1574 094

10

15

20

25

30

35

45

PATENT SPECIFICATION

(21) Application No. 15509/77

(33) United States of America (US)

(44) Complete Specification published 3 Sept. 1980
(51) INT. CL.2 HO2H 7/055 HO1F 29/04

(52) Index at acceptance
HIT 1F 7C7B

(22) Filed 14 April 1977
(31) Convention Application No. 680 632 (32) Filed 27 April 1976 in

(1n

(19)

(549) LOAD TAP CHANGER SYSTEM

(¢4} We, WESTINGHOUSE ELECTRIC
CoORPORATION, of Westinghouse Building,
Gateway Center, Pittsburgh, Pennsylvania,
United States of America, a company or-
ganised and existing under the laws of the
Commonwealth of Pennsylvania, United
States of America, do hereby declare the in-
vention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be particu-
larly described in and by the following state-
ment:—

This invention relates to tap changer
system, and in particular to load tap chan-
ger systems having protective apparatus for
preventing a tap change in the event of a
malfunction.

Tap changer apparatus for changing taps
on a transformer winding without discon-
necting the load, isolate a branch circuit of
the tap changer, which branch includes a
winding of a preventive autotransformer or
divided reactor and the selector arm which
will make the tap changer. The interrup-
tion of this branch circuit is accomplished
by a load switch, such as a vacuum switch,
without interrupting current flow to the
load through another branch circuit of the
tap changer system. If the tap changer
apparatus malfunctions during the tap
change cycle and does not operate to isolate
the branch circuit which includes the selec-
tor arm to be moved, the selector arm
would be damaged if allowed to move from
one contact to another. Thus, protective
circuits are provided which monitor a pre-
determined parameter of the tap changer
system and prevent a tap change in the
event the monitored parameter indicates a
malfunction during a tap change cycle.
The specification of U.S. Patent 3,622,867
discloses a load tap changer system with
protective apparatus which monitors cur-
rent flow at a selected point and at a selec-
ted time during a tap change cycle. In one
embodiment, operation of the vacuum
switch is monitored with a single current
transformer just prior to movement of a

selector arm, to determine if current is flow-
ing through the vacuum switch. If current
is flowing at this time, the vacuum switch
failed to interrupt current flow and thus
current is still flowing through the selector
arm. An output of the current transformer
at this time operates a protectivé or Iock-
out relay which has contacts in: the tap
changer drive circuit. In another embodi-
ment, the bypass switch and the vacuum
switch are both checked for proper oper-
ation by monitoring current flow throtigh
the selector arm to be moved, just prier to
movement thereof. If current is flowing
through the selector arm, the bypass switch
has failed to open the branch circuit, or the
vacuum switch has failed to interrupt cur-
rent flow between the two branch circuits.
Two current transformers are required for
this embodiment, with a single lock-out
relay being responsive to the output of
either. An output by a current transformer
when it is being checked just prior to move-
ment of a selector arm, is used to operate
a protective relay which has contacts in the
tap changer drive circuit.

_ The protective or lock-out relay respon-
stve to output current from a monitoring
current transformer has a predetermined
operating current range. Certain load tap
changer applications operate over a tap
range which may cause an exciting current
through the split reactor or preventive auto-
transformer when operating on certain taps
which will cause the secondary current of
the monitoring current transformer to be
outside the operating range of the protec-
tive relay.

According to the present invention, a
load tap changer system comprises tap selec-
tor switching means having contact arms
selectively movable between a plurality of
electrical contacts, said plurality of electri-
cal contacts being adapted to connect taps
on an electrical winding disposed to supply
current to a load circuit, drive means to
operate said tap selector switching médns
during a tap change cycle, means to eléc-
trically isolate each' contact arm prior to
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movement thereof by said drive means, cur-
rent transformer means disposed to measure
current flow through the contact arm to be
moved during a tap change cycle, prior to
movement thereof by said drive means, pro-
tective means responsive to said current
transformer means to prevent said drive
means from moving a contact arm which
has current flowing therethrough, means
connected between said current transformer
means and said protective means auto-
matically responsive to said drive means to
provide current to said protective means,
when said current transformer means is
providing an output, which is within the
operating range of the protective means
regardless of which taps on the electrical
winding are connected in the load circuit,
and the means connected between the cur-
rent transformer means and the protective
means includes a tapped transformer having
switch means connected to the taps, said
switch means being operated in response
to the drive means.

The invention will now be described, by
way of example, with reference to the
accompanying drawings in which:

Figure 1 is a schematic diagram of a load
tap changer system constructed according
to an embodiment of the invention which
monitors current flow through a vacuum
switch; and

Figure 2 is a schematic diagram of a load
tap changer system constructed according
to an embodiment of the invention which
monitors current flow through the contact
arm to be moved during a tap change cycle.

Figure 1 shows a schematic diagram of a
tap changer system 10 connected to wind-
ings 12, 14 and 16 of an electrical power
transformer. The transformer may be a
single or polyphase, and either of the auto-
transformer or isolated winding type, with
only a portion of a single phase being illus-
trated in Figure 1.

The tap changer system 10 is of the type
which includes a no-load tap selector switch
20, having a plurality of stationary contacts
Cl through C8 connected to taps TI
through T8, respectively, on winding 14,
and a stationary contact C9 connected to
winding 16. Tap selector switch 20 has a
pair of movable contact arms 22 and 24
for selectively and sequentially moving be-
tween the spaced stationary contacts Cl
through C9. The ends of tapped winding
14 are connected to the stationary contacts
26 and 28 of a reversing switch 30, which
has a movable contact arm 32 connected to
winding 16, and thus to stationary contact
C9 of tap selector switch 20. The reversing
switch 30 may be actuated to change its
movable contact 32 from one stationary
contact to the other, when one of the mov-
able contact arms, 22 or 24, of the tap selec-

tor switch 20 is in engagement with the
stationary contact C9, and the other con-
tact arm is in transition to or from contact
C9, to add the tapped voltage to, or sub-
tract it from, the voltage of windings 12 and
14, depending upon the position of the
reversing switch 30.

In order to enable the movable contact
arms 22 and 24 to be connected to adjacent
taps, and thus bridge a portion of winding
14, and also enable the tap changer system
to operate continuously in a bridging posi-
tion and obtain a voltage halfway between
the voltage of two adjacent taps, the con-
tact arms are connected to winding 12
through a split or divided reactor 40 having
winding portion 42 and 44 disposed on a
common magnetic core. The winding por-
tions are wound to present a high im-
pedance to circulating currents, while pro-
viding very little impedance to power cur-
rent flow through the two winding portions.

A single, arcing duty, normally closed
vacuum switch 50, and a bypass switch 52,
complete the tap changer system 10, with
the bypass switch 52 having first and second
stationary contacts 54 and 56, and a mov-
able contact 58. The movable contact 58
is connected to winding 12, and the station-
ary contacts 54 and 56 are connected to
winding sections 42 and 44 of reactor 40.
A movable contact 58 is arranged to engage
both stationary contacts 54 and 56, or to
select either of the stationary contacts in-
dividually. The vacuum switch 50 has con-
tacts 62 and 64 disposed within an evacu-
ated envelope, with one of the contacts
being movable relative to the other, via a
bellows, which maintains the vacuum seal.
The vacuum switch 50 is connected across
contacts 54 and 56 of the bypass switch 52,
via conductors 55 and 57.

When the tap changer system 10 is in a
steady state position, the power circuit of
the transformer includes winding 16, the
portion of winding 14 between the selected
position of the reversing switch 30 and the
tap or taps selected by the contact arms 22
and 24, through the two branch circuits of
the contact arms. One of the branch cir-
cuits includes contact arm 24, winding sec-
tion 42, and the position of the bypass
switch 52 which includes stationary con-
tact 54; and, the other branch circuit in-
cludes contact arm 22, winding section 44,
and the position of bypass switch 52 which
includes stationary contact 56. The branch
circuits combine in the movable contact 58
of the bypass switch 52, and the power cir-
cuit continues to winding 12. Instead of
having tapped winding 14 connected be-
tween two windings of the transformer, it
may also be disposed at either end of a
main transformer winding.

The vacuum switch 50 has its contacts
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closed, during normal steady state operation
of the tap changer, but since it is normally
shorted by the bypass switch 52, there is
negligible current flow therethrough, and
thus very little heating of the vacuum
switch contacts.

Tap changer apparatus 10 includes pro-
tective apparatus 70 for protecting the tap
selector switch 20 against operation while
load current is flowing through the contact
arm scheduled to move during a tap change
cycle. Protective apparatus 70 includes a
current transformer 72 disposed to provide
a signal at its output terminals 74 and 76
responsive to current flow through the
vacuum switch 50, such as by being moun-
ted on conductor 57, as illustrated. Short-
ing means, such as a switch 78, is connected
across the output terminals 74 and 76 of
current transformer 72. In a polyphase
system, monitoring current transformers
from the other two phases would be con-
nected in parallel with current transformer
72, i.e., each would be connected to termi-
nals 74 and 76.

As disclosed in the specification of U.S.
Patent 3,622,867, a protective or lock-out
relay has an electromagnetic coil 82 directly
connected to the output terminals 74 and
76 of the current transformer 72. The
present invention enables relay 80 to be
used over a wide tap range, without resort-
ing to multiple current transformers for
each phase rendered effective during pre-
determined taps on the load tap changer,
in order to cover different portions of the
possible current range. Relay 80 also in-
cludes a moving core and operating mech-
anism 84 and a set of electrical contacts 86.
The contacts 86 are connected in an elec-
tric circuit associated with the tap changer
drive means 90. The tap changer drive
means 90 may include a reversible electric
motor and control shaft, with suitable
mechanical linkages, cams, and the like,
associated with the control shaft for oper-
ating the bypass switch 52, the vacuum
switch 50, the contact arms of tap selector
switch 20, and the electrical contacts 78, in
a predetermined sequence, with the mech-
anical linkage between the drive means 90
and these devices being shown generally by
the broken lines 92.

The contacts 86 of protective apparatus
70 are shown connected to drive means 90,
and may be used to disable or stop the drive
means. As illustrated, contacts 86 are
shown normally open, i.e., open when the
relay 80 is not energized, but they may be
normally open or normally closed, as re-
quired by the circuitry with which they are
associated.

A tapped transformer 200 and tap
changer switches 202 and 204 are provided.
Transformer 200 is preferably of the auto-

transformer type, having a single winding
206, but a transformer of the isolated wind-
ing type may be used. Winding 206 has a
plurality of taps, with six taps A1-A6 being
shown for purposes of example. Certain of
the taps, such as taps Al, A2, and A3 are
connected to tap changer switch 202, and
certain of the taps, such as taps A4, A5 and
A6 are connected to tap changer switch
204. Tap changer switches 202 and 204
may be rotary selector switches, and as illus-
trated in Figure 1, the tap selector switches
202 and 204 should be of the make-before-
break type to prevent a circuit interruption
during a tap change on the transformer 200.
Rotary switch 202 includes a movable con-
tact arm 208 and stationary contacts 210,
212, and 214. Rotary switch 204 includes
a movable contact arm 216 and stationary
contacts 218, 220 and 222. In addition to
the stationary contacts shown in Figure 1,
each switch may have additional stationary
contacts with each of the taps A1-A6 being
connected to an additional contact on the
same rotary switch, to enable the switches
to be operated through 360° without cir-
cuit interruption.

As illustrated in Figure 1, the output
terminals 74 and 76 of current transformer
72 are connected to the movable contact
arms 208 and 216 of switches 202 and 204,
respectively, and the coil 82 of relay 80 is
directly connected to two of the taps, such
as taps A3 and A4. However, it will be
understood that the output terminals of the
current transformer 72 may be directly con-
nected to taps on the winding 206, and the
coil 82 of relay 80 may be connected to the
movable contact arms of the tap selector
switches.

The tap selector switches 202 and 204 are
responsive to the tap changer drive means
90, as indicated by broken line 224. The
linkage represented by broken line 224 oper-
ates the tap selector switches in a predeter-
mined direction when a tap change by the
load tap changer 10 may provide a current
magnitude at output terminals 74 and 76
of current transformer 72 which is outside
of the normal operating current range of
relay 80. The tap selector switches 202 and
204 are operated to select a new ratio for
transformer 200, which ratio will cause the
current output from the transformer 200 to
fall within the operating range of relay
80, notwithstanding a current output from
the current transformer 72 which is outside
this range. The drive means 90 will initiate
a tap change on the auxiliary transformer
200 only when the tap change on the load
tap changer system 10 may cause a current
from the secondary winding portion of
winding 206 to fall outside of the desired
operating range of the relay. Thus, tap
changer switches 202 and 204 will not
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necessarily operate each time the drive
means operates the load tap changer.

In the operation of the protective appar-
atus 70, the switching or shorting means 78
is normally closed, preventing current trans-
former 72 from applying a signal to relay
80 via transformer 200, until just prior to
the movement of a contact arm of tap selec-
tor switch 20 during a tap change cycle.
After the bypass switch 52 has opened a
predetermined branch circuit, to transfer
current to the vacuum switch 50, and the
vacuum switch 50 has opened to interrupt
load current flow in the selected branch,
shorting means 78 has its contacts opened
by drive means 90. If there is no current
flowing through vacuum switch 50, current
transformer 72 will not provide a signal and
relay 80 will not be actuated. In this in-
stance, the tap change cycle is allowed to
continue. TIf current is flowing through
vacuum switch 50, the no-load tap selector
switch 20 should not move its contact arms,
and current transformer 72 will provide an
output signal, actuating the relay 80.

During a tap change cycle, the bypass
switch 52 opens a preselected branch cir-
cuit, without substantial arcing, as the
vacuum switch 50 is closed at this point,
with the current being transferred from the
opening side of the bypass switch to the
vacuum switch. The vacuum switch 50
then opens its contacts to isolate the selec-
ted branch circuit, allowing the contact arm
of the tap selector switch connected in that
branch circuit to move to a new tap posi-
tion without arcing. The vacuum switch
and bypass switch then sequentially reclose
to complete the tap change operation.

While the protective apparatus 70 shown
in Figure 1 will protect the tap changer
switch 20 from malfunction of the vacuum
switch, or its operating mechanism, it will
not protect the tap selector switch from
malfunction of the bypass switch 52. To
provide complete protection, the protective
apparatus should protect the tap selector
switch against malfunction of both the by-
pass switch 52 and the vacuum switch 50.

Figure 2 illustrates the tap changer system
10 of Figure 1, except with protective
apparatus 130 constructed according to an
embodiment of the invention which will
provide complete protection for the tap
selector switch 20. Since the tap changer
system 10 is constructed and arranged in a
similar manner in both Figures 1 and 2, like
reference numerals are used in the Figures
to indicate like components.

Protective apparatus 130 includes current
transformers 132 and 134 disposed to pro-
vide. output signals responsive to current

flow through the first and second branch

circuits, i.e., through conductor 136 which
interconnects conductor 55 and winding

portion 42 of reactor 40, and through con-
ductor 138 which interconnects conductor
57 and winding portion 44 of reactor 40.
Shorting or switching means 140 and 142
are disposed to short the output terminals
of current transformers 132 and 134, re-
spectively, when the contacts of the short-
ing means are closed, with the opening and
the closing of the shorting or switching
means 140 being responsive to drive means
90, as illustrated generally by the broken
line 144,

One end of each of the current trans-
formers 132 and 134 is connected to a com-
mon terminal 146, and the other ends of
current transformers 132 and 134 are con-
nected together via switching means 140
and 142, which are serially connected at
terminal 148, and terminals 146 and 148
are interconnected via conductor 150. In
a polyphase system, the current trans-
formers from each phase would be con-
nected to terminals 240, 146, and 242.

The switching or shorting means 140 and
142 are individually responsive to drive
means 90, with switching means 140 open-
ing during a tap change cycle just prior to
movement of contact arm 24, to check the
first branch circuit for current flow through
contact arm 24, and with switching means
142 opening during a tap change cycle just
prior to movement of contact arm 22, to
check the second branch circuit for current
flow through contact arm 22.

Movable contact arms 208 and 216 of tap
selector switches 202 and 204 are connected
across the two shorting switches 140 and
142. Contact arm 216 is connected to junc-
tion 240 between current transformer 132
and shorting switch 140, and contact arm
208 is comnected to junction 242 between
current transformer 134 and shorting switch
142. The operation of the tap changer
apparatus shown in Figure 2 is similar to
that hereinbefore described relative to
Figure 1.

WHAT WE CLAIM IS:—

1. A load tap changer system compris-
ing tap selector switching means having
contact arms selectively movable between a
plurality of electrical contacts, said plu-
rality of electrical contacts being adapted
to connect taps on an electrical winding dis-
posed to supply current to a load circuit,
drive means to operate said tap selector
switching means during a tap change cycle,
means to electrically isolate each contact
arm prior to movement thereof by said
drive means, current transformer means dis-
posed to measure current flow through the
contact arm to be moved during a tap
change cycle, prior to movement thereof by
said drive means, protective means respon-
sive to said current transformer means to
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prevent said drive means from moving a
contact arm which has current flowing
therethrough, means connected between
said current transformer means and said
protective means automatically responsive
to said drive means to provide current to
said protective means, when said current
transformer means is providing an output,
which is within the operating range of the
protective means regardless of which taps
on the electrical winding are connected in
the load circuit, and, the means connected
between the current transformer means and
the protective means includes a tapped
transformer having switch means connec-
ted to the taps, said switch means being
operated in response to the drive means.

2. A load tap changer system as claimed
in Claim 1 wherein the protective means
includes an electromechanical relay having
a contact connected to prevent the drive
means from operating when said relay is
energized.

3. A load tap changer system as claimed
in Claim 1 or 2, wherein the tap selector
switching means includes first and second
contact arms, the means for electrically
isolating a contact arm prior to movement
thereof includes reactor means having first
and second winding connected to said first
and second contact arms, respectively, by-
pass switching means having a terminal
adapted for connection in the load circuit
which is selectively connectable to either or
both of the first and second contact arms
via the associated reactor winding, and a
vacuum switch connected between the ends

of the first and second reactor windings
which are connectable to the bypass switch-
ing means.

4. A load tap changer system as claimed
in Claim 3, wherein the current trans-
former means is a single current trans-
former disposed to monitor current flow
through the vacuum switch prior to move-
ment of a contact arm by the drive means.

5. A load tap changer system as claimed
in Claim 3 or 4 wherein the current trans-
former means includes first and second
current transformers disposed to monitor
current flow through the first and second
branch circuits, respectively, prior to move-~
ment of a contact arm by the drive means,
said first and second branch circuits includ-
ing the first reactor winding and first con-
tact arm, and the second reactor winding
and the second contact arm, respectively.

6. A load tap changer system, as
claimed in any one of Claims 1 to 5, in
which the means connected between the
current transformer means and the pro-
tective means includes a tapped transformer
and switch means connected to the taps,
said switch means having make-before-
break contacts, said switch means being
operated in response to said drive means.

7. A load-tap changer system as claimed:
in Claim 6 wherein the tapped transformer
is an autotransformer.

8. A load-tap changer system, construc-
ted and adapted for use, substantially as
hereinbefore described and illustrated with
reference to the accompanying drawings.

RONALD VAN BERLYN.
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