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(57) Claim
1. A measuring transformer for current measurement, the 

measuring transformer comprising:

an electric conductor having first and second conductor 

portions, the first conductor portion being arranged to conduct 

an electric current to be measured in one direction and the 

second conductor portion being arranged to conduct the electric 

current in the opposite direction?

at least one air coil being formed of a wire-wound coil 

wound on a coil body, being flattened so that the axis of the 

coil extends between and is substantially parallel to an 

opposed pair of flat sides of the coil, and being sandwiched 

between the two conductor portions of the electric conductor 

with each flat side of the coil facing a respective one of the
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conductor portions such that the axis of the air coil extends 

substantially parallel to the direction of magnetic fields 

produced by current flowing through the two conductor portions 

of the electric conductor, wherein the distance between the

outer circumferential surface of the air coil and the two 

conductor portions of the electric conductor is equal to a 

minimum distance for maximising the magnetic coupling between 

the two conductor portions and the air coil while avoiding 

voltage breakdown for a predetermined current in the conductor;

at least one ferromagnetic shield surrounding the first
. 1 .} *

and second conductor portions for shielding the air coil from 

external magnetic fields, the ferromagnetic shield being in the

form of a ring of sheet metal electrically insulated from the 

first and second conductor portions; and

a housing made of electrically insulating material around 

the air coil, the housing having walls which electrically 

insulate the air coil from the first and second conductor
j portions, and including a bottom portion which comprises a

■ carrier for the air coil. ‘
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MEASURING TRANSFORMERS

This invention relates to measuring 

transformers for measuring the current flowing in an 

electric conductor.

Measuring transformers may be used, for 

5 example, in electricity meters to determine a momentary 

value of electric power delivered to a consumer. In such 

cases, the momentary value of electric current is 

measured by means of the arrangement and is then 

multiplied by the momentary value of a supply voltage.

10 W. German Patent Publication Auslegeschrift

No. 1 079 192 discloses a measuring transformer provided 

with a ferromagnetic shield and with at least one air 

coil insulated from an electric conductor through which 

the current to be measured is passed, the air coil being 

15 wound on a coil body. Such a measuring transformer as 

disclosed is not easy to assemble and is dependent on 

close mechanical tolerances being maintained.

According to the present invention there is 

provided a measuring transformer for current 

20 measurement, the measuring transformer comprising:

an electric conductor having first and second conductor 

portions, the first conductor portion being arranged to 

conduct an electric current to be measured in one 

direction and the second conductor portion being arranged 

to conduct the electric current in the opposite 

direction;
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at least one air coil being formed of a wire-wound coil wound 

on a coil body, being flattened so that the axis of the coil 

extends between and is substantially parallel to an opposed 

pair of flat sides of the coil, and being sandwiched between 

the two conductor portions of the electric conductor with each

flat side of the coil facing a respective one of the conductor

portions such that the axis of the air coil extends 

substantially parallel to the direction of magnetic fields

produced by current flowing through the two conductor portions 

, of the electric conductor, wherein the distance between the
t < < c e e o
«... outer circumferential surface of the air coil and the two

c c c
ccc _

,·,··, conductor portions of the electric conductor is egual to a
c « c

;*« minimum distance for maximising the magnetic coupling between
c <<<

the two conductor portions and the air coil while avoiding 

voltage breakdown for a predetermined current in the conductor;

at least one ferromagnetic shield surrounding the first
• « t <

·’*«*' and second conductor portions for shielding the air coil from

, «, external magnetic fields, the ferromagnetic shield being in the
« <

CCC

form of a ring of sheet metal electrically insulated from the 

first and second conductor portions; and
• · t »

• « t

·· · a housing made of electrically insulating material around

the air coil, the housing having walls which electrically 

insulate the air coil from the first and second conductor

portions, and including a bottom portion which comprises a 

carrier for the air coil.

t
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Preferred embodiments of the invention, to be 

described in greater detail hereinafter, provide 

measuring transformers, the assembly of which is very 

simple and non-critical with respect to mechanical

5 tolerances, which are insensitive to interfering 

magnetic fields, which are particularly precise, simple 

and reliable and which provide strong output signals.

The invention will now be described by way of 

example with reference to the accompanying drawings,

10 throughout which like parts are referred to by like 

references, and in which:

Figure 1 is a first cross-sectional view A-B of 

the schematic design of a measuring transformer according 

to a first embodiment of the invention;

15 Figure 2 is a second cross-sectional view C-D of

the design of the measuring transformer shown in 

Figure 1;

Figure 3 is a schematic perspective view of a 

measuring transformer according to a second embodiment of

i)

c
• « c
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!
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the invention; and

Figure 4 is a schematic perspective view of a 

measuring transformer according to a third embodiment of

the invention.

Referring to Figures 1 and 2, a measuring 

transformer for measuring the current i_ flowing in an 

electric conductor 1 contains at least one ferromagnetic 

screen or shield 2 and at least one air coil 3,4 

insulated from the electric conductor 1, the air coil 

consisting of a wire-wound coil 3 wound on a coil body 4. 

An air coil is herein defined generally as a coil not 

having a ferromagnetic core. The air coil 3,4 (not shown 

to scale in the drawing) is installed in such a manner 

between a conductor 1a providing a current path in one 

direction and a conductor 1b providing a current path in 

the opposite direction with conductors 1a,1b extending 

parallel to each other, that its axis is substantially 

parallel to the direction of magnetic fields H& and H&. 

The magnetic field ff* is produced by the current i 

flowing through the conductor la in the one direction, 

while the magnetic field is produced by the current _i 

flowing through the conductor 1b in the opposite 

direction. In the space between the conductor la and the
- )1 -S

conductor 1b, the two magnetic fields H and H. are 

parallel to each other in the same direction, in the 

vicinity of the air coil 3,4. The air coil 3,4 is 

preferably a flat coil as shown, and the distance between
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the circumferential surface of the air coil 3,4 and the two

conductors la and lb is always equal to the minimum distance
dictated by a required insulation voltage, typically about one

millimetre. Due to this fact, the magnetic coupling between

the conductor 1 and the air coil 3,4 is very large, since the

magnetic flow of the magnetic fields Ha and produced by

the current i is taken up as completely as possible by the air

coil 3,4, and because the air coil extends over the shortest

possible partial length of the magnetic field line produced by

the current i.

The air coil 3,4 is located in a housing 10 made of 

electrically insulating material, the walls of which in turn 

electrically insulate the air coil 3,4 from the conductors la 

and lb. The housing 10 is preferably made of a ceramic 

material and provided with a bottom portion 10b and a housing 

cover 10a. The air coil 3,4 is located on a carrier made of an 

insulating material on which additional electronic structural 

elements may be located, whereby the bottom portion 10a of the 

housing Ϊ0 constitutes this carrier. A preferred material for 

the ferromagnetic shield 2, due to its high permeability, is an 

iron-nickel alloy such as, for example, permenorm, vacoperm, 

trafoperm, permax, ultraperm or mu-metal. The ferromagnetic 

shield 2 consists of a ring which is made of at least one piece 

of sheet-metal bent

I
■i

ίί
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in the shape of a ring, as this greatly simplifies its 

fabrication, while allowing for electrical insulation of 

the conductor 1a and the conductor 1b. The width L of 

the ring is greater than its widest clear opening, so

5 that it shields the air coil 3,4 very effectively against 

the influence of external interfering magnetic fields.

The electric conductor 1 can have a rectangular cross­

section, for example, and in that case the ring is also

, preferably rectangular in shape. The electrical
t
«

« 10 conductor 1 is preferably constituted by a U-shaped loop
<
«

, 11, the opposite sense or back-and-forth conductors of

« which are the mutually parallel conductors 1a and 1b of

the electric conductor 1. The rectangular cross-section 

of the electric conductor 1 can measure 2 mm by 10 mm,

15 for example, for a current _i of about 100A. Additional 

electronic structural elements (not shown), such as for 

instance parts of the wiring electronics of the measuring 

transformer, can be additionally installed on the 

carrier, inside or outside the housing 10.

20 It has been assumed in Figure 1 that the width
e

of the housing 10 is greater than the width of the 

electric conductor 1. In that case, in the cross-section 

A-B the housing 10 would completely fill the space s

between the two conductors la and 1b and the loop 11.

25 However, the width of the housing 10 can also be equal to 

or smaller than the width of the electric conductor 1.

In the latter case, in the cross-section A-B, the housing
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10 will fill the space between the two conductors 1a and .

1b only partially. The two conductors la and 1b of the ;

loop 11 cross the cavity between the housing 10 and the

ring, for example, in such manner that they are in

5 special contact with the housing 10 as well as in 

electrically-insulating spacial contact with the ring.

Between the ring on the one hand and the two conductors 

1a and 1b on the other hand, an insulation layer 13a thus

J exists, as shown in Figures 1 and 2.« ·' 
• 10 The ring is preferably surrounded completely on

ί its circumferential surface by a substantially parallel,

1 ring-shaped and wider outer shield 12. An insulation layer

' 13b, for instance, can be located between the ring and

the outer shield 12. The outer shield 12 has a width Z

15 which is greater than the width L of the ring, so that
e

the latter’s frontal surfaces are also shielded in part. .,

This width Z can for example be 30 mm. The outer shield 3
■1

12 is preferably made of deep-draw steel or of an iron- it

nickel alloy. The insulating layer 13b between the ring ;

I 20 and the outer shield 12 also serves to increase the

spacial distance between the two in this case, thus ί

improving the shielding effect of the outer shield 12. ’j

This spacial distance can be about .05 mm, for example.

It is the role of the outer shield 12 to relieve the ,
I

25 highly permeable but easily saturated ring, which in fact
C-·

acts as a shield, when strong external interfering

magnetic fields are present. The ring and the outer \



shield 12 thus act as a double shield. Without the outer

shield 12, the shield formed by the ring would remain

unsaturated up to a value of the external interfering

magnetic field of approximately 50A/cm. However, when

the double shield is present, the shield constituted by

the ring remains unsaturated up to a value of the

external interfering magnetic field of approximately

200A/cm. The voltage induced in the air coil 33 is

proportional to d(Ha + Hb)/dt, that is for sinusoidal 
_ > —>

magnetic fields Ha and H&, in proportion to the total 

(H^ + H^) = 2 H^, since the magnetic fields and

are of equal size and of the same orientation. When the 

magnetic fields Ha and H& are not sinusoidal, the two 

connections of the air coil 33 must be connected to a 

bipolar input of an integrator (not shown in the 

drawings). The output signal of this integrator is then 

in every instance proportional to (Ha + H&) = 2 H^,.

The integrator can be a Miller integrator, for instance, 

which consists of an operational amplifier, the output of 

which is fed back via a capacitor to the inverting input 

of the operational amplifier. The two poles of the input 

of the integrator are in this case connected to the 

inverting or to the no--inverting input of the 

operational amplifier within the integrator, each via a 

resistance.

Due to the particularly narrow or concentrated 

magnetic coupling between the two conductors la and 1b
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comprising the conductor 1 and the air coil 3»4, the 

measuring transformer is particularly precise and 

reliable. The shield 2 and, if installed, the outer 

shield 12, render it insensitive to magnetic fields.

5 The second and third embodiments differ from the

first embodiment only in the configuration of the 

electric conductor 1.

In the arrangement shown in Figure 3 

, illustrating the second embodiment, the electricc «<
; 10 conductor 1 forms at least two U-shaped loops 11a and 11b
e

which are installed side by side and parallel to each 

other, and are electrically connected in series. Also, 

each of two conductors 16 and 17 or 18 and 19 is 

attributed to each loop 11a or 11b, one above the other

15 and in parallel to each other. The two conductors 16 and 

18 leading away, on the one hand, and the two conductors 

17 and 19 leading back, on the other hand, of the two 

loops 11a and 11b, are each arranged in the same plane 

e next to each other. The housing 10, and thereby also thece
t « 20 air coil 3,4, is installed between the two conductors 16

c «
and 18 leading away, on the one hand, and the two 

conductors 17 and 19 leading back on the other hand, 

whereby all of these back-and-forth conductors run in 

proximity of the housing. The ring, and if present the

25 outer shield 72, surround the two U-shaped loops 11a and 

11b laterally while being insulated from them 

electrically. This arrangement makes it possible to
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excite the measuring transformer with half the current, 

for example with 50A, without altering the configuration 

of the ferromagnetic shield 2 and of the housing 10. 

This half current produces an equally large magnetic

5 field with the two loops 11a and 11b as does the current 

£ with the single loop 11.

It is possible for the ϋ-shaped loops 11a and 

11b to be telescoped into each other so as to cover each

, other. In this case, the two conductors 16 and 18

10 leading away, on the one hand, and the two conductors 17 

and 19 leading back, on the other side, are arranged 

above each other in a covering manner instead of next to 

each other. The back-and-forth conductors 16 to 19 can 

then be nearly twice as wide and half as thick as those

15 previously described.

In the third embodiment shown in Figure 4, the

electric conductor 1 consists of two conductors 20 and 21 

which are parallel at least- within the ring and which are 

c arranged at least once in such a manner that theyc€ t
c j 20 initially cross the ring in one direction, then cross

< «

each other while being electrically insulated, and then 

again cross the ring in the opposite direction. In that 

case, the housing 10, and thereby also the air coil 3,4, 

is arranged for both directions between the two

25 conductors 20 and 21. The two conductors 20 and 21 can 

for example be installed parallel to each other and one 

above the other. An outer shield 12 surrounds the ring
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cc ε
ε

advantageously from the side as well. This arrangement 

can be used in electricity meters in the USA for example, 

and makes it possible to excite the measuring transformer 

with two independent single-phase currents and i.2 of 

200A each, for example, without altering the 

configurations of the housing 10 and of the ferromagnetic 

shield 2, whereby one of the two currents i_1 and i? can 

be zero in an extreme case. Such an overall design of 

the conductors 20 and 21 makes it possible to keep the 

transfer constants of the two currents i^ and i^ exactly 

equal.

5t
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The claims defining the invention are as follows:

1. A measuring transformer for current mecisurement, the 

measuring transformer comprising:

an electric conductor having first and second conductor 

portions, the first conductor portion being arranged to conduct 

an electric current to be measured in one direction and the s

second conductor portion being arranged to conduct the electric 

current in the opposite direction;

at least one air coil being formed of a wire-wound coil 

wound on a coil body, being flattened so that the axis of the 

coil extends between and is substantially parallel to an
c
/ opposed pair of flat sides of the coil, and being sandwiched

c
between the two conductor portions of the electric conductor

et«
with each flat side of the coil facing a respective one of the 

conductor portions such that the axis of the air coil extends

. c substantially parallel to the direction of magnetic fields
« c
;·, produced by current flowing through the two conductor portions

t

of the electric conductor, wherein the distance between the 

outer circumferential surface of the air coil and the two 

conductor portions of the electric conductor is equal to a 

minimur’. distance for maximising the magnetic coupling between 

the two conductor portions and the air coil while avoiding 

voltage breakdown for a predetermined current in the conductor;

at least one ferromagnetic shield surrounding the first 

and second conductor portions for shielding the air coil from
ii

external magnetic fields, the ferromagnetic shield being in the J

form of a ring of sheet metal electrically insulated from the /



AMD/0261a
- 13 -

first and second conductor portions; and

a housing made of electrically insulating material around

the air coil, the housing having walls which electrically 

insulate the air coil from the first and second conductor 

portions, and including a bottom portion which comprises a 

carrier for the air coil.

2. A measuring transformer according to claim 1, wherein the 

length of the ring between its open ends is greater than its 

widest clear opening.

3. A measuring transformer according to claim 1 or claim 2, 

wherein the ring is rectangular and the cross-section of the 

electric conductor is rectangular.

4. A measuring transformer according to claim 1, claim 2 or 

claim 3, wherein the electric conductor forms a U-shaped loop 

whose parallel limbs form the first and second conductor 

portions.

5. A measuring transformer according to claim 1, claim 2 or 

claim 3, wherein the electric conductor forms at least two 

mutually adjacent and parallel U-shaped loops which are 

electrically connected in series, one of
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the U-shaped loops comprising the first and second 

conductor portions and the other U-shaped loop comprising 

third and fourth conductor portions, all of the conductor 

portions being substantially parallel to each other, the 

first and second conductor portions being arranged one 

above the other, the third and fourth conductor portions 

being arranged one above the other and to conduct 

electric current in opposite directions, the first and 

third conductor portions being arranged in one plane, the 

second and fourth conductor portions being arranged in 

another plane, the electric conductor including a 

condictive path connecting the second and third conductor 

portions, and the air coil being positioned between the 

first and third conductor portions and between the second 

and fourth conductor portions.

I

6. A measuring transformer according to claim 1, 

claim 2 or claim 3, wherein the electric conductor forms 

at least two U-shaped loops which are telescoped into 

each other so as to cover each other and are electrically 

connected in series, one of the U-shaped loops comprising 

the first and second conductor portions and the other U- 

shaped loop comprising third and fourth conductor 

portions, all of the conductor portions being 

substantially parallel to each other, the first and third 

conductor portions being arranged one above the other and 

to conduct electric current in one direction, the Second!1
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and fourth conductor portions being arranged one above 

the other and to conduct electric current in the opposite 

direction, the electric conductor including a 

conductive path connecting the second and third conductor 

portions, and the air coil being positioned between the 

first and third conductor portions ana between the second 

and fourth conductor portions.

7. A measuring transformer according to claim 1, 

claim 2 or claim 3, wherein the electric conductor 

comprises two mutually parallel conductor parts at least 

partially within the ring which are arranged such that 

they cross the ring initially in one direction, then 

cross each other in an electrically insulating manner, 

and then cross the ring again in the opposite direction, 

and wherein the air coil is wholly located between the 

two conductor parts.

8. A measuring transformer according to any one of

the preceding claims, wherein the housing is made of a 

ceramic material.

< c t«
««ec 9. A measuring transformer according to any one of

the preceding claims, wherein additional electronic 

elements are also located on the carrier for the air

c>
fs
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10. A measuring transformer according to any one of 

the preceding claims, wherein the ferromagnetic shield is 

made of an iron-nickel alloy.

11. A measuring transformer according to any one of 

the preceding claims, wherein the ferromagnetic shield is 

surrounded on its circumferential surface by a 

substantially parallel, ring-shaped and wider outer 

shield.
5.

12. A measuring transformer according to claim 11,
c

* wherein the outer shield is made of deep-drawn steel.
€

13. A measuring transformer according to claim 11,

wherein the outer shield is made of an iron-nickel alloy.

i 
f
ii

£

i

j
i

14. A measuring transformer according to claim 11, 

claim 12 or claim 13, wherein there is a space between 

the ferromagnetic shield and the outer shield.

-F
c 

C C

ii
?j

15. A measuring transformer for current 

measurement, the measuring transformer being 

substantially as herein described with reference to 

Figures 1 and 2, Figure 3 or Figure 4 of the accompanying 

drawings.

il
ii
3
8
'S

DATED this 2nd day of April, 1990
LGZ LANDIS S GYR ZUG AG 
By Its Patent Attorneys 
ARTHUR S CAVE & CO
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