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(57) Abstract
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13b
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The current transformer arrangement on the secondary side with an integration stage is provided with a secondary
winding consxstmg of two astatically designed coils (31, 32) lying next to one another and connected in series. A" a result
external parasitic magnetic fields have practically no effect on the transmission of the measured vulue. A large output sig-
nal from the seconda"y side is achieved by a large magnenc coupling of the primary conductor and secondary coil without
the use of ferromagnetic materials. Preferably, the primary conductor (23) is designed as a flat conductor with suitably ar-
ranged slot- shaped recesses (25 to 28), so that primary windings (29a to 29¢) are formed by changing the conductor cross-

section (Fig. 5, 6, 7).

(57) Zusammenfassung -

Die sekundirseitig mit einer Integrierstufe ausgeristete Stromwandleranordnung ist mit einer Sekundirwicklung
aus zwel astatisch aufvebauten nebeneinanderliegenden und in Reihe geschalteten Spulen (31, 32) versehen. Hlerdurch
sind #ussere magneusche Storfelder praktisch ohne Einfluss auf die Messwertiibertragung. Ein grosses sekundérseitiges
Ausgangssignal wird durch eine grosse magnetlsche Kopplung des Primirleiters und der Sekund:mpule ohne Ver\vendung
von Ferromagnetika erreicht. Vorzugsweise ist der Primirleiter (23) als Flachleizer mit geeignet angsordneten schlitzférmi-
gen Ausnehmungen (25 bis 28) ausgebildet, so dass durch Verdnderung der Lelterquerschmtte primére Windungen (29a bis

29g) gebildet werden (Fig. 5, 6, 7).
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CURRENT TRANSFORMER ARRANGEMENT

This invention relates to a current transformer arrangement.

Measuring large currents for determining energy consumption by
means of static electricity meters requires the use of current
transformers whose output signals must be suitable for further
processing in electronic measuring assemblies. The currents to be
measured may amount to over 100 amps which must be detected down into
the measuring range of milliamps, with low levels of deviation from
linearity. Such arrangements must be substantially insensitive in
relaticn to direct current components in the current to be measured.
In addition, the consumption of necessary auxiliary energy for
operating the arrangement must be as low as possible.

Furthermore, the requirements set forth in the IEC Publication
521 must be met, in particular galvanic separation with a high level of
insulation  strength, ability to withstand short-circuiting,
insensitivity in relation to external magnetic interference fields and
the suppression of fresquency effects.

The arrangement cdisclosed in German AS No 10 79 192, in the form
of a magnetic voltmeter, comprises two series-connected secondary coils
which surround a bus bar. The secondary sub-windings are snort-
circuited at their ends by magnetic material. That provides a closed
magnetic circuit (known as a Rogowski coil) whien behaves astatically
in relation to extraneous fields if the density of turns of the sub-
windings is sufficiently high and the distribution of turns is uniform.
With high levels of current density in the primary conductor, the
secondary coils must be at a certain spacing therefrom in order to
ensure satistactory integration of the sub-voltages of the irregularly
distributed winding.

The known current transformer arrangement is provided with an
electronic 1integrating stage whose frequency response, which is
inversely proportional in respect of its input signal to the output
signal, compensates for the proportional frequency dependency of the
voltage induced in the secondary winding by the current to be measured,
and which further rotates the input signal with respect to the opposite
phase position of its output signal, through a phase angle of 90°,
relative to the current to be measured. The measuring signal at the
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output of the integrating stage is independent of the measuring
frequency and is in phase opposition to the current to be measured,
with direct proportionality between the amplitudes.

A disadvantage of the known current transformer arrangement is
that the requirement for substantial insensitivity in relaticn to
external magnetic interference fields is not completely met by the use
of ferromagnetic materials. Furthermore, the known arrangement
delivers very weak output signals as there is only very slight coupling
between the fields of the primary conductor and the secondary coils.
That means that fthat process is not suitable for imeasuring current
strengths of less than about 1 kiloamp.

According to the present invention there is provided a current
transformer arrangement comprising a primary conductor for carrying
alternating current to be measured and a secondary winding comprising
at least two series-connected electrically identical secondary coils
having an astatic configuration, the output voltage of the series-
connected coils being applied to an electronic integration stage on the
output side thereof to produce a measurement signal which is
independent of frequency, wherein, so as to produce a maximum magnetic
field strength, the primary conductor is formed into at least one
current loop, the turns of at least one of the secondary coils are
arranged for maximum magnetic coupling at a minimum spacing relative to
the corresponding current loop and engage as completely as possible the
magnetic flux produced by the current loop, and the magnetic coupling
is effected without magnetic materials, the secondary coils extending
in their axial direction over a minimum part of the length of the
magnetic field lines produced by the current in the primary conductor,
and wherein the secondary coils are arranged in closely adjacent
juxtaposed relationship for optimum external field compedsation.

Embodiments of the present invention provide insensitivity to
external magnetic interference fields as well as a high secondary-side
output signal, combined with a compact design and the simultaneous use
of inexpensive components.

In the preferred embodiment, the coil carrier has a degree of
permeability which is substantially independent of the magnetic field
of the primary conductor. The secondary winding comprises twWwo series-

connected coils whose axes extend parallel to each other. The
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direction of winding of the coils corresponds to that of a solenoid
which is spatially buckled in the centre through 180°. That astatic
arrangement of the coils results in a secondary winding which is
independent of external homogenous magnetic alternating interference
fields as the partial voltages induced by the interference fields in
the two coils cancel each other out. While in the known coils
consisting of sub-windings, the sub-windings are always brought
together to provide a closed integration path corresponding to a
Rogowski coil, in the case of embodiments of the present invention the
secondary coils, in order to attain small dimensions, each extend only
over a part of the length of less than 50% of the magnetic field lines
generated by the current in the primary conductor so that no closed
integration path is formed. In that arrangement the second secondary
coil serves primarily to compensate for the influence of external
fields. In regard to achieving the best possible compensation effect,
the two secondary coils are of small spatial dimensions and are
arranged as closely together as possible.

The secondary coils may be in the form of cylindrical or flat
coils having mutually parallel axes, wherein at least one of the two
coils is disposed in three-dimensional terms at a location at which the
primary current produces the maximum possible field strength. The high
field strength required for a high secondary-side output signal of the
arrangement is produced by shaping of the primary conductor in the form
of a loop. In that way the secondary sub-coils only pick up the
magnetic field of the primary conductor locally in a punctiform manner,
wherein the sum of the voltages induced in the two secondary coils is
proportional to the primary current to be detected.

A particular feature of the current transformer arrangement
embodying the invention is the high magnetic coupling thereof between
the primary conductor and the secondary coil, Ehereby producing high
secondary-side output signals which permit the arrangement to be used
for linear detection of currents with current strengths of down to a
few milliamps, and this is achieved without using ferromagnetic
material. This provides a spatially compact design which permits

inexpensive manufacture.
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In a preferred embodiment, the primary conductor which is in the
form of a loop surrounds the secondary coil in the peripheral direction
thereof as closely and as completely as possible. As in that arrangement
the secondary coil is arranged within a primary conductor which is in
the form of an eye, that design provides for optimum magnetic coupling
with correspondingly high ocutput signals.

In an advantagecus embodiment, the primary conductor encloses
both secondary coils with two series-connected windings. It is
also possible however for the primary conductor to comprise conductor
portions which are connected in parallel relationship with each other
and the windings of which each enclose one of the coils. In that case,
the primary current to be measured is distributed to the two windings
so that, in the case of a primary conductor which is preferably stamped
out of copper, of rectangular cross-section, it is possible to avoid
folds where the conductor portions cross over.

A highly advantageous embodiment is characterised by the
features of claim 5. In that case the primary conductor which is in the
form of a flat conductor is folded about a transverse axis through
an angle of 180° so that the out and return conductors are disposed
at a small spacing one above the other ; that spacing may be of such
a nature, at least ‘n a portion-wise manner, that the resulting
space is suitable for accammodating the secondary winding. In that
embodiment. the influence of the magnetic interference field on the
measurement result is practically eliminated, even without magnetic
materials. The shape and the small dimensions of the arrangement
easily permit fully autamatic production.

It is advantageous if the recesses extend substantially fram the
centre line to the edge of the primary conductor, in mutually opposite
relationship. In that way the electrical current which flows in the
longitudinal direction of the flat primary conductor is deflected
to the middle of the primary conductor so that the current paths
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are formed into a loop.

Another embodiment provides that the mutually oppositely disposed
portions of the primary conductar each camprise two mutually oppositely
directed recesses which are arranged in parallel offset relationship,
thereby forming two windings which are disposed in juxtaposed relationship
in the longitudinal direction of the primary conductor, wherein the

‘magnetic flux of each winding passes substantially through a respective

coil of the secandary winding. In that arrangement the coils of the
seocondary winding are advantageously disposed between the portions of
the primary conductor. As the configuration of the primary conductor
results in two juxtaposed windings, the ixes of which are  respectively
formed by the mutually facing ends of the recesses, each coil of the
secondary winding may be associated with a respective primary winding,
thus providing for optimum flux linkage.

Another advantageous embodiment is provided if the coils of the
secondary winding, in a planar technology design, are disposed in one or
more layers, possibly also on both sides in the form of spirals,
on a substrate. The plate-like substrate may be inserted between the
spaced-apart conductor portions. The substrate with the two coils
of the secomdary winding may also be arranged outside the space between

the conductor portions above the effective winding areas of the primary
conductor.

It is also poésible for the substrate to include further electronic
canponents of the electricity meter. They may be for example the
electronic components of the integrating stage and the multiplier stace.

A furtﬁer embodiment provides that the one conductor portion has
two mutually oppositely directed recesses which extend to the edge
of the primary conductor on a cammon longitudinal axis, while arranged
in parallel therewith is a central recess on the other conductor
portion. With that arrangement of the recesses, the current paths
are such as to form two turns which are connected in parallel and each
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of which is linked with the magnetic flux of a coil of the secondary
winding.

The invention will be described in greater detail hereinafter
by means of embodiments illustrated in the drawing. Tt known integration
circuit has not been illustrated therein.

In the drawing:

Figure 1 is a front view of two secondarv coils of astatic design,
one of which is enclosed by a primary conductor,

Figure 2 is a front view of two coils of zstatic design, which
are enclosed by series-connected turns of the zrimary conductor,

Tigure 3 shows an arrangement of the secondary coils in Figure
2 but with curns of the primary conductor connected in parallel,

Figure 4 is a perspective view of a primer. conductor in the form
of a flat conductor, in which one of the secondary coils of an
astatic design is arranged between oppositely &isposed portions of the
flat conductor and the other secondary coil is arranged outside the
flat conductor,

Figure 5 is a perspective view of a primar- conductor in an
embodiment which has been modified in camparisor: with Figure 4,

Figure 6 is a perspective view of the ooils, of astatic design,
of the secondary winding, with a base plate wiizch can be inserted
into the primary conductor shown in Figure 5, ‘

Figure 7 is a view in cross-saction of the arrangement of Figures 5
and 6 in the operative condition, on a reducec scale,

Figure 8 is a perspective view of an embodiment of the primary
conductor which is modified in comparison with Tigures 4 and 5,

Figure 9 is a perspective view of flat ccils of an astatic

design, in the form of a secondary winding on z base plate which

can be inserted into the primary conductor shown in Figure 8,

Figure 10 is a perspective view of a primary conductor camparable
to that shown in Figure 8, with coils of the secondary winding
arranged therein,
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Figure 1l is a plan view of a folded-open primary conductor in
the form of a flat conductor,

Figure 12 is a plan view of the primary conductor shown in Figure
11 in the folded condition,

Figure 13 is a plan view of a base plate with flat coils of an

. astatic design, of a configuration camparable to Figure 9,

Figure 14 is a plan view of the folded primary conductor shown in
Figure 11, on the opposite side in comparison with Figure 12, and

Figure 15 is a view in cross-section of the arrangement shown in
Figure 14. ‘

Figure 1 shows two spaced-apart cylindrical coils 1 and 2, which
are of an astatic design, of a secondary winding 3. The coils 1 ard
2 which are held by means of a spacer 4 are geametrically and electri-
cally identical and extend with their cylinder axes parallel to
each other. The coils 1 and 2 are arranged in an insulating cylinder
5 and 6. The coil 1 is enclosed by a turn 7a of the primary conductor
7 through which the current Il to be measured flows in the direction
of the indicated arrows. The voltages induced in the coils 1 and 2
by the magnetic field of the altermating current flowing in the primary
conductor 7 are added to produce e; signal which is propartional to
the altemating current I 1 to be measured. Votlages induced by
hamogeneous external interference alternating fields have different
signs by virtue of the astatic arrangement of the coils 1 and 2,
and cancel each other out in the sum. That arrangement substantially
eliminates the influence of externmal magnetic altermating fields
on correct operation of the current transformer arrangement. The
influence of external fields may be further reduced by magnetic
screening material surrounding the coils.

In Figure 2 the coils 8 and 9 correspond to those shown in
Figure 1. The secondary coils 8 and 9 are successively surrounded
by the cammon primary conductor 10. That series connection of the
primary turns 10a and 10b results in a measuring signal which is
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increased in camparison with the arrangement shown in Figure 1.

In Figure 3 the coils 11 and 12 correspond to the coils 8 and
9 in Figure 2. The primary conductor 13 is brancl.23 out to provide
two conductor portions which are each formed into a respective turn
133 and 13b embracing the respective coils 11 and 12. The current Il
is branched on to the conductor portions with the turns 13a and 13b,

the sum of the voltages induced in the coils 11 and 12 being proportional

to the current Il to be measured. In ccomparison with the arrangement
shown in Figure 2, the arrangement shown in Figure 3 has the
advantage that, with the primary conductor 13 which is preferably
stamped out of copper and which is of rectangular cross-section (flat
conductor), it is possible to avoid folds at the location at which the

conductor portions cross over.

In the embodiment shown in Figure 4, a primary conductor 14 is
in the form of a flat conductor of rectangular cross-section and
which is so folded that mutually oppositely disposed conductor portions
14a and 14b produce a square or rectangular cavity 15. Outside the
cavity 15, oppositely disposed portions of the primary conductor 14
are separated fram each other by an insulating layer 16. The conductor
portion 1l4a is provided with a slot-like recess 17 which extends fram
approximately the middle to the edge. A recess 18 which extends in the
opposite direction to the edge is provided on the oppositely disposed
conductor portion 14b. The recesses 17 and 18 influence the geo-
metrical position of the cuwrrent paths of the current which is to be
measured, as represented by the arrows 19 and 20, in such a manner
that a turn is formed for the primary current. The secondary coil 21
which is shown in broken lines is arranged in the magnetic field
of that turn. A second secohdary coil 22 is disposed outside the primary
conductor, to campensate for external magnetic fields.

The primary conductor 23 shown in Figure 5 differs from the
embodiment in Figure 4 in that two oppositely directed slot-like
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recesses 24, 25 and 26, 27 respectively are provided in the mutually
oppositely disposed conductor portions 23a and 23b. Each of the
laterally open recesses 24 to 27 extends approximately to the middle
of the conductor portions 23a and 23b. The recesses 24 and 26

are disposed in the same plane perpendicularly to the primary conductor
23 when it is folded through 180° in the operative condition, that

is to say the conductor portions 23a and 23b extend parallel to

each other. In the same manner, the recesses 25 and 27 are arranged

in a camon plane perpendicularly to the primary conductor 23.

By virtue of the above-indicated configuration of the recesses
24 to 27 the primary current flows along current paths which are
indicated by the arrows 29 to 29g. As a result, series-connected
primary turns are formed in the planes of the conductor portions 23a
and 23b, and secondary coils may be arranged in the magnetic field
of the primary turns.

Disposed on the base plate 30 shown in Figure 6 are two
astatically arranged secondary coils 31 and 32. In the operative
condition, the base plate 30 is located with the coils 31 and
32 between the conductor portions 23a and 23b of the primary conductor
as shown in Figure 5. The position of the coil 31 in Figure 6 is
indicated on the conductor portion 23b in Figure 5 by the broken-line
circle 33. The coil 32 is disposed in a corresponding manner in
Figure 6, in a region represented by the broken-line circle 60
in Figure 5.

Figure 7 shows the current transformer arrangement with the
primary-side part shown in Figure 5 and the secondary-side part shown
in figure 6, in the operative condition. In this case, the upper and
lower portions of the primary conductor 23 are separated from each other
by an insulating layer 61.

The primary conductor 34 in Figure 8 is comparable to the primary
conductor 23 in Figure 5. Only the spacing between the upper
conductor portion 34a and the lower conductor portion 34b is smaller
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and carresponds to the thickness of the insulating layer 35.

The bhase plate 36 shown in Figure 9 with the secondary coils
38 and 39 arranged thereon is disposed in the operative condition of
the current transformer arrangement between the conductor portions 34a
and 34b of the primary conductor 34 shown in Figure 8. The coils
38 and 39 in Figure 9 are of a spiral configuration and are produced
by planar technology so that the small space between the conductor
portions 34a and 34b as shown in Figure 8 is adequate. In the operative
condition the centre point of the coil 38 is disposed approx.mately
at the middle end of the slot-like recess 40 in Figure 8. In a
corresponding fashion, the central point of the coil 39 and the
middle end of the recess 41 are arranged in approximately coincident
positions.

Figure 10 shows a primary conductor 42 which substantially
corresponds to the primary conductor 34 in Figure 8. However the
recesses 44 and 45 are in the form of holes at their emds which are
directed towards the middle of the primary conductor 42, while secondary
coils 46 and 47 of an astatic design are mounted in the holes.

In the embodiment shown in Figure 11 a primary conductor 48
is shown in an open condition, that is to say before being folded about
a line 49. In the folded condition a caonductor portion 48a is
disposed above a conductor portion 48b. The conductor portion 48b has
recesses 50 and 51 which extend in mutually opposite relationship and
on a camon longitudinal axis parallel to the fold line 49. Provided
on the conductor portion 48a is a recess 52 which extends only in the
middle region of the conductor portion 48 and which is at the same '
spacing fram the fold line 49 as the recesses 30 and 51. The locations
of the secondary coils are illustrated by the broken-line circles 53 and
54. Arranged in mirror image relationship with respect thereto, in
relation to the fold line 49, are the corresponding base areas 55 and
56 for the secondary coils.
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Figure 12 shows the primary conductor 48 of Figure 1l in the
folded-together condition, so that the conductor portions 48a and
48b are disposed one above the other. Correspondingly only the

recesses 50 and 51 are illustrated, with the locations for the secondary

coils, as indicated by the circles 53 and 54.

Figure 13 shows the secondary coils 56 and 57 of astatic design,
which are fixed to a base plate 55. That arrangement which corresponds
in principle to that shown in Figure 9 differs therefram essentially
in that the coils 56 and 57 are at the same spacing fram the fold line
49 in Figure 13. The coils 56 and 57 may also be produced by a
planar technology. In order for both coils to be exposed to the
corresponding primary magnetic flux, they may also be arranged cutside
the space between the folded conductor portions 48a and 48b in Figure
11, if the magnetic coupling involved is sufficient for a high ocutput
signal. In that case also, the circles shown in Figures 11 and 12
are the corresponding locations for the secondary coils.

Figure 14 shows the primary conductor 48 in Figure 11 in the
folded-together condition, from the opposite side in camparison with
Figure 12. Accordingly only the middle recess 52 can be seen.

In Figure 15 also, the primary conductor 48 is s‘n:mi in the
folded-together condition, the spacing between the upoer conductor
portion 48a and the lower conductor portion 48b being determined by
an insulating layer 57. The direction of the primary current to be
measured is identified by the arrows 58 and 59. The base plate 55
of Figure 13 is inserted into the space $0.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A current transformer arrangement comprising a primary conductor
for carrying alternating current to be measured and a secondary winding
comprising at least two series-connected electricafly identical
secondary coils having an astatic configuration, the output voltage of
the series-connected coils being applied to an electronic integration
stage on the output side thereof to produce a measurement signal which
is independent of frequency, wherein, so as to produce a maximum
magnetic field strength, the primary conductor is formed into at least
one current loop, the turns of at least one of the secondary coils are
arranged for maximum magnetic coupling at a minimum spacing relative to
the corresponding current loop and engage as completely as possible the
magnetic flux produced bﬁ the current loop, and the magnetic coupling
is effected without magnetic materials, the secondary coils extending
in their axial direction over a minimum part of the length of the
magnetic field lines produced by the current in the primary conductor,
and wherein the secondary coils are arranged in closely adjacent

juxtaposed relationship for optimum external field compensation,

2. A current transformer arrangement according to claim 1, wherein
the current loop closely embraces the at least one secondary coil in
the peripheral direction thereof.

3. A current trafsformer arrangement according to claim 1 or claim
2, wherein two current loops are connected in series and each current
loop embraces a secondary coil,

L, A current transformer arrangement according to claim 1 or claim
2, wherein two current loops are connected in parallel with each other
and eanh current loop embraces a secondary coil,

5. A current transformer arrangement according to any one of the
preceding claims, wherein the primary conductor is in the form of a
folded flat conductor with mutually oppositely disposed conductor
portions which, by means of at least one opening, each form at least
one portion of the current loop in the plane of the flat conductor.
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6. A current transformer arrangement according to claim 5, wherein
the openings extend in mutually opposite directions approximately from
the centre line to the edge of the flat conductor.

7. A current transformer arrangement according to claim 6, wherein
the oppositely disposed conductor portions of the flat conductor each
have two mutually oppositely directed openings which are arranged in
parallel displaced relationship and thereby form two portions of the
current loop which portions are disposed side-by-side in the
longitudinal direction of the flat conductor.

8. A current transformer arrangement according to any one of claims
5 to 7, wherein the secondary coils are arranged betwean the conductor

portions of the flat conductor.

9. A current transformer arrangement according to claim 7 or claim
8, wherein the secondary coils are produced by a planar technique and
are disposed in one or more layers in the form of spirals on a

substrate.

10. A current transformer arrangement according to claim 5, claim 8
or claim 9, wherein the one conductor portion has two mutually
oppositely directed openings which extend to the edge of the flat
conductor on a common axis and arranged in paralilel therewith on the
other conductor portion is an opening which does not extend to the

edges.

1, A current transformer arrangement substantially as herein
described with reference to any of Figures 1 to 5, or Figures 5, 6 and
7, or Figure 8, of Figures 8 and 9, or Figure 10, or Figures 11 to 15
of the accompanying drawings.

12. A static electricity meter including a current transformer

arréngement according to any one of the preceding claims,

DATED this 16th day of October, 1989.
LGZ LANDIS & GYR 2UG AG
By Its Patent Attorneys
ARTHUR S CAVE & CO
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