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‘8 Claims.

My invention relates to apparatus for adjust-
ing thevoltage of alternating-current electric cir-
‘cuits such as regulating transformers of the tap-
changing type in which tap-changing equipment
is operated while the transformer -is under load.
‘More particularly, myinvention is related to im-
provements in the tap-changing -circuit connec-
tions for such transformers.

In maintaining the voltage supplied to load
centers constant through distribution or feeder
circuits, regulating apparatus is required to com-
pensate for variations in the voltage .of the nower
source and for changes in the circuit impedance
drop which result from load demand fluctuations.
My invention is directed to step-type voltage regu~
lators or tap-changing transformers which, he-
cause -of their low cost and ather -desirable char-
acteristics, are particularly well suited for appli-
cation to feeder circuits of the relatively high-
voltage low-current ratings which are prevalent
in .certain distribution systems.

In regulating transformers of the tap-changing
type, a preventive reactor is commonly -used to
effect the transition from one tap position to an-
other tap position of the equipment. In certain
situations, it is .desirable to :employ two pairs of
switches in parallel, conneeting the tap point-on
the transformer winding to a feeder-circuit con-
ductor, in order to increase the current-carrying
capacity of the -equipment.. Normally,
-switches are .connected .in parallel, unless their
resistances are the same, one will carry more than
its share .of -the total .current so that the .com-
‘bined current carrying capacity of the two
switches will be appreciably less than double that
of one switch. .In accordance with the invention,
means is provided for forcing substantially equal
division of current between the two .switches :s0
as to allow the rating of each pair of switches to
be twice that .of a single switch.

It is.an object of the invention to provide, .in a
tap-changing system of the-above~indicated char-
acter, two tap switches.associated with-each trans-
former tap point for connecting the tap .connec-
tion from that tappeint to-a main:circuit conduc-
-tor and to provide means for effecting .a substan-
tially equal division of current flow between them.

Other objects-and advantages-of the invention
will be apparent from the following description
of a preferred embodiment thereof, reference
being had to the accompanying drawing, in which:

Figure 1 is a diagrammatic view of apparatus
and circuits comprising a prior-art tap-changing
system;

when
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circuits illustrating a modification of the system

:shown in Fig. 1;

Fig. '3 is a diagrammatic view-of apparatus and

:circuits arranged in ‘accordance with my inven-
tion; and

Pig. 4 is a chart.showing the sequence of opera-
tion of the several switches utilized by the tap-
changing system illustrated in Figs. 1, 2 and 3.

Referring to the drawing, and particularlyto
Fig. 1, an autotransformer winding | is illustrated
and is connected to be supplied with energy from
a suitable source through circuit conductors 2 and
3 that .are connected to the winding terminals 4

.and 5 and to delver energy to :a secondary or

feeder circuit represented by conductors 6 and 3.

‘A preventive reactor 7 is shown having a mid-

point 9 connected to the secondary circuit .con-
ductor 6, and-terminals { i and 12 that are adapt-
ed to be connected to selected tap points on the
transformer winding { represented by the winding
terminal 4 and the intermediate tap points 13, {4,
45 and 6. ‘'Tap conductors 21, 22, 23, 24 .and 25
extend from the above-indicated tap points and”
connect to one terminal respectively of tap

5 switches A, B, C, D and E. The remaining ter-

dminals-of the tap switches are connected to one
of the terminals {1 or |12 of the preventive re-
actor 1. The lower terminals of tap switches A,
‘C and E, for example, are shown as connected
through circuit conductors 26, 27 .and 28, respec-
tively, to the reactor end terminal 11 and the
‘lower ‘terminals of switches B.and D are shown
as connected through circuit conductors 31 and
32 to the opposite end terminal 2 of the reactor
1. A short circuiting switch F is shown for .con-
necting the terminals |1 and 12 .of the preventive
reactor T together under certain stepsin the se-
quence of operation of the apparatus, as indicated
in the chart shown in Fig. 4.

In the chart of Fig. 4, the switches A, B, C, D,
F and F are indicated in ‘the -vertical column

.at the left of the chart and the tap positions A to

9 are indicated along the top of the chart, there
being a space between each one of the numbered
columns representing an intermediate step-in the
tap-changing operation from one tap position to
the next tap :position in the sequence of opera-
tion of the equipment. - The presence of a circle

opposite any one of the indicated switches in-

dicates that the switch is closed -in that posi-
tion of the voltage :adjusting equipment, and
the absence of a circle indicates that the switch
is in its circuit-interrupting position.. Thus, :in

the first position of the valtage-adjusting mecha-

Fig. 2'is a diagrammatic view of apnamtus,:and p5 nism, under ‘the column indicated “by ‘the




2

numeral I, the tap-changing switch A and the
short-circuiting switch F are closed and all other
tap-changing switches are open. The secondary
circuit conductor 6 is, therefore, connected to
the primary circuit conductor 2 through the two
halves of the preventive reactor 7T in parallel
from the terminals i and 12 to the midpoint 8.
The preventive reactor is so arranged that when
current flows in this manner through it, the re-
actance is substantially nil, while when current
flows in either direction through the entire wind-
ing between the terminals Il and (2 an ap-
preciable reactance exists. As the tap-changing
system operates, the several switches are oper-
ated in a sequence shown in the chart in Fig, 4
by mechanism not shown in the drawing. - When
the voltage adjusting mechanism is operated
from position { to position 2, the short-circuit-
ing switch P is first opened, thus connecting the
conductor 2 to the conductor 6 through one-half
only of the reactor winding 1, placing temporarily
a certain reactance drop in the circuit. Then
the tap switch B is next closed connecting the
preventive reactor 7 in shunt between tap points
4 and i3, thus applying a voltage to the con-
ductor 6 that corresponds to the voltage on the
transformer winding § at a point mid-way he-
tween the two tap points 4 and (3. This sequence
of operation is continued as shown by the chart
in Fig. 4 so that, for every alternate tap position
3,5 1 and 9, both ends of the reactor T will
he connected through the short-circuiting switch
F to one of the tap points 13, {4, 15 and (6 while
at the intermediate positions in the operation of
the tap equipment 4, 6, and 8, the reactor wind-
ing 1 will be connected between adjacent tap
points in the series along the winding { in a
manner similar to that corresponding to posi-
tion 2 of the tap-changing equipment.

In order to increase the value of current that
can be conducted from a tapped point to the

_conductor 6, two tap switches may be connected
in parallel as shown in Fig. 2, such as A, A’;
B, B’; C, C’; ete. The system shown in Fig. 2
is similar to that shown in Fig. 1 except for the
use of two switches A, A’ in place of the single
switch A, etc., for the various switches associated
with the several tap points of the winding, When
a circuit arrangement, such as that shown in
Fig. 2, is employed, the current is very likely not
to divide evenly between the two swifches in
parallel because of the difference in the contact
resistances of the switch so that the rating of the
two switches as a unit can not be double that of
a single switch of the same size.

In order to force an equal division of current
between the two parallel switches, there is pro-
vided an arrangement of the tap-changing cir-
cuit connections, as shown in Fig. 3.

A portion of a transformer winding 41 is
shown, the terminal 44 being supplied by a cur-
rent conductor 42 and the opposite terminal and
conductor being connected similarly to Fig. 1
but not shown, for the purpose of enlarging the
diagram covering that portion of the winding
including the tap points thereof. A secondary
circuit conductor 48 is shown connected to the
mid-points 49 ang 50 of two preventive reactors
471 and 48, respectively, which are used in place
of the single preventive reactor 41 in Figs. 1
and 2. The terminal or tap point 44 is shown
connected to the upper contact member of the
pair of tap switches A and A’ and successive tap
points 93, 54, 55 and §6 are shown equally spaced
along the winding 41 and connected respectively
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to the upper contacts of cooperating pairs of tap
switches B and B’, Cand C’, D and D’, E and E’.
The preventive reactor 47 is provided with a pair
of terminals 61 and 62 connected to opposite ends
thereof and the preventive reactor 48 is provided
with terminals 63 and 64 at the opposite ends
thereof. A pair of first and second conductors
65 and 66 are provided connected to the like ends
62 and 64, respectively, of the pair of reactor
windings 47 and 48. Another pair of first and
second conductors 67 and €8 are connected to
the opposite like ends 61 and 63, respectively, of
the pair of reactor windings 47 and 48. The con-~
ductor 65 connects to switch B’ and D’ and the
conductor 66 to switches B and D so that when-
ever either pair of tap switches B and B’ or D
and D’ close, the tap points 53 and 55 will be
connected to the like terminals 62 and 64 of the
reactors 47 and 48. Likewise, the conductor 67
is connected to switch terminals A’, C’ and E’
and the conductor 68 is connected to switch
terminal A, C and E, so that whenever the pair
of tap switches A and A’, C and C’, or E and E’
are closed, the tap points 44, 54 or 56 on the
transformer winding will be connected to both
terminals 61 and 63 comprising like ends of the
pair of reactor windings 47 and 48. A pair of
short-circuiting switches ¥ and F’ are provided
which operate together to a circuit-closing or
circuit-opening position and which connect the
opposite ends of the pair of preventive reactors
47 and 48 together. For example, the switch F
connects the terminal 62 of the preventive wind-
ing 471 to the opposite terminal 63 of the winding
48 and the switch ¥’ connects the terminal 64
of the reactor winding 48 to the opposite ter-
minal 61 of the reactor winding 41. The chart
in Fig. 4 applies equally to the circuit arrange-
ment shown in Fig, 3, it being understocd that
with the operation of each one of the switches
shown in the chart of Fig. 4, the correspond-
ingly lettered and primed switch is in a similar
position. Each pair of switches A and A’, B
and-B’, etc., open together and close together.
With the circuit arrangement shown in Fig, 3,
when the equipment is in position | to which the
switches A and A’, F and F’ are in their circuit
closing positions, all four end terminals 61, 62,
63 and 64 of the two reactor windings 47 and 48
ar connected through the switches A and A’ to
the tap point 44 so that current will flow from
the tap point 44 to the end terminals of both
preventive reactors 47 and 48 and to the mid-
position of each and from these mid-positions 49
and 50 to the circuit conductor 46. In the second
tap position, indicated by the numeral 2 in Fig. 4,
the switches A and A’, B and B’ are closed and
all other switches of the system are in their open
position. Current will flow from the tap point
44 through switch A to the end terminal 63 of
preventive reactor winding 48 and also from tap
point 44 through switch A’ to the like end ter-
minal 61 of the preventive reactor winding 417,
and from these two end points to the conductor
46 through mid-points 49 and 50 of the two re-
actor windings, Likewise, current will flow from
the tap position 53 through switch B to the end
terminal 64 of the reactor winding 48 and from
tap point 53 through switch B’ to the like end
terminal 62 of the preventive reactor winding 47
and from these two end terminals 64 and 62 to-
ward the midpoints 49 and 50 of their respective
reactor windings to the circuit conductor 46. Be-
cause the current to the circuit conductor 46 is
required to flow through switches A and B to the
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of switches being connected with the remaining

opposite ends of the preventive reactor winding
48 ‘and from ‘the ‘midpoint -§0 “thereof -and like-
wise through switches A’ and B’ to the opposite
terminals 61 and 62 of a preventive reactor wind-

‘ing ‘#71 that is ‘similar in character to the pre- -

ventive winding 48 -and from the ‘mid-peint 49
‘thereof, there are four equal reactor winding
portions between -each ‘one of the four switches
A, A’, B, B’ and the conductor 4§ -arranged to
permit a ready flow of current toward the mid-
tap points 49 and 50 but to prevent the flow of
current between the end terminals of the reactor
windings., It follows ‘that the current flowing
through the several tap switches A, A’, B, B’
remain substantially equal. “This is equally true
in each of the positions #,6 and '8 ‘of the tap-
changing equipment in which the Teactor ‘wind-

ings #7 and 48 are connected ‘between adjacent

‘tap positions 53 and 54, 54 ang 55, or 55 and 56,
as will be seen by reference ‘to the chart in Fig. 4.

Modifications in the apparatus and circuits
illustrated and described will occur to thase
skilled in the art and I do not wish to be other-
wise limited than by the scope of the appended
claims,

Iclaim as my invention:

1. In a tap-changing system for transformers,
a primary power circuit camprising a pair of .con-
ductors, a transformer energized from said power
circuit and provided ‘with. a plurality .of tap con-
‘nectians, a pair of tap bridging reactor windings,
2 secondary -clrcuit conductor connected to the
midpoint of each of said reactor windings, -a pair
of tap switches associated with each ‘tap connec-
tion, the pairs of ‘tap switches connected with
alternate tap connections in the series being con-
nected and arranged to simultaneously connect
-2 corresponding -end -of each -of said reactor
windings to a tap-connection. and the remaining
pairs of switches being connected with the re-
maining alternate :tap connections in the series
and arranged to simultaneously connect the op-
posite ends of each of said reactor ‘windings to
a tap connection, and means for .operating said
several pairs of tap switches in-sequence to con-
nect :one end :of the two reactor windings to one
tap connection, ‘then the ‘other end of the two
‘reactor windings ‘to the next adjacent tap con-
nection in'the series to connect the pair of reactor
‘windings in parallel with :a portion ‘of the:trans-
former winding between ‘two adjacent tap -con-
nections, then to disconnect the first-named ends
of the two reactor windings from the first-named
tap connection, and in continuing the sequence
of ‘tap switch operations to alternately connect
-one end of the pair of reactor windings to suc-
cessive tap connections and then between adja-
cent ones of the plurality of tap connections so
as to maintain at all times an equal division of
current between the parallel connected tap
‘switches -associated ‘with any tap connection,

2. In a tap-changing system for transformers,
a primary power circuit comprising apair of con-

ductors, a transformer energized from said power -

circuit and provided with a ‘plurality of tap con-
nections, a pair of tap bridging reactor windings,
a secondary -circuit conductor connected ‘to the
midpoint of each of said reactor windings, -a pair
of ‘tap switches associated ‘with each tap connec-
tion, the pairs or tap switches connected with al-
ternate tap connections in the series being con-
nected and arrangeqd to simultaneously connect
a corresponding end of each of said reactor wind-
ings to a tap connection, and the remaining pairs
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alternate tap connections in the ‘series and ar-
ranged -to -simultaneously connect ‘the opposite
ends -of each of said reactor windings to a tap
connection, and:means for operating said .several
pairs.of tap switches in sequence to connect one

-end of the two reactor windings to one tap con-

nection; then the .other end .of the ‘two reactor
windings to the next adjacent tap eonnection mn

‘the seriesto connect the pair of reactor windings

in ‘parallel ‘with & portion of the transformer -
‘winding ‘between two adjacent tap connections,
then to disconnect the first-named ends of ‘the
two reactor windings from the first-named tap
‘eonnection, ‘and in continuing the sequence .of
‘tap :switch ‘operations to alternately .connect one
end of the ‘pair of reactor windings to successive
‘tap .connections and then between adjacent ones

-0f ‘the ‘plurality of tap connections, and an addi-

‘tional pair-of switches, each adapted to connect

-one end of -one of the pair of reactor windings

1o the opposite end «of the ‘other one of the pair
of reactor windings, and -arranged to be operated
to a .circuit-closing position when the pair of
reactor windings are connected to one tap con-
niection -only. )

3. In a tap-changing system for transformers,
a -primary ‘power .circuit comprising & pair of

-conductors, ‘a ‘transformer energized from ‘said

power circuit-and provided with g ‘Plurality of tap
connections, a pair of ‘tap bridging reactor wind-
ings, ‘a secondary -circuit. conductor connected to
‘the midpoint of -each ‘of said reactor windings, a
bair -of tap switches associated ‘with -each tap
connection, the pairs of tap switches connected
with alternate tap connections in ‘the series be-
ing -connected and arranged to simultaneously
connect ‘a ‘corresponding end of each of said re-
actor ‘windings to g tap connection, and the re-

‘maining -pairs of switches being connected ‘with

the remaining alternate tap connections in ‘the
series -and arranged ‘to simultaneously -connect,
the-epposite-ends of each of said reactor windings
toa‘tap connection, and means for operating said
Several pairs of tap switches in sequence to con-

‘nect one-end -of the two reactor windings to one

‘tap connection, ‘then the other -end of ‘the two
reactor ‘windings to the mext adjacent tap con-
nection ‘in the 'series to ‘connect ‘the pair of re-
actor ‘windings in parallel with a portion of the
transformer ‘winding ‘between two adjacent tap

-connections, ‘then ‘to disconnect the first-named

ends-of the two reactor windings from the first-
named tap connection, and in continuing the se-
quence of tap switch operations to alternately

‘connect one end of the pair of reactor ‘windings

to ‘successive ‘tap connections and then between
adjacent ones of the plurality of tap connections
50 as to maintain at all times an equal division
of -current between the parallel connected tap
switches associated with any tap connection, and
a pair of short-circuiting switches simultaneous-
1y operated for connecting the opposite ends of
‘the two reactor windings to a tap connection
when one pair only of the tap switches are in

- their circuit closing positions,

70

T

o

4.'In a tap-changing system for tra,nsformers,
a primary power circuit comprising a pair of
conductors, a transformer energized from said
‘bower circuit and provided with a plurality of tap
connections, a pair of tap bridging reactor wind-
ings, a secondary circuit conductor connected to
the midpoint of each of said reactor windings,
a pair of tap switches associated with each tap
connection, the pairs of tap switches connected
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with alternate tap connections in the series being
connected and arranged to simultaneously con-
nect o corresponding end of each of said reactor
windings to a tap connection, and the remain-
ing pairs of switches being connected with the
remaining alternate tap connections in the se-
ries and arranged to simultaneously connect the
opposite ends of each of said reactor windings to
a tap connection, and a pair of short-circuiting
switches simultaneously operated for connecting
the opposite ends of the two reactor windings
together through a pair of tap switches and the
associated tap connection, the several pairs of tap
switches being arranged to operate in sequence
to close the tap switches associated with the first
tap connection together with the pair of short
cireuiting switches, to then close the tap switches
associated with the next tap connection in the
series of tap connections, to then open the tap

switches associated with the first tap connec- 2

tion, then to close the pair of short-circuiting
switches, and to continue this sequence of op-
eration to connect corresponding ends of the
two reactor windings to one tap connection, then
the other end of the two reactor windings to the
next adjacent tap connection in the series, so &8
to connect the pair of reactor windings in par-
allel with a position of the transformer winding
between two adjacent tap connections, then to
disconnect the first-named ends of the two re-
actor windings from the first-named tap connec-
tion, and to continue the sequence of tap switch
operations to alternately connect one end of the
pair of reactor windings, to a tap connection,
and then to connect opposite ends of the pair
of reactor windings to adjacent tap connections
continuing the operation to include, in sequence,
the several of the plurality of tap connections.

5. In a transformer tap-changing-under-load
system of the type in which the opposite ter-
minals of a mid-tapped reactor are connected in
alternate steps to successive tap points along a
transformer winding, the combination with a
pair of reactors having their midpoints connected
to the same circuit conductor, a pair of switches
associated with each tap point of the transformer
winding for simultaneously connecting corre-
sponding terminals of the pair of reactors to the
same tap point and simultaneously disconnecting
the corresponding ends of the pair of reactors
from the same tap point, and a pair of simul-
tanecusly operated short-circuiting switches for
short eircuiting the one or the other of the two
reactors through one of two adjacent tap points
of the transformer winding, said pair of short-
cireuiting switches being simultaneously operative
to circuit closing positions when a pair of switches
connected to one end only of the reactor windings
are in circuit closing position.

6. In combination, a transformer winding pro-
vided with a plurality of tap points, a circuit con-
ductor, means for connecting said circuit con-
ductor to selected tap points of the transformer
winding including a pair of mid-tapped reactor
windings having their mid-points connected to
said circuit conductor and pairs of ratio adjust-
ing tap-changer switches simultaneously connect-
ing corresponding ends of both reactor windings
to a selected tap point and arranged to connect
alternate tap points of the transformer winding
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to opposite ends of the reactor windings, and a
pair of simultaneously operated short-circuiting
switches for short circuiting said reactor wind-
ings, said short-circuiting switches being operated
to a closed circuit positicn only when one end of
said reactor windings are connected to a tap point
of the transformer winding to short circuit one of
said reactor windings through the pair of ratio-
adjusting tap-changing switches asscciated with
that tap point.

7. In combination, a transformer winding pro-
vided with a plurality of tap points, a circuit con-
ductor, means for connecting said eircuit con-
ductor to selected tap points of the transformer
winding including a pair of mid-tapped reactor
windings having their mid-points connected to
said circuit conductor and pairs of ratio-adjusting
tap-changer switches simultaneously connecting
corresponding ends of both reactor windings to a
selected tap point and arranged to connect alter-
nate tap points of the transformer winding to op-
posite ends of the reactor windings, and a pair of
simultaneously operated short circuiting switches
for short circuiting said reactor windings, said
pair of short-circuiting switches being arranged
to connect like ends of each of the pair of reactor
windings to the oppesite end of the other one of
the pair of reacter windings, the short-circuiting
switches being arranged to cperate to closed cir-
cuit positions when one end only of said reactor
windings are connected to a tap point on the
transformer winding to short circuit one of said
reactor windings through the pair of ratio ad-
justing tap-changing switches associated with
that tap point.

8. In combination, a transformer winding pro-
vided with a plurality of tap points, a main circuit
conductor, means for connecting said circuit con-
ductor to selected tap points including a pair of re-
actors each having a winding having a mid-tap
connected to said main circuit conductor and each
having a pair of end terminals, a pair of first and
second conductors connected to like ends of the
pair of reactor windings, ancther pair of first and

5 second conductors connected to the opposite like

ends of the pair of reactor windings, a pair of
ratio-adjusting tap changer switches associated
with each tap point on the transformer winding
for simultaneously connecting the tap point to
one of the pairs of first and second conductors,
the pair of ratio-adjusting tap-changer switches
associated with any tap point being adapted to
connect with the other one of the two pairs of
first and second conductors then the pair of
ratio-adjusting tap-changer switches associated
with adjacent tap points on the transformer wind-
ing, and a pair of simultaneously operated short-
circuiting switches for short circuiting said reac-
tor windings, said pair of short-circuiting switches
being arranged to connect like ends of each of the
pair of reactor windings to the opposite end of the
other one of the pair of reactor windings, the
short-circuiting switches being arranged to op-
erate to a closed circuit position when one end only
of said reactor windings are connected to a tap
point on the transformer winding to short circuit
one of said reactor windings through the pair of
ratio-adjusting tap changing switches associated
with that tap point.
ALEXANDER POTTINGER.



