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(57) Abstract: A system (1) for controlling a vacuum interrupter (30) for
a power diverter switch comprises a main driving shaft (10) which is con-
figured to drive the control cam (13). The system (1) further comprises the
vacuum interrupter (30) which is configured to separate electrical contacts
in a vacuum by use of a contact rod (31), and a transmission unit (20) which
is configured to transmit the force generated by the main driving shaft (10)
to the contact rod (31). The transmission unit (20) comprises a plurality of
reliable guiding elements (25) and a lever mechanism (21, 22, 23, 24) which
is coupled to both the control cam (13) and the contact rod (31) of the vacu-
um interrupter (30) such that a rotation of the control cam (13) generated by
the main driving shaft (10) causes a movement of the contact rod (31) due
to a guided movement of the lever mechanism (21, 22, 23, 24) by means of
rolling of the guiding elements (25).
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SYSTEM FOR CONTROLLING A VACUUM INTERRUPTER FOR A POWER
DIVERTER SWITCH, A POWER DIVERTER SWITCH AND AN ON-LOAD TAP
CHANGER

The present disclosure is related to a system for controlling
a vacuum interrupter for a power diverter switch. The present
disclosure is further related to a corresponding power

diverter switch and an on-load tap changer.

Vacuum interrupters are widely used in utility power
transmission systems, power generation units and power-
distribution systems for railways, for example. Document US
2015/008104 Al discloses an on-load tap changer having at
least two vacuum interrupters. The on-loader tap changer
comprises a selector for selecting a respective winding tap
of a tapped transformer, a load changeover switch for
changing over from the connected winding tap to the
respectively preselected winding tap, a rotatable drive shaft
which is mechanically coupled to the selector, and a gear
mechanism for operating a moving contact of a respective

vacuum interrupter.

Document EP 2261935 Al discloses a selector switch for
switching taps of a transformer comprises a switching shaft
insert including two switch contacts and a network terminal
contact. Fixed step contacts are circumferentially arranged
on a cylinder provided around the switching shaft insert, the
fixed step contacts being connected to taps of the

transformer.

The documents CN 101807469 B discloses a lever systems for
driving a vacuum bubble. The system comprises a molded

plastic baseplate on which the vacuum bubble is arranged
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through a connecting rod device. A lever device comprises a
lever, a connecting rod, a supporting seat and a return
spring, wherein the connecting rod i1s in threaded connection
with a lower link rod of the vacuum bubble. The lever is

hinged with the supporting seat.

The document CN 110189937 A discloses a double~fracture
vacuum on-load tap-changer comprising a mounting flange at
the upper end of the tap-changer for conveniently mounting
the tap-changer. A tap-changer cylindrical body is disposed
under the mounting flange and a change-over switch and a
vacuum tube synchronous operating mechanism are installed in

the tap-changer cylindrical body.

Therein, the vacuum interrupter realizes a switch of a
medium-voltage circuit-breaker, generator circuit-breaker, or
high-voltage circuit-breaker which uses electrical contacts
in a vacuum to reliably separate the electrical contacts
resulting in a metal vapour arc, which is quickly
extinguished. In this respect, it is a challenge to provide
stable and reliable mechanisms to transmit the motion from a
driving cam to a contact rod of the vacuum interrupter to

securely switch the electrical contacts.

It is an object to provide a system for controlling a vacuum
interrupter for a power diverter switch that enables secure
and reliable switching of electrical contacts of the vacuum
interrupter. It is a further object to provide a
corresponding power diverter switch and an on-load tap

changer including such a system.
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These objects are achieved by the subject-matter of the
independent claim. Further developments and embodiments are

described in the dependent claims.

According to an embodiment, a system for controlling a vacuum
interrupter for a power diverter switch comprises a main
driving shaft which is coupled to a control cam and which is
configured to drive the control cam. The system further
comprises the vacuum interrupter which is configured to
separate electrical contacts in a vacuum by use of a contact
rod, and a transmission unit which is configured to transmit
the force generated by the main driving shaft to the contact
rod. The transmission unit comprises a plurality of rollable
guiding elements and a lever mechanism which is in contact
with the rollable guiding elements and which is coupled to
both the control cam and the contact rod of the wvacuum
interrupter. The guiding elements each are configured to be
rollable around a respective axis of rotation that is
perpendicular to a longitudinal center axis of the vacuum
interrupter such that a rotation of the control cam generated
by the main driving shaft causes a movement of the contact
rod due to a guided movement of the lever mechanism by means

of rolling of the guiding elements.

By use of the described system a compact and simple design of
mechanism for controlling of a vacuum interrupters (VI) in a
diverter switch of an on-load tap-changer is feasible. Due to
the rollable guiding elements the system enables a reliably
directed movement of the contact rod and thus a secure

separation of the electrical contacts of the VI.

It 1is a recognition of the present invention that usual

designs for control of a VI, used in diverter switches
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include wvarious types of sliding guiders and auxiliary levers
with hinges, which are driven by means of a cam. Such
mechanisms requires the presence of a plurality of elements
involved in the propulsion of the VI which reduces the
reliability of such mechanisms in relation to the wear of
these elements due to the sliding friction, in particular.
Moreover, a dimensional chain of elements between the cam and
the contact rod of the VI, with the presence of a plurality
of elements lead to a complicated structure, which imposes
high requirements for accuracy in their manufacture. In
addition, more space is need to assemble and locate all
elements and further there are dependencies due to hinges
implemented in such mechanisms which deteriorate their

performance at low temperatures.

The described system enables to counteract the aforementioned
effects and contributes to a space-saving design of a
mechanism with a clear structure and a small number of
elements. Thus, it further contributes to ease the
requirements for manufacturing accuracy and to reduce loss
due to friction. For example, the plurality of rollable
guiding elements includes guiding elements formed as rolling
bearings, rolls and/or bushings. Thus, there is only rolling

friction instead of sliding-friction in the described system.

According to an embodiment of the system the lever mechanism
is configured to be hingeless comprising a t-shaped bushing
including a cylindrical element and a lever connected
thereto. The hingeless lever mechanism further comprises an
upper and a lower guiding unit each comprising at least one
guiding element arranged at an upper portion or a lower
portion of the cylindrical element respectively with respect

to a longitudinal axis of the cylindrical element. The lever
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mechanism further comprises a first lever driving element
arranged between the control cam and the lever, wherein the
cylindrical element is arranged to be in contact to the

contact rod of the VI.

With respect to an operating state, the main driving shaft
dives the control cam by means of pushing it towards the
first lever driving element and the lever. Thus, the t-shaped
bushing is moved and separation of the electrical contacts of
the VI can be initiated. For instances, the first lever
driving element is formed as a rolling bearing, a roller or a
bushing realizing a driving element to move the lever, which
is connected perpendicularly to the cylindrical element

forming the t-shaped bushing.

According to a further embodiment of the system the upper and
lower guiding unit each comprises at least two rollable
guiding elements arranged at opposite sides of the
cylindrical element with respect to the longitudinal axis of
the cylindrical element and with respect to a plane spanned
by the longitudinal axis of the cylindrical element and a
longitudinal axis of the main driving shaft. Such a
configuration enables a stable and reliable guidance of the
cylindrical element in the aforementioned plane, in
particular. Thus, a movement of the contact rod and
separation of the electrical contacts of the VI can initiated

securely.

According to a further embodiment of the system the upper and
lower guiding unit each comprising four guiding elements
arranged perpendicularly to adjacent ones with respect to the
longitudinal axis of the cylindrical element. Such a

configuration contributes to a very reliable and safe
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guidance of the cylindrical element and movement of the

contact rod.

According to a further embodiment of the system the lever
mechanism further comprises guiding pins and a second lever
driving element formed as a rolling bearing, a roller or a
bushing arranged between the control cam and the lever and
between the guiding pins respectively. Thus, the developed
lever mechanism is configured to further prevent unwanted

rotation of the contact rod around its axis.

According to an embodiment a power diverter switch for an on-
load tap changer comprises an insulating plate, a supporting
plate, and an embodiment of the described system, which is
coupled to both the insulating plate and the supporting
plate, 1in between for example. Such a configuration indicates
an exemplary possibility to arrange the system inside a power
diverter switch. However, there are also alternative
possibilities to arrange the system in the power diverter
switch. For instances the system can also be arranged outside
the insulating plate and/or the supporting plate. The power
diverter switch for an on-load tap changer comprises an
insulating plate, a supporting plate and an embodiment of the

described system, respectively.

According to an embodiment an on-load tap changer for setting
a gear ratio comprises an embodiment of the aforementioned

power diverter switch.

Such a configuration of a power diverter switch and an on-
load tap changer using an embodiment of the described system
for controlling a VI enables secure and reliable switching of

electrical contacts of the VI. As a result of that the power
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diverter switch and the on-load tap changer comprises an
embodiment of the system as described above, described
features and characteristics of the system are also disclosed
with respect to the power diverter switch and the on-load tap

changer and vice versa.

The described system and the corresponding power diverter
switch and on-load tap changer include a simple driving
mechanism for the VI and for example without any hinges, in
which the contact rod of the VI is guided straight between
the rollable guiding elements which are formed as two sets of
four rolling bearings or rollers, for instances. Such a
configuration makes it possible for the point of application
of the force needed to open the VI to be displaced away from
its longitudinal axis. The control cam acts on a bearing or
roll or bushing that is mounted on or around the cylindrical
element which realizes a guided part on which the lever is

arranged perpendicularly, for example.

The described system and the mechanism of the transmission
unit contributes to an advantageous structure due to a simple
way of actuating the contact rod - directly, without any
additional elements and corresponding unwanted gaps and
unwanted wear in hinges, for example. There is only rolling
friction in such a mechanism and such a configuration is
suitable in particular when a distance between the
longitudinal axis of the VI and the longitudinal axis of the
main driving shaft should be kept small. Furthermore, due to
the fact that the lever mechanism can be configured hingeless
an adverse influence of low temperatures can be reduced as
well. Thus, using the described system with a hingeless lever

mechanism enables reliable functioning even at temperatures
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of -40°C up to 105°C of o0il used inside the system, for

example.

Exemplary embodiments of the invention are explained in the
following with the aid of schematic drawings and reference

numbers. The figures show:

Figure 1 an exemplary embodiment of a system for controlling
a vacuum interrupter for a power diverter switch

in a side view;

Figure 2 the system of figure 1 in another side view; and

Figure 3 components of the system of the figures 1 and 2 in

a perspective view.

Identical reference numbers designate elements or components
with identical functions. In so far as elements or components
correspond to one another in terms of their function in
different figures, the description thereof is not repeated
for each of the following figures. For the sake of clarity
elements might not appear with corresponding reference

symbols in all figures possibly.

Figure 1 illustrates a side view of an embodiment of a system
1 for controlling a vacuum interrupter 30 of a power diverter
switch. Figure 2 illustrates another side view of the system
1 and Figure 3 shows a perspective view of some components of

the system 1.

The system 1 includes a main driving shaft 10 which is
coupled to a control cam 13 and which is configured to drive

the control cam 13. The vacuum interrupter (VI) 30 which is
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configured to separate electrical contacts in a vacuum by use
of a contact rod 31. A transmission unit 20 which is
configured to transmit the force generated by the main
driving shaft 10 to the contact rod 31. The transmission unit
20 comprises a plurality of rollable guiding elements and a
lever mechanism 21, 22, 23, 24 which is coupled to both the
control cam 13 and the contact rod 31 of the vacuum
interrupter 30. The guiding elements are formed as rolling
bearings 25. Thus, a rotation of the control cam 13 generated
by the main driving shaft 10 causes a movement of the contact
rod 31 due to a guided movement of the lever mechanism 21,

22, 23, 24 by means of rolling of the bearings 25.

The system 1 realizes a component of a power diverter switch
for an on-load tap changer. The diverter switch further
comprises a lower supporting steel plate 14 and an upper
insulating plate 12 on which is mounted a stationary contact
board 11, carrying the VI 30. The control cam 13 is fastened
to the main driving shaft 10.

The lever mechanism of the transmission unit 20 comprises a
cylindrical element 24 and a lever 23 perpendicularly
connected thereto. The cylindrical element 24 is further
connected to the contact rod 31 of the VI 30. The cylindrical
element 24 is guided by two groups of rolling bearings 25
distanced one above the other forming an upper and a lower
guiding unit of guiding elements. According to the
illustrated embodiment, each group consists of four bearings
25 located at an angle of approximately 90° relative to each
other with respect to a central axis L2 of the cylindrical
element 24 and/or the VI 30. Thus, the illustrated embodiment
of the system 1 comprises eight rolling bearings 25 to

provide stable and reliable guidance. Thus, with respect to
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the central axis L2 the transmission unit 20 counteracts an
unwanted tilt of the cylindrical element 24 and contributes
to a secure and reliable movement of the contact rod 31 and

separation of the electrical contacts of the VI 30.

The bearings 25 are mounted on a stationary hollow holder 29
with a slot on one side, in which the perpendicular lever 23
can move. The system 1 comprises two further bearings which
are mounted on the lever 23 and which realize a first lever
bearing 21 and a second lever bearing 22. The control cam 13
is a specially shaped cylindrical cam and is configured to
act on the first lever bearing 21 by applying a force
parallel to the central axis L2 of the VI 30. The second
lever bearing 22 is configured to move between two guiding
pins 28 with a relative small gap such that the second lever
bearing 22 touches only one guiding pin 28 or the other (see
Figure 3). Alternatively, the guiding pins 28 and the second
lever bearing 22 can be arranged at the opposite side of the
cylindrical element 24, for example, with respect to the
central axis L2 interacting with an elongated lever 23. Such
a mechanism respectively enables to prevent unwanted rotation
of the contact rod 31 around its axis which corresponds to

the central axis L2.

Moreover, in order to contribute to a space-saving design of
the system 1 two contact springs 27 are placed on both sides
of the stationary holder 29 with the bearings 25. These

contact springs 27 are driven by the contact rod 31 using a

common strap (see Figure 2).

The described system 1 provides a reliable mechanism for
direct control of the vacuum interrupter 30 in the power

diverter switch for an on-load tap changer. The structure of



10

15

20

25

30

WO 2022/089809 PCT/EP2021/073380

the system 1 is clear and enables a simple driving mechanism
for the VI 30 without any hinges, due to the described
structure of the transmission unit 20. The contact rod 31 of
the VI 30 is guided straight between the two sets of four
rolling bearings 25, which can be formed as rollers and/or
bushings alternatively. Thus, it is possible for the point of
application of the force needed to open the VI 30 to be

displaced away from its longitudinal axis L2.

The main driving shaft drives the control cam 13 which acts
on the first lever bearing 21 that is mounted on the
cylindrical guided part realized by the cylindrical element
24 with perpendicular lever 23. Such a mechanism enables a
simple but reliable way of actuating the contact rod 31 -
directly, without any additional elements with the
corresponding unwanted gaps and unwanted wear in hinges, for
example. There is only rolling friction and no friction in
sliding present in this mechanism due to the rollable guiding
elements and the hingeless lever mechanism. The described
rollable bearings 25 beneficially operate using a small
predetermined gap between the bearings 25 and the cylindrical
element 24 such that there is a slight guiding contact to one

of the upper and/or lower bearings 25, at least.

In particular, such a system 1 is suitable when an interaxial
distance between the central axis L2 of the VI 30 and a
central axis L1 of the main driving shaft 10 must be minimal
or relatively small. Moreover, due to the possibility of
saving hinges the influence of low temperatures is reduced as
well because hinges deteriorate their performance at low

temperatures around -20°C to -40°C, for example.
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Reference Numerals

10
11
12
13
14
20
21
22
23
24
25
26
277
28
29
30
31

L1
L2

system for controlling a vacuum interrupter
main driving shaft
stationary contact board
insulating plate

control cam

supporting plate
ftransmission unit

first lever bearing
second lever bearing
lever

cylindrical element
rolling bearing
stationary holder
contact spring

guiding pin

stationary holder

vacuum interrupter

contact rod

longitudinal axis of the main driving shaft

longitudinal axis of the cylindrical element / vacuum

interrupter
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Claims

1. System (1) for controlling a vacuum interrupter (30) for
a power diverter switch, comprising:

- a main driving shaft (10) which is coupled to a control
cam (13) and which is configured to drive the control cam
(13),

- the wvacuum interrupter (30) which is configured to
separate electrical contacts in a vacuum by use of a contact
rod (31), and

- a transmission unit (20) which is configured to
transmit the force generated by the main driving shaft (10)
to the contact rod (31), wherein the transmission unit (20)
comprises a plurality of rollable guiding elements (25) and a
lever mechanism (21, 22, 23, 24) which is in contact with the
rollable guiding elements (25) and which is coupled to both
the control cam (13) and the contact rod (31) of the wvacuum
interrupter (30), wherein the guiding elements (25, 26) each
are configured to be rollable around a respective axis of
rotation that is perpendicular to a longitudinal center axis
(L2) of the vacuum interrupter (30), such that a rotation of
the control cam (13) generated by the main driving shaft (10)
causes a movement of the contact rod (31) due to a guided
movement of the lever mechanism (21, 22, 23, 24) by means of

rolling of the guiding elements (25).

2. System (1) according to claim 1, wherein the plurality
of rollable guiding elements (25) includes guiding elements

formed as rolling bearings, rolls and/or bushings.

3. System (1) according to claim 1 or 2, wherein the lever

mechanism is configured to be hingeless comprising:
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- a t-shaped bushing including a cylindrical element
(24) and a lever (23) connected to the cylindrical element
(24), wherein the cylindrical element (24) is arranged to be
in contact to the contact rod (31),

- an upper and a lower guiding unit each comprising at
least one guiding element (25) arranged at an upper portion
or a lower portion of the cylindrical element (24)
respectively with respect to the longitudinal axis (L2) of
the cylindrical element (24), and

- a first lever driving element (21) arranged between

the control cam (13) and the lever (23).

4, System (1) according to claim 3, wherein the first lever
driving element (21) is formed as a rolling bearing, a roller

or a bushing.

5. System (1) according to claim 3 or 4, wherein the upper
and lower guiding unit each comprising two guiding elements
(25) arranged at opposite sides of the cylindrical element
(24) with respect to the longitudinal axis (L2) of the
cylindrical element (24) and with respect to a plane spanned
by the longitudinal axis (L2) of the cylindrical element (24)

and a longitudinal axis (Ll1) of the main driving shaft (10).

6. System (1) according to one of the claims 3 to b5,
wherein the upper and lower guiding unit each comprising four
guiding elements (25) arranged perpendicularly to adjacent
ones with respect to the longitudinal axis (L2) of the

cylindrical element (24).

7. System (1) according to one of the claims 1 to 6,
wherein the lever mechanism further comprises guiding pins

(28) and a second lever driving element (22) formed as a
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rolling bearing, a roller or a bushing arranged between the
control cam (13) and the lever (23) and between the guiding

pins (28) respectively.

8. Power diverter switch for an on-load tap changer,
comprising:

- an insulating plate (12),

- a supporting plate (14), and

- a system (1) according to one of the claims 1 to 7,
which is coupled to both the insulating plate (12) and the
supporting plate (14).

9. On-load tap changer for setting a gear ratio,
comprising:

a power diverter switch according to claim 8.



PCT/EP2021/073380

WO 2022/089809

1/3

FIG 1




WO 2022/089809 PCT/EP2021/073380

2/3
FIG 2

L2

11 |
rrrﬁ\)———nf‘e_\u—/\l—/“r\n———n/—ﬁ\m—ﬁ
( |
|
|
|
|
30—t |
|
|
|
20\ ' "Ii
' 413
20— @ JTI\ = )5
H L e
a | sa 23
i P
i u—aualll )
\ - ‘%
= | | [ E{ 0] | =
. T\ |
\ | /




WO 2022/089809 PCT/EP2021/073380

3/3

FIG 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/073380

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1H9/00 HO1H33/666
ADD. HO1H3/42

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2015/008104 Al (HOEPFL KLAUS [DE] ET 1-9
AL) 8 January 2015 (2015-01-08)

page 2, paragraph 0030 - page 3, paragraph
0043; figures 1-4

A EP 2 261 935 Al (ABB RESEARCH LTD [CH]) 1-9
15 December 2010 (2010-12-15)

page 3, paragraph 0022 - page 4, paragraph
0037; figure 2

A CN 101 807 469 B (HUAMING POWER EQUIPMENT 1-9
MFG CO ET AL.)

25 January 2012 (2012-01-25)

page 4, paragraph 0022 - page 3, paragraph
0026; figure 1

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
26 October 2021 05/11/2021
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Pavlov, Valeri

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/073380

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CN 110 189 937 A (STATE GRID CORP CHINA ET
AL.) 30 August 2019 (2019-08-30)

page 6, paragraph 0029 - page 7, paragraph
0044; figures 1-4

1-9

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2021/073380
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015008104 Al 08-01-2015 CN 104205273 A 10-12-2014
DE 102012202327 Al 22-08-2013
EP 2815413 Al 24-12-2014
HK 1201635 Al 04-09-2015
US 2015008104 Al 08-01-2015
WO 2013120641 Al 22-08-2013
EP 2261935 Al 15-12-2010  BR PI1012952 A2 16-01-2018
CN 102460623 A 16-05-2012
EP 2261935 Al 15-12-2010
EP 2441079 Al 18-04-2012
WO 2010142680 Al 16-12-2010
CN 101807469 B 25-01-2012  NONE
CN 110189937 A 30-08-2019  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

