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Make-Before-Break Selector Switch

TECHNICAL FIELD

This description is directed to an electrical selector switch, and more
particularly to a make-before-break selector switch suitable for high-voltage
5 applications. For the purpose of this document, high voltage is defined as voltages

higher than 1,000 volts.

BACKGROUND

Selector switches, which may be referred to as sectionalizing or four-position
loadbreak switches, are used 1n high voltage operations to electrically connect one or

10  more power sources to a load circuit. For example, e¢lectrical utilities have used
selector switches in underground single phase networks and in three-phase
commercial and industrial networks. One use of these devices 1s to switch between
alternate power sources to allow, for example, reconfiguration of a power distribution
system or use of a temporary power source while a main power source 18 serviced.

15  The desirability of avoiding interruptions in power to customers when switching
between alternate power sources has increased with the increased use of computers
and electronics. Even a momentary interruption when switching power to perform
routine maintenance on a circuit can create substantial problems in a computer data

center, such as causing loss of data, system failures, and computer service outages.

20 Before the advent and wide-spread use of computing devices, electric
- customers typically were not adversely affected by a momentary power outage or a
fluctuation in supply current. Now, many companies rely on complex computer
systems for their day-to-day operations; often with hittle more than a surge protector to
SeCure their valuable data against power outages or fluctuations. Because of this,

25  many customers are extremely sensifive to any irregularities in their electrical supply.

The power distribution systems used to supply power change as customers’
demands and requirements change. For example, an electric utility providing power
to a large office building typically needs to reconfigure the power distribution to and
within the office building when customers move, rebuild space, and add secondary or

30 alternate power feeds. Additionally, power distribution systems may be reconfigured
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to perform routine maintenance or to replace damaged components. Using
conventional selector switches, an electric utility must momentarily disconnect power

feeds when reconfiguring a power distribution system.
SUMMARY

Selector switches typically are composed of several subassemblies. One
subassembly is the switch block, which is generally triangular in shape, with a place
to mount contacts to each of the corners of the switch. These comners are at 90° angles
from each other. The block supports all of the structures and maintains required
spacing and separation between parts. Fixed contacts are mounted to the switch block
at two or all three of the block’s corners. These contacts usually are connected to
power lines and/or taps that are connected to radial feeders or directly to electrical

distribution devices such as transformers.

Another subassembly is a rotating center shaft to which blades are mounted.
Typically, these blades rotate in 90° increments as the switch mechanism causes the
shaft to rotate. There also may be center hub that mounts to the blade and one of the

contact positions on the switch block.

There are several variations of switch that can be made from these
components. Two of the more common configurations are known as a “*V” blade

switch and a “T” blade switch. For a “V” blade switch, the blade has two members
of the same length and typically at a 90° angle from each other. Two of the contacts
that are mounted to the switch block may be connected to a first power source and a
second power source. The center hub is connected to a radial feeder or to an electrical
distribution device such as a transformer. The hub may also be connected to a third

power source or to a tap that carries power to a feeder serving several transtormers.

With a “V” blade and a center hub, the user has four switch positions
available. The first position connects the hub and tap (or line connected to the hub) to
the first source of power; the second position connects the two sources to each other
and the hub. The third position connects the second line to the hub and the fourth is a

completely open configuration with none of the lines connected to any of the other

lines.
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The “T” blade has three members, each typically at a 90° angle from each
other. The switch configured as a ““T” has fixed contacts at each of three corners of
the switch block. A line or tap may be connected to each of these contacts. With this
switch blade configuration, the four positions typically connect 1) the first power
source to the tap, 2) both power sources to the tap, 3) the second power source to the

tap and 4) the two sources together, with no connection to the tap.

Rotating a handle connected to the mechanism can change the connections.
The rotation charges and then releases springs that cause the switch shaft aﬁd blades
to rotate at a speed independent of the rotating speed of the handle. With a make-
before-break-version of the switch, each of the projecting legs 1s bridged by a

perimeter contact tie that connects the end of each leg to the other.

The perimeter electrical contact 1s sized such that, when the selector switch
control 1s moved from the first posttion to the second position, the coupling of the first
power source electrical contact to the load electrical contact is not broken until the
coupling of the second power source electrical contact to the load electrical contact 1s
made. As such, the switch provides make-before-break functionality in that a first

connection i1s not broken until after a second connection has been made.

The blade of the make-before-break selector switch may be in essentially a V-
shaped configuration, and may include a second insulated arm connecting the
perimeter electrical contact, which may be configured essentially as a quarter-circle
arc, to the mounting point. Additionally, the blade may be in an essentially T-shaped
configuration that, for example, includes a second insulated arm and a third insulated
arm, each connecting the perimeter electrical contact, which may be configured as an
essentially half-circle arc, to the mounting point. The blade also could have a single

arm that ties the perimeter contact to the hub.

In another general aspect, a make-before-break selector switch assembly for
use 1n high-voltage applications includes a switch casing, a selector switch
mechanmism and operating handle and electrical contacts (including first, second,
and/or third electrical contacts), and a make-before-break selector switch blade

component. The switch casing may be submersed in an insulating fluid that may

23
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include, for example, base ingredients such as mineral oils
or vegetable oils, synthetic fluids such as polyol esters,

SF6 gas, and silicone fluids, and mixtures of the same.

According to one aspect of the present invention,
there 1s provided a make-before-break selector switch for
use 1n high-voltage applications, the switch comprising: a
first power source electrical contact; a second power source
electrical contact; a load electrical contact; a selector
switch control mechanism; and a blade coupled to the
selector switch control mechanism such that the blade may be
placed in a first position to electrically couple the first
power source electrical contact to the load electrical
contact and 1n a second position to electrically couple the
second power source electrical contact to the load
electrical contact, the blade comprising: a mounting point
used to couple the blade to the selector switch control; an
electrical contact sized such that, when the selector switch
control mechanism causes the blade to be moved from the
first position to the second position in a first direction,
the coupling of the first power source electrical contact to
the load electrical contact is not broken until the coupling
of the second power source electrical contact to the load

electrical contact is made.

According to another aspect of the present
invention, there is provided a make-before-break selector
switch for use in high-voltage applications comprising: a
switch casing; a selector switch control; at least three
electrical contacts including a first electrical contact, a
second electrical contact, and a third electrical contact:
and a make-before-break selector switch component operable
to electrically couple the first electrical contact to the

second electrical contact when placed in a first position
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and operable to electrically couple the first electrical
contact to the third electrical contact when placed in a

second position; wherein the make-before-break selector

switch component may be switched from the first position to
5 the second position such that the electrical coupling
between the first electrical contact and the second
electrical contact is not broken before the electrical
coupling between the first electrical contact and the third

electrical contact is made.

10 The details of one or more implementations are set
forth in the accompanying drawings and the descriptions
below. Other features will be apparent from the

descriptions and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

15 FIG. 1A 1s a side elevational view of a make-

before-break selector switch.

FIG. 1B 1s a side cross-sectional view of the

make-before-break selector switch of FIG. 1A.

A

FIG., 2A 1s a front elevational view of the make-

20 Dbefore-break selector switch of FIG. 1A.

FIG. 2B 1s a front elevational view of the make-

before-break selector switch of FIG. 1A with an attached
limit plate.

FIG. 3A 1s a schematic diagram of the positions of

25 a straight-blade selector switch.

FIG. 3B 1s a schematic diagram of the positions of

T-blade and V-blade selector switches.
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FIG. 4A is a plan view of a V-blade selector for use in the make-before-break

selcctor swilch.

FIG. 4B is a side elevational view of the V-blade selector for use 1in the make-

beforc-break seiector switch of FIG 1A.

5 FIG 5Ais a plan view of a T-blade selector for use in a make-before-break

selector switch.

FIG 5B is a side elevational view of the T-blade selector for use in the make-

before-break selector switch of FIG. 1A.

DETAILED DESCRIPTION

10 Selector switches (also called three-or four-position sectionalizing or

loadbreak switches) have been used in high-voltage applications primarily because of

- 4h -
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their economics, flexibility, ease of installation, compactness, and operational
performance. Selector switches may be found in a broad range of configurations

including V-blade and T-blade configurations, as well as others, such as single-blade

selector switches.

With a V-blade configuration, a selector switch may be used to feed a radial
feeder tap or a load from one of two sources or from both sources at the same time,
and may provide a completely open position in which the load side 1s connected to
neither source. This effectively provides the functionality of two on/off switches,
with a simpler installation in a transformer or switchgear. Such a selector switch
needs only one tank hole and eliminates the leads needed to tie the two switches
together inside the transformer or switchgear. Due to the lead elimination, two

current interchanges per phase may be eliminated.

With a T-blade configuration, a selector switch may be used to feed a radial
feeder tap or a load from one of two sources or from both sources at the same time, or
may tie the two sources together with the load connected to neither source. The same
simple lead connection and installation methods used with V-blade selector switches
as described above may be used with T-blade selector switches. Various additional
configurations may be used, including a 1-blade selector switch and a 1-blade on/ott

switch if needed by a particular application.

A selector switch typically includes a handle on the outside of the tank
designed to point to position markings indicative of what is being connected or
disconnected. For example, a selector switch may be used within a high-voltage
transformer tank filled with an insulating fluid that may include, for example, base
ingredients such as mineral oils or vegetable oils, synthetic fluids such as polyol

esters, SF6 gas, and silicone fluids, and mixtures of the same.

When using such a selector switch, an operator can see clearly what 1s being
connected or disconnected by having the handle or similar position indicator of the

switch point to position markings on the outside of the transformer tank.

A selector switch may also be designed to be operated with an extension tool

or a remote, insulated operating tool, such as a shotgun or a hotstick. Such a tool

.5
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mates with a switch handle and is turned by the operator to cause the switch to move

from one of its four positions to an adjacent position.

Rotating the handle charges the spring mechanism to cause a selector switch to
index from one position to the next. In previous designs, this resulted in momentary
interruption as the switch interrupted the current flow from one contact before
reestablishing the current flow by making connection with the next contact. Betore
widespread use of computers, this momentary interruption created very few problems.
However, in today’s computerized world, this instantaneous interruption can cause a
loss of data in a computer or an interruption of a complex manufacturing process

controlled by a computer, with recovery from the interruption often being expensive

and difficult to achieve.

In many cases while actuating a high voltage selector switch, an electric utihity
is only changing a source that feeds a transformer or tap so that the sources can be
maintained or so that customers can be added. One option is to use two on/oft
switches. Using two switches, an operator can close a second switch before switching

open the first switch. This allows the circuit to be “made’ before it 1s “broken.”

There are situations where it is desirable to break the circuit before making a
connection with a new power source. For example, when a system fault occurs on
one feeder, tying two feeders together could connect the fault to the alternate power
source. This could further damage the system and/or cause the upstream protective

equipment, such as fuses, to also operate on both sources and thereby increase the size

of the outage.

A make-before-break selector switch may be provided to allow the circuits to
remain connected during the switching operation, if that 1s desired. If an operator
desires to disable make-before-break functionality, the switch may be moved through
an open position to prevent an operable power feed from being damaged by being

connected to a damaged feed.

Referring to FIG. 1A, a make-before-break selector switch 100 includes a
handle 102 connected to a shaft 104 that protrudes through a tank wall 106. The
selector switch 100 may be immersed in an insulating fluid that may include, for

example, base ingredients such as mineral oils or vegetable oils, and synthetic fluids
-6 -
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such as polyol esters, SF6 gas, and silicone fluids, and mixtures of the same inside a
transformer tank, and may be installed in switchgear or in a transformer near the

ore/coil assembly. Selector switch 100 may be used to switch between alternative

power sources in high-voltage applications.

Selector switch 100 includes one or more switch components 110. Each
switch component 110 is operable to selectively complete a circuit between various

contacts as described below with reference to FIGS. 3A and 3B. A switch handle 102

is operable to rotate shaft 104 to actuate one or more of the switch components 110.

For example, a selector switch 100 may be used to switch between two three-
phase power sources. A selector switch 100 may include three switch components
110, with each switch component 110 used for a single phase. Thus, a first switch
component 110 may alternatively select between the first phase of two ditferent power
sources, a second switch component 110 may alternatively select between the second
phase of the two power sources, and a third switch component 110 may alternatively
select between the last phase of the two power sources. Each of the switch
components 110 may be connected such that shaft 104 may actuate all three of the
switch components 110 simultaneously. This allows switching from the three phases
of the first power source to the three phases of the second power source
simultaneously. Shaft 104 may extend through each of the switch components 110 or
each switch component may include a separate actuator configured such that the

operation of shaft 104 actuates each of the switch components 110.

FIG. 1B provides a cut-away schematic of the selector switch 100 that
illustrates the design and operation of exemplary switch components 110. Handle 102
is connected to shaft 104 which longitudinally extends to switch component 110. If
desired, a limit plate 112 may be used to prevent handle 102 from rotating outside a

fixed range. As handle 102 rotates to the limit of the fixed range, flange 114 hits stop
mechanism 116 of limit plate 112.

In the implementation shown in FIG. 1A, the handle 102 may be rotated 360
degrees and allows a user to switch between two power sources or to create an open
circuit. In some implementations, it is desirable to provide a selector switch 100 that

can only select between two power sources, without allowing a user to create an open

_7 -
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circuit. The limit plate 112 may be set to only permit the handle 102 to rotate such
that either a first power source or a second power source 1s selected, and to prevent

the handle from rotating to the open circuit position.

Selector switch 100 includes one or more switch components 110. In the
illustrated implementation, a first switch component 110 is attached to end plate 120
using one or more bolts 124 and 126. Each switch component 110 includes one or
more electrical contacts 128 for attaching power sources to the selector switch 100. A
switch component shaft 130 is coupled to shaft 104 such that switch component shaft

130 rotates with shaft 104. A blade 132 is coupled to rotate with switch component
shaft 130.

FIGS. 2A and 2B provide an end view of selector switch 100 that shows
handle 102, end plate 120, and three electrical contacts 128. Handle 102 may be
turned to electrically couple various combinations of electrical contacts 128. Some
implementations may include three electrical contacts 128 such as shown in FIG. 2A.
Two of the electrical contacts 128 are connected to power sources (lines A and B),
and one electrical contact 128 connected to a load. As shown in FIG. 2B, handle 102
may be rotated to selectively connect power sources to the load. In this
implementation, the switch may be used to electrically couple the electrical contacts

128 as follows: (1) lines A and B to the load; (2) line A to the load; (3) line B to the

load; or (4) an open circuit.

Various switch configurations may be formed by varying the switch selector
blade and by restricting the 360 degree movement of shaft 104. For example,
referring to FIG. 3A, selector Blade 302 is a straight blade that may be used to open or
close a circuit between contacts A and B. As the selector blade 302 1s rotated
normally, the blade opens and closes a circuit between contacts A and B. Contacts A,

B, and C may correspond to contacts within selector switch 100, such as, for example,

electrical contacts 128.

As shown in FIG. 3B, blade selector 304 includes a permanent connection to
contact B and a rotatable portion that is operable to complete or open a circuit
between contact A and contact B. As shown in FIG. 3C, blade selector 306 adds to

the capabilities of blade selector 304 by allowing the selection of a circuit between

-
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contacts A and C, a circuit between contacts B and C, and an open circuit. This

allows alternate power sources to be selected for powering a load at contact C.

Referring to FIG. 3D, blade selector 308 includes a permanent connection to
contact B and is used to complete a circuit between contacts A and B or contacts B

and C. Additionally, blade selector 308 permits the selection of an open circuit.

As shown in FIG. 3E, blade selector 310 includes a V-shaped blade and a
permanent connection to contact C. This allows selection of an open circuit; a circuit

between contacts A and C; a circuit between contacts B and C; or a circuit between

contacts A, B, and C.

As shown in FIG. 3F, blade selector 312 includes a T-shaped blade that may

be used to form circuits between contacts A and B; contacts A and C; contacts B and

C; or contacts A, B, and C.

Referring to FIGS. 4A and 4B, a make-before-break V-shaped blade 400
includes a perimeter contact 402, an insulator arm 404, and a mount 406. The blade 1s
similar to selector blade 310 in FIG. 3E. However, selector blade 400 1s shaped so
that an alternate source may be selected without interrupting the power supply to a tap
or load. V-shaped blade 400 may be used, for example, in any high-voltage
application in which a power source for a particular tap or load needs to be

switchable.

For example, a make-before-break selector switch using a V-shaped blade 400
may be used in a circuit that provides power to a company to power a computer server
room. Power may be run to the computer server room transformer from two ditferent
high voltage sources. The V-shaped blade 400 may be placed in one position to turn
off power to the computer server room transformer, in another posttion to complete a
circuit to the first power source, and in a final position to complete a circuit to the
second power source. The make-before-break selector switch allows the power
source to be switched without interruption of the power supplied to the computer
server room transformer.

A make-before-break selector switch with a V-shaped blade 400 may also be
used in a switchgear or a transformer to select between two power sources. This

could be used to isolate a portion of a power system for repair, upgrade, or
_0._
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maintenance without interrupting service to customers. In some cases, problems with
a power source may make it undesirable to make a connection with another power
source before breaking the connection with the faulted power source. The
implementation shown in FIGS. 4A and 4B may be used to support break-betore-
make functionality by rotating the selector blade in the opposite direction such that
the perimeter contact breaks the connection to the load electrical contact before

completing the connection to a second power source.

The make-before-break selector switch may include multiple selector switch
components. For example, a make-before-break selector switch for use in three-phase
power systems may include a separate switch component for each power phase. The
first component includes connections to the first phase of each source and the feeder
tap or load. The second component includes connections to the second phase of each
source and the feeder tap or load. Finally, the third component includes connections

to the third phase of each source and the feeder tap or load.

Referring to FIGS. 5A and 5B, a make-before-break T-shaped blade 500
includes perimeter contact 502, insulator arm 504, and mount 506. The T-shaped
blade 500 can implement the switching capability described with respect to FIG. 3B
with the added make-before-break functionality. The perimeter contact 502 is semi-
circular and sized such that it can electrically couple three contacts before breaking a
previous connection. For example, in a switch with three contacts (A, B, and C), the
T-shaped blade 500 may be actuated to complete a connection between all three

contacts, or between any two of the three contacts.

Insulation may be added to the blades to prevent the electrical arc that may
result during switching from “walking down” the blade to the hub. Without this
insulation, the arc may not be interrupted at the elevated voltages required for this
switch. For example, self-amalgamating materials may be used to insulate the blade

so as to prevent arcs from walking down the blade to the hub.

Additional implementations may include blades with perimeter contacts
covering a larger or smaller arc than those described as well as blades with multiple

perimeter contact segments. For example, a blade could include two perimeter

_10 -
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contacts similar to the perimeter contact described with respect to the v-shaped

implementation above.

Another configuration could include a switch with contacts at more than one
level. In this case, the leads would be connected to the contacts on one level and the
tap connected to another level. The leads would be interconnected in a make-betore-
break manner, as would the taps. This would eliminate the need for a center hub but
would require additional h separation and clearance. Again the key element remains

the perimeter contact blade that bridges the fixed, block mounted contacts of the

switch.

A number of implementations have been described. Nevertheless, 1t will be
understood that various modifications may be made. Accordingly, other

implementations are within the scope of the following claims.

-11 -
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CLAIMS:

—
.

1. A make-before-break selector switch for use in high-voltage
applications, the switch comprising:
a first power source electrical contact;

5 a second power source electrical contact;

a load electrical contact;
a selector switch control mechantsm; and

a blade coupled to the selector switch control mechanism such that the blade
may be placed in a first position to electrically couple the first power source electrical
10 contact to the load electnical contact and 1n a second position to electrically couple the
second power source electrical contact to the load electrical contact, the blade
comprising:

a mounting point used to couple the blade to the selector switch control;

an electrical contact sized such that, when the selector switch control
15  mechanism causes the blade to be moved from the first position to the second position
in a first direction, the coupling of the first power source electrical contact to the load

electrical contact is not broken until the coupling of the second power source

electrical contact to the load electrical contact i1s made.

20 2. The make before break selector switch of claim 1 wherein the arm of

the blade has an insulated covering on members that contact the electrical contact of the blade

to the mounting point.

3. The make-before-break selector switch of claim 1 wherein the blade is

25 1n a v-shaped configuration.
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4. The make-before-break selector switch of claim 3 wherein the blade 1n
a v-shaped configuration includes a second arm having an insulated covering on the

members that connect the electrical contact to the mounting point.

5. The make-before-break selector switch of claim 3 wherein the

electrical contact is configured as a quarter-circle arc.

6. The make-before break selector switch of claim 1 wherein the blade is

in a t-shaped configuration.

7. The make-before-break selector switch of claam 6 wherein the

electrical contact 1s configured as a half-circle arc.

8. The make-before-break selector switch of claim 1 wherein the switch
is configured to operate normally in response to voltages in excess of 1000 volts

between the first power source electrical contact and the load electrical contact.

9. The make-before-break selector switch of claim 1 wherein the blade 1s
coupled to the selector switch control mechanism such that the blade may be placed in
a third position in which the load electrical contact is not coupled to the first power

source electrical contact or the second power source electrical contact.

10. A make-before-break selector switch for use in high-voltage

applications comprising:
a switch casing;
a selector switch control;

at least three electrical contacts including a first electrical contact, a second

electrical contact, and a third electrical contact; and

- 13 -
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a make-before-break selector switch component operable to electrically couple
the first electrical contact to the second electrical contact when placed in a first
position and operable to electrically couple the first electrical contact to the third

electrical contact when placed in a second position;

wherein the make-before-break selector switch component may be switched

from the first position to the second position such that the electrical coupling between

the first electrical contact and the second electrical contact is not broken before the

electrical coupling between the first electrical contact and the third electrical contact

1s made.

11. The make-before-break selector switch of claim 10 wherein the switch

casing is submersible 1n an insulating fluid.

12. The make-before-break selector switch of claim 11 wherein the

insulating fluid comprises a vegetable oil.

13. The make-before-break selector switch of claim 10 wherein the

selector switch control is a handle.

14. The make-before-break selector switch of claim 10 wherein the make-
before-break selector switch component includes a blade coupled to the selector

switch control, the blade comprising:

a mounting point used to couple the blade to the selector switch control:
an electrical contact; and

an insulated arm connecting the electrical contact to the mounting point.

15. The make-before-break selector switch of claim 14 wherein the blade

1s v-shaped.
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16.  The make-before-break selector switch of claim 15 wherein the blade
includes a second 1nsulated arm connecting the electrical contact to the mounting

point.

17. The make-before-break selector switch of claim 14 wherein the

electrical contact 1s configured as a quarter-circle arc.

18. The make-before break selector switch of claim 14 wherein the blade
1s t-shaped.
19. The make-before-break selector switch of claim 14 wherein the blade

1s coupled to the selector switch control mechanism such that the blade may be placed

1n a third position in which the first electrical contact is not coupled to the second

electrical contact or the third electrical contact.

20.  The make-before-break selector switch of claim 11 wherein the switch
1s configured to operate normally in response to voltages 1n excess of 1000 volts

between the first electrical contact and the second electrical contact.
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