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-‘P_atgrvitedf_Mar.. 9, 1926.. -

 UNITED STATES

1,576,280

PATENT OFFICE.

SAMUEL HORELICE, OF PITTSBURGH,
TRANSFORMER COMPANY, A

PENNSYLVANIA, ASSIGNOR TO PITTSBURGEH
CORPORATION OF PENNSYE.VAN_’IA.- I

TRANSFORMER.

Applicatioﬁ fled February 11, 1922, Serial No. 535,954. Renewed August 4, 1925.

. To all whom it may concern:.
"Be it known that I, SamurL HORELICK,

a citizen of the United States, residing at
Pittsburgh, in the .county of Allegheny

8 and ‘Stafe of Pennsylvania, have invented

certain new and useful Improvements in

Transformers, of which the following is.a
specification. T S »
"My invention relates to electric transform-
ers, particularly adapted for use with dif-
ferent applied voltages. T

Tt is a common occurrence in practice to
~ provide a transformer which will be readily
adapted for use not only on the circult for
- which it may be intended at the time, but
also for possible use on a circuit of different
voltage, or for use on the same cirguit with
“‘an increased or-lowered voltage. For ex-
‘ample, a plant may have in use oneé circuit
in- which transformation from 22,000 volts
to a lower voltage is being carvied out and
then have in use’ anothér circuit in which
transformation from 83,000 volts to a lower
voltage is being carried out, or it may be in-
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25
199,000 volt system to a 33,000 volt system.

- In either case in purchasing a transformer,
'+ it is desirable to have one which can readily

" beused on either the higher or lower voltage,
30. ‘while deriving the same voltage from the
_$econdary winding ef the transformer in

. ‘each case. In thisinstance it has been com-

-inon to. provide a primary winding with a
_ sufficienf number of turns adapted to recelve
85 33,000 yolts. for securing the desired Sec-

- —ondary voltage; and to provide a % tap

*on the primary winding so that when used

© on-the 92,000 volt circut, connection will be.

. made:to“one terminal of the winding and
40 to the 2 tap, thus giving the same sec-
" . . ondary voltage as before. In such a case,
however, the ampere capacity of 25 of the
primary.winding must be 5094" greater than
the remaining third of the winding to pro-

#5'-vide for e on the 22,000 volt circuit. But-

. when the transformer is used on the 33,000
_ volt -circiit, ‘this excess ampere capacity in
two-thirds of the jwinding ‘is unnecessary

. _and mot ecoriomically used; and when the-

807 transformer. i, uged on the 22,000 volt cir-

tended to increase the applied voltage in a.

. cuit, one-third of the winding is out of cir-

cuit and is not used at all.

Tt is thus evident.that the provision of a
‘transformer of this character requires a
‘larger space and more expense in the wind-
ings, as well as increase in the size of the
‘core, than would be the case if the trans-

55

former were adapted for use on only one "

of the two above mentioned voltages; yet
the convenience and the saving in expense
over the purchase of two transformers has.

60

been sufficiently great to warrant the prac-

tice above described. - : .
The main object of my invention is to pro-
vide a transformer which will answer the.
above requirements of being adapted for
use with a plurality of ‘igrim_ary voltages
and. which will have a high efficiency in op-
eration when used with either of the volt-
ages for, which it is intended. ‘Another ob-
ject is to reduce the size of the transformer
compared with the size previously required.
Another object:is to provide a transformer
which will "be ‘more economical in cost of
construction compared with transformers
of this type previously used.- Another ob-
ject is to provide means for conveniently,
connecting the windings so that the trans-
former will be adapted for use with the
particular voltage desired at any time, and
to also provide convenient means for chang.
ing the connections so as to be adapted for
use'with another voltage.. Other objects and
advantages of my invention will be under-
‘stood - from the following description and
accompanying drawings ‘which disclose 2
pteferred embodiment of my invention,

85
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Tigs. 1, 2 and 3 are diagrams of single

phase:

use .wifh different voltages; Figs. 4 and 5

transformer windings adapted for

90

are diagrams of transformer windings for .

4 three. phase circuit showing the connec-
tions for use with different voltages; and

Tigs. 6 and T are diagrams of transformer

windings for a three phase circuit showing
_the provision of means for making the con-
nections as- required for the particular

95

voltage on the circuit -on which the'trans-

_former is to be-used. " - o
In the application of my ‘invention here

100
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particularly described, it is assumed that the
lower voltage for which the transformer is
to be adapted is two-thirds of the higher
voltage, a8 in the case of the 22,000 and
© 8 33,000 volt circuit; but iy invention is like-
wise applicable to other ratios of voltages,
“as will be understood by those skilled in the
art. My invenilon is here described as ap-
. plied to the primary windings of 2 trans-
10 former, bui may likewise be applied io the
-secondary windings and may Jlikewise be
. applied to special cases. such as to auio-
-transformers.
- In the particular case here considered,
‘18 most advantageous-results sre obtained by
sub-dividing the primary winding into four
main divisions or sections. Two of these
sections will be similar to each other and
adapted in this instance to each receive one-
20 third of the applicd voltage, or 11,000 volte
in this particular case as assumed.
In Fig. 1 of the drawings these {wo sec-
tions are indicated as sections A, A,
remaining portion of the primary winding
25 will constitute two other main divisions or
sections B, B’.  Hach of these sections will
_be adapted to receive 11,000 volts, but the
ampere capacity of each may be mude one-
.~ half of that of the sections A, A’. The
.30 gecondary winding is indicated generally
- ooat . . ' :
When it is desired to use the transformer
on the high voltage circuit, the four scc-

tions of the primary winding will be con-,

" 8% pected gs shown in Fig. 2, the sections A,
A7, of larger ampere capacity being con-
nected in series ‘with each other and in serics
_with the sections B B’ of the smaller ampere
capacity, but with the latter windings con-
40 nected in persllel with each other. With
this connection of the parts or sections, and
with say a primary voltage of 33,000 volts
applied to the windings, it will be seen that
each section of the primary is utilized fo its
46 full volt and arapere capacity., Thus there
will be 11,000 volts on each section A, A/,
each of which sections is adapied to carry
the full amperage required; and each sec-
- tion B B’ will be subjected to 11,000 volts
56 and-each section adapted to carry only one-
half of the total amperage by reason of these
. sections being connected in parallel with
each other. T .
When it is desived to use the transformer
56 on the lower primary voltage of 22,000 volts,
the primary sections will be conneceted as
shown in Fig. 8. In this case, each section
A A’ of larper current capacity is connected
g in series with each other across the primary
~ cirenit and each scction I3 B’ of the smaller

current capacity is connected in series with-

each other acrosz the primary circuit and
a cross connection may, if desired, be made
at the connections between the sections. The

65 windings may be considered as having onc

Thes -

v sections, such

of the larger cyrreni capaci
as A, connected in pamﬁei with a lower cur-
rent capacity section B znd fhese windings
both connected in series with the other two
sections which latter are connected in paral-
lel with each other. In this case.such sec-
tion is subjected to 11,000 volis, but the in-
creased current capeacity which is nccessary
with the lower primary voltage is taken care
of by the windings supplementing each other
by veason of thelr parallel connection. The
total ampseve capacity of the windings
should now be approximately 509 greater
than when the higher primary voltage was
used and it will be evidenmt that thig in-
creased current capacity is provided for be-
cause the sections A, A" will carcy the sane
current-as before, but zs the sections B B/
bave one-half the currvent capacity of the
ections A, A', the total current capacity of

the windings will evidently be 50% more
than in. the case when the connsction for

@

he higher voltsge was used. The imped-
nee, reactance and resisiance of tha see-
tions shotld of course be so related to each
other as to cause the tota] current to be
divided in the desired proportion befween
the sections when connecled in parallel.

It will also. be spparent that when the
lower wvoltage is used, all sections of the
windings are utilized at full veoltage and
ampere capacity, which condition was-alsoe
present whemn the sections -were. connected
for use with the higher voltage..

With the above sub-division of the pri-
mary windings in sections of the voltage and
current capacity referrved fo, it is clear that

o

under each condition there is no section or

part of the winding which is not used and
1t ig also true that under esch condition thers

is no excess capacity of the windings which -
is not- used economically and to sdvaniage;

and by veason of the.above relationship
and construction of the windings, it is obvi~
ous that the total size of the coils or wind-
ing and the space occupied by them is much
less than in prior practice where a necessary
excess current eapacity of two-thirds of the
winding was required and a third portion
which on the lower voltage was not used
at all. The smaller total size of the wind-
ings obtained by use of my invention also
permits a correspondingly reduced size of
the transPormer core. The use of the smaller
core correspondingly reduces the core losses
both at no lead and full lead and~thus re-
sults in a higher transformer efficiency; and
increased efficiency may also be obtained due
to reduction of copper losses, while at the
same. time permitting the use of a smaller
transformer as regards winding and core
than heretofore required. My invention thps
aftaing the double advantage of securing
higher efficieficy and a reduction in the size

and cost of mepufactuve compared with
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transformers ..pféi'riouslj" used of the same’
. yolt  amperes capacity and adapted to

‘used on circuits of -different voltages..
. .Although I have referred in the above .

example to definite proportions as regards
relative voltages and relative current capac-
ities, it will be understood that these refer-

tions may be made thereffom to suit ‘the
particular case and such departurs as is
necessary in practice : from theoretical re-

. quirements. It ‘will also be understood that

15

my invention is advantageously adapted to
various . ,
ent forms of construction and also to poly-

 phase transformers as well as single phase

20

and to single phase transformers connected
in polyphase eircuits. It will also be un-
derstood that the sections or. divisions of
the windings required by my invention may

" be arranged with reference to each cther in
_various relationship and need not be neces-

25

sarily relatively located as indicated in'the
drawings. C T C

Figs. 4 and 5 show my inventior ‘as

, ap-
plied to -a polyphase circuit in' which tﬁe,

_primaries are star-connected. = Fig. 4 illus-
. trates the connections between the coils re-
30

quired for use on the

circuit of higher volt-
age,

. coils as required for use on the circuit of

- is assumed to be two-thirds

35

40

 viding leads ¢
.coil sections in a

lower voltage, which in this particular case

voltage, =~ - 4 ,
Figs. 6 and 7 indicate one method of pro-
leads and connecting means for the

In this case, the coil sections are assumed to

be arranged sxially displacsd: on the core:

" legs and have leads extending from the sec-

‘the upper part of the ‘ >
* secondary. winglings are not shown.as they

45 would be located relatively -to the primm‘?

-in the customary manner.
‘three
D, D
- from which the three primary:-wires extend,

50

55

tions to terminal boarﬂg or blocks lgﬁted'ﬁiln
nelosing tank.’ e

windings and have leads extending upwar
ly through the cover-of the. enclosing tank
eircuit is indicated at D,

hase supply
Z E

+ and 4 service switeh is located at

through the cover of the tank and connected

.as indicated. ‘Three terninal blocks or sup--
* ports are shown at ¥, ¥/,
Jocated términals 1,2; 3, 4,
the coil connections are conneécted to-these:

F*, on which are

‘terminals and to each other-as shown. ‘When

60
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the transformer is to be used with a circuit
of the higher primary voltage, connecting
links 7, 8 will be utilized, the link 7 con-
necting terminals 2—4 and the link
necting terminals 3—5. It will be apparent

by tracing the connections in Fig. 6-that the

city will: be
other and in

sections of lower current ca;fl
connected in parallel With‘ eac

be:

to be taken as ‘having & general-
== gpproximation. and that in practice varias

types of transformers and differ-

_cially as they are less
by an unauthorized person than
- ‘over gwitches are provided. = ~

-and Fig. 5 shows the connections of the
of ‘the higher.

three -phase’ transformer, '

- The - primary

_sections

5,6, Leads from

¢ 8 can-
_pected in series with each other #nd in series

‘series with each’of the coil sections of larger -
current capacity, giving the . connections’
shown in Fig:'4. . R e
. When it is desired to use the same trans-
former u}l)on a circuit of two-thirds the pri-
mary voltage, it is ‘merely necessary .to

70

change the link connections on the terminal .
blocks so as to have the condition shown in -

Fig. 7. In this case link 9 connects termi-
nals 1 and 2, link 10 connects terminals 3

75

and 4 and link 11 connects terminals 5 and -

6. With these connections the coils of larger
capacity_are connected in. series with each
other and in parallel with the coil sections
of smaller eurrent capacity giving the con-

80

dition shown in Fig. 5." Instead of using -

connecting links, it may sometimes be de-
sirable to provide change over switches or .
any other suitable means for changing the

connections, but jnasmuch as the changes
are likely to be made

8b

very infrequently, the: -

Tink connections or othér form.of suitable .-

lead connections' may
likely to be disturbed
when change

be preferable, espe- -

90

- Although I have described particula«rﬁm-t

bodiments of my invention and a particular
relationship of primary voltages, it will be
‘understood that my invention is- advanta-
geously usable with other voltage ratios, and’

with various subdivisions and relationships

95

of coil windings and in many different forms

of construction; and when used on polyphase
circuits, the winding may be connected in
delta, star or otherwise as desired. ,

I claime— . .2

1. A transformer for
comprising w_inding’g
tions, said sections being adapted to bé-con-
nected in. different
tionship to each _
sections having different current capacity
from other of said sections and #dapted to.
receive the same voltage as each other,

2. A transformer,
comprisin
tions, said sections. ted to be con- .
‘nected in-different arallel and' series rela-
tionship \to: each other and certain of ‘said
aving &

number ofitarns. . .
8. A tramsformer
ing o primary windingﬁ divided - into four
sections: each having .the samé number of
larger current capacity than the other two.

sections, and means whereby the two sec-
tions of larger current capacity may be con-

with the other two:sections in parallel and

. A tra for differant ‘primary
“yvoltages in the ratio of two to three com ris-

100

different - voltages .
subdivided into sec- -
‘105
arallel and series rela- .
other and certain of said *-

110

¢ or different voltages.: -
wmdingfg-u;ubdiyidedz into- sec<
ing adap

15

_ ! different resistance from .
~other of 8aid sections .‘al}d- Jhaving the samie-

120

‘turps and two of said sections having a

125

may also be connected with two of the sec- -

tions in series with each other and

in par- 130



&

allel with the other two seciions conneccted
in series with each other.

4. A {ransformer for differ rent voitages in

, the ratio of two to three comprising a wind.

& ing divided in four sections each having the

same number of turns and two of ssm_ ges-

tions having a larger eurrent capeciiy

(.4
the other two sections, and means wh

7. 53 e'ﬂqux? 4 : B

the two sections of larger current capacity
may be mee(,tuc”a in selie with each other i
and in series with the of hu two sections in
{)LL;JQS and may alse be connceted with two
0? the sections m e("'{'l@ﬁ W 1 each other and
a naralle] 'mﬂ he néher two sections con-
ad in ger aach other.
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