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STATUS MONITORING ASSEMBLY FORMONITORING A STATE OF AN ELECTROMAGNETIC

SWITCH AND ELECTROMAGNETIC SWITCH COMPRISING THE SAME

(67)  The present invention relates to a status moni-
toring assembly for an electromagnetic switch 200 having
a core 210 that moves, along a central axis of a working
region 230, towards and away from a first operating po-
sition P1, and which comprises a pair of monitoring con-
tacts 110, 120 to be arranged over an open side of the

working region, facing the core contact surface 240, and

designed to contact with the movable core 210 in the first
operating position, thereby becoming electrically con-
nected to each other, via the core. Each monitoring con-
tact has an anchoring section 110a, 120a and a deflected
section 110b, 120b deflected from the anchoring section
by a contactangle. A support member 130 holds the mon-
itoring contacts 110, 120 over an open side of the working
region 230, facing the core 210. The deflected sections
are designed to mechanically contact the contact surface
ofthe corein the first operating position. Itis also provided
an electromagnetic switch comprising the status moni-
toring assembly.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to monitoring of
electromagnetic switches, and more specifically, to sta-
tus monitoring assemblies for monitoring the operating
state of an electromagnetic switch and an electromag-
netic switch comprising the same.

BACKGROUND OF THE INVENTION

[0002] Electromagnetic switches, such as DC relays
and high-voltage contactors, are widely used for protect-
ing electrical equipment against sudden high current dis-
charges and short circuiting in a variety of applications,
such as in industrial premises, electrical machines, solar
panel installations, electric or hybrid vehicles, and the
like. In particular, the actual developments of high-volt-
age batteries, such as for the automobile industry, have
led to a high demand for high-voltage relays and contac-
tors capable of sustaining such high-voltage loads and
of interrupting their power supply, when needed, in a re-
liable manner. For instance, electromagnetic switches
are generally switched between closed and open oper-
ating states via an electromagnetic coil which, when en-
ergized, actuates onto a movable core or armature cou-
pled to the switch main contacts. Depending on the po-
sition/state acquired by the movable core or armature,
the switch main contacts may be either closed to allow
the passage of electrical current across the electromag-
netic switch or opened to interrupt the electrical current
flow. Thus, in order to ensure safe protection of electrical
equipment and components by such electromagnetic
switches, it is of major importance to be able to assert
the operating state of the electromagnetic switch, and
particularly, without the need of local inspection or dis-
assembling of component parts.

[0003] Severaltechniques for monitoring the operating
state of relays and high-voltage contactors have been
proposed. However, depending on the technology used,
many of the proposed techniques require a secondary
connector with two additional connections for the moni-
toring function alone. Some proposals even require three
or four connections. However, many application fields,
such as in the automobile industry, have severe con-
straints in terms of size and number of constituent parts
of vehicle components, so that they require status mon-
itoring solutions that are compact in size, easy to assem-
bly and to incorporate into commercially available elec-
tromagnetic switches.

[0004] Additionally, as most of the existing monitoring
techniques rely on interactions between the movable
parts inside the contacts chamber, the status monitoring
function has to be performed under a very harsh envi-
ronment, for e.g. under high temperatures and arcing
events. Status monitoring based on the use of Hall sen-
sors has also been proposed, but presents the drawback
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of being sensitive to electromagnetic interference.
[0005] Thus, there is still a need for compact status
monitoring solutions that are robust, require a minimum
of electrical connections and parts and which can be eas-
ily customisable and assembled to electromagnetic
switches from different suppliers.

SUMMARY OF THE INVENTION

[0006] The present invention has been made in view
of the shortcomings and disadvantages of the prior art,
and an object thereof is to provide a status monitoring
assembly for an electromagnetic switch which is compact
in size, requires a minimum of electrical connections and
parts and which can be easily customisable and assem-
bled to the electromagnetic switch. A further object of the
presentinvention is to provide an electromagnetic switch
having the status monitoring assembly and method of
producing the status monitoring assembly.

[0007] This object is solved by the subject matter of
the independent claims. Advantageous embodiments of
the presentinvention are subject matter of the dependent
claims.

[0008] According tothe presentinvention, itis provided
a status monitoring assembly for an electromagnetic
switch, the electromagnetic switch having a core which
is movable, along a central axis of a working region, to-
wards and away from afirst operating position, the status
monitoring assembly comprising: a first monitoring con-
tact and a second monitoring contact arranged separate
from the first monitoring contact, each of the first and
second monitoring contacts having an anchoring section
and a deflected section that is deflected, with respect to
the anchoring section, by a contact angle; and a support
member adapted to hold the first and second monitoring
contacts over an open side of the working region, facing
a contact surface of the movable core, and with the an-
choring sections positioned at respective predetermined
distances, in the direction of the central axis, from the
first operating position of the movable core such that a
free-end of each deflected section makes mechanical
contact with a contact surface of the movable core in the
first operating position, thereby electrically connecting
the first and second monitoring contacts to each other
via the movable core.

[0009] As a result, the pair of monitoring contacts be-
comes electronically connected, via the armature, only
at given operation states of the electromagnetic switch
atwhich mechanical contact between the monitoring con-
tacts and the armature is established, and electrically
disconnected at any other operating state at which the
monitoring contacts do not touch the armature.

[0010] Accordingtoa further development, the firstand
second monitoring contacts are electrically disconnected
from each other when the movable core is in a second
operating position along the central axis, the second op-
erating position being more distant from the first and sec-
ond monitoring contacts than the first operating position.
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[0011] Thus, in the case of electromagnetic switches
in which the main contacts are actuated by a movable
core, or armature, that moves within a working region
between correspondent closed state and open state po-
sitions, the operating state of the electromagnetic switch
may be monitored by monitoring the position of the mov-
able core.

[0012] According to a further development, said pre-
determined distance, the contact angle and length of the
deflected section of each of the first and second moni-
toring contacts are set such as to have the free-end of
each deflected section at said predetermined distance,
in the direction of the central axis, from the respective
anchoring section and to mechanically contact with the
contact surface of the movable core in the first operating
position; and/or the deflected sections of the first and
second monitoring contacts are arranged adjacent to
each other in a direction transverse to the central axis
and separated by a distance which is set based on the
shape and size of the core contact surface such that the
respective free ends of the deflected sections make con-
tact with the contact surface of the movable core.
[0013] Thus, the status monitoring assembly may be
easily adapted to the characteristics of electromagnetic
switches from different suppliers by simply changing
length and/or contact angle of the monitoring contacts.
[0014] According to a further development, each de-
flected section is resiliently attached to the anchoring
section to allow the contact angle to vary within a given
tolerance range and maintain mechanical contact with
the movable core between the first operating position and
a third operating position, the third operating position be-
ing closer to the first and second monitoring contacts
than the first operating position.

[0015] As a result, the status monitoring assembly is
able to compensate for small variations in the operating
position of the movable core, such as those caused by
tolerance variations during operation of the electromag-
netic, production variations and even small displace-
ments caused by turbulence during operation, as well as
increase lifetime of the status monitoring assembly.
[0016] Accordingtoafurtherdevelopment, thefirstand
second monitoring contacts are each made from a
straight beam which is bent by said contact angle at a
joint between the anchoring section and the deflected
section, and/or wherein each deflected section has a
curled-up free end adapted to make the deflected section
slide on the contact surface of the movable core.
[0017] Thus, the status monitoring assembly requires
a reduced number of parts and can be produced using
easily available materials with an associated reduction
in production costs.

[0018] Accordingto afurtherdevelopment, thefirstand
second monitoring contacts are disposed in the support
member with the respective anchoring sections parallel
to each other; and/or the first and second monitoring con-
tacts are disposed in the support member with the re-
spective anchoring sections at either a same predeter-
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mined distance or at different predetermined distances
from the first operating position, in the direction of the
central axis, and/or wherein the respective deflected sec-
tions are disposed so as to extend in parallel to each
other or making a divergent angle.

[0019] According to afurther development, the support
member has a central aperture, and wherein each of the
first and second monitoring contacts is disposed in the
support member such that the respective deflected sec-
tionis arranged, at least partially, within the aperture, and
such that an end portion of the respective anchoring sec-
tion protrudes from one side of the support member for
connecting to an external electric potential, the other end
portion of the anchoring section, to which the deflected
section is connected, protrudes from a wall of the central
aperture, and an intermediate portion of the anchoring
section between the two end portions is embedded in the
support member.

[0020] Thus, the support member allows an easy ac-
cess to the monitoring contacts, namely, from a side op-
posed to the side to be mounted onto the electromagnetic
switch.

[0021] According to afurther development, the support
member is adapted to be mounted onto a body of the
electromagnetic switch in a releasable manner or per-
manently fixed thereto.

[0022] According to afurther development, the support
member comprises one or more snap-fit features adapt-
ed to snap into mating snap-fit features provided on the
body of the electromagnetic switch to form a snap-fit joint
that secures the support member to the electromagnetic
switch.

[0023] As aresult, the status monitoring assembly can
be easily mounted on the electromagnetic switch on a
single assembly step, without the need of separate fixing
means, such as screws or glues.

[0024] According to a further development, the one or
more snap-fit features are shaped as cantilever snap-
arms with an angled undercut which is adapted to snap
into mating cavities provided in the electromagnetic
switch body to form a detachable snap-fitjointand secure
the support member to the electromagnetic switch in the
releasable manner.

[0025] Therefore, the status monitoring assembly may
be advantageously removed from the electromagnetic
switch if needed, for e.g. in case the underlying electro-
magnetic switch needs to be repaired or replaced.
[0026] According to a further development, one of the
first and second monitoring contacts, which is used as
an input line contact, has an terminal end adapted to
connect to an output terminal of a power supply or exter-
nal monitoring device for receiving a detection signal
therefrom, and the other one of the first and second mon-
itoring contacts, which is used as an output line contact,
has a terminal end adapted to connect to one of a ground
potential and an input terminal of the power supply or
external monitoring device for outputting the detection
signal received via the movable core.
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[0027] Thus, the status monitoring assembly requires
a minimum number of additional connections, such as
only two connections for connecting to a monitoring sig-
nal unit, or even one in case the output line contact is
connected to the same ground potential of the electro-
magnetic switch.

[0028] According to the present invention, it is further
provided an electromagnetic switch having a status mon-
itoring assembly, the electromagnetic switch comprising:
a body; a core movable along a central axis of a working
region inside the body; and a status monitoring assembly
according to the previous embodiments; wherein the sta-
tus monitoring assembly is arranged on the body and
aligned with the central axis such that the firstand second
monitoring contacts are positioned with the respective
deflected sections over an open side of the working re-
gion and facing the contact surface of the movable core.
[0029] According to a further development, one of an
open state and a closed state of the electromagnetic
switch corresponds to a state in which the movable core
is in the first operating position or in a third operating
position along the central axis C, the third operating po-
sition being closer to the status monitoring assembly than
the first operating position, and the other one of said open
and closed states corresponds to having the movable
core in the second operating position.

[0030] According to a further development, the elec-
tromagnetic switch is a high-voltage contactor or a DC
relay, and/or the movable core is an armature of the elec-
tromagnetic switch.

[0031] The present invention also provides a method
of producing a status monitoring assembly according to
the present invention, the method comprising: providing
a pair of straight contact beams to form the first and sec-
ond monitoring contacts, wherein each straight contact
beam is provided with a firstbending region and a second
bending region to facilitate bending of the straight contact
beam at the first and second bending regions, respec-
tively, and wherein a section of the contactbeam between
one end of the straight contact beam and the firstbending
region corresponds to a sliding free-end of the monitoring
contact to be formed, a section of the contact beam be-
tween the first and second bending regions corresponds
to the deflected section of the monitoring contact, and
the remaining section of the contact beam between the
second bending region and the terminal end of the beam
contact includes the anchoring section of the monitoring
contact; forming the support member with a central ap-
erture by molded injection, including embedding or fixing
the portion of each contact beam corresponding to the
anchoring section to the support member and arranging
the portion of each contact beam corresponding to the
deflected section in the central aperture; bending the
straight contact beams at the first bending zone to form
the sliding free-end of the monitoring contact; and bend-
ing the straight contact beam at the second bending zone
in adirection transverse and away from the support mem-
ber by the contact angle.
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[0032] The present invention provides several advan-
tages over the existing prior art. For instance, the status
monitoring assembly can be routed to the connector of
the electromagnetic coil connector and even use the coil
ground. This means that present invention requires only
an additional connection in the relay or contactor to feed
the detection signal to the status monitoring assembly.
Furthermore, these additional connections can be includ-
ed in the connector that energizes the electromagnetic
coil so that only one cable is necessary for connecting
external power to the relay or contactor. In addition, the
presentinvention allows to dramatically reduce problems
associated with working interactions in the chamber area
since the status monitoring of the present invention op-
erates in the armature/bushing region of the relay or con-
tactor.

[0033] The accompanying drawings are incorporated
into and form a part of the specification for the purpose
of explaining the principles of the invention. The drawings
are not to be construed as limiting the invention to only
the illustrated and described examples of how the inven-
tion can be made and used.

BRIEF DESCRIPTION OF THE FIGURES

[0034] Further features and advantages will become
apparent from the following and more detailed descrip-
tion of the invention as illustrated in the accompanying
drawings, in which:

Fig. 1 is a schematic perspective view of a status
monitoring assembly with a pair of monitoring con-
tacts held by a support member according to a first
embodiment of the present invention;

Fig. 2 is a further schematic perspective view of the
status monitoring assembly shown in Fig. 1, the sup-
port member being shown partially cut out along the
central axis;

Fig. 3 is a schematic perspective view of an electro-
magnetic switch with the status monitoring assembly
according to the first embodiment, the electromag-
netic switch and the status monitoring assembly be-
ing shown partially cut out along the central axis C;

Fig. 4 is a schematic perspective view of an electro-
magnetic switch with the status monitoring assembly
according to the first embodiment, here shown in an
intermediate production stage where one of the mon-
itoring contacts has not yet been bent; and

Fig. 5 is a schematic perspective view of an electro-
magnetic switch with the status monitoring assembly
according to a second embodiment of the present
invention, in which both the electromagnetic switch
and the status monitoring assembly are shown par-
tially cut out (along the central axis C) and with the
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second monitoring contact.
DETAILED DESCRIPTION OF THE INVENTION

[0035] The presentinvention will now be more fully de-
scribed hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inven-
tion are shown. The present invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that the dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout.

[0036] A concept underlying the present invention lies
in providing a technique for monitoring an operating state
of an electromagnetic switch of a movable core type
which relies on detecting whether the electromagnetic
switch is in one of an open and closed states by using
the movable core itself to establish or not an electrical
path across at least two monitoring contacts, depending
on the operating position of the movable core. As it will
be explained in the following, the status monitoring as-
sembly has at least monitoring contacts, for e.g. thin cop-
per bars which work as beam springs, held by a support
member, such as a plastic housing or similar. The mon-
itoring contacts are partially bent to the inside of the elec-
tromagnetic switch bushing (i.e. the armature working
region) so that the monitoring contacts touch the surface
of the armature only when this is at specific operating
positions, which are correlated with the state of the elec-
tromagnetic switch. As a result, the pair of monitoring
contacts becomes electronically connected, via the ar-
mature, only at given operating states of the electromag-
netic switch at which mechanical contact with the arma-
ture is established, and electrically disconnected at any
other operating states in which the monitoring contacts
do not touch the armature. It is then possible to detect
the operating state of the electromagnetic switch by de-
tecting the presence (or absence) of a detecting current
or voltage signal across the pair of monitoring contacts.
[0037] Fig. 1isaschematic perspective view of a status
monitoring assembly 100 having a pair of monitoring con-
tacts 110 and 120 for monitoring the operating state of
an electromagnetic switch 200, such as shown in Fig. 3.
The electromagnetic switch 200 has a movable core or
armature 210 which can move within a working region
220 of the electromagnetic switch 200 under the actua-
tion of an electromagnetic coil (not shown) to acquire
different operating positions along a central axis C of the
working region 220, at least two of the acquired operating
positions being associated with two different operating
states of the electromagnetic switch 200. Specifically, in
operation, the movable armature 210 may be displaced
along the central axis C upwards, under actuation of the
energized electromagnetic coil (not shown), towards a
top side of the electromagnetic switch 200 to acquire a
first operating position P1 on the central axis C. The first
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operating position P1 corresponds to a distance at which
the first and second monitoring contacts 110 and 120 are
at rest and first enter into contact with the movable core
210 (i.e. without being pressed towards the status mon-
itoring assembly 100 by the movable core 210). When
the electromagnetic coil is de-energized, the movable
armature 210 moves downwards the central axis C, i.e.
away from the top side of the electromagnetic switch 200
onto which the status monitoring assembly 100 is to be
installed, to acquire a second operating position P2 at
which the electromagnetic switch 200 is in an open state.
[0038] In the open state, the flow of electric current
across the electromagnetic switch 200 is interrupted. The
closed state of the electromagnetic switch 200 (i.e. when
an electric current can pass across the electromagnetic
switch 200) may correspond to an operating state at
which the movable core 210 is at the first operating po-
sition P1 or when the movable core 210 at a third oper-
ating position P3 along the central axis C, which is closer
to the status monitoring assembly 100 than the first op-
erating position P1 (as shown in Fig. 3). In this case, the
mechanical contact between the pair of monitoring con-
tacts 110 and 120 is first established when the movable
core 210 passes the first operating position P1 and is
maintained until the movable core 210 reaches the third
operating position P3, causing a small deflection of the
first and second monitoring contacts 110 and 120 from
their rest position towards the status monitoring assem-
bly 100. Thus, it is possible to compensate for small de-
viations in the operating positions acquired by the mov-
able core 210 in the closed state (which may vary be-
tween the first and third operating positions P1 and P3)
and/or to avoid that the mechanical contact is missed
when the electromagnetic switch 200 switches between
open and closed states due to the monitoring contacts
110, 120 not fully returning to their rest configuration.
However, the status monitoring assembly 100 may be
designed such that the mechanical contact with the mov-
able core 210 is only established when the movable core
210 reaches the final closed state (i.e. the first and third
operating positions P1 and P3 are made to overlap).
[0039] It should be noted that, since the status moni-
toring assembly 100 detects the position of the movable
core 210 within the working region 220 of the electro-
magnetic switch 200 based on whether or not mechanical
contactis established between the pair of monitoring con-
tacts 110 and 120 and the movable core 210, the status
monitoring assembly 100 may also be employed for mon-
itoring electromagnetic switches with a reverse configu-
ration, i.e. in which the first operating position P1 (or third
operating position P3) corresponds to the open state and
the second operating position P2 corresponds to the
closed state of the electromagnetic switch.

[0040] Referring to Figs. 1 - 2, the status monitoring
assembly 100 includes a first monitoring contact 110 and
a second monitoring contact 120, both held by a support
member 130 which is designed to hold the first and sec-
ond monitoring contacts 110 and 120 over an open side
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230 of the working region 220, facing a contact surface
240 of the movable core 210. The contact surface 240
of the movable core 210 corresponds to an upper side
ofthe movable core 210 whichis oriented perpendicularly
to the central axis C. In the present embodiment, the
central axis of the working region 220 is aligned with a
central axis C of the support member 130.

[0041] The status monitoring assembly 100 is prefer-
ably provided as a separate device having the support
member 130 specifically adapted to be mounted on a top
side of the electromagnetic switch 200. However, a con-
figuration may also be envisaged in which the support
member is omitted, for e.g. the pair of monitoring contacts
110 and 120 are directly held or fixed to a body of the
electromagnetic switch itself, over the open side of the
core working region. The support member may be also
provided as an integral part of the electromagnetic
switch.

[0042] The first and second monitoring contacts 110
and 120 are designed with a specific bent shape and
disposed in the support member 130 so as to ensure that
mechanical contact is established with the movable core
210 only when the movable core 210, actuated to move
from the second operating position P2 towards the top
side of the electromagnetic switch 200, reaches the first
operating position P1 and is maintained at either the first
operating position P1 or between the first operating po-
sition P1 and the third operating position P3, closer to
the status monitoring assembly 100 than the first oper-
ating position P1. The first and second monitoring con-
tacts 110 and 120 are then automatically disconnected
from the movable core 210 when this is displaced in the
opposite direction along the central axis C, i.e. away from
the first operating position P1, and particularly, when the
movable core 210 is at rest in the second operating po-
sition P2. Thus, by feeding a suitable detecting signal
across the pair of monitoring contacts 110 and 120, it is
possible to detect whether or not the electromagnetic
switch 200 is in the closed state (P1 or P3) based on
whether or not there is an electrical connection across
the pair of monitoring contacts 110 and 120, via the mov-
able core 210.

[0043] For instance, the first monitoring contact 110
may be formed from a beam (or thin bar) that is bended
at two spaced-apart bending zones to form an interme-
diate anchoring section 110a, which is the portion of the
first monitoring contact 110 that is held by the support
member 130. The anchoring section 110a is preferably
flat and disposed in the support member 130 along a
direction transverse to the central axis C, which coincides
with the horizontal direction of the axis X in Fig. 1. In
addition, the first monitoring contact 110 includes a de-
flected section 110b, immediately adjacent to the anchor-
ing section 110a, that is bent at one of the bending zones
downwards (i.e. away from the support member 130) by
a given, non-zero contact angle o with respect to a plane
containing the anchoring section 110a. More specifically,
the contact angle a is the angle made by the deflected
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section 110b at rest (i.e. it is not being pressed by the
contact with the movable core 210) and a plane contain-
ing the respective anchoring section 110a and which is
transverse to the central axis C.

[0044] The second monitoring contact 120 is designed
with a shape similar to the first monitoring contact 110,
including an intermediate anchoring section 110a, via
which the second monitoring contact 120 is attached to
the support member 130, and a deflected section 110b
bended with respect to the anchoring section 110a by
the contact angle a. However, a configuration may be
envisaged in which the first and second monitoring con-
tacts differ in shape, including by the value of the contact
angle o between the respective deflected and anchoring
sections.

[0045] In addition, the support member 130 is adapted
to hold the first and second monitoring contacts 110 and
120 at a given height from its base such that, when the
status monitoring assembly 100 is mounted on the elec-
tromagnetic switch 200, the anchoring sections 110a and
120a lie at a predetermined distance (measured along
the central axis C) from the core contact surface 240
when the movable core 210 in the first operating position
P1. The length and contact angle a of each of the de-
flected sections 110b and 120b are set based on this
predetermined distance d¢ (or vice-versa) such that that
the free-ends 110c and 120c of the deflected sections
110b and 120b (which are the ends with which the first
and second monitoring contacts 110 and 120 can make
mechanical contact with the core contact surface 240)
are distant from the plane, transverse to the central axis
C, containing the respective anchoring sections 110aand
120a by the same distance de. Thus, it is ensured that
the monitoring contacts 110 and 120 touch the contact
surface 240 of the movable core 210 only when the mov-
able core 210 is in the first operating position P1 (or closer
to the status monitoring assembly 100), and consequent-
ly, an electrical path is established between the pair of
monitoring contacts 110 and 120, via the movable core
210, only when the electromagnetic switch 200 is in the
closed state. For any other positions of the movable core
210 along the central axis C that are at a larger distance
from the monitoring contacts 110 and 120 than the first
operating position P1, for e.g. when the movable core
210 is in the second operating position P2, the first and
second monitoring contacts 110 and 122 do not touch
the contact surface 240 of the movable core 210 and
consequently, are electrically disconnected from each
other.

[0046] The length of each deflected section 110b and
120b, value of contact angle o, and the separation dr
with which the monitoring contacts 110 and 120 are ar-
ranged adjacent to each other in a direction transverse
to both the central axis C and the anchoring sections
110a and 120a (i.e. a direction parallel to the Y-axis di-
rection in Fig. 1) also depend on the shape and size of
the core contact surface 240 of the electromagnetic
switch 200 onto which the status monitoring assembly
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100 will be mounted. For instance, in the embodiment
illustrated in Fig. 3 the movable core 210 has a circular
contact surface 240 with a central opening. The monitor-
ing contacts 110 and 120 are then designed so as to
extend over almost the entire area of the core contact
surface 240 (which) and touch the core contact surface
240o0nits second half-hemisphere, i.e. atanintermediate
distance from the outer perimeter, thereby maximizing
the length of the deflected sections 110b and 120b and
minimizing the value of the contact angle. This configu-
ration offers more stability and resilience of the mechan-
ical contact established by the monitoring contacts 110
and 120 with the movable core 210. However, the first
and second monitoring contacts 110 and 120 may also
be designed so as to contact the movable core 210 on
any otherlocation on the second half-hemisphere oreven
at locations on the first half-hemisphere of the contact
surface 240.

[0047] Each of the deflected sections 110b and 120b
is resiliently attached to the respective anchoring section
110a and 120a so that the angle made with the anchoring
sections 110a and 120a may increase from the rest con-
tact angle o and vary within a given tolerance range,
thereby maintaining mechanical contact with the mova-
ble core 210 during any displacement between the first
and third operating positions P1 and P3. For instance,
each of the first and second monitoring contacts 110 and
120 may be made from a straight beam of electrically
conductive material, such as a thin bar of copper or a
copper alloy, which is sufficiently flexible to be bent at to
form the specific shape of the monitoring contacts 110
and 120 and still maintain resilience at the bending junc-
tion between the anchoring and deflected sections
against small variations in the actual operating position
acquired by the movable core 210 in the electromagnetic
switch 200in the closed state (i.e. about the firstoperating
position P1) or to return to the monitoring contacts 110
and 120 to the rest contact angle o when the movable
core 210 returns to the second operating position P2. As
an example, the firstand second monitoring contacts 110
and 120 may be made of a thin bar of copper alloy having
a thickness of 0.15 mm (in the direction of the central
axis C), a width of 1 mm and a length of 7.5 mm, and
which is bent at the junction between the anchoring and
deflected sections by a contact angle o of about 36,5°.
For these dimensions, an external detection signal of
about 3 - 5 V voltage may be applied across the pair of
monitoring contacts 110 and 120, which corresponds to
a detection current of about 60 - 80 mA when the moni-
toring contacts 110 and 120 are electrically connected
via the movable core 210, for monitoring the state of the
electromagnetic switch 200.

[0048] Inthe presentembodiment, the first and second
monitoring contacts 110 and 120 are disposed in the sup-
port member 130 with the respective anchoring sections
110a and 120a parallel to each other and such as to be
positioned at a same predetermined distance ds (meas-
ured in the direction of the central axis C) from the first
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operating position P1 when the status monitoring assem-
bly 100 is mounted on the electromagnetic switch 200.
However, an alternative configuration may be envisaged
in which the monitoring contacts of the status monitoring
assembly are positioned at different distances, in the di-
rection of the central axis C, from the first operating po-
sition P1. In this case, the length and/or contact angle o
of each deflected section will be different for each mon-
itoring contact. Moreover, although the monitoring con-
tacts 110 and 120 in the present embodiment are de-
signed and disposed in the support member 130 such
that the respective deflected sections 110b and 120b ex-
tend in parallel and at a same distance from each other,
the pair of monitoring contacts may be designed and dis-
posed so that the respective deflected sections diverge
from each other, as it will be described later with refer-
ence to the embodiment of Fig. 5.

[0049] It should be noted that the electrical contact
made with the contact surface 240 may be deteriorated
with use because of the dust accumulated in this region
by the wear out of the armature surface 240 against the
monitoring contacts 110, 120. In order to mitigate these
effects, the monitoring contacts 110, 120 may have a
sliding contact configuration at the terminations of the
deflected sections 110b, 120b so as to reduce the risk
of electrical insulation appearing between the monitoring
contacts 110, 120 and the armature contact surface 240.
Specifically, friction between the core contact surface
240 and the monitoring contacts 110 and 120, and con-
sequently, wear of the contacting parts, may be reduced
by terminating the deflected sections 110b and 110c with
curled-up free-ends 110c and 120c, respectively, which
are suitably rounded to make the respective deflected
sections 110b and 120b slide onto the contact surface
240 ofthe movable core 210, for e.g. during displacement
of the core 210 within the first and third operating posi-
tions P1 and P3. The curled-up free-ends 110c and 120c
may be formed by bending up the initially straight contact
beams at a third bending zone provided near the end of
the deflected sections 110b and 120b. Thus, the sliding
design of the first and second monitoring contacts 110
and 120 allows to improve the quality of the electrical and
mechanical contact with the core contact surface 240 by
allowing to remove dirt previously accumulated onto the
contact surface 240 while minimizing the production of
dust caused by friction between contact surfaces.
[0050] As shownin Fig. 1 -2, the support member 130
preferably has an aperture 140, centered at a central axis
of the support member 130. The aperture 140 becomes
aligned with the central axis C of the working region 240
when the status monitoring assembly 100 is mounted on
the electromagnetic switch 200. The central aperture 140
serves the purpose of facilitating access to the monitoring
contacts 110 and 120, after these have been embedded
or fixed to the support member 130 by the respective
anchoring sections 110a and 120a, such as for bending
the contact beams and form the deflected sections 110b
and 120b and the curled-up free-end sections 110c and
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120c. Each of the first and second monitoring contacts
110 and 120 is therefore disposed in the support member
130 with the portions corresponding to the respective de-
flected sections 110b and 120b arranged, at least par-
tially, within the aperture 140. The respective anchoring
sections 110a and 120a are partially embedded in the
support member 130 with one of the respective end por-
tions 110d and 120d bent upwards and protruding from
an upper side of the support member 130 for providing
a terminal connection to an electric potential. For in-
stance, when using the first monitoring contact 110 as
an input line contact, the end portion 110d is terminated
as an input terminal to connect to an output terminal of
a power supply or external monitoring device (not shown)
for receiving a detection signal therefrom. In this case,
the other monitoring contact 120 is used as an output
line contact for outputting the detection signal received
via the movable core 210, the end portion 120d of the
second monitoring contact 120 providing a terminal end
suitable for connecting to the other terminal of the power
supply, or to a ground potential. The orientation and
shape of the terminal ends 110d and 120d have the ad-
vantage that the status monitoring assembly 100 can be
easily connected, using standard connectors, to an ex-
ternal monitoring unit or a microcontroller of a printed
circuit board for monitoring and measuring the detection
signal across the pair of monitoring contacts 110 and 120.
[0051] The other end portion of the anchoring sections
110a and 120a, to which the respective deflected sec-
tions 110b and 120b are connected by the bent junction,
protrudes from a wall of the central aperture 140, thereby
localizing the deflected sections 110b and 120b within
the aperture 140 and facing the core contact surface 240
when the status monitoring assembly 100 is mounted on
the electromagnetic switch 200. The intermediate por-
tions of the anchoring sections 110a and 120a are em-
bedded within the support member 130.

[0052] As mentioned above, the support member 130
has a shape adapted to be mounted on the top side 230
of a housing or body 240 of the electromagnetic switch
200 and to position the monitoring contacts 110 and 120
over the open side of the working region 220, facing the
contact surface 240. In order to facilitate the fixation of
the status monitoring assembly 100 to the electromag-
netic switch 200, the support member 130 is preferably
provided with fixation means suitable for attaching the
status monitoring assembly 100 to the electromagnetic
switch body 240 without the need of additional compo-
nents. The type of fixation means may be selected de-
pending on whether it is desired to have the status mon-
itoring assembly 100 attached to the electromagnetic
switch 200 in releasable manner or permanently fixed
thereto. For instance, the support member 130 may com-
prise one or more snap-fit features 150a - 150d shaped
for snapping into corresponding mating snap-fit features
250a - 250d on the housing 240 of the electromagnetic
switch 200 so as to form snap-fit joints that secure the
support member 130 to the electromagnetic switch 200
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in a releasable or permanent manner. In the embodiment
illustrated in Fig. 1 - 2, the support member 130 is de-
signed with a base 142 having the central aperture 140
and a pair of arms 144 and 146, extending from the left
and right sides of the base 142 over the top side of the
electromagnetic switch 200. A pair of snap-fit features
150a-150b and 150c- 150d is provided at the respective
end of each support arm 144 and 146. These snap-fit
features 150a - 150b and 150c - 150d are shaped as
cantilever snap-arms with an angled undercut adapted
to snap into mating cavities 250a - 250d provided in the
electromagnetic switch body 250 and to form detachable
snap-fit joints and secure the support member 130 to the
electromagnetic switch 200.

[0053] The status monitoring assembly 100 may be
produced such that the pair of monitoring contacts are
first fixed to or embedded in the support member 130 as
straight contact beams, positioned adjacentto each other
and which are to be shaped into the form of the first and
second monitoring contacts 110 and 120 prior to assem-
bly onto the electromagnetic switch 200. For instance,
each straight contact beam is provided with previously
defined first and second bending regions 112 and 114
that facilitate bending of the straight contact beam after
being attached to the support member 130 so as to form
the final shape of the deflected sections 110b, 120b. Spe-
cifically, a section of the contact beam between one end
of the straight contact beam and the first bending region
112 is defined to form the sliding free-end 110c, 120c of
the first and second monitoring contacts 110, 120, a sec-
tion of the contact beam between the first and second
bending regions 112 and 114 correspond to the deflected
sections 110b and 120b, and the remaining section of
each contact beam between the second bending region
114 and the terminal end of the beam contact includes
the anchoring section 110a and 120a of the monitoring
contacts 110 and 120 to be formed. The support member
130 with the central aperture 140 is preferably made by
molded injection using methods known in the art. Each
straight contact beam is disposed in the support member
130 so as to have the portion of each contact beam cor-
responding to the deflected sections 110b and 120b in
the central aperture 140 and the portion corresponding
tothe anchoring sections 110aand 120a embedded with-
in the support member 130. The straight contact beams
can then be bended at the respective first bending zone
112 to form the sliding free-end sections 110c, 120c and
atthe second bending zone 114, in a direction transverse
and away from the support member 130 and the fixed
anchoring sections 110a, 120a by the contact angle a.
Thus, the status monitoring assembly 100 can be pro-
duced in a simple manner, with a minimum of assembly
steps, and still allows adjustments of the contact angle
o for contacting movable cores of different diameters, at
least within a given range.

[0054] Fig. 5 illustrates a status monitoring assembly
300 according to a second embodiment. The status mon-
itoring assembly 300 includes a first monitoring contact
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310 and a second monitoring contact 320, both held by
a support member 330 which is also designed to hold
the first and second monitoring contacts 310 and 320
over an open side 230 of the working region 220 of the
movable core 210, facing the contact surface 240 of the
movable core 210. In the present embodiment, the status
monitoring assembly 300 differs from the status monitor-
ing assembly 200 in that the support member is rigidly
attached to the top side of the electromagnetic switch
200 and in the shape of the first and second monitoring
contacts 310 and 320. As in the previous embodiment,
the pair of monitoring contacts 310 and 320 have flat
anchoring sections 310d, 320d through which the mon-
itoring contacts 110 and 120 are fixed between the sup-
port member 330 and the top side of the electromagnetic
switch 200. However, the pair of monitoring contacts 310
and 320 is shaped with deflected sections 310b and
320b, which are not only deflected downwards (along the
central axis X) by a given first contact angle o1 with re-
spect to anchoring sections 310a and 320a, but also di-
verge from each other by a divergence angle a2 in the
direction transverse to the central axis C and the anchor-
ing sections 310a and 320a. Similarly to the first embod-
iment, the length, contact angle .1 and divergence angle
a2 are set based on the distance dc at which the anchor-
ing sections 310a, 320a are located with respect to the
first operating position P of the electromagnetic switch
200, when the status monitoring assembly 300 is ar-
ranged on top of the electromagnetic switch 200, so as
to ensure that the free-end sections of the deflected sec-
tions 310b and 320b enter into mechanical contact with
the movable core in the first operating position P1. The
terminal end portions 310d and 320d of the anchoring
sections 310b and 320b extend over the top side of the
electromagnetic switch 200 for making an external con-
nection, directly to a detecting signal unit or to be routed
through a PCB and header (not shown). The remaining
features and functioning of the status monitoring assem-
bly 300 and electromagnetic switch 200 are similar to
those described in the first embodiment above.

[0055] In conclusion, the present invention provides a
status monitoring assembly for monitoring the operating
state of electromagnetic switches which uses the mova-
ble core itself for closing an electrical path between the
pair of monitoring contacts. By providing a design of mon-
itoring contacts that establish mechanical contact with
the movable core only at certain states of the electro-
magnetic switch, it is possible to detect or assert whether
the electromagnetic switch is in an open state or a closed
state by monitoring the variation of a detecting signal
measured at the terminal ends of the monitoring contacts.
Thus, the presentinvention provides a status monitoring
assembly which requires a minimum of electrical con-
nections and movable parts and which can be easily cus-
tomisable and assembled to electromagnetic switches
from different suppliers, as well as an electromagnetic
switch having a status monitoring function of a compact
size.
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[0056] Although certain features of the above exem-
plary embodiments were described using terms such as
"top", "upwards" and "downwards", these terms are used
for the purpose of facilitating the description of the re-
spective features and their relative orientation within the
status monitoring assembly and/or the electromagnetic
switch only and should not be construed as limiting the
claimed invention or any of its components to use in a
particular spatial orientation. Moreover, the principles of
the present invention can be advantageously applied to
monitor the position of movable parts of types of electro-
magnetic switches other than the one described above.
The electromagnetic switch 200 described above may
be a high-voltage contactor, and DC relay and the like.

Reference Signs

[0057]

100 status monitoring assembly of a first em-
bodiment

110 first monitoring contact

110a sliding free-end

110b deflected section

110c anchoring section

110d terminal end

112 first bending zone

114 120 second monitoring contact

120a sliding free-end

120b deflected section

120c anchoring section

120d terminal end

130 support member

140 aperture

142 base

144,146 arms of support member

150a - 150d  snap-fit features

C central axis

200 electromagnetic switch

210 movable core

220 working region

230 open side, top side of working region

240 core contact surface

250 housing or body

250a-250d snap-fit features

300 status monitoring assembly of a second
embodiment

310 first monitoring contact

310a anchoring section

310b deflected section

310c sliding free-end

310d terminal end

320 second monitoring contact

320a anchoring section

320b deflected section

320c sliding free-end

320d terminal end
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Claims

Status monitoring assembly for an electromagnetic
switch (200), the electromagnetic switch (200) hav-
ing a core (210) which is movable, along a central
axis of a working region (230), towards and away
from a first operating position (P1), the status mon-
itoring assembly comprising:

a first monitoring contact (110; 310) and a sec-
ond monitoring contact (120; 320) arranged sep-
arate from the first monitoring contact (110;
310),

each of the first and second monitoring contacts
(110, 120; 310, 320) having an anchoring sec-
tion (110a, 120a; 310a, 320a) and a deflected
section (110b, 120b; 310b, 320b) that is deflect-
ed, with respect to the anchoring section, by a
contact angle; and

a supportmember (130) adapted to hold the first
and second monitoring contacts (110, 120; 310,
320) over an open side of the working region
(230), facing a contact surface (240) of the mov-
able core (210), and with the anchoring sections
(1104, 120a; 310a, 320a) positioned at respec-
tive predetermined distances, in the direction of
the central axis (C), from the first operating po-
sition (P1) of the movable core (210) such that
afree-end (110c, 120c; 310c, 320c) of each de-
flected section (110b, 120b; 310b, 320b) makes
mechanical contact with a contact surface (240)
of the movable core (210) in the first operating
position (P1), thereby electrically connecting the
first and second monitoring contacts (110, 120;
310, 320) to each other via the movable core
(210).

Status monitor assembly according to claim 1,
wherein

the first and second monitoring contacts (110, 120;
310, 320) are electrically disconnected from each
other when the movable core (210) is in a second
operating position (P2) along the central axis, the
second operating position (P2) being more distant
from the first and second monitoring contacts (110,
120; 310, 320) than the first operating position (P1).

The status monitor according to claim 1 or 2, wherein

said predetermined distance (de), the contact
angle and length of the deflected section (110b,
120b; 310b, 320b) of each of the first and second
monitoring contacts (110, 120; 310, 320) are set
such as to have the free-end (110c, 120c; 310c,
320c) of each deflected section (110b, 120b;
310b, 320b) at said predetermined distance
(de), in the direction of the central axis, from the
respective anchoring section (110a, 120a; 310a,
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320a) and to mechanically contact with the con-
tact surface (240) of the movable core (210) in
the first operating position (P1); and/or
wherein the deflected sections (110b, 120b;
310b, 320b) of the first and second monitoring
contacts (110, 120; 310, 320) are arranged ad-
jacent to each other in a direction transverse to
the central axis and separated by a distance
which is set based on the shape and size of the
core contact surface (240) such that the respec-
tive free ends (110c, 120c; 310c, 320c) of the
deflected sections (110b, 120b; 310b, 320b)
make contact with the contact surface (240) of
the movable core (210).

The status monitor according to any one of claims 1
to 3, wherein

each deflected section (11 Ob, 120b; 310b, 320b) is
resiliently attached to the anchoring section (110a,
120a; 310a, 320a) to allow the contact angle to vary
within a given tolerance range and maintain mechan-
ical contact with the movable core (210) between the
first operating position (P1) and a third operating po-
sition (P3), the third operating position being closer
tothe firstand second monitoring contacts (110, 120;
310, 320) than the first operating position (P1).

The status monitor according to any one of claims 1
to 4, wherein

the first and second monitoring contacts (110,
120; 310, 320) are each made from a straight
beam which is bent by said contact angle at a
joint between the anchoring section and the de-
flected section, and/or

wherein each deflected section (110b, 120b;
310b, 320b) has a curled-up free end (110c,
120c; 310c, 320c) adapted to make the respec-
tive deflected section slide on the contact sur-
face (240) of the movable core (210).

6. The status monitor according to any one of claims 1

to 5, wherein

the first and second monitoring contacts (110,
120; 310, 320) are disposed in the support mem-
ber (130) with the respective anchoring sections
(110a, 120a; 310a, 320a) parallel to each other;
and/or

the first and second monitoring contacts (110,
120; 310, 320) are disposed in the support mem-
ber (130) with the respective anchoring sections
(110a, 120a; 310a, 320a) at either a same pre-
determined distance or at different predeter-
mined distances from the first operating position
(P1), in the direction of the central axis, and/or
wherein the respective deflected sections
(110b, 120b; 310b, 320b) are disposed so as to
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extend in parallel to each other or making a di-
vergent angle.

The status monitor assembly according to any one
of claims 1 to 6, wherein

the support member (130) has a central aper-
ture, and

wherein each of the first and second monitoring
contacts (110, 120; 310, 320) is disposed in the
support member (130) such that the respective
deflected section (110b, 120b; 310b, 320b) is
arranged, at least partially, within the aperture,
and such that an end portion of the respective
anchoring section (110a, 120a; 310a, 320a) pro-
trudes from one side of the support member
(130) for connecting to an external electric po-
tential, the other end portion (110d, 120d) of the
anchoring section (110a, 120a; 310a, 320a), to
which the deflected section (110a, 120a; 310a,
320a) is connected, protrudes from a wall of the
central aperture (140), and an intermediate por-
tion of the anchoring section (110a, 120a; 310a,
320a) between the two end portions is embed-
ded in the support member (130).

The status monitor assembly according to any one
of claims 1 to 7, wherein

the support member (130) is adapted to be mounted
onto abody (240) ofthe electromagnetic switch (200)
in a releasable manner or permanently fixed thereto.

The status monitor assembly according to any one
of claims 1 to 8, wherein

the support member (130) comprises one or more
snap-fit features (150a - 150d) adapted to snap into
mating snap-fit features (250a - 250d) provided on
the body (240) of the electromagnetic switch (200)
to form a snap-fitjoint that secures the support mem-
ber (130) to the electromagnetic switch (200).

The status monitor assembly according to claim 9,
wherein

the one or more snap-fit features (150a - 150d) are
shaped as cantilever snap-arms with an angled un-
dercut which is adapted to snap into mating cavities
provided in the electromagnetic switch body (240)
to form a detachable snap-fit joint and secure the
support member (130) to the electromagnetic switch
(200) in the releasable manner.

The status monitor assembly according to any one
of claims 1 to 10, wherein

one of the first and second monitoring contacts
(110, 120; 310, 320), which is used as an input
line contact, has an terminal end adapted to con-
nect to an output terminal of a power supply or
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external monitoring device for receiving a detec-
tion signal therefrom, and

the other one of the first and second monitoring
contacts (110, 120; 310, 320), which is used as
an output line contact, has a terminal end adapt-
ed to connect to one of a ground potential and
an input terminal of the power supply or external
monitoring device for outputting the detection
signal received via the movable core (210).

12. An electromagnetic switch having a status monitor-

ing assembly (100; 300), the electromagnetic switch
comprising:

a body (240);

a core (210) movable along a central axis of a
working region (230) inside the body (240); and
a status monitoring assembly according to any
one of claims 1 to 11;

wherein the status monitoring assembly (100;
300) is arranged on the body (240) and aligned
with the central axis such that the first and sec-
ond monitoring contacts (110, 120; 310, 320)
are positioned with the respective deflected sec-
tions (110b, 120b; 310b, 320b) over an open
side of the working region (230) and facing the
contact surface (240) of the movable core (210).

13. The electromagnetic switch according to claim 12,

wherein

one of an open state and a closed state of the
electromagnetic switch (200) corresponds to a
state in which the movable core (210) is in the
firstoperating position (P1) orin athird operating
position (P3) along the central axis (C), the third
operating position (P3) being closer to the status
monitoring assembly (100; 300) than the first op-
erating position, and

the other one of said open and closed states
corresponds to having the movable core (210)
in the second operating position (P2).

14. The electromagnetic switch according to claims 12

or 13, wherein

the electromagnetic switch is a high-voltage
contactor or a DC relay, and/or

the movable core (210) is an armature of the
electromagnetic switch.

15. Method of producing a status monitoring assembly

(100; 300) according to any one of claims 1 to 14,
the method comprising:

providing a pair of straight contact beams to form
the first and second monitoring contacts (110,
120; 310, 320),
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wherein each straight contact beam is provided
with a first bending region (112) and a second
bending region (114) to facilitate bending of the
straight contact beam at the first and second
bending regions (112, 114), respectively, and
wherein a section of the contact beam between
one end of the straight contact beam and the
first bending region (112) corresponds to a slid-
ing free-end (110c, 120c; 310c, 320c) of the
monitoring contact (110, 120; 310, 320) to be
formed, a section of the contact beam between
the first and second bending regions (112, 114)
corresponds to the deflected section (110b,
120b; 310b, 320b) of the monitoring contact
(110, 120; 310, 320), and the remaining section
of the contact beam between the second bend-
ing region (114) and the terminal end of the
beam contact includes the anchoring section
(110a, 120a; 310a, 320a) of the monitoring con-
tact (110, 120; 310, 320);

forming the support member (130) with a central
aperture (140) by molded injection, including
embedding or fixing the portion of each contact
beam corresponding to the anchoring section
(110a,120a; 310a, 320a) to the support member
(130) and arranging the portion of each contact
beam corresponding to the deflected section
(110b, 120b; 310b, 320b) in the central aperture
(140);

bending the straight contact beams at the first
bending zone (112) to form the sliding free-end
(110c, 120c; 310c, 320c) of the monitoring con-
tact (110, 120; 310, 320); and

bending the straight contact beam at the second
bending zone (114) in a direction transverse and
away from the support member (130) by the con-
tact angle.
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