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rack (20) and having a probing element (31) and a driving

SAFETY DEVICE FOR A HIGH-VOLTAGE RELAY

means (40) being joined to the probing element (31) and
being configured for mechanically engaging a contact
arm (62) of the high-voltage relay (60).
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Description
Field of the invention

[0001] The invention relates to a safety device for a
high-voltage relay.

Description of the related art

[0002] High-voltage relays are widely used in high-volt-
age systems for automatically closing and interrupting
an electric connection in a high-voltage circuit. Thereby,
the term "high-voltage", as usual, addresses a voltage
of at least 1 kV DC (Directed Current) or a voltage of at
least1,5kV AC (Alternating Current) between connecting
contacts of the high-voltage relay when the electric con-
nection between the connecting contacts is interrupted
by the high-voltage relay.

[0003] A high-voltage relay usually has an elongate
contact arm establishing an electric connection between
connecting contacts of the high-voltage relay in a normal
position and interrupting the electric connection between
the connecting contacts in a deflected position, i.e. the
contact arm is preloaded to the normal position and has
to be displaced by applying a force to the contact arm for
the deflected position. For example, the contact arm may
be configured to be a contact spring which may be elas-
tically bended to the deflected position. Alternatively, the
contact arm may be formed as arigid element which may
be displaced, particularly pivoted, to the deflected posi-
tion and is preloaded to the normal position by a separate
spring.

[0004] Herein, the state of the high-voltage relay is
called a closed state if the contact arm is in the normal
position, and the state of the high-voltage relay is called
an open state if the contact arm is in the deflected posi-
tion. Note that the normal position of the contact arm may
instead correspond to the open state of the high-voltage
relay, and the deflected position of the contact arm may
instead correspond to the closed state of the high-voltage
relay.

[0005] In mostcases the force is applied to the contact
arm by an actuator being mechanically coupled to the
contact arm. The actuator has a coupling portion for en-
gaging the contact arm and a magnetizable portion which
is arranged and guided displaceable within in a coil.
[0006] When an electric current is applied to the coil
the coil generates a magnetic field magnetizing the mag-
netizable portion of the actuator. The magnetized portion
of the actuator interacts with the magnetic field of the coill
and experiences a magnetic force displacing the actuator
which in turn bends or displaces the contact arm from
the normal position to the deflected position thus inter-
rupting the electric connection between the connecting
contacts of the high-voltage relay.

[0007] The high-voltage relay may further have a body
for supporting and relatively arranging the coil, the actu-
ator, the contact arm and the connecting contacts where-
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inthe contact arm is arranged at an outer side of the body
in many cases while the actuator extends from inside the
body via a through-hole of the body to the outer contact
arm.

[0008] A high-voltage relay being mounted to a high-
voltage system is often hidden by other components of
the high-voltage system. In these cases, the state of the
high-voltage relay of the high-voltage system cannot be
recognized visually.

[0009] The high-voltage systems is usually subjected
to a regular maintenance. If the maintenance of the high-
voltage system was performed when the high-voltage
relay is in the closed state, there would be a high risk of
death or at least injury for the maintenance personnel.
[0010] Therefore, during maintenance, the high-volt-
age relay must be reliably in the open state. Accordingly,
safety provisions require that an actual state of the high-
voltage relay must be correctly and automatically detect-
able at any time and unconditionally.

[0011] As a consequence, the high-voltage relay
should have a so called safety contact for connecting
thereto a safety circuit which may, for example, block an
access to the high-voltage system or, in case of an ac-
cess, activate a safety interrupt if the high-voltage relay
is defectively and unnoticeably in the closed state.
[0012] Many commercially available high-voltage re-
lays, however, do not have such a safety contact contra-
rily to the safety provisions.

Summary of the invention

[0013] The object to be solved by the invention is to
provide a high-voltage relay with a safety contact.
[0014] Solutions of the object are described in the in-
dependent claims. The dependent claims relate to further
improvements of the invention.

[0015] The object is solved by a safety device for a
high-voltage relay. In other words, a separate safety de-
vice is provided for complementing the high-voltage re-
lay. The high-voltage relay, for example, may be mounted
to a high-voltage system. Note, that the high-voltage re-
lay itself needs no modification due to the safety device.
This is crucial for not losing the warranty of a manufac-
turer of the high-voltage relay.

[0016] The safety device may have a rack. The rack
provides a support for any further componentof the safety
device and allows for an attachment of the safety device.
[0017] The safety device may further have a position
sensor being fixed to the rack and having a probing ele-
ment. The position sensor has connecting contacts and,
thus, can provide the high-voltage relay with an external
safety contact.

[0018] Preferably, the safety device has a driving
means being joined to the probing element and being
configured for mechanically engaging a contact arm of
the high-voltage relay. The driving means, thus, forms a
mechanical coupling between the probing element of the
position sensor and the contact arm of the high-voltage
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relay. Different high voltage relays may have contact
arms which are formed and arranged differently. A skilled
person may readily adapt the driving means to a contact
arm of a particular high voltage relay by providing the
driving means with a configuration, i.e. mechanical struc-
ture, properly matching the contact arm of the particular
high voltage relay. The driving means provides a me-
chanical priority control, i.e. a mechanically forced guid-
ance.

[0019] In an advantageous embodiment, the position
sensor is provided as a switch pin and/or the position
sensor has an elastic element preloading the probing el-
ement to a default state. Switch pins are commercially
available in a large variety. Particularly, they may have
very small dimensions, i.e. may be formed very thin, re-
quiring little space in the mounted state. The elastic ele-
ment may be a spiral spring or the like. The preloaded
default state of the position sensor should correspond to
the closed state of the high-voltage relay for safety rea-
sons. In case the safety device itself is defective, at least
the position sensor simulates the closed state of the high-
voltage relay. Inthis way, safety may be achieved despite
a defective safety device.

[0020] The driving means preferably has a body sec-
tion and two protrusions extending from the body section
and being arranged at a distance. The protrusions may
laterally engage the contact arm of the high-voltage relay
by embracing the contact arm. Due to the distance be-
tween the protrusions the contact arm and the driving
means may move relative to each other in the engaged
state of the driving means. Of course, the driving means
may have additional protrusions improving an insulating
function of the driving means.

[0021] In some embodiments, a stroke of the position
sensor is smaller than the distance of the two protrusions.
This configuration allows position sensors to be used
which have a smaller stroke than a stroke of the contact
arm, i.e. the driving element may transform a stroke dif-
ference between the position sensorand the contactarm.
[0022] Preferably, the driving means has an insulating
material or consists thereof and/or the driving means has
a cylindric body section and/or the driving means has
disc-shaped protrusions. The insulating material allows
for a safe galvanic separation of the position sensor form
the contact arm. Exemplary insulating materials are ther-
moplastic materials as polyoxymethylene (POM), poly-
ethter-etherketone (PEEK), polyvinylchloride (PVC) or
polyamide 6 (PAG6). However, the invention is not limited
to these materials.

[0023] Depending on the voltage applied to the con-
necting contacts of the high-voltage relay the body sec-
tion of the driving means must be sufficiently large in
order to ensure a certain minimal distance between the
probing element of the position sensor and the contact
arm of the high-voltage relay. Particularly, the cylindric
body section may have a plurality of axial sections having
different diameters. Preferably, the diameter of any cy-
lindric body section may be in a range from 0.5 mm to
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2.5 mm and more preferably in a range from 1.0 mm and
2.0 mm. Also the disc-shaped protrusions may have dif-
ferent diameters. Preferably the diameter of any disc-
shaped protrusion may be in a range from 2.0 mm and
4.5 mm.

[0024] An overall axial length of the driving means may
be in a range from 7 mm to 13 mm and more preferably
in a range from 9 mm to 11 mm.

[0025] The cylindric shape of the body section and the
disc-like shape of the peripheral protrusions result in a
rotational symmetry of the driving means. Due to the ro-
tational symmetry of the driving means any accidental
rotation of the driving means does not affect the engage-
ment with the contact arm.

[0026] The driving means may have a recess for ac-
commodating a free end of the probing element of the
position sensor wherein particularly the free end of the
probing element of the position sensor is accommodated
in the recess and secured to the driving means. The re-
cess in the body section of the driving member allows for
an easy joint of the driving member to the probing ele-
ment. The free end of the probing member may be tight
fitted within the recess or inserted into and bonded to the
recess by means of an adhesive.

[0027] The rack preferably has an insulating material
or consists thereof and/or the rack includes at least an
abutment shoulder for aligning the safety device relative
to the high-voltage relay. Due to the insulating material
both the rack and any component of the safety device
being fixed to the rack are electrically isolated from the
high-voltage relay. The abutment shoulder allows for a
defined exact relative position of the safety device in the
mounted state.

[0028] In some embodiments, the rack is configured
for securing the safety device to a high-voltage relay
and/or the rack has two plates being arranged parallel
and/or opposite to each other and at least one spacer
being arranged between the plates and/or extending per-
pendicular to the plates and/or being connected to either
plate. In other words, the rack may be shaped comple-
mentary to the high-voltage relay in order to provide a
positive fit. If the rack has two opposite plates which are
connected by one or more spacers, only the plates have
to be shaped to fit the shape of the high-voltage relay.
[0029] The rack may further include at least one pro-
trusion engaging an undercut of the high-voltage relay.
This is a clever way to provide a secure mechanical con-
nection between the rack and the high-voltage relay on
the one hand and to not at all modify the high-voltage
relay on the other hand.

[0030] In other embodiments, the safety device has
two or more position sensors and a corresponding
number of driving means each being joined to one posi-
tion sensor. These embodiments may be used for com-
plex high-voltage relays having two or more contact
arms.

[0031] The safety device preferably has a printed cir-
cuit board being attached to the rack and electrically con-
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nected to each position sensor and/or having a pluggable
connecting section. The printed circuit board (PCB) may
be screwed to the rack, particularly opposite to the high-
voltage relay. Connecting contacts of the position sensor
may be electrically connected to the printed circuit board,
particularly by means of soldering. The pluggable con-
nection section of the printed circuit board allows a plug
to be plugged to the safety device, i.e. a plug of an ex-
ternal safety circuit.

[0032] Another subject of the invention is an arrange-
ment comprising a high-voltage relay and a safety device
according to the invention being secured to the high-volt-
agerelay. This arrangement satisfies the safety provision
concerning high-voltage relays and functionally corre-
sponds to a high-voltage relay provided originally with a
safety contact.

[0033] Preferably,an operatingdirection of the position
sensor is at least substantially perpendicular to a main
extension of the contact arm of the high-voltage relay.
This arrangement is preferable when the contact arm is
bended or displaced from a normal position to a deflected
position in a direction perpendicular to its main extension.
[0034] Yet another subject of the invention is a use of
an arrangement according to the invention for satisfying
a safety provision concerning a high-voltage relay. The
inventive arrangement of a high-voltage relay and a safe-
ty device secured to the high-voltage relay may be used
in conformity with the safety provision. Furthermore, a
method for operating a high-voltage relay is suggested.
The method is performed for operating a high-voltage
relay without any original safety contact safely and in
conformity with the safety provision.

[0035] The method may have the step of driving a po-
sition sensor by a contact arm of a high voltage relay,
the contact arm being mechanically engaged by a driving
means joined to the position sensor. In other words, a
priority control, i.e. a mechanically forced guidance, is
established between the contact arm and the position
sensor.

[0036] The method may have the further step of de-
tecting a state of a high-voltage relay by way of a state
ofthe position sensor. Due to the priority control, the state
of the high-voltage relay is uniquely mapped to a state
of the position sensor which may be evaluated instead.

Description of Drawings
[0037] Exemplary embodiments ofthe invention will be

described in detail below referencing the drawings and
without any limitation of the general inventive concept.

Figure 1  shows alateral view of an embodiment of an
inventive safety device according to the in-
vention inan embodiment of an arrangement
according to the invention;

Figure 2  shows another lateral view of the safety de-

vice shown in Fig. 1;
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Figure 3  shows an enlarged cross-sectional view of a

detail of the safety device shown in Fig. 1.

In figure 1 a preferred embodiment of an arrangement
100 according to the invention is shown in a lateral view.
The arrangement 100 has a high-voltage relay 60 with a
body 61, two contact plates 65 fixed to the body and a
contact arm 62 configured as a contact spring for option-
ally closing and interrupting an electric connection be-
tween the connecting contacts 65. The high-voltage relay
60 further has a coil 64 and an actuator 63 engaging the
contact arm 62 and being arranged and guided displace-
able by a magnetic force generated by the coil 64.
[0038] The high-voltage relay 60 is operated by alter-
natively applying or not applying an electric current to the
coil 64. When no electric current is applied to the coil 64,
consequently, no magnetic field is generated by the coil
64. In the absence of the magnetic force the actuator 63
is in a normal position allowing the contact arm 62 for
closing the electric connection between the connecting
contacts 65.

[0039] When, on the other hand, an electric current is
applied to the coil 64 the coil 64 generates a magnetic
field applying a magnetic force to the actuator 63. The
actuator 63 is displaced by the magnetic force from the
normal position to an activated position. In the activated
position the actuator 63 bends the contact arm 62 thus
interrupting the electric connection between the connect-
ing contacts 65.

[0040] The skilled person understands that the inven-
tive arrangement may have a different high-voltage relay
as well. For instance, the normal and operating states of
the actuator 63 and, respectively, the closing and inter-
rupting positions of the contact arm 62 may be defined
differently. Apart from that, the high-voltage relay may
have more than two connecting contacts 65 thus forming
a changeover relay or the like. Furthermore, the high-
voltage relay may have two or more contact arms 62 for
controlling two or more electric connections between
connecting contacts 65.

[0041] The arrangement 100 further has a safety de-
vice 10 according to the invention. The safety device 10
is secured to the high-voltage relay 60. The arrangement
100 is used for satisfying a safety provision concerning
the high-voltage relay 60 in case the safety provision is
not originally satisfied by the high-voltage relay 60.
[0042] In figure 2 the safety device 10 is shown in an-
other lateral view. The safety device 10 has a rack 20
being configured for securing the safety device 10 to the
high-voltage relay 60. The rack 20 consists of an insu-
lating material and has two plates 21 being arranged par-
allel and opposite to each other and four spacers 24
which are arranged between the plates 21. The spacers
24 extend perpendicular to the plates 21 and are con-
nected to either plate 21 by means of screws 25 (see
figure 1).

[0043] Furthermore, the rack 20 includes four protru-
sions 23 engaging a corresponding undercut (not shown)
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of the high-voltage relay 60 and four abutment shoulders
22 (see also figure 1) for aligning the safety device 10
relative to the high-voltage relay 60. The abutment shoul-
ders 22 are formed and arranged on the plates 21 for
abutting corresponding abutment surfaces of the body
61 of the high-voltage relay 60.

[0044] The skilled person understands that the struc-
ture of the rack 20 individually depends on the shape of
the body of the high-voltage relay 60 and is exemplary
only. In case the arrangement 100 has a high-voltage
relay with a different structure, i.e. a different shape of
the body and/or a different arrangement of the contact
arm, the rack may and should be freely adapted to the
different structure of the high-voltage relay for being se-
curable and alignable to the high-voltage relay.

[0045] Returning now to figure 1, the safety device 10
also has a position sensor 30 being fixed to the rack 30
and provided as a switch pin. The position sensor 30 has
a probing element 31 being displaceable between a de-
fault position and an activated position. The position sen-
sor may have two connecting contacts wherein the elec-
tric connection between the connecting contacts is inter-
rupted in the normal state and closed in the operating
state or vice versa. The position sensor 30 further has
an elastic element preloading the probing element 31 to
the default position.

[0046] In the arrangement 100 an operating direction
33 of the position sensor 30 is perpendicular to a main
extension of the contact arm 62 of the high-voltage relay
60.

[0047] The safety device 10 has a printed circuit board
(PCB) 50 being attached to the rack 20 opposite to the
high-voltage relay 60 and electrically connected to the
position sensor 30 by means of soldering. The printed
circuit board has a pluggable connecting section 51 for
connecting a safety circuit or the like viaa complementary
plug.

[0048] Furthermore, the safety device 10 has a driving
means 40 being joined to the probing element 31 and
being configured for mechanically engaging the contact
arm 62 of the high-voltage relay 60.

[0049] In figure 3 the driving means 40 is shown in an
enlarged cross-sectional view. The driving means 40
consists of an insulating material and has preferably a
longitudinal body section 41 and two protrusions 43 ex-
tending from the body section 41 and being arranged at
a distance 44. The distance 44 may be chosen such that
a stroke of the position sensor 30 is smaller than the
distance 44 of the two protrusions 43. The body section
41 has a cylindric shape, and the protrusions 43 are disc-
shaped. The driving means 44 laterally engages the con-
tact arm 62 by means of the protrusions 43 wherein a
mechanical priority control, i.e. a mechanically forced
guidance, is provided for the probing element 31 of the
position sensor 30.

[0050] The driving means 40 further has a recess 42
for accommodating a free end 32 of the probing element
31 of the position sensor 30. The recess 41 is formed in
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the body section 41. The free end 32 of the probing ele-
ment 31 of the position sensor 30 is accommodated in
the recess 42 and secured to the driving means 40 by
means of an adhesive. Alternative ways of securing the
probing element 31 to the driving means 40, i.e. tight
fitting or screwing the free end 32 thereto, may be freely
chosen by the skilled person.

[0051] The skilled person also appreciates that the
safety device may have two or more position sensors 30
and a corresponding number of driving means 40 each
being joined to one position sensor 30 in case the high-
voltage relay has two or more contact arms.

[0052] During operation of the high-voltage relay 60
the position sensor 30 is driven by the contact arm 62 of
the high voltage relay 60. When the contact arm 62 in-
terrupts the electric connection between the connecting
contacts 65, the moving member 31 of the position sensor
30 is in the default position. When, on the other hand,
the contact arm 62 closes the electric connection be-
tween the connecting contacts 65, the moving member
31 of the position sensor 30 is in the activated position.
Thus, a state of the high-voltage relay 60 is detectable
by evaluating the state of the position sensor 30, i.e. the
position of the moving member 31. The state of the po-
sition sensor 30 may be evaluated by a safety circuit con-
nected to the connecting section 51 of the printed circuit
board 50.

[0053] A substantial advantage of the inventive safety
device is that the high-voltage relay may be subsequently
upgraded for satisfying a safety regulation by simply
forming the inventive arrangement and without any mod-
ification to the high-voltage relay itself. The subsequent
upgrade is done very easily and at low costs. The high-
voltage relay upgraded this way is safely operable in con-
formity with the safety regulation.

List of reference numerals
[0054]

10 safety device

20 rack

21 plate

22 abutment shoulder
23 protrusion

24 spacer

25 screw

30 position sensor

31 probing element
32 free end

33 operating direction
40 driving means

41 body section

42 recess

43 protrusion

44 distance
50 printed circuit board
51 connecting section
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60 high-voltage relay

61 body

62 contact arm

63 actuator

64 coil

65 connecting contact

100 arrangement

Claims

1. Asafety device (10) for a high-voltage relay (60), the

safety device having a rack (20), a position sensor
(30) being fixed to the rack (20) and having a probing
element (31) and a driving means (40), the driving
means (40) being joined to the probing element (31)
and being configured for mechanically engaging a
contact arm (62) of a high-voltage relay (60).

The safety device according to claim 1,
characterized in that

the position sensor (30) is provided as a switch pin
and/or the position sensor (30) has an elastic ele-
ment preloading the probing element (31) to a default
state.

The safety device according to one of claims 1 or 2,
characterized in that

the driving means (40) has a body section (41) and
two protrusions (43) extending from the body section
(41) and being arranged at a distance (44).

The safety device according to claim 3,
characterized in that

a stroke of the position sensor (30) is smaller than
the distance (44) of the two protrusions (43).

The safety device according to one of claims 3 or 4,
characterized in that

the driving means (40) has an insulating material or
consists thereof and/or the driving means (40) has
a cylindric body section (41) and/or the driving
means (40) has disc-shaped protrusions (43).

The safety device according to one of claims 1 to 5,
characterized in that

the driving means (40) has a recess (42) for accom-
modating a free end (32) of the probing element (31)
of the position sensor (30) wherein particularly the
free end (32) of the probing element (31) of the po-
sition sensor (30) is accommodated in the recess
(42) and secured to the driving means (40).

The safety device according to one of claims 1 to 6,
characterized in that

the rack (20) has an insulating material or consists
thereof and/or the rack (20) includes at least an abut-
ment shoulder (22) for aligning the safety device (10)
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10.

1.

12.

13.

14.

15.

10
relative to the high-voltage relay (60).

The safety device according to one of claims 1 to 7,
characterized in that

the rack is configured for securing the safety device
(10) to a high-voltage relay (60) and/or the rack (20)
has two plates (21) being arranged parallel and/or
opposite to each other and at least one spacer (24)
being arranged between the plates (21) and/or ex-
tending perpendicular to the plates (21) and/or being
connected to either plate (21).

The safety device according to one of claims 1 to 8,
characterized in that

the rack (20) includes at least one protrusion (23)
engaging an undercut of the high-voltage relay (60).

The safety device according to one of claims 1 to 9,
characterized by

two or more position sensors (30) and a correspond-
ing number of driving means (40) each being joined
to one position sensor (30).

The safety device according to one of claims 1to 10,
characterized by

a printed circuit board (50) being attached to the rack
(20) and electrically connected to each position sen-
sor (30) and/or having a pluggable connecting sec-
tion (51).

An arrangement (100) comprising a high-voltage re-
lay (60) and a safety device (10) according to one of
the preceding claims being secured to the high-volt-
age relay (60).

The arrangement according to claim 12,
characterized in that

an operating direction (33) of the position sensor (30)
is at least substantially perpendicular to a main ex-
tension of the contact arm (62) of the high-voltage
relay (60).

A use of an arrangement (100) according to claims
12 or 13 for satisfying a safety provision concerning
a high-voltage relay (60).

A method for operating a high-voltage relay (60),
comprising the steps:

- driving a position sensor (30) by a contact arm
(62) of a high voltage relay (60), the contact arm
(62) being mechanically engaged by a driving
means (40) joined to the position sensor (30);
- detecting a state of a high-voltage relay (60)
by way of a state of the position sensor (30).
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