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To a ZZ zuhoma, it; 7matg/ co7uce7?7n: 
Be it known that I, JOHN J. FRANK, a citi 

Zen of the United States, residing at Schen 
ectady, county of Schenectady, State of New 

5 York, have invented certain new and useful 
Improvements in Alternating-Current Trans 
formers, of which the following is a specifica 
tion. 
My invention relates more especially to 

Io alternating-current transformers of that class 
known in practice as the “core’ type. As 
usually constructed the core of such a trans 
former is rectangular in shape, with the coils 
mounted on two of the parallel legs of the 

I5 core. In case it is desired to provide either 
a primary or a seconday winding for such a 
transformer with a plurality of coils for con 
lection in various combinations to Secure 
different voltages the difficulty has hereto 

2O fore arisen that when the coils are connected 
in certain combinations for use with a three 
Wire system there is an unbalancing of the 
voltage on the three-wire system when its sides 
are unequally loaded, while in the case of 

25 coils multiply connected to a two-wire circuit 
there may be an unequal division of current 
between the coils, due to the different react 
ances of the coils, arising from the fact, for ex 
ample, that one coil may be inside and an 

3o other Outside. In accordance with my inven 
tion I have provided an arrangement of trans 
former-coils such that connections may be 
made to three-wire systems of different vol 
tages and also such that the coils may be con 

35 nected so as to give any one of a number of 
different voltages, all of these connections 
being such as to avoid inequalities in the di 
vision of current between the coils when con 
nected to a two-wire circuit and to avoid an 

4o unbalancing of voltage with unbalanced load 
when connected to three-wire circuits. 
The features of novelty which characterize 

jmy invention I have pointed out with particu 
larity in the appended claims, while the in 

45 Vention itself, as exemplified by one of the 
numerous embodiments of which it is capa 
ble, I have described in detail in the follow 
ing specification, which is to be taken in con 
nection with the accompanying drawings, in 

5o which 

Figure 1 represents a transformer built in 
accordance with my invention, Figs. 2, 3, 4, 
and 5 representing various connections which 
lmay be made between the coils of the trans 
former shown in Fig. 1. . 

In Fig. 1 the core of the transformer pro 
vides a single magnetic circuit and is rectan 
gular in shape, as indicated at 1. Primary 
and Secondary coils are located on each of the 
parallel legs 2 and 3 of the core. In the pres- 6o 
ent instance Ihave represented all of the coils 
on each leg as located concentrically with 
respect to each other one over the other. 
There are three secondary coils on each leg of 
the core, these secondary coils being indi- 65 
cated for convenience of illustration in cross 
section at 4 to 9, inclusive. Outside of these 
secondary coils are located the respective pri 
mary coils 10 and 11. The primary coils may 
be connected in series, as indicated, or in mul- 7c . 
tiple, as desired. The secondary coils are ca 
pable of various interchangeable connections, 
as indicated in the several figures of the draw 
ings. Before proceeding to a detailed de 
scription of these connections it may be as 75 
well to remark that it is merely for conven 
ience that I have referred to one set of coils 
as “primary' and the other set of coils as 
“secondary, since it will be evident to one 
skilled in the art that these coils are inter- 8o 
changeable in function. Where, therefore, a 
coil is here spoken of as a “primary coil, it 
is to be understood and is here contemplated 
that the coil may be used as a secondary, and 
vice versa, without departing from my inveni 
tion. 
As before mentioned, there are three sec 

ondary coils on each leg of the transformer, 
the inside coil 4 and the outside coil 6 each 
being of a voltage one-half that of the inter 
mediate coil 5. Thus, for example, the in 
termediate coil 5 may be a one-hundred-volt 
coil and the adjacent inside and outside coils 
be adapted each for fifty volts. The three 
coils 789 on the leg 2 correspond in voltage 
to the coils 4, 5, and 6. If it be desired to 
connect the coils for a voltage equal to that 
for which the middle coils 5 and Sare respec 
tively adapted, which voltage I may term “X,” 
I make use of the arrangement shown in Fig. Ioo 
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1. By reference to this figure it will be seen 
that the outside coil (5 on one leg, of a voltage 

2 
is connected in series with the inside coil 

7 on the other leg, of the same voltage 
????? 

these two coils as thus connected in series 
being then connected across the mains 12 and 
13. In addition the middle coils 5 and S are 
connected in multiple with each other across 
the mains 12 and 13. Similarly the outside 
coil 9 On the leg 2 is in series with the inside 
coil 4 on the other leg 3, the free terminals 
being then connected across the mains 12 and 
13. With the arrangement shown it will be 
evident that the reactance of each of the par 
allel circuits across the mains 12 and 13, 
formed by the individual coils 5 S and the 
pairs of series-connected coils 6 7 and 49, 
is the same, thus insuring an equal division 
of current between the respective coils. 

In case the maximum voltage is desired 
from the set of coils they may be all connected 
in series, as indicated in Fig. 3, thereby giv 
ing a Voltage equal to four times that of the 
Coil 5, or 41. The order of connection of the 
coils is such that the circuit passes first 
through an outside coil on one leg, an inside 
coil on the other leg, the middle coil on the 
first leg, the middle-coil on the second leg, 
the inside coil on the first leg, and then 
through the outside coil on the second leg. 
In case it is desired to connect the coils to a 
three-wire system the neutral conductor may 
be connected to the point indicated by the 
arrow, this point being so located in the cir 
cuit that on each side thereof is connected in 
Sequence One of the middle coils, an inside 

- Coil of one leg, and an outside coil of another 
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leg. This arrangement insures freedom from 
unbalanced voltages between the two sides 
Of the three-wire system when these sides are 
linequally loaded. - 

Fig. 2 represents the connections suitable 
for coöperatively joining the windings, so as to 
render them suitable for a voltage twice that 
of the middle coils 58, represented by 2a. 
It Will be seen by reference to this figure that 
the coils 5 S are in series with each other 
across the mains 1213, so as to form one par 
allel circuit, the other parallel circuit being 
afforded by a series connection of the remain 
ing coils, such that the circuit first passes 
through the inside coil, as 4, on one leg of the 
transformer, then through the outside coil 9 
On the other leg of the transformer, then back 
through the Outside coil 6 of the first leg, the 
circuit being completed through the remain 
ing inside coil 7 on the other leg. It is, how 
e Vel’, not particularly essential as to the order 
in which the circuit traverses the respective 
inside and outside coils, since they are all in 
series. Due to the fact, however, that these 
Coils are located one inside and one outside 
of each middle coil, the reactance of all of 
these coils in Series is the same as the react 
ance of the two middle coils in series, so that 

729,748 

the current divides equally between the two 
circuits multiply connected across the mains 
12 13 in Fig. 2. 

In Fig. 4 the coils are connected to a three 
Wire system in such a manner that the vol 
tage on each side of the system is the same as 
the voltage corresponding to that of the mid 
dle coils 5 and S, the voltage between the out 
side mains of course being twice this voltage, 
or 2-c. By reference to this figure it will be 
noted that one of the middle coils, as 5, is coln 
nected between the neutral conductor and one 
main of the system and the other middle coil, 
S, between the neutral conductor and the other 
main of the system. The remaining coils are 
connected so that the outside coil on One core 
leg is in series with the inside coil on the other 

75 

leg across one side of the three-wire system, 85 
the two remaining inside and outside coils 
being in series across the other side of the 
system. Thus, as indicated, the coils 67 are 
in Series between the neutral () and the main 
13 and the two remaining coils 49 in series 
between the neutral and the main 12. It will 
therefore be evident that current flowing on 
either side of the three-wire system traverses 
coils on both legs of the transformer, thus 
preventing the unbalancing of voltage which 
would otherwise take place with unbalanced 
load. - 

Fig. 5 shows another arrangement for con 
necting up the coils to a three-wire system so 
as to Secure maximum voltage between the 
Outside mains. In this case it will be readily 
Seen that the two middle coils 5 S are in series 
With each other across one side of the three 
Wire system and the remaining or half-vol 
tage coils in Series with each other across the 
other side of the system, the connections 
differing somewhat from those shown in 
Fig. 3. 
What I claim as new, and desire to secure 

by Letters Patent of the United States, is 
1. In a transformer, the combination of a 

core having a single magnetic circuit, sets of 
coils located on said core at a distance from 
each other, each set of coils consisting of three 
coils located one over the other, the middle 
coil being adapted to a voltage which is a mul 
tiple of that for which the corresponding in 
side and outside coils are adapted, and con 
nections between all of said coils. 

2. In a core-type transformer, the combina 
tion of the core, primary and secondary coils 
located on each of two legs of said core, one of 
the Sets of coils consisting of three superposed 
coils On each leg of said core, the middle coil 
of each set of three coils being adapted to a 
Voltage twice that of the other two. 

3. In a core-type transformer, the combina 
tion of the core, three coils on each of two legs 
of the core, two of the coils being of half the 
Voltage of the third, a three-wire system of 
mains, connections between the higher-vol 
tage coils and Said mains, and other connec 
tions between the lower-voltage coils and said 
mains. - 
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4. In a core-type transformer, the combina- either as primary or secondary coils, each of 
tion of coils thereon of different voltages, and 
connections between said coils and a single 
current-carrying system. 

õ. In a core-type transformel, the combina 
tion of sets of coils of different voltages located 
On the core and Separated from each other, and 
connections joining a plurality of the low 
Voltage coils in series with each other in a 
circuit connected in multiple with one or more 
of the high-voltage coils. 

6. In a transformer, the combination of two 
sets of coils, each set consisting of a relatively 
high voltage coil sandwiched between two 
low-Voltage coils, and connections between all 
of Said coils and a current-carrying system. 

7. In a transformer, the combination of a 
COre having a suitable magnetic circuit, and 
tWO Sets of coils located on said core at a dis 
tance from each other and adapted to operate 

said sets of coils consisting of a relatively 
high voltage coil sandwiched between two 
low-voltage coils. 

S. In a transformer, the combination. Of a 
core having a suitable magnetic circuit, and 
two sets of coils located on said core at a dis 
tance from each other and adapted to Operate 
either as primary or secondary coils, each of 
said sets consisting of three superposed coils, 
the middle coil being adapted to a voltage 
which is a multiple of that to which the inner 
and Outer coils are adapted. 

In witness whereof I have helreunto Set Iny 
hand this 30th day of January, 1903. 

JOHN J. EFRANK. 
Witnesses: 

BENJAMIIN B. HULIL, 
HELEN ORFORD. 
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