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POWER TRANSFORMER AND MORE PARTICULARLY TO TRANSFORMERS AND REAGI,‘ORS

¢

‘Application filed November 9, 1931, Serial No.

- Our invention relates to power transform-

ers, and more particularly to transformers
and reactors for extra-high voltage currents,

" Hitherto it has been customary to subdivide
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such transformers into a plurality of stages
or steps, in order to overcome insulation daffi-
culties. ;

The object of our invention is to provide a
power transformer of comparatively small
proportions able to transform very high volt-

ages in a single step or stage, and thus with

a single iron core. Our invention consists
in providing means each of which by itself
permits of an increase in the service voltage

‘beyond values permissible today, and which

in their combination render possible an in-
crease hitherto considered impossible in the

voltages which a single transformer is able -

to handle.

An important feature or means .employed

- to this end according to our invention con-
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sists in enclosing all the legs of the cores and
one.of the yokes which connect such legs, in
an insulating envelope, so that only one of
these yokes is clear of such insulating en-
On this envelope the high tension
winding or coil is arranged in such a manner
that the voltage will diminish toward that

yoke which has been left clear or exposed as

stated. ,
Another feature or means relates to an

improvement in the insulation of the high
tension winding and consists in making said
winding of a plurality of disc coils in axial
‘succession, and in providing insulating en-
velopeswhch enclose each other and said coils,
said envelopes being graded in such a manner

_that, as regards the individual disc coils, the

number of the insulating envelopes enclosing
such coils will increase with an increase of
the voltage between the respective coils and
the iron core. This arrangement of the in-

-sulation is indeed of advantage only when

the amount of heat to be dissipated from the
high tension winding is kept within certain
limits, as is the case, for instance, with meas-
uring transformers. : o
Three typical and satisfactory embodi-
ments of our invention are illustrated by the
accompanying drawings, in which

FOR EXTRA-HIGH VOLTAGE CURRENTS

573,740, and in Germany November 12, 1930,

_ Fig. 1is a longitudinal section through our
improved transformer, in diagrammatic rep-
resentation ; ,

Fig. 2 shows a transformer of the design
shown in Fig. 1-in greater detail, with parts
in seetion ;

‘Fig. 8 is a side elevation of a transformer:

having ‘a particularly efficient cooling sys-
tem; Fig: 4 is" an enlarged vertical section
through the core of the transformer shown
in Fig. 3; Fig. 5 is a cross section through a
portion connecting the legs of the transform-

er core; Fig. 6 is a vertical section showing. . .
:one of the joints of the cooling pipes; Fig. 7

is a vertical section through a transformer
cach leg of which is enclosed in a separate
insulator; Fig. 8 shows the active portion of
a voltage transformer, the left hand half of
the core with the coils thereon being shown
in section and the right hand half of the
core being shown in elevation ; Figs. 9 and 10

are vertical sections illustrating complete

transformers the active parts of which are
built up accoiding to Fig. 8, and Fig. 11is a
detail view illustrating the way in which the
disc coils of the transformers are preferably
connected with one another.

Like parts are indicated. by like reference
numerals throughout all:the figures of the
drawings. '

Referring to- Fig. 1 of the drawings, 1 is
the iron core of the transformer on the legs
of which is directly mounted the secondary
or low tension winding 2. The core 1 is
provided with a U-shaped insulating en-
velope -or insulator 3, which surrounds or
encloses both legs and the upper.yoke of the
iron core 1, while the lower yoke is clear or
exposed. On the legs of this insulating en-
velope 3 is slipped the primary dr high ten-
sion winding 4 consisting of disc coils stacked
in axial succession. 5 is the high tension ter-
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minal of the primary winding which is con- "

nected with the core and grounded at 6. The
disc ceils on the two legs of the insulator are
alternately connected to each other. The
disc coils located next to the open ends of
the insulator or insulating enclosure 8 thus
have the lowest potential to the core, while
the disc coils carrying the highest potential
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relatively to the core are farthest away from
the open ends of the insulator 3. Instead
of connecting the coils upon the legs of the
insulator in series, the coils on the individual
legs may also be connected in parallel, it be-
ing understood that a correspondingly thin-
ner wire and double the number of turns is
then required. It is furthermore not neces-
sary that both legs should carry windings,
and one leg may be left without a winding,
and the secondary winding as well as the
primary winding may be mounted on one
leg-only. The insulator or insulating en-
velope is not changed thereby in any way.

The parts described above are housed with-
in an insulating tubular case or tank 7 (Fig.
92). This tank is-directly supported on two
ribs 8 of the metal base 9 and may be se-
cured to them by means of suitable angle
irons, for example. The base 9 scrves at
the same time as an oil-tight seal for the
tubular tank or case 7. The seal is effected
by means of two annular surfaces on the

two parts to be joined between which 1s .

laced a suitable packing 10 and which are
(glrmly pressed together by clamps 11 and
bolts 12. At the top the tank 7 is closed by a
preferably dome-shaped metal cover 13. A
tight seal is again obtained in a similar man-
ner as at the base 9 by means of packing
rings 10, but instead of the individual

" clamps 11 a split metal ring 14 is used. The
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cover 13 also serves as oil conservator or
expansion vessel and is by a bore of the tubu-
lar extension 16 in communication with the
interior of the tank or case 7. On both legs
of the transformer core 1 is mounted the
secondary winding 2 in such a way, that it
is wound upon an insulating tube and this
tube is then pushed over the core. A solid
bushing or sleeve 18 is then placed over the
core with the secondary winding, and pref-
erably consists of a plurality of parts. This
bushing may consist of metal and must in
this case be split to avoid the formation of
a short-circuit winding. The gap in the
bushing may then be filled with a suitable

dielectric material. The bushing 18 is pref-

erably grounded or electrically connected to
the part of the primary winding carrying
the lowest potential, or to the secondary
winding. The solid bushing 18 serves as a
foundation or support for the insulating en-
velope 3, which may, for instance, consist
of paper tapes wound on said bushing. This
bushing 18, also serves for guiding the cur-
rent of oil along the core and the secondary
winding. For this purpose at least one end
of the bushing is closed by a cover 19 from
which an oil supply pipe 20 leads to an oil
pump 21. The motor 22 of the oil pump 21
is preferably directly fed from the trans-
former. In this way greatest service reli-
ability is attained, as the motor starts auto-
matically as soon as the transformer is load-

1,916,588

ed. For feeding the motor either a special
secondary low tension winding may be pro-
vided, or the motor could be supplied from
the existing secondary low tension winding.
The arrangement of the motor in the interior
of the oil tank has the advantage that the
entry of air into the oil circulation is ef-
fectively avoided. To keep leakage as low
as possible, the insulating envelope 3 is re-
peatedly stepped towards its open end, so
that the thickness of the insulation corre-
sponds with the high tension potential at
each particular point.

The high-tension side of the primary volt-
age coil is connected to a split ring 23 strong-
lv rounded along the edges and consisting
of brass, for instance, and which embraces
the midportion of the insulating envelope 3,

"at the same time serving as a supporting

member, particularly during the assembly of
the transformer. For this purpose the ring
is provided with the extension 16 which can
also be employed for bracing the core against
the cover 13. This ring 23 is connected to
the primary line through the cover 13. A
partition wall 24 consisting of insulating
material, divides the tank into two compart-
ments each of which contains one leg of the
transformer. Openings 25 place the two com-
partments in communication. The partition
wall serves for guiding the current of oil
which is conveyed into the interior of the
insulating envelope 3 by the oil pump 21
through the pipe 20 and there absorbs the
heat of the core and the secondary winding.
At the end of the insulating envelope 2 oppo-
site the oil inlet the oil passes into the left-
hand outer compartment, is by the aid of the
partition wall 24 conducted upwards along
the primary winding. absorbs the heat of the
winding and passes through the opening 25

“into the right-hand compartment in which it

descends, while absorbing the heat generated
in the right-hana side primary winding.

In Figs. 3 to 6 we have disclosed a particu-
larly suitable manner of cooling the trans-
former by means ofs oil. The transformer,
the interior design of which may be identical
with the construction shown in Fig. 2, is en-
closed by an insulator or tank 7 which at the
bottom terminates into a base 9 and at the
top in a cap or dome 13, The base 9 and the
top 18 consist of metal and are according to
our invention provided with lateral exten-
sions or lugs 30 into which porcelain tubes
31 are adapted to be inserted in an oil-tight
manner. Preferably the extensions 30 are so
designed that straight porcelain tubes 31 may
be employed since these are substantially
cheaper in manufacture than bent tubes.
Bent tubes, however, have the advantage of
larger cooling areas, and are for this reason
sometimes employed. . To relieve the fragile
insulating tubes as far as possible of mechan-

-ical stresses, elastic intermediate tubular
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members 32 are arrangéd between thei;- ends
and the extensions 30, for example in the

" manner shown in Fig. 6. The guidance of

the current of oil in the interior of the trans-
former tank or case varies within nge lim-
its in accordance with the construction possi-

" bilities and the necessary heat discharge. - A
- preferred design consists in forcing the oil

0

in the open end of the insulating tube by

means of a pump, allowing it to escape at the

" other open end of the insulating tube at the
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_sufficient circulation velocity.

same height, conducting it along the primary
coils of the transformer through the tank
upward, and finally exposing it in the tubes
31 to the action of the cool outer air. '

If comparatively small quantities of heat
have to be discharged, as for instance in the
case of instrument transformers, the oil
pump may under certain conditions also be
omitted, particularly if care is taken that the
direction of the current of oil within the tank
or c¢ase 7 is always upwards. For this pur-
pose the insulating substantially U-shaped
envelope may in its upper portion -be pro-
vided with one or a plurality of outlet open-
ings for the oil, so that the oil may enter the
two open lower ends of the insulating enve-
lope and leave it through the openings at the
top. If the insulating envelope consists of a

-plurality of spaced concentric envelopes all

the envelopes must be provided with open-
ings in their upper parts. These openings
are preferably displaced in relation to one
another or staggered. An example of this is
shown in Figs. 4 and 5. 1 is the core of the
transformer which is surrounded by a split
metallic envelope 18. 33, 834 and 35 are three
further concentric insulating envelopes
spaced apart so that an ample current of oil
is able to pass through between them. In all
the insulating envelopes are provided outlef
openings through which the oil from the in-
terior of the tube can issue. By tuning the
areas of the openings in relation to one an-
other the current of oil may be distributed
in the desired ratio over the available paral-
lel passages. In this arrangement it will as
a rule be possible to dispense with an oil
pump, as the temperature difference of the
oil in the interior of the transformer and de-
scending in the tubes 81 already ensures a
In special
cases an oil pump may, of course, be provided
in this design also. -

In some cases it may be preferred to sub-
divide the isolating case or tank, to enable
cases or tanks of smaller internal diameters
to be employed, and also to reduce the con-
tents of oil. A design of this kind is shown
in Fig. 7 which represents a transformer each
of the legs of which is enclosed in a sepa-
rate tank or case. The right-hand side half

. of the transformer is here.shown in cross-

65

section, and the identical left-hand side in
elevation. 1 is again the irdn core of the

transformer, 2 is the sécondary winding-di-

rectly surrounding the core, 18 is a split me-

tallic envelope or circular shield upon which

is placed the high-tension insulation 8'taper-

ing towards the ends, 4 is the primary wind-
ing, 87 the insulating tanks or cases in which
are accommodated the vertical parallel legs
of the transformer carrying the windings.
The upper part of the transformer is formed
by a cap rigidly connected with the insulat-
ing cases and consisting of two shells 38 with
a cover 39. The two halves of the shell 38
abut against each other in'the .plane of the
core and are electrically insulated against
each other by an interposed layer of a dielec-
tric.. The cover 39 is likewise insulated
against the two parts of the.shell 38 by in-
terposal of an insulator. The base or socket
of the transformer is constructed in a similar
manner.  This base also consists of two shell
portions 40, which are designed similar to the
shell portions 88 of the cap or dome and
joined together in like manner, and a base-
plate 41 which is likewise connected with the
two shell portions 40 through the interme-
diary of a dielectric layer. :

Connection of the transformer to the pri-
mary supply may preferably. be. effected in
such a way that the primary winding is, for
instance, electrically connected with the cap
39 and that a suitable terminal is mounted
on this cap. The shell portions 88 may be
electrically connected to the cap 39 across
resistances, so dimensioned that substantial
eddy currents are unable to develop. In the
same manner the shell portions 40 of the
socket or base may be connected to the bot-
tom of the socket 41 across resistances. - The
secondary winding is passed outward in the
usual manner through insulated bushings in
the bottom 41 of the transformer.

The interior of the insulating tank or case
37 and the case consisting of the parts 38 and

39, or 40 and 41 respectively, is preferably -

filled with oil. In addition to the substan-
tial advantage that the insulating tanks or
cases 37 are greatly reduced in diameter in
comparison with a single case or tank en-

closing both legs of the transformer, the fur-
ther advantage is obtained that the quantity

of oil for filling is considerably smaller than
in the case of a tank common to both trans-
former legs. It is absolutely necessary to
accommodate the entire transformer in an
oil tank or case. :
Referring to Fig. 8, 1 is again the iron

“core built up of laminations and preferably

of cross-shape approximating a circular
cross-section, to facilitate the mounting of
the insulating envelope. Around this iron
core is wound the secondary winding 2, a
dielectric shield or layer being placed be-
tween the two parts.. Then the iron core
together with the secondary winding is en-
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closed by a longitudinally slit conducting
metal layer 18.

To the sheet metal envelope 18 is applied
an insulating envelope 3, preferably con-
sisting of paper tape. 61 are tubes of insu-
lating material, which traverse the sheet met-
al envelope 18 and the insulating envelope
3, and which put the channels formed along
the core in consequence of the cross-shape
of the core, in connnunication with the outer
air. Their object ix (when the transformer
has an oil filling) to bring about a circula-
tion of the oil along the core favorable for
the discharge of heat. The primary wind-

" ing is subdivided into a plurality of dise

coils. Tor the sake of clearness only six such
dise coils'are shown in the drawings. In
actial use this number will be greatly ex-
ceeded. The manufacture takes place in such

+ a way that the disc coil 62, which carries the

high-tension terminal 63 and contains sub-
stantially the safety windings of stout wire,
is first enclosetl by two insulating envelopes
64 and 65. Both insulating envelopes also

* oxtend to the high-tension leading-out wire

(3. Then the adjacent coil 66 is first by it-
self enclosed by an insulating envelope and
then together with the coil 62 by an insulat-
ing envelope 67, which likewise extends to
the high-tension leading out wire. In the
same manner all the subsequent coils are
first insulated individually and then togeth-
er with the preceding ones enclosed by an
insulating envelope, the latter envelopes all

3 ‘oxtending to the high-tension leading out

wire. The connecting lead 68 from the low-
est coil 1s grounded. .

The individual insulating envelopes are
preferably constructed of insulating mate-
rial in the form of strips or tape, more par-
ticularly paper strip or tape, because it Is.
thus possible to follow most closely the shape
of the coils to be enveloped.

The connection of the individual coils
amongst themselves is illustrated in Fig.
11." Referring to this figure 69 and 70 are
insulating envelopes enclosing two adjacent
disc coils. 71 and 72 are the wire ends lead-
ing out of these disc coils. These ends are
passed through paper tubes 73 and 74 trav-
ersing the insulating envelopes.” They are
connected with each other at the points 75,
and around this place 75 is rolled a further
paper tube 76 which also encloses the ends

5 of the paper tubes 73 and 74 projecting from

the insulating envelopes 69 and 70. After
the tube 76 has been applied, the coils can
be firmly pressed together. Preferably an
adequate space for the reception of the con-
necting lead located between the coils is left

" between the coils, for instance by inserting

65

intermediate dises of fibre provided with
recesses for containing the connecting lead.

In Fig. 9 of the drawings a complete trans-
former is shown, with its casing in vertical

1,016,588

section. The core 1 of the transformer is
by means of its lower transverse yoke mount-
ed on a base plate 77, preferably constructed
of sheet iron, and reinforced by an U-shaped
ring 78. Over the transformer is placed an
insulator 79 of the pedestal type which is
sealed against the bottom plate 77 Ly hold-
ing down screws 81, a packing ring 80 being
interposed between insulator and base plate.

Through the bottom plate 77 are in an oil-
tight manner passed the leading-in leads of
the secondary (low-tension) winding and the
ground wire of the primary high-tension
winding. At the top the insulator 77 is
closed by a cap 82 which carries the high-
tension terminal 83 and at the same time
serves as an oil conservator or expansion
chamber for the oil filling of the transformer.
The insulation of the conducting parts of the
transformer according to our invention per-
mits of accommodating the transformer in a
container which only has a height just suffi-
cient for the service voltage. The trans-
former thus becomes not only very cheap, but

it can also easily be shipped in the assembled .

state and installed in existing plants without
changing the direction of the line because such
transformer may simply take the place of a
standard pedestal-type or bushing-type in-
sulator, which in its turn can take the place
of a removed transformer.

The embodiments described above start
with an iron core at ground potential, i. e. an
iron core whose potential corresponds with
that of one of the wires leading out. from the
primary winding. Qur invention may, how-
ever, also be used to advantage in such cases
in which the core is given a potential which
approximately corresponds with the medium
potential of the primary winding, in order to
save in insulation. An embodiment of this
nature is shown in Fig. 10. Here the trans-
former consists of two U-shaped iron cores
which to start with are each separately pro-
vided with an insulatirig envelope and a pri-
mary winding, and which are only subse-
quently combined in the manner shown, the
connecting lead of the two primary windings
being also broughi into electric connection
with the iron core. Both high-tension (pri-
mary) windings are constructed in such a
manner that their portions nearest the core
yokes will have the thickest insulation, while
the portions nearest the center will have the
thinnest insulation. Furthermore the low-
tension (secondary) winding is insulated rel-
atively to the core snfficiently to take care of
a voltage equal to one-half of the primary
(high-tension) wvoltage. For this purpose,
we prefer to employ a wrapping correspond-
ing to the one described in connection with
the high-tension insulation, with this differ-
ence, however, that a subdivision of the low-
tension winding into several coils is not neces-
sary. All ¢connections or leads of the coils
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are constructed in the same manner as shown
in Fig. 8 with reference to the line supplying
the high-tension voltage. There would thus
be provided one coil lead for supplying the

high-tension, and three outgoing leads, of "

which one serves for grounding the high-ten-
sion winding, while the other two belong to
the low-tension winding. _ ‘

The construction of the transformer will
be readily understood on referring to Fig. 10.
The active parts are carried by a metal plate
84 which must be so designed that it does not
form a short-circuit winding for the core. It
is sufficient for this purpose if a recess is pro-
vided in the plate between the two legs of the
transformer. This plate is supported by a
tubular insulator 85, which may be mounted
on a baseplate in the manner shown in Fig. 9.
Over the upper half of the transformer is
again placed an insulator 79 like an ordinary
line supporting insulator, which is closed at
the top by a cap 82 with terminal 83 and lead-
ing-in wire for the primary voltage.

Any suitable means may be employed for
bracing the two insulating members rela-

- tively to the plate 84. This transformer is

£0

60
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winding.

preferably again filled with oil. ,
~ An advantage of the embodiment of our
invention illustrated in Fig. 10 resides in the
fact that the potential along the insulating
body is controlled by the plate 84 maintained
at a medium potential and preferably elec-
trically connected to the preferably annular
parts holding the insulating members to-

i gether. Above all it is easily possible to

vse the transformer for two voltage ranges,
by leading lower voltages directly across the
plate 84 only to one half of.the primary

‘We claim as our invention:

1. An iron core with completely closed

magnetic circuit, said core having a plurality
of legs and two yokes connecting them, an

_insulating envelope enclosing all of said legs
-and one of said yokes, and a voltage winding

located upon said insulating envelope and

having a potential which drops toward that
yoke which is clear of said insulating en-

velope. ' : ‘

2. An iron core with completely closed
magnetic circuit, said core including two legs
and two yokes connecting them, a low-tension
winding on said core, an insulating envelope
enclosing said winding and said core with the
exception of one of said yokes, and a high-
tension winding located upon said insulating
envelope and having a potential which drops
toward the yoke which is clear of said. in-
sulating envelope.

3. An iron core with completely closed

magnetic circuit, said core having a plurality’

of legs.and two.yokes connecting them, an
insulating envelope enclosing all of said legs

“and one of said yokes, a longitudinally-

interrupted conducting bushing forming an

interior lining for said insulating envelope,
and a voltage winding located upon said in-
sulating envelope and having ‘a potential
which drops toward that yoke which is clear
of said insulating envelope. o

4. An iron core with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding on said core, an in-

sulating envelope enclosing said winding and

said core with the exception of said yoke, a
longitudinally-interrupted conducting bush-

{1

5

ing forming an interior lining for said in- -

sulating envelope, and a high-tension wind-
ing- located upon said insulating envelope
and having a potential which drops toward
the yoke which is clear of said 1nsulating
envelope. - C '

80

5. An iroh core with completely closed |

magnetic circuit, said core having a plurality
of legs and yokes connecting them,-an in-
sulating envelope enclosing said legs and one
of said yokes, said envelope having open ends
and diminishing in thicknéss toward such
open ends, a longitudinally-interrupted con-
ducting bushing forming an interior linirg
for said insulating envelope, and a voltage

90

winding' located upon said insulating en- .

velope and having a potential which drops
toward the open ends of said envelope.
6. An iron core with completely closed

95

magnetic circuit, said core including a yoke, .

a Jow-tension winding on said core, an in-
sulating envelope-enclosing said winding and

said -core with the exception of said yoke,.

said envelope having open ends and diminish-
ing in thickness toward such open ends, a

longitudinally-interrupted conducting bush-

ing forming an interior lining for said in-
sulating envelope, and a high-tension wind-
ing located upon said insulating envelope
and having a potential which drops toward
the yoke which is clear of the insulating en-
velope. : ' o
7. An iron core with completely closed
magnetic circuit, said core having a plurality

of legs and yokes connecting them, an insulat--

ing envelope enclosing said legs and one of
gald yokes, said envelope having open ends
and being spaced from said iron core so as to
provide a passage for a stream.of a cooling
medium, and a voltage winding located upon

said insulating envelope and having a poten-'

tial which drops toward the open ends of
said envelope. o ' ‘

8. An iron core with completely closed

magnetic circuit, said core including a yoke, a
low-tension winding on said core, an insulat-

core with the exception of said yoke, said
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ing envelope enclosing said winding and said .

125

envelope having open ends and being spaced .-

from said iron core so as to provide a passage-

for a stream of a ‘cooling medium, and a~

high-tension winding located:upon said in-

-sulating envelope and having a potential
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which drops toward the open ends of said
envelope. :

9. An iron core with completely closed
magnetic circuit, said core having a plurality
of Jegs and yokes connecting them, a longi-
tudinally-interrupted metallic envelope en-
closing the legs and one yoke of said iron
core, an envelope of insulating material en-
closing said metallic envelope and having
open ends, and a voltage winding located
upon said insulating envelope and having a

" potential which drops toward the open ends

of said-envelope.

10. An iron core with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding located on said iron
core, an envelope of insulating material en-
closing said low-tension ‘winding and said
core with the exception of said yoke, said
envelope having open ends, and a high-
tension winding located upon said insulating
envelope and having a potential which drops
toward the open ends of said envelope.

11. An iron core with completely closed
magnetic circuit, said core having a plural-
ity of legs and yokes connecting them, a lon-
gitudinally-interrupted metallic envelope en-
closing the legs and one yoke of said iron
core, an envelope of insulating material en-

closing said metallic envelope and having -

open ends, a voltage winding located upon
said insulating envelope and having a poten-
tial which drops toward the open ends of said
envelope, an insulating casing enclosing all
of the above-mentioned parts, and open at
the top and at the bottom, and members
for closing the open upper and lower ends
of said casing.

12. An iron core with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding located on said iron
core, an envelope of 1nsulating material en-
closing said low-tension winding and said
core with the exception of said voke, said en-
velope having. open ends, a high-tension
winding located upon said insulating enve-
lope and having a potential which drops to-
ward the open ends of said envelope. an in-
sulating casing enclesing all of the above-
mentioned parts and open at the top and at
the bottom, and members for closing the open
upper and lower ends of said casing.

13. An iron core with completely -closed
magnetic circuit, said core having a plurality
of legs and yokes connecting them, a metallic
envelope enclosing said legs and one of said
yokes, an envelope of insulating material en-
closing said metallic envelope  and having
open ends, a voltage winding located upon

said insulating envelope and having a poten--

tial which drops toward said open ends. an
insulating casing enclosing all of the above-
mentioned parts and open at the top and at
the bottom, members for closing the. open

1,916,588

upper and lower ends of said casing, and a
filling of insulating liquid in said casing.
14."An iron core with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding on said core, a U-
shaped metallic envelope enclosing said low-
tension winding and said core with the ex-

ception of said yoke, an envelope of insulat-

ing material enclosing said metallic envelope
and having open en(fs, a high-tension wind-
ing located upon said insulating envelope
and having a potential which drops toward
said open ends, an insulating casing enclos-
ing all of the above-mentioned parts and
open at the top and at the bottom, members
for closing the open upper and lower ends of
said casing, and a filling of insulating liquid
In said casing.

15. An iron core with completely closed
magnetic circuit, a voltage winding sur-
rounding said core and subdivided into a
plurality of disc coils in axial sequence, and
a plurality of insulating envelopes complete-
ly enclosing each other and said coils and
graded stepwise in such a manner that, with
respect to the individual disc coils, the num-
ber of insulating envelopes enclosing such
coils will increase as the potential relatively
to the iron core increases.

16. An iron core with completely closed
magnetic circuit, said core having a plural-
ity of legs and yokes connecting them, an in-
sulating envelope enclosing said legs and one
of said yokes, a voltage winding surrounding
said insulating envelope and subdivided into
a plurality of disc coils in axial sequence,
and a plurality of insulating envelopes com-
pletely enclosing éach other and said coils
and graded stepwise in such a manner that,
with res pect to the individual disc coils, the
number of insulating envelopes enclosing
such coils will increase as the potential rela-
tively to the iron core increases.

17. An iron core with completely closed
magnetic circuit, a low-tension winding sur-
rounding said core, a high-tension winding
surrounding said low-tension winding and
said core, and subdivided into a plurality of
disc coils in axial sequence, and a plurality
of insulating envelopes completely enclosing
each other and said coils and graded stepwise
in such a manner that, with respect to the
individual disc coils, the number of insulat-
ing envelopes enclosing such coils will in-
crease as the potential relatively to the iron
core increases. : ’

18. An iron core with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding located on said core,
an Insulating envelope enclosing said low-
tension winding and said core with the ex-
ception of said yoke, a high-tension winding
located upon said insulating envelope and
subdivided into a plurality of disc coils 1n
axial sequence, and a-plurality of insulating
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envelopes completely enclosing each other
and said coils and graded stepwise in such
a manner that, with respect to the individual
disc coils, the number of insulating envelopes

enclosing such coils will increase as the po--

tential relatively to the iron core increases.
19. An iron core with completely closed

magnetic circuit, a voltage winding sur-

rounding said core and subdivided into a
plurality of disc coils in axial sequence, and
a plurality of insulating envelopes complete-

- ly enclosing each other and said coils and

graded stepwise in such a manner that, with
respect to the individual disc coils, the num-
ber of insulating envelopes enclosing such
coils will increase as the potential relatively

~ to the iron core increases, and current leads

20

25

for said voltage winding, the said insulating

envelopes having extensions to cover those.

current leads which have a potential differ-
ent from that of the iron core. :

20. An iron core with completely closed
magnetic circuit, said core having a plu-
rality of legs and yokes connecting them, an
insulating envelope enclosing said legs and
one of said yokes, a voltage winding sur-
rounding said insulating envelope and sub-

. divided into a plurality of disc coils in axial

30

sequence, and a plurality of insulating en-
velopes completely enclosing each other and
said coils and graded stepwise in such a
manner- that, with respect to the individual
disc coils, the number of insulating en-

~ velopes enclosing such coils will incredse as

40

.which have a

the potential relatively to the iron core in-

creases, and current leads for said voltage

winding, the said insulating envelopes hav-

ing extensions to cover those current leads
potential different from that

of the iron core. - : ‘ '

"~ 21. An iron. core with completely closed

magnetic circuit, a voltage. winding sur-:

. rounding said cor¢ and subdivided into a

50

plurality of dise coils in axial sequence, and
a . plurality of insulating envelopes com-

‘pletely enclosing each other and said coils,

said envelopes consisting substantially of
paper strips wound 4n a number of turns
and graded stepwise in such a manner that,

with respect to the individual disc coils, the °

- number of .insulating envelopes enclosing

80

such coils will increase as the potential rela-

tively to the iron core increases, and current

leads for said voltage windinhg, the said in-

sulating envelopes having extensions to cover-

those current leads which have a potential

. different from.that of the iron core.-

22. An iron core with completely closed
magnetic._circuit, said core having a plural-
ity of legs and yokes connecting them, an

_insulating envelope enclosing’ said legs and

one of said yokes, a voltage winding sur-

“rounding said core and subdivided into.a

. 65

plurality of disc coils in axial sequence, and
a plurality of insulating envelopes complete-

ly enclosing each other and said coils, said
envelopes consisting substantially of paper
strips wound in a number of turns and

graded stepwise in such a manner that, with "

respect to the individual disc coils, the num-
ber of insulating envelopes enclosing such
coils will increase as the potential relatively
to the iron core increases, and current leads
for said voltage winding, the said insulating
envelopes having extensions to cover those
current.leads which have 4 potentidl differ-
ent from that of the iron core. o

23. An iron core with completely closed -
magnetic circuit, a low-tension winding sur- |

rounding said. core, a high-tension winding
surrounding said low-tension winding- and
said core and subdivided into a plurality of
disc coils in axial sequence, and a plurality
of insulating envelopes completely enclosing
each other and said coils and graded step-
wise in such a manner that, with respect to
the individual disc,coils, the number of in-

sulating envelopes enclosing such coils will -
. 90

increase as the potential relatively to the iron
core increases, and current leads for' said
high-tension winding, the said insulating en-
velopes having extensions to cover those cur-
rent leads which have a potential different
from that of the iron core. '

- 24. An iron éore with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding located on said core,
an insulating’ envelope enclosing said low-
tension winding and said core with the excep-
tion of said yoke, a high-tension winding
located upon said insulating envelope and
subdivided into a plurality of disc coils in
axial sequence, and a plurality of insulating
envelopes completely enclosing each other

- and said coils and graded stepwise in such a

manner-that, with respect to the individual

disc coils, the number of insulating envelopes:
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enclosing such coils will increase as the po-

tential relatively to the iron core increases,
and current leads for said high-tension wind-
ing, the said insulating envelopes having ex-
tensions to cover those current leads which
have a potential different from that of the
iron core. ) L
25. An iron core with completely closed
magnetic circuit, a low-tension winding sur-

-rounding said core, a high-tension winding

surrounding said low-tension winding and
said core and subdivided into a plurality
of disc coils in axial sequence, and a plurality

of insulating envelopes completely enclosing -

each other and said coils, said envelopes con-
sisting substantially of paper strips wound
in a number of turns and graded stepwise in
such a manner that, with respect to the in-
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dividual disc coils, the number of insulating

envelopes enclosing such coils will increase
as the potential relatively to the iron core
increases, and current leads for said high-
tension winding, the said insulating en-
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velopes having extensions to cover those cur-
rent leads which have a potential different
from that of the iron core.

926. An iron core with completely closed

magnetic cireuit, said core including a yoke,
a low-tension winding located on said core,
an insulating envelope enclosing said low-
tension winding and said core with the ex-
ception of said yoke, a high-tension winding
located upon said insulating envelope and
‘subdivided into a plurality of disc coils in
axial sequence, and a plurality of insulating
envelopes completely enclosing each other
and said coils, said envelopes consisting sub-
stantially of paper strips wound in a num-
ber. of turns and graded stepwise in such a
manner that, with respect to the individual
disc coils, the number of insulating envelopes
enclosing such coils will increase as the po-
tential relatively to the iron core increases,
and current leads for said high-tension wind-
ing, the said insulating envelopes having ex-
tensions to cover those current leads which
have a potential different from that of the
iron core.
. 97. An iron core with completely closed
magnetic circuit, said core having a plural-
ity of legs and yokes connecting them, an
insulating envelope enclosing said legs and
one of said yokes, and having open ends, a
voltage winding located upon said insulat-
ing envelope and subdivided into a plurality
of dise coils in axial sequence, and a plural-
ity of insulating envelopes completely en-
closing each other and said coils and graded
stepwise in such a manner that, with respect
to the individual disc coils, the number of in-
sulating envelopes enclosing such coils will
increase as the potential relatively to the
iron core increases, and current leads for said
voltage winding, the said insulating en-
velopes having extensions to cover those cur-
rent leads which have a potential different
from that of the iron core, an insulating cas-
ing enclosing all of the above-mentioned
parts and open at the top and at the bottom,
members for closing the open upper and
lower ends of said casing, and a filling of
insulating liquid in said casing.

98. An iron core with completely closed
magnetic cireuit, said core including a yoke,

a low-tension winding located on said core, -

an insulating envelope enclosing said low-
tension winding and said core with the ex-
ception of said yoke and having open ends,
a high-tension winding located upon said
insulating envelope and having a potential
which drops toward said open.ends, said
high-tension winding being subdivided into
a plurality of disc coils in axial sequence,
and a plurality of insulating envelopes com-
pletely enclosing each other and said coils
and graded stepwise in such a manner that,
with respect to the individual disc coils, the
number of insulating envelopes enclosing

1,016,588

such coils will increase as the potential rela-
tively to theiron core increases, current leads
for said high-tension winding, the said insu-
lating envelopes of the high-tension winding
having cxtensions to cover those current
leads which have a potential different from
that of the iron core, an insulating casing
enclosing all of the above-mentioned parts
and open at the top and at the bottom, mem-
bers for closing the open upper and lower
ends of said casing, and a filling of insulat-
ing liquid in said casing. :

29. An iron core with completely closed
magnetic circuit, said core having a plurality
of legs and yokes connecting them, an insu-
lating envelope enclosing said legs and one cf
said yokes, and having open ends, a voltage
winding . located upon said insulating en-
velope and subdivided into a plurality of
dise coils in axial sequence, and a plurality
of insulating envelopes completely enclos-
ing each other and said coils, said envelopes
consisting substantially of paper strips
wound in a number of turns and graded step-
wise in such a manner that, with respect to
the individual disc coils, the number of insu-
lating envelopes enclosing such coils will
increase as the potential relatively to the
iron core increases, and current leads for said
voltage winding, the said insulating enve-
lopes having extensions to cover those cur-
rent leads which have a potential different
from that of the iron core, leads connecting

said disc coils, open-end insulating tubes sur-.

rounding sa2id connecting leads and extend-
ing through, and projecting from, the insu-
lating envelopes separating said coils, insu-
lating strips wrapped on the portions be-
tween the open ends of said tubes, an insu-
lating casing enclosing all of the above-men-
tioned parts and open at the top and at the
bottom, members for closing the open upper
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and lower ends of said casing, and a filling

of insulating liquid in said casing.

80. An iron core with completely closed
magnetic circuit, said core including a yoke,
a low-tension winding located on said core,
an insulating envelope enclosing said low-
tension winding and said core with the ex-
ception of said yoke and having open ends,
a high-tension winding located upon said
insulating envelope and having a potential
which drops toward said open ends, said
high-tension winding being subdivided into
a plurality of disc coils in axial sequence, and
a plurality of insulating envelopes complete-
ly enclosing each other and said coils, said
envelopes consisting substantially of paper
strips wound in a number of turns and grad-
ed stepwise in such a manner that, with re-
spect to the individual disc coils, the num-
ber of insulating envelopes enclosing such
coils will increase as the potential relatively
to the iron core increases, and current leads

for said high-tension winding, the said insu-

110

115

120

125

130



10

15

20

30

1,916,588

lating envelopes having extensions to cover
those current leads which have a potential
different from that of the iron core, leads
connecting said disc coils, open-end insulat-

ing tubes surrounding said connecting leads

and -extending through, and projecting be-
yond, the insulating envelopes separating
said coils, and insulating strips wrapped on
the portions between the open ends of said
tubes. '

31. An iron core with completely closed
magnetic circuit, a high-tension winding lo-
cated upon said core and subdivided into a
plurality of disc coils in axial sequence, and
a plurality of insulating envelopes complete-
ly enclosing each other and said coils and
graded stepwise in such a manner that, with
respect to the individual disc coils, the num-
ber of insulating envelopes enclosing such
coils will increase as the potential relatively
to the iron core increases, a low-tension wind-

ing on said iron core, insulating material -
completely enveloping said low-tension wind- -

ing, current leads for said windings, the in-
sulating envelopes of the high-tension wind-
ing having extensions to cover those current
leads which have a potential different from
that of the iron core, an insulating casing en-
closing all of the above-mentioned parts and
open at the top and at the bottom, members
for closing the open upper and lower ends
of said casing, and a filling of insulating lig-

“uid in said casing.
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82. An iron core with completely closed

‘magnetic circuit, said core having a plural-

ity of legs and yokes connecting them, a slit
conducting envelope enclosing the said legs
and one of said yokes, an insulating envelope
surrounding said conducting envelope, a
high-tension winding located upon said in-
sulating envelope and subdivided into a plu-

plurality of insulating envelopes completely

-enclosing each other and said coils and
graded stepwise in such a manner that, with’

respect to the individual dise coils, the num-
ber of insulating envelopes enclosing such

9

70

coils will increase as the potential relatively .

to the iron core increases, a low-tension
winding located on the insulating envelope
which surrounds said conducting envelope,
insulating material completely enveloping
said low-tension winding, current leads for
said windings, the insulating envelopes of
the high-tension winding having extensions
to cover those current leads which have a
potential different from that of the iron core,
an insulating casing enclosing all of the
above-mentioned parts and open at the top

and at the bottom, members for closing the

open upper and lower ends. of said casing,
and a ﬁIiIing of insulating liquid in said
casing. : .
33. An iron core with completely closed
magnetic circuit, said core having two legs
and two yokes connecting them, an insulat-
ing envelope enclosing the entire core with
the exception of a portion serving to support
the core, and voltage windings located in
contact with said insulating envelope.’

34. An iron core with completely closed
magnetic circuit, said core having two legs

"and two yokes connecting them, an insulat-

ing envelope enclosing the entire core with
the exception of one of said yokes, and volt-

B
envelope. :

In testimony whereof we affix our signa-

tures. :
, CARIL, SCHRADER.
GEORG KEINATH.
FRANZ POLIN.
HANS RITZ.

age windings in contact with said insulating

75

80

85

90

95

10,

- 102

110

118

120

12



