wO 2014/144501 A2 | I 0FON 0O OO A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/144501 A2

18 September 2014 (18.09.2014) WIPO I PCT

(51) International Patent Classification: (74) Agent: KING & SPALDING LLP; Attn: IP Docketing/
HO2P 13/06 (2006.01) Sharon Du, 1100 Louisiana St., Suite 4000, Houston, TX

002-5213 .

(21) International Application Number: 77 (US)
PCT/US2014/028934 (81) Designated States (unless otherwise indicated, for every
. . ) kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: 14 Match 2014 (14.03.2014 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY.
aro (14.03.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
61/792,531 15 March 2013 (15.03.2013) Us OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(71) Applicant: COOPER TECHNOLOGIES COMPANY TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

[US/US]; 600 Travis St., Suite 5600, Houston, TX 77002 ZW.
S).

US) (84) Designated States (uniess otherwise indicated, for every
(72) Inventor: SCHAAR, Jonathan, Michael; 3935 S. Cav- kind of regional protection available): ARIPO (BW, GH,

endish Road, New Berlin, WI 53151 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: SWITCHING MODULE FOR VOLTAGE REGULATOR

=

.~ 100

160~

20l

502+

L ~220

(57) Abstract: The present disclosure provides techniques
for an improved switching module for voltage regulators or
transformers with voltage regulating taps. The switching
module disclosed herein includes a first bypass switch and a
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at least one of the first bypass switch and the second bypass
switch, and at least one load breaking switch coupled
between the first and second bypass switches. In certain ex-
ample embodiments, a separate prime move is configured to
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switch. In certain other example embodiments, one or more
of the bypass switches and the load breaking switch is actu-
ated by a shared prime mover.
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SWITCHING MODULE FOR VOLTAGE REGULATOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119 to U.S. Provisional Patent
Application No. 61/792,531 titled “Switching Module for Voltage Regulator” filed on March 15,
2013, the entirety of which is incorporated by reference herein.

TECHNICAL FIELD

{0002] The present disclosure relates to interrupter switching modules for use with tap
changers for voltage regulators. Specifically, the techniques of the present disclosure reduce
costs and complexity related to mechanical components of switching modules as well as
provides improved manufacturability without compromising reliability and switching

performance.

BACKGROUND
{0003] Tap changers for voltage regulation in uninterrupted switching applications using the

principle of reactor switching may include one or more vacuum interrupters to prolong the
switching life of the device and avoid fouling the dielectric fluid. Vacuum interrupters have
been used in load tap changers to regulate the voltage in power transformers for several decades.
In U.S. Patent No. 3,206,580, McCarty describes an invention mechanically linking one vacuum
interrupter and two bypass switches. In U.S. Patent No. 5,266,759, Dohnal and Neumeyer
document substantial improvements to such a system. In these examples, complex linkages are
used to transmit actuation forces and mechanically synchronize the tap selector, the bypass
switches and the vacuum interrupter, which must all be in close proximity to one another. Thus
the tap selector, bypass switches and vacuum interrupter are all built into one large assembly,
which complicates manufacturing, assembly, and maintenance processes.

[0004] In recent years, alternatives have been proposed to simplify the system by decoupling
subsystems and using additional motorized actuators. In U.S. Patent No. 7,463,010, Dohnal and
Schmidbauer describe improvements using separate drive systems for various switching
subsystems of the tap changer. Alternatively, in U.S. Patent Publication No. 2011/0297517,

Armstrong and Sohail describe a system using two vacuum interrupters, one for each moving
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contact of the tap selector mechanism, with each vacuum interrupter being actuated by a
motorized actuator. Both of these solutions provide substantial improvements to simplify the
mechanical systems, however it is the point of the present disclosure to provide further
improvements. Dohnal and Schmidbauer's invention maintains a level of mechanical complexity
within the vacuum interrupter and bypass switch assembly as it relies upon the use of cams and a
parallelogram linkage. The two vacuum-interrupter solution provided by Armstrong and Sohail
has cost disadvantages due to the expense of using a second vacuum interrupter as well as a
robust drive assembly to overcome contact welding since the vacuum interrupters in such a
configuration must be able to withstand fault current loads. For overall cost and performance
reasons, the use of one vacuum interrupter with two bypass switches is generally accepted as the
preferred method.

[0005] For background, Figure 1 illustrates a voltage regulator tap switching circuit, which
includes a tap changer 100, a portion of the series winding 220, an equalizer winding 230, a
preventative autotransformer 500, and a terminal 410 which could be connected to either the
source or load. The series winding 220 and the equalizer winding 230 are integral parts of the
voltage regulator’s transformer core and coil assembly. The equalizer winding 230 may be
omitted from the circuit at the designer's discretion. The preventative autotransformer is a
separate subassembly as is the tap changer 100. Within the tap changer assembly 100, there are a
plurality of stationary contacts 150, 160, (In certain cases, there are 8 or more stationary contacts
connected to the series winding) which are electrically connected to taps in the series winding
220. Movable contacts 110, 120, connect stationary contacts through the preventive
410. A prime
mover 196, actuates through a mechanical linkage 198, to position the movable contacts 110,

autotransformer 500 and equalizer winding 230 to the source or load terminal

120 on the appropriate stationary contact to regulate the voltage between the source and load.

[0006]  For further background, Figure 2 illustrates a common switching circuit for a reactive
switching on-load tap changer as is commonly used in a distribution substation transformer.
Many items are substantially similar to those of the voltage regulator circuit shown in Figure 1.
However, additional switching components are integrated to eliminate fouling of the dielectric
fluid and prolong the switching life of the device. The circuit includes a subassembly 300
consisting of bypass switches 322, 332, and a vacuum interrupter 312. The utilization of these
switches is explained thoroughly in U.S. Patent No. 5,107,200 to Dohnal and Neumeyer. The on-
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load tap changer consists of both a tap selector switch 101, of a substantially similar design to the
tap changer 100 in Figure 1, and a switching subassembly 300. To actuate and synchronize the
switching subassembly 300 to the tap selector switch 101, there is a mechanical linkage 199,
which is powered by a single prime mover 196. In practice, the mechanical linkage 199 is a
complex design of shafis, gears, cams, bearings and other mechanical components, all of which
require a high degree of component-level and assembly-level precision to function properly.
Further, the mechanical linkage 199 creates challenges to efficiently packaging the system due to
mechanical constraints of power transmission. As a result, there are cost and manufacturing
limitations which are improved by the techniques of the present disclosure.

[0007]  According to an aspect of the present disclosure, a load tap changer system includes a
tap selector switch, a first prime mover coupled to the tap selector switch and configured to
actuate the tap selector switch, and a switching subassem

bly coupled to the tap selector switch.
The switching subassembly includes a first bypass switch, a second bypass switch, at least one
secondary prime mover coupled to and configured to actuate at least one of the first bypass
switch and the second bypass switch, and at least one load breaking switch coupled between the
first and second bypass switches.

{0008] According to another aspect of the present disclosure, a tap switching system includes
a tap selector switch, a first prime mover coupled to the tap selector switch and configured to
actuate the tap selector switch, and a switching subassembly coupled to the tap selector switch.
The switching subassembly includes a first bypass switch, a second bypass switch, at least one
load breaking switch, a first secondary prime mover coupled to and configured to actuate the first
bypass switch and the second bypass switch, and a second secondary prime mover coupled to
and configured to actuate the at least one load break switch.

[0009] According to another aspect of the present disclosure, a switching subassembly for a
load tap changer system includes a first bypass switch, a second bypass switch coupled to the
first bypass switch, at least one prime mover coupled to and configured to actuate at least one of
the first bypass switch and the second bypass switch, and at least one load breaking switch
coupled between the first and second bypass switches.
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{0010]  These and other aspects, objects, features, and embodiments will become apparent to a
person of ordinary skill in the art upon consideration of the following detailed description of
illustrative embodiments.

BRIEF DESCRIPTION OF THE FIGURES

[0011]  Reference will now be made to the accompanying drawings, which are not necessarily
drawn to scale, and wherein:

[0012]  Figure 1 is a prior art illustration of a voltage regulator tap switching circuit;

[0013] Figure 2 is a prior art illustration of a voltage regulator tap switching circuit with a
switching subassembly consisting of bypass switches and a load-breaking switch;

[0014]  Figure 3 is a schematic diagram of a voltage regulator tap switching circuit with a first
embodiment of a switching subassembly, in accordance with example embodiments of the
present disclosure;

{0015] Figure 4 is a schematic diagram of a voltage regulator tap switching circuit with a

second embodiment of a switching subassembly, in accordance with example embodiments of
the present disclosure; and

[0016] Figure 5 is a schematic diagram of a third embodiment of a switching subassembly, in
accordance with example embodiments of the present disclosure.

[0017}  The drawings illustrate only example embodiments of the disclosure and are therefore
not to be considered limiting of its scope, as the disclosure may admit to other equally effective
embodiments. The elements and features shown in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the example
embodiments. In the drawings, reference numerals designate like or corresponding, but not

necessarily identical, elements.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

{0018] Example embodiments disclosed herein are directed to tap changer switching modules
for voltage regulators. Specifically, the present disclosure provides an optimized vacuum
interrupter switching subassembly for use with tap changers in voltage regulators and voltage
regulating transformers. The example voltage regulator circuits provided herein are provided for

representative and illustrative purposes and do not restrict the application of the disclosed
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techniques to these examples. The techniques of the present disclosure can be applied to various
types of voltage regulators, transformers and circuits, including those not described herein.

{0019] Figure 3 illustrates a voltage regulator tap switching circuit, in accordance with
example embodiments of the present disclosure. In certain example embodiments, the circuit
includes a series winding 220, a tap selector switch 100, a preventative autotransformer 500, an

equalizer winding 230, and a switching subassembly 300a. The circuit further includes a

inal 410, which can be electrically coupled to a source or a load. In certain example
embodiments, the series winding 220 and the equalizer winding 230 are integral parts of the
voltage regulator’s transformer core and coil assembly. In certain other example embodiments,
the equalizer winding 230 may be omitted from the design. In certain example embodiments, the
tap changer 100 further includes a plurality of movable contacts such as a first movable contact
110 and a second movable contact 120. The tap changer 100 also includes a plurality of
stationary contacts, such as a first stationary contact 150 and a second stationary contact 160.
The stationary contacts 150, 160 are electrically coupled to respective taps 222 in the series
winding 220. The movable contacts 110, 120 are electrically coupled to windings 502 in the
ents, the reactance of the

preventative autotransformer 500. In certain example embodim
preventative autotransformer is large enough to minimize or avoid short circuit currents during
switching operations. The windings 502 of the preventative autotransformer 500 are electrically
coupled to the equalizer winding 230 opposite the movable contacts 110, 120. In certain
example embodiments, the tap changer 100 further includes a prime mover 196 and a mechanical
linkage 198. The prime mover 196 actuates through the mechanical linkage 198 to position the
movable contacts 110, 120 into contact with the appropriate stationary contact 150, 160 in order
to regulate the voltage accordingly.

[0020] In certain example embodiments, the equalizer winding 230 is electrically coupled to
the switching subassembly 300a. The switching subassembly 300a can take a variety of forms

and have a variety of components, some examples of which are provided in the following
description. In certain example embodiments, the switching subassembly 300a includes a first
bypass switch 322, a second bypass switch 332, and a load breaking switch 312 such as a
vacuum interrupter. In certain example embodiments, the switching subassembly 300a further
includes a common linkage 358 and a prime mover 356. The equalizer winding 230 is
electrically coupled to the first and second bypass switches 322, 332 of the switching
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subassembly 300, as well as on either side of the load breaking switch 312. In certain example
embodiments, the bypass switches 322, 332 as well as the load breaking switch 312 are actuated
through the common linkage 358, which is driven by the prime mover 356. In certain example
embodiments, the first and second bypass switches 322, 332 are mechanically linked such that
simultaneous actuation of the first and second bypass switches 322, 332 is prevented. In certain
example embodiments, the load breaking switch 312, the first bypass switch 322, and the second
bypass switch 332 include a silicon-controlled rectifier (SRC), an insulated-gate bipolar
transistor (IGBT), a metal-oxide-semiconductor field-effect transistor (MOSFET), or another
power electronic switching device, or a combination thereof. In certain example embodiments,
the load breaking switch 312, first bypass switch 322, and/or second bypass switch 332 comprise
a hybrid mechanical and power-electronic switch. In certain example embodiments, the first and
second bypass switches 322, 332 are sequenced to the tap selector switch by at least one
wents, the load breaking
switch 312 is sequenced to the tap selector switch by at least one mechanical relay or electronic

mechanical relay or electronic device. In certain example embodin

device.
{0021] The switching subassembly 300a provides a simplified drive system. Specifically, the
switching subassembly 300a benefits from using simple linear drive components rather than a

complex mechanical linkage and rotary drive system. In certain example embodiments, a
bidirectional solenoid or a voice coil actuator may be used as the prime mover with the benefit of
not requiring translation or rotary motion into linear motion in order to operate the bypass
switches 322, 332 and the load breaking switch 312. In certain example embodiments, a simple
linkage such as a cam riding on the common linkage 358 for the bypass switches 322, 332 can
provide the actuation force and synchronization for the load breaking switch 312.

{0022]  Figure 4 illustrates another example embodiment of a switching subassembly 300b, in
which the switching subassembly 300b is further simplified. Specifically, the switching
subassembly 300b includes a first bypass switch 322, a second bypass switch 332, and a load
breaking switch 312. In certain example embodiments, the switching subassembly 300b further
includes a first prime mover 316, a second prime mover 326, and a third prime mover 336. The
prime movers 316, 326, 336 are respectively associated with a first simplified linkage 318, a
second simplified linkage 328, and a third simplified linkage 338. Furthermore, the first prime
mover 316 and first simplified linkage 318 are associated with actuation of the load breaking
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switch 312, the second prime mover 326 and the second simplified linkage 328 are associated
with actuation of the first bypass switch 322, and the third prime mover 336 and the third
simplified linkage 338 are associated with actuation of the second bypass switch 332. In certain
example embodiments, mechanically isolating the first bypass switch 322, the second bypass
switch 332, and the load breaking switch 312 from one another provides a more robust design
since fewer components contribute variation to other components within the switching

assembly 300b. Additionally, in certain example embodiments, the manufacturing process
may be also be improved as the load tap changing device, which consists of the tap selector
switch 100, the first and second bypass switches 322, 332, and the load breaking switch 312, is

separated into smaller subassemblies, which are easier to handle during production and
assembly. Furthermore, breaking the system into smaller subassemblies provides the ability to

package any of the aforementioned switches on an “engineered-to-order” or customized basis
within the voltage regulator or voltage regulating transformer.

{0023] Figure S illustrates another example embodiment of the switching subassembly 300c.
In certain example embodiments, the switching subassembly 300c includes a load breaking
switch 312, a first bypass switch 322, and a second bypass switch 332. In certain example
embodiments, the switching subassembly 300c further includes a first prime mover 316 and a
first linkage 318. The load breaking switch 312 is actuated by the first linkage 318, which is
driven by the first prime mover 316. The switching subassembly 300c also includes a second
prime mover 346 and a common linkage 348 associated with the second prime mover 346. The
common linkage 348 is coupled between the first and second bypass switches 322, 332 for
reduction of component count and size, as well as to prevent simultaneous actuation of the
bypass switches. In certain example embodiments, the first and second bypass switches 322, 332
are actuated by the second prime mover 346. One example method of sequencing the switch
operations uses a logic circuit made up of switching relays that trigger the actuators in the proper
order. However, given the present cost and reliability of electronics, it is preferable to use an
electronic control system, such as may be provided through the use of a microprocessor,
microcontroller, or other programmable electronic device.

{0024] Although the disclosures are described with reference to example embodiments, it
should be appreciated by those skilled in the art that various modifications are well within the
scope of the disclosure. From the foregoing, it will be appreciated that an embodiment of the
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present disclosure overcomes the limitations of the prior art. Those skilled in the art will
appreciate that the present disclosure is not limited to any specifically discussed application and
that the embodiments described herein are illustrative and not restrictive. From the description
of the example embodiments, equivalents of the elements shown therein will suggest themselves
to those skilled in the art, and ways of constructing other embodiments of the present disclosure
will suggest themselves to practitioners of the art. Therefore, the scope of the present disclosure

is not limited herein.
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CLAIMS
What is claimed is:
i. A tap switching system, comprising:
a tap selector switch

a first prime mover coupled to the tap selector switch and configured to actuate the tap
selector switch;
a switching subassembly, the switching subassembly comprising:
a first bypass switch;
a second bypass switch;
at least one load breaking switch; and
at least one secondary prime mover coupled to and configured to actuate at least one of
the first bypass switch, the second bypass switch, and the at least one load breaking switch.

2. The tap switching system of Claim 1, wherein the first bypass switch and the
second bypass switch are mechanically linked, and wherein simultaneous actuation of the first

and second bypass switches is prevented.

3. The tap switching system of Claim 1, wherein the at least one load breaking
switch, first bypass switch, and/or second bypass switch comprises a hybrid mechanical and

power-electronic switch.

4. The tap switching system of Claim 1, wherein the first and second bypass
switches are sequenced to the tap selector switch or load breaking switch by at least one

mechanical relay or electronic device.

5. The tap switching system of Claim 1, wherein a first secondary prime mover is
coupled to and configured to actuate the first bypass switch and the second bypass switch, and a
second primary mover is coupled to and configured to actuate the at least one load breaking

switch.
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6. The tap switching system of Claim 1, further comprising a first secondary prime
mover coupled to and configured to actuate the first bypass switch, a second secondary prime
mover coupled to and configured to actuate the second bypass switch, and a third secondary

prime mover coupled to and configured to actuate the at least one load breaking switch.

7. The tap switching system of Claim 6, wherein the first secondary prime mover
actuates the first bypass switch via a first mechanical linkage, the second secondary prime mover
actuates the second bypass switch via a second mechanical linkage, and the third secondary
prime mover actuates the at least one load breaking switch via a third mechanical linkage.
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8. A tap switching system, comprising:
a tap selector switch
a first prime mover coupled to the tap selector switch and configured to actuate the tap
selector switch;
a switching subassembly coupled to the tap selector switch, the switching subassembly
comprising:
a first bypass switch;
a second bypass switch;
at least one load breaking switch;
a first secondary prime mover coupled to and configured to actuate the first
bypass switch and the second bypass switch; and
a second secondary prime mover coupled to and configured to actuate the at least
one load break switch.

9. The tap switching system of Claim 8, wherein at least one of the first secondary

prime mover or the second secondary prime mover is a linearly translating prime mover.

10.  The tap switching system of Claim 8, wherein the first secondary prime mover
actuates the first bypass switch and the second bypass switch via a first mechanical linkage, and
the second secondary prime mover actuates the at least one load breaking switch via a second
mechanical linkage.
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11. A switching subassembly for a tap switching system, comprising:

a first bypass switch;

a second bypass switch coupled to the first bypass switch;

at least one prime mover coupled to and configured to actuate at least one of the first
bypass switch and the second bypass switch; and

at least one load breaking switch coupled between the first and second bypass switches.

12.  The switching subassembly of Claim 11, further comprising a first prime mover
coupled to and configured to actuate the first bypass switch, a second prime mover coupled to
and configured to actuate the second bypass switch, and a third prime mover coupled to and
configured to actuate the at least one load breaking switch.

13.  The switching subassembly of Claim 11, further
coupled to and configured to actuate the first bypass switch and the second bypass switch, and a
second prime mover coupled to and configured to actuate the at least one load breaking switch.

comprising a first prime mover

14.  The switching subassembly of Claim 11, wherein the at least one prime mover is
coupled to and configured to actuate the first bypass switch, the second bypass switch, and the at
least one load breaking switch.

15.  The switching subass
second bypass switch are mechanically linked, wherein simultaneous actuation of the first and

embly of Claim 11, wherein the first bypass switch and the

second bypass switches is prevented.

16.  The switching subassembly of Claim 11, wherein the at least one load breaking

switch comprises a vacuum interrupter.

17.  The switching subassembly of Claim 11, wherein the at least one load breaking
switch comprises a SCR, IGBT, or MOSFET.
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18.  The switching subassembly of Claim 11, wherein the at least one load breaking
switch, first bypass switch, and/or second bypass switch comprises a hybrid mechanical and

power-electronic switch.

19.  The switching subassembly of Claim 11, wherein the bypass switches and load
breaking switch are comprised of one or more independent subassemblies.

20.  The switching subassembly of Claim 11, wherein the first and second bypass
switches are sequenced to the load breaking switch by at least one mechanical relay or electronic

device.
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