EP 1 906 427 A1

(1 9) Européisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 1906 427 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
02.04.2008 Bulletin 2008/14

(21) Application number: 06020548.1

(22) Date of filing: 29.09.2006

(51) IntCL.:

HO1H 71/24 (2006.01) HO1H 50/10 (2006.01)

(84) Designated Contracting States:

AT BEBG CHCY CZDE DK EE ES FIFRGB GR

HUIEISIT LILT LU LV MC NL PL PT RO SE SI
SK TR

Designated Extension States:

AL BAHR MK YU

(71) Applicant: SIEEMENS AKTIENGESELLSCHAFT

80333 Miinchen (DE)

(72) Inventor: Kratzschmar, Andreas Dr.

92260 Ammerthal (DE)

(54) An electromagnetic drive unit and an electromechanical switching device

(57)  An electromagnetic drive unit (415) comprises
a yoke (153), a coil (152) around said yoke (153), and a
movable armature (151). Said coil (152) and said yoke
(153) are at least partly surrounded by a magnetic layer
(400).

An electromechanical switching device (40) com-
prises a housing (18); at least one input terminal (11) and
aresponsive output terminal (12) for connecting the elec-

FIG 4

tromechanical switching device (40) to at least one cur-
rent phase; and at least one electromagnetic drive unit
(415) according to the first aspect of the invention. The
coil (152) is adapted to receive a current responsive to
the current of the responsive current phase (¢1, ¢2, $3),
and the movable armature (151) is adapted to break or
limit at least the responsive current phase (1, 2, 63) if
the responsive current phase (¢1, $2, 63) carries an ex-
cessive current.
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Description
Field of the invention

[0001] Theinventionrelates tothe art of design of elec-
tromagnetic drive units, and further also to electrome-
chanical switching devices

Background art

[0002] Circuitbreakers and currentlimiters are devices
that are used to break a current circuit or limit current in
a current circuit in the low voltage range which usually is
understood to cover voltages from 100 V up to 1000 V.
Typically, circuit breakers and current limiters are adapt-
ed to break a current circuit or limit current therein for a
three-phase current, butitis also possible that the current
circuit is a one-phase current circuit only. Breaking a cur-
rent circuit may be necessary in the case of short-circuit,
phase fault or an overload condition. Limiting a current
in a current circuit can be used to avoid adverse effects
of an overload condition, for example.

[0003] Circuit breakers and current limiters are elec-
tromechanical switching devices that comprise at least
one electromagnetic drive unit, typically one for each
phase. Such an electromagnetic drive unit follows the
current in the at least one current phase and is adapted
to break the current phase or phases upon detecting an
excessive current by releasing the lock of the circuit
breaker or current limiter or by displacing the contact
pieces of such devices. Typically, a coil is used for mon-
itoring the current.

[0004] In order to reduce the manufacturing costs and
to make the electromagnetic drive unit smaller, the elec-
tromagnetic drive units typically comprises a yoke and
an armature that are relatively simple and cheap parts
and thus tend to generate a magnetic field very ineffi-
ciently. This magnetic field must at least partly be com-
pensated by increasing the number of windings in the
coil, which tends to lead to increased electrical losses
and to excessive heat dissipation, thus increasing the
complexity of design of electromechanical switching de-
vices in which electromagnetic drive units are used.

Summary of the invention

[0005] A first object of the invention is to improve the
efficiency of an electromagnetic drive unit that is prefer-
ably suitable for use in a short-circuit release. This object
can be achieved with an electromagnetic drive unit as
set out in claim 1.

[0006] A second object of the invention is to reduce
the sensitivity of a short-circuit release of an electrome-
chanical switching device against cross-phase interfer-
ence. This object can be achieved with an electrome-
chanical switching device as set out in claim 6.

[0007] The dependent claims describe various advan-
tageous aspects for both objects of the invention.

10

15

20

25

30

35

40

45

50

55

Advantages of the invention

[0008] If the yoke and the coil of an electromagnetic
drive unit comprising a yoke, a coil around said yoke, and
a movable armature are at least partly surrounded by a
magnetic layer, the magnetic field lines caused by a cur-
rent flow through the coil may penetrate into the magnetic
layer that can thus form an outer boundary for the mag-
netic field lines. This is suspected to improve the mag-
netic coupling between the yoke and the armature and
thus also to improve the efficiency of the electromagnetic
drive unit.

[0009] Ifthe magnetic layer comprises a synthetic ma-
terial, especially a polymer, the electromagnetic drive unit
can be manufactured in a particularly easy manner.
[0010] If the synthetic material further comprises fer-
romagnetic powder or ferromagnetic fibers, the magnetic
properties of the magnetic layer may be improved.
[0011] Preferably, the magnetic layer has a relative
magnetic permeability p, € [30, 100].

[0012] The magnetic layer can also be a partial mag-
netic coating of a housing of the electromagnetic drive
unit. In this manner, the cost of material may be reduced,
since the magnetic layer does not need to be strong
enough to form a supporting wall.

[0013] By animproved magnetic behavior due to mag-
netic layers inside or on the surface of the housing, it is
also possible to reduce the number or windings of the
coil. Hence the electric losses of the coil and the con-
structed space can be reduced as well.

[0014] If the electromechanical switching device com-
prises at least two input terminals and responsive output
terminals for connecting the electromechanical switching
device to at least two current phases, and a coil for each
of the responsive current phases, and if the magnetic
layer is located between said coils, cross-phase interfer-
ence to the coil can be reduced and the accuracy of the
electromechanical switching device for excess currents
may be improved.

List of drawings

[0015] In the following, the preferred embodiment of
the invention is described in more detail with reference
to the examples shown in Figures 3 and 4 of the append-
ed drawings, of which:

Figure 1 is a section of a current limiter of prior art;
Figure 2 is a second section of the current limiter of
Figure 1 in direction -1l illustrating magnetic field

lines;

Figure 3 is a section of a current limiter according to
a first aspect of the present invention; and

Figure 4 is a second section of a current limiter of
Figure 3 in direction llI-1ll illustrating magnetic field
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lines.

[0016] Same reference numerals refer to similar struc-
tural elements throughout the Figures.

Detailed description

[0017] Figure 1 is a section of a current limiter 10
known from prior art. The current limiter 10 comprises a
housing 18, three input terminals 11 and responsive out-
put terminals 12 for connecting the current limiter 10 to
three phases of a current circuit.

[0018] The current limiter 10 comprises three electro-
magnetic drive units 15. In an electromagnetic drive unit
15, coil 152 is adapted to receive a current responsive
to the current of the responsive current phase ¢1, 2, 63,
and the movable armature 151 is adapted to break at
least the responsive current phase ¢1, 62, ¢3 if the re-
sponsive current phase ¢1, $2, ¢3 carries an excessive
current.

[0019] In the case of short circuit, the striker armature
151 will be attracted to the yoke 153 due to a rapidly
increasing magnetic field caused by the excessive short
circuit current. The plunger 155 that is connected with
the striker armature 151 transfers the motion of the striker
armature 151 to the contact bridge 16 carrying the mov-
able contact pieces 14, displacing the movable contacts
pieces 14 from the respective stationary contact pieces
13 and thus disconnecting the current path.

[0020] Advantageously, there is a mechanical spring
180 located between the yoke 153 and the striker arma-
ture 151. With the help of the spring 180, the operating
point and thus also the current threshold required to open
the contact pieces 13, 14 can be adjusted. Furthermore,
the spring 180 resets the position of the striker armature
151 by returning it back to its initial position after the cur-
rent flow has been disrupted.

[0021] A contact spring 17 can be used to adjust the
limit current which causes the current circuit to be limited.
[0022] A contact breaker of the prior art is in principle
very similar to the current limiter 10, except that a contact
breaker further comprises a locking mechanism that, af-
ter being activated, is adapted to keep the broken current
phase or phases 01, 62, $3 broken until the locking mech-
anism being manually deactivated. The simplest way to
achieve this is to supply the contact breaker with a latch-
ing mechanism L which can latch a plunger 154 down to
a displaced position so that it prevents with its shoulders
182 the contact bridge 16 from returning to make contact
between the movable contact pieces 14 and the station-
ary contact pieces 13.

[0023] Current limiters and contact breakers are
known as such in the prior art, and the skilled person
appreciates that understanding the operating principles
of these devices in more detail is not relevant for under-
standing the principles underlying the present invention.
[0024] Figure 2 is a section of the current limiter of
Figure 1 in direction llI-Ill illustrating magnetic field lines
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for phase 3. As can be seen, the magnetic field lines of
the coil 152 used to measure the current in phase ¢3
penetrate into the next block where a similar coil 152 is
used to measure the current in phase ¢2. The magnetic
field lines that would be caused by the coil 152 used to
measure the current in phase ¢2 would, similarly, pene-
trate into the blocks for measuring currents in phases ¢1
and ¢3, and the magnetic field lines that would be caused
by the coil 152 used to measure the current in phase ¢1
would penetrate into the block for measuring currents in
phases ¢2.

[0025] Cross-phase interference of the above kind
may make the short-circuit release of a current limiter or
of a circuit breaker to function improperly, or at least re-
duce the operational accuracy of the circuit breaker. A
possible consequence is that a current circuit will be not
limited or broken despite it carrying an excessive current,
or that a current circuit is limited or broken too early, i.e.
despite it is not carrying an excessive current.

[0026] Figure 3 is a section of a current limiter 40 ac-
cording to a first aspect of the present invention. The
operating principle of the current limiter 40 is the same
as that of the current limiter 10 shown in Figure 1.
[0027] The electromagnetic drive unit 15 has been re-
placed with an improved electromagnetic drive unit 415
that comprises in addition to the components shown in
Figure 1 also a magnetic layer 400 that at least partly
surrounds the coil 152 and the yoke 153. Optionally, the
magnetic layer 400 may also at least partly cover the
striker armature 151. The magnetic layer 400 may show
at least one opening O for the conductor wire W that is
used to feed the coil 152. Preferably, the opening is
matched to the size of the conductor wire W to reduce
magnetic losses.

[0028] The magnetic layer 400 may comprise a syn-
thetic material, especially a polymer. The synthetic ma-
terial may further comprise ferromagnetic powder or fer-
romagnetic fibers.

[0029] Advantageously, the magnetic layer 400 has a
relative magnetic permeability w., € [30, 100].

[0030] The magnetic layer 400 can be a partial mag-
netic coating of a housing of the electromagnetic drive
unit 415. If the electromagnetic drive unit 415 is com-
prised in the housing 18 of a current limiter 40, the hous-
ing of the electromagnetic drive unit 415 can be the hous-
ing of the current limiter 40.

[0031] Figure 4 shows sections of the current limiter
of Figure 3 in direction IlI-lll illustrating magnetic field
lines. An effect of the magnetic layer 400 is that the mag-
netic field lines penetrate into the magnetic layer which
then forms an outer boundary for the magnetic field lines.
This is suspected to improve the magnetic coupling be-
tween the yoke 153 and the striker armature 151.
[0032] To reduce the cross-phase interference, the
magnetic layer 400 may be located between the coils
152 that are used to measure the currents carried by
different phases ¢1, ¢2, 3.

[0033] According to a further embodiment of the inven-
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tion, the magnetic layers 400 are located only between
the coils 152 for different 1, ¢2, ¢3.

[0034] Even though the invention was described by
way of examples relating to a three-phase current limiter,
the skilled person appreciates that the invention is not
limited to such a limiter but can be extended to any elec-
tromagnetic drive unit and to any electromechanical
switching device comprising an electromagnetic drive
unit. A particular example of such an electromechanical
switching device is a circuit breaker.

Claims

1. An electromagnetic drive unit (415), preferably for a
short-circuit release, comprising a yoke (153), a coil
(152) around said yoke (153), and a movable arma-
ture (151), characterized in that: said coil (152) and
said yoke (153) are at least partly surrounded by a
magnetic layer (400).

2. An electromagnetic drive unit (415) according to
claim 1, wherein: said magnetic layer (400) com-
prises a synthetic material, especially a polymer.

3. An electromagnetic drive unit (415) according to
claim 2, wherein: said synthetic material further
comprises ferromagnetic powder or ferromagnetic
fibers.

4. An electromagnetic drive unit (415) according to any
one of the preceding claims, wherein: said magnetic
layer (400) has a relative magnetic permeability .,
€ [30, 100].

5. Anelectromagnetic drive unit (415) according to any
one ofthe preceding claims, wherein: said magnetic
layer (400) is partial magnetic coating of a housing
(18) of the electromagnetic drive unit (415).

6. An electromechanical switching device (40), com-
prising:

i) a housing (18);

ii) at least one input terminal (11) and a respon-
sive output terminal (12) for connecting the elec-
tromechanical switching device (40) to at least
one current phase;

i) a short-circuit release with at least one elec-
tromagnetic drive unit (415) according to any
one of the preceding claims, wherein: the coil
(152) is adapted to receive a current responsive
to the current of the responsive current phase
(01, 2, 63), and the movable armature (151) is
adapted to break or limit at least the responsive
current phase (¢1, 62, $3) if the responsive cur-
rent phase (¢1, $2, $3) carries an excessive cur-
rent.
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7.

10.

1.

12.

An electromechanical switching device (40) accord-
ing to claim 6, wherein: said armature (151) is a
striker armature adapted to break the contact be-
tween at least one movable contact piece (14) and
a responsive stationary contact piece (13) by dis-
placing said at least one movable contact piece (14).

An electromechanical switching device (40) accord-
ing to claim 6 or 7, wherein: said magnetic layer
(400) is a part of said housing (18) of the electrome-
chanical switching device (40).

An electromechanical switching device (40) accord-
ing to any one of claims 6 to 8, wherein: said elec-
tromechanical switching device (40) comprises at
least two input terminals (11) and responsive output
terminals (12) for connecting the electromechanical
switching device () to at least two current phases (¢1,
02, $3), and a coil (152) for each of the responsive
current phases (¢1, 92, $3); and wherein the mag-
netic layer (400) is located between said coils (152).

An electromechanical switching device (40) accord-
ing to any one of the preceding claims 6 to 9, where-
in: said electromechanical switching device (40) is
a current limiter.

An electromechanical switching device (40) accord-
ing to any one of the preceding claims 6 to 9, where-
in: said electromechanical switching device (40) is
a circuit breaker.

An electromechanical switching device (40) accord-
ing to claim 11, further comprising: a locking mech-
anism that, after being activated, is adapted to keep
the broken current phase or phases (¢1, $2, $3) bro-
ken until the locking mechanism being manually de-
activated.
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