
June 14, 1927. 

WITNESSES: 
2 a.222 
flat-f. 

J. F. PETERs 
RANSFORMER WINDING 
Filed June 7, 1926 

1,632,097 

INVENTOR 
72/7A Ale7e/3. 
BY 

7,6s 

  



Patented June 14, 1927. 

UNITED STATES 
1,632,097 

PATENT OFFICE. 
JOHN F. PETERS, OF EDGEWOOD PARK, PENNSYLVANIA, AssGNOR. To WESTING 

HOUSE, ELECTRIC & MANUE ACTURING COMPANY, A CORPORATION oF PENNSYL 
VANIA. TRANSFORMER wINDING. 

Application filed June 7, 1926. Serial No. 114,223. 

My invention relates to electrical appara 
tus and particularly to windings (especially 
designed for the operation of tal) changing. 
One object of my invention is to provide 

a winding for tap-changing operations that 
shall comprise a plurality of standard sec 
tions having a definite number of turns and 
a section having a different number of turns 
to be interchanged with the standard sec 
tions for securing intermediate voltages. 
Another object of my invention is to pro 

vide an electrical withing to stipply vari 
able voltages that shall include a section, 
the number of turns of which shall differ 
from the number of turns in the majority of 
the sections of the winding by a factor that 
hears a relation to one-half the number of 
tiuns of the majority of the sections, that 
may be connected in circuit with the other 
sections in sequence, in order that the voltage 
supplied by the entire transformer may be 
varied in steps corresponding to the mid 
points of the majority of the winding sec 
tions. 
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transformers, load compensators and the 
like, it is a customary practice to divide the 
winding into a plurality of sections by con 
necting conductors at different points in 
the windings. By varying the connections 
between the different conductors it is 
sible to vary the voltage supplied by the en 
tire transformer. In such constructions, 
however, the number of voltages available 
depends upon the number of conductors con 
nected to the windings. Where a large num 
ber of voltage variations are desired, the 
number of such conductors becomes excessive. 

I propose to increase the number of volt 
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number of conductors connected to the wind 
ing by providing one winding, the number 
of turns of which differs from that of the 
majority of the windings by a factor that 
is proportional to one-half the number of 
windings of the majority of the sections. 
By connecting the latter winding in a pre 
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determined sequence with the other sections. 
of the winding, as hereinafter described, it 

50 is possible to increase the number of voltage 
steps available without increasing the num 
ber of conductors connected to the different 
windings. . . 
In the accompanying drawings, Figure 1 

In the operation of changing the taps of 

pos 

age steps available without increasing the 

is a diagrammatic view of circuits and ap 
lparatus embodying my invention. 

Figure 2 is a similar view of a modified 
form of my invention, and 

Figure 3 is a similar view of another form 
of my invention. 

Referring to Fig. 1, my invention com 
prises a transformer 1 having the usual pri 
mary winding 2 and a subdivided secondary 
winding 3 that is provided with suitable 
mechanism 4 for varying the connections of its component windings in order to supply 
the variable-voltage steps. The secondary 
winding 3 comprises two divisions 5 and 6 
that are inter-connected through the mech 
anism 4. The subdivision 5 is divided, by 
conductors 7.8, 9 and 11 into major sections 
12, 13, 14 and 15, respectively. The sections 
13, 14, and 15 have the same number of 
turns and may be considered as standard 

tions and are hereinafter referred to as 
SC. 
Winding 6 is divided, by conductors 16, 

17 and 18, into sections 19, 21 and 22, re 
spectively. The section 19 is shown as hav 
ing one and one-half times the number 
of turns contained in each of the standard 
sections 13, 14, 15 and 21. The major sec 
tion 22 corresponds to the major section 12 
of subdivision 5. 
Conductors 7, 8, 9, 11, 16, 17 and 18 are 

connected to circuit interrupters 24, 25, 26, 
27, 28, 29 and 31, respectively. The several 
circuit interrupters constitute portions of 
the mechanism 4. The circuit interrupters 
24, 25 and 26 are in parallel circuit to each 
other and in series relation to the circuit interrupter 28, while the circuit interrupters 
29 and 31 are in parallel circuit to each 
other and in series relation to the circuit 
interrupter 27. It is to be understood that, 
in a practical embodiment of my invention, 
suitable mechanism must be included in the 
mechanism 4 to operate the several circuit 
interrupters 24 to 31, inclusive, but, inas 
much as such mechanism constitutes no part 
of the present invention, a showing thereof 
has been omitted from the drawings. 
By way of a practical illustration of my 

invention, it may be assumed that the several 
sections of the winding 3 are 
as follows: Section 12 comprises 40% of the 
total number of turns in winding. Section 
13 comprises 5% of the total number of 
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turns in winding. Section 14 comprises 5% 
of the total number of turns in winding. 
Section 15 comprises 5% of the total number 
of turns in winding. Section 19 comprises 
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74% of the total number of turns in wind 
ing. Section 21 comprises 5% of the total 
number of turns in winding. Section 22 
comprises 37A,% of the total number of 
turns in winding. 
Inasmuch as the entire current traversing 

the secondary winding 3 always traverses 
q 

sections 12 and 22, their influence upon the 
voltage supplied by the winding 3 is con 
stant and may be omitted from further dis 
cussion of the invention. 
With only the circuit interrupters 26 and 

28, in their closed positions, the active por 
tion of secondary winding 3 comprises, the 
sections 12, 13, 14, 19, 21 and 22, and the 
transformer is supplying its rated or normal 
voltage. The number of turns in the active 
Sections 13, 14, 19 and 21 may be considered 
to have a numerical value of 22/6% of the 
total number of active turns in the entire 
transformer. 
In order to reduce the voltage supplied by 

the winding 3, the circuit interrupters 27 
and 29 are closed, in addition to the circuit 
interrupters 26 and 28, after which the cir 
cuit interrupters 26 and 28 are opened. Dur 
ing the time that the four circuit inter 
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rupters are in their closed positions, a cir 
culating current traverses the sections 15 and 
19 by reason of the different numbers of 
turns therein. The circulating current is of 
Such short-duration, and the connected sec 
tions are physically so separated by a space 
constituting a high-reactance path that the 
winding 3 is not injured. 
When the circuit interrupters 26 and 28 

have been opened, the active portion of the 
winding 3 comprises the sections 12, 13, 14, 
15. and 21. The numerical value of the 
turns in the sections 13, 14, 15 and 21 is 
20% of the total winding of the transformer. 
By the foregoing operations, the section 15 
is added to the winding 3 and section 4 is 
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removed therefrom, whereby the number of 
effectiyeturns in the winding 3 is decreased 

uivalent to one 
half the effect of one of the standard sec 
by 2%% or an amount 

tions 13, 14, 15 or 21. d 
To further reduce the voltage supplied by 

the winding 3, circuit interrupters 25 and 28 
are closed after which the circuit inter 
rupters 27 and 29 are opened, with the result 
that the effective portion of the winding 3 
comprises the sections 12, 13, 19, 21 and 22. 
The numerical total of the turns in the sec 
tions 13, 19 and 21 is 17 A% of the total 
number of turns of the winding 3. By the 
last operation, sections 14 and 15 are re 
moved from active duty, and section 19 is 

85 added, thereby reducing the number of effec tive turns in the winding by 2%%. 
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To frther reduce the voltage of the Wind 
ing 3, the circuit interrupters 27 and 31 are 
closed, after which the circuit interruptcr's 
25 and 28 are opened. The effective sections 
of the secondary winding 3 are then sec 
tions 12, 13, 14, 15 and 22. The in linerical 
total of the turns in sections 12, 14 aid 15 
is 15% of the total number of turns in the 
winding 3. Hy this step, sections 14 and 
15 are added to the effective portion of 
Winkling 3, and sections 19 and 21 are re 
moved there from, with the result that the 
nimber of effective turns in the winding is 
reduced by 24%. 
To further reduce the voltage supplied by 

the winding 3, the circuit, interrupte's 24 
and 2S are closed, after which circuit, inter 
rupte's 27 and 31 are opened. The effective 
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portion of the winding is thus constituted 
by the sections 12, 19, 21 and 22. The n 
merical total of the number of turns in the 
sections 19 and 21 is 12%% of the total of 
the number of turns in the entire windling 
3. In this step, the sections 13, 14 and 15 
are removed from the active portion of wind 
ing 3, and the sections 19 and 21 are sub 
stituted therefor, with a net loss of 2,4% in 
the number of active turns in the winding 
3. In order to raise the voltage of the 
winding 3, the foregoing steps are taken 
in a reverse order. 

Accordingly, by utilizing the section 19 in 
different combinations with sections 13, 14, 
15 and 21, it is possible to Secure a series 
of voltage gradations between the normal 
operating voltage of the transformer and 
90% of the normal voltage, in steps that 
correspond to the mid-points of the standard 
sections 13, 14, 15 and 21. 

Fig. 2 illustrates a modified form of my 
invention in which the sub-division 5 com 
prises sections 33, 34 and 35 and accom 
panying connections 36, 37 and 38, respec 
tively, and the sub-division 6 comprises sec 
tions 39, 41, 42 and 43 that are defined by 
conductors 44, 45, 46 and 47, respectively. 
Conductors 36, 37, 38, 44, 45, 46 and 47 are 
connected to circuit interrupters 51, 52, 53, 
54, 55, 56 and 57, respectively. 
The ratios between the number of turns 

in the entire winding 3 to the number of 
turns in the several sections may be consid 
ered to be as follows: Section.33 comprises 
40% of the number of turns in winding 3. 
Section 34 comprises. 5% of the number of 
turns in winding 3. Section 35 comprises 
5% of the number of turns in winding 3. 
Section 39 comprises 24% of the number 
of turns in winding 3. Section 41 comprises 
5% of the number of turns in winding 3. 
Section 42 comprises 5% of the number of 
turns in winding 3. Section 43 comprises 
40% of the number of turns in winding 3. 
By comparing section 39, in this form of 

my invention, with section 19 in Fig. 1, 
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it will be observed that, in the former sec 
tion one-half the number of turns in a 
standard section are taken from the stand 
ard section while, in the latter section, one 
half the number of turns are added to the 
number of the turns in the standard section. 
When the circuit interrupters 53 and 55 

are in their closed positions and the other 
circuit interrupters are in their open posi 

10 tions, the transformer is operating at its 
normal voltage, and the winding 3 includes 
the active sections 33, 34, 35, 41, 42 and 43. 
To lower the voltage of the winding 3, cir 
cuit interrupters 52 and 54 are closed, after 
which circuit interrupters 53 and 55 are 
opened, whereby section 35 is removed from 
the active portion of the winding 3, and 
section 39 is added thereto, with a net, re 
duction of 2%%. in the number of active 
turns in the winding 3. 
The next step in reducing the voltage of 

the winding 3 is to close circuit, interrupters 
53 and 56 and then open circut interrupters 
52 and 54. This operation removes sections 
39 and 41 from the effective portion of the 
winding and adds section 35, with the result, 
that the number of active turns of the wind 
ing 3 is reduced by 24%. 
To reduce the effective number of turns in 

the winding 3 to 92A% of the normal num 
ber of turns, circuit interrupters 51 and 54 
are closed, after which circuit interrupters 
53 and 56 are opened. By this operation, 
sections 34 and 35 are removed from the 
active portion of the winding 3, and sections 
39 and 41 are added thereto, with a net re 
duction of 24% in the number of active 
turns in the winding 3. 
To further reduce the number of active 

turns in the winding 3, the circuit inter 
rupters 53 and 57 are closed, and the circuit 
interrupters 51 and 54 are opened, which 
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operation inserts sections 34 and 35 in the 
active part of the winding 3 and removes 
sections 39 and 41 and 42, with a net re 
duction of 24% in the number of active 
turns. . 

Refering to Fig. 3, the subdivision 5 com 
rises sections 61,62, 63 and 64 that are de 

fined by conductors 65,66, 67 and 68, respec 
tively, and the subdivision 6 comprises sec 
tions 69, 71,72 and 73 that are defined by 
conductors 74, 75, 76 and 77, respectively. 
Conductors 65, 66, 67, 68,74, 75, and 76 and 

are connected to circuit interrupters 78, 
7981, 82,83, 84, 85, and 86, respectively. 
When the circuit interrupters 82 and 84 

are closed and the other circuit interrupters 
are open, the winding 3 comprises sections 
61, 62,63, 64, 71, 72 and 73. 
The numerical values of the several sec 

tions are:-Section 61 comprises 30% of 
the total number of turns in winding. Sec 
tion 62 comprises 5% of the total number 
of turns in winding. Section 63 comprises 

5% of the total number of turns in winding. 
Section 64 comprises 10% of the total num 
ber of turns in winding. Section 69 com 
prises 12A% of the total number of turns 
in winding. Section 71 comprises 5% of 
the total number of turns in winding. 
Section 72 comprises 5% of the total num 
bor of turns in winding. Section 73 com 
prises 40% of the total number of turns 
in winding. 
To reduce the voltage of the transformer, 

circuit interrupters 83 and 79 are closed, 
after which circuit interrupters 82 and 84 
are opened. This operation adds section 
(39 to the active portion of the winding 3 
and removes 63 and 64, with a net reduc 
tion of 24% of the number of active turns 
in the winding. 
The second operation is to close the cir 

cuit interrupters 82 and 85 and open circuit 
interrupters 79 and 83. This operation adds 
sections 63 and 64 to the active part of wind 
ing 3 and removes sections 69 and 71 there 
from, with a net reduction of 2,4% of the 
number of active turns in the winding. 
To reduce the number of turns in the wind 

ing to 92%% of the normal value, circuit 
interrupters 78 and 83 are closed, and cir 
cuit interrupters 82 and 85 are opened, with 
the result that sections 69 and 71 are in 
serted in the active portion of the winding 
3, and sections 62, 63 and 64 are removed 
therefrom. 
The final step in reducing the voltage of 

the winding 1 is to close circuit interrupters 
82 and 86, after which circuit interrupters 78 
and 83 are opened. This operation adds 
sections 62, 63 and 64 to the active part of 
winding 3 and removes sections 69, 71 and 
72 therefrom, with a net reduction of 2%% 
in the number of active turns in the wind 
ing 3. To raise the voltage of the winding, 
the foregoing steps are repeated in a reverse 
order. 

In this form of my invention, the section 
64 contains a number of turns, which is 
a product of the number of turns of a 
standard section and a whole number, while 
the number of turns in section 69 is the 
product of the number of turns in the 
standard section and a mixed-number that 
is evenly divisible by one-half. The dif 
ference in the number of turns between sec 
tions 64 and 69 is equal to one-half the num 
ber of turns in the standard sections 62, 
63, 71 and 72. According to my invention, a plurality of 
intermediate voltages, or one-half steps, are 
available for increasing or decreasing the 
voltage supplied by a winding, by utiliz 
ing a winding whose number of turns is the 
product of the number of turns in a stand 
ard section and a mixed number that is 
evenly divisible by one-half. That winding 
is connected to the standard windings in 

O 

75 

80 

85 

90 

95 

00 

05 

11: 

12 



O 

15 

20 

25 

V. 

such iSEE that each successive connec 
ers from the preceding connection. tion di 

by the inclusion or exclusion of a number 
of turns that is equal to one-half the num 
ber of turns in a standard section. That 
section may be a standard section with an 
addition of one-half its number of turns, 
as in Fig.1, or a subtraction of one-half the 
number of turns, as in Fig. 2, or the result 
may be secured by any two co-operating 
windings which differ from each other by 
one-half the number of turns in a stand 
ard section, as in Fig. 3. 

It is to be understood that such changes as 
may be deemed necessary to function in ac 
cordance with my invention may be made 
within the scope of the appended claims. 

I claim as my invention: 
1. An electrical winding comprising a 

plurality of divisions, one of which com 
prises a standard section having a definite 
number of turns, the other division com 
prising a section the number of turns of 
which is the product of the number of turns 
in the standard section and a number evenly 
divisible by one-half, and means for con 
trolling connections of the several divisions 
and sections to vary the voltage of the wind 
ing in steps corresponding to changes of 

30 one-half the number of the turns in the first 
named section. 

40 

2. An electrical winding comprising a plu 
rality of divisions, one of which comprises 
a standard section having a definite num 
ber of turns and a second section the num 
ber of turns in which is the product of the 
number of turns in the standard section and 
a whole number, another division comprising 
a section the number of turns in which dif 
fers from the second section by one-half of 
the number of turns in the standard sec 
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tion, and means for controlling connections 
of the several divisions and sections to vary 
the voltage of the winding in steps corre 
sponding to changes of one-half the number 
of turns in the first named section. 

3. An electrical winding comprising a plu 
rality of divisions, one of which comprises 
a standard section having a definite number 
of turns, one of the divisions comprising a 
section the number of turns in which is the 
product of the number of turns in the stand 
ard section and a whole number, another of 
the divisions comprising a winding the num 
ber of turns in which is the product of the 
number of turns in the standard section and 
a number evenly divisible by one-half, and 
means for controlling connections of the 
Several divisions and sections to vary the 
voltage of the winding in steps correspond 
ing to changes of one-half the number of 
turns in the first named section. 

4. An electrical winding comprising a 
plurality of divisions, one of which comprises 
a standard section having a definite number 
of turns, one of the divisions comprising a 
section the number of turns in which is the 
product of the number of turns in the stand 
ard section and a whole number, another of 
the divisions comprising a winding the num 
ber of turns in which differs from the num 
ber of turns in the second named section 
by one-half the number of turns in the stand 
ard section, and means for controlling con 
nections of the several divisions and sections 
to vary the voltage of the winding in steps 
corresponding to changes of one-half of the 
number of turns in the first named section. 

In testimony whereof, I have hereunto 
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subscribed my name this 28th day of May, 80 
1926. o 

JOHN F. PETERS. 


