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To all whom it may concern:

Be it known that we, Henry MuToALF |

HosarT, consulting engineer, a subject of
the King of Great Britain, residing at 34 Nor-
folk street, Strand, London, Hngland, and
Everyx Coap, electrical engineer, a subject
of the King of Great Britain, residing at 43
Verdenerstrasse, Bremen, Germany, have
invented new and useful Improvements in
Hlectrical Distribution Systems Wherein
Transformers are Employed, of which the
following is a specification.

As is well known, if either a transformer or
an auto-transtormer (i. e. a compensator as
it is sometimes called) is used fo supply a
number of subsidiary circuits from a single
source, the voltage of each subsidiary circuit
varies with changes in the load on the other
subsidiary circuits. :

1t is the object of the present invention to
provide a transforming device for supplying
such subsidiary circuits which has not this
defect, but, which supplies each cireuit at a
voltage independent of the load on the other
circuits. For this purpose a transformer
and auto-transformer are used in conjunc-
tion, a fraction of the transformer secondary
winding, (separated from the rest), being putb
in series with a corresponding fraction of the
auto-transformer winding.

The invention is heremafter explained in
detail with reference to the accompanying
drawings, in which—

Figure 1 shows a simple example of con-
nection according to the invention. Figs. 2
and 3 illustrate the connections of a trans-
former and auto-transformer respectively.
Tligs. 4, 5 and 6 are other examples of con-
nections according to the invention. Fig. 7
shows the arrangement of windings upon a
core of ordinary form.

In Fig. 1 an arrangement is shown by
which two subsidiary cireuits arve supplied
at a voltage equal to one half that of the
mains (z, 4).

@ represents the primary winding of an
ordinary transformer, the secondary of
which consists of two equal parts b and ¢,
the sum of their turns being equal to the
number of turns on the primary ¢. In series
with the primary winding @, is the winding
d, e of an auto-transformer. The two parts
d, e ate equal, and each is joined in series
with one of the secondary windings b, c.
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| Between the terminals f and ¢ or % and F,
| there is then available an T. M. T. approxi-
mately equal to one half that of supply at the
terminals z, y; and this B. M. ¥, Between
each pair of terminals, is independent of the
load on the other pair. To show how #his
end Is attained it is convenient to first con-
sider separately the action of an ordinary
transformer and that of an auto-transformer.

Fig. 2 illustrates an ordinary transformer,
having a primary winding ¢ and secondaries
b and ¢; and for convenience the device may
be considered as identical with the trans-
former part of Fig. 1 4. ¢. each secondary
winding has one-half as many turns as the
primary winding.

It the secondary winding b is loaded by a
current I in an external eireuit, the second-
ary ¢ remaining on open circuit, a current ;
will flow in the primary winding ¢; (for the
sake of simplicity in this statement and here-
inafter, the losses in the transformers are
neglected.) As a result there will be a fall
of potential on the secondary cireuit b, made
up of two components—a fall of 113 due to

the resistance of the secondary, and one of
i . .

35 R, ©.e. $ IR due to the resistance drop

in the primary winding transformed to the

secondary voltage, R being the resistance of

. o R
the primary winding, and therefore ~2E the

resistance of each secondary winding. In
all, then, the fall of potential at the fermi-
nals of the winding b under the above condi-
tions is 2 T R.

Suppose now that the secondary ¢ is also
loaded with a current I; the current in the
primary ¢ will rise to I, and, while the fall
of potential in the secondary b due to its
own resistance remains the same, the trans-
formed fall of potential (i. e. that at the sec-
ondary terminals) due to resistance of the
primary winding ¢ becomes § I R. Conse-
quently the total drop in the secondary b is
now I R, an increase of 2 I R or 3349, on
the drop when ¢ was unloaded.

Consider next the auto-transformer d, e,
illustrated by Fig. 3, which is identical with
the auto-transformer part of Fig. 1, and as-
sume the resistance of its winding to be R.
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If the external circuit joined to one half, d

is completed so as to carry a current I, there
I

will be a current o‘f5 in each part of the

winding d, e. The fall of potential due to

this external load will be % . 1—; = 1TR. If
then, the part e is also loaded, the current in
the auto-transformer winding will diminish,
and will become zero when the two parts are
loaded equally, 7. e. when a load I has been
put on e. Under these circumstances the
voltage drop will be nil, a decrease of + I R
on the drop when ¢ was unioaded.

It will be noted that the change in the
voltage drop on the first circuit due to the
loading of the second, in the case of a trans-
former, is equal and opposite to that in the
case of the auto-transformer,—for the trans-
former the changeis an increase of + I R
for the auto-transformer a decrease of + I R.
No further proof is required therefore to
show that the voltage between the terminals
1, g, of Fig. 1 will be unaltered by the change
of load on the terminals %, &, for that vol-
tage will be just as much diminished by the
increase of resistance drop in the transformer
primary ¢ as it is increased by the diminu-
tion of resistance drop in the auto-trans-
former winding d. Naturally the voltage of
each circuit is subject to variation with its
own load, but this does not affect the argu-
ment above set out. The two circuits are
not, however, entirely independent if they are
of very dissimilar nature, e. g. if one is highly
inductive and the other non-inductive.

When the principle of the invention is
thus made clear, it becomes obvious at once,
that a great many extensions and modifica-
tions may be made on the simple connec-
tions of Fig. 1.
two subsidiary ecircuits as Iig. 4 shows,
where there are eight divisions in both the
transformer secondary winding and the auto-

transformer winding, each division of the one

winding being put in series with a division of
theother. Inthisfigure the primary winding
of the ordinary transformer is shown at a,
the divisions of the secondary at b, ¥’— and
¢, ¢'—, while the divisions of the winding of
the auto-transformer are lettered d, d'— and
¢, ¢—, respectively. Moreover, as seen in
Fig. 5, these divisions need not be equal, so
long as each division of the transformer
secondary corresponds in magnitude,—i. e.
produces the same fraction of the total vol-
tage of the winding-—with the division of the
auto-transformer winding to which it is
joined. In this figure, as in Fig. 4, a is the

rimary winding of the ordinary trans-
ormer, b, &', and ¢, ¢/, ¢® are the divisions of
the secondary, and d, d’ and ¢, ¢, ¢* the divi-
sions of the winding of the auto-transformer.
As shown, the divisions b, ¥/, ¢, etc. and the
divisions d, d’, e, ete. are of different magni-

There may be more than
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tudes, each section of the secondary wind-
ing, however, being joined to a section of the
auto-transformer winding of corresponding
magnitude. If this proportionality is not
maintained, the voltage of one circuit will
vary to some extent with the load on others;
but even with a considerable departure from
proportionality there is still some advan-
tage in the combination of the two trans-
formers, for the effect of one circuit on an-
other is still less than it would be with 2
transformer or auto-transformer alone. A
single source of power may thus be used to
supply subsidiary circuits at several different
voltages, each independent of the loading of
the other circults; and as the transformer
employed need not be & 1:1 transformer (con-
sidered as a whole), but may have any desired
ratio between the numbers of turns in its
primary and secondary windings, the vol-
tage of a subsidiary circuit is not limited by
the voltage of supply, nor governed by the
number of other circuits to be supplied from
the same source. It is also not necessary
that the whole of the auto-transformer wind-
ing should be employed; for example, if the
voltage required for the subsidiary circuits
were less than that given by the arrange-
ment of Fig. 4, all the divisions d, d'—e, ¢’
... might be confined within a half or a third
of the whole winding. Figs. 4 and 5 further
show that the transformer primary ¢, and
the suto-transformer winding d, d’, d*— ¢,
¢, ¢ ... may be connected in parallel in-
stead of in series as in Fig. 1.

Where it is desired to combine two sub-
sidiary circuits into a 3-wire system the con-
nections illustrated in Fig. 6 may be used,
according to which two of the terminals of
the secondary winding b, ¢ of the trans-
former are jomned to the respective ends of
the auto-transformer winding d, ¢ while the
three supply wires are connected respec-
tively to the mid-point of the auto-trans-
former winding, and the remaining ends of
the transformer secondary. Care must be
taken, of course, to so connect the windings
that the transformers are not in opposition.
Similar combinations may be made, where
there are more subsidiary circuits, for 5-
wire systems and so forth. With these con-
nections also, the auto-transformer and the
transformer primary may be either in series
or in parallel.

As to the practical construction of the
apparatus this need not differ from the
forms of transformer and auto-transformer
already in use. It is advantageous to com-
bine the windings of both transformers on
a single core, as this reduces the reactance
voltage and therefore improves the regula-
tion on inductive loads. Sections of the

auto-transformer winding may conveniently
be interspersed among sections of the trans-
former secondary; and if for any particular
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case, the heavily loaded sections of the wind-
ings are arranged next to those more lightly
loaded, a better general cooling effect is ob-
tained. Such an arrangement of inter-
spersed windings upon the core is illustrated
in Fig. 7, the connections of which corre-
spond with those shown in Fig. 1.

It is unnecessary to deal in detail with the
various purposes which this device in one or
other of its modifications may be made to
serve. It is applicable in any case where
branch circuits are required at constant po-
tential and its utility is easily seen in such
a case, for example, as the supply circuits
of low potential lamps such as are now com-
ing largely into use.

What we claim is:

1. In a transforming device for alternat-
ing current supply, the combination of a
transformer having a divided secondary, and
an auto-transformer having tappings, and
connections between said auto-transformer
and transformer secondary by which a sec-
tion of the one is put in series with a section
of the other. :

2. In a transforming device for alternat-
ing current supply, the combination of a
transformer having a divided secondary, an
auto-transformer having tappings and con-
nections between said auto - transformer
and transformer secondary by which each
section of the one is put in series with a sec-
tion of the other.

3. In a transforming device for alternat-
ing current supply, the combination of a
transformer having two secondary windings,
an auto-transformer having an intermediate
tapping, and connections between the ter-
mmals of the transformer secondaries and

.

of the auto-transformer, whereby the inter-
mediate terminal of the auto-transformer
and two terminals of the transformer second-
aries are made the sources of the two supply
circuits for a three-wire system.

4. In a transforming device for alternat-
ing current supply, the combination of &
core, separate windings upon said core form-
ing the primary and a plurality of secondary
windings of a transformer, a further wind-
ing upon said core having tappings, and con-
nections between the tappings and the sec-
ondary windings whereby each of these lat-
ter is put in series with a section of the fur-
ther winding.

5. In a transforming device for alternat-
ing current supply, the combination of a
core, separate windings upon said core form-
ing the primary and a plurality of secondary
windings of a transformer, a further wind-
ing upon said core having tappings all of
said windings being interspersed, and con-
nections between the tappings and the sec-
ondary windings whereby each of these lat-
ter is put in series with a section of the fur-
ther winding.

In testimony whereof we have signed our
names to this specification in the presence
of two subscribing witnesses.

HENRY METCALF HOBART.
EVELYN COAD.

Witnesses to the signature of Henry M.
Hobart:
Leoxarp E. Havwes,
Groree HucHEs.
Witnesses to the signature of Evelyn Coad:
Sreurp OLSEN,
Epvarp REezs.
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