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(57) Abstract: A contact arrangement for a relay 1
enables a particularly high maximal current and at
the same time safe operation, if it has a base 10 to
which a static contact 20 is mounted and if it fur-
ther comprises a movable contact 30, which is
movable between a first position and a second pos-
ition wherein the movable contact electrically con-
nects the static contact 20 in its first position and
wherein the movable contact is disconnected from
the static contact in its second position and a stran-
ded wire 35 connecting the second contact with a
connection terminal 42 and which mechanically
supports the movable contact 30.
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CONTACT ARRANGEMENT FOR HIGH POWER RELAY

Field of the invention

The invention relates to a contact arrangement for a relay for switching high cur-
rents and a relay with said contact arrangement. The contact arrangement has a
base supporting at least one static contact. Further, the contact arrangement has
a movable contact which is movable between at last least a first position and a
second position, wherein the movable contact contacts the static contact in the
first position to thereby provide a conducting connection between said fixed and

movable contacts. In the second position the contacts are separated.

Description of the related art

Relays are operated electrical switches and can be used to control an electrical
circuit by a low power signal. The controlled electrical signal may, however, be a

high power signal.

Laid open German Patent Application DE 10 2008 039 704 A1 discloses a relay
with a contact arrangement for switching currents of e.g. 30A. The contact ar-
rangement has a first static contact and a second movable contact. The movable
contact is mechanically supported by a first end of an elastic plate to which it is
connected by riveting. The other end of the elastic plate is mounted to the hous-
ing of a coil. When energizing the coil, a movable armature forces the first end of
the elastic plate and thus the movable contact to move towards the static con-
tact. The contacts of the relay are closed. When interrupting the control circuit, a
spring retracts the movable contact and the contacts are opened. The movable
contact is connected via a wire to a connection terminal. The wire is bent to form
a loop and to thereby provide a self supporting structure. The recoil force of the
bent wire is absorbed by the movable contact, to which both ends of the wire

are connected. A connection terminal is connected to a middle section of the
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wire. Bending of the wire gives it a stable form to ease mounting the middle sec-

tion to a connection terminal by welding.

Summary of the invention

The problem to be solved by the invention is provide a reliable and easy to man-

ufacture relay for switching high currents of e.g. 200A or more.

Solutions of the problem are described in the independent claims. The depend-

ent claims relate to further improvements of the invention.

The contact arrangement of the invention comprises at least a preferably non
conducting base, e.g. a plate for example of some resin or a molded article. Said
base supports at least one static contact, as well referred to as fixed contact. Said
static contact may be electrically connected with and/or provides a connection
terminal for connecting the contact with a circuit, e.g. via a first cable, or a circuit
board. The connection terminal may be or comprise at least one connection pin.
The contact arrangement further comprises at least one movable contact. The
movable contact can be moved at least from a first position to a second position.
In the first position, the movable contact connects the static contact electrically;
the contacts are closed. In the second position there is an insulating gap between
the static contact and the movable contact, to thereby disconnect them; the con-
tacts are open. Accordingly, moving the movable contact from the first to the
second position or vice versa is referred to as opening or closing the contacts,
respectively. Preferably, said movable contact is mechanically supported by a
wire, in particular by a multifilament wire, as well referred to a stranded wire or

stranded conductor.

A stranded wire is a conductor composed of a group of wires or of any combina-
tion of groups of wires (cf. IEEE Dictionary of Electrical and Electronics Terms, 5,

Ed, IEEE New York, 1993).

PCT/EP2015/051023
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Preferably, a support supports said at least one stranded wire and said stranded
wire mechanically supports the movable contact and electrically connects the
movable contact with a connection terminal, e.g. via said support. The support
may be mounted to the base. The support may be a beam, profile and/or a con-
ductor bar. The support may comprise at least one connection terminal, e.g. a
connection pin, for connecting the movable contact via the stranded wire with a

circuit to be controlled by the contact arrangement.

The flexibility of the stranded wire enables the movement of the movable con-
tact. Further, the stranded wire may electrically connect the movable contact
with a connection terminal. Different from the prior art, the stranded wire is not
necessarily bent to form a self supporting loop, but may be e.g. at least approxi-
mately straight. Bending of the stranded wire is only required when moving the
movable contact from the first to the second position or from the second to the
first position, i.e. when opening or closing the contacts. However different from
the prior art, this bending results in only a slightly curved stranded wire, as bend-
ing forces when moving the movable contact should be as low as possible.
Thereby, the recoil force of the stranded wire when moving the movable contact
between its positions is reduced, resulting in higher contact forces and faster

switching.

Preferably the movable contact is attached to a free end of said at least one

stranded wire. This reduces bending forces when moving the movable contact.

For example, the movable contact can be a conductor bar extending at least es-
sentially orthogonally (+30°, preferably +15°, more preferred +5°) to the longitu-
dinal direction of said at least one stranded wire. The conductor bar may be a
pendulum swinging between its first and second positions, if actuated according-
ly. Further, multiple stranded wires can be arranged in parallel easily, thereby

enhancing the maximal current of the contact arrangement and the mechanical
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support. Beyond, the degree of freedom of the swinging movement is restricted
and the contacts contact each other well defined. Instead of two or more parallel
stranded wires a band or belt like stranded wire provides similar advantages. Of
course one can as well arrange at least two band belt like stranded wires in par-

allel.

Preferably, the movable contact comprises at least one recess into which an end
of the stranded wire engages. The recess can be e.g. a through hole or a blind
hole. In any case the stranded wire can be attached and at the same time electri-
cally connected to the movable contact by inserting the stranded wire in said
recess very easily, and thus cheap. Fixation of the stranded wire may be obtained

by press fitting, welding, soldering or the like.

The stranded wire may be a multifilament wire of twisted and/or braided fila-
ments. Such stranded wires provide enhanced mechanical properties, i.e. the

mechanical support of the movable contact by the stranded wire is enhanced.

The support may be attached to the base and supporting a first end of said at
least one stranded wire. The support may be of a conductive material, e.g. of
sheet metal or the like and thereby provide not only mechanical support of the
stranded wire but as well contact the stranded wire with at least one connection
terminal. For example, the support may be a metal profile with a first leg being
attached to the base and a second leg supporting said first end of said at least
one first stranded wire. In case of a non conducting support, the stranded wire
must be connected by other means with a connection terminal or a wire for
providing an electric connection between said movable contact and the electrical

circuit to be controlled by the contact arrangement.

The second leg of the profile preferably extends orthogonally (#30°) to the sur-
face of the static contact to be contacted by the movable contact. This enables a

particular simple attachment of the stranded wire ‘above’ the static contact. The
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movable contact thus has a rest position that is close to at least one of the first

or second positions, thereby enhancing opening or closing the contact.

If the support extends through at least one through hole of the base and pro-
vides at least one connection terminal and/or connection pin at the side of the
base which is opposite to the movable contact, the contact assembly can be
manufactured at low price and can be attached to circuit board very easily, e.g.
by soldering the connection terminal(s) to the circuit board. Alternatively, a
clamping connection be provided by a socket on the circuit boards, but in any
case assembly of the electric circuit to be controlled by said contact arrangement

is enhanced.

In a similar way, the static contact may have a contact surface for being contact-
ed by the movable contact and extends through at least one through hole of the
base to thereby provide at least one connection terminal at the side of the base
which is opposite to the movable contact. This connection terminal can be con-
nected like the connection terminal being connected with the movable contact
with a circuit board, further enhancing assembly of the electric circuit to be con-

trolled.

At least one of the contact surfaces may be convex. Such contact surfaces can be
provided e.g. by contacting rivets or contacting pins, being attached to at least
one of said contacts. Alternatively (or even additionally) a convex contacting sur-
face may be provided by at least one protrusions of the respective contact(s).
The contacts may comprise one or more contact surfaces. As well at least one of
the contact surfaces may be planar. The form of the contact surfaces depends of
the mechanical layout of the contact assembly, the contact surfaces’ materials,
the application of the contact assembly and other parameters. The best contact
surfaces (form and material, e.g. coatings) for a given set of parameters can be

determined experimentally.
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The contact assembly may as well comprise an actuator for moving the movable
contact, thereby rendering the contact assembly into a relay. In other words, the
relay has at least one actuator being operably connected to the movable contact
for moving the movable contact from the first two the second position and/or
from the second to the first position by some actuating means. The actuating

means may be a lever, arod, a rope, a frame or the like.

The actuator may be a solenoid drive with at least one coil and an armature, be-
ing attracted by said coil when energized. More precisely the attraction is due to
the magnetic field generated by energizing said coil and may be the result of a
reluctance force. A core may be positioned in the coil. Of course the magnetic
flux may be guided using at least one joke, and the armature may be attracted to
the joke and/or the core when the coil is energized to generate said magnetic

field.

The actuator and the movable contact may be mechanically coupled by some
actuating means, e.g. at least one push-pull rod or the like. Preferably, the actu-
ating means is driven by the actuator. In other words, the relay has at least one
actuator or actuating means being operably connected to the movable contact
for moving the movable contact from the first to the second position and/or

from the second to the first position.

Preferably, an actuating means drive is attached via at least one hinge to the
movable contact. The hinge decouples the rotation of the swinging movable con-
tact from the movement of the actuating means, and thereby enhances the elec-
trical contact when closing the contacts. Beyond, tensions in the actuation

means are reduced.

Preferably, the actuating means is supported by an armature of a solenoid drive
or the leg of the armature via a first hinge and by the movable contact via a se-

cond hinge, wherein the leg of the armature swings at least essentially parallel

PCT/EP2015/051023
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(¥15°, preferably +10°, even more preferred +5°) to the at least the section of the
stranded wire being close to the movable contact. Thereby the actuating means,

so to speak swings in parallel when the opening or closing the contact. The force

of the solenoid drive is provided effectively to the movable contact without neg-

atively affecting the movement of the movable contact. The contact force can

thus be enhanced.

At least one stranded wire would be enough to mechanically support and electri-
cally connect the movable contact, bur two or more stranded wires help to avoid
a twisting or tumbling motion of the movable contact and enhance the maximal
current of the contact arrangement. The same effects can be obtained with
stranded wire in the form of a belt, i.e. with a rectangular or racetrack like cross

section.

Description of Drawings

In the following the invention will be described by way of example, without limi-
tation of the general inventive concept, on examples of embodiment with refer-

ence to the drawings.

Figure 1 shows a section view of a first relay with closed contacts,

Figure 2 shows a section view of the first relay with open contacts, and

Figure 3 shows a front view of the first relay.

Figure 4 shows a section view of a second relay with closed contacts,

Figure 5 shows a section view of the second relay with open contacts, and

Figure 6 shows a front view of the second relay.

In figures 1 to 3 a first preferred embodiment according to the invention is

shown. The relay 1 has a base 10. A static contact 20 is mounted to the base, by

PCT/EP2015/051023
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inserting pins, forming connection terminals 22 into complementary recesses of
the base. The connection terminals 22 may extend through the base and may
take the form of connection pins. The static contact 20 has a contact surface 29
(Fig. 2, only) for being contacted by a movable contact 30 with a complementary

contact surface 39 (see Fig. 2, only).

In this example the contact surfaces 29, 39 are planar, but this is only an exam-
ple. The contact surfaces 29, 39 providing the electrical connection of the con-
tacts 20, 30 when closed may be convex as well. In other words, the con-

tacts 20, 30 may each have at least one convex contact surface. For example, the
static contact 20 and/or the movable contact 30 may comprise at least one pro-
trusion (e.g. two or more protrusions) with a convex surface which connects with
the respective complementary contact surface of the respective other con-

tact 20, 30. As well only one contact may have at least one convex contact sur-

face that contacts a planar or a concave surface of the other contact 20, 30.

The movable contact 30 may be a connector bar and is movably supported and
electrically connected by at least one stranded wire 35 (as example, four strand-
ed wires 35 are depicted, c.f. Fig. 3). The stranded wires 35 are attached to a
support 40. Attaching and contacting the at least one stranded wire 35 to the
support may be obtained e.g. by soldering or welding. As well, the at least one
stranded wire 35 may be inserted into a recess of the support and attached by
press fitting. The support may be of a conducting material, e.g. a metal. Here, the
support 40 is a profile made of sheet metal with a first leg 43 and a second

leg 44.

The first leg 43 is attached to the base 10 and has pins extending through the
base and which may be used as connection terminal 42 and may have the form
of connection pins. The second leg 44 is at the distal side of the first leg 43, i.e.

the side facing away from the base 10 and forms angle of approximately 90°
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(¥15°, preferably +10°, even more preferred +5° ) with the first leg 43. Thus, with
respect to the base, the second leg 44 is at least approximately parallel to the

base 10. The movable contact 30 swings like a pendulum below the support 40.

A solenoid drive 50 or another kind of actuator may be mounted to the base 10
and may be coupled with the movable contact 30 for moving the movable con-
tact 30 between a first position where it contacts the static contact 20 (see

Fig. 1), the so called closed position, and a position where the two contacts are

separated, the second or open position, as shown in Fig. 2.

The solenoid drive has a yoke 53, which may be attached directly to the base 10.
The yoke 53 is connected to the core 55 of a coil 51 to guide the magnetic field of
the coil 51 via an armature 54 to the opposite side of the coil 51. The armature is
pivotably supported, e.g. by said yoke 53 and may swing parallel to the movable
contact 30. The armature 54 and the movable contact 30 are coupled by actuat-
ing means 58, here as example in the form of a push-pull rod. The actuating
means 58 may be attached to the armature 54 and the movable contact 30 by at

least one hinge.

The armature 54 is spring loaded towards its open position (Fig. 2; for simplicity,
the spring is not shown). Thus when energizing the coil 51, the armature 54 is
attracted towards the core 55 and thus the coil 51 and thereby pushes the mov-
able contact 30 against the static contact 20. The contacts 20, 30 are thus closed.
When switching the coil 51 off, the spring actuates the armature 58 and thus as
well the movable contact 30 back into the open position, as they are coupled by
said actuating means 58 as explained above. Thus, the relay’s contacts are of
normally open type, but the invention is of course not limited to normal open
type contacts. By a simple rotation of the fixed and movable contacts 20, 30

around a vertical axis the contacts (20, 30) would be normally closed, i.e. the
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contacts would be disconnected when energizing the coil. Alternatively, a differ-

ent actuator could be used instead of the depicted solenoid drive 50.

As can be best seen in Fig. 3, the movable contact is supported by four (other
numbers are as well possible, at least one) stranded wires 35 and so to speak
hangs down the support 40. Attaching and contacting the at least one stranded
wire 35 may be obtained e.g. by soldering or welding. As well, the at least one
stranded wire 35 may be inserted into a recess of the movable contact and at-
tached by press fitting. The actuation means 58 may be attached to the left
and/or right narrow side of the movable contact, preferably by a hinge. The oth-
er end of the actuation means 58 may be attached similarly to the armature (cf.

Fig. 1 and Fig. 2).

The second relay 1 as shown in Fig. 4 to Fig. 6 is very similar to the first relay 1 as
shown in Fig. 1 to Fig. 3 and comprises like the relay in Fig. 1 to Fig. 3 a base 10
supporting a solenoid drive and a static contact 20. These parts are essentially
the same, and the same reference numerals are used for the details. So far the
description of Fig. 1 to Fig. 3 can be read in Fig. 4 to Fig. 6 as well. Only the me-
chanical support of the movable contact 30 differs slightly: A support 40 has

pins 42 extending through the base 10. Different from the support in Fig. 1 to
Fig. 3, the support in Fig. 4 to Fig. 6 is a conductor bar. In the top side of the con-
ductor bar are recesses into which first ends of stranded wires 35 engage (the
recesses are in not in the intersection plane). The stranded wires 35 have a first
straight section extending vertically (+15°, preferably +10°, even more preferred
+5°) out of the support 40. Above the first section, the stranded wires 35 have a
bent second section forming a curve of at least approximately 180°(+25°, prefer-
ably £10°, even more preferred +5°). A third section hangs down from the curved
second section. The free end of the third sections of the at least one stranded
wire 35 engage into recesses of a movable contact 30 and are fixed therein. The

movable contact 30 so to speak hangs at the free end of at least one stranded

10
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wire 35 havening the form of an inverted U. The contact surface 39 of the mova-
ble contact 30 is at least approximately at the same height of the complementary
contact surface 29 of the static contact 20. The stranded wires 35 thus electrical-
ly connect and mechanically support the movable contact. The movable con-
tact 30 is connected by actuating means 58 to the armature 54 of the solenoid
drive 50. The armature 54 is supported to swing in parallel with the movable

contact 30.

In the examples, four stranded wires 35 are shown (see Fig. 3 and 6), but the
invention is not limited to that number. Again it is pointed out, with respect to
both examples, that at least one stranded wire would be enough, bur two or
more stranded wires reduce a twisting or tumbling motion of the movable con-
tact 30 and enhance the maximal current of the contact arrangement. As ex-
plained above, the same effects can be obtained with at least one stranded wire
in the form of a band or belt, i.e. with a rectangular or racetrack like cross sec-

tion.

Only for simplicity the relays described with respect to the Figures and in the
“summary of the invention” section have only one static contact 20 and only one
movable contact 30. However, other numbers of static or movable con-

tacts 20, 30 can be realized as well. For example, second static contact may be
provided opposite the first static contact, to be contacted if the movable contact
is in its second position and to be disconnected from the movable contact 30
when the movable contact 30 connects the first static contact 20. Further, two
static contacts 20 may be positioned side by side and/or a movable contact 30 is

provided at both sides of the static contact(s).

11
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List of reference numerals

10
20
22
29
30
35
39
40
42
43
44
50
51
52
53
54
55
56
58

relay

base

static contact
connection terminal
contact surface
movable contact
stranded wire
contact surface
support

connection terminal
first leg

second leg

solenoid drive

coil

connection terminal
yoke

armature

core

solenoid support

actuating means (here as example a push-pull rod)
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Claims

1. Contact arrangement for a high current relay (1) comprising at least

- a base (10) supporting a static contact (20),

- a movable contact (30), which is movable between a first position
and a second position wherein the movable contact (30) electrically
connects the static contact (20) in its first position and wherein the
movable contact (30) is disconnected from the static contact (20) in
its second position,

- at least one stranded wire (35) connecting the movable contact (30)
with at least one connection terminal (42),

characterized in that

the at least one stranded wire (35) mechanically supports the movable

contact (30).

2. Contact arrangement of claim 1,
characterized in, that
the movable contact (30) is attached to a free end of said at least one

stranded wire (35).

3. Contact arrangement of claim 1 or 2,
characterized in, that
the movable contact (30) is a rod extending orthogonally (#15°) to the lon-

gitudinal direction of said at least one stranded wire (35).

4, Contact arrangement of one of claims 1 to 3,
characterized in, that
the movable contact (30) comprises at least one recess into which an end

of the stranded wire (35) engages.

13
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5. Contact arrangement of one of claims 1 to 4,
characterized in, that
the stranded wire (35) is a multifilament wire of twisted and/or braided fil-

aments.

6. Contact arrangement of one of claims 1 to 5,
characterized in, that
a support (40) is attached to the base (10), supporting a first end of said at

least one stranded wire (35).

7. Contact arrangement of one of claims 1to 6,
characterized in, that
the support (40) is a profile with a first leg (43) being attached to the
base (10) and a second leg (44) supporting said first end of said at least one

first stranded wire (35).

8. Contact arrangement of claim 7
characterized in that
said second leg (44) of the profile extends orthogonally (+30°) to the sur-

face of the static contact (20) to be contacted by the movable contact (30).

9.  The contact arrangement of one of claims 6 to 8§,
characterized in that
the support (40) extends through at least one through hole of the base (10)
and provides at least one connection terminal (42) at the side of the base

which is opposite to the movable contact (30).

14
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10.

11.

12.

13.

The contact arrangement of one of claims 1 to 9,

characterized in that

the static contact (20) has a contact surface for being contacted by the
movable contact (30) and extends through at least one through hole of the
base (20) and provides at least one connection terminal (22) at the side of

the base (10) which is opposite to the movable contact (30).

The contact arrangement of one of claims 1 to 10,

characterized in that

at least one of the static contact (20) and the movable contact (30) com-
prises at least one convex and/or at least one planar contact sur-

face (29, 39) connecting the respective other of said contacts (20, 30) when

the movable contact (30) is in its first position.

A relay (1) with the contact arrangement of one of claims 1 to 11,
characterized in that

the relay (1) has at least one actuator (50) being operably connected to the
movable contact (30) for moving the movable contact (30) from the first to

the second position and/or from the second to the first position.

The relay of claim 12,
characterized in that

a linear drive is attached via at least one hinge to the movable contact (30).

15
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