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[57] ABSTRACT

When three single-phase transformers are connected
to form a 3-phase bank serving as a super-high-voltage
power transformer, each of the windings of each sin-
gle-phase transformer is divided into at least two wind-
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1
STATIONARY INDUCTION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention v

The present invention relates to an improvement in
an electrical stationary induction apparatus, and more
particularly to a large capacity transformer or reactor
used in a superhigh-voltage power system dealing with
a line voltage higher than about 500 KV.

2. Description of the Prior Art

With increasing demand for electric power a super-
high-voltage power transmission system with a line-to-
line voltage of 500 KV or 1,000 KV has been put into
practice. Accordingly, a 3-phase transformer to be
used in such a system must have a large power capacity,
e.g., from 1,000 MVA to 3,000 MVA. The 3-phase
transformer having such a large capacity requires a big
physical size and therefore is very heavy so that the fab-
rication thereof becomes very difficult. Also, in such a
transformer used in giant power transmission system,
even a small amount of moisture or dust penetrating
into the transformer will often cause deterioration in
the insulation and in some extreme cases result in the
breadkdowns of the insulators used. For this reason,
such a transformer will often cause is assembled in a
factory and transported to the place of installation such
as a'power plant or substation. At the place of installa-
tion, the minimum of work should be done, such as
connection between the windings and bushings and as-
sociated insulation in order that the internal parts of
the transformer may not be exposed to the atmosphere.
In order to.eliminate the inconvenience memtioned
above and others encounted by the transformer having
such a large capacity, it is proposed to combine a plu-
rality of single-phase transformers having less capacity
together to form a three-phase bank having a necessary
capacity. With this arrangement, the overall weight and
size can indeed be reduced to a certain extent, How-
ever, if each winding of the single-phase transformer is
formed of a single conductor, the radial size of the
completed bank is not appreciably reduced in compari-
son with the three-phase transformer. It is, therefore,
necessary to consitute each winding of the single-phase
transformer of at least two winding sections wound
around different core legs of the transformer and con-
nected in parallel with each other. This division of the
winding into several sections makes possible the allot-
ment of capacity to the respective winding sections and
therefore enables the diametrical size of the trans-
former and therefore the overall diametrical size of the
completed bank to be considerably reduced. Lead
wires are drawn from the high-voltage ends of the wind-
ing sections and from the low-voltage ends of the wind-
ing sections, combined together in each group, i.e.,
grouped into high-voltage leads and low-voltage leads,
and connected with bushings serving as external termi-
nals. In general, such combined groups of lead wires
are shaped into Y or T and clothed in an insulating
sheeth. Since in this case the high-voltage conductors
. from the high-voltage ends of the winding sections form
intricate circuits, high intensity fields are complicately
distributed in the transformer so that secure insulation
becomes very difficult. Especially, the insulation of the
grouped lead wires must be carefully provided since
most of the insulation breakdowns take place in such
parts. Namely, if is rather easy to provide insulation on
an linear conductor by insulating tape, but it is very dif-
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ficult to establish a complete insulation near the branch
of bundled conductors. With the transformer trans-
ported to the place of installation in assembled condi-
tion it is usual to furnish the transformer with bushings
at the spot, to connect the lead wires from the winding
sections with the bushings, and then to provide insula-
tion such as described above. It takes much time to per-
form the insulation of the grouped lead wires so that
there is more chance that the insulators of the trans-
former absorbs moisture with the result that the prop-
erty of the insulator deteriorates. Moreover, the high-
voltage leads of the high-voltage winding sections in the
transformer have the same potential as the superhigh-
voltage transmission line so that the insulating layers on
the high-voltage leads must be made thick enough to
withstand not only the line-to-line and the line-to-
ground voltages of the transmission lines but the volt-
age for inpulse test. Therefore, the size and weight of
the insulating layers are increased and the supporting
means therefor must necessarily be stronger so that
there is caused an increase in the overall size and
weight of the transformer.

SUMMARY OF THE INVENTION

One object of the present invention is to provide an
electrical stationary induction apparatus having excel-
lent stability in the electrical insulation thereof.

Another object of the present invention is to provide
an electrical stationary induction apparatus wherein
the insulation of the high-voltage lead wires from the
high-voltage windings is simplified so that the work of
providing insulation on the high-voltage lead wires at
the spot of installation may be completed in-a short
time.

An additional object of the present invention is to
provide an electrical stationary induction apparatus
wherein the size of the oil tank is reduced to have the
minimum insulation gap between the tank and the
winding so that the overall size and weight of the appa-
ratus may be reduced.

A further object of the present invention is to provide
an electrical stationary induction apparatus wherein
the lead-out conductors from the plural winding sec-
tions can be guided out in such a manner that any of the
lead-out conductors may not lie without the dlameter
of the winding section.

The present invention, which has been made to attain
the above-mentioned objects, is characterized by an
electrical stationary induction apparatus comprising a
magnetic core including at least two main legs and
yokes to magnetically couple said main legs, a high-
voltage winding including at least two winding sections
wound around said main legs, wherein the outer end
portion of the conductor of one winding section of the
high-voltage winding serving as a first lead conductor
is passed to the periphery of the other winding section
of the high-voltage winding, curved along the periphery
and leaves at a predetermined position the periphery
together with the outer end portion of the conductor of
the other winding section serving as a second lead con-
ductor so that the first and second lead conductors may
be connected with an external terminal, and wherein
the portions of the first and second lead conductors
separated from the winding sections are provided with
insulating sheathes. With this structure of the lead-out
conductors, the combined part of the lead conductors
is wound about the periphery of the winding section
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where almost no gradient of potential is created so that
the insulation of the part can be easily performed since
only the parts of the lead conductors between the wind-
ing sections and between the winding section and the
external terminal have to be clothed in insulating lay-
ers. In addition to this the property of insulation itself
can be much improved due to the reduction of working
time required for insulation.

In this specification, “winding section’’ is used as a
general term for windings wound around the main core
legs. Further, in the case of a two-winding transformer,
the ‘‘high-voltage winding sections’ are those parts of
the high-voltage winding which are wound around dif-
ferent core legs and the “low-voltage winding sections”
are those parts of the low-voltage winding which are
wound around different core legs. In a like manner,
*“tertiary winding sections’ are defined for the three-
winding transformers in addition to the *‘high-voltage
winding sections” and the “low voltage winding sec-
tions.” Also, in the case of an auto-transformer, the
*‘series winding sections” and the “‘shunt winding sec-
tions”’ are similarly defined.

In the case of a reactor, only one winding is wound
around each core leg so that the turns of conductor
wound around each core leg can be termed simply as
a winding section or a high-voltage winding section.
Moreover, each winding section of the high-voltage
winding, i.e., high-voltage winding section, which is
connected between the superhigh-voltage transmission
lines is divided into two *‘unit coils” disposed in a stack
and connected in parallel with each other, and the lead-
out conductors to be connected with the transmission
lines are taken out from between the unit coils disposed
in a stack. Furthermore, when a winding is composed
of a plurality of pancake coils, each of the pancake
coils is called a *‘coil segment.”

In an electric apparatus having a large capacity, the
cross sectional area of the winding conductor must be
large since heavy current is drawn through the wind-
ings. Accordingly, the winding conductor may prefera-
bly be constitued of a plurality of insulated conductor
elements bundled together for the purpose of reducing
eddy current loss due to the magnetic flux linking the
conductors. The ‘“lead conductor” or ‘“‘lead wire” in
this specification designates not only a separate lead
conductor connected with the end of the winding but
also the end portion of the winding conductor when
used for connection with other conductors or termi-
nals.

According to the present invention, a shielding ring
may be provided between the unit coils disposed in a
stack so as to relax the electric field near the high-
voltage lead conductors taken out from between the
unit coils. In the preferred embodiment of the present
invention, the shielding ring has a smaller diameter par-
tially or entirely along its periphery than the diameter
of each of the similar unit coils so as to leave a space
for receiving the lead-out conductors from the adjacent
winding sections. Alternatively, a part of winding con-
ductor serving as the outermost turn or a few outermost
turns of the innermost coil segment of each unit coil is
removed to form a space in which the lead-out conduc-

tors from the adjacent winding sections are received. -

By passing the lead-out conductors through the spaces
provided in the manners described above, the lead-out
conductors can be confined within the diameter of
each winding section so that the insulation gap between
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the oil tank and the high-voltage parts of the apparatus
can be reduced. In addition, the lead-out conductors
from the adjacent winding sections have almost the
same potential as the shielding ring or the outermost
turns of the innermost coil segment so that no specific
insulation has to be provided between them. Because
of the absence of specific insulation the thickness of the
lead-out conductors received in the space can be small
and therefore the volume of the space need.not be in-
creased. Usually, each of the windings is constituted of
the two winding sections which are wound around the
two main core legs of the four-legged magnetic core.
Accordingly, the winding sections are so wound around
the main core legs that the ampere-turns of the winding
sections wound around different core legs may be op-
posite to each other so as not to cancel one magnetic -
flux created by the winding sections around one core
leg with another created by the winding sections
around the other core leg. When a three-legged core is
used which comprises a pair of parallel disposed main
core legs and an additional yoke disposed parallel to
and between the main core legs, the ampere-turns of
the winding sections are all of the same polarity.

In order to further reduce the diameter of each wind-
ing as in an electrical stationary induction apparatus
which has an extremely large capacity and the diameter
of the windings of which cannot be effectively reduced .
by the division of each winding into two winding sec-
tions wound around separate core legs, the individual
winding should be divided into three winding sections.
In such a case, a five-legged core may be used which
comprises three main core legs and two side yokes and
the three winding sections are wound around the sepa-
rate three main legs.

The preferred embodiments of the present invention
will now be described in detail by reference to the at-
tached drawings.

. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical cross sectional view of an electri-
cal stationary induction apparatus as an embodiment of
the present invention.

FIG. 2 is a horizontal cross section of the apparatus
shown in FIG. 1, taken along line II—II.

FIG. 3 schematically shows the state of the winding
conductor of an individual coil of the apparatus being
arranged in a characteristic way.

FIG. 4 is a vertical cross section of one of the mag-
netic core legs of a transformer embodying the present
invention.

FIG. § schematically shows the arrangement of the
winding conductor of a single-winding transformer.

FIG. 6 schematically shows how the terminal or the
tap leads are taken out of the individual coils of the sin-
gle-winding transformer shown in FIG. § and con-
nected with one another. ‘

FIG. 7 shows a part of the high-voltage windings of
an electrical stationary induction apparatus embodying
the present invention, in which individual coils are as-
sembled in a vertical stack.

FIG. 8 is a view illustrating a shielding ring and asso-
ciated lead-out conductor.

FIG. 9 is a plan view of an stationary induction appa-
ratus embodying the present invention, consisting of
three coils.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 show a structure of a high-voltage
transformer according to the present invention, in
which the main part of a transformer 2 is immersed in
an insulating oil contained in an oil tank 1. The main
part 2 comprises a magnetic core 30 made of silicon-
steel laminations, windings disposed around the core
30, and insulating material for insulation either be-
tween the core 30 and the windings or among the wind-
ings.

The magnetic core 30 is constituted of a pair of paral-
lel disposed main legs 31 and 32, side yokes 33 and 34
arranged on both sides of the main legs 31 and 32, an
upper yoke 35 and a lower yoke 36 provided for serv-
ing as magnetic circuits between the main legs and the
side yokes, and well known clamping means to rigidly
maintain the above said members in an assembled posi-
tion. The main legs are inserted in a hollow cylinders
37 and 38 of insulating material and low-voltage wind-
ing sections 41 and 42 parallel connected are sepa-
rately mounted on the insulating cylinders 37 and 38.
The ends of the low-voltage winding sections are con-
nected with common lead-out conductors to form a
parallel connection and the lead-out conductors are
connected with low-voltage bushings mounted on the
oil tank 1 so as to provide external terminals, as is the
usual case. Such lead-out ¢onductors and bushings are,
however, not shown in these figures.

Insulating hollow cylinders 39 and 40 surround the
low-voltage winding sections 41 and 42 to provide an
interwinding insulation and high-voltage winding sec-
tions §1 and 52 are separately disposed around the in-
sulating cylinders, respectively. The high-voltage wind-
ing sections 51 and 52 are inserted in insulating cylin-
ders 43 and 44 so as to increase the withstand voltage
between the winding sections and the oil tank 1, Each
of the high-voltage winding sections is usually subdi-
vided into two units; e.g., the high-voltage winding sec-
tion 51 into units 51A and 51B as shown in FIG. 4, and
the adjacent ends of the unit coils 51A and 51B are
connected together with a high-voltage lead-out con-
ductor 10 while the other ends of the unit coils §1A and
51B are commonly connected with the neutral conduc-
tor. Each of the high-voltage winding section units 51A
and S1B comprises an assembly in alternate stack of
coil segments 54a and 54b, the former having insulated
conductor wire 53 wound from the outer to inner direc-
tion and the latter from the inner to outer direction.
The low-voltage and the high-voltage winding sections
41, 42 and S1, 52 are fixed to the upper and the lower
yokes 35 and 36 of the magnetic core 30 by means of
insulating rings 21, 22 and 23, 24 and clamping rings
25, 26 and 27, 28, respectively. As seen in FIG. 1, the
oil tank 1 is provided with an opening 4 having a flange
3 and to the oil tank 1 is added a bushing pocket 7 pro-
vided with an opening 6 having a flange § to be mated
with-the flange 3 of the tank 1. The bushing pocket 7
is provided with an high-voltage bushing 8 and filled
with insulating oil. The above said high-voltage lead-
out conductor 10 is connected via the openings 4 and
6 with the lower terminal 8a of the bushing 8 immersed
in the insulating oil. The lead-out conductor 10 is
clothed in a shielding coating 9 of conductor to even
the intensity of the surface field of the conductor 10.
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Now, the details of such a high-voltage lead or bridge
conductor will be explained. Reference may be had to
FIG. 2 which shows the horizontal cross section of the
apparatus shown in FIG. 1, taken along the line II—1I
in FIG. 1. A lead conductor 11 which is an extension
of the high-voltage end of the high-voltage winding sec-
tion 52, is passed through the insulating cylinders 44
and 43 and extended along the periphery of the high-
voltage winding section §1. An insulating tape is wound
around the passage portion of the conductor 11 to form
an insulating layer 12 having a desired withstand volt-
age. The lead conductor 11 covers about a quarter turn
around the winding section 51 and is then taken out
through the insulating cylinder 43 to form the lead-out
conductor 10 with an insulating sheath 14 coated
thereon. The high-voltage end 13 of the high-voltage
winding section 51 is also connected with the lead con-
ductor 11 at the quarter-turn position thereof, as seen
in FIG. 3. Cylindrical insulators 16 having flanges 1§
are provided covering the edges of the perforations of
the insulating cylinders through which the high-voltage
lead-out conductors 10 and 11 are passed so as to in-
crease the insulation near the perforations, as seen in
FIG. 4. The structure of the high-voltage lead-out con-
ductor 10 is more clearly shown in FIG. 3. As shown in
FIG. 3, the winding sections 51 and 52 are opposite in
the direction of turn from each other so as to assume
opposite ampere-turns. Therefore, the magnetic flux
through the main leg 31 of the core 30 and that through
the legs 32 are in the additive direction.

Accordingly, the effect of the quarter turn of the con-
ductor 11 around the winding section 51 is set off by
that of the counterpart of the winding conductor of the
winding section 52. Thus, there is no unbalanced con-
dition in ampere-turns due to the quarter turn conduc-
tor 11 between the high-voltage winding sections 51
and 52. Moreover, if the other ends of the windings 51
and 52 are located near the openings of the insulating
cylinders 43 and 44 through which the conductor 11 is
passed, then the thickness of the layer of each winding

51 or 52 can be made uniform so that the thickness of

the layer of the winding need not be specifically made
large due to the provision of the lead conductor 11.
Where each winding section comprises separate, paral-
lel connected unit coils, e.g., S1A and 51B, as shown
in FIG. 4, the lead-out ends of the unit coils §1A, §1B
and 52A, 52B (of the winding section 52 but not
shown) are confined within the high-voltage lead-out
conductor 10. Usually, the extension of the gathered
lead-out ends of the unit coils §1A, 51B, 52A and 52B
is connected with the terminal 8a of the bushing 8.
However, the extended portion may be replaced by a
single conductor.

In the above described embodiment, a two-winding
transformer having a primary winding and a secondary’
winding consisting of two winding sections, has been
mentioned. The present invention can also be applied
to a three-winding transformer having a tertiary wind-
ing wound between the low-voltage winding and the
main core legs. In a reactor, only a winding section is
wound around each core leg.

An auto-transformer is preferably used to convect
different high-voltage transmission lines of, for exam-
ple, a 275 KV system and a 500 KV system. The appli-
cation of the present invention to such an auto-
transformer will now be described with FIGS. 5 and 6.
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Referring to FIG. §, a magnetic core 130 has a four-
leg configuration consisting of two main legs 131 and
132, side yokes 133 and 134, and upper and lower
yokes 135 and 136. The main legs 131 and 132 have
shunt winding sections 61 and 62 and series winding
sections 71 and 72 wound around them. In addition the
main legs may, if necessary, be provided with a tertiary
winding (not shown). Each of the series winding sec-
tions 71 and 72 comprises two unit coils, i.e., upper and
lower units as in the embodiment shown in FIG. 4, par-
allel connected with each other and a lead-out conduc-
tor 74 to be connected with a high-voltage terminal 73
is taken out from the intermediate point between the
winding sections 71 and 72. The lead-out conductors
from the tops and bottoms of the series winding sec-
tions 71 and 72 are parallel connected by means of a
lead wire 75, the point of the parallel connection is
connected in series with the shunt winding sections 61
and 62 connected parallel with each other and the
point is also connected through a lead wire 64 with an
intermediate-voltage terminal 63. The remaining ends
of the winding sections 61 and 62 are both connected
through a lead wire 65 with a low-voltage terminal, e.g.,
the neutral terminal 66.

FIG. 6 schematically shows how the leads are taken
out from the series winding sections 71 and 72 and con-
nected with the high-voltage terminal 73, the interme-
diate terminal 63 and the neutral terminal 66. The
outer end portion of the conductor of winding section
71 serving as a lead conductor 76 is passed to the right,
curved along the periphery of the series winding sec-
tion 72, and connected with the high-voltage terminal
73 while the outer end portion of the conductor of the
winding section 72 also serving as a lead conductor 77
runs parallel to the lead conductor 76 and is connected
with the terminal 73. The portions of the lead conduc-
tors 76 and 77 between the winding section 72 and the
terminal 73 form a composite lead-out conductor 74.

In the structure of the winding shown in FIG. 6, the
lead conductor 76 wound along the winding 72 renders
the distribution of the winding conductor in the wind-
ing 72 non-uniform. Such a non-uniforming in conduc-

tor distribution can be avoided according to the follow- -

ing artifices. Namely, a part of the periphery of a
shielding ring 81 provided between the unit coils 72a
and 72b of the series winding section 72 wound around
an insulating cylinder 80 for main insulation, is cut
away to form a recess 81a to receive the lead conductor
76 therein, as seen in FIGS. 7 and 8. Alternatively, a
part of the conductor constituting the outermost turn
of each coil segment 72a’ or 72b’ of each unit coil 72a
or 72b is removed to leave a space for the lead conduc-
tor 76, as seen in FIG. 7.

FIG. 9 schematically shows in horizontal cross sec-
tion a five-leg core transformer having a magnetic core
230 consisting mainly of three parallel disposed main
legs 231, 232 and 233 and a couple of side yokes 234
and 235 disposed on both outer sides of and parallel to
the main legs, and having an electrical circuit consist-
ing of windings, each winding being divided into three
sections 91, 92 and 93 and the sections 91, 92 and 93
being wound respectively around the main legs 231,
232 and 233 and electrically connected parallel with
one another. The electrical wiring of these winding sec-
tions and the arrangement of the lead conductors 94,
95 and 96 are as shown in FIG. 9. Numerals 97 and 98
disignate a high-voltage and a low-voltage terminals.
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The detail of this embodiment is not explained since
the individual parts bear no difference from those of
the foregoing embodiments and it will be easy for those
skilled in the art to enlarge upon such details.

I claim:

1. An electrical stationary induction apparatus com-
prising a magnetic core consisting of at least two main
legs and yokes to magnetically couple said main legs,
a high-voltage winding consisting of at least two wind-
ing sections wound separately around said main legs,
wherein the outer end portion of the conductor of one
winding section of said high-voltage winding serving as
a first lead conductor is passed to the periphery of the
other winding section of said high-voltage winding,
curved along said periphery and leaves at a predeter-
mined position said periphery together with the outer
end portion of the conductor of said other winding sec-
tion serving as a second lead conductor so that said first
and second lead conductors may be connected to-
gether with an external terminal.

2. An electrical stationary induction apparatus as
claimed in claim 1, wherein said magnetic core com-
prises a pair of parallel disposed main legs, a pair of
side yokes disposed opposite and parallel to said main
legs, and an upper and a lower yokes, to magnetically
couple said main legs and said side yokes, and said
high-voltage winding is separately distributed around
said main legs.

3. An electrical stationary induction apparatus as
claimed in claim 1, wherein said magnetic core com-
prises three main legs, a pair of side yokes disposed op-
posite and parallel to said main legs, and an upper and
a lower yokes to magnetically couple said main legs and
said side yokes, and said high-voltage winding is sepa-
rately distributed around said three main legs.

4. An electrical stationary induction apparatus as
claimed in claim 1, wherein said high-voltage winding
sections wound separately around said main legs are all
parrallel connected by means of said lead-conductors.

5. An electrical stationary induction apparatus as
claimed in claim 1, wherein each of said high-voltage
winding section wound around each of said main legs
comprises a pair of unit coils arranged in a stack and
parallel connected with each other, and said lead con-
ductors are taken out from between the opposing ends
of said unit coils.

6. An electrical stationary induction apparatus as
claimed in claim 2, wherein said first lead conductor is
wound along a portion of the periphery of said other
winding section which is facing to the periphery of said
one winding section and led out from said periphery of
said other winding section toward the outside of an air
gap between the peripheries of said two Winding sec-
tions together with said second lead conductor in paral-
lel relation with each other.

7. An electrical stationary induction apparatus as
claimed in claim 4, wherein said lead conductors paral-
lel connecting said winding sections are extended par-
allel, clothed in a common insulating sheath and con-
vected with a high-voltage terminal, and said insulating
sheath is covered by a shielding conductor.

8. An electrical stationary induction apparatus as
claimed in claim 5, wherein between said unit coils
wound around each main leg is provided a shielding
ring which is partially cut away in such a manner that
the outer diameter of said ring may be partially smaller
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than that of said unit coils to form a space for receiving
said lead conductors therein.

9. An electrical stationary induction apparatus as
claimed in claim 5, wherein each of said unit coils con-
sists of a plurality of pancake-shaped coil segments of
two kinds aiternately disposed in a stack, one of said
two kinds of said coil segments having its conductor
wound radially from outer to inner positions and the
other kind of coil segment having its conductor wound
radially from inner to outer positions with the direction
of winding in said two kinds of coil segments being the
same, and wherein the outermost turn of the innermost
coil segment of said unit coil is removed to define a
space to receive said lead conductors therein.

10. As electrical stationary induction apparatus com-
prising a magnetic core consisting of at least two main
legs, at least a pair of side yokes disposed opposite and
parallel to said main legs, and upper and lower yokes
to magnetically couple said main legs and said side
yokes, a high-voltage winding consisting of at least two
winding sections wound separately around said main
legs, and a low-voltage winding consisting of winding
sections wound around said main legs under said high-
voltage winding sections, wherein the outer end portion
of the conductor of one winding section of said high-
voltage winding serving as a first lead conductor is
passed to the periphery of the other winding section of
said high-voltage winding, curved along said periphery
and leaves at a predetermined position said periphery
together with the outer end portion of the conductor of
said other winding section of said high-voltage winding
serving as a second lead conductor so that said first and
second lead conductors may be connected together
with an external terminal.

11. An electrical stationary induction apparatus as
claimed in claim 10, wherein there is additionally pro-
vided a tertiary winding consisting of winding sections
wound around said main legs under said winding sec-
tions of said low-voltage winding.

12. An electrical stationary induction apparatus com-
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prising a magnetic core consisting of at least two main
legs, at least a pair of side yokes disposed opposite and
parallel to said main legs, and an upper and a lower
yokes to magnetically couple said main legs and said
side yokes, a shunt winding consisting of at least two
winding sections separately wound around said main
legs and parallel connected with each other, and a se-
ries winding consisting of at least two winding sections
wound around said shunt winding, first ends of which
winding sections are connected in series with the paral-
lel connection of said respective winding sections of
said shunt winding and second ends of which are paral-
lel connected with each other, wherein the outer end
portion of the conductor of one winding section of said
series winding serving as a first series connection lead
is passed to the periphery of the other winding section
of said series winding, curved along said periphery and
leaves at a predetermined position said periphery to-
gether with the outer end portion of the conductor of
said other winding section serving as a second series
connection lead so that said first and second series con-
nection leads may be connected together with an exter-
nal high-voltage terminal.

13. An electrical stationary induction apparatus as
claimed in claim 12, wherein there is additionally pro-
vided a tertiary winding consisting of at least two wind-
ing sections wound around said main legs under said
winding sections of said shunt winding,.

14. An electrical stationary induction apparatus as
claimed in claim 12, wherein each of said winding sec-
tion of said series winding consists of two unit coils dis-
posed in a stack and parallel connected with each
other, said first and second series connection leads con-
nected with said high-voltage terminal are taken out
from. between said unit coils disposed in a stack, and
each of said winding section of said shunt winding is
connected near the top and bottom thereof in parallel
with the corresponding one of winding sections of said

series winding.
* * * % *



