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(57) Abstract: A contact bounce reduction system (1) comprising: a movable member (19), and a contact bounce damping device (2)
comprising: abody (3), afirstball (9) and a second ball (11) arranged in the body (3), a first resilient member (13) and a second resilient
member (15), a piston (5) partly arranged in and extending from the body (3), the piston (5) being configured to be moved linearly
between a default extended position and a retracted position relative to the body (3), and wherein the piston (5) has a radial seat (5c)
configured to partly receive the first ball (9) and the second ball (11), wherein the first resilient member (13) is configured to act with a
radial force onto the first ball (9) to hold the first ball (9) in the seat (5¢) when the piston (5) is in the default extended position, wherein
the second resilient member (15) is configured to act with a radial force onto the second ball (11) to hold the second ball (11) in the
seat (5c) when the piston (5) is in the default extended position, and a third resilient member (17) configured to bias the piston (5)
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towards the default extended position; wherein the movable member (19) is configured to move from a non-contact position relative to
the piston (5) to contact the piston (5) and actuate the piston (5) from the default extended position towards the retracted position with
a force greater than a threshold value, causing the first ball (9) and the second ball (11) to move radially out from the seat (5c¢), and
the third resilient member (17) to accumulate energy. The contact bounce reduction system further comprises a contact ring slidably
arranged around the piston, and a fixed contact member electrically connected to the contact ring.
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CONTACT BOUNCE REDUCTION SYSTEM

TECHNICAL FIELD

The present disclosure generally relates to contact devices or switches such as

electrical switches.

BACKGROUND

Electrical switches such as contactors or the spring-loaded actuator of tap
changer mechanisms may comprise a movable contact and a second contact.
The movable contact may be actuated from a first non-contact position
relative to the second contact to achieve contact with the second contact. The
second contact may be fixed or movable. In the latter case the movable
contact may actuate the second contact when placed in contact with the

second contact to reduce the risk of contact bounce.

The movable contact is usually configured to impact the second contact with
great force. There is therefore a risk of contact bounce even if the second

contact is movable.

SUMMARY

In view of the above, a general object of the present disclosure is to provide a
contact bounce reduction system that solves or at least mitigates the

problems of the prior art.

There is hence according to a first aspect of the present disclosure provided a
contact bounce reduction system comprising: a movable member, and a
contact bounce damping device comprising: a body, a first ball and a second
ball arranged in the body, a first resilient member and a second resilient
member, a piston partly arranged in and extending from the body, the piston
being configured to be moved linearly between a default extended position
and a retracted position relative to the body, and wherein the piston has a
radial seat configured to partly receive the first ball and the second ball,

wherein the first resilient member is configured to act with a radial force onto
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the first ball to hold the first ball in the seat when the piston is in the default
extended position, wherein the second resilient member is configured to act
with a radial force onto the second ball to hold the second ball in the seat
when the piston is in the default extended position, and a third resilient
member configured to bias the piston towards the default extended position;
wherein the movable member is configured to move from a non-contact
position relative to the piston to contact the piston and actuate the piston
from the default extended position towards the retracted position with a force
greater than a threshold value, causing the first ball and the second ball to
move radially out from the seat, and the third resilient member to accumulate
energy. The contact bounce reduction system further comprises a contact
ring slidably arranged around the piston, and a fixed contact member

electrically connected to the contact ring.

A high initial force is thereby required to overcome the force of the first and
second resilient member pressing a respective one of the first and second ball
into the seat. The risk of contact bounce is thereby reduced. The initial speed
of the piston when the movable member contacts the piston can also be

increased.

In case the contact bounce reduction system forms part of an electrical device
and is configured for carrying currents, fewer contact bounces results in
fewer arcs and thus reduces the wear on the piston. Furthermore, high initial
speed reduces the time that an arc is lit. The electrical energy that erodes the

material of the piston may thereby be reduced.

After the first ball and the second ball have moved out from the seat the force
required to linearly move the piston is reduced, as it is mainly the third

resilient member that determines the resistance of the piston at this point.
The movable member may be a movable contact.

The contact ring and the fixed contact member provides a large number of contact

points between the piston and the contact ring. The large number of contact points
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leads to a smaller voltage drop over the contact, which in turn results in lesser

generation of heat and reduced material degradation over time.

According to one embodiment the first ball and the second ball are arranged
on opposite sides of the piston with respect to a longitudinal axis of the

piston.

The first ball and the second ball may be arranged opposite to each other with

respect to the longitudinal axis of the piston.

According to one embodiment the first resilient member and the second
resilient member have longitudinal axes that are perpendicular to a
longitudinal axis of the piston. The longitudinal axis of the first resilient
member may thus be perpendicular to the longitudinal axis of the piston and
the longitudinal axis of the second resilient member may thus be

perpendicular to the longitudinal axis of the piston.

The longitudinal axis of the first resilient member may coincide with the

longitudinal axis of the second resilient member.

According to one embodiment the first resilient member is a first spring and

the second resilient member is a second spring.

The first spring may for example be a coil spring. The second spring may for

example be a coil spring.

One embodiment comprises a third ball arranged axially between the third
resilient member and the piston, wherein the third resilient member is
configured to act with an axial force onto the third ball. The third ball bears
against an inner end face of the piston. The third ball absorbs energy when
the movable member impacts the piston, and the first ball and the second ball
move out from the seat. This may further reduce the risk of contact bounce as
the third ball will operate under the principles of Newton’s cradle with

respect to the movable member.
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One embodiment comprises a first holding member configured, and wherein
the body has a first channel in which the first resilient member is arranged,
wherein the first holding member is removably arranged in the first channel

to hold the first resilient member in position to act on the first ball.

One embodiment comprises a second holding member, and wherein the body
has a second channel in which the second resilient member is arranged,
wherein the second holding member is removably arranged in the second
channel to hold the second resilient member in position to act on the second
ball.

One embodiment comprises a third holding member, and wherein the body
has a third channel in which the third resilient member is arranged, wherein
the third holding member is removably arranged in the third channel to hold

the third resilient member in position to act on the piston.

According to one embodiment the seat has a curved shape configured to bear
against at least 1/8t of the circumference of each of the first ball and the

second ball.

There is according to a second aspect of the present disclosure provided an

electrical device comprising the system according to the first aspect.

According to one embodiment the electrical device is a contactor or a tap

changer for a transformer.

The transformer may for example a distribution transformer or a power

transformer.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise
herein. All references to "a/an/the element, apparatus, component, means,
etc. are to be interpreted openly as referring to at least one instance of the
element, apparatus, component, means, etc., unless explicitly stated

otherwise.



10

15

20

25

0 2021/254764 PCT/EP2021/064404

BRIEF DESCRIPTION OF THE DRAWINGS

The specific embodiments of the inventive concept will now be described, by

way of example, with reference to the accompanying drawings, in which:

Fig. 1 schematically shows a cross-section of an example of a contact bounce

reduction system;
Fig. 2 shows the operation of the contact bounce reduction system in Fig. 1;

Fig. 3a is a graph showing force magnitude of the movable member in

operation; and
Fig. 3b is a graph showing the linear speed of the piston in operation.

DETAILED DESCRIPTION

The inventive concept will now be described more fully hereinafter with
reference to the accompanying drawings, in which exemplifying
embodiments are shown. The inventive concept may, however, be embodied
in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided by
way of example so that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to those skilled in the art.

Like numbers refer to like elements throughout the description.

Fig. 1 shows an example of a contact bounce reduction system 1. The contact
bounce reduction system 1 may be for an electrical device such as a contactor

or a tap changer.

The contact bounce reduction system comprises a contact bounce damping

device 2.

The contact bounce damping device 2 comprises a body 3 and a piston 5. The
body 3 has a piston channel 7 in which the piston 5 is arranged. The body 3
has an opening that forms the mouth of the piston channel 7. The piston 5

extends from the piston channel 7 and the body 3.
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The piston 5 may be electrically conductive. The piston 5 may for example be

made of metal such as copper or aluminium.

The piston 5 is configured to be linearly movable relative to the body 3. The
piston 5 is configured to be moved linearly in the piston channel 7. The piston
5 is configured to be moved linearly between a default extended position
relative to the body 3, shown in Fig. 1, and a retracted position. The piston 5
extends further from the body 3 in the default extended position than in the

retracted position.

The piston 5 has an external end portion 5a arranged outside the body 3 both
in the default extended position and in the retracted position of the piston 5.
The piston 5 has an internal end portion 5b arranged inside the body 3 both

in the default extended position and in the retracted position of the piston 5.

The piston 5 is provided with a radial seat 5c. The internal end portion 5b of
the piston 5 is provided with the seat 5c. The seat 5c extends radially inwards.
The seat 5¢ may be formed by a single recess extending circumferentially

around the piston 5 or it may comprise two individual recesses.

The seat 5¢ may have a curved shape in a longitudinal section of the piston 5.

The curved shape may for example be a circular arc.

The contact bounce damping device 2 comprises a first ball 9 and a second
ball 11. The first ball 9 and the second ball 11 are arranged in the body 3. The
first ball 9 may for example be made of metal. The second ball 11 may for

example be made of metal.

The seat 5¢ is configured to partly receive the first ball 9. The seat 5c is
configured to partly receive the second ball 11. The curved shape of the seat 5¢
may be configured to bear against at least 1/8t of the circumference of the
first ball 9 and of the second ball 11 when the first ball 9 and the second ball

11 are arranged in the seat 5¢, in a longitudinal section of the piston 5.

The first ball 9 and the second ball 11 are aligned in the radial direction of the

piston 5. The first ball 9 and the second ball 11 are arranged opposite to each
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other relative to the longitudinal axis A of the piston 5. The first ball 9 is thus
arranged on one side of the longitudinal axis A and the second ball 11 is

arranged on another side of the longitudinal axis A, opposite to each other.

The contact bounce damping device 2 comprises a first resilient member 13.
The first resilient member 13 may be a spring such as a coil spring. The
contact bounce reduction system 1 comprises a second resilient member 15.

The second resilient member 15 may be a spring such as a coil spring.

The first resilient member 13 has a longitudinal axis B which is transversal to
the longitudinal axis A of the piston 5. The longitudinal axis B may be
perpendicular to the longitudinal axis A of the piston 5.

The second resilient member 15 has a longitudinal axis C which is transversal
to the longitudinal axis A of the piston 5. The longitudinal axis C may be
perpendicular to the longitudinal axis A of the piston 5.

The longitudinal axis B of the first resilient member 13 may be parallel with
the longitudinal axis C of the second resilient member 15. The longitudinal
axis B of the firs resilient member 13 may coincide with the longitudinal axis

C of the second resilient member 15.

The first resilient member 13 is configured to act with a radial force onto the
first ball 9. With the term “radial” is meant a direction that is perpendicular
to the longitudinal axis A of the piston 5. When the piston 5 is in the default
extended position the first resilient member 13 is configured to force the first

ball 9 into the seat 5c.

The second resilient member 15 is configured to act with a radial force onto
the second ball 11. When the piston 5 is in the default extended position the
second resilient member 15 is configured to force the second ball 11 into the

seat 5c.

The contact bounce damping device 2 comprises a third resilient member 17.
The third resilient member 17 is configured to bias the piston 5 towards the

default extended position. The third resilient member 17 is configured to
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accumulate energy when the piston 5 is moved from the default extended

position towards the retracted position.

The third resilient member 17 has a longitudinal axis D which is parallel with
the longitudinal axis A of the piston 5. The longitudinal axis D of the third

resilient member 17 may coincide with the longitudinal axis A of the piston 5.

The first ball 9 and the second ball 11 maintain the piston 5 in the default
extended position until a force greater than a threshold value acts on the
piston 5 in a direction from the default extended position towards the

retracted position.

The contact bounce reduction system 1 comprises a movable member 19. The
movable member 19 will in the following be exemplified by a movable contact
but could alternatively be a movable member that forms part of a damper.
The movable contact 19 is configured to actuate the piston 5 from the default
extended position to the retracted position. The movable contact 19 is
configured to be moved relative to the body 3 and the piston 5. The movable
contact 19 is configured to move from a non-contact position, shown in Fig. 1
relative to the piston 5 to a position in which it is in contact with the piston 5.
The piston 5 has a head 5d and the movable contact 19 is configured to move
from the non-contact position to a position in which it contacts the head 5d.
The movable contact 19 is configured to actuate the piston 5 when in contact
with the head 5d. The movable contact 19 is configured to actuate the piston 5
from the default extended position to the retracted position. The movable
contact 19 is configured to apply a force onto the head 5d greater than the
required threshold value to move the piston 5 from the default extended

position to the retracted position.

The head 5d may comprise a material with a high resistance to erosion from

arcing. The head 5d may for example comprise a copper tungsten alloy.

The contact bounce damping device 2 may comprise a third ball 21 arranged
in the body 3. The third ball 21 is arranged between the inner end face 5e of

the piston 5 and the third resilient member 17. The third resilient member 17
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is configured to bias the third ball 21 towards the inner end face 5e of the
piston 5. Thus, when the piston 5 is impacted by the movable member 19 and
moved towards the retracted position the third ball 21 at impact with the
piston 5 absorbs energy and is subsequently moved together with the piston 5

as the third resilient member 17 is compressed and accumulates energy.

The body 3 has a first channel 23 in which the first resilient member 13 is
arranged. The body 3 has a second channel 25 in which the second resilient
member 15 is arranged. The first channel 23 and the second channel 25 may
be arranged perpendicular to the longitudinal axis A of the piston 5 and

opposite to each other.

The first resilient member 13 has a proximal end which bears against the first
ball 9.

The contact bounce damping device 2 may comprise a first holding member
27 configured to be arranged in the first channel 23 and configured to bear
against a distal end of the first resilient member 13. The first resilient
member 13 is thereby set in compression to act with a predetermined force on
the first ball 9, determined by the spring constant and the size of the first
holding member 27. The first holding member 27 may be threadedly engaged
with the body 3 to facilitate removal of the first holding member 27 from the
body 3. The first holding member 277 may for example be a bolt.

The second resilient member 15 has a proximal end which bears against the

second ball 11.

The contact bounce damping device 2 may comprise a second holding
member 29 configured to be arranged in the second channel 25 and
configured to bear against a distal end of the second resilient member 15. The
second resilient member 15 is thereby set in compression to act with a
predetermined force on the second ball 11, determined by the spring constant
and the size of the second holding member 29. The second holding member

29 may be threadedly engaged with the body 3 to facilitate removal of the
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second holding member 29 from the body 3. The second holding member 29

may for example be a bolt.

The body 3 has a third channel 23 in which the third resilient member 17 is
arranged. The third channel 23 and the third resilient member 17 share the

same longitudinal axis D.

The contact bounce damping device 2 may comprise a third holding member
31 configured to be arranged in the third channel 30 and configured to bear
against a distal end of the third resilient member 17. The third resilient
member 17 is thereby set in compression to act with a predetermined force
directly on the piston 5 or via the third ball 21, determined by the spring
constant and the size of the third holding member 31. The third holding
member 31 may be threadedly engaged with the body 3 to facilitate removal
of the third holding member 31 from the body 3. The third holding member

31 may for example be a bolt or a sleeve.

As an alternative to the first holding member 27, the second holding member
29 and the third holding member 31, the first resilient member 13, the second
resilient member 15 and the third resilient member 17 could be arranged in a
respective closed inner chamber in the body. In this case, no holding
members would be required. The holding members 27, 29 and 31 however

facilitate assembly of the contact bounce damping device 2.

The contact bounce damping device 2 may comprise a contact ring 33
slidably arranged around and in electrical contact with the piston 5. The
contact ring 33 may be electrically conducting. The contact ring 33 may be
made of metal such as copper or aluminium. The contact ring 33 may be

arranged in the piston channel 7.

The contact bounce damping device 2 may comprise a fixed contact member

35 electrically connected to the contact ring 33.

The movable contact 19 may be configured to carry a current. When the

movable contact 19 contacts the piston 5 a closed circuit may be achieved,
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and the current may flow from the movable contact 19 to the piston and

further to the fixed contact member 35 via the contact ring 33.

The operation of the contact bounce reduction system 1 will now be described

with reference to Fig. 2 and Figs 3a-3b.

In Fig. 1 the movable contact 19 is arranged in the non-contact position. The

first ball 9 and the second ball 11 are resting in the seat 5c.

In Fig. 2 the movable contact 19 is moved from the non-contact position to a
position in which is in contact with the piston 5. The actuation of the movable
contact 19 may be electrical or mechanical, as is known to the skilled person.
The piston 5 is thus moved from the default extended position shown in Fig. 1
to the retracted position shown in Fig. 2. The force applied by the movable
contact 19 is greater than a threshold value, which is determined by the
design of the first, second and third resilient members and their state of

compression in the body 3 in the default extended position of the piston 5.

As the piston 5 is being subjected to the force applied by the movable contact,
the first ball 9 and the second ball 11 will eventually move out from the seat
5¢. This initial high force required to move the piston 5 is illustrated in Fig.
3a, where the x-axis shows the time and the y-axis shows the force
magnitude. When the first ball 9 and the second ball 9 has moved out from
the seat 5¢, the piston 5 is moved axially. The piston 5 compresses the third
resilient member 17 and causes the third ball 21, if present, to move in the
same direction as the piston 5. The speed of the piston 5 is shown in Fig. 3b
during this process. The acceleration is very fast and occurs at the same time
as the large force is applied as shown in Fig. 3a. While the force applied by
the movable contact 19 is reduced after the first ball 9 and the second ball 11
has been moved out from the seat 5¢ the speed remains substantially

constant as the piston is moved to the retracted position.

The contact bounce reduction system may according to some embodiments
comprise more than two balls configured to act radially on the piston. The

contact bounce reduction system may for example comprise 2*N, N=2, 3, 4,
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5..., k balls and N seats configured to receive pairs of balls. The contact
bounce reduction system may comprise 2*N resilient members, each
configured to act with a radial force onto the corresponding ball to hold the
ball in the corresponding seat when the piston is in the default extended

position.

In this manner, sequential radial pairwise movement of balls out from the
corresponding seats may for example be achieved. This may provide further

control on the initial force to move the piston and the speed of the piston.

The contact bounce reduction system 1 may form part of an electrical device
such as a contactor or a tap changer for a transformer such as a distribution

transformer or a power transformer.

The inventive concept has mainly been described above with reference to a
few examples. However, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above are equally possible

within the scope of the inventive concept, as defined by the appended claims.
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CLAIMS
1. A contact bounce reduction system (1) comprising:
- a movable member (19), and

- a contact bounce damping device (2) comprising:

5 a body (3),
a first ball (9) and a second ball (11) arranged in the body (3),

a first resilient member (13) and a second resilient member

(15),

a piston (5) partly arranged in and extending from the body (3),
10 the piston (5) being configured to be moved linearly between a default
extended position and a retracted position relative to the body (3), and
wherein the piston (5) has a radial seat (5¢) configured to partly
receive the first ball (9) and the second ball (11),

wherein the first resilient member (13) is configured to act with
15 a radial force onto the first ball (9) to hold the first ball (9) in the seat
(5¢) when the piston (5) is in the default extended position,

wherein the second resilient member (15) is configured to act
with a radial force onto the second ball (11) to hold the second ball (11)
in the seat (5¢) when the piston (5) is in the default extended position,

20 and

a third resilient member (17) configured to bias the piston (5)

towards the default extended position;

wherein the movable member (19) is configured to move from a non-
contact position relative to the piston (5) to contact the piston (5) and actuate
25  the piston (5) from the default extended position towards the retracted

position with a force greater than a threshold value, causing the first ball (9)
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and the second ball (11) to move radially out from the seat (5¢), and the third

resilient member (17) to accumulate energy, and

the contact bounce reduction system (1) further comprising a contact
ring (33) slidably arranged around the piston (5), and a fixed contact member

(35) electrically connected to the contact ring (33).

2.  The contact bounce reduction system (1) as claimed in claim 1, wherein
the first ball (9) and the second ball (11) are arranged on opposite sides of the
piston (5) with respect to a longitudinal axis (A) of the piston (5).

3. The contact bounce reduction system (1) as claimed in claim 1 or 2,
where the first ball (9) and the second ball (11) are arranged opposite to each

other with respect to the longitudinal axis (A) of the piston (5).

4. The contact bounce reduction system (1) as claimed in any of the
preceding claims, wherein the first resilient member (13) and the second
resilient member (15) have longitudinal axes (B, C) that are perpendicular to

a longitudinal axis (A) of the piston (5).

5.  The contact bounce reduction system (1) as claimed in any of the
preceding claims, wherein the first resilient member (13) is a first spring and

the second resilient member (15) is a second spring.

6. The contact bounce reduction system (1) as claimed in any of the
preceding claims, comprising a third ball (21) arranged axially between the
third resilient member (17) and the piston (5), wherein the third resilient

member (17) is configured to act with an axial force onto the third ball (21).

7. The contact bounce reduction system (1) as claimed in any of the
preceding claims, comprising a first holding member (27), and wherein the
body (3) has a first channel (23) in which the first resilient member (13) is
arranged, wherein the first holding member (27) is removably arranged in the
first channel (23) to hold the first resilient member (13) in position to act on
the first ball (9).
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8.  The contact bounce reduction system (1) as claimed in any of the
preceding claims, comprising a second holding member (29), and wherein
the body (3) has a second channel (25) in which the second resilient member
(15) is arranged, wherein the second holding member (29) is removably
arranged in the second channel (25) to hold the second resilient member (15)

in position to act on the second ball (11).

9. The contact bounce reduction system (1) as claimed in any of the
preceding claims, comprising a third holding member (31), and wherein the
body (3) has a third channel (30) in which the third resilient member (17) is
arranged, wherein the third holding member (31) is removably arranged in
the third channel (30) to hold the third resilient member (17) in position to
act on the piston (5).

10. The contact bounce reduction system (1) as claimed in any of the
preceding claims, wherein the seat (5¢) has a curved shape configured to bear
against at least 1/8t of the circumference of each of the first ball (9) and the

second ball (11).

11. An electrical device comprising the contact bounce reduction system (1)

as claimed in any of the preceding claims.

12. The electrical device as claimed in claim 11, wherein the electrical device

is a contactor or a tap changer for a transformer.
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