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(54) SINGLE-PHASE DIVERTER SWITCH FOR COLUMN-TYPE ON-LOAD TAP CHANGER

(57) A single-phase diverter switch (100) for a col-
umn-type on-load tap changer comprises an insulating
carrier plate (150) having a first carrier section (151) sub-
stantially semicircular in cross-section, and having a sec-
ond carrier section (152) substantially semicircular in
cross-section and abutting the first carrier section (151);
an interrupter arrangement disposed on the first carrier
section (151) of the insulating carrier plate (150), the in-
terrupter arrangement including a first main interrupter
(110), a second main interrupter (111) and a transition
phase interrupter (112); and a disconnector arrangement
disposed on the second carrier section (152) of the insu-
lating carrier plate (150), the disconnector arrangement
including a first disconnector (120) electrically connected
to the first main vacuum interrupter (110) and a second
disconnector (121) electrically connected to the second
main vacuum interrupter (111). Respective connection
states of the interrupter arrangement and of the discon- 112
nector arrangement are controllable according to a pre-
determined switching sequence.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 758 035 A1 2

Description
TECHNICAL FIELD

[0001] The disclosure relates to a single-phase divert-
er switch for an on-load tap changer of the column type.

BACKGROUND ART

[0002] Anon-loadtap changeris part of a power trans-
former and used to switch a tapping of the transformer
to regulate an output high voltage when the power trans-
former is in full operation, i.e. in an on-load condition.
With the use of an on-load tap changer, the output power,
or power supply, need not be interrupted, resulting in a
substantially continuous supply of output power even
when the output voltage has to be regulated. The tap
changer includes a set of fixed contacts, each fixed con-
tact being connectable to a number of taps of a regulating
winding of the power transformer. By selecting the taps
to be connected or disconnected as needed, the output
voltage of the transformer can be regulated.

[0003] A tap changer of the diverter type comprises a
diverter switch. An electrical connection of a respective
fixed contact and an external contact is established by
the tap changer through intermediation of the diverter
switch. A conventional diverter switch is known in which
the current nominally flows through a main branch. In a
transition period during switching, the current is made to
flow through a transition branch. Typically, the transition
branch has a higher impedance, such as a higher resist-
ance or a higher inductance.

[0004] When a tap change is performed, one tap is
temporarily connected to the external contact via the tran-
sition branch, whereas the other tap is connected via the
main branch. Then, the new tap is connected to the ex-
ternal contact via the main branch. Subsequently, the
transition branch is disconnected.

[0005] Such atransitionoperationrequiresinterrupters
for switching from the main branch to the transition
branch, and vice versa. While vacuum interrupters have
a high current carrying capacity and a good switching
performance, the step voltage to be switched with a vac-
uum interrupter is typically limited when a compact con-
figuration is desired. In a column-type on-load tap chang-
er, an accurate coordination is necessary between a se-
lector unit of the tap changer and the diverter switch.
[0006] Hence, there is a desire for a single-phase di-
verter switch for an on-load tap changer that is compact
and/or is suitable for switching at a comparatively high
switchable voltage level, while coordination in switching
is simplified.

DESCRIPTION OF THE INVENTION

[0007] Accordingto an aspect, a single-phase diverter
switch for a column-type on-load tap changer is provided.
The diverter switch comprises an insulating carrier plate,
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an interrupter arrangement, and a disconnector arrange-
ment. The insulating carrier plate includes a first carrier
section that has a substantially semicircular cross-sec-
tion. The insulating carrier plate furtherincludes a second
carrier section that has a substantially semicircular cross-
section. The second carrier section abuts on the first car-
rier section. The interrupter arrangement is disposed on
the first carrier section of the insulating carrier plate. The
interrupter arrangement comprises a first main interrupt-
er, a second main interrupter, and a transition phase in-
terrupter. The disconnector arrangement is disposed on
the second carrier section of the insulating carrier plate.
The disconnector arrangement includes a first discon-
nector that is electrically connected to the first main in-
terrupter. The disconnector arrangement further includes
a second disconnector that is electrically connected to
the second main interrupter. The respective connection
states of the interrupter arrangement and of the discon-
nector arrangement are controllable according to a pre-
determined switching sequence.

[0008] The two main interrupters and the transition
phase interrupter are mounted on the first carrier section
that takes roughly have the area of a circle. In the other
half the first and second disconnectors are mounted on
the second carrier section. Thus, the main parts of the
diverter switch have a comparatively compact configu-
ration and do not require a very accurate coordination in
the switching process. The first and second disconnec-
tors help torealize a higher step voltage for disconnecting
the branch that is currently not in use during nominal
operation, i.e. either the branch through the first main
interrupter or the branch through the second interrupter.
Thus, the switchable voltage level is raised.

[0009] The insulating carrier plate need not be a con-
tinuous plate. In embodiments, for example, it is conceiv-
able that the first carrier section is separate from the sec-
ond carrier section. In this connection, typically, the first
and second carrier sections are arranged substantially
in the same plane of the single-phase diverter switch.
Typically, the plane is substantially orthogonal to an axial
direction of the diverter switch.

[0010] Infurtherembodiments, any one of the firstmain
interrupter, the second main interrupter and the transition
phase interrupter is a vacuum-type, VI, interrupter. Typ-
ically, all of the first main interrupter, the second main
interrupter and the transition phase interrupter are VI in-
terrupters.

[0011] In further embodiments, the first disconnector
and the second disconnector each comprise a movable
carrying arm and a stationary contact body. The movable
carrying arms move relative to the corresponding station-
ary contact bodies, thus contributing to a safe and simple
switching operation.

[0012] In further embodiments, the diverter switch fur-
ther comprises a central shaft, and the central shaft is
configured to drive the first main interrupter, the second
main interrupter and the transition phase interrupter. By
means of one central shaft driving all of the first main
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interrupter, the second main interrupter and the transition
phase interrupter, the driving procedure for performing a
switching operation is simplified, without any very accu-
rate coordination required.

[0013] Inembodimentsrelating to the central shaft con-
figured to drive any one or more of the interrupters, the
central shaft may comprise one or more cams. The cams
are arranged to act on the first main interrupter, the sec-
ond main interrupter or the transition phase interrupter,
respectively, such that the corresponding interrupter is
driven. Acting on the interrupters, as used herein, may
include that the cams actually engage with the respective
interrupters.

[0014] In further embodiments, the diverter switch fur-
ther comprises a central shaft, and the central shaft is
configured to drive the first disconnector and the second
disconnector. By means of one central shaft driving all
ofthe disconnectors, the driving procedure for performing
a switching operation is simplified, without any very ac-
curate coordination required.

[0015] Inembodimentsrelating to the central shaft con-
figured to drive any one or more of the disconnectors,
the central shaft may comprise one or more actuator pins.
The actuator pins are arranged to act on the first or sec-
ond disconnectors to drive the respective disconnector.
Acting on the disconnectors, as used herein, may include
that the cams actually engage with the respective dis-
connectors.

[0016] In further embodiments, one central shaft is
configured to drive the first main interrupter, the second
main interrupter and the transition phase interrupter, as
well as the first disconnector and the second disconnec-
tor. In this connection, the central shaft may comprise -
e.g. on or in the vicinity of one end thereof - one or more
cams that are arranged such that they act on the first
main interrupter, the second main interrupter and the
transition phase interrupter to drive the respective inter-
rupter(s); and the central shaft may comprise - e.g. on or
in the vicinity of the other end thereof - a plurality of ac-
tuator pins that are arranged to act on the first or second
disconnectors to drive the respective disconnector(s).
[0017] In embodiments, the diverter switch is config-
ured to perform a switching according to the switching
sequence, wherein the switching sequence comprises,
in the stated order, driving an open one of the first and
second main interrupters to the closed position, driving
the transition phase interrupter to the closed position,
driving the respective other one of the first and second
main interrupters to the open position, and driving the
transition phase interrupter to the open position.

[0018] For example, according to the embodiment, in
an exemplary starting state in which the first main inter-
rupter is closed and the second main interrupter is open,
the current flows through the first main interrupter. To
initiate the switching sequence, the second main inter-
rupter is driven to the closed position. Then, the transition
phase interrupter is driven to the closed position, such
that the transition branch participates in the current trans-
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mission. Subsequently, the first main interrupter is driven
to the open position. In order to finish the transition se-
quence, the transition phase interrupter is driven to the
open position. Thus, an exemplary finishing state is es-
tablished, in which the first main interrupter is open and
the second main interrupter is closed.

[0019] The respective first and second disconnectors
may aid in keeping the switchable voltage level high. In
further embodiments, the switching sequence further
comprises driving an open one of the first and second
disconnectors to the closed position, and driving the re-
spective other one of the first and second disconnectors
to the open position.

[0020] Intheexamplegivenabove, inwhich the switch-
ing is performed from the exemplary starting state to the
exemplary finishing state, the first disconnector is closed
and the second disconnector is open in the starting state.
In the finishing state, the first disconnector is opened and
the second disconnector is closed.

[0021] According to another aspect, an on-load tap
changer is provided. The on-load tap changer comprises
the single-phase diverter switch as described herein.
[0022] According to yet another aspect, a power trans-
former is provided. The power transformer includes an
on-load tap changer. The on-load tap changer comprises
the single-phase diverter switch as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the following, embodiments of the present
disclosure will be described with reference to the draw-
ings in which:

Fig. 1 is a schematic perspective view of a diverter
switch according to an embodiment;

Fig. 2 is a schematic perspective view of elements
of the diverter switch in the embodiment;

Fig. 3is a schematic perspective view of the diverter
switch in the embodiment, showing, among others,
disconnectors;

Fig. 4 is a schematic perspective view of the diverter
switch in the embodiment, showing, among others,
a cam, a movable carrying arm on a central shaft,
and a stationary contact body;

Fig. 5is a schematic perspective view of the diverter
switch in the embodiment, showing, among others,
the movable carrying arm on the central shaft, and
the stationary contact body; and

Fig. 6 is a sectional side view of the diverter switch
in the embodiment.
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DETAILED DESCRIPTION

[0024] An embodiment of the present disclosure will
be described commonly with reference to the illustrations
in Figs. 1through 6. Fig. 1 shows a schematic perspective
view of a diverter switch 100 according to an embodi-
ment. Fig. 2 shows a schematic perspective view of el-
ements (interrupters 110, 111, 112) of the diverter switch
100. Fig. 3 shows a schematic perspective view of the
diverter switch 100 and shows, among others, discon-
nectors 120, 121. Fig. 4 shows a schematic perspective
view of the diverter switch 100, and shows, among others,
acam 190, a movable carrying arm 122 on a central shaft
180, and a stationary contact body 123. Fig. 5 shows a
schematic perspective view of the diverter switch 100,
and shows, among others, the movable carrying arm 122
on the central shaft 180, and the stationary contact body
123. Fig. 6 shows a sectional side view of the diverter
switch 100.

[0025] The diverter switch 100 is adapted to be used
with an on-load tap changer of the column type; thus, the
diverter switch 100 extends along a rotation axis thereof,
roughly from top to bottom in the illustration according to
Fig. 1. Atthe viewing angle of Fig. 1, a first carrier section
151 of an insulating carrier plate 150 is visible. The first
carrier section 151 has a substantially semicircular cross
section perpendicular to the rotation axis of the diverter
switch 100. An interrupter arrangement formed of a first
vacuum-type (VI) main interrupter 110, a second VI main
interrupter 111 and a transition phase VI interrupter 112
is disposed, or mounted, on the first carrier section 151.
[0026] As apparent from Fig. 2, a second carrier sec-
tion 152 of the insulating carrier plate 150 is visible. A
first disconnector 120 is mounted on the second carrier
section 152. Although not shown in Fig. 2, likewise, a
second disconnector 121 is mounted on the second car-
rier section 152 in an area not illustrated here. The first
disconnector 120 is electrically connected to the first
main interrupter 110, and the second disconnector 121
is electrically connected to the second main interrupter
111, such that both the pair of first disconnector 120 and
first main interrupter 110 on the one hand, and the pair
of second disconnector 121 and second main interrupter
111 on the other hand participate in a diverter switching
operation. The disconnectors 120, 121 are also shown
in the illustration of Fig. 3.

[0027] Thefirstcarriersection 150 is substantially sem-
icircular in cross-section. Likewise, the second carrier
section 151 is substantially semicircular in cross-section.
In the embodiment, the carrier sections 150, 151 abut on
each other, are separate from one another and are ar-
ranged substantially in the same plane of the diverter
switch 100 perpendicular to the rotation axis.

[0028] As apparent from the illustration in Figs. 4-6, a
central shaft 180 penetrates through the diverter switch
100, having mounted thereon multiple actuator pins 170,
171, 172 that are arranged such that upon a rotation of
the central shaft 180 and depending on the rotational
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position thereof, they engage with the disconnectors 120,
121 to drive the respective disconnector 120, 121. The
first disconnector 120 comprises a movable carrying arm
122 and a stationary contactbody 123. Likewise, the sec-
ond disconnector 121 comprises a movable carrying arm
124 and a stationary contact body 125. Upon the rota-
tional movement of the central shaft 180, the movable
carrying arms 122, 124 perform a pivoting movement to
engage, when the rotational angle is correct, with the
respective corresponding contact body 123, 125.
[0029] On the opposite side in the axial direction,
mounted on another plate 160 (see Fig. 2; here, without
limitation, a steel plate) is a driving system 115 for the
interrupters 110, 111, 112. The plates 150, 160 are typ-
ically mechanically by means of insulation bars in order
to ensure the mechanical stability of the phase. connect-
ed A cam 190 is mounted on the central shaft 180 that
is arranged such that upon rotating the central shaft 180
and depending on the rotational position thereof, the cam
190 acts on the first main interrupter 110, the second
main interrupter 111, or the transition phase interrupter
112 respectively, to actuate - or drive - the respective
interrupter 110, 111, 112.

[0030] As such, the diverter switch 100 according to
the embodiment comprises two main vacuum interrupt-
ers 110, 111 and one auxiliary, or transition phase, vac-
uum interrupter 112 that are mounted on the semicircular
half formed by section 151 of the plate 150. In the other
half there are placed the contact disconnectors 120, 121
that are driven by the central shaft 180 via an even
number of pins 170, 171, 172 (a fourth one not shown in
the drawings) that are fastened on the shaft 180. On an-
other axial end of the shaft 180 there are mounted one
or more cams 190 for controlling the interrupters’ driving
system 115. The interrupters’ driving system 115 is
mounted on carrying plate 160. The movable part of the
contact disconnectors 120, 121 comprises the carrying
arms 122, 124. The stationary part of the contact discon-
nectors 120, 121 comprises the stationary contact bodies
123, 125, e.g. a pair of contact clamps that are gripped
by the movable elements on both sides.

[0031] The diverter switch 100 is configured such that
by rotating the central shaft 180, a switching according
to a switching sequence is carried out. In the switching
sequence, an open one of the first main interrupter 110
and second main interrupter 111 is driven to the closed
position. Then, the transition phase interrupter 112 is
driven to the closed position. Then, the respective other
one of the first main interrupter 110 and second main
interrupter 111 is driven to the open position. Subse-
quently, the transition phase interrupter 112 is driven to
the open position.

[0032] In addition to the interrupters 110, 111, 112, in
the switching sequence, an open one of the first discon-
nector 120 and second disconnector 121 is driven to the
closed position. Then, respective other one of the first
disconnector 120 and second disconnector 121 is driven
to the open position. Thus, the switching sequence is



7 EP 3 758 035 A1 8

completed.

[0033] Itisnotedthatwhile the above description refers
to specificembodiments, the skilled person will recognize
that the features described therein may be combined as
appropriate, and/or that one or more features thereof may
be altered or omitted as appropriate, without departing
from the gist of the present application whose scope is
defined by the claims.

Claims

1. A single-phase diverter switch (100) for a column-
type on-load tap changer, comprising:

an insulating carrier plate (150) having a first
carrier section (151) substantially semicircular
in cross-section, and having a second carrier
section (152) substantially semicircularin cross-
section and abutting the first carrier section
(151);

an interrupter arrangement disposed on the first
carrier section (151) of the insulating carrier
plate (150), the interrupter arrangement includ-
ing a first main interrupter (110), a second main
interrupter (111) and a transition phase inter-
rupter (112);

a disconnector arrangement disposed on the
second carrier section (152) of the insulating
carrier plate (150), the disconnector arrange-
ment including a first disconnector (120) electri-
cally connected to the first main interrupter (110)
and a second disconnector (121) electrically
connected to the second main interrupter (111),
wherein respective connection states of the in-
terrupter arrangement and of the disconnector
arrangement are controllable accordingto a pre-
determined switching sequence.

2. The single-phase diverter switch (100) according to
claim 1, wherein the first carrier section (151) and
the second carrier section (152) are separate from
one another and arranged substantially in a same
plane of the single-phase diverter switch (100).

3. The single-phase diverter switch according to any
one of the preceding claims, wherein one or more of
the first main interrupter (110), the second main in-
terrupter (111) and the transition phase interrupter
(112) is a vacuum-type (V1) interrupter.

4. The single-phase diverter switch according to any
one of the preceding claims, wherein the first discon-
nector (120) and the second disconnector (121) each
comprise a movable carrying arm (122, 124) and a
stationary contact body (123, 125).

5. The single-phase diverter switch according to any
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10.

1.

one of the preceding claims, further comprising a
central shaft (180) configured to drive the first main
interrupter (110), the second main interrupter (111)
and the transition phase interrupter (112).

The single-phase diverter switch according to claim
4, the central shaft (180) comprising one or more
cams (190) arranged to act on or to engage with the
first main interrupter (110), the second main inter-
rupter (111) or the transition phase interrupter (112)
to drive the respective interrupter.

The single-phase diverter switch according to any
one of claims 1-3, further comprising a central shaft
(180) configured to drive the first disconnector (120)
and the second disconnector (121).

The single-phase diverter switch according to claim
7, the central shaft (180) comprising a plurality of
actuator pins (170, 171, 172) arranged to act on or
to engage with the first or second disconnectors
(120, 121) to drive the respective disconnector.

The single-phase diverter switch according to any
one of claims 1-3, further comprising a central shaft
(180), wherein the central shaft (180) is configured
to drive the first main interrupter (110), the second
main interrupter (111) and the transition phase inter-
rupter (112), and wherein the central shaft (180) is
configured to drive the first disconnector (120) and
the second disconnector (121).

The single-phase diverter switch according to claim
9, the central shaft (180) comprising one or more
cams (190) arranged to act on or to engage with the
first main interrupter (110), the second main inter-
rupter (111) or the transition phase interrupter (112)
to drive the respective interrupter, and the central
shaft (180) comprising a plurality of actuator pins
(170, 171, 172) arranged to act on or to engage with
the first or second disconnectors (120, 121) to drive
the respective disconnector.

The single-phase diverter switch according to any
one of the preceding claims, the single-phase divert-
er switch being configured to perform a switching
according to the switching sequence, the switching
sequence comprising in the stated order:

i) driving an open one of the first and second
main interrupters (110, 111) to the closed posi-
tion;

ii) driving the transition phase interrupter (112)
to the closed position;

i) driving the respective other one of the first
and second main interrupters (110, 111) to the
open position;

iv) driving the transition phase interrupter (112)
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to the open position.

12. The single-phase diverter switch according to claim
11, the switching sequence further comprising driv-
ing an open one of the firstand second disconnectors
(120, 121) to the closed position, and driving the re-
spective other one of the first and second discon-
nectors (120, 121) to the open position.

13. Anon-loadtap changer comprising the single-phase
diverter switch according to any one ofthe preceding
claims.

14. Apower transformerincluding an on-load tap chang-
er, the on-load tap changer comprising the single-
phase diverter switch according to any one of claims
1-12.
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