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Description

Background of the Invention:

The present invention relates to a transformer wind-
ings structure and, in particular to a transformer wind-
ings structure suitable for use in a forced circulation
cooling type SFg gas insulating transformer comprised
of disc like windings or helical like windings.

As to the transformer windings structure installed in
city, from an aspect of the disaster prevention, there is
strong demand for non-flammability and also there is a
strong demand for obtaining a large capacity and a
compact size.

In the transformer windings structure using a non-
flammable insulating and cooling fluid, there is a SFg
gas insulating transformer wherein SFg gas is employed
as the non-flammable insulating and cooling fluid. Since
the cooling function properties such as density, specific
heat and thermal conductivity etc. of SFg gas are
smaller than those of the liquid insulating and cooling
fluid, the cooling performance in SFg gas is low and fur-
ther the insulating withstanding force in SFg gas is
small.

As a result, a volumetric flow rate of SFg gas as the
insulating and cooling fluid is made large, and further as
an insulating distance in the transformer windings struc-
ture, in other words a duct size for flowing the insulating
and cooling fluid is made large.

As a transformer windings structure, in case of the
disc like windings wound a strand in a disc like form sur-
rounding an iron core or the helical like windings wound
in a helical like form surrounding an iron core, an inside
and an outside vertical ducts are provided by arranging
vertical spacers along to an inner and an outer insulat-
ing cylinders at an inside and an outside of a radial
direction of the winding.

Further, horizontal ducts are formed by inserting
horizontal spacers between each of number stages of
the winding at an axial direction of the disc like winding.
Plural baffles are inserted at the axial direction of the
winding and form plural baffle regions.

Plural opening portions or plural inflow and outflow
ports of the baffles are provided alternatively at the
inside and the outside of the radial direction of the wind-
ing. In accordance with the axial direction flow of the
insulating and cooling fluid the flow direction at the
radial direction in the winding changes alternatively
every the baffle region each.

With the above stated a transformer windings struc-
ture, when the volumetric flow rate of the cooling fluid is
large and a cross-sectional area of the horizontal duct
where the large amount insulating and cooling fluid
flows.

Since the large amount cooling fluid flows to the
horizontal duct disposed at an upper portion (a down-
stream side) of the baffle region, it has a tendency to
flow small cooling fluid to the horizontal duct disposed at
a lower portion (an upstream side).
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As a result, it causes a large difference in a temper-
ature rise distribution in the winding, it is a tendency to
heighten a maximum temperature rise in the winding in
comparison with a mean temperature rise in the wind-
ing.

As stated in above, to improve the gas flow in the
windings, there are following methods as the prior arts.
In a transformer windings structure, a radial direction
width of the vertical ducts along to an inner and an outer
insulating cylinders are made large (Japanese patent
laid-open publication No. 168,707/1992).

In a transformer windings structure, a vertical duct
(a gas duct) penetrated through at an axial direction at
a vicinity of a central portion of the radial direction of the
winding in addition to another vertical duct is provided
(Japanese patent laid-open publication  No.
43,937/1977).

In a transformer windings structure, radial direction
sizes or positions are differed every stages of the wind-
ing each (for example, Japanese patent laid-open publi-
cation No. 40,820/1978, Japanese patent laid-open
publication No. 34,025/1979, etc.)

However, in the above stated prior art a transformer
windings structure, the large amount gas flows in the
vertical duct disposed along to the insulating cylinders
having the small flow resistance.

But since the gas flow rare which flows to the verti-
cal duct disposed at the vicinity of the central portion of
the radial direction of the winding or the horizontal duct
is relativity small, an effect in the temperature rise
reduction is inevitably small.

Further, in case where the radial direction width of
the vertical duct is made large or the above stated verti-
cal duct or the above stated gas duct is provided, the
radial direction size in the winding increases and as a
whole the transformer volume is made large.

Further, in case where the radial direction position
of the vertical duct or the gas duct differs every stages
of the winding each, many number of branch and con-
fluence causes in the flow of the cooling fluid. Therefore,
the pressure loss in the cooling fluid increases and the
flow rate of the cooling fluid is lessened or a provision of
a large head blower is required.

In particularly, as the transformer installed in city,
since a compact size transformer is strongly required, it
is necessary to form a compact size a transformer wind-
ings structure.

Summary of the invention:

An object of the present invention is to provide a
transformer windings structure wherein a flow rate dis-
tribution of the insulating and cooling fluid for flowing in
horizontal ducts can be uniformed.

Another object of the present invention is to provide
a transformer windings structure wherein the local over-
heat in the unit disc like winding or the unit helical like
winding can be prevented.

A further object of the present invention is to pro-
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vide a transformer windings structure wherein the tem-
perature rise distribution can be uniformed and the
temperature rise can be reduced.

A furthermore object of the present invention is to pro-
vide a transformer windings structure wherein a whole a
transformer windings structure can be formed with a
compact size.

According to the present invention, a transformer
windings structure comprises an inner insulation cylin-
der, an outer insulation cylinder, an inside vertical duct,
an outside vertical duct, plural horizontal ducts, plural
inside vertical spacers for forming the inside vertical
duct and provided on an inner wall portion of the inner
insulation cylinder at a vertical direction, plural outside
vertical spacers for forming the outside vertical duct and
provided on an inner wall portion the outer insulation
cylinder at a vertical direction, plural horizontal spacers
for forming the plural horizontal ducts and provided on
between the inner insulation cylinder and the outer insu-
lation cylinder, plural windings laminated in an axial
direction with a predetermined space by the inside ver-
tical duct spacers and the outside vertical duct spacers
and provided on between the inner insulation cylinder
and the outer insulation cylinder, the inside vertical duct
formed on between the windings and the inner insula-
tion cylinder by inserting the plural inside vertical duct
spacers, the outside vertical duct formed between the
plural windings and the outer insulation cylinder by
inserting the plural outside vertical duct spacers.

The transformer winding structure comprises fur-
ther plural baffles provided on between the plural wind-
ings at an axial direction of a whole windings, plural
inflow and outflow ports alternatively opened at the out-
side vertical duct at a radial direction or at the inside ver-
tical duct at a radial direction and formed at opened
spaces which are formed on between tip ends of the
plural baffles and the inner wall portion of the outside
vertical duct and the inner wall portion of the inside ver-
tical duct, and plural baffle regions formed on between
two adjacent baffles, the insulating and cooling fluid
flows in zigzags into the plural baffle regions toward an
axial direction.

The transformer windings structure further com-
prises a constructive structure (a branching baffle) for
flowing the insulating and cooling fluid into the horizon-
tal duct and the outside vertical duct or the inside verti-
cal duct, at least one part of the constructive structure is
extended over toward into the inner wall portion of the
outside vertical duct or the inner wall portion of the
inside vertical duct, and at a position nearer to an outlet
side of the baffle region than an installation position of
the constructive structure.

The transformer windings structure comprises fur-
ther another constructive structure (a return flow baffle,
a flow control projection) for flowing the insulating and
cooling fluid into the horizontal duct and the outside ver-
tical duct or the inside vertical duct, at least one part of
the another constructive structure is extended over into
the inner wall portion of the inside vertical duct or the
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inner wall portion of the outside vertical duct.

In particular, it is effective that each of the branch-
ing baffles and the return flow baffles is formed by a
plate like device and the return flow baffle is arranged at
the position near the outlet by separating from the
branching baffle with two stages or three stages of the
unit disc winding.

Further, in at least one part of the horizontal duct
which is disposed at a substantial 1/4-3/4 range from
the inlet in the baffle region, the insulating and cooling
fluid is directed to flow toward the reversal direction
against the adjacent horizontal duct. In other words, the
insulating and cooling fluid is directed to flow from the
outlet side vertical duct toward the inlet side vertical
duct.

In the other greater part of the horizontal ducts, the
insulating and cooling fluid is directed to flow from the
inlet side vertical duct toward the outlet side vertical
duct.

As a result, for example, in place of the vertical
duct, the transformer windings structure can employ a
flow control projection for venting a part of the flow in the
vertical duct toward the horizontal duct.

As shown in the prior art a transformer windings
structure, in case where the transformer windings struc-
ture have no branching baffle and no return flow baffle,
in the horizontal duct surrounding from the first number
stage unit disc winding to the third number stage unit
disc winding (it differs from the width of the horizontal
duct) starting from the downstream side of the baffle,
the flow of the insulating and cooling fluid stagnates.

At the downstream side of the flow stagnation por-
tion, the insulating and cooling fluid flows more than the
flow rate for necessary to perform the cooling effect.
Accordingly, the local overheat in the unit disc winding
generates at the flow stagnation portion and the periph-
ery portion of the flow stagnation portion.

On the other hand, with the transformer windings
structure construction according to the present inven-
tion stated in above, at the vicinity of the branching baf-
fle a part of the insulating and cooling flowing fluid along
to the vertical duct is forced to flow into the horizontal
duct where the flow stagnates.

Accordingly, the flow rate for necessary to perform
the cooling effect the horizontal ducts which are posi-
tioned near to the inlet from the branching baffle can be
secured.

Further, by the provision of the branching baffle the
part of the flow of the insulating and cooling fluid is
checked and at the downstream side of the branching
baffle the flow rate flowing more than necessary amount
for perform the cooling effect can be lessened.

Accordingly, the flow rate distribution of the insulat-
ing and cooling fluid of each of the horizontal ducts are
positioned at the downstream side from the branching
baffle is wholly uniformed.

Further, the return flow baffle works to compulsively
flow the insulating and cooling fluid flowing the outlet
side vertical duct to the inlet side vertical duct.
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Accordingly, the stagnation of the flow in two or
three horizontal ducts which are positioned at a back
portion (the downstream side) of the branching baffle
can be avoided, such a stagnation of the flow causes in
case of a single use or an independent use of the
branching baffle.

In all horizontal ducts the flow rate of the insulating
and cooling fluid can be comparatively uniformed, in
comparison with no provisions of the branching baffle
and the return flow baffle, the temperature rise of each
of the unit disc windings can be uniformed.

As a result, the reliability improvement and the
extension of the service life of the insulation material
can be attained. Further, since the insulating and cool-
ing fluid flows is forced to flow comparatively to uni-
formly to each of the horizontal ducts, the flow rate of
the insulating and cooling fluid can be effectively utilized
for the performance of the winding cooling.

Since the flow control projection disposed at the
outlet side vertical duct works to compulsively flow the
insulating and cooling fluid flowing the outlet side verti-
cal duct to the inlet side vertical duct, using the above
flow control projection in place of the return flow baffle,
the similar effects shown in case of the provision of the
above stated branching baffle and the above stated
return flow baffle can be obtained.

In case where many unit disc windings are included
in one baffle region, the flow rate of the insulating and
cooling fluid lowers in the horizontal ducts which are
positioned at a rear portion (the downstream side) of the
return flow baffle, the temperature rise of the unit disc
winding at the vicinity of the above stated horizontal
ducts may enlarge.

In the above stated case, by the provision of plural
pairs of a pair of the branching baffle and the return flow
baffle in one baffle region, the more insulating and cool-
ing fluid is introduced to the horizontal duct where the
flow rate is insufficient.

Therefore, the scattering of the flow rate of each of
the horizontal ducts in case of the use of one pair of the
branching baffle and the return flow baffle can be further
reduced.

Brief Description of Drawing:

Fig. 1 is a partially cross-sectional schematic view
showing a winding portion of a first embodiment of
a transformer windings structure according to the
present invention;

Fig. 2 is a partially squint view showing the first
embodiment of the transformer windings structure
according to the present invention;

Fig. 3 is an explanatory graph showing the flow
velocity in a horizontal duct of one embodiment of
the transformer windings structure according to the
present invention by comparing with that of the prior
art;

Fig. 4 is a temperature rise characteristic graph
showing one example of a test result of the first
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embodiment of the transformer windings structure
according to the present invention;

Fig. 5 is a partially cross-sectional schematic view
showing a winding portion of a second embodiment
of a transformer windings structure according to the
present invention;

Fig. 6 is a temperature rise characteristic graph
showing one example of a test result of the second
embodiment of the transformer windings structure
according to the present invention;

Fig. 7 is a partially cross-sectional schematic view
showing a winding portion of a third embodiment of
a transformer windings structure according to the
present invention;

Fig. 8 is a squint view showing a structure of a flow
control projection employed in the third embodi-
ment of the transformer windings structure accord-
ing to the present invention;

Fig. 9 is a partially cross-sectional schematic view
showing a winding portion of a fourth embodiment
of a transformer windings structure according to the
present invention; and

Fig. 10 is a schematic view of is a schematically
basic structure view of an SFg insulting transformer
having a transformer windings structure according
to the present invention.

Description of the Invention:

Hereinafter, one embodiment of a transformer
windings structure according to the present invention
will be explained in detail in accordance with an illus-
trated embodiment.

Fig. 1 is a partially cross-sectional schematic view
showing a winding portion of a first embodiment of a
transformer windings structure according to the present
invention, and Fig. 2 is a squint view of the winding por-
tion shown in Fig. 1 of the transformer windings struc-
ture.

In Fig. 1, the first embodiment of the transformer
windings structure according to the present invention
comprise a winding 1, an inner insulating cylinder 2A,
and an outer insulating cylinder 2B. The transformer
windings structure comprise plural of unit disc like wind-
ings 3 and each of the unit disc like winding 3 is wound
between the inner insulating cylinder 2A and the outer
insulating cylinder 2B.

Each of the inner insulating cylinder 2A and the
outer insulating cylinder 2B forms as a partitioning wall
with the unit disc winding 3.

The transformer windings structure comprise fur-
ther plural baffles 6a, 6b and 6¢. The plural baffles 6a,
6b and 6¢ are arranged at an axial direction of the wind-
ing 1. A first stage baffle region 8R1 is formed between
the baffles 6a and 6b, and a second stage baffle region
8R2 is formed between the baffles 6b and 6¢ and this
second stage baffle region 8R2 is positioned at the
downstream of the first stage baffle region 8R1.

The plural baffles 6a, 6b and 6¢ have alternatively
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inflow port and outflow ports 7a, 7b and 7c at the radial
direction. The insulating and cooling fluid enters into the
baffle region 8R1 through the inflow port and outflow
port 7a and further enters into the baffle region 8R2
through the inflow port and outflow port 7b.

In some baffle region, at both sides of an inside and
an outside of the winding 1, the transformer windings
structure comprise an inside vertical duct 4A and an
outside vertical duct 4B. A width at a radial direction of
the inside vertical duct 4A is 22 mm, and a width at a
radial direction of the outside vertical duct 4B is 25 mm.

In the baffle region 8R1, a branching baffle (one
structural construction) 11a is provided between a
fourth number stage unit disc winding 3 and a fifth
number stage unit disc winding 3 at an upper portion (a
downstream side) of the baffle 6a. A part of this branch-
ing baffle 11a extends over toward into the outside ver-
tical duct 4A.

The branching baffle 11a has a thickness of 2 mm
and a width of 40 mm. A space between an inner wall of
the outer insulating cylinder 2B and a projected right
end of the branching baffle 11a is 6 mm.

Further, a return flow baffle 12a (another structural
construction) is provided between a sixth number stage
unit disc winding 3 and a seventh number stage unit
disc winding 3 at the upper portion (the downstream
side). A part of this return flow baffle 12a extends over
toward into the outside vertical duct 4B.

The return flow baffle 12a has a thickness of 1.5
mm and a width of 40 mm. A space between an inner
wall of the inner insulating cylinder 2A and a projected
left end of the return flow baffle 12a is 8 mm.

Further, in the baffle region 8R2, a branching baffle
11a is provided between the fourth number stage unit
disc winding 3 and the fifth number stage unit disc wind-
ing 3 at the upper portion (the downstream side) of the
baffle 6b. A part of this branching baffle 11b extends
over toward into the inside vertical duct 4A.

A return flow baffle 12b is provided between the
sixth number stage unit disc winding 3 and the seventh
number stage unit disc winding 3 at the upper portion
(the downstream side) of the baffle 6b. A part of this
return flow baffle 12b extends over toward into the out-
side vertical duct 4B.

Each of the dimensions of the baffles 6b and 6¢ and
the dimension of the branching baffle 11b and further
each of a space between the inner insulating cylinder
2A and the branching baffle 11a and a space between
the outer insulating cylinder 2B and the return flow baf-
fle 12b in the second stage baffle region 8R2 is set sim-
ilar to those of the first stage baffle region 8R1.

A manner for fixing the return flow baffle 12b will be
explained referring to Fig. 2. In Fig. 2, plural vertical
spacer 9a are adjacently arranged to the inner insulat-
ing cylinder 2A with an equal interval at a circumferen-
tial direction. Plural outside vertical spacer 9b are
adjacently arranged to the outer insulating cylinder 2B
with an equal interval at the circumferential direction.

Plural horizontal spacer 10 are mounted between
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the inside vertical spacer 9a and the outside vertical
spacer 9b. A space in a height direction of the horizontal
spacer 10 and the unit disc winding 3 is maintained at
constant.

In Fig. 2, the return flow baffle 12b is mounted to
the outside vertical spacer 9b. Further, since the return
flow baffle 12b is sandwiched between two horizontal
spacers 10, the return flow baffle 12b is surely fixed
according to the weight of the winding 1.

A manner for fixing the branching flow baffle 11a or
11b is similarly to that of the above stated return flow
baffle 12a or 12b.

With the above stated a transformer windings struc-
ture construction, the insulating and cooling fluid enters
into the first stage baffle region 8R1 from the inflow and
outflow port 7a and ascends in the outside vertical duct
4B.

At an installation portion of the branching baffle
11a, the insulating and cooling fluid branches to the
straight flow for flowing in the outside vertical duct 4B
leaving alone and to the bending flows for flowing the
horizontal ducts 5 which are formed between the baffle
6a and the branching baffle 11a.

The branching baffle 11a works to limit an amount
of the cooling fluid for flowing the outside vertical duct
4B within the insulating and cooling fluid which is flown
from the inflow and outflow port 7a of the first stage bai-
fle region 8R1 and to the bending flow of the insulating
and cooling fluid into the horizontal ducts 5.

The return flow baffle 12a works to limit an amount
of the cooling fluid for flowing the inside vertical duct 4A
within the insulating and cooling fluid which is flown in
the first stage baffle region 8R1 and to flow the insulat-
ing and cooling fluid into the horizontal ducts 5.

The insulating and cooling fluid passing through the
horizontal ducts 5 ascends the inside vertical duct 4A.
At the installation portion of the return flow baffle 123,
the insulating and cooling fluid branches to the straight
flow for flowing in the outside vertical duct 4B leaving
alone and to the bending flow for flowing the horizontal
ducts 5.

In the horizontal ducts 5, the insulating and cooling
fluid flows toward the outside vertical duct 4B or at the
reversal direction oppositely to the flow of the insulating
and cooling fluid of the adjacent horizontal ducts 5.

At the branching baffle 11a, the insulating and cool-
ing fluid flown the outside vertical duct 4B leaving alone
flows into the horizontal duct 5 and reaches to the inflow
and ouiflow port 7b of the second stage baffle region
8R2.

In this second stage baffle region 8R2, by the provi-
sions of the branching baffle 11b and the return flow
baffle 12b the insulating and cooling fluid repeats to
branch and to conflate similar to those of the first stage
baffle region 8R1 and reaches finally to the inflow and
outflow port 7c.

Fig. 3 is a graph showing the flow velocity at the
central portion of each of the horizontal ducts 5 of the
second stage baffle region 8R2 of the above first
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embodiment of the transformer windings structure
according to the present invention.

In a right side in Fig. 3, the flow velocity of the above
first embodiment of the transformer windings structure
according to the present invention is shown with a solid
line arrow mark and a flow velocity of the prior art in
which the ftransformer windings structure has no
branching baffle and no return flow baffle is shown with
a dotted line arrow mark.

As a reference value of the flow velocity, in Fig. 3 in
case of the flow flowing from a left side toward a right
side, the above reference value of the flow velocity indi-
cates plus. In a left side in Fig. 3, a left end number is a
stage number of the unit disc winding 3.

As clearly understood from Fig. 3, in the prior art a
transformer windings structure the flow velocity at an
upper portion and a down portion of a third number
stage unit disc winding is about 0.1 m/sec and substan-
tially stagnates. Since the heat removal from the unit
disc winding is insufficient in the prior art a transformer
windings structure, the local overheat occurs in the unit
disc winding.

Comparing with the prior art a transformer windings
structure, in the above stated first embodiment of the
transformer windings structure according to the present
invention, even it attentions to in any unit disc winding,
the mean flow velocity of an upper and a lower horizon-
tal ducts is more than 1 m/sec and this flow velocity is
substantially sufficient to perform the winding cooling.

Further, in the horizontal duct where the large
amount cooling fluid flows more than a necessary
amount, however according to the above stated first
embodiment of the transformer windings structure the
flow velocity in the above stated horizontal duct 5 can be
reduced some degree.

As a result, the flow velocity distribution in each of
the horizontal ducts 5 can be uniformed and the scatter-
ing of the temperature rise of the unit disc winding can
be remarkably reduced.

The above facts obtained by the above stated first
embodiment of the transformer windings structure will
be expressed by the experimental data which were
obtained using a test apparatus.

The test apparatus was constituted of a vessel for
receiving the winding shown in Fig. 1, a cooler, a blower,
various kinds of measuring instruments, and pipes. The
insulating and cooling fluid (SFg gas) circulated in the
test apparatus.

In the winding, a heater and a thermocouple were
buried into a copper (Cu) wire having a width of 28 mm
and a height of 14.5 mm and by winding an insulating
film a dummy conductor including the winding were pre-
pared. One unit disc winding 3 was prepared by arrang-
ing plural obtained dummy conductors.

The unit disc winding 3 was formed by overlapping
an unit disc winding having a total eleven stages per
one baffle region comprised of a pair of the baffles 6a
and 6b through the horizontal spacer 10 at the height
direction.
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The cooling characteristic test was carried out with
respect to a case of the insertions of the branching baf-
fle and the return flow baffle and a case of no insertions
of the branching baffle and the return flow baffle.

A test manner was that the heater buried in the
dummy conductor was heat-generated by flowing a pre-
determined current and SFg gas being the cooling fluid
was circulated by the blower and then the temperature
of the dummy conductor was measured.

Fig. 4 is the temperature rise characteristic graph
showing one example of the test result. In the test, the
cooling fluid pressure was 0.6 MPa, the heat generation
density of the winding was 316 kW/m®. The dimension
of the winding was a flow passage length at the horizon-
tal direction of 147 mm, a horizontal duct height of 4.5
mm, an inside vertical duct width of 22 mm, and an out-
side vertical duct width of 25 mm.

A horizontal axis in Fig. 4 shows the mean temper-
ature rise of each of the dummy conductors starting
from the inlet gas temperature of the baffle region and it
illustrates the case of the second stage baffle region
8R2 in Fig. 1. A vertical axis shows a number of the unit
disc winding at the height direction starting from the baf-
fle 6b of the unit disc winding.

In Fig. 4, a result according to this first embodiment
of the transformer windings structure of the present
invention is shown with (O mark where the branching
baffle and the return flow baffle are provided on the
transformer windings structure.

Further, a result according to the prior art is shown
with A mark where the branching baffle and the return
flow baffle are not provided on the transformer windings
structure.

As clearly understood from Fig. 4, in comparison
with the case of no provisions of the branching baffle
and the return flow baffle, in the case of the provisions
of the branching baffle and the return flow baffle as
shown in the first embodiment of the transformer wind-
ings structure, the maximum temperature rise of the unit
disc winding can be reduced with about 50 %.

Fig. 5 is a partially cross-sectional schematic view
showing a winging portion of a second embodiment of a
transformer windings structure according to the present
invention.

Similarly to the first embodiment in Fig. 1, the trans-
former windings structure in the second embodiment
comprise a winding 1, an inner insulating cylinder 2A,
an outer insulating cylinder 2B, an inside vertical duct
4A, an outside vertical duct 4B, horizontal ducts 5, a
branching baffle 11a, a branching baffle 11b, a return
flow baffle 12a, and a return flow baffle 12b, etc..

In this second embodiment of the transformer wind-
ings structure, a width of the inside vertical duct 4A is 42
mm and a width of the outside vertical duct 4B is 45
mm. The different elements in this second embodiment
compared with the first embodiment are the above both
vertical duct widths which have about two times widths
those of the first embodiment.

As to the second stage baffle region 8R2, in case of



1 EP 0 785 560 A1 12

no provisions of the branching baffle and the return flow
baffle on the transformer windings structure, the insulat-
ing and cooling fluid flow substantially stagnates and
the flow velocity at the upper and the lower horizontal
baffles surrounding the nearest unit disc winding 3
becomes 0.1 m/sec.

Accordingly, in this second embodiment of the
transformer windings structure according to the present
invention, the branching baffle 11b is installed on
between the third number stage unit winding 3 and the
fourth number stage unit disc winding 3 starting from
the baffle 6b.

Further, the insulating and cooling fluid flows
smoothly in the horizontal ducts 5 formed between the
branching baffle 11b and the baffle 6b. A space
between a projected left end of the branching baffle 11b
and an inner wall of the inner insulating cylinder 2A is 6
mm.

The return flow baffle 12b is installed on between
the fifth number stage unit winding 3 and the sixth
number stage unit disc winding 3 starting from the baffle
6b. A space between a projected right end of the return
flow baffle 12 and an inner wall of the outer insulating
cylinder 2B is 8 mm.

In the outside horizontal duct 5 positioned at the
upper side of the fourth number stage unit winding 3
and the fifth number stage unit disc winding 3 starting
from the baffle 6b, the insulating and cooling fluid flows
from the outside vertical duct 4B toward the inside verti-
cal duct 4A.

However, in the other greater part of the horizontal
ducts 5, the insulating and cooling fluid flows from the
inside vertical duct 4A toward the outside vertical duct
4B.

In this second embodiment of the transformer wind-
ings structure according to the present invention, even it
attentions to which unit disc winding 3, the mean flow
velocity in the upper and down horizontal ducts 5 is
more than 1 m/sec and this flow velocity is sufficient to
perform the winding cooling.

The effects of this second embodiment of the trans-
former windings structure according to the present
invention will be explained according to a test data. A
test apparatus and a test method in this second embod-
iment are similarly to those of shown in the first embod-
iment in Fig. 1.

Fig. 6 is the temperature rise characteristic graph
showing another example of a test result. In the test,
cooling fluid pressure was 0.6 MPa, the heat generation
density of the winding was 316 kW/m?3. The dimension
of the winding was a flow passage length at the horizon-
tal direction of 147 mm, a horizontal duct height of 4.5
mm, an inside vertical duct width is 42 mm and an out-
side vertical duct width of 45 mm.

A horizontal axis in Fig. 6 shows the mean temper-
ature rise of each of the dummy conductors unit is wind-
ings starting from the inlet gas temperature of the baffle
region. A vertical axis shows a number of the unit disc
winding at the height direction starting from the baffle
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6b.

In Fig. 6, a result of this second embodiment the
transformer windings structure according to the present
invention is shown with (O mark where the branching
baffle and the return flow baffle are provided on the
transformer windings structure.

Further, a result according to the prior art is shown
with A mark where the branching baffle and the return
flow baffle are not provided on the transformer windings
structure.

As clearly understood from Fig. 6, in comparison
with the case of no provisions of the branching baffle
and the return flow baffle, in the case of the provisions
of the branching baffle and the return flow baffle as
shown in the second embodiment, the maximum tem-
perature rise of the unit disc winding can be reduced
with about 65 %.

Fig. 7 is a partially cross-sectional view showing a
winding portion of a third embodiment of a transformer
windings structure according to the present invention.

Similarly to the first embodiment shown in Fig. 1,
the transformer windings structure of the third embodi-
ment comprise a winding 1, an insulating cylinder 2A,
an outer insulating cylinder 2B, an inside vertical duct
4A, an outside vertical duct 4B, horizontal ducts 5, a
branching baffle 11a, and a branching baffle 11b, etc..

However, in this third embodiment, in place of the
return flow baffle 12a, a flow control projection 13a is
provided on the inner insulating cylinder 2A. Further, in
place of the return flow baffle 12b, a flow control projec-
tion 13b is provided on the outer insulating cylinder 2B.

As to the first stage baffle region 8R1, the flow con-
trol projection 13a is arranged to oppose against the
seventh stage unit disc winding 3 starting form the baffle
6a and to contact to the inner insulating cylinder 2A. As
to the second stage baffle region 8R2, the flow control
projection 13b is arranged to oppose against the sev-
enth stage unit disc winding 3 starting form the baffle 6b
and to contact to the outer insulating cylinder 2B.

Fig. 8 is a squint view showing a structure of the
flow control projection 13a of the third embodiment
shown in Fig. 7. A cross-sectional shape of the flow con-
trol projection 13a taken from along to the flow in the
inside vertical duct 4A has a triangular shape.

An angle between the base of the triangular shape
of the flow control projection 13a which contacts to the
inner insulating cylinder 2A and a lower side (an inflow
side) is 45° and also an angle between the base of the
triangular shape and an upper side (an outflow side) is
45° . A height of the triangular shape is 12 mm.

The flow control projection 13a operates to force
the flow of a part of the insulating and cooling fluid,
which flows the upper portion of the inside vertical duct
4A, from the baffle 6a to the horizontal duct 5 which is
disposed at the upper side of between the fifth number
stage unit disc winding 3 and the sixth number stage
unit disc winding 3.

As a result, the part of the insulating and cooling
fluid is forced to flow from the inside vertical duct 4A to
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the outside vertical duct 4B.

Accordingly, similar to the first embodiment shown
in Fig. 1, the flow velocity in the upper and the lower hor-
izontal ducts 5 of every unit disc winding 3 according to
this third embodiment can be obtained more than 1
m/sec.

Further, according to this third embodiment of the
transformer windings structure, the maximum tempera-
ture rise in the unit disc winding 3 is reduced about 50
% in comparison with no provisions of the branching
baffles 11a and 11b and the flow control projections 13a
and 13b.

In the transformer windings structure of each of the
above stated embodiments shown in Fig. 1, Fig. 5 and
Fig. 7, the unit disc winding having the eleven stages is
included in one baffle region.

However, in case of the unit disc winding having
more many stages than the eleven stages, it can pro-
vide plural pairs of the branching baffle and the return
flow baffle or the flow control projection.

Accordingly, in the horizontal duct mounted on a
range of about 1/4-3/4 starting from the inlet of the baf-
fle region, plural flows of the insulating and cooling fluid
directed from the outlet side vertical duct to the inlet
side vertical duct can be generated, thereby the flow of
the insulating and cooling fluid can be uniformed.

As a result, according to the above stated embodi-
ment, the similar effects shown in the above stated
former three embodiments can be obtained.

Fig. 9 is a partially cross-sectional schematic view
showing a winding portion of a fourth embodiment of the
transformer windings structure according to the present
invention.

In Fig. 9, the transformer windings structure of the
fourth embodiment according to the present invention
comprises a first branching baffle 11a1, a first return
flow baffle 11b1, a second branching baffle 11a2, a sec-
ond return flow baffle 11b2.

Namely, the transformer winding structure com-
prises two pairs of baffles, which a pair of the first
branching baffle 11a1 and the first return flow baffle
11b1 and a pair of the second branching baffle 11a2
and the second return flow baffle 11b2.

In this transformer windings structure of the fourth
embodiment according to the present invention, a baffle
region 8R1 is formed between an upstream side baffle
6a and a downstream side baffle 6b.

The two pairs comprised of the branching baffle
11a1 and the return flow baffle 12a1 and the branching
baffle 11a2 and the return flow baffle 12a2 are arranged
in the baffle region 8R1 and further arranged between
the upstream side baffle 6a and the downstream side
baffle 6b.

Fig. 10 is a schematic view of is a schematically
basic structure view of an SFg gas insulting transformer
having a transformer windings structure according to
the present invention.

In Fig. 10, an SFg gas insulting transformer com-
prises mainly a tank 101, an iron 102, tap windings 103,
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high pressure outside windings 104, middle pressure
windings 105, high pressure inside windings 106, low
pressure windings 107, a cooler 108 and a blower 109.
The iron core 102 comprises a leg member and a yoke
member.

In the above stated SF gas insulting transformer, a
winding portion is constituted by the high pressure out-
side windings 104, the middle pressure windings 105,
the high pressure inside windings 106, and the low
pressure windings 107. The windings are wound at a
surrounding portion of the leg member of the iron 102.

With the above stated winding portion of the above
stated SFg gas insulting transformer, one of the various
transformer windings structure according to the present
invention can employ.

In the above stated embodiments, as the unit winding
the disc like winding is exemplified, however a helical
like winding can be employed.

According to the present invention, in a transformer
windings structure, at an axial direction of an unit disc
like winding or an unit helical like winding which is
formed by an inner and an outer insulation cylinders
around an iron core leg as partitioning walls, plural baf-
fles provided on between the plural windings at an axial
direction of a whole windings, plural inflow and outflow
ports alternatively opened at the outside vertical duct at
a radial direction or at the inside vertical duct at a radial
direction and formed at opened spaces which are
formed on between tip ends of the plural baffles and the
inner wall portion of the outside vertical duct and the
inner wall portion of the inside vertical duct, and plural
baffle regions formed on between two adjacent baffles,
the insulating and cooling fluid flows in zigzags into the
plural baffle regions toward an axial direction.

The transformer windings structure further com-
prises a constructive structure (a branching baffle) for
flowing the insulating and cooling fluid into the horizon-
tal duct and the outside vertical duct or the inside verti-
cal duct, at least one part of the constructive structure is
extended over toward into the inner wall portion of the
outside vertical duct or the inner wall portion of the
inside vertical duct.

The transformer windings structure further com-
prises further at a position nearer to an outlet side of the
baffle region than an installation position of the con-
structive structure, another constructive structure (a
return flow baffle, a flow control projection) for flowing
the insulating and cooling fluid into the horizontal duct
and the outside vertical duct or the inside vertical duct,
at least one part of the another constructive structure is
extended over into the inner wall portion of the inside
vertical duct or the inner wall portion of the outside ver-
tical duct.

Accordingly, with the transformer windings structure
construction according to the present invention stated in
above, at the vicinity of the constructive structure (the
branching baffle) a part of the insulating and cooling
flowing fluid along to the vertical duct is forced to flow
into the horizontal duct where the flow stagnates.
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Accordingly, the flow rate for necessary to perform
the cooling effect the horizontal ducts which are posi-
tioned near to the inlet from the constructive structure
(the branching baffle) can be secured.

Further, by the provision of the constructive struc-
ture (the branching baffle) the part of the flow of the
insulating and cooling fluid is checked and at the down-
stream side of the constructive structure (the branching
baffle) the flow rate flowing more than necessary
amount for perform the cooling effect can be lessened.

Accordingly, the flow rate distribution of the insulat-
ing and cooling fluid of each of the horizontal ducts are
positioned at the downstream side from the constructive
structure (the branching baffle) is wholly uniformed.

Further, the another constructive structure (the
return flow baffle or the flow control projection) works to
compulsively flow the insulating and cooling fluid flowing
the outlet side vertical duct to the inlet side vertical duct.

Accordingly, the stagnation of the flow in two or
three horizontal ducts which are positioned at a back
portion (the downstream side) of the constructive struc-
ture (the branching baffle) can be avoided, such a stag-
nation of the flow causes in case of a single use or an
independent use of the constructive structure (the
branching baffle).

In all horizontal ducts the flow rate of the insulating
and cooling fluid can be comparatively uniformed, in
comparison with no provisions of the constructive struc-
ture (the branching baffle) and the another constructive
structure (the return flow baffle or the flow control pro-
jection), the temperature rise of each of the unit disc
windings can be uniformed.

Accordingly, the flow rate of the insulating and cool-
ing fluid flown in the horizontal duct can be uniformed,
and the local overheat in the horizontal duct can be pre-
vented and further the temperature rise distribution can
be uniformed.

Therefore, a whole windings structure can be formed
with a compact size, and temperature rise in the wind-
ings can be reduced.

Claims
1. A transformer winding structure comprising:

a plurality of axially laminated windings (1) dis-
posed between an inner and an outer insula-
tion cylinder (2A, 2B),

axially extending inner spacers (9a) forming an
inner axial duct (4A) between said windings
and said inner cylinder (2A),

axially extending outer spacers (9b) forming an
outer axial duct (4B) between said windings
and said outer cylinder (2B),

radially extending spacers (10) forming a plu-
rality of radial ducts (5) between said inner and
outer cylinders (2A, 2B),

a plurality of axially acting baffles (6a, 6b, 6c)
provided between said windings (1) and having
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end portions spaced alternatively from said
inner and outer cylinders (2A, 2B) for causing
an insulating and cooling fluid to flow in zigzag
fashion through said winding structure in a gen-
erally axial direction,

characterised by structural means (114,
11b; 11a1, 11a2; 12a, 12b; 12a1, 12a2; 13a, 13b)
extending at least partly into said inner or outer ver-
tical ducts (4A, 4B) for diverting said insulating and
cooling fluid from said axial ducts (4A, 4B) into and
through said radial ducts (5).

The structure of claim 1, wherein a baffle region
(8R1, 8R2) is defined between every two adjacent
baffles (6a, 6b; 6b, 6¢), each baffle region including
a first structural means (11a, 11b; 11a1, 11a2)
spaced from one said two baffles by 1/4 to 1/3 of
the axial length of the baffle region, and a second
structural means (12a, 12b; 12a1, 12a2; 13a, 13b)
disposed closer to the other baffle.

The structure of claim 1 or 2, wherein each said
structural means (11a, 11b; 11a1, 11a2; 12a, 12b;
12a1, 12a2; 13a, 13b) is formed by a plate-like
member.

The structure of claim 3, wherein said plate-like
member is fixed by sandwiching by a radially
extending spacer (10).

The structure of any preceding claim, wherein said
insulating and cooling fluid is SFg.

An insulating transformer comprising a high pres-
sure winding section (104, 106), a middle pressure
winding section (105) and a low pressure winding
section (107), wherein at least one of said winding
sections has the structure defined in any preceding
claim.
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