apparatuses in terms
of cost reduction have not been fully achieved yet.
[0003] However, emission control originating from the
need for solving environmental problems has acceler-
ated development of electric automobiles and solar-
electric power generation. Since a direct current of sev-
eral kilowatts to tens of kilowatts is dealt with in an elec-
tric car or solar-electric power generation, a non-contact
current sensor apparatus is required for measuring a di-
rect current of tens to hundreds of amperes. The de-
mand for such current sensor apparatuses is extremely
high. It is therefore difficult to increase the popularity of
electric automobiles and solar-electric power genera-
tion unless the current sensor apparatuses not only ex-
hibit excellent properties but also are extremely low-
priced. In addition, reliability is required for a period of
time as long as 10 years or more for a current sensor
apparatus used in a harsh environment as in an electric
car. As thus described, it has been requested in society
to provide current sensor apparatuses that are inexpen-
sive and have excellent properties and long-term relia-
bility.
[0004] For non-contact measurement of an electric
current, an alternating current component is easily
measured through the use of the principle of a trans-
former. However, it is impossible to measure a direct
current component through this method. Therefore, a
method is taken to measure a magnetic field generated
by a current through a magnetic sensor for measuring
a direct current component. A Hall element is widely
used for such a magnetic sensor. A magnetoresistive
element and a fluxgate element are used in some appli-
cations, too.
[0005] For example, the following problems have
been found in the current sensor apparatus utilizing a
Hall element that has been most highly developed in pri-
or art.

(1) low sensitivity
(2) inconsistent sensitivity
(3) poor thermal characteristic
(4) offset voltage that requires troublesome han-

dling

[0006] In addition to the above problems, a magne-
toresistive element has a problem of poor linearity.
[0007] In Published Unexamined Japanese Patent
Application Hei 7-218552 (1995), a technique is dis-
closed for increasing a current measurement range of
a current sensor apparatus incorporating a Hall element
by forming two gaps having different lengths at separat-
ed ends of a ring-shaped core member and placing a
Hall element in each of the gaps.
[0008] An example of a current sensor apparatus in-
corporating a magnetoresistive element is disclosed in
Unexamined Japanese Patent Application Hei
10-26639 (1998).
[0009] Some methods have been developed for solv-
ing the problems of a Hall element. One of the methods
is a so-called negative feedback method, that is, to apply
a reversed magnetic field proportional to an output of
the element to the element so as to apply negative feed-
back such that the output of the element is maintained
constant. Consistency in sensitivity, the thermal charac-
teristic, and linearity are thereby improved.
[0010] When the negative feedback method is used,
however, it is required to apply an inverse magnetic field
as large as the field to be measured to the element. Con-
sequently, when a current as high as hundreds of am-
peres is measured in applications such as an electric
car or solar-electric power generation, a feedback cur-
rent obtained is several amperes even if the number of
turns of the coil for generating a feedback field is 100.
Therefore, a current sensor apparatus embodied
through this method is very large-sized and expensive.
[0011] If the magnetic sensor element has high sen-
sitivity, it is possible that a feedback current is reduced
by applying only part (such as one hundredth) of the field
to be measured to the element. However, this is difficult
for a Hall element with low sensitivity used as the mag-
netic sensor element.
[0012] A fluxgate element has been developed mainly
for measurement of a small magnetic field while not
many developments have been made in techniques for
measuring a large current. However, with some modifi-
cation a fluxgate element may be used as a magnetic
detection unit of a current sensor apparatus for a large
current since the fluxgate element has a simple config-
uration and high sensitivity.
[0013] Reference is now made to FIG. 17 to describe
the operation principle of a fluxgate element having the
simplest configuration. FIG. 17 is a plot for showing the
relationship between an inductance of a coil wound
around a magnetic core and a coil current. Since the
core has a magnetic saturation property, the effective
permeability of the core is reduced and the inductance
of the coil is reduced if the coil current increases. There-
fore, if bias magnetic field B is applied to the core by a
magnet and the like, the magnitude of external magnetic
field Ho is measured as a change in inductance of the
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coil when external field Ho is superposed on the bias
field. This is the operation principle of the simplest flux-
gate element. In FIG. 17 each of bias field B and external
field Ho is expressed in the magnitude converted to the
coil current.
[0014] In this method the position of bias point B
changes with factors such as the intensity of the mag-
netic field generated by the magnet or the positions of
the magnet and the core in relation to each other. It is
therefore required to maintain the inductance at a spe-
cific value when the external magnetic field is zero. How-
ever, it is extremely difficult to compensate the instability
of the inductance value due to temperature changes and
other external perturbations. This method is therefore
not suitable for practical applications.
[0015] If a rod-shaped magnetic core is used, an open
magnetic circuit is provided, so that the effect of hyster-
esis is generally very small. Assuming that the hystere-
sis of the core is negligible, the characteristic of varia-
tions in inductance is equal when the coil current flows
in the positive direction and in the negative direction
since the saturation characteristic of the core is inde-
pendent of the direction of coil current. For example, in
FIG. 17 it is assumed that point P+ and point P. represent
the coil current in the positive direction and the coil cur-
rent of the negative direction, respectively, whose abso-
lute values are equal to each other. In the neighborhood
of these points, the characteristic of variations in induct-
ance with respect to variations in the absolute value of
the coil current is equal. Therefore, an alternating cur-
rent may be applied to the coil such that the core is driv-
en into a saturation region at a peak, and the difference
in the amount of decrease in inductance may be meas-
ured when positive and negative peak values of the cur-
rent are obtained. As a result, the difference thus meas-
ured is constantly zero when the external magnetic field
is zero, which is always the case even when the char-
acteristics of the core change due to temperature
changes or external perturbations. In the present patent
application a saturation region of the magnetic core
means a region where an absolute value of the magnetic
field is greater than the absolute value of the magnetic
field when the permeability of the core is maximum.
[0016] An external magnetic field is assumed to be
applied to the core. If external field Ho is applied in the
positive direction of the current, as shown in FIG. 17,
the inductance value decreases at the positive peak of
the current (point Q+ in FIG. 17, for example) and the
inductance value increases at the negative peak of the
current (point Q- in FIG. 17, for example). Therefore, the
difference between the values is other than zero. Since
the difference in inductance depends on the external
magnetic field, the external field is obtained by measur-
ing the difference in inductance.
[0017] The method thus described is called a large
amplitude excitation method in the present patent appli-
cation, that is, to apply an alternating current to the coil
such that the core is driven into a saturation region at a

peak, and to measure the difference in the amounts of
decrease in inductance when positive and negative
peak values of the current are obtained.
[0018] Magnetic sensor apparatuses that utilize such
a large amplitude excitation method are disclosed in
Published Examined Japanese Patent Application Sho
62-55111 (1987), Published Examined Japanese Patent
Application Sho 63-52712 (1988), and Published Unex-
amined Japanese Patent Application Hei 9-61506
(1997), for example. In Published Examined Japanese
Utility Model Application Hei 7-23751 (1995), a tech-
nique is disclosed to achieve measurement similar to
the large amplitude excitation method through the use
of two bias magnets.
[0019] The large amplitude excitation method is an
excellent method since the effects of temperature
changes and external perturbations are eliminated.
However, it is not so easy to apply an alternating current
enough to drive the core into saturation. Accordingly, in
prior art the large amplitude excitation method is limited
to a magnetic sensor apparatus for detecting a small
magnetic field through the use of an amorphous mag-
netic core and the like having a small saturation field.
[0020] For non-contact measurement of a direct cur-
rent, a method is generally taken to detect a magnetic
field generated by a current through the use of a mag-
netic sensor element. In this method, for example, a
magnetic yoke having a gap is provided around a cur-
rent path, and a magnetic sensor element is placed in
the gap. The magnetic field in the gap is measured by
the sensor element. Intensity H of the field in the gap is
I/ g where the current value is I and the gap length is g.
Current I is thus obtained by measuring magnetic field
H with a magnetic sensor element.
[0021] The use of a fluxgate element as a magnetic
sensor element will now be considered. A fluxgate ele-
ment has a feature that the length in the direction in
which a magnetic field is applied is relatively long.
Therefore, gap length 'g' is relatively long. A shortest
length of an actual fluxgate element in the direction in
which a magnetic field is applied is about 1 to 5 mm. In
addition, a long gap length is acceptable since a fluxgate
element has a high sensitivity so that an extremely large
magnetic field is not necessary. Accordingly, the gap
length of the magnetic yoke of a current sensor appara-
tus incorporating a fluxgate element is longer than that
of a sensor apparatus incorporating any other type of
magnetic sensor element such as a Hall element. In an
actual design, the gap length of a 100A-level current
sensor apparatus is 5 to 10 mm.
[0022] This indicates that, if the position of the current
path surrounded by the magnetic yoke is close to the
gap, the magnetic field inside the gap varies with the
magnetic field corresponding to the magnetic flux gen-
erated from the current path and not passing through
the yoke. Since the magnetic field at a distance of radius
'r' from the current path is I/2πr, the magnetic field cor-
responding to the flux not passing through the yoke is
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greater than the field corresponding to the flux passing
through the yoke where r < g/ 2π. As thus described, it
is noted that a variation in the position of the current path
is one of the greatest factors causing measurement er-
rors for a fluxgate element although such a variation in
the current path position will not cause any problem if
gap length 'g' is 1 to 2 mm as in a Hall element.
[0023] To avoid the above-stated problem, a method
may be taken to fix the current path or to use a large
magnetic yoke and increase the distance between the
current path and the gap. However, the method of fixing
the current path sacrifices the convenience of the appa-
ratus in that a current is measured by simply passing an
electric wire through the space inside the magnetic
yoke. The method of using a large magnetic yoke has
a problem that the sensor apparatus is increased in size
and weight.
[0024] Since not many researches have been made
on current sensor apparatuses incorporating a fluxgate
element, no prior-art example is found in the method of
reducing measurement errors resulting from variations
in the position of the current path. However, a current
sensor apparatus incorporating a fluxgate element has
many features such as reliability better than those of cur-
rent sensor apparatuses using other magnetic sensor
elements. It is therefore very useful in industry to reduce
measurement errors resulting from variations in the po-
sition of the current path, the only drawback of the ap-
partus using a fluxgate element.
[0025] In Published Unexamined Japanese Patent
Application Hei 5-99953 (1993), a technique is dis-
closed for reducing errors in a detected current value
caused by an electric wire passing outside a magnetic
yoke. However, no consideration is given to errors
caused by variations in the position of an electric wire
passing through the space inside the yoke. In Published
Unexamined Japanese Patent Application Hei 8-15322
(1996), a technique is disclosed for reducing magnetic
effects on a magnetic detection element of a magnetic
field generated from a conductor to be measured or oth-
er external magnetic fields. In this technique a magnetic
core is divided into a ring-shaped core on which no feed-
back winding is placed and an H-shaped core on which
a feedback winding is placed. The H-shaped core de-
tects a leakage flux in a gap of the ring-shaped core.
The H-shaped core together with the magnetic detection
element placed near the H-shaped core is covered with
a magnetic shield member. However, this technique has
a problem that the configuration is complicated and the
current sensor apparatus is large-sized.
[0026] The large amplitude excitation method is an
excellent method since the effects of temperature
changes and external perturbations are eliminated. If
the large amplitude excitation method is applied togeth-
er with the negative feedback method, excellent prop-
erties will be expected, according to the principle. Ex-
amples in which the negative feedback method is ap-
plied to a magnetic sensor apparatus incorporating a

fluxgate element are disclosed in Published Unexam-
ined Japanese Patent Application Sho 60-185179
(1985) and Published Unexamined Japanese Patent
Application Hei 9-257835 (1997).
[0027] However, a fluxgate current sensor apparatus
incorporating a fluxgate element involves the following
drawback resulting from the measurement principle
thereof. Since the fluxgate current sensor apparatus is
made up of a sampling system, the measurement fre-
quency band is limited. In other words, with regard to
the fluxgate current sensor apparatus, the response fre-
quency band, that is, the frequency band that responds
to variations in a current to be measured, is not allowed
to exceed the excitation frequency which is the frequen-
cy of the excitation current, that is, an alternating current
applied to the coil of the fluxgate element, due to the
Nyquist frequency which is the threshold frequency of
response. With regard to the fluxgate current sensor ap-
paratus, since sampling is made at two points of positive
and negative in one cycle of the excitation current, the
sampling frequency is twice the excitation frequency.
The Nyquist frequency is half the sampling frequency.
[0028] Moreover, when the negative feedback meth-
od is applied to the fluxgate current sensor apparatus,
it is not so easy to widen the band of the negative feed-
back system having a sufficiently large loop gain since
it is required to give enough consideration to measures
against oscillation and so on.
[0029] As thus described, the prior-art fluxgate cur-
rent sensor apparatus has the problem that although the
response frequency band is wide enough for ordinary
applications, it is difficult to further widen the response
frequency band.
[0030] As disclosed in Published Unexamined Japa-
nese Patent Application Hei 1-265168 (1989) and Pub-
lished Unexamined Japanese Patent Application Hei
4-93772 (1992), for example, a method is known for wid-
ening the response frequency band of a current sensor
apparatus in general, which is not limited to a fluxgate
current sensor apparatus. In this method, a high fre-
quency component of a current to be measured is de-
tected by a coil coupled through alternating-current and
magnetic coupling to a current path through which the
current to be measured passes. On the other hand, a
low frequency component of the current including a di-
rect current is detected by a magnetic sensor element.
Those two detection signals are combined. This method
is called an alternating-current (AC) coupling method in
the present patent application.
[0031] However, in the prior-art current sensor appa-
ratus utilizing the AC coupling method, as disclosed in
the above-mentioned publications, the coil for detecting
a high frequency component is provided in the magnetic
yoke itself. If the negative feedback method is applied,
the coil for detecting a high frequency component func-
tions as a coil for generating a feedback magnetic field,
too, in many cases. As a result, the prior-art current sen-
sor apparatus utilizing the AC coupling method has a
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problem that manufacturing costs of the apparatus are
raised since winding the coil around the magnetic yoke
requires difficult techniques, and the large number of
turns of the coil makes the apparatus large-sized.
[0032] Furthermore, the prior-art current sensor ap-
paratus utilizing the AC coupling method has the follow-
ing essential problem. The prior-art techniques utilizing
the AC coupling method have been mainly developed
for a current sensor apparatus incorporating a Hall ele-
ment as the magnetic sensor element. In such an appa-
ratus, it is acceptable that the gap of the magnetic yoke
is small. In contrast, in the current sensor apparatus in-
corporating a fluxgate element as the magnetic sensor
element, the gap of the yoke is greater than that of the
apparatus incorporating a Hall element. As a result, the
current sensor apparatus incorporating a fluxgate ele-
ment has a problem that the coil for detecting a high fre-
quency component is large-sized and the apparatus is
expensive, due to the following reason.
[0033] Inductance L of the coil for detecting a high fre-
quency component wound around the magnetic yoke is
expressed as L = K · N2 where the AL value (the induct-
ance value per one turn of the coil) of the magnetic yoke
is K and the number of turns of the coil is N.
[0034] It is assumed that the magnetic yoke is made
of a high-permeability ferrite material having a cross-
sectional area of about 5 by 5 mm. If the length of the
gap of the yoke is 1 mm, that is, a typical length for a
current sensor apparatus incorporating a Hall element,
the AL value K of the yoke is about 1 µ H/ T. If the length
of the gap of the yoke is 10 mm, that is, a typical length
for a current sensor apparatus incorporating a fluxgate
element, the AL value K of the yoke is about 0.1 µH/T,
which is 1/10 of the value K obtained when the Hall el-
ement is used.
[0035] If the direct current resistance of the coil for de-
tecting a high frequency component is 'r', cutoff frequen-
cy 'f' of the coil is f = r/ 2πK · N2. Therefore, in order to
obtain the same cutoff frequency when the fluxgate el-
ement is used, it is required that, for example, the
number of turns of the coil is about three times that of
the apparatus using the Hall element and the coil is
made of a wire having a cross section about three times
as large as that of the coil of the apparatus using the
Hall element.
[0036] As thus described, if the prior-art AC coupling
method is directly applied to the current sensor appara-
tus incorporating the fluxgate element, the coil for de-
tecting a high frequency component is large-sized and
the apparatus is expensive.
[0037] In addition, in the prior-art techniques using the
AC coupling method, no consideration is given to the
cutoff frequency and the excitation frequency of the coil
for detecting a high frequency component that are prob-
lems specific to the sampling system. Therefore, if the
prior-art AC coupling method is directly applied to the
current sensor apparatus incorporating the fluxgate el-
ement, a beat may be produced from the frequency of

a varying component of a current to be measured and
the excitation frequency.
[0038] Prior art document JP 3 162681 disdoses a
current detector, which has a magnetic core having a
gap, and a further magnetic core which is inserted to
form the current detector. The magnetic flux produced
corresponding to a current flowing through a measure-
ment line passes through a first magnetic path, when
the current is small, but is shunted to a second magnetic
path determined by the length of the gap, when the cur-
rent is large. Therefore, a voltage and a current induced
at a coil are suppressed by setting the gap and the mag-
netic flux density of the magnetic paths properly to sup-
press a high voltage or large current generated by a trail-
ing detecting circuit.

DISCLOSURE OF THE INVENTION

[0039] It is the object of the invention to provide a cur-
rent sensor apparatus for widening the response fre-
quency band while suppressing a beat generated by the
frequency of a varying component of a current to be
measured and the excitation frequency, and reducing
difficulties in manufacturing the apparatus and the size
of the apparatus.
[0040] This object is solved by a current sensor appa-
ratus according to claim 1. Advantageous embodiments
are subject matters of the dependent claims.
[0041] A current sensor apparatus of the invention
comprises : a ring-shaped magnetic yoke through which
a magnetic flux generated by an electric current flowing
through an electric current path passes, the yoke sur-
rounding the current path, part of the yoke having a gap;
and a magnetic sensor element placed in the gap of the
magnetic yoke and provided for detecting a magnetic
field in the gap generated by the current flowing through
the current path. A magnetic path of the flux passing
through the magnetic yoke includes: a first magnetic
path, mainly passing through the magnetic sensor ele-
ment, through which a part of the flux passing through
the magnetic yoke passes; and a second magnetic path
through which another part of the flux passing through
the magnetic yoke passes.
[0042] According to the invention, the magnetic sen-
sor element detects the magnetic field in the gap gen-
erated by the current flowing through the current path,
based on the magnetic flux passing through the first
magnetic path. The second magnetic path may be used
for a function other than detecting a magnetic field by
the magnetic sensor element.
[0043] The current sensor apparatus further compris-
es a high frequency component detection coil for detect-
ing a high frequency component of the current flowing
through the current path, and the detection coil may be
placed in the second magnetic path.
[0044] In this current sensor apparatus the magnetic
sensor element detects the magnetic field in the gap
generated by the current flowing through the current
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path. The detection coil detects a high frequency com-
ponent of the current flowing through the current path.
In the apparatus the magnetic sensor element and the
detection coil are placed in the different magnetic paths.
Therefore, it is possible to determine the cutoff frequen-
cy and so on for each of the magnetic sensor element
and the detection coil independently.
[0045] The current sensor apparatus may comprise a
magnetic field interrupter, placed between the current
path and the gap, for interrupting a magnetic field cor-
responding to a magnetic flux that is generated by the
current passing through the current path and does not
pass through the magnetic yoke, so that the magnetic
field is cut off from the magnetic sensor element. In ad-
dition, the second magnetic path may be made up of the
field interrupter. In this current sensor apparatus the
field interrupter cuts off the magnetic field corresponding
to the magnetic flux that is generated by the current
passing through the current path and does not pass
through the magnetic yoke from the magnetic sensor el-
ement.
[0046] In the current sensor apparatus comprising the
field interrupter, the field interrupter may be separated
from the magnetic yoke or may be integrated with the
magnetic yoke. Part of the field interrupter may have a
gap. A center position of the gap of the field interrupter
may be off a straight line drawn through a center of the
current path and a center of the gap of the magnetic
yoke. The field interrupter may be made of a magnetic
substance. The magnetic sensor element may be a flux-
gate magnetic sensor element, for example.
[0047] The current sensor apparatus comprising the
high frequency component detection coil may further
comprise an attenuation means, placed in the first mag-
netic path, for attenuating a frequency component of the
magnetic flux passing through the first magnetic path
that is higher.
[0048] In the current sensor apparatus comprising the
high frequency component detection coil, the magnetic
sensor element may have a magnetic core placed in the
first magnetic path and a sensor coil wound around the
core and provided for detecting a magnetic field corre-
sponding to the flux passing through the first magnetic
path. In this case the apparatus may further comprise:
a drive means for driving the sensor coil by supplying
an alternating excitation current that drives the core into
a saturation region to the sensor coil; and a measure-
ment means for measuring the current passing through
the current path by detecting variations in inductance of
the sensor coil. In the present invention the magnetic
core is a core made of a magnetic substance having a
magnetic saturation property on which the coil is wound.
To drive the sensor coil means to supply an alternating
current to the sensor coil.
[0049] The current sensor apparatus comprising the
drive means and the measurement means may further
comprise an attenuation means, placed in the first mag-
netic path, for attenuating a frequency component of the

magnetic flux passing through the first magnetic path
that is higher than a specific cutoff frequency. The cutoff
frequency may be equal to or lower than a Nyquist fre-
quency obtained from a frequency of the excitation cur-
rent. In the current sensor apparatus comprising the
drive means and the measurement means, the drive
means may have a series resonant circuit part of which
is made up of the sensor coil and may supply a resonant
current flowing through the series resonant circuit as the
excitation current to the sensor coil. The current sensor
apparatus comprising the drive means and the meas-
urement means may further comprise a current supply
means for supplying an electric current to the sensor
coil, the current including a direct current and having a
frequency different from a frequency of the excitation
current. In this case the current supply means may sup-
ply a negative feedback current to the sensor coil for
negative feedback of an output of the measurement
means to the sensor coil. The high frequency compo-
nent detection coil may form a path for supplying the
negative feedback current to the sensor coil.
[0050] In the current sensor apparatus comprising the
drive means and the measurement means, the meas-
urement means may have: an inductance element con-
nected to the sensor coil in series; and a differentiation
circuit for differentiating a voltage generated across the
inductance element and outputting a signal responsive
to the current flowing through the current path.
[0051] In the current sensor apparatus comprising the
high frequency component detection coil, the second
magnetic path may include a gap.
[0052] In the current sensor apparatus comprising the
high frequency component detection coil, the second
magnetic path may be located between the current path
and the first magnetic path. In this case, the current sen-
sor apparatus may further comprise a magnetic field in-
terrupting member made of a magnetic substance and
placed in the second magnetic path, the member inter-
rupting a magnetic field corresponding to a magnetic
flux that is generated by the current passing through the
current path and does not pass through the magnetic
yoke, so that the magnetic field is cut off from the mag-
netic sensor element. In addition, the high frequency
component detection coil may be wound around the field
interrupting member.
[0053] According to another aspect, a current sensor
apparatus comprises: a ring-shaped magnetic yoke
through which a magnetic flux generated by an electric
current flowing through an electric current path passes,
the yoke surrounding the current path, part of the yoke
having a gap; a magnetic sensor element placed in the
gap of the magnetic yoke and provided for detecting a
magnetic field in the gap generated by the current flow-
ing through the current path; and a magnetic field inter-
rupter, placed between the current path and the gap, for
interrupting a magnetic field corresponding to a magnet-
ic flux that is generated by the current passing through
the current path and does not pass through the magnetic
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yoke, so that the magnetic field is cut off from the mag-
netic sensor element.
[0054] The field interrupter cuts off the magnetic field
corresponding to the magnetic flux that is generated by
the current passing through the current path and does
not pass through the magnetic yoke from the magnetic
sensor element.
[0055] The field interrupter may be separated from the
magnetic yoke or may be integrated with the magnetic
yoke. Part of the field interrupter may have a gap. A cent-
er position of the gap of the field interrupter may be off
a straight line drawn through a center of the current path
and a center of the gap of the magnetic yoke. The field
interrupter may be made of a magnetic substance. The
magnetic sensor element may be a fluxgate magnetic
sensor element, for example.
[0056] Other and further objects, features and advan-
tages of the invention will appear more fully from the fol-
lowing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057]

FIG. 1 is a cross-sectional view of a current sensor
apparatus of a first embodiment of the invention.
FIG. 2 is a perspective view of the current sensor
apparatus shown in FIG. 1.
FIG. 3 is a circuit diagram of an equivalent circuit of
the current sensor apparatus shown in FIG. 1.
FIG. 4 is an explanatory view for describing condi-
tions for a computer simulation for confirming the
effect of the first embodiment of the invention.
FIG. 5 is a plot showing a result of the computer
simulation for confirming the effect of the first em-
bodiment.
FIG. 6 is a plot showing a result of the computer
simulation for confirming the effect of the first em-
bodiment.
FIG. 7 is a cross-sectional view of a current sensor
apparatus of a second embodiment of the invention.
FIG. 8 is a circuit diagram illustrating the configura-
tion of a current sensor apparatus of a third embod-
iment of the invention.
FIG. 9 is an explanatory view illustrating the config-
uration of a current sensor apparatus of a fourth em-
bodiment of the invention.
FIG. 10 is a cross-sectional view of the main part of
the current sensor apparatus shown in FIG. 9.
FIG. 11 is a circuit diagram of an equivalent circuit
of the main part of the current sensor apparatus
shown in FIG. 9.
FIG. 12 is a cross-sectional view of the main part of
a current sensor apparatus of a fifth embodiment of
the invention.
FIG. 13 is a cross-sectional view of the main part of
a current sensor apparatus of a sixth embodiment
of the invention.

FIG. 14 is a circuit diagram illustrating the configu-
ration of a current sensor apparatus of a seventh
embodiment of the invention.
FIG. 15 is a circuit diagram illustrating the configu-
ration of a current sensor apparatus of an eighth
embodiment of the invention including a magnetic
yoke.
FIG. 16 is a circuit diagram illustrating the configu-
ration of the current sensor apparatus of the eighth
embodiment except the magnetic yoke.
FIG. 17 is an explanatory view for describing the
operation principle of a fluxgate element.

BEST MODE FOR CARRYING OUT THE INVENTION

[0058] Preferred embodiments of the invention will
now be described in detail with reference to the accom-
panying drawings.

[First Embodiment]

[0059] FIG. 1 is a cross section of a current sensor
apparatus of a first embodiment of the invention. FIG. 2
is a perspective view of the current sensor apparatus
shown in FIG. 1. The current sensor apparatus compris-
es: a ring-shaped magnetic yoke 2 surrounding a cur-
rent path 1, part of the yoke having a gap 3; and a mag-
netic sensor element 4 placed in the gap 3 of the mag-
netic yoke 2. The magnetic sensor element 4 detects a
magnetic field in the gap 3 generated by a current flow-
ing through the current path 1 to measure the current
flowing through the current path 1. The current sensor
apparatus further comprises a magnetic field interrupter
5, placed between the current path 1 and the gap 3, for
interrupting a magnetic field corresponding to a magnet-
ic flux that is generated by the current passing through
the current path 1 and does not pass through the mag-
netic yoke 2, so that the magnetic field is cut off from the
magnetic sensor element 4.
[0060] Although the magnetic yoke 2 has the shape
of a rounded rectangular ring in this embodiment, it is
not limited to this shape. The magnetic field interrupter
5 is plate-shaped. Each end of the field interrupter 5 fac-
es toward the inner surface of the magnetic yoke 2 at a
specific distance and separated from the yoke 2. The
yoke 2 and the field interrupter 5 are each made of a
magnetic substance. The magnetic sensor element 4
may be a fluxgate element but is not limited to the flux-
gate element.
[0061] The operation of the current sensor apparatus
of the embodiment will now be described. In the appa-
ratus a current flowing through the current path 1 gen-
erates a magnetic flux passing through the magnetic
yoke 2. The magnetic sensor element 4 detects a mag-
netic field inside the gap 3 corresponding to the flux. The
value of the current flowing through the current path 1
is obtained from an output of the sensor element 4.
[0062] The field interrupter 5 interrupts a magnetic
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field corresponding to a magnetic flux that is generated
by the current flowing through the current path 1 and
does not pass through the yoke 2, so that the magnetic
field is cut off from the sensor element 4. As a result, it
is possible to reduce measurement errors resulting from
variations in the position of the current path 1 passing
through the space inside the yoke 2.
[0063] The operation of the magnetic field interrupter
5 will now be described in detail. As shown in FIG. 1,
the magnetic path of the flux passing through the yoke
2 includes: a first magnetic path, mainly passing through
the gap 3 and the sensor element 4, through which a
part of the magnetic flux passing through the yoke 2
passes; and a second magnetic path, mainly passing
through the field interrupter 5, through which another
part of the magnetic flux passing through the yoke 2
passes. As shown in FIG. 1, the reluctance of the first
magnetic path, that is, the reluctance of the magnetic
flux passing through the gap 3 of the flux passing
through the yoke 2, is represented by Rg. The reluc-
tance of the second magnetic path, that is, the reluc-
tance of the magnetic flux passing through the interrupt-
er 5 of the flux passing through the yoke 2, is represent-
ed by Rs. The reluctance of the portion of the yoke 2
where the magnetic flux made up of the flux passing
through the gap 3 and the flux passing through the in-
terrupter 5 passes is represented by Ro.
[0064] The equivalent circuit of the current sensor ap-
paratus shown in FIG. 1 is the one shown in FIG. 3
where the magnetomotive force generated by the cur-
rent passing thorugh the current path 1 is F. In the equiv-
alent circuit reluctance R0 and a parallel circuit of reluc-
tance Rg and reluctance Rs are connected in series to
the source of magnetomotive force F.
[0065] Where a current to be measured is I (A), mag-
netomotive force F is represented by F = I (A/ m). Mag-
netomotive force Fg applied to the gap 3 in which the
sensor element 4 is placed is represented by the follow-
ing equation.

[0066] The reluctance of the parallel circuit of reluc-
tance Rg and reluctance Rs is represented by Rg// Rs
wherein Rg// Rs = Rg · Rs/ (Rg + Rs).
[0067] If reluctance R0 of the portion of the yoke 2
where the magnetic flux made up of the flux passing
through the gap 3 and the flux passing through the in-
terrupter 5 passes is small enough and the relation holds
that R0 << Rg// Rs, Fg is equal to F. Therefore, magne-
tomotive force Fg applied to the gap 3 in which the sen-
sor element 4 is placed is independent of reluctance Rs.
That is, if the reluctance of the magnetic path is suffi-
ciently greater than the reluctance of the yoke 2, the field
interrupter 5 placed between the current path 1 and the
gap 3 will not affect the magnetomotive force applied to
the gap 3 in which the sensor element 4 is placed, that

Fg = F · (Rg// Rs/Rg// Rs + R0)

is, the magnetic field applied to the sensor element 4.
This means that, without affecting the magnetic field ap-
plied to the sensor element 4 by the flux passing through
the yoke 2, the field interrupter 5 placed between the
current path 1 and the gap 3 interrupts the magnetic field
that might be directly applied to the sensor element 4
from the current path 1 without passing through the yoke
2.
[0068] Reference is now made to FIG. 4 to FIG. 6 to
describe the result of a computer simulation made for
confirming the effect of the field interrupter 5. Referring
to FIG. 4, the conditions for the simulation will be de-
scribed. The magnetic sensor element 4 is placed in the
gap 3 of the magnetic yoke 2. Although not shown, the
current path is located in the space inside the yoke 2.
The field interrupter 5 is placed between the sensor el-
ement 4 and the current path. The space inside the yoke
2 has a rectangular cross section having a length of 20
mm in the horizontal direction of FIG. 4 and a length of
12. 5 mm in the vertical direction. A position in the space
inside the yoke 2 is indicated with x and y coordinates
wherein the origin 0 is the position located in the middle
in the horizontal direction and at a distance of 7.5 mm
upward from the gap 3, and the x direction is the hori-
zontal direction and the y direction is the vertical direc-
tion. For x coordinates the right side of the origin 0 is
positive and the left side is negative. For y coordinates
the upper side of the origin 0 is positive and the lower
side is negative. The length of the gap 3 is 15 mm and
the length of the interrupter 5 is 10 mm.
[0069] FIG. 5 and FIG. 6 are plots for illustrating the
result of the simulation. FIG. 5 shows variations in the
magnetic flux density in the center point of the sensor
element 4 given in percent wherein only the x coordinate
of the position of the current path is changed with re-
spect to the position of the current path located in the
origin 0. FIG. 6 shows variations in the flux density in
the center point of the sensor element 4 given in percent
wherein only the y coordinate of the position of the cur-
rent path is changed with respect to the position of the
current path located in the origin 0. The sensor element
4 has a drum-shaped magnetic core. The flux density in
the center point of the sensor element 4 is the flux den-
sity in the center portion of the core. In FIG. 5 and FIG.
6 the solid lines indicate that the field interrupter 5 is not
provided and the broken lines indicate that the interrupt-
er 5 is provided. As shown, variations in flux density re-
sulting from variations in the position of the current path
are smaller in the case where the interrupter 5 is provid-
ed, compared to the case where the interrupter 5 is not
provided. As a result, measurement errors are reduced.
[0070] According to the current sensor apparatus of
the embodiment thus described, it is possible to reduce
measurement errors resulting from variations in the po-
sition of the current path 1 passing through the space
inside the magnetic yoke 2, without sacrificing the con-
venience of use of the apparatus in that a current is
measured by simply passing the electric wire through
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the space inside the yoke 2 and without increasing the
apparatus in size and weight.
[0071] In this embodiment, if the magnetic sensor el-
ement 4 is a fluxgate element, the effect of reducing
measurement errors resulting from variations in the po-
sition of the current path 1 is remarkable and the excel-
lent current sensor apparatus is implemented.

[Second Embodiment]

[0072] FIG. 7 is a cross section of a current sensor
apparatus of a second embodiment of the invention. In
the current sensor apparatus a magnetic field interrupter
10 is provided in place of the magnetic field interrupter
5 of the current sensor apparatus shown in FIG. 1. The
field interrupter 10 is integrated with the magnetic yoke
2 and made of the same magnetic substance as the
yoke 2. The field interrupter 10 is plate-shaped and both
ends thereof are coupled to the inner surface of the yoke
2. Part of the field interrupter 10 has a gap 10a. The gap
10a is located in a position off the middle of the field
interrupter 10 (shifted downward in FIG. 7). In this em-
bodiment the gap 3 of the yoke 2 is located in a position
off the middle of one side of the yoke 2 toward the di-
rection opposite to the gap 10a (shifted upward in FIG.
7). Therefore, the center position of the gap 10a of the
field interrupter 10 is off the straight line drawn through
the center of the current path 1 and the center of the gap
3 of the yoke 2. As a result, the effect of interrupting a
magnetic field is greater, compared to the case in which
the center position of the gap 10a is located on the
straight line drawn through the center of the current path
1 and the center of the gap 3 of the yoke 2. In order to
increase the effect of interrupting a magnetic field, it is
preferred that the amount of shift of the gap 10a of the
field interrupter 10 from the gap 3 of the yoke 2 is greater.
[0073] In the current sensor apparatus of the first em-
bodiment the field interrupter 5 is separated from the
yoke 2. Therefore, some processing is required for plac-
ing the field interrupter 5 in the specific position. In con-
trast, the field interrupter 10 is integrated with the yoke
2 in the second embodiment. As a result, no processing
is required for installing the field interrupter 10. In addi-
tion, since the yoke 2 is usually made of ferrite, the yoke
2 and the field interrupter 10 are easily formed, accord-
ing to this embodiment.
[0074] The remainder of configuration, operation and
effects of the second embodiment are similar to those
of the first embodiment.
[0075] In Published Unexamined Japanese Patent
Application Hei 8-15322 (1996), a current sensor appa-
ratus is disclosed in which a magnetic core is divided
into a ring-shaped core on which no feedback winding
is placed and an H-shaped core on which a feedback
winding is placed. The H-shaped core detects a leakage
flux in a gap of the ring-shaped core. The H-shaped core
together with a magnetic detection element placed near
the H-shaped core is covered with a magnetic shield

member. The positions of the horizontal portion of the
H-shaped core and the magnetic detection element with
respect to each other disclosed in the publication are
similar to the positions of the field interrupter 10 and the
sensor element 4 of the second embodiment of the in-
vention. However, the current sensor apparatus dis-
closed in the publication has the configuration in which
the H-shaped core is placed outside the gap of the ring-
shaped core and the magnetic detection element is
placed at the end of the H-shaped core opposite to the
ring-shaped core. This configuration is totally different
from that of the current sensor apparatus of the second
embodiment of the invention in which the sensor ele-
ment 4 is placed in the gap 3 of the yoke 2. In addition,
the horizontal portion of the H-shaped core is provided
for making a magnetic path through which the magnetic
flux generated by the feedback winding passes and has
a function different from that of the field interrupter 10 in
the yoke 2 of the second embodiment.

[Third Embodiment]

[0076] A current sensor apparatus of a third embodi-
ment of the invention will now be described. FIG. 8 is a
circuit diagram of the current sensor apparatus of the
third embodiment. The current sensor apparatus is sim-
ilar to the apparatus of the second embodiment except
that the magnetic sensor element 4 is a fluxgate mag-
netic sensor element and the periphery circuitry of the
element 4 is added.
[0077] In the current sensor apparatus the fluxgate el-
ement having a magnetic core 51 and a coil 52 wound
around the core 51 is placed in the gap 3 of the yoke 2
of the current sensor apparatus of the second embodi-
ment.
[0078] The circuit configuration of the current sensor
apparatus of the third embodiment will now be de-
scribed. Positive and negative power supply circuits for
operational amplifiers are not shown, according to the
practice.
[0079] An end of a detection coil 20 is connected to
an end of the coil 52. The other end of the detection coil
20 is grounded. An end of a coil 6 making a path for
supplying a negative feedback current to the coil de-
scribed later is connected to the other end of the coil 52.
The other end of the coil 6 is grounded through a capac-
itor 7.
[0080] The current sensor apparatus further compris-
es: a drive circuit having a series resonant circuit part
of which is made up of the coil 52 and supplying a res-
onant current flowing through the series resonant circuit,
as an alternating current for driving the core 51 into a
saturation region, to the coil 52; and a detection and
feedback circuit for detecting a magnetic field to be
measured by detecting variations in resonant current
flowing through the coil 52 that corresponds to induct-
ance variations of the coil 52 and for supplying a nega-
tive feedback current used for the negative feedback
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method to the coil 52.
[0081] The drive circuit has an oscillation circuit in-
cluding the series resonant circuit. The configuration of
the oscillation circuit is as follows. The oscillation circuit
incorporates a transistor 11. The base of the transistor
11 is connected to the other end of the coil 52 through
a capacitor 12 used for resonance. An end of a capacitor
13 used for feedback is connected to the base of the
transistor 11. An end of the capacitor 14 used for feed-
back and the emitter of the transistor 11 are connected
to the other end of the capacitor 13. The other end of
the capacitor 14 is grounded. The emitter of the transis-
tor 11 is grounded through a load coil 15. The collector
of the transistor 11 is connected to a power input 16 and
to the base through a bias resistor 17. The configuration
of this oscillation circuit is that of a Clapp oscillation cir-
cuit wherein Cs << Cb and Cs << Ce, the capacitance
of each of the capacitors 12, 13 and 14 being Cs, Cb
and Ce, respectively.
[0082] The configuration of the detection and feed-
back circuit is as follows. An end of a capacitor 21 is
connected to the connection point between the coil 52
and the detection coil 20. The other end of the capacitor
21 is grounded through a resistor 22. The capacitor 21
and the resistor 22 make up a differentiation circuit for
differentiating the voltage generated across the coil 20
and outputting a signal corresponding to the magnetic
field to be measured.
[0083] The anode of a diode 23 and the cathode of a
diode 25 are connected to the connection point between
the capacitor 21 and the resistor 22. The cathode of the
diode 23 is grounded through a capacitor 24. The anode
of the diode 25 is grounded though a capacitor 26. The
diode 23 and the capacitor 24 make up the positive peak
hold circuit. The diode 25 and the capacitor 26 make up
the negative peak hold circuit.
[0084] An end of a resistor 27 is connected to the con-
nection point between the diode 23 and the capacitor
24. An end of a resistor 28 is connected to the connec-
tion point between the diode 25 and the capacitor 26.
The other end of each of the resistors 27 and 28 is con-
nected to an end of a resistor 31. The resistors 27 and
28 make up the resistor adding circuit for adding a pos-
itive output value held at the positive peak hold circuit
to a negative output value held at the negative peak hold
circuit. A detection signal corresponding to the external
magnetic field is present at an end of the resistor 31.
[0085] The other end of the resistor 31 is connected
to the inverting input of an operational amplifier 32. The
noninverting input of the operational amplifier 32 is
grounded through a resistor 33. The output of the oper-
ational amplifier 32 is connected to the inverting input
through a resistor 34. The amplifier 32 and the resistors
31, 33 and 34 make up an inverting amplifier.
[0086] The output of the operational amplifier 32 is
connected to an end of a resistor 35 for detecting an
output. The other end of the resistor 35 is connected to
the connection point between the coil 6 and a capacitor

7. The one end of the resistor 35 is connected to the
noninverting input of an operational amplifier 38 through
a resistor 37. The noninverting input of the amplifier 38
is grounded through a resistor 39. The output of the am-
plifier 38 is connected to the inverting input through a
resistor 40 and to an detection output 41. The amplifier
38 and the resistors 36, 37, 39 and 40 make up a differ-
ential amplifier.
[0087] The detection coil 20, the coil 6 and the capac-
itor 7 are not only part of the oscillation circuit as the
drive circuit but also part of the detection and feedback
circuit.
[0088] The operation of the current sensor apparatus
of the embodiment will now be described. An alternating
current is supplied to the coil 52 by the oscillation circuit
such that the core 51 is driven into the saturation region.
The alternating current is a resonant current that is equal
to the current value limited by the supply voltage multi-
plied by value Q of the resonant circuit. A method taken
in this embodiment is to detect variations in waveform
of resonant current as a method of capturing variations
in inductance of the coil 52 as an output signal of the
current sensor apparatus. To be specific, the voltage
across the detection coil 20 connected to the coil 52 in
series and having a large saturation current is differen-
tiated at the differentiation circuit made up of the capac-
itor 21 and the resistor 22. A positive output value of an
output of the differentiation circuit is held at the positive
peak hold circuit made up of the diode 23 and the ca-
pacitor 24. A negative output value of the output of the
differentiation circuit is held at the negative peak hold
circuit made up of the diode 25 and the capacitor 26.
The positive and negative output values are added to
each other at the resistor adding circuit made up of the
resistors 27 and 28. A detection signal corresponding to
the external magnetic field is thus obtained.
[0089] When no external magnetic field is present, the
positive and negative portions of the differential wave-
form of the voltage across the detection coil 20 are sym-
metric, and the sum of positive and negative peak val-
ues (the difference between the absolute values) of the
differential waveform is zero. In contrast, when the ex-
ternal field is applied to the coil 52, the positive and neg-
ative portions of the differential waveform are asymmet-
ric. As a result, the sum of positive and negative peak
values (the difference between the absolute values) of
the differential waveform is other than zero, which de-
pends on the external magnetic field. According to the
embodiment, in such a manner, the external magnetic
field is measured by obtaining the sum of positive and
negative peak values (the difference between the abso-
lute values) of the differential waveform.
[0090] As thus described, the detection and feedback
circuit detects the magnetic field to be measured, based
on a portion of the resonant current flowing through the
coil 52 that drives the core 51 into the saturation region.
In other words, the detection and feedback circuit de-
tects the magnetic field to be measured, based on asym-
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metric positive and negative components of the reso-
nant current flowing through the coil 52.
[0091] The detection signal obtained at the adding cir-
cuit made up of the resistors 27 and 28 is inverted and
amplified at the inverting amplifier made up of the oper-
ational amplifier 32 and the resistors 31, 33 and 34. The
signal is then carried through the resistor 35 and applied
to the connection point between the coil 6 and the ca-
pacitor 7. A negative feedback current is thereby sup-
plied to the coil 52 through the coil 6 and magnetomotive
force in the direction opposite to the external magnetic
field is applied to the coil 52. In this embodiment, since
the inverting amplifier has outputs of both positive and
negative polarities, negative and positive feedback cur-
rents (wherein one of the directions of the external field
is defined as positive) corresponding to the positive and
negative polarities of the external magnetic field are
supplied from the output of the inverting amplifier to the
coil 52. Therefore, the end of the inverting amplifier on
the side of the coil 52 is grounded.
[0092] The external magnetic field is measured as fol-
lows. The negative feedback current, that is, the current
corresponding to the external field, is converted to a volt-
age by the resistor 35. The voltage is amplified at the
differential amplifier made up of the operational amplifier
38 and the resistors 35, 36, 39 and 40, and then given
to the detection output 41. A detection output signal cor-
responding to the external field is then outputted from
the detection output 41.
[0093] The balance between the external field and the
magnetomotive force generated by the negative feed-
back current would not change unless the ampere turn
of the coil 52 changes. Consequently, the current sensor
apparatus of the embodiment achieves reduced sensi-
tivity variations, excellent linearity, and excellent stability
against changes in temperature, supply voltage and so
on. In addition, since the large amplitude excitation
method is taken, the offset is zero, according to the prin-
ciple, and no drift due to external perturbations occurs.
[0094] A specific example of the current sensor appa-
ratus actually fabricated will now be described. In this
example, the yoke 2 is made of Mn-Zn-base ferrite and
has a ring shape with shorter sides (the sides along the
horizontal direction of FIG. 8) 24 mm long and longer
sides (the sides along the vertical direction of FIG. 8) 32
mm long, and has a thickness of 4 mm. The gap 3 of the
yoke 2 is 6 mm and the gap 10a of the field interrupter
10 is 3 mm in length. The cross section of the space
inside the yoke 2 through which the current path 1 pass-
es has the shape of a rectangle whose sides along the
horizontal direction of FIG. 8 are 16 mm long and sides
along the vertical direction of FIG. 8 are 14 mm long.
[0095] The magnetic sensor element is a fluxgate el-
ement incorporating the rod-shaped core 51 made of
Ni-Cu-Zn-base ferrite and having a diameter of 0.8 mm
and a length of 2.5 mm and the coil 52 made of 250 turns
of urethane-coated lead wire having a diameter of 0.03
mm wound around the core 51.

[0096] In this example variations in output of the cur-
rent sensor apparatus is 1 percent or less when the po-
sition of the current path 1 shifts from the designated
position to ± 2 mm in each direction wherein the current
path 1 is made of a coated wire having a diameter of 6
mm.
[0097] According to the current sensor apparatus of
the embodiment thus described, it is possible to resolve
the drawback that measurement errors result from var-
iations in the position of the current path due to the wide
gap of the magnetic yoke, which is the only drawback
of the current sensor apparatus incorporating the flux-
gate element having excellent features as a magnetic
sensor element of a current sensor apparatus. The ap-
paratus is therefore very useful for measuring a direct
current in an electric car or solar-electric power gener-
ation.
[0098] According to the embodiment, a resonant cur-
rent of the resonant circuit is supplied to the coil 52. As
a result, an alternating current that drives the core 51
into the saturation region is easily supplied to the coil
52. In addition, the configuration of the apparatus is sim-
ple since it is not required to wind any coil for excitation
around the core 51 besides the coil 52.
[0099] According to the embodiment, the negative
feedback current used for the negative feedback meth-
od is supplied to the coil 52 through the coil 6 connected
to the coil 52 in parallel in terms of alternating current.
As a result, the feedback current is easily supplied to
the coil 52 without causing a loss of resonant current.
[0100] According to the embodiment, a detection out-
put of the order of volts is easily obtained by inserting
the detection coil 20 to the resonant circuit, without re-
ducing value Q of the resonant circuit, that is, without
causing insufficiency in resonant current supplied to the
coil 52. In addition, the peak hold circuit is implemented
by the simple and inexpensive one utilizing the diode
and the capacitor. The detection coil 20 is able to obtain
a sufficiently large output even when the inductance val-
ue thereof is a few percent of the inductance value of
the coil 52. Therefore, since the number of turns of the
detection coil 20 is small and the saturation current val-
ue is sufficiently large in general, the detection coil 20
will not be saturated by the drive current (resonant cur-
rent) of the coil 52.
[0101] Through those techniques, the large amplitude
method and the negative feedback method are applica-
ble while a magnetic core, such as a ferrite core, having
a large saturation field and large nonlinearity is used. It
is thereby possible to use a fluxgate element for detect-
ing a large magnetic field or a large electric current.
[0102] The features of the current sensor apparatus
of the embodiment are listed below.

(1) Measurement errors resulting from variations in
the position of the current path through which a cur-
rent to be measured passes are small.
(2) Since the negative feedback method is taken,
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sensitivity variations are reduced and thermal char-
acteristics are improved automatically.
(3) Thus, no sensitivity adjustment or thermal char-
acteristic compensation is required.
(4) No offset adjustment is required.
(5) The apparatus exhibits excellent properties
since the large amplitude excitation method is ap-
plied.
(6) No special method is required for fabricating the
sensor section.
(7) Since resonant current is utilized, the sensor coil
is driven at a low supply voltage and a high frequen-
cy.
(8) No special material or method is required for fab-
ricating the apparatus and the circuit is very simple.
As a result, the apparatus is manufactured at an ex-
tremely low cost and it is possible to meet the great
demand.
(9) The apparatus has an excellent frequency re-
sponse.
(10) Power consumption is low since resonant cur-
rent is used.
(11) The apparatus is small and light-weight since
the configuration is simple.

[0103] The magnetic yoke 2 and the field interrupter
5 of the first embodiment may be used in place of the
magnetic yoke 2 and the field interrupter 10 of the cur-
rent sensor apparatus shown in FIG. 8. In the first to
third embodiments the magnetic sensor element is not
limited to the fluxgate element but may be any other el-
ement such as a Hall element.
[0104] According to the current sensor apparatus of
the invention including the first to third embodiments,
the magnetic field interrupter is provided between the
current path and the gap of the magnetic yoke. The field
interrupter interrupts a magnetic field corresponding to
a magnetic flux that is generated by a current passing
through the current path and does not pass through the
magnetic yoke, so that the magnetic field is cut off from
the magnetic sensor element. As a result, it is possible
to reduce measurement errors resulting from variations
in the position of the current path passing through the
space inside the magnetic yoke, without sacrificing the
convenience of use of the apparatus and without in-
creasing the apparatus in size and weight.
[0105] If the field interrupter is integrated with the
magnetic yoke and part of the interrupter has a gap, the
effect of interrupting a magnetic field is further enhanced
when the center of the gap of the interrupter is off the
straight line drawn through the center of the current path
and the center of the gap of the yoke.
[0106] If the magnetic sensor element is a fluxgate el-
ement, the effect of reducing measurement errors re-
sulting from variations in the position of the current path
is remarkable and the excellent current sensor appara-
tus is implemented.

[Fourth Embodiment]

[0107] FIG. 9 is an explanatory view illustrating the
configuration of a current sensor apparatus of a fourth
embodiment of the invention. FIG. 10 is a cross section
of the main part of the current sensor apparatus. As
shown in FIG. 10, the current sensor apparatus com-
prises a ring-shaped magnetic yoke 102 through which
a magnetic flux passes, the flux being generated by a
current to be measured flowing through a current path
101. The yoke 102 surrounds the current path 101 and
part of the yoke 102 has gap G. The current sensor ap-
paratus further comprises: a sensor magnetic core 103
placed in gap G of the yoke 102; and a sensor coil 104
wound around the core 103. The core 103 and the coil
104 make up a fluxgate magnetic sensor element and
detect a magnetic field in gap G generated by the current
to be measured flowing through the current path 101 so
as to detect the current to be measured flowing through
the current path 101.
[0108] The current sensor apparatus further compris-
es: a magnetic core 151 placed between the current
path 101 and the core 103 in gap G of the yoke 102; and
a detection coil 152 wound around the core 151 and pro-
vided for detecting a high frequency component of the
current to be measured flowing through the current path
101. The coil 152 is coupled to the current path 101
through alternating current and magnetic coupling
through a magnetic flux passing through the coil 152.
[0109] As described above, the two magnetic cores
103 and 151 are placed in parallel in gap G of the yoke
102. Therefore, the magnetic path of the flux passing
through the yoke 102 includes: a first magnetic path 201,
mainly passing through the sensor core 103 and the
sensor coil 104, through which a part of the magnetic
flux passing through the yoke 102 passes; and a second
magnetic path 202, mainly passing through the core 151
and the detection coil 152, through which another part
of the magnetic flux passing through the yoke 102 pass-
es. In other words, the sensor core 103 and the sensor
coil 104 are placed in the first magnetic path 201. The
coil 151 and the detection coil 152 are placed in the sec-
ond magnetic path 202.
[0110] The current sensor apparatus further compris-
es a shunt coil 105 placed in the first magnetic path 201
in gap G of the yoke 102. The shunt coil 105 is a single-
turn coil and provided for attenuating a frequency com-
ponent of the magnetic flux passing through the first
magnetic path 201 that exceeds a specific cutoff fre-
quency.
[0111] As shown in FIG. 9, the current sensor appa-
ratus further comprises: an excitation circuit 106 for sup-
plying an alternating excitation current for driving the
core 103 into a saturation region to the sensor coil 104
and driving the sensor coil 104; and a detection and
feedback circuit 107 for detecting a current to be meas-
ured flowing through the current path 1. The detection
and feedback circuit 107 detects a current flowing
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through the sensor coil 104 so as to detect variations in
inductance of the sensor coil 104 and outputs a signal
corresponding to the inductance variations, and gener-
ates a negative feedback current used for negative feed-
back of this signal to the sensor coil 104 and supplies
the negative feedback current to the sensor coil 104.
The current sensor apparatus further comprises an out-
put circuit 108 for detecting the negative feedback cur-
rent generated at the detection and feedback circuit 107,
generating a detection signal and outputting a signal
corresponding to the current to be measured, based on
the detection signal. The excitation circuit 106 corre-
sponds to a drive means of the invention. The detection
and feedback circuit 107 and the output circuit 108 cor-
respond to a measurement means of the invention.
[0112] The current sensor apparatus further compris-
es a shunt circuit 109 connected to the shunt coil 105.
The shunt circuit 109 is provided for adjusting the cutoff
frequency of the shunt coil 105. The shunt circuit 109 is,
for example, a circuit connecting ends of the shunt coil
105 to each other through a resistor having a specific
resistance including zero. When the resistance is zero,
a short circuit is established between the ends of the
shunt coil 105 The shunt coil 105 and the shunt circuit
109 correspond to an attenuation means of the inven-
tion.
[0113] An end of the detection coil 152 is connected
to the output of the output circuit 108. An output 154 is
connected to the other end of the detection coil 152. A
measurement signal correspondingto the current to be
measured is outputted from the output 154. The ends of
the detection coil 152 are connected to each other
through a shunt resistor (indicated with R in FIG. 9) 153.
The shunt resistor 153 is provided for adjusting the cut-
off frequency and the detection signal level of the detec-
tion coil 152. A frequency component of the detection
signal of the detection coil 152 lower than the cutoff fre-
quency defined by the shunt resistor 153 is attenuated.
The cutoff frequency of the detection coil 152 is set at a
frequency equal to or lower than the cutoff frequency of
the shunt coil 105 and may be equal to the cutoff fre-
quency of the shunt coil 105.
[0114] In this embodiment the cutoff frequency of the
shunt coil 105 is set at a frequency equal to or lower
than the Nyquist frequency obtained from the frequency
of the excitation current. In the current sensor apparatus
of the embodiment, a frequency component of the cur-
rent to be measured equal to or lower than the cutoff
frequency of the shunt coil 105 is detected at the mag-
netic sensor element, the detection and feedback circuit
107 and the output circuit 108. A frequency component
of the current to be measured higher than the cutoff fre-
quency of the shunt coil 105 is detected at the detection
coil 152. The detection signal of the output circuit 108
and the detection signal of the detection coil 152 are
added and the result is outputted from the output 154
as a measurement signal.
[0115] In this embodiment the magnetic path of the

flux passing through the yoke 102 is divided into the first
magnetic path 201 and the second magnetic path 202.
The reason that it is possible to measure a current al-
though the magnetic path is divided as such will now be
described. The magnetic path through which both the
flux passing through the first magnetic path 201 and the
flux passing through the second magnetic path 202 pass
is hereinafter called a common magnetic path. The re-
luctance of the common magnetic path is indicated with
R0. The common magnetic path is the yoke 102 in this
embodiment. The reluctance of the first magnetic path
201 is R01. The reluctance of the second magnetic path
202 is R02. Magnetomotive force generated by the cur-
rent passing through the current path 101 is F. The
equivalent circuit of the main part of the current sensor
apparatus of FIG. 10 is shown in FIG. 11. In the equiv-
alent circuit reluctance R0 and a parallel circuit of reluc-
tance R01 and reluctance R02 are connected in series
to the source of magnetomotive force F.
[0116] Where a current to be measured is I (A), mag-
netomotive force F is represented by F = I (A/m). Mag-
netomotive force F1 applied to the first magnetic path
201 and magnetomotive force F2 applied to the second
magnetic path 202 are represented by the following
equation.

[0117] The reluctance of the parallel circuit of reluc-
tance R01 and reluctance R02 is represented by R01//
R02 wherein R01// R02 = R01 · R02/ (R01 + R02).
[0118] If reluctance R0 of the common magnetic path
is small enough and the relation holds that R0 << R01//
R02, F1 = F2 = F. That is, if reluctance R01 of the first
magnetic path and reluctance R02 of the second mag-
netic path are sufficiently greater than reluctance R0 of
the common magnetic path, magnetomotive force F1
applied to the first magnetic path 201 is equal to mag-
netomotive force F2 applied to the second magnetic
path 202. This similarly applies to the case where the
magnetic path is divided into three paths or more, re-
gardless of the number of paths. In this embodiment
each of the first magnetic path 201 and the second mag-
netic path 202 has a gap between the yoke 102 and
each of the cores 103 and 151, respectively. Therefore,
reluctance R01 and reluctance R02 are sufficiently
greater than reluctance R0 of the common magnetic
path.
[0119] As a result, although the magnetic path of the
flux passing through the yoke 102 is divided into the first
magnetic path 201 and the second magnetic path 202,
it is possible to measure a current in each of the paths
201 and 202. It is possible to determine the properties
such as the AL value of each of the paths 201 and 202
independently as long as the reluctance is maintained
at a specific level.
[0120] The following is a method of determining the

F1 = F2 = F · (R01//R02) / (R01//R02 + R0)
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cutoff frequency of the shunt coil 105 and the cutoff fre-
quency of the detection coil 152. The cutoff frequency
of the shunt coil 105 is expressed by the following equa-
tion where the cutoff frequency of the shunt coil 105 is
f1, the inductance is L1, the direct current resistance is
r1, and the direct current resistance of the shunt resistor
of the shunt circuit 109 is R1.

[0121] Consequently, f1 is 8 kHz where L1 = 0.1 µH,
r1 = 5 mΩ, and R1 = 0, for example. It is not difficult to
make a coil having an inductance of 0.1 µH with a direct
current resistance of 5 m mΩ through the use of a cop-
per foil for the conductor.
[0122] The cutoff frequency of the detection coil 152
is expressed by the following equation where the cutoff
frequency of the detection coil 152 is f2, the inductance
is L2, the direct current resistance is r2, and the direct
current resistance of the shunt resistor 153 is R2.

[0123] If f2 is 8 kHz in accordance with the cutoff fre-
quency of the shunt coil 105, it is required that (r2 + R2)
equals to 5 Ω where L2 is 100 µH. Since it is easy to
make a coil having an inductance of 100 µH with a direct
current resistance of 1 Ω or less, it is possible to define
R2 as about 4 Ω.
[0124] The following is a description of the reason that
it is possible that the detection signal of the output circuit
108 and the detection signal of the detection coil 152
are added. To simplify the argument, the coupling coef-
ficient between current I flowing through the current path
101 and the detection coil 152 is 1. The number of turns
of the detection coil 152 is N. Output voltage E of the
detection coil 152 is expressed by the following equa-
tion.

[0125] Where I = 100 (A), R2 = 4 Ω, and N = 10, E is
4(V). Therefore, it is possible that output voltage E of
the detection coil 152 is directly added to the output of
the output circuit 108.
[0126] Since it is required that the AL value of the sec-
ond magnetic path 202 passing through the detection
coil 152 is 1 µH/ T, the length of the gap between the
core 151 and the yoke 102 is about 1 mm.
[0127] The operation of the current sensor apparatus
of the embodiment will now be described. In the appa-
ratus a current passing through the current path 101
generates a magnetic flux passing through the magnetic
yoke 102. A part of the flux passing through the yoke
102 passes through the first magnetic path 201. Another

f1 = (r1 + R1)/ 2π · L1

f2 = (r2 + R2)/ 2π · L2

E = {I · (r2 + R2)/ N2} · R2/ (r2 + R2) = I · R2/ N2

part of the flux passes through the second magnetic
path 202.
[0128] The magnetic sensor element includes the
sensor magnetic core 103 and the sensor coil 104 pro-
vided in the first magnetic path 201. In order to measure
a current flowing through the current path 101, the mag-
netic sensor element detects a magnetic field in gap G
generated by the current flowing through the current
path 101. To be specific, the excitation circuit 106 sup-
plies an alternating excitation current that drives the
core 103 into a saturation region to the sensor coil 104.
The detection and feedback circuit 107 detects the cur-
rent flowing through the sensor coil 104 so as to detect
variations in inductance of the sensor coil 104, and out-
puts a signal corresponding to the variations in the in-
ductance. The detection and feedback circuit 107 also
generates a negative feedback current used for nega-
tive feedback of the signal to the sensor coil 104 and
supplies the negative feedback current to the sensor coil
104. The output circuit 108 generates a signal corre-
sponding to the current to be measured, based on the
detection signal of the detection and feedback circuit
107. In such a manner the current is measured through
the use of the magnetic sensor element provided in the
first magnetic path 201 wherein both the large amplitude
excitation method and the negative feedback method
are utilized.
[0129] The shunt coil 105 provided in the first mag-
netic path 201 attenuates a frequency component of the
magnetic flux passing through the first magnetic path
201 that exceeds the specific cutoff frequency. There-
fore, the output signal of the output circuit 108 corre-
sponds to the frequency component of the current to be
measured that is equal to or less than the cutoff frequen-
cy of the shunt coil 105.
[0130] The cutoff frequency of the shunt coil 105 is
set at a frequency-equal to or less than the Nyquist fre-
quency obtained from the excitation current. As a result,
it is possible to prevent application of a magnetic field
having a frequency higher than the Nyquist frequency
that may cause a beat to the sensor coil 102.
[0131] Through the AC coupling method the detection
coil 152 provided in the second magnetic path 202 de-
tects a frequency component of the current to be meas-
ured flowing through the current path 101 that exceeds
the cutoff frequency. The detection signal of the output
circuit 108 and the detection signal of the detection coil
152 are then added and the result is outputted from the
output 154 as a measurement signal.
[0132] According to the current sensor apparatus of
the embodiment thus described, the current is meas-
ured through the combination of the magnetic sensor
including the core 103 and the sensor coil 104, and the
detection coil 152. As a result, the response frequency
band is widened.
[0133] In the prior-art current sensor apparatus utiliz-
ing the AC coupling method, the magnetic sensor ele-
ment and the coil for detecting a high frequency compo-
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nent are placed in the one magnetic path. As a result, a
problem that it is impossible to measure a high frequen-
cy component arises if a means is provided in the mag-
netic path for attenuating a high frequency component
in order to prevent generation of a beat due to the fre-
quency of a varying component of the current to be
measured and the excitation frequency.
[0134] In the current sensor apparatus of the embod-
iment, in contrast, the magnetic sensor element and the
detection coil 152 are placed in the different magnetic
paths. As a result, it is possible to determine the cutoff
frequency and so on independently for each of the mag-
netic paths. It is thereby possible to widen the response
frequency band as well as prevent generation of a beat
due to the frequency of a varying component of the cur-
rent to be measured and the excitation frequency.
[0135] According to the embodiment, since the mag-
netic sensor element and the detection coil 152 are
placed in the different magnetic paths, the degrees of
freedom of processing and arrangement of the detection
coil 152 are increased and it is easy to manufacture the
current sensor apparatus utilizing the AC coupling meth-
od.
[0136] According to the embodiment, since the mag-
netic sensor element and the detection coil 152 are
placed in the different magnetic paths, the AL value of
the second magnetic path 202 where the detection coil
152 is located may be determined independently of the
AL value of the first magnetic path 201 where the mag-
netic sensor element is located. As a result, it is possible
to prevent an increase of the current sensor apparatus
in size and price.
[0137] According to the current sensor apparatus of
the embodiment thus described, the response frequen-
cy band is widened while it is possible to prevent gen-
eration of a beat due to the frequency of a varying com-
ponent of the current to be measured and the excitation
frequency, to reduce difficulties in manufacturing the ap-
paratus and to avoid an increase in size. Such a current
sensor apparatus is very effective for measuring or con-
trolling a large direct current in an electric car or a solar-
power generation apparatus and so on, and makes a
great contribution to responding to social demands such
as the need for solving environmental problems.

[Fifth Embodiment]

[0138] FIG. 12 is a cross section of the main part of a
current sensor apparatus of a fifth embodiment of the
invention. In the apparatus the detection coil 152 is not
placed in the gap of the magnetic yoke 102 where the
magnetic sensor element including the core 103 and the
sensor coil 104 is only placed.
[0139] The current sensor apparatus of this embodi-
ment comprises a magnetic field interrupting member
161 placed between the current path 101 and the gap
of the yoke 102. The field interrupting member 161 in-
terrupts a magnetic field corresponding to a magnetic

flux that is generated by a current flowing through the
current path 101 and does not pass through the yoke
102, so that the magnetic field is cut off from the mag-
netic sensor element. A gap having a specific length is
provided between the inner surface of the yoke 102 and
each of the ends of the field interrupting member 161.
The field interrupting member 161 is made of a magnetic
substance. In the current sensor apparatus of the em-
bodiment the detection coil 152 is wound around the
field interrupting member 161.
[0140] In the embodiment the magnetic path of the
flux passing through the portion of the yoke 102 closer
to the current path 101 than the member 161 (that is,
the left side of FIG. 12) is divided into: the first magnetic
path 201 passing through the magnetic sensor element
including the core 103 and the sensor coil 104; and the
second magnetic path 202 passing through the field in-
terrupting member 161. The first magnetic path 201 in-
cludes the portion of the yoke 102 closer to the magnetic
sensor element than the member 161 (that is, the right
side of FIG. 12).
[0141] In the embodiment the shunt coil 105 is wound
around the portion of the yoke 102 closer to the mag-
netic sensor element than the member 161. In this man-
ner the shunt coil 105 is placed in the first magnetic path
201.
[0142] In a current sensor apparatus in which the yoke
102 is placed around the current path 101 and the mag-
netic sensor element is placed in the gap of the yoke
102, the effect of the magnetic field corresponding to the
flux that is generated by the current flowing through the
current path 101 and does not pass through the yoke
102 on the magnetic sensor element changes if the po-
sition of the current path 101 changes. Therefore, the
current sensor apparatus having such a configuration
has a problem that measurement errors result from var-
iations in the position of the current path 101.
[0143] In the embodiment, in contrast, the field inter-
rupting member 161 interrupts the magnetic field corre-
sponding to the flux that is generated by the current flow-
ing through the current path 101 and does not pass
through the yoke 102, so that the field is cut off from the
magnetic sensor element. As a result, it is possible to
reduce measurement errors resulting from variations in
the position of the current path 101 passing through the
space inside the yoke 102.
[0144] According to the current sensor apparatus of
the embodiment thus described, it is possible to reduce
measurement errors resulting from variations in the po-
sition of the current path 101 passing through the space
inside the magnetic yoke 102, without sacrificing the
convenience of use of the apparatus in that a current is
measured by simply passing the electric wire through
the space inside the yoke 102, and without increasing
the apparatus in size and weight.
[0145] According to the embodiment, the detection
coil 152 and the shunt coil 105 are additionally provided
in the current sensor apparatus comprising the field in-
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terrupting member 161. As a result, the response fre-
quency band is easily widened through the use of the
AC coupling method.
[0146] The remainder of configuration, operation and
effects of the fifth embodiment are similar to those of the
fourth embodiment.

[Sixth Embodiment]

[0147] FIG. 13 is a cross section of the main part of a
current sensor apparatus of a sixth embodiment of the
invention. In the apparatus, as in the fifth embodiment,
the detection coil 152 is not placed in the gap of the mag-
netic yoke 102 where the magnetic sensor element in-
cluding the core 103 and the sensor coil 104 is only
placed
[0148] In the current sensor apparatus of this embod-
iment a magnetic core 162 is provided between the cur-
rent path 101 and the gap of the yoke 102. The detection
coil 152 is wound around the core 162. A gap having a
specific length is provided between the inner surface of
the yoke 102 and each of the ends of the core 162.
[0149] The current sensor apparatus further compris-
es a magnetic field interrupting member 163 placed be-
tween the current path 101 and the detection coil 152.
The field interrupting member 163 interrupts a magnetic
field corresponding to a magnetic flux that is generated
by a current flowing through the current path 101 and
does not pass through the yoke 102, so that the mag-
netic field is cut off from the detection coil 152. A gap
having a specific length is provided between the inner
surface of the yoke 102 and each of the ends of the field
interrupting member 163. The field interrupting member
163 is made of a magnetic substance.
[0150] In the embodiment the magnetic path of the
flux passing through a portion of the yoke 102 closer to
the current path 101 than the member 163 (that is, the
left side of FIG. 13) is divided into: a first magnetic path
passing through the magnetic sensor element including
the core 103 and the sensor coil 104; a second magnetic
path passing through the core 162 and the detection coil
152; and a third magnetic path passing through the field
interrupting member 163. The first magnetic path in-
cludes the portion of the yoke 102 closer to the magnetic
sensor element than the core 162 (that is, the right side
of FIG. 13).
[0151] In the embodiment the field interrupting mem-
ber 163 interrupts the magnetic field corresponding to
the flux that is generated by the current flowing through
the current path 101 and does not pass through the yoke
102, so that the field is cut off from the detection coil 152
and the magnetic sensor element. As a result, it is pos-
sible to reduce measurement errors resulting from var-
iations in the position of the current path 101 passing
through the space inside the yoke 102.
[0152] In the embodiment the yoke 102 is separable
into a portion 102A close to the current path 101, and
portions 102B and 102C close to the gap at sections

171 and 172. As a result, it is easy to assemble the main
part of the current sensor apparatus shown in FIG. 13.
[0153] The sections 171 and 172 are provided in a
portion closer to the magnetic sensor element than the
core 162, that is, in the first magnetic path. Since the
gap in the first magnetic path is greater than the gap in
each of the second and third paths, the reluctance of the
first path is greater than that of each of the second and
third paths. Therefore, if the sections 171 and 172 are
provided in the first magnetic path as in this embodi-
ment, variations in the reluctance of the first magnetic
path where the magnetic sensor element is placed are
made smaller even if the gap in the sections 171 and
172 vary, compared to the case in which the sections
171 and 172 are provided in the other magnetic paths.
[0154] The field interrupting member 163 similar to
that of the sixth embodiment may be provided between
the detection coil 152 and the current path 101 in the
fourth or fifth embodiment, too.
[0155] The remainder of configuration, operation and
effects of the sixth embodiment are similar to those of
the fourth embodiment.

[Seventh Embodiment]

[0156] A current sensor apparatus of a seventh em-
bodiment of the invention will now be described. FIG.
14 is a circuit diagram of the current sensor apparatus.
The arrangement of the yoke 102, the core 103, the sen-
sor coil 104, the shunt coil 105, the core 162, the detec-
tion coil 152 and the field interrupting member 163 of
this embodiment is similar to that of the sixth embodi-
ment, except that the yoke 102 is not separable.
[0157] The circuit configuration of the current sensor
apparatus of the seventh embodiment will now be de-
scribed. Positive and negative power supply circuits for
operational amplifiers are not shown, according to the
practice.
[0158] The excitation circuit 106 has a series resonant
circuit part of which is made up of the sensor coil 104
and supplies a resonant current flowing through the se-
ries resonant circuit, as an excitation current for driving
the core 103 into a saturation region, to the sensor coil
104. The configuration of the excitation circuit 106 is as
follows. The excitation circuit 106 incorporates the tran-
sistor 11. The base of the transistor 11 is connected to
an end of the sensor coil 104 through the capacitor 12
used for resonance. An end of the capacitor 13 used for
feedback is connected to the base of the transistor 11.
An end of the capacitor 14 used for feedback and the
emitter of the transistor 11 are connected to the other
end of the capacitor 13. The other end of the capacitor
14 is grounded. The emitter of the transistor 11 is
grounded through the load coil 15. The collector of the
transistor 11 is connected to the power input 16 and to
the base through the bias resistor 17. This configuration
is that of a Clapp oscillation circuit wherein Cs << Cb
and Cs<<Ce, the capacitance of each of the capacitors
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12, 13 and 14 being Cs, Cb and Ce, respectively.
[0159] The detection and feedback circuit 107 has a
configuration as follows. The detection and feedback
circuit 107 has the detection coil 20 an end of which is
connected to the other end of the sensor coil 104. The
other end of the detection coil 20 is grounded. The de-
tection coil 20 corresponds to an inductance element of
the invention. An end of a coil 81 making a path for sup-
plying a negative feedback current to the sensor coil 104
is connected to the one end of the sensor coil 104. The
other end of the coil 81 is grounded through a capacitor
82.
[0160] An end of the capacitor 21 is connected to the
connection point between the sensor coil 104 and the
detection coil 20. The other end of the capacitor 21 is
grounded through the resistor 22. The capacitor 21 and
the resistor 22 make up a differentiation circuit for dif-
ferentiating the voltage generated across the coil 20 and
outputting a signal corresponding to the current to be
measured flowing through the current path 101.
[0161] The anode of the diode 23 and the cathode of
the diode 25 are connected to the connection point be-
tween the capacitor 21 and the resistor 22. The cathode
of the diode 23 is grounded through the capacitor 24.
The anode of the diode 25 is grounded though the ca-
pacitor 26. The diode 23 and the capacitor 24 make up
the positive peak hold circuit. The diode 25 and the ca-
pacitor 26 make up the negative peak hold circuit.
[0162] An end of the resistor 27 is connected to the
connection point between the diode 23 and the capaci-
tor 24. An end of the resistor 28 is connected to the con-
nection point between the diode 25 and the capacitor
26. The other end of each of the resistors 27 and 28 is
connected to an end of the resistor 31. The resistors 27
and 28 make up the resistor adding circuit for adding a
positive output value held at the positive peak hold cir-
cuit to a negative output value held at the negative peak
hold circuit. A detection signal corresponding to the cur-
rent to be measured is present at an end of the resistor
31.
[0163] The other end of the resistor 31 is connected
to the inverting input of the operational amplifier 32. The
noninverting input of the operational amplifier 32 is
grounded through the resistor 33. The output of the op-
erational amplifier 32 is connected to the inverting input
through the resistor 34. The amplifier 32 and the resis-
tors 31, 33 and 34 make up an inverting amplifier.
[0164] The output of the operational amplifier 32 is
connected to an end of the resistor 35 for detecting an
output. The other end of the resistor 35 is connected to
the connection point between the coil 81 and a capacitor
82.
[0165] The detection coil 20, the coil 81 and the ca-
pacitor 82 are part of the excitation circuit 106, too.
[0166] The configuration of the output circuit 108 is as
follows. The connection point between the resistor 35
and the output of the amplifier 32 is connected to the
noninverting input of the operational amplifier 38

through the resistor 36. The connection point between
the resistor 35 and the coil 81 is connected to the non-
inverting input of the amplifier 38 through the resistor
37. The noninverting input of the amplifier 38 is ground-
ed through the resistor 39. The output of the amplifier
38 is connected to the inverting input through the resis-
tor 40 and to an end of the shunt resistor 153. The am-
plifier 38 and the resistors 36, 37, 39 and 40 make up a
differential amplifier. The resistor 35 is part of the detec-
tion and feedback circuit 107, too.
[0167] The operation of the current sensor apparatus
of the embodiment will now be described. An alternating
excitation current is supplied to the sensor coil 104 by
the excitation circuit 106 such that the core 103 is driven
into the saturation region. The excitation current is a res-
onant current that is equal to the current value limited
by the supply voltage multiplied by value Q of the reso-
nant circuit. A method taken in this embodiment is to
detect variations in waveform of resonant current as a
method of capturing variations in inductance of the sen-
sor coil 104 as a detection signal of the current sensor
apparatus. To be specific, the voltage across the detec-
tion coil 20 connected to the sensor coil 104 in series
and having a large saturation current is differentiated at
the differentiation circuit made up of the capacitor 21
and the resistor 22. A positive output value of an output
of the differentiation circuit is held at the positive peak
hold circuit made up of the diode 23 and the capacitor
24. A negative output value of the output of the differen-
tiation circuit is held at the negative peak hold circuit
made up of the diode 25 and the capacitor 26. The pos-
itive and negative output values are added at the resistor
adding circuit made up of the resistors 27 and 28. A de-
tection signal corresponding to the current to be meas-
ured is thus obtained.
[0168] When no external magnetic field generated by
the current to be measured is present, the positive and
negative portions of the differential waveform of the volt-
age across the detection coil 20 are symmetric, and the
sum of positive and negative peak values (the difference
between the absolute values) of the differential wave-
form is zero. In contrast, when the external field gener-
ated by the current to be measured is applied to the sen-
sor coil 104, the positive and negative portions of the
differential waveform are asymmetric. As a result, the
sum of positive and negative peak values (the difference
between the absolute values) of the differential wave-
form is other than zero, which depends on the external
magnetic field. The asymmetric components of the dif-
ferential waveform are detected as a voltage signal
through differentiating the excitation current waveform
twice by the detection coil 20 and the differentiation cir-
cuit. According to the embodiment, in such a manner,
the current is measured by obtaining the sum of positive
and negative peak values (the difference between the
absolute values) of the differential waveform.
[0169] As thus described, the detection and feedback
circuit 107 detects the current to be measured, based
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on the portion of the resonant current flowing through
the sensor coil 104 that drives the core 103 into the sat-
uration region.
[0170] The detection signal obtained at the adding cir-
cuit made up of the resistors 27 and 28 is inverted and
amplified at the inverting amplifier made up of the oper-
ational amplifier 32 and the resistors 31, 33 and 34. The
signal is then carried through the resistor 35 and applied
to the connection point between the coil 81 and the ca-
pacitor 82. A negative feedback current is thereby sup-
plied to the sensor coil 104 through the coil 81, and mag-
netomotive force in the direction opposite to the external
magnetic field is applied to the sensor coil 104.
[0171] The current is measured as follows. The neg-
ative feedback current, that is, the current correspond-
ing to the external field, is converted to a voltage by the
resistor 35. The voltage is amplified at the differential
amplifier made up of the operational amplifier 38 and
the resistors 35, 36, 39 and 40, and then outputted as
a detection signal of the output circuit 108. The detection
signal of the output circuit 108 is added to the detection
signal of the detection coil 152 and outputted from the
output 54 as a measurement signal.
[0172] A specific example of the current sensor appa-
ratus actually fabricated will now be described. In this
example, the yoke 102 and the core 162 each have a
cross section of 5 mm by 5 mm. The field interrupting
member 163 has a cross section of 5 mm by 3 mm. The
yoke 102, the core 162 and the field interrupting member
163 are all made of Mn-Zn-base ferrite. The total length
of the gaps between the yoke 102 and each of the ends
of the core 162 is 1 mm. The total length of the gaps
between the yoke 102 and each of the ends of the field
interrupting member 163 is 1 mm, too. The coil 152 is
made of 10 turns of urethane-coated lead wire having a
diameter of 0.3 mm. The resistance of the shunt resistor
153 is 4 Ω. The shunt coil 105 is shorted at the resist-
ance of zero.
[0173] The core 103 is made of Ni-Cu-Zn-base ferrite
and a drum-shaped core having a diameter of 0.8 mm
and a length of 1.5 mm and having a brim of 2 mm in
diameter and 0.5 mm in thickness. The sensor coil 104
is made of 180 turns of urethane-coated lead wire hav-
ing a diameter of 0.03 mm.
[0174] In this example the excitation frequency of the
sensor coil 104 is 200 kHz. Each of the cutoff frequency
of the shunt coil 105 and the cutoff frequency of the de-
tection coil 152 is 8 kHz. A frequency component of the
output signal of the sensor coil 104, wherein a high fre-
quency component is cut off by the shunt coil 105, that
is higher than the cutoff frequency of 8 kHz sufficiently
lower than the Nyquist frequency is attenuated. As a re-
sult, generation of a beat due to the frequency of a var-
ying component of the current to be measured and the
excitation frequency is prevented. In this example the
response frequency band of the measurement signal
outputted from the output 54 is 0 to 100 kHz. The upper
limit of the response frequency results from the eddy

current loss caused by the low resistivity of the magnetic
yoke 102.
[0175] According to the embodiment, a resonant cur-
rent of the resonant circuit is supplied to the sensor coil
104. As a result, an alternating excitation current that
drives the core 103 into the saturation region is easily
supplied to the sensor coil 104.
[0176] According to the embodiment, the negative
feedback current used for the negative feedback meth-
od is supplied to the sensor coil 104 through the coil 81
connected to the sensor coil 104 in parallel in terms of
alternating current. As a result, the feedback current is
easily supplied to the coil 104 without causing a loss of
resonant current.
[0177] According to the embodiment, a detection out-
put of the order of volts is easily obtained by inserting
the detection coil 20 to the resonant circuit, without re-
ducing value Q of the resonant circuit, that is, without
causing insufficiency in resonant current supplied to the
sensor coil 104. In addition, the peak hold circuit is im-
plemented by the simple and inexpensive one utilizing
the diode and the capacitor. The detection coil 20 is able
to obtain a sufficiently large output even when the in-
ductance value thereof is a few percent of the induct-
ance value of the coil 104. Therefore, since the number
of turns of the detection coil 20 is small and the satura-
tion current value is sufficiently large in general, the de-
tection coil 20 will not be saturated by the drive current
(resonant current) of the coil 104.
[0178] Through those techniques, the large amplitude
method and the negative feedback method are applica-
ble while a magnetic core, such as a ferrite core, having
a large saturation field and large nonlinearity is used. It
is thereby possible to use a fluxgate element for detect-
ing a large magnetic field or a large electric current.
[0179] The features of the current sensor apparatus
of the embodiment are listed below.

(1) Measurement errors resulting from variations in
the position of the current path through which a cur-
rent to be measured passes are small.
(2) Since the negative feedback method is taken,
sensitivity variations are reduced and thermal char-
acteristics are improved automatically.
(3) Thus, no sensitivity adjustment or thermal char-
acteristic compensation is required.
(4) No offset adjustment is required.
(5) The apparatus exhibits excellent properties
since the large amplitude excitation method is ap-
plied.
(6) No special method is required for fabricating the
sensor section.
(7) Since resonant current is utilized, the sensor coil
is driven at a low supply voltage and a high frequen-
cy.
(8) No special material or method is required for fab-
ricating the apparatus and the circuit is very simple.
As a result, the apparatus is manufactured at an ex-
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tremely low cost and it is possible to meet the great
demand.
(9) The apparatus has an excellent frequency re-
sponse.
(10) Power consumption is low since resonant cur-
rent is used.
(11) The apparatus is small and light-weight since
the configuration is simple.

[0180] The remainder of configuration, operation and
effects of the seventh embodiment are similar to those
of the fourth or sixth embodiment.

[Eighth Embodiment]

[0181] A current sensor apparatus of an eighth em-
bodiment of the invention will now be described. FIG.
15 is a circuit diagram illustrating the configuration of
the current sensor apparatus including the magnetic
yoke. FIG. 16 is a circuit diagram illustrating the config-
uration of the current sensor apparatus except the mag-
netic yoke. In the apparatus of the eighth embodiment
the arrangement of the yoke 102, the core 103, the sen-
sor coil 104, the shunt coil 105, the core 162, and the
field interrupting member 163 is similar to that of the sev-
enth embodiment.
[0182] The circuit configuration of the current sensor
apparatus of the eighth embodiment will now be de-
scribed. In this embodiment the detection coil 152 and
the shunt resistor 153 of the seventh embodiment are
not provided. The output 54 is connected to the output
of the operational amplifier 38.
[0183] In this embodiment, a coil 181 making a path
for supplying a negative feedback current to the sensor
coil 104 is wound around the core 162, in place of the
coil 152 of the seventh embodiment. An end of the coil
181 is connected to an end of the sensor coil 104. The
other end of the coil 181 is connected to the connection
point between the resistors 35 and 37 of the output cir-
cuit 108.
[0184] In the eighth embodiment, the coil 181 is
placed in the second magnetic path. Therefore, a high
frequency current corresponding to a high frequency
component of the current to be measured flowing
through the current path 101 is induced at the coil 181.
That is, the coil 181 of this embodiment functions as a
coil for detecting a high frequency component, too. As
shown in FIG. 16, when seen from the series circuit of
the sensor coil 104 and the coil 181, the coil 181 is
placed such that the polarity of a current induced at the
coil 181 by the external magnetic field is equal to the
polarity of a current induced at the sensor coil 104 by
the external magnetic field. That is, a high frequency
component of the current induced at the coil 181 is add-
ed to a high frequency component of the current induced
at the sensor coil 104 in the series circuit of the sensor
coil 104 and the coil 181.
[0185] The coil 181 is connected to the resistor 35 of

the output circuit 108. Therefore, the high frequency cur-
rent induced at the coil 181 produces a potential across
the resistor 35. The potential corresponds to the high
frequency component of the current to be measured. At
the output circuit 108 the detection signal of the fluxgate
magnetic sensor element is thus added to the signal cor-
responding to the high frequency component of the cur-
rent to be measured, and the result is outputted as a
measurement signal from the output 54.
[0186] According to the embodiment, the coil 181
functions as the coil for detecting a high frequency com-
ponent, too. As a result, the response frequency band
is widened while the configuration of the apparatus is
simple and the negative feedback method is applied.
[0187] The remainder of configuration, operation and
effects of the second embodiment are similar to those
of the seventh embodiment.
[0188] According to the current sensor apparatus of
the invention including the fourth to eighth embodi-
ments, the magnetic sensor element and the coil for de-
tecting a high frequency component are placed in the
different first and second magnetic paths. As a result, it
is possible to determine the cutoff frequency and so on
for each of the magnetic sensor element and the coil for
detecting a high frequency component independently. It
is thereby possible to widen the response frequency
band while generation of a beat due to the frequency of
a varying component of the current to be measured and
the excitation frequency is prevented, and difficulties in
manufacturing the apparatus and an increase in size are
reduced.
[0189] If the attenuation means is provided for atten-
uating a frequency component that exceeds a specific
cutoff frequency of the magnetic flux passing through
the first magnetic path, it is possible to prevent applica-
tion of a magnetic field having a frequency that may gen-
erate a beat to the magnetic sensor element.
[0190] The magnetic sensor element having the mag-
netic core and the sensor coil wound around the core
may be used, and the attenuation means may be pro-
vided for attenuating a frequency component that ex-
ceeds a specific cutoff frequency of the magnetic flux
passing through the first magnetic path, wherein the cut-
off frequency is equal to or less than the Nyquist fre-
quency obtained from the frequency of the excitation
current of the sensor coil. In this case, it is possible to
prevent application of a magnetic field having a frequen-
cy higher than the Nyquist frequency that may generate
a beat to the magnetic sensor element.
[0191] The second magnetic path may be placed be-
tween the current path and the first magnetic path, and
the field interrupting member may be placed in the sec-
ond magnetic path around which the coil for detecting a
high frequency component is wound. In this case, it is
possible to interrupt the magnetic field corresponding to
the flux that is generated by the current flowing through
the current path and does not pass through the magnetic
yoke. It is thereby possible to reduce measurement er-
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rors resulting from variations in the position of the cur-
rent path passing through the space inside the yoke.
[0192] The path for supplying a negative feedback
current to the sensor coil may be formed and the coil for
detecting a high frequency component of the current to
be measured may be placed in the second magnetic
path. In this case, the response frequency band is wid-
ened while the configuration of the apparatus is simple
and the negative feedback method is applied.
[0193] According to the current sensor apparatus of
the invention including the first to eighth embodiments,
the magnetic path of the flux passing through the yoke
includes: the first magnetic path, mainly passing through
the magnetic sensor element, through which a part of
the magnetic flux passing through the yoke passes; and
the second magnetic path through which another part
of the magnetic flux passing through the yoke passes.
As a result, through the use of the second magnetic
path, it is possible to achieve other functions such as
interrupting the field corresponding to the flux not pass-
ing through the yoke so that the field is cut off from the
magnetic sensor element, or detecting a high frequency
component of the current.
[0194] The invention is not limited to the foregoing
embodiments but may be practiced in still other ways.
For example, the invention is not limited to the current
sensor apparatus incorporating a fluxgate element as
the magnetic sensor element but may be applied to a
current sensor apparatus incorporating any other ele-
ment such as a Hall element as the magnetic sensor
element.
[0195] Although the Clapp oscillation circuit is used
as an example of the oscillation circuit in the foregoing
embodiments, the invention is not limited to the circuit
but may be applied to cases where any other oscillation
circuit such as a Colpitts oscillation circuit or a Hartley
oscillation circuit is utilized.
[0196] Obviously many modifications and variations
of the present invention are possible in the light of the
above teachings. It is therefore to be understood that
within the scope of the appended claims the invention
may be practiced otherwise than as specifically de-
scribed.

Claims

1. A current sensor apparatus comprising:

a ring-shaped magnetic yoke (102) through
which a magnetic flux generated by an electric
current flowing through an electric current path
(101) passes, the yoke (102) surrounding the
current path (101), part of the yoke (102) having
a gap (G); and

a magnetic sensor element (104) placed in the
gap (G) of the magnetic yoke (102) and provid-

ed for detecting a magnetic field in the gap (G)
generated by the current flowing through the
current path (101); wherein

a magnetic path of the flux passing through the
magnetic yoke includes: a first magnetic path
(201), mainly passing through the magnetic
sensor element (104), through which a part of
the flux passing through the magnetic yoke
(102) passes; and a second magnetic path
(202) through which another part of the flux
passing through the magnetic yoke (102) pass-
es,

characterized in
that the current sensor apparatus further comprises
a high frequency component detection coil (152) for
detecting a high frequency component of the cur-
rent flowing through the current path (101), and
that the detection coil (152) is placed in the second
magnetic path (202).

2. The current sensor apparatus according to claim 1,
further comprising a magnetic field interrupter
(163), placed between the current path (101) and
the gap (G), for interrupting a magnetic field corre-
sponding to a magnetic flux that is generated by the
current passing through the current path (101) and
does not pass through the magnetic yoke (102), so
that the magnetic field is cut off from the magnetic
sensor element (104).

3. The current sensor apparatus according to claim 2,
wherein the field interrupter (163) is separated from
the magnetic yoke (102).

4. The current sensor apparatus according to claim 2,
wherein the field interrupter (163) is made of a mag-
netic substance.

5. The current sensor apparatus according to claim 2,
wherein the magnetic sensor element (104) is a
fluxgate magnetic sensor element.

6. The current sensor apparatus according to claim 1,
further comprising an attenuation means, placed in
the first magnetic path (201), for attenuating a fre-
quency component of the magnetic flux passing
through the first magnetic path that is higher than a
specific cutoff frequency.

7. The current sensor apparatus according to claim 1,
wherein the magnetic sensor element has a mag-
netic core (103) placed in the first magnetic path
(201) and a sensor coil (104) wound around the
core and provided for detecting a magnetic field cor-
responding to the flux passing through the first mag-
netic path (201).
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8. The current sensor apparatus according to claim 7,
further comprising: a drive means (106) for driving
the sensor coil (104) by supplying an alternating ex-
citation current that drives the core into a saturation
region to the sensor coil; and a measurement
means for measuring the current passing through
the current path by detecting variations in induct-
ance of the sensor coil.

9. The current sensor apparatus according to claim 8,
further comprising an attenuation means (105),
placed in the first magnetic path (201), for attenu-
ating a frequency component of the magnetic flux
passing through the first magnetic path (201) that
is higher than a specific cutoff frequency, wherein
the cutoff frequency is equal to or lower than a
Nyquist frequency obtained from a frequency of the
excitation current.

10. The current sensor apparatus according to claim 8,
wherein the drive means (106) has a series reso-
nant circuit part of which is made up of the sensor
coil (104) and supplies a resonant current flowing
through the series resonant circuit as the excitation
current to the sensor coil (104).

11. The current sensor apparatus according to claim 8,
further comprising a current supply means for sup-
plying an electric current to the sensor coil (104),
the current including a direct current and having a
frequency different from a frequency of the excita-
tion current.

12. The current sensor apparatus according to claim 11,
wherein the current supply means supplies a neg-
ative feedback current to the sensor coil (104) for
negative feedback of an output of the measurement
means to the sensor coil (104).

13. The current sensor apparatus according to claim
12, wherein the high frequency component detec-
tion coil (152) forms a path for supplying the nega-
tive feedback current to the sensor coil (104).

14. The current sensor apparatus according to claim 8,
wherein the measurement means has: an induct-
ance element (20) connected to the sensor coil
(104) in series; and a differentiation circuit (21, 22)
for differentiating a voltage generated across the in-
ductance element (20) and outputting a signal re-
sponsive to the current flowing through the current
path.

15. The current sensor apparatus according to claim 1,
wherein the second magnetic path (202) includes a
gap.

16. The current sensor apparatus according to claim 1,

wherein the second magnetic path (202) is located
between the current path (101) and the first mag-
netic path (201).

17. The current sensor apparatus according to claim 1,
further comprising a magnetic field interrupting
member (161) made of a magnetic substance and
placed in the second magnetic path, the member
interrupting a magnetic field corresponding to a
magnetic flux that is generated by the current pass-
ing through the current path (101) and does not
pass through the magnetic yoke (102), so that the
magnetic field is cut off from the magnetic sensor
element; wherein the high frequency component
detection coil (152) is wound around the field inter-
rupting member.

Patentansprüche

1. Eine Stromsensorvorrichtung, umfassend:

ein ringförmiges magnetisches Joch (102),
durch welches ein magnetischer Fluss, der von
einem elektrischen Strom, der durch einen
elektrischen Strompfad (101) fließt, erzeugt
wird, wobei das Joch (102) den Strompfad
(101) umgibt, und ein Teil des Jochs (102) ei-
nen Spalt (G) hat; und

ein magnetisches Sensorelement (104), das in
dem Spalt (G) des magnetischen Jochs (102)
angeordnet ist, und dazu vorgesehen ist, ein
magnetisches Feld in dem Spalt (G), das von
dem Strom, der durch den Strompfad (101)
fließt, erzeugt wurde, zu detektieren; wobei

ein magnetischer Pfad des Flusses, der durch
das magnetische Joch fließt, einschließt:

einen ersten magnetischen Pfad (201), der
hauptsächlich das magnetische Sensor-
element (104) durchdringt, durch welchen
ein Teil des Flusses, der durch das magne-
tische Joch (102) fließt, hindurchfließt; und
einen zweiten magnetischen Pfad (202),
durch den ein anderer Teil des Flusses, der
durch das magnetische Joch fließt, hin-
durchdringt,

dadurch gekennzeichnet,
dass die Stromsensorvorrichtung weiterhin eine
Hochfrequenzkomponentenerfassungsspule (152)
zum Erfassen einer Hochfrequenzkomponente des
Stroms, der durch den Strompfad (101) fließt, auf-
weist, und
dass die Erfassungsspule (152) in dem zweiten
magnetischen Pfad (202) angeordnet ist.
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2. Die Stromsensorvorrichtung nach Anspruch 1, wei-
terhin umfassend einen magnetischen Feldunter-
brecher (163), der zwischen dem Strompfad (101)
und dem Spalt (G) angeordnet ist, um das magne-
tische Feld, das einem magnetischen Fluss ent-
spricht, der von dem Strom erzeugt wird, der durch
den Strompfad (101) fließt und nicht das magneti-
sche Joch (102) durchdringt, zu unterbrechen, so-
dass das magnetische Feld von dem magnetischen
Sensorelement (104) abgeschnitten ist.

3. Die Stromsensorvorrichtung nach Anspruch 2, wo-
bei der Feldunterbrecher (163) von dem magneti-
schen Joch (102) getrennt ist.

4. Die Stromsensorvorrichtung nach Anspruch 2, wo-
bei der Feldunterbrecher (163) aus einer magneti-
schen Substanz hergestellt ist.

5. Die Stromsensorvorrichtung nach Anspruch 2, wo-
bei das magnetische Sensorelement (104) ein ma-
gnetisches Sensorelement einer Magnetfeldsonde
ist.

6. Die Stromsensorvorrichtung nach Anspruch 1, wei-
terhin umfassend Dämpfungsmittel, die in dem er-
sten magnetischen Pfad (201) angeordnet sind, um
eine Frequenzkomponente des magnetischen
Flusses, der durch den ersten magnetischen Pfad
dringt, zu dämpfen, die höher als eine spezifische
Grenzfrequenz ist.

7. Die Stromsensorvorrichtung nach Anspruch 1, wo-
bei das magnetische Sensorelement einen magne-
tischen Kern (103) hat, der in dem ersten magneti-
schen Pfad (201) angeordnet ist, und eine Sensor-
spule (104), die um den Kern gewickelt ist, und die
dafür vorgesehen ist, ein Magnetfeld zu erfassen,
das dem Fluss entspricht, der durch den ersten ma-
gnetischen Pfad (201) hindurchdringt.

8. Die Stromsensorvorrichtung nach Anspruch 7, wei-
terhin umfassend: Treibermittel (106) zum Treiben
der Sensorspule (104) durch Anlegen eines Wech-
selanregungsstroms an die Sensorspule, der den
Kern in einen Sättigungsbereich bringt; und
Messmittel zum Messen des Stromes, der durch
den Strompfad fließt, durch Erfassen von Induktivi-
tätsänderungen der Sensorspule.

9. Die Stromsensorvorrichtung nach Anspruch 8, wei-
terhin umfassend Dämpfungsmittel (105), die in
dem ersten magnetischen Pfad (201) angeordnet
sind, zum Dämpfen einer Frequenzkomponente
des magnetischen Flusses, der durch den ersten
magnetischen Pfad (201) fließt, die höher ist als ei-
ne spezifische Grenzfrequenz, wobei die Grenzfre-
quenz kleiner gleich einer Nyquistfrequenz ist, die

aus einer Frequenz des Anregungsstroms gewon-
nen wird.

10. Die Stromsensorvorrichtung nach Anspruch 8, wo-
bei die Treibermittel (106) einen Serienresonanz-
kreis haben, der zum Teil durch die Sensorspule
(104) gebildet ist und der einen Resonanzstrom be-
reitstellt, der durch den Serienresonanzkreis als
Anregungsstrom für die Sensorspule (104) fließt.

11. Die Stromsensorvorrichtung nach Anspruch 8, wei-
terhin umfassend Stromversorgungsmittel zum Be-
reitstellen eines elektrischen Stromes an die Sen-
sorspule (104), wobei der Strom einen Gleichstrom
einschließt und eine Frequenz aufweist, die sich
von einer Frequenz des Anregungsstroms unter-
scheidet.

12. Die Stromsensorvorrichtung nach Anspruch 11, wo-
bei die Stromversorgungsmittel einen negativen
Rückkopplungsstrom an die Sensorspule (104) be-
reitstellen, um einen Ausgang der Messmittel an die
Sensorspule (104) negativ zurückzukoppeln.

13. Die Stromsensorvorrichtung nach Anspruch 12,
wobei die Hochfrequenzkomponentenerfassungs-
spule (152) einen Pfad zum Bereitstellen des nega-
tiven Rückkopplungsstroms an die Sensorspule
(104) bildet.

14. Die Stromsensorvorrichtung nach Anspruch 8, wo-
bei die Messmittel aufweisen: Ein induktives Ele-
ment (20), das in Serie mit der Sensorspule (104)
verbunden ist; und einen Differenziererschaltkreis
(21,22) zum Differenzieren einer Spannung, die
über dem induktiven Element (20) erzeugt wird, und
zum Ausgeben eines Signals in Antwort auf den
Strom, der durch den Strompfad fließt.

15. Die Stromsensorvorrichtung nach Anspruch 1, wo-
bei der zweite magnetische Pfad (202) einen Spalt
einschließt.

16. Die Stromsensorvorrichtung nach Anspruch 1, wo-
bei der zweite magnetische Pfad (202) zwischen
dem Strompfad (101) und dem ersten magneti-
schen Pfad (201) angeordnet ist.

17. Die Stromsensorvorrichtung nach Anspruch 1, wei-
terhin umfassend ein magnetisches Feldunterbre-
chungsglied (161), das aus einer magnetischen
Substanz hergestellt ist und in dem zweiten magne-
tischen Pfad angeordnet ist, wobei das Glied ein
magnetisches Feld entsprechend dem magneti-
schen Fluss, der von dem Strom, der durch den
Strompfad (101) fließt, erzeugt ist, und nicht durch
das magnetische Joch (102) hindurchdringt, unter-
bricht, sodass das magnetische Feld von dem ma-
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gnetischen Sensorelement abgeschnitten ist; wo-
bei die Hochfrequenzkomponentenerfassungsspu-
le (152) um das Feldunterbrechungsglied gewickelt
ist.

Revendications

1. Capteur électrique comprenant :

une culasse magnétique annulaire (102) tra-
versée par un flux magnétique généré par un
courant électrique circulant dans un trajet du
courant électrique (101), la culasse (102) en-
tourant le trajet du courant (101), une partie de
la culasse (102) comportant un entrefer (G) ; et

un capteur magnétique (104) installé dans l'en-
trefer (G) de la culasse magnétique (102) et
prévu pour détecter un champ magnétique
dans l'entrefer (G) généré par le courant circu-
lant dans le trajet du courant (101) ; dans lequel

un champ magnétique du flux traversant la cu-
lasse magnétique inclut: un premier chemin
magnétique (201) traversant principalement le
capteur magnétique (104), traversé par une
partie du flux traversant la culasse magnétique
(102) ; et un second chemin magnétique (202)
traversé par une autre partie du flux traversant
la culasse magnétique (102),

caractérisé
en ce que le capteur électrique comprend en outre
une bobine de détection de composante à fréquen-
ce élevée (152) permettant de détecter une compo-
sante à fréquence élevée du courant circulant dans
le trajet du courant (101), et
en ce que la bobine de détection (152) est installée
dans le second chemin magnétique (202).

2. Capteur électrique selon la revendication 1, com-
prenant en outre un interrupteur de champ magné-
tique (163), installé entre le trajet du courant (101)
et l'entrefer (G), pour interrompre un champ magné-
tique correspondant à un flux magnétique généré
par le courant circulant dans le trajet du courant
(101) et qui ne traverse pas la culasse magnétique
(102), de sorte que le champ magnétique est coupé
du capteur magnétique (104).

3. Capteur électrique selon la revendication 2, dans
lequel l'interrupteur de champ (163) est séparé de
la culasse magnétique (102).

4. Capteur électrique selon la revendication 2, dans
lequel l'interrupteur de champ (163) est constitué
d'une substance magnétique.

5. Capteur électrique selon la revendication 2, dans
lequel le capteur magnétique (104) est un détecteur
de flux magnétique.

6. Capteur électrique selon la revendication 1, com-
prenant en outre un moyen d'affaiblissement, ins-
tallé dans le premier chemin magnétique (201),
pour affaiblir une composante de fréquence du flux
magnétique traversant le premier chemin magnéti-
que qui est supérieur à une fréquence de coupure
spécifique.

7. Capteur électrique selon la revendication 1, dans
lequel le capteur magnétique comporte un noyau
magnétique (103) installé dans le premier chemin
magnétique (201) et une bobine de capteur (104)
enroulée autour du noyau et prévue pour détecter
un champ magnétique correspondant au flux tra-
versant le premier chemin magnétique (201).

8. Capteur électrique selon la revendication 7, com-
prenant en outre un moyen d'entraînement(106)
permettant d'entraîner la bobine de capteur (104)
en fournissant un courant d'excitation alternatif qui
entraîne le noyau d'un domaine de saturation vers
la bobine du capteur ; et un moyen de mesure per-
mettant de mesurer le courant traversant le trajet
du courant en détectant les variations d'inductance
de la bobine de capteur.

9. Capteur électrique selon la revendication 8, com-
prenant en outre un moyen d'affaiblissement (105),
installé dans le premier chemin magnétique (201),
permettant d'affaiblir une composante de fréquence
du flux magnétique traversant le premier chemin
magnétique (201) qui est supérieur à une fréquence
de coupure spécifique, dans lequel la fréquence de
coupure est inférieure ou égale à une fréquence de
Nyquist obtenue à partir d'une fréquence du courant
d'excitation.

10. Capteur électrique selon la revendication 8, dans
lequel le moyen d'entraînement (106) comporte un
circuit résonant série dont une partie est constituée
de la bobine de capteur (104) et fournit un courant
à la résonance circulant dans le circuit résonant sé-
rie comme courant d'excitation vers la bobine de
capteur (104).

11. Capteur électrique selon la revendication 8, com-
prenant en outre un moyen d'alimentation électri-
que permettant de fournir un courant électrique à la
bobine de capteur (104), le courant incluant un cou-
rant direct et ayant une fréquence différente d'une
fréquence du courant d'excitation.

12. Capteur électrique selon la revendication 11, dans
lequel le moyen d'alimentation électrique fournit un
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courant de contre-réaction à la bobine de capteur
(104) pour une contre-réaction d'une sortie du
moyen de mesure vers la bobine de capteur (104).

13. Capteur électrique selon la revendication 12, dans
lequel la bobine de détection de composante à fré-
quence élevée (152) forme un chemin permettant
de fournir le courant de contre-réaction à la bobine
de capteur (104).

14. Capteur électrique selon la revendication 8, dans
lequel le moyen de mesure comporte un élément
d'inductance (20) raccordé à la bobine de capteur
(104) en série ; et un circuit de différentiation (21,
22) pour différentier une tension générée sur l'élé-
ment d'inductance (20) et émettre un signal en ré-
ponse au courant circulant dans le trajet du courant.

15. Capteur électrique selon la revendication 1, dans
lequel le second chemin magnétique (202) inclut un
entrefer.

16. Capteur électrique selon la revendication 1, dans
lequel le second chemin magnétique (202) est situé
entre le trajet du courant (101) et le premier chemin
magnétique (201).

17. Capteur électrique selon la revendication 1, com-
prenant en outre un élément d'interruption de
champ magnétique (161) constitué d'une substan-
ce magnétique et installé dans le second chemin
magnétique, l'élément interrompant un champ ma-
gnétique correspondant à un flux magnétique gé-
néré par le courant traversant le trajet du courant
(101) et qui ne traverse pas la culasse magnétique
(102), de sorte que le champ magnétique est coupé
du capteur magnétique ; dans lequel la bobine de
détection de composante à fréquence élevée (152)
est enroulée autour de l'élément d'interruption de
champ.
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