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(54)  Coil-fixture and oil-transformer

(57) The invention is related to a coil-fixture (10, 36,
38,60, 62, 70, 90) for mounting on a front side of a hollow
cylindrical high voltage transformer coil (32, 58), com-
prising a ring-shaped ground plate (12, 72, 164) with an
inner opening (14, 80, 114) for a limb (54, 56) of a trans-
former core (52) and rib-like spacer-elements (16, 18,
74,76, 92, 94, 96, 98) suitable for supporting at least the
weight of a belonging transformer coil (32, 58), which are
arranged flat on one side of the ground-plate (12, 72,
164). Flow-channels (24, 26, 40, 42, 108, 110, 112) are
foreseen inbetween the spacer elements (16, 18, 74, 76,

Fig. 1

92, 94, 96, 98), which are leading directly or indirectly to
an area around the inner opening (14, 80, 114). The
ground-plate (12, 72, 164) and the rib-like spacer ele-
ments (16, 18, 74, 76, 92, 94, 96, 98) are manufactured
as one monolithic part.. The invention also relates to an
oil transformer, comprising a transformer vessel and a
transformer core (52) with at least one transformer coil
(32, 58) mounted therein, whereas the transformer coil
is clamped inbetween two coil fixtures (10, 36, 38, 60,
62, 70, 90) whereas at least one caoil fixture is built ac-
cording to the invention.
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Description

[0001] The invention relates to a coil-fixture for mount-
ing on a front side of a hollow cylindrical high voltage
transformer coil, comprising a ring-shaped ground plate
with an inner opening for a limb of a transformer core,
rib-like spacer-elements suitable for supporting at least
the weight of a belonging transformer coil, which are ar-
ranged flat on one side of the ground-plate whereas flow-
channels are foreseen inbetween the spacer elements
which are leading directly or indirectly to an area around
the inner opening.

[0002] It is known, that transformers in energy distri-
bution networks of for example with a rated voltage of
110kV or 380kV are usually designed as oil transformers.
The transformer core with its coils is arranged in an oil
filled vessel, whereas the oil is on one side insulation
medium and on the other side cooling medium. Typically
the oil circulates inbetween cooling channels through the
windings, where heat losses are generated during oper-
ation of the transformer, and a cooling device which trans-
fers the heat from the oil to outer environment. The cir-
culation of the oil might be generated by a pump for ex-
ample but also a natural circulation is possible.

[0003] The transformer coil has to become mechani-
cally strengthened to withstand the mechanical forces
which occur inbetween neighbored conductor windings
during short-circuit, which might cause a temporary cur-
rent of for example 100kA or higher. Especially in axial
direction of the transformer winding such a mechanical
strengthening is required, whereas in radial direction the
ring like arrangement of the windings around the winding
axis is strong enough to withstand the belonging short-
circuit forces. Compared with the forces caused by the
weight of the transformer coil itself, the axial forces during
short-circuit might, for example, be five times higher.
[0004] Thus an axial clamping structure is required at
both axial ends of the transformer coil, which puts an
axial clamping pressure on the axial ends of the coil and
which prevents a mechanical deformation of the coil in
axial direction during short circuit. This clamping struc-
ture has to be designed in a way that an oil flow through
this structure to the inner cooling channels of the trans-
former coil clamped therein is enabled, respectively from
the inner cooling channels through the clamping structure
at the opposite side of the transformer winding.

[0005] This is normally done by using a so called
press-ring and a so called spacer-ring, which are placed
more or less congruently on each other and which are
arranged on each axial end of a transformer coil. The
press ring is designed for withstanding the expected me-
chanicalforces and has a typical thickness of for example
10cm, dependent on the belonging frame conditions. The
spacer-ring typically consists of a flat ring structure,
where spacer-elements are mounted on. The spacer el-
ements are arranged in such a way, that flow channels
inbetween adjacent spacer elements are built so that oil
can flow through them and then into the axial cooling
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channels of the transformer coil. The height of such spac-
er elements might be 4cm for example whereas they also
have to fulfil requirements of electrical insulation. Thus,
apressring is designed according to mechanical require-
ments and a spacer ring is designed according to elec-
trical rules concerning the insulation and according to the
requirements of the oil flow.

[0006] Since those spacer elements are only subject
to an axial pressure force and a displacement along the
surface of the flat ring structure has not to be expected
therefore, no strong mechanical connection of the spacer
elements is foreseen. Moreover, this are typically ash-
lar-like elements, for example cut from a longer bar with
belonging cross section, which are stuck on the flat ring
structure. Amechanical connection inbetween press-ring
and spacer-ring is not foreseen. Upper and lower press-
rings are connected by an axial tension device to put a
pressure force thereon. To enable the arrangement of
such a pressed winding around a transformer limb, the
press-and spacer-rings comprise an inner hollow, of
which the cross section corresponds more or less to the
inner cross section of the hollow cylindrical transformer
coil. Disadvantageously within the state of the art is that
such an arrangement of press ring and spacer ring, re-
spectively the coil fixture composed therefrom, requires
usually a space of for example 14cm at each side along
the axial length of the transformer coil, which can not be
used for electrically active parts, namely the winding. So
the theoretical maximum rated power of a transformer of
a given size is significantly reduced by using such coil
fixtures, which are on the other side required for improv-
ing the axial strengthens of the winding.

[0007] Based on this state of the art it is the objective
of the invention to provide an improved coil-fixture of re-
duced height, which allows taking better usage of the
available space within a transformer.

[0008] This problem is solved by a coil fixture of the
aforementioned kind. This is characterized in that the
ground-plate and the rib-like spacer elements are man-
ufactured as one monolithic part.

[0009] The basicidea ofthisinvention consists in using
the spacer ring, which has according to the state of the
art no contribution to increase the flexural strength of a
coil fixture, to increase its flexural strength. The flexural
strength of a part is on one side dependent on the height
of the part and on the other side on the characteristics
of the material. If for example two identical bars are
placed on each other without any additional connection,
the total flexural strength is twice as high as for one single
bar. If on the other side a monolithic bar of the same
material and same size is considered, the flexural
strength is four times higher than for a single bar and
twice as high as for the two single bars due to a quadratic
dependency between thickness and flexural strength of
monolithic parts.

[0010] The principal dependency for the flexural
strength of a bar-like monolithic specimen, which is
placed on two points with a span inbetween whereas a
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force is applied at half of the span can be calculated as
follows:

oo = 3FL
' 26h2

where

of Is the flexural-stress parameter in question;

F is the applied force, in newtons;

L is the span, in millimetres;

b is the width, in millimetres, of the specimen;

h is the thickness, in millimetres, of the specimen.

[0011] Thus a part can considered to be monolithic, if
the rule above is in principal applicable thereon. This
might for example also be valid for a part, which is glued
together with a high tensile glue.

[0012] Since the spacer elements according to the in-
vention are rib-like shaped - similar to a bar - they are
also suitable for a contribution to an increased flexural
strength of a coil fixture. According to the invention, the
whole coil-fixture is manufactured as one monolithic part,
so that the effect of the quadratic dependency is also
used there. In an advantageous way, the rib-like distance
elements have to be arranged in that way on the ground
plate, thatthose areas of highest expected flexural stress
are supported therewith. Thus the arrangement of trans-
former core, coil and coil fixture might be considered for
placing the rib-like distance elements.

[0013] Thus, anarrangementofforexample 9cm press
ring and 5cm spacer ring can be replaced by a monolithic
coil fixture of for example 11 cm with comparable and
sufficient flexural strength. Considering this effect for the
coil fixtures at both axial ends of the coil, a total axial
length of 6¢cm is gained in an advantageous way.
[0014] Preferably the method of milling is used for the
manufacturing of such monolithic coil fixture. This is usu-
ally supported by CAD systems, so thata nearly unlimited
variation of shapes can be realized therewith.

[0015] In a further embodiment of the invention the
monolithic part consists of laminated material. A laminat-
ed material consists of several flat layers which are glued
together by using a high pressure. Thus a monolithic
block of extreme high stiffness is produced, which is also
suitable to be milled in a desired shape. According to a
further aspect of the invention, the monolithic block re-
spectively part consists at least predominantly of
press-board. This is a cellulose based material of a high
stiffness and excellent electrical insulation capability,
which is very suitable for the use in oil transformers, for
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example as supporting element.

[0016] In a further embodiment of the invention the
rib-like spacer-elements are arranged on the ground
plate at least predominantly radially to the inner opening.
Such radial arrangement is on one side advantageous
for short flow-channels as for the mechanical stiffness of
the coil fixture since there is preferably an equidistant
angled arrangement of the spacer elements.

[0017] According to afurther embodiment of the inven-
tion the rib-like spacer-elements are arranged on the
ground plate at least predominantly concentrically to the
inner opening. Also this arrangement is advantageous
for a high mechanical stiffness respectively flexural
strength, since the support by the rib-like spacer ele-
ments is not reduced in radial outer areas if a concentric
arrangement is selected for example. Preferably the po-
sition of the rib-like spacer elements corresponds to the
arrangement of belonging support areas at the axial ends
of the transformer coil which is intended to be placed
thereon, so that the force or load transmission from spac-
er elements to the transformer coil is improved.

[0018] According to a further embodiment of the coil
fixture with mainly radial arranged spacer elements the
radial inner width of at least one rib-like spacer element
is higher than its radial outer width, so that the flow chan-
nels inbetween adjacent spacer elements are shaped
like a flat widened cone. The height of the spacer ele-
ments is preferably the same, for example 3 - 6cm. A
widened cone has to be seen in comparison to a cone,
which is built inbetween ashlar-formed rib-like spacer el-
ements. The widened cone has a wider opening angle
so that oil or any other fluid flowing through it gets an
increased flowing speed in the radial inner area. Thus in
the radial inner area a kind of nozzle is formed, which
injects the oil in the inner opening. Due to the increased
turbulences within the oil the cooling effect is increased
once more.

[0019] According to afurther embodiment of the inven-
tion the coil fixture is congruently mounted at a front side
of a hollow cylindrical high voltage transformer coil with
axial cooling channels. The sum of the respective mini-
mal cross-sections of the flow channels leading to the
area around the inner opening of the coil fixture is adapt-
ed to the sum of the cross-sections of the axial cooling
channels of the transformer coil.

[0020] In a further embodiment of the invention the
rib-like spacer elements are shaped at their side-walls in
a way which differs from a plane perpendicular to the
ground plate, so that the axial creeping distance along
the side walls is prolonged. Especially the production
method of milling enables a high variation of shapes of
therib-like spacerelements. Those spacer elements also
have to fulfil requirements of insulation - each front side
of a transformer coil is on high voltage level during the
operation of the transformer, whereas the adjacenttrans-
former core is on earth potential. Since the overall thick-
ness of the caoil fixture is reduced in an advantageous
way by the invention, it is also within the scope of the
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invention to gain at least the same axial insulation ability
which is provided by a comparable coil fixture according
to the state of the art. Especially the manufacturing meth-
od of milling enables a wide variation of shapes, which
prolongs the creeping distance along the axial surface.
According to a further embodiment the rib-like spacer
elements and/or the side walls of the ground plate are
shaped at their side-walls in a stepped manner. This can
for example be graded or alternating such as a row of
saw teeth.

[0021] In a further embodiment of the invention an up-
per ground plate adjacent to the rib-like spacer elements
and face to the ground plate is foreseen, so that a double
stock coil-fixture plate is formed. Such coil-fixture might
be used as part of an oil chamber. Such an oil chamber
is typically placed under the lower front side of an upright
transformer coil within an oil transformer and is used for
pressuring oil through the cooling channels of the adja-
cent transformer coil. Typically a pump system is fore-
seen for feeding cold oil into the oil chamber. At the upper
side of the transformer vessel the heated transformer oil
is fed to an external cooling system, cooled down and
then fed back to the oil chamber. Such an oil chamber
can be realized for example by additional bordering walls
at the radial outer and inner edge of a coil fixture. Those
walls can be either mounted thereon as separate ele-
ments or be included in the monolithic structure of the
coil-fixture. It is also thinkable to place such oil chamber
on the belonging upper axial end of a transformer coil,
wherein the oil chamber is the operated with under-pres-
sure.

[0022] The problem is also solved by an oil transform-
er, comprising a transformer vessel and a transformer
core with at least one transformer coil mounted therein,
whereas the transformer coil is clamped inbetween two
coil fixtures, whereas the at least one coil fixture is built
according to the invention. This enables either to reduce
the height of the transformer respectively the transformer
vessel or to increase the rated power of a transformer
with given size, since in this case the active part of the
coil, the windings, is enlarged.

[0023] Further advantageous embodiments of the in-
vention are mentioned in the dependent claims.

[0024] The invention will now be further explained by
means of an exemplary embodiment and with reference
to the accompanying drawings, in which:

Figure 1  shows an exemplary first coil-fixture,

Figure 2  shows an exemplary transformer coil,

Figure 3  shows an exemplary transformer core with
coil,

Figure 4  shows an exemplary second coil-fixture,

Figure 5 shows an exemplary third coil-fixture,
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Figure 6 shows an example for flexural strength of a
laminated bar,

Figure 7 shows examples for cross-sections of bars
and

Figure 8  shows an oil chamber.

[0025] Fig. 1 shows an exemplary first monolithic

coil-fixture 10 in a three-dimensional view. On a
ring-shaped ground plate 12, which has step graded side
walls for increasing the axial creeping distance, four rib-
like spacer elements 16, 18 are arranged in radial orien-
tation. For increasing the axial creeping distance, also
the side walls of the rib-like spacer elements are shaped
instepped 20, 22 manner. In the center of the ring-shaped
ground plate an inner opening 14 is foreseen, which also
has a step graded shape for increasing the axial creeping
distance. Inbetween adjacent rib-like spacer elements
16, 18 flow channels are formed, which are marked with
the dotted area 24 respectively the arrows 26, which in-
dicate a flowing direction of a fluid through the flow chan-
nels. Due to the monolithic arrangement of this coil fix-
ture, its flexural stability is increased in an advantageous
way compared to a composition of a comparable coil fix-
ture from a press ring and a spacer ring. Thus the axial
height of this coil fixture is reduced in an advantageous
way while providing at least the same flexural stability
than a composed press ring and spacer ring.

[0026] Fig. 2 shows an exemplary transformer coil 32
which is clamped inbetween a lower 36 and upper 38 coil
fixture and arranged around a center axis 34 in a sketch
30. The caoil fixtures 36, 38 comprise on that side, which
is face to the belonging front side of the transformer coil
32, rib-like spacer elements, whereas flow channels 40,
42 are formed inbetween them. A pressure force 44 is
applied on both coil fixtures 36, 38, for example by a
tension rod respectively several tension rods.

[0027] Fig. 3 shows an exemplary transformer core 52
with coil 58. The coil 58 is arranged around of one of the
three limbs 54, 56 of the transformer core 58 and clamped
inbetween a lower 60 and an upper 62 monolithic coil
fixture. Additional press supports 64, 66 are foreseen at
the top respectively bottom of the coil for fixing the coil
58 together with the transformer core 52. Typically a coil
is arranged on each of the three limbs since it is required
for a three phase transformer.

[0028] Fig. 4 shows an exemplary monolithic second
coil-fixture 70 from a birds view perspective. On a
ring-shaped ground-plate 72 with inner opening 80 sev-
eral rib-like spacer elements 74, 76 are arranged along
two concentric circles in tangential direction around a
center axis 78.

[0029] Fig. 5 shows an exemplary third coil-fixture 90
from a birds view perspective. On a ring shaped ground
plate with inner opening 114 several rib-like spacer ele-
ments 92, 94, 96, 98 are arranged radially around the
inner opening 114. The coil fixture is divided into two
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exemplary areas by the dotted line 116. Above this line,
ashlar-formed rib-like spacer elements 92, 94 are shown,
that’s radial inner width 102 and radial outer width 100
arethe same. Inbetween the sides of the spacer elements
radial flow channels are formed, as indicated with the
arrow 108.

[0030] Under the dotted line 116 an exemplary area
with trapezoidal-formed rib-like spacer elements 96, 98
is shown. The radial inner width 106 of those elements
is higher than the radial outer width 104, so that the open-
ing angle of the flow channels 110, 112 formed inbetween
is higher than the opening angle of the comparable flow
channel 108 inbetween the ashlar-shaped spacer ele-
ments 94, 96. Thus a kind of nozzle is formed at the
belonging end of the flow channels 110, 112 in the area
around the inner opening 114. QOil flowing there through
will be more turbulent, so that the cooling effect is im-
proved.

[0031] Fig. 6 shows an example for flexural strength
of a laminated bar in a sketch 120. Several layers 126,
128, 130, 132 of press board are laminated to a bar.
Inbetween the laminated layers glue or example epoxy
resin has been added during the lamination process. At
its outer sides the baris seated on two triangular supports
122, 124. A pressure force 134 is applied in the middle
of the bar. As lower the bowing of the bar per pressure
force as higher is the flexural strength. Due to the
high-strength adhesion inbetween the different layers,
the flexural strength of the laminated bar is at least as
high as the flexural strength of a massive, non-laminated
bar of the same size.

[0032] Fig. 7 shows examples for different cross-sec-
tions of bars. The bar 142 on the left has the width b and
the height h. The two bars 144, 146 in the middle have
the same cross section each, but are stacked on each
other. Thus the flexural strength of the two stacked bars
144, 146 is twice as high as the flexural strength of the
single bar 142. The bar 148 on the right side has the
same cross section than the two stacked bars, but is from
a monolithic part, for example a laminated block of press
board. Due to a quadratic dependency of the flexural
strength on the height h, the right bar 148 has a four times
higher flexural strength than the left bar 142. This effect
is used for increasing the flexural strength of a monolithic
coil fixture according to the invention.

[0033] Fig. 8 shows an exemplary oil chamber 150. A
disc-like ground plate 164 is surrounded by a radial inner
162 and radial outer 164 bordering wall. Both bordering
walls have to be seen optional for such a double stock
coil-fixture. On the other axial side of the optional bor-
dering walls 160, 162 flat perforated panels are foreseen,
so that an inner area of the oil chamber is formed. Inbe-
tween ground plate 164 and perforated panels rib-like
spacer elements 152, 154 are foreseen. If the filled inner
oil chamber is charged with an over pressure the oil is
flowing out through the perforation holes into the axial
cooling channels of a belonging adjacent transformer
winding. Thus an oil chamber comprises also the basic
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components of a coil-fixture and the structural advantag-
es as mentioned before are also useable for an oil cham-
ber.

List of reference signs

[0034]

10 exemplary first coil-fixture

12 ring-shaped ground plate of first coil-fixture

14 inner opening for a limb of a transformer

16 first rib-like spacer element of first coil fixture

18 second rib-like spacer element of first coil fixture
20 first grade of rib-like spacer element

22 second grade of rib-like spacer element

24 exemplary first flow channel of first coil-fixture
26 exemplary second flow channel offirst coil-fixture
30 exemplary transformer coil

32 transformer winding

34 center axis

36 lower coil fixture

38 upper coil fixture

40 first flow channel of lower coil fixture

42 second flow channel of lower coil fixture

44 pressure force inbetween upper and lower coil
fixture

50 exemplary transformer core with coil
52 transformer core

54 first transformer limb

56 second transformer limb

58 transformer coil

60 lower coil fixture

62 upper coil fixture

64 lower press support



66

70

72

74

76

78

80

90

92

94

96

98

100

102

104

106

108

110

112

114

116

120

122

124
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upper press support
exemplary second coil-fixture
ring-shaped ground plate of second coil-fixture

first concentrically arranged rib-like spacer ele-
ment

second concentrically arranged rib-like spacer el-
ement

center axis

inner opening for a limb of a transformer
exemplary third coil-fixture

first ashlar-formed rib-like spacer element
second ashlar-formed rib-like spacer element
first trapezoidal-formed rib-like spacer element
first trapezoidal-formed rib-like spacer element

radial outer width of ashlar-formed rib-like spacer
element

radial inner width of ashlar-formed rib-like spacer
element

radial outer width of trapezoidal-formed rib-like
spacer element

radial inner width of trapezoidal-formed rib-like
spacer element

flow-channel inbetween ashlar-formed rib-like
spacer elements

first flow-channel inbetween trapezoidal-formed
rib-like spacer elements

2nd flow-channel inbetween trapezoidal-formed
rib-like spacer elements

inner opening for a limb of a transformer

limit inbetween first exemplary area and second
exemplary area

example for flexural strength of a laminated bar
first support

second support
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126  first layer of laminated bar

128 second layer of laminated bar

130 third layer of laminated bar

132  forth layer of laminated bar

134  force

140 examples for cross-sections of bars

142 first bar

144  second bar

146 third bar

148  forth bar

150 exemplary oil chamber

152  first rib-like spacer element of oil chamber
154  second rib-like spacer element of oil chamber
156 first perforation hole

158  second perforation hole

160  optional radial outer bordering wall

162  optional radial inner bordering wall

164  disk-like ground plate

166 flat perforated panel

Claims

1. Coil-fixture (10, 36, 38, 60, 62, 70, 90) for mounting

on a front side of a hollow cylindrical high voltage
transformer coil (32, 58), comprising

« a ring-shaped ground plate (12, 72, 164) with
aninner opening (14, 80, 114) for a limb (54, 56)
of a transformer core (52),

« rib-like spacer-elements (16, 18, 74, 76, 92,
94, 96, 98) suitable for supporting at least the
weight of a belonging transformer coil (32, 58),
which are arranged flat at one side of the ground-
plate (12, 72),

whereas flow-channels (24, 26, 40, 42, 108, 110,
112) are foreseen inbetween the spacer elements
(16, 18, 74, 76, 92, 94, 96, 98), which are leading
directly orindirectly toan area around the inner open-
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ing (14, 80, 114), characterized in that the ground-
plate (12, 72, 164) and the rib-like spacer elements
(16, 18, 74, 76, 92, 94, 96, 98) are manufactured as
one monolithic part.

Coil-fixture according to claim 1, characterized in
that the monolithic part consists of laminated (126
+ 128 + 130 +132) material.

Coil-fixture according to claim 1 or 2, characterized
in that the monolithic part consists at least predom-
inantly of press-board.

Coil-fixture according to any of the previous claims,
characterized in that the rib-like spacer-elements
(16, 18, 92, 94, 96, 98) are arranged on the ground
plate (12, 72, 164) at least predominantly radially to
the inner opening (14, 80, 114).

Coil-fixture according to any of the previous claims,
characterized in that the rib-like spacer-elements
(74, 76) are arranged on the ground plate at least
predominantly concentrically to the inner opening
(14, 80, 114).

Coil-fixture according to claim 4, characterized in
that the radial inner width (102, 106) of at least one
rib-like spacer element (16, 18, 92, 94, 96, 98) is
higher than its radial outer width (100, 104), so that
the flow channels (24, 26, 40, 42, 108, 110, 112)
inbetween adjacent spacer elements (16, 18, 92, 94,
96, 98) are shaped like a flat widened cone.

Coil-fixture according to any of the previous claims,
characterized in that the coil fixture is congruently
mounted at a front side of a hollow cylindrical high
voltage transformer coil (32, 58) with axial cooling
channels, characterized in that the sum of the re-
spective minimal cross-sections of the flow channels
(24, 26, 40, 42, 108, 110, 112) leading to the area
around the inner opening (14, 80, 114) of the coill
fixture is adapted to the sum of the cross-sections
of the axial cooling channels of the transformer coil
(32, 58).

Coil-fixture according to any of the previous claims,
characterized in that the rib-like spacer elements
(16, 18, 74, 76, 92, 94, 96, 98) are shaped at their
side-walls in a way which differs from a plane per-
pendicular to the ground plate (12, 72, 164), so that
the axial creeping distance along the side walls is
prolonged.

Coil-fixture according to claim 8, characterized in
that the rib-like spacer elements and/or the side
walls of the ground plate (12, 72, 164) are shaped
at their side-walls in a stepped manner (20, 22).
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10. Coil-fixture according to any of the previous claims,

1.

characterized in that it comprises an upper ground
plate adjacent to the rib-like spacer elements and
face to the ground plate (12, 72, 164), so that a dou-
ble stock coil-fixture plate is formed.

Oiltransformer, comprising atransformer vessel and
a transformer core (52) with at least one transformer
coil (32, 58) mounted therein, whereas the trans-
former coil is clamped inbetween two coil fixtures
(10, 36, 38, 60, 62, 70, 90), characterized in that
the at least one coil fixture is built according to any
of the claims 1 to 10.
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