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76 all whom it may concern.: o,

Be it known that I, J Stanvey PrEsTON,
a citizen of the United States, residing at
Schenectady, county of Schenectady, State

- of New York, have invented certain new and

useful Improvements in Electrical Appa-
ratus, of which the following is a specifica-
tion. :

My invention relates to a number of types
of electrical apparatus likely to be damaged
through resonating with abnormal fre-
quencies; it is however, particularly ap-
plicable to transformers, and for the sake of
simplicity, I shall mostly describe but its ap-

lication to such apparatus. .The extent of
its application to other apparatus, and how

such applications may be made, will be read- -

ily understood from the description of its
application to transformers.

s is well known, any electrical apparatus.
or portion of electrical apparatus having
both inductance and capacity, may oscillate
or resonate at some certain frequency de-

endent upon the values of these features.
Now for apparatus to resonate as a whole is
not particularly dangerous, for protective
devices as of the over-voltage type, are read-
ily applied at the terminals of the apparatus
to take care of such conditions. Such cases
occur when the impedance factors of the ap-

aratus are uniformly distributed between
its terminals. When however, the electro-
static capacity of the apparatus for example,
is not uniformly distributed throughout the
apparatus, the continuity of the apparatus is
broken. Then portions of the apparatus
may resonate substantially independently of
the other portions thereof and of the appa-
ratus as » whole, and one or more of those
portions may develop a dangerously high
voltage without any manifestation at the ter-
minals of the apparatus (with the possible
exception of an abnormally high frequency
manifestation of a value not dangerous to
the apparatus as a whole, and of low volt-
age). Such discontinuous capacity distribu-
tions occur very frequently in transformers,
wherein commonly each winding is (or may
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be described as) comprised of straight series
connected coils assembled in groups, the
groups being separated from each other for
ventilation or to allow the insertion of por-
tions of the other winding, or for other pur-
poses. The capacity of the two coils forin-
ing the adjacent faces of two such adjacent
groups of the same winding, is considerably
less than the capacity of two similar coils
both of which are located within a single
group, and hence the electrostatic displace-

ment between any two adjacent coils within
-a single group is greater than that between
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two adjacent face coils of different groups.

These differences of capacity and displace-.

ments are due both to the difference in spac-
ing between coils and to the difference be-
tween the specific inductive capacities of the
dielectrics getween the coils; between the
coils of any single group, some solid dielec-
tric is commonly used, while between groups
(and hence between adjacent- face coils of
different groups) the principal dielectric is
commonily oil or air, the specific inductive
capacities of both of which are considerably
lower than those of the common solid in-
sulations. In short in transformers as com-
monly constructed, the energy of any wind-
ing is not uniformly distributed along its
length. :

The object of my invention then, is to
overcome the ill effects of such arrangements
of coils (or broadly, such non-uniform dis-
tribution of capacity) and to maintain the
electrical continuity of the -apparatus be-
tween its terminals and -the uni?orm distri-
bution of the energy thereof. To do this I
may be said to provide for substantially
equal displacements between all the faces of
the internal coils (or whatever the conduc-
tors of the apparatus may be), presupposing
that the coils are of the same size, or I relate
the capacities of pairs of adjacent coils to
inductances of values inversely proportional
to the values of the respective capacities.
However, since separating the groups also
brings about differences in the mutual in-
ductions of adjacent coils and other inci-
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dental effects, and since the coils may some-
times be of diflerent sizes, it may sometimes

be undesirable, or even unnecessary for these

or other reasons, to exactly equalize the dis-
placements or the products of the capacities
by their respective inductances to bring
about the desired degree of continuity ; how-
ever herein, including the claims, I shall re-
fer to only such equalities, or substantial
equalities, and similar conditions, and must
be understood as including thereby all these
special cases so far as may be or as indi-
cated.  These special cases are too numerous
to mention, are fairly uncommon, and are
unnecessary for an understanding of my in-
vention and as they arise will be readily un-
derstood by those skilled in the art.

To equalize the displacements, I propose
to impress greater voltage differences be-
tween those adjacent coils separated by the
greater distances and by dielectrics of lower
speeific inductive capacity (as the adjacent
face coils of different groups), than are im-
pressed between other adjacent coils. Pref-
erably, to produce exact equalities of dis-
placements, the voltage differences between
all adjacent coils are made directly propor-

-
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four-groups, 1, 2, 8 and 4. The other wind-
ing is illustrated as of the simple cylindrieal
type and does not here embody my invention
though my invention is not limited in its
application to any single type of winding or
to one of a plurality of windings. The
capacities of the different pairs of coils of
any group, as for example of the group 1,
are equal, for the coils are all alike and ad-
jacent -twos are separated by equal dis-
tances and by the same dielectric material;
they  are connected in straight -seriés and
therefore the voltage differences are equal;
the displacement between any two adjacent
coils of a group is therefore equal to that
between any other two adjacent coils of that
group. Also the displacement between any

-two adjacent coils of any single group is

tional to the distances between the coils and -

inversely proportional to the specific induc-
tive capacities of the dielectrics between
them (the areas of the coils being equal and
the mutual inductances sufficiently equal).
Practically, for most common constructions
this may be brought down to employing the
usual group construction wherein the ca-
pacities and voltage differences per pair of
coils are substantially equal, and to simply
arranging for a greater voltage difference
between the two coils adjacent each space
between groups. This may be simply, and
preferably is, done, by the system of coil
connections which is described hereinafter
in detail, this system of connections in turn
brings about the hereinbefore mentioned
capacity-inductance relation. The specific
apparatus in which my invention may be
embodied 1§ however, subject to considerable

. modification.
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In the following detailed description and
the accompanying drawing I have described
and diagrammatically illustrated various
embodiments of my invention.

Figure 1 is an elevation, partly in section,
of a transformer embodying my invention
in one of ils windings. Figs. 2 and 8 are
diagrammatic repreésentations of windings
of use in explaining my invention. Figs. 4
and .5 illustrate windings with some other
connections embodying my invention.

In the transformer of Fig. 1, all the coils
of the outer winding are alike and are as-
sembled in groups of four separated for
ventilation; in this transformer there are

equal to that between any other two adja-
cent coils of that or any other single group,
since the coils and groups and voltages are
alike. According to the prior practice, all
the coils of this winding would be con-
nected in straight series. The discontinui-
ties of the winding would occur then be-
tween each two groups of coils, for between
the adjacent face coils, for example coils
10 and 11, of the different groups 1 and 2,
the capacities are considerably less than be-
tween adjacent coils of any single group,
for example coils 11 and 12 of group 2,
while equal voltage differences would exist

between each two adjacent coils, irrespec-

tive of their location; this results of course,
in smaller displacements between adjacent
face coils of different groups than between
adjacent coils of any single group. Accord-
ing to my invention however, while I con-
nect the coils of each single group
straight series and connect all the coils in
straight series in effect, that is so that none
buck the others, the face coil of each grou

is not connected to the adjacent face coil
of the adjacent group, but, in this particu-

lar case, it is connected to the far face coil

of that adjacent coil, so that there exists a
voltage difference of a full group of coils
across each space. Thus the face coil 10
of group 1 is connected to coil 14 of group
2, and coil 15 of group 8 is connected to
coil 11 of group 2, and so on through the
winding. In addition, the whole is so de-
signed that the voltage of a group is suffi-
cient to produce substantially the same dis-
placement in the smaller capacity between
each two adjacent face coils, as 10 and 11, as
takes place under the smaller voltage in the
greater capacity between each two adjacent
coils as 11 and 12, of a single group. In ac-
complishing this it is necessary of course, that
the voltage - difference between physically
adjacent coils be inversely proportional to
their capacities, or directly proportional to
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- their distances apart and inversely propor-
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tional to the sgeciﬁc inductive capacity of
the |dielectrics between them (the areas of

By some, the invention will be better un-
derstood perhaps by a consideration of Figs.
2 and 3. These figures diagrammaticaﬁy

Jillustrate the principal inductance and ca-

pacity relations of two windings each com-
prising two groups of coils similar in con-
struction and location to the groups 1 and 2
of Fig. 1; they may be taken as equivalent
circuits in which the inductive and capacity
relations concerned by my  invention are
separated. The coil parts of these figures
bear reference characters similar to those
borne by the physically- similar parts of
Fig. 1. TFig. 2 illustrates all the coils con--
nected in straight series as has been the
common practice heretofore; Fig. 3 illus-
trates the coils connected in accordance with -
my invention as explained with reference to
Fig. 1 and as may be understood from an
inspection of Fig..3. In both cases as well
as in the case illustrated in Fig. 1, a current
traversing the winding from one terminal
to the other, circulates in the same direc-

‘tion about the core in all the coils. The con-

densers including 21, 22 and 23, indicate the
capacity relations between the coils; the
plates of the condensers are of the samesize

.since the coils are presumed to be of the

same size; the plates of condenser 22 are
separated about four times the distance be-
tween the plates of condensers 21 and 23
and the others, since the capacity of the coils
10 and 11 (and likewise of 10" and 11°),
the adjacent face coils of adjacent groups,
is assumed in this case to work out to bebut-
one-fourth of the capacity of two adjacent
coils of a single group, as the coils 11 and 12
Now, as is well
known, the periodic time of oscillation of
any portion of electrical apparatus may be
represented by - '
T=FkLC:

Assume the capacity of each condenser
except condenser 22, to be C; the capacity
of 22 is then C/4 by prior assumptions,

" Kach condenser spans approximately two

half coils or one complete coil; assume the
inductance of each two half coils to be L.
In Fig. 2, the local circuit formed by con-
denser 23 and one-half of coil 11’ and one-
half of coil 127, has then for its periodic
time of oscillation, . -

T=k+LC;
with the exception of the local circuit in-
cluding _condenser 22, every other local cir-
cuit of Fig. 2 has the same periodic time of -
oscillation since each is exactly similar to

Elacements between the

the circuit of condenser 23. The periodic - ...
66

time of the local circuit includin. condenser

22, hdlf of coil 10’ and half o coil 11" is

- however, , :

T kYT~ 4yIC,

.or the natural frequency. oft)\“fs local cir-

cuit is double that of “each ‘of the others.

This winding is thus, discontinuous between -

the groups. In Fig. 8, every local circuit.
except that including condenser 22 has like-

wise periodic time represented by

Tk yIT;
the local circuit including condenser 22 has
a periodic time represenqted by :

T=k+/4LC/4,

since it spans or includes in its complete
local circuit, four complete coils (one half
of coil 10, all of coils 14, 18 and.12, and the
right hand half of coil 11) rather than one

‘complete coil; this reduces to

. P=k4/I,

or the natural frequencies of all the local
circuits of this winding are equal. The
whole of the winding of Fig. 8 is therefore
electrically continuous from one terminal to
the other. ‘ '
The winding of Fig. 4 contains certain

modifications and extensions of the inven-

tion embodied in Fig. 1. Here each turn
illustrated may be considered a coil, all the
coils being alike; they are assembled into
the groups 80, 31, 82, 33.and 84. The-groups
are spaced apart unequal distances and the
numerals in parentheses indicate the rela-
tive distances between groups. The con-.
nections are such however, that the dis-
groups are equal (it

eing presupposed that the dielectrics are
alike) -and designed to-be-equal to those be-
tween adjacent coils of any single group.
Between groups 30 and 81 wnd between
groups 31 and 32 the distances are each (5),
and the voltage difference across each group
is equal to that of five coils or one of the
groups as indicated. Between the groups 32
and 33 the distance is (8) and the voltage
across it -is that of the small group 383 of
three coils. Between groups 83 and 84 the
distance is (8), and' the voltage difference
between the adjacent face coils of these two
groups is that of both groups 33 and 34 or
eight coils. ' o

Fig. 5, drawn on the same plan as Fig. 2,
illustrates a winding embodying my inven-
tion in which certain of the connections ex-
tend between other than the physically ad-
jacent groups. This arrangement is par-
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ticularly of use in those transformers in
which a single terminal is brought out of
the high voltage winding midway between
its ends. The connections will %e under-
stood from the drawing. The voltage of
two groups which is impressed across each
space, is arranged to be substantially just

sufficient to equalize the displacements be-

tween every two adjacent coils. .
While I have described the principle of

my invention and the-best mode I have con.-

templated for applying this principle, other

modifications will oceur to those skilled in,

this art' and I aim in the appended élaims

to cover all modifications which do not in-
volve a departure from the spirit and scope
of my invention. '

What I claim as new and desire to'secure
by Letters Patent of the United States, is:—

1. An electrical winding comprising a
plurality of coils arranged in separated
groups, connections extending between each
two adjacent groups, the connection between
each two adjacent groups extending from
the far coil of one of those groups to a coil
of the other group. ‘

9. An electrical winding comprising a
plurality of coils arranged in separated
groups, connections extending between each
two adjacent groups, the connection between
each two connected groups extending be-
tween two coils of those
those coils forming the adjacent faces of the
groups. . .

3. An electrical Windin% comprising - a
plurality of coils having different capacities
pef pair of adjacent coils and so connected
that the displacements between adjacent
coils are substantially equal.

4. An electrical winding comprising a
plurality of coils having different capacities
per pair of adjacent colls and so connected

‘that the voltages established between adja-

cent coils are inversely proportional to the
capacity thereof. :

5. Klectrical apparatus ‘comprising  a
plurality of conductors having different ca-
pacities per pair of adjacent conductors
wherein the voltage between each two adja-
cent conductors is inversely proportional to
the specific inductive capacity of the insula-
tion therebetween and is directly propor-
tional to their distance apart.

6. An electrical winding comprising a
plurality of coils arranged in separated
groups, connections extending between each

"two adjacent groups, the connection between

each two adjacent groups extending be-
tween two coils of those groups other than
those coils forming the adjacent faces of the
groups, and including within its span a suffi-

‘cient number of coils to establish a voltage

between the two adjacent face coils of the

groups substantially inversely proportional

_jacent coi

oups other than.

1,200,283

to their capacity relative to the capacit
and volta¥e difference between each two ad-
s of a single group.

7. An electrical winding comprising a
plurality of - coils arranged in separated
groups, connections extending between each
two adjacent groups, the connection between
ench two adjacent groups extending from
the far coil of one of those groups to a coil
of the other group and including within its
span a sufficient number of coils to establigh
a voltage between the two adjacent face coils
of the groups substantially ‘inversely pro-
portional to their ‘capacity relative tothe
capacity and voltage difference between
each two adjacent coils of a single group.

8. An electrical winding comprising a
plurality of coils arranged in separated
groups, connections extending between the
groups, the respective connections extend-
ing between such coils of the groups as to
establish a voltage between each two adja-
cent face coils of different groups which is
substantially inversely proportional to the
capacity of the respective coils relative to
the voltage difference and capacity between
each two adjacent coils of a single group.
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~ 9. An electrical winding comprising a

plurality of coils arranged in separated
groups, connections extending between the
groups, the respective connections extending
between such coils of the groups as to pro-
duce displacements between each two adja-
cent face coils of different groups substan-
tially equal to the displacements between
each two adjacent coils of a single group.

10. An electrical winding comprising a
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plurality of coils arranged in separated -

groups, connections extending between the
groups, the respective connections extending
between such coils of the groups as to relate
the capacity of each two adjacent face coils

105

of different groups to an inversely propor-

tional inductarnice relative to the capacity
and its related inductance of each two adja-
cent coils of a single group.

11. An electrical winding: comprising a
plurality of coils arranged in separated
groups, connections extending between the
adjacent groups, the respective connections
extending between (such coils' of adjacent
groups as to relate the capacity of each two
-adjacent face coils of adjacent groups to an
inversely proportional inductance relative
to the eapacity and its related inductance of
each two adjacent coils of a single group.

12. An electrical winding comprising a
plurality of coils having different capacities
per pair of adjacent coils and so connected
that each such capacity is related to an in-
versely proportional inductance.

13: Electrical apparatus comprising a
plurality of conductors having different ca-
pacities per pair of adjacent conductors,
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wherein each such capacity is related to an ~ In witness whereof I have hereunto set

inversely proportional inductance. my hand this 29th day of December, 1914. 10
14. An electrical winding comprising a

plurality of coils having different capacities ‘ J STANLEY PRESTON.

per pair of adjacent coils and means for , ‘

connecting the coils and for producing sub-  Witnesses:

stantially equal displacements between ad- Heren Orrorp,

jacent coils. Marcarer E. WooLLEY.



