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[5 7 1 ABSTRACT 
A transformer system providing proper tap changing 
in both the series and the multiple connection ar 
rangements. In series operation, the regulating voltage 
is supplied by a regulating winding through which all 
of the load current ?ows. ln multiple operation, the 
regulating voltage is supplied across a combination of 
the regulating winding and an autotransformer. The 
autotransformer is tapped at a position which provides 
the desired regulating voltage corresponding to the 
normal series and parallel voltage ratio. A portion of 
the load current flows through the portion of the auto 
transformer winding which is on one side of the tap. 
The remaining portion of the load current flows 
through the portion of the autotransformer winding ‘ 
which is on the other side of the tap and through the 
regulating winding of the main transformer. 

5 Claims, 6 Drawing Figures 
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TAP-CHANGING SERIES-MULTIPLE 
TRANSFORMER SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates, in general, to electrical induc 

tive apparatus and, more speci?cally, to tap-changing, 
series-multiple transformer systems. 

2. Description of the Prior Art 
Series-multiple transformer systems are used when it 

is desirable to be able to change the normal voltage rat 
ing of the system conveniently. When the transformer 
system is regulated by the use of a load tap changer, a 
separate transformer is usually placed in series with the 
main transformer to supply the regulated component of 
the output voltage. 

In a series-multiple transformer system using a series 
transformer to supply the regulating voltage, the entire 20 
secondary winding of the series transformer carries the 
full load current when the system is connected for se 
ries operation. Thus, a series transformer which can de 
velop 10 percent of the normal output voltage must 
have a KVA rating equal to approximately 10 percent 
of the main power transformer KVA rating. In such 
transformer systems suitable for use in power distribu 
tion systems, the size and cost of a series transformer 
having three or more windings adds considerably to the 
size and cost of the equipment and operation. 
A series transformer for series-multiple operation 

must contain at least three windings. One primary and 
at least two secondary windings are required to permit 
the connections which provide the proper primary and 
secondary turns ratios. The need for a multiple-winding 
series transformer also adds considerably to the cost of 
the overall system. 
Therefore, it is desirable, and it is an object of this in 

vention, to provide a tap-changing, series-multiple 
transformer system which does not require a multiple 
winding series transformer having a KVA rating which 
is equal to the product of the regulating voltage and the 
full load current in series operation. 

SUMMARY OF THE INVENTION 

There is disclosed herein a new and useful tap 
changing, series-multiple transformer system which uti 
lizes a main power transformer and a single-winding au~ 
totransformer having a KVA rating which is less than 
the KVA rating of conventional prior art series trans 
formers for the same output conditions. In series opera 
tion, the load current travels through a regulating wind 
ing of the main power transformer. The autotrans 
former is not actively connected in the circuit during 
series operation. In multiple operation, the autotrans 
former is connected across the regulating winding and 
a portion of the load current travels through the regu 
lating winding and the autotransformer. The winding of 
the autotransformer is tapped for the connection of the 
load. The position of the tap depends upon the ratio of 
the series and multiple voltage ratings. Since the wind 
ing of the autotransformer carries only a portion of the 
load current through the winding portions located on 
each side of the output tap, the KVA rating of the auto 
transformer is less than the required KVA rating for a 
series transformer connected according to the prior art. 
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BRIEF DESCRIPTION OF THE DRAWING 

Further advantages and uses of this invention will be 
come more apparent when considered in view of the 
following detailed description and drawing, in which: 
FIG. 1 is a schematic diagram illustrating a series 

multiple transformer system connected for series oper 
ation according to the prior art; 
FIG. 2 is a schematic diagram illustrating a series 

multiple transformer system connected for multiple 
operation according to the prior art; 

FIG. 3 is a schematic diagram illustrating a series 
multiple transformer system connected for series oper 
ation according to this invention; 
FIG. 4 is a schematic diagram illustrating a series 

mulitple transformer system connected for multiple 
operation according to this invention; 
FIG. 5 is a block diagram of a series-multiple trans 

fomier system constructed according to this invention; 
and 
FIG. 6 is a partial schematic of a series-multiple 

transfonner system constructed according to this in 
vention wherein the series voltage is equal to three 
times the multiple voltage. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Throughout the following description, similar refer 
ence characters refer to similar elements or members 
in all the ?gures of the drawing. 
Referring now to the drawing, and to FIG. 1 in partic~ 

ular, there is shown a schematic diagram of a series 
multiple transformer system constructed according to 
the prior art. The system is connected for series opera 
tion and includes a main power transformer 10, a series 
transformer 12, and a load tap changer represented in 
abbreviated form by the movable contact 14. The sec 
ondary windings 16, 18, 20 and 22 are all connected in 
series. The primary winding 24 of the series trans 
former 12 is connected to the tapped regulating wind 
ing 26 of the main power transformer 10. The series 
transformer 12 either adds to or subtracts from the 
voltage supplied by the main power transformer 10, de 
pending on the polarity of the tap changer connections. 

For consistency in this description of the preferred 
embodiments, the output voltage between terminals 26 
and 28 and the range over which it may be changed will 
be given the same values for the prior art system and 
for the system constructed according to this invention. 
Any other values may be used without departing from 
the scope of the invention. In addition, a series-multiple 
transformer may have more than two tapped secondary 
windings to permit the desired voltage ratios. The spe 
ci?c arrangement of two secondary windings which 
may be connected in series or parallel is generally 
known in the art as a series-parallel arrangement. 

In the series connection arrangement of FIG. 1, the 
output voltage is normally 8,800 volts and may be var 
ied by plus or minus 10 percent, or from approximately 
7,920 volts to 9,680 volts. Assuming three similar pha 
ses, the full load rating will be established at 12,500 
KVA for these examples. In FIG. I, the three-winding 
series transfonner 12 must supply up to 10 percent, or 
1,250 KVA, of the full load KVA rating. 
FIG. 2 illustrates schematically a series-multiple 

transfomier system constructed according to the prior 
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art and connected for multiple, or parallel, operation. 
Using the same components used in FIG. 1, the output 
voltage is normally 4,400 volts and may be varied by 
plus or minus 10 percent, or from approximately 3,960 
volts to 4,840 volts. The secondary‘windings l6, 18, 20 
and 22 are connected in parallel as shown to provide 
the desired output voltage. As in the series arrange 
ment of FIG. 1, the series transformer 12 requires a 
component rating of 1,250 KVA to safely carry the full 
load output current at the parallel voltage level. 
The invention disclosed herein provides the same 

output voltage range provided by the prior art with ap 
paratus having a component KVA rating of 625 KVA. 
FIG. 3 shows schematically a series-multiple trans 
former system constructed according to this invention 
and connected for series operation. The main power 
transformer 10 includes the primary winding 30 and 
the magnetic core 32. Windings 16 and 18 are con 
structed and rated similar to the same windings dis 
cussed in connection with FIGS. 1 and 2. Each of the 
windings l6 and 18 has a voltage rating of 4,400 volts. 
Winding 34 has a voltage rating approximately equal to 
10 percent of the total series voltage of 8,800 volts. 
With the polarity reversing and tap selecting capabili 
ties of the tap changer, the normal output voltage be 
tween terminals 26 and 28 may be varied by plus or 
minus 10 percent as with the prior art arrangement. 
The KVA rating of the winding 34 is the same as the 
winding 26 shown in FIG. 1. The autotransformer 36 is 
a component of the series-multiple transformer system 
but is idle during the series connection arrangement. 
FIG. 4 shows schematically the series-multiple trans 

former system of FIG. 3 connected for parallel opera 
tion. Secondary windings l6 and 18 are connected in 
parallel. The input terminals 38 and 40 and the output 
terminal 42 of the autotransformer 36 are connected as 
shown. The autotransformer 36 effectively reduces the 
voltage across the tapped regulating winding 34 to pro 
vide the suitable regulating voltage. With the arrange 
ment illustrated, the autotransformer 36 must reduce 
the effect of the voltage across winding 34 on the out 
put voltage by a factor of one-half. 
The voltage across the regulating winding 34 is 20 

percent of the normal output voltage in the parallel 
connection arrangement. However, the full load cur 
rent in parallel operation cannot be carried safely by 
the regulating winding 34. Assuming the voltage tapped 
from the regulating winding 34 equals voltage V, volt 
age V/2 is developed across each half of the the center 
tapped autotransformer 36 and adds to or subtracts 
from the normal voltage depending on the polarity pro 
vided by the tap changer. 
The voltage W2 is developed across each half of the 

winding 44 of the autotransformer 36. Each half of the 
winding 44 carries one-half of the full load current. The 
maximum value for the voltage V would be the entire 
voltage across the winding 34, or with the example val 
ues used, 880 volts. Therefore, the actual KVA rating 
of the autotransformer 36 must be proportional to the 
product of 10 percent of the normal series connection 
voltage and one-half the full load current in the parallel 
connection. Thus, with the series-multiple transformer 
system of this invention, the 1,250 KVA three-winding 
series transformer 12 as used in the prior art can be re 
placed, with the proper connections, by a two-part sin 
gle-winding autotransformer 36 and still provide the 
same degree of voltage regulation with half of the total 
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4 
parts KVA rating. Since the series transformer 12 has 
both primary and secondary windings, the amount of 
copper conductors required is approximately two times 
that required in the autotransformer 36. A reduction in 
the magnetic core material required is also realized 
with the autotransformer 36. 
Changing from series to parallel operation requires a 

change in various connections between the compo 
nents of the transformer system. FIG. 5 is a block dia 
gram illustrating a convenient arrangement for making 
the connections. The secondary windings of the main 
transformer 10 are connected to a terminal board 48 as 
are the load tap changer 50 and the autotransformer 
36. The tapped regulating winding 34 of the trans 
former 10 is also connected to the tap changer 50. The 
terminal board 48 may contain the appropriate termi_ 
nals or lugs which must be interconnected to provide 
the desired operation. 
The series-multiple transformer system disclosed 

herein is not limited to systems wherein the ratio be 
tween the different voltages is equal to a factor of two. 
FIG. 6 shows, in a partial schematic, an autotrans 
former arrangement for providing a regulated series 
voltage which is three times the parallel voltage. The 
output terminal 54 of the autotransformer 52 is tapped 
to the winding 56 in such a manner that one-third of the 
total electrical turns in the winding 56 are located be 
tween the input terminal 58 and the output terminal 54. 
Thus, in parallel operation, the output voltage is regu 
lated by one-third of the voltage tapped from the regu 
lating winding 34. One-third of the load current ?ows 
through the portion of the winding 56 above the output 
terminal and the other two-thirds of the load current 
flows through the portion of the winding 56 below the 
output terminal and through the regulating winding 34. 
Although winding 44 is illustrated as a single tapped 
winding, using two windings serially connected to 
gether with the appropriate terminal connections is 
within the contemplation of this invention. 
Due to the lower total KVA requirements, a series 

multiple transformer system constructed according to 
this invention permits a signi?cant reduction in the cost 
of the system components over prior art arrangements. 
Since numerous changes may be made in the above 
described apparatus, and since different embodiments 
of the invention may be made without departing from 
the spirit thereof, it is intended that all of the matter 
contained in the foregoing description, or shown in the 
accompanying drawing, shall be interpreted as illustra 
tive rather than limiting. 
We claim as our invention: 
1. A tap-changing, series-multiple transformer sys 

tem comprising: 
a main power transformer having at least ?rst and 
second secondary windings and a tapped regulating 
winding; 

an auxiliary autotransformer winding having ?rst and 
second input terminals and an output terminal; 

means for providing a series and a multiple connec 
tion arrangement of said secondary and regulating 
windings and said autotransformer; 

said means connecting, in the series connection ar 
rangement, said ?rst and second secondary wind 
ings and at least a portion of said regulating wind 
ings all in series circuit relationship; and 

said means connecting, in the multiple connection 
arrangement, said ?rst and second secondary wind 
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ings in parallel circuit relationship, said autotrans 
former input terminals across at least a portion of 
said regulating winding, and one of said autotrans~ 
former input terminals to the parallel combination 
of said secondary winding. 

2. The tap-changing, series-multiple transformer sys 
tem of claim 1 wherein the means for providing series 
and multiple connection arrangements comprises a 
load tap changer connected to tap terminals of the reg 
ulating winding, and a terminal board electrically con 
nected to the main power transformer, the tap changer, 
and the autotransformer. 

3. The tap-changing, series-multiple transformer sys 
tem of claim I wherein the transformer system has a se 
ries secondary voltage rating equal to approximately 
two times the multiple voltage rating, and wherein the 
output terminal is connected in center-tapped relation 
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6 
ship to the autotransformer. 

4. The tap-changing, series-multiple transformer sys 
tem of claim 1 wherein the autotransformer has a volt 
ampere rating approximately equal to one-half the 
product of the voltage across the regulating winding 
and the normal full load current rating of the trans 
former system when connected in the multiple connec 
tion arrangement. 

5. The tap-changing, series-multiple transformer sys 
tem of claim 1 wherein the output terminal of the auto 
transformer is connected to a tap terminal on a winding 
of the autotransformer, with the ratio of the portion of 
the autotransformer winding tapped by the output ter 
minal being approximately equal to the ratio of the 
multiple and series voltage ratings of the transformer 
system. 

* * =|= * * 


