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(57) Abrége/Abstract:

The invention concerns magnetic sensors and, particularly, a magnetic sensor arrangement for use in an electrical measuring
device (10). In the device (10), magnetic sensors (37, 38) are provided within rescesses (39, 36) formed in arms (20, 21) of the
device. The recesses (35, 36) are typically formed within laminations (22-34) and act so as to shield the magnetic sensors

(37, 38) from Interference, whilst enabling them to detect a magnetic field of an electrical conductor placed betwen the two arms
(20, 21).
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(57) Abstract

The invention concerns magnetic sensors and, particularly, a magnetic sensor arrangement for use in an electrical measuring device
(10). In the device (10), magnetic sensors (37, 38) are provided within rescesses (35, 36) formed in arms (20, 21) of the device. The
recesses (35, 36) are typically formed within laminations (22-34) and act so as to shield the magnetic sensors (37, 38) from interference,
whilst enabling them to detect a magnetic field of an electrical conductor placed betwen the two arms (20, 21).
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MAGNETIC SENSORS

The 1nvention relates to magnetic sensors.

Magnetic sensors find application in fields in which

remote sensing of magnetic fields or electrical current is
regulred.

In a typical application, magnetic sensors, such as
Hall effect sensors, are used in hand-held measuring
devices. Such a hand-held measuring device might
typically include a pair of jaws which can be ocpened and
Closed so as to admit the passage of an electrical
conductor therebetween. With the slectrical conductor in
place, the jaws are closed and one or more magnetic
sensors situated within the jaws are arranged To 'generate

an electrical outdut which is dependent upecn a current
flowing through the conductor.

In devices oI the type described above, the sensors

are generally positioned adjacent tc at least one end face

cf the jaws. BY necessity, the sensor must not be

shielded magnetically from the electrical conductor held

ln the space defined by the closed jaws. In this respecrt,

1t 1s usual for end faces of the jaws, where the sensors,
whlich may be 1n the form of integrated circuits or chips,
are located, to be simply covered by a plastic cap.
Unfortunately however, having the sensor covered in such
a4 manner means that not only is it influenced by magnetic
fields generated by the conductcr, but it can also be
influenced by strav fields from outside of <the region
defined by the closed jaws and so give false or inaccurate

readings.

AMENDED SHEET
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German patent application DE-2-3,817,299 discloses a
magnetlic sensor arrangement forming part of an electrical
measuring device having means for reing fitted around an
electrical conductor for the measurement of a property
assoclated with the conductor, wherein the sehsor
arrangement 1s at least partially shielded from one or
more sources of interference. Thls 1s achieved by
locating a current sensor element within a recess of 3
core material and covering the current sensor with an

earthing element and a cover plate.

‘ According tc a first aspect of the invention, a
magnetic sensor arrangement forming part of an electrical
measuring device, the device havinc means for being fitted
around an electrical conductor fcr the measurement of a
properfy associated with the conductor ar?d{ ‘wherein the
SENsSOor arrangement comprlses at least one sénsor mounted
ln a recess formed in an end face c¢? one of a palr of arms
of a given material the arms being mounted for movement
towards and away from one another, said arms forming said
means rfor being fitted around an electrical conductor and
being characterised in that said end faces are exposed
such that with the arms in a closed position a continuous
loop of the material is formed to therery shield the, or

each, sensor from one or more sources of interference.
The 1nterference may be magnezic interference.
A palr of sensors may be provided.
Preferably, the, or each, sensor 1is mounted on cr

wlthin the means for being fitted around an electrical

conductor.
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The arms are preferably mounted on a body member for

movement with respect to the bodv member.

The arms, or the 1loop, preferably coinprise

magnetically permeable material.

The material may be formed from a number of

laminations.

Alternatively, the material may comprise a Strip

wound core.

If the material is a strir wound core, then the
recesses may be Iormed by mill:ing. If the material
comprises a number of laminations, then the form of the
laminations may be arranged so as to provide the recess,

Qr recesses.

The recesses are preferably Zormed such that the, or
each, sensor 1s exposed to a magnetic field generated by
the electrical conductor, but is shielded from stray
flelds.

Preferably, electrical windings are provided around
the arms and the, cr each, sensor forms part of a control
circult, whereby a primary current flowing in the
electrical conductor, induces a first magnetic flux within
the material of the arms, and an output from the, or each,
sensor, 1s used tc control a secondary current flowling 1in
the windings. Praferably, the secondary current 1is
arranged to 1nduce a secondary flux in the material, which
ls opposed to the primary flux generated by the conductor,
and the, or each, sensor is arranged to control the amount

of sald secondary current so that a point is reached when

the secondary flux exactly balances out the primary flux
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and, at that point, the output from the
1s zero.

The above technique is known as flux-nulling and,

with this technique, the value of the primary current can

be very accurately determined.

Preferably, the magnetic sensor comprises a Hall

effect sensor.

According to a second aspect the lnvention extends to

an electrical measuring device lncorporating the magnetic
Sensor arrangement of the first aspect.

compblnation of features accordinc

Any features or

to the first aspect of
the 1nvention mav be combined

second aspect.

*1th the devu:e of the

By way of example, a specific embodiment of the

present invention will now be described, with reference to

the accompanying dlagrammatic drawings, in which:

Figure 1 shaws a hand-held measuring device,
employing a pair of magnetic Sensors;

Figure 2 shows a pair of arms lncorporating magnetic
Sensors;

Figure 3, 4 and 5 show different types of laminations

which may be utilised for the. formatlon cf the arms of
Figure 2; and

Figure 6 shows an arrangement whereby the arms of the

device may be used as a switch feor contreclling operation
cf the device.
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In the device sflown ln Filgure 1, a housing 10 1is
prcvided having a generally rectangular portion 11 for
holding 1n the hand. Projecting from the portion 11 are
a palr of jaws 12, 13 which can be opened by operation of
a trigger 14 to clip the device around an electrical
conductor. In use, the conductor will extend along the
axls 15 shown in Figure 1, inside closed jaws 12, 13,
which contain a pair of arms of ferro-magnetic material in
which currents are induced by the electromagnetic field
generated by the conductor. The jaws 12, 13 also contain
a palr of magnetic sensors which, 1in the embodiment
described, are Hall effect sensors which generate an

output which i1s dependent upon the current flowing in the

conductor.

Referring to Figure 2, a pair of arms 20, 21 are
snown. The arms 20, 21 are shown as being generally semi-
circular 1in formation, but they may in fact have anv

sultable formaticn.

The arms 20, 21 are made up of successive laminations
22-34 stacked one above another. The laminations are of
an electrically conducting material. Laminations 22 to 25
ana 32 to 34 have a first configuration, such as that
shown 1n Figure 3 or Figure 4 and laminations 26 to 31
nave a second configuration, such as that shown in Figure

5. These two configuraticns of laminations combine to

form the recesses 335, 36 in end regions of the arm 20.

The two recesses 35, 36 each house a Hall effect

sensor 37, 38.

The Hall effect sensors 37, 38 each have output

connections 39 to 42. Although these connections are, in

the diagram of Figure 2, shown as peing unconnected, they
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would, 1n use, be connected to wires which would lead into

an electrical measuring device such as the device 10 of

Figure 1.

The arms 20, 21 have protrusions 43, 44, 45 and 46
which act as keying members for the reception of a plastic
cover or similar (not shown), so as to provide electrical
lnsulation on inner, outer, upper and lower faces 47, 48,
49, 50 of the jaws. The plastic cover does not extend

over the end faces of the arms 20, 21.

The plastic covering which is not shown in Figure 2,
but which 1s shown in Figure 1, provides protection for

the user of a device such as the device 10.

In use, the arms 20, 21 contained within the jaws 12,
13 as part of the device 10 are copened so as to allow an
electrical conductor to be positioned between them. Once

the electrical conductor .is in place, the jaws are closed.

The electrical device 10 may then be used to measure
any one of a numper of parameters relating to the current

flowing through the conductor.

The device works as follows: a prizﬁary current
flowing 1n a conductor placed between the Jjaws 12, 13
creates a magnetl field around the conductor. The
magnetic field causes a first magnetic flux to be induced
in the magnetically permeable material of the Jjaws.
Electrical windings are provided around the jaws, within
the plastic covering and these windings are used to
generate a second nagnetic flux withilin the jaws, opposing

the first flux.

{ e
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The total magnetic flux 1s detected by the Hall
effect sensors 37, 38, the outputs of which are used
within a feed back system to control the level of

secondary current, and therefore secondary flux.

When a situation is reached in which the output of
the Hall effect sensors 1is substantially zero, a state
will have been reached in which the secondary current,
generated within the device 10 exactly cancels out the
magnetic field induced in the jaws by the primary current.
In this manner, the primary current can be easlly and

accurately determined.

The above measurement technique is known as flux-

nulling.

Because the Hall effect sensors 37, 38 are actually

positioned within recesses formed in the arms 20, 21 the
transducers 37, 33 are shielded from any stray external

fields which do nct emanate from within the closed Jaws.

Due to the fact that the end faces of the arms are
exposed, the pair of arms 20, 21 when joined together form
a slngle magnetic circuit loop. This loop acts as . an
efficient magnetic conductor and cives the device 10 very

good high frequency characteristics.

Because of <the shielding effect brought about by
housing the Hall eifect sensors 37, 38 within recesses 35,
36, the device typically rejects stray field effects by an
oraer of up to 1 times that of devices incorporating

unshlelded magnet.z sensors.

As an alternative to the arms 20, 21 being made up of

laminations, the arms may be formed from a strip wound

" b lqml]“H‘ﬁlu&é‘h'-"H!-":ww’ﬂ“"-h““ ol A Al Y Tele . a® o . .
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core having recesses milled into or otherwise formed in

the end faces for acceptance of the Hall sensors 37, 38.

As mentioned previously, once the jaws 12, 13 are
closed and the end faces of the arms 20, 21 are in contact
with one another, the electrical device 10 may be brought
into operation to measure relevant parameters. Figure 6
shows an exemplary circuit for indicating when the ‘jaws

are closed.

As can be seen from Figure 6, the arms 20, 21 are
arranged to have electrical connections placed thereon so
that when the jaws 12, 13 close a short circuit is formed
petween nodes 51, 32. Effectively, bringing nodes 51 and
52 together enables the transistor T, to turn on and enable
an output voltage ", to be generated to the device 10. 1In
the case illustrated, since the two resistors R have an'
identical value, V,, will be 0.5V.. With the jaws open and
the arms 20, 21 sevarated from one another nodes 51 and 52
are dilsconnected and transisteor T 1s unable to turn on.

In those cilrcumstances, V, will be at ground voltage.

out

From this discussicon, it can therefore be seen that a very
simple means of indicating when the jaws are closed is
provided by using the jaws 12, 13 of the device 10 as a

switch.

Various different configurations of arms or jaws may
be adopted without departing from the scope of the present
invention. For instance, one jaw rmay be fixed in position
and the other mav be moveable. Alternatively, some

-
I

embodiments may nct have jaws at all but may instead have

a continuous or non-continuous locro.
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WE CLAIM: _

1. A magnetic sensor arrangement forming part of an electrical measuring
device, the device having means for being fitted around an electrical conductor
for the measurement of a property associated with the conductor, and wherein
the sensor arrangement comprises at least one sensor mounted in a recess
formed in one of a pair of arms of a given material, each of the arms being
separately mounted on a body member for movement towards and away from
one another and for movement by at least one of the arms with respect to the
body member, said arms forming said means for being fitted around an
electrical conductor and each of the arms having an end face that is exposed
such that with the arms in a closed position a continuous loop of the material 1s
formed thereby to shield said at least one sensor from one or more sources of
interference, and electrical winding provided completely around each of the
arms, wherein said at least one sensor forms part of a control circuit whereby a
primary current flowing in the electrical conductor induces a first magnetic
flux within the material of the arms, and an output from said at least one sensor

is used to control a secondary current flowing in the windings.

2. An arrangement according to claim 1 wherein the interference 1s

magnetic Iinterference.

3. An arrangement according to claim 1 wherein a pair of sensors are
provided.
4. An arrangement according to claim 1 wherein the, or each, sensor is

mounted on or within the means for being fitted around an electrical conductor.
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5. An arrangement according to claim 1 wherein the arms comprise
magnetically permeable material.
6. An arrangement according to claim 5 wherein the material is formed
from a number of laminations.
7. An arrangement according to claim 5 wherein the material comprises a
strip wound core.
8. An arrangement according to any one of claims 1 to 7 wherein the

recess or recesses are formed by milling.

9. An arrangement according to claim 6 wherein the laminations are

formed so as to provide the recess or recesses.

10. An arrangement according to any one of claims 1 to 9 wherein the
recess or recesses are formed such that the, or each, sensor is exposed to a

magnetic field generated by the electrical conductor, but 1s shielded from stray
fields.

11.  An arrangement according to claim 1 wherein the secondary current 1s
arranged to induce a secondary flux in the material, which is opposed to the
primary flux generated by the conductor and the, or each, sensor is arranged to
control the amount of said secondary current so that a point is reached when
the secondary flux exactly balances out the primary flux and, at that point, the

output from the, or each, sensor 1s zero.

12.  An arrangement according to any one of claims 1 to 11 wherein the

sensor or sensors comprise a hall effect sensor or sensors.
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13.  An electrical measuring device operatively incorporating the magnetic

sensor arrangement of any one of claims 1 to 12.

14.  The arrangement according to claim 1 wherein the recess 1s formed in

an end face of one of the pair of arms.
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