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TITLE OF THE INVENTION ‘
RESIN MOLDED TRANSFORMER AND M.ANH ACTT #h
THEREOF
BACKGROUND OF THE INVENTION
1.Industrial Field of the Invention

| This invention relates to an induction apparatus such as

transformer using resin molded coils and manufacturing method thereof.
2.Description of the Prior Art

Resin molded coils having a molded resin layer which is formed
by casting a thermosetting resin around a coil have been used widely as coils of
resin molded transformers.

Conventional resin moldcd coil techniques are disclosed in, for
example, Japanese Patent Laid-Open No. Sho 54-50957 (1979) and Japanese
Patent Laid-Open No. Sho 57-121207 (1982).

According to the technique disclosed in Japanesc Patent Laid-
Open No. Sho 54-50957, an insulating layer comprising a resin spacer and cast
resin is formed on the inside periphery of a coil which is formed by winding
conductor wire, and according to the technique disclosed in Japanese Patent
Laid-Open No. Sho 57-121207, an insulating layer comprising insulating
prepreg sheet and injected resin is formed on the inside and outside peripheries
of a coil.

_ Otherwise, a method in which a coil is formed by winding
conductor wire on a coil former-mold, and resin is cast to the coil using a mold
formed as an outer mold. Conventionally, a transformer has been constituted
by incorporating a coil produced as mentioned above to an iron core.

According to the above-mentioned technique disclosed in
Japanese Patent Laid-Open No. Sho 54-50957, though the same resin as used
for the spacer is used for casting to form solid insulating layer, the adhesion
between the spacer and the insulating layer is insufficie_nt because molten resin
(casting resin) is cast on the resin which is previously hardened (spacer).
After hardening of the cast resin, the spacer can happen to peel off from the
cast resin, and the peeling off can cause dielectric breakdown.

In the case of the above mentioned technique disclosed in
Japanese Patent Laid-Open No. Sho 57-121207, in the process in Which
insulating prepreg sheet is wound to form multi-plied layer, aif is included
between the layers, and the inclusion of axr can cause dielectric breakdown
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This invention relates to an induction apparatus such as transforner”using
resin nol ded coils and manufacturing nethod thereof. 2.Description of the
Prior Art Resin nol ded coils having a nol ded resin |ayer
which is formed by casting a thernosetting resin around a coil have been
used widely as coils of resin nolded transforners.

Conventional resin nolded coil techniques are disclosed i n, for exanple,
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strength this structure requlres many parts which constitute a mold, the
requirement causes poor productivity and less economy in the maintenance of
the 'parts constituting a mold due to diversified specification.

Conventional transformers using these resin molded coils have
been developed addressing on the improvement of safety and handling as the
general purpose, however, the above-mentioned conventional techniques does
not involve the imprbvement of safety by visually indicating live portion, when
a resin molded coil is incorporated in a transformer.

SUMMARY OF THE INVENTION

An object of the present invention is to form an excellent
insulating layer on a resin molded coil, and improve the safety and handling of
a transformer. _

To accomplish the above-mentioned dbject, the present
invention provides a transformer comprising resin molded coils, iron cores
inserted in the resin molded coils, and metal parts for fixing the coils and iron
cores, wherein the resin molded coils are colored light and the metal parts are
colored dark.

The transformer using resin molded coils of the invention is
excellent in mechanical strength, moisture resistance, and éppcarancc of the
coil surface, and indicates a dangerous patt on the resin molded coil having a
possibility of careless touching not by chroma but lightness. Therefore, even
if the transformer is installed in a dark place such as a basement where the
illumination is insufficient, the dangerous portion is clearly indicated.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical cross-sectional view of a resin molded coil of a first
embodiment in accordance with the present invention.

Fig. 2 is a perspective view of insulating layer forming medium of the
first embodiment of the invention.

Fig. 3 is a cross-sectional view taken on line Il -II of Fig. 1.

Fig. 4 is an exploded perspective view for illustrating production of a
resin molded coil of a third embodiment of the invention. ,

Fig. 5 is a perspective view for illustrating the assembled mold of the
third embodiment of the invention. —_—
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conductor_ wire,

Lai d-‘Open No. Sho 57-121207, an insulating |ayer conprising insulating
prepreg sheet and injected resin is formed on the inside and outside

peripheries of a coil. O herwi se, a method in which a coil
I's formed by w nding conductor wire on a coil

cast to the coil using a nold fornmed as an outer nold. Conventional ly,
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Fig. 8 is a front apparent view of a transformer of a fourth embodiment
of the invention.

Fig. 9 is a back apparent view of the transformer of the fourth
embodiment of the invention.

Fig. 10 shows three drawings for illustrating the structure of a cover
for a tap switch of a transformer of the fourth embodiment of the invention.

Fig. 11 shows three drawings for illustrating the structure of a cover
for a primary terminal of the transformer of the fourth embodiment of the
invention.

Fig. 12 shows a display for showing the danger display on the
transformer of the fourth embodiment of the invention.
DESCRIPTION OF PREFERRED EMBODIMENTS

Embodiments in accordance with the present xnventlon wxll be
described in detail referring to the drawings.

First, the first embodiment of the present invention is described
referring to Fig. 1 to Fig. 3.

The mold coil of this embodiment is to be used for transformers.
Generally, a transformer comprises a high-voltage coil 1 and a low-voltage coil
2 as shown in Fig. 1, herein, the resin molded high-voltage coil 1 (for example
3 kV) is addressed for description. In the figure, 3 represents an iron core.

The resin molded high-voltage coil 1 of this embodiment
comprises a coil body 10 which is formed in a shape of ring cross-section using
wound conductor wire 11 and insulating layer forming mediums 21 which are
provided on the outside and inside peripheries of the coil body 10.

Inter-layer papers 12 are provided between ecach layer of
conductor wire 11 of the coil body 10. -

As shown in Fig. 2, the insulating layer forming medium 21
compriscs prepreg sheet 22 (insulating sheet) composed of glass cloth sheet
formed by knitting insulating glass fiber and epoxy resin impregnated in the
glass sheet, and a plurality of rectangular glass mats 23, 23, *** (insulating
fiber mat) which are formed by knitting glass fiber. The glass mat 23 has a
size with the same length | as the prepreg sheet 22, a width w of 10 mm to 30

—_—
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(casting resin) is cast on the resin which is previously hardened (spacer).
After’ hardening of the cast resin, the spacer can happen to peel off from
the cast resin, and the peeling off can cause dielectric breakdown.

In the case of the above nentioned technique disclosed in Japanese Patent
Lai d- Open No. Sho 57-121207, in the process in which insulating prepreg
sheet is wound to formnulti-plied layer, air is included between the

layers, andpiheninihiciRis 8o fhmd"s Gk e ABRHARY drGISAEAM) 23, +o o
is adhered with epoxy adhesive on the prepreg sheet 22 with a certain interval
of A along the inside and outside peripheries in Fig. 3. The spaces between
the glass mats 23, 23, *** are to be served as passages 24 for flowing of resin
25 as described hereinafter. The total thickness of thickness h of the glass
mat 23 and thickness t of the prepreg sheet 22 will be the thickness T (duct
height) of insulating resin layer 20.

‘When the coil body 10 is molded with resin, as shown in Fig. 1
and Fig. 3, the insulating layer fdrming medium 21 is wound on the coil body 10
so as that glass mats 23 of the insulating layer forming medium 21 contact with
the inside and outside peripheries of the coil body 10. The prepreg sheet 22 of
the insulating layer forming medium 21 is semicured prepreg sheet. |

Afterwards, epoxy resin 25 is cast between the prepreg sheet
22 of the insulating layer forming medium 21 and the inside and outside
peripheries of the coil body 10. The cast epoxy resin 25 flows in the resin
passage 24 between glass mats 23 and 23 and penetrates into glass mats 23, and
also into the entire space between the prepreg sheet 22 of the-ihsulating layer
forming medium 21 and the inside and outside peripheries of the coil body‘10.
When casting epoxy resin 25, the resin is cast slowly so as not to include air and
the coil body 10 is vibrated so as to exclude air even if the resin include air.
The coil body 10 may be vibrated, for example, by applying ultrasonic vibration
with a certain frequency. When cast epoxy resin 25 is hardened, the resin
molded coil 1 is completed.

As described above, on the outside and inside peripheries of the
coil body 10 the insulating resin layer 20 comprising cast epoxy resin 25 and
insulating layer forming medium 21 is formed.

In the case that an insulating tape is wound to form multi-plied
layer for forming an insulating layer as in conventional technique, air spaces are
formed inevitably between tapes due to slackening or irreversible clongation of
the tape. On the other hand, in this embodiment, air space will not be formed
because fluid casting resin 25 is cast between the coil body 10 and the prepreg
sheet 22 to form the insulating layer 20. When casting the resin 25, the above
mentioned treatment allows the resin 25 to be free from air. The casting resin
25 penetrates into glass mats 23 to combine the insulating layer forming
medium 21 with the cast resin 25, air space will not be formed differently from

‘the conventional technique in which a spacer is used, in this case, the spacer
) D T R
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2 ' On the other hand, according to the nethod in which

nol ds are provided on the inside and outside peripheries, whereas the
insulating |ayer is excellent in appearance of the coil surface,

noi st ur e- proof, and nechani cal strength, this structure requires nmany parts
whi ch constitute a nold, the requirenent causes poor productivity and | ess
econony in the maintenance of the parts constituting a nold due'to
diversified s eC|f|€at| or

t hese resi S3AGRRRER %ngl q]fg\;% form air space in t%% ms&lltahngalayt ' anls}];eregere, tﬁje.sI ng
dielectric breakdown and deterioration of thermal conductivity due to air space
in the insulating layer 20 is prevented.

In this embodiment, the insulating layer forming medium 21 is
prepared previously to eliminate the work for providing a plurality of spacers
with a certain interval or working for winding an insulating tape around the coil
body 10 to form multi-plied layer as in the conventional technique, thus time
for production is shortened. '

In this embodiment, the impact strength is improved because
glass fiber is mixed in the insulating layer 21.

A method for producing a resin molded coil of the invention is
described referring to Fig. 4 and Fig. 5.

In this embodiment, an inner mold 101 which is served as a coil
mandrel and mold is used, a glass mat 104 is wound on the outside periphery of
the inner mold 101 (it will be the inside periphery of the resin molded coil
finally) to form an inside peripheral insulating layer, and then, conductor wire

11 and inter-layer paper 12 are wound on the insulating layer to form a wound
coil 103. Then, on the outer periphery of the wound coil 103 (it will be the
outer periphery of the resin molded coil finally), a gléss mat 104 is wound to
form the outer insulating layer. Two flexible metal plates 102 are used as the
outer mold. The side edges of both metal plates 102 are faced to both bends

“of a casting jig 105 and the side edges and bends are clamped with clamping jigs
such as a vise 106 (refer to Fig. 5), the metal plates are wound around the
external shape of the coil body, and the coil body is fastened with bands. A
pin 121 is projected from the side of the inner mold 101, and this pin 121 is
engaged to a corresponding hole 122 of the casting mold 105 for positioning
each other. Similarly, pins 123 and 124 are projected from the casting mold
105 at the bottom, these pins 123 and 124 are engaged to corresponding holes
125 and 126 provided on the bottom 120 for positioning cach other. Resin is
cast into the mold formed as described herein above.

The metal plate 102 for the outer mold may have a size with the
same height as the coil or higher, with the same width as a half of the periphery
of the coil or wider, and metal plates with a certain same size can be used as
outer molds of coils with different various external form sizes. Metal plates
are flat in shape before shaping for use as an outer mold, the metal plates can be
stored in the form of a stack, therefore, the space for storing the outer mold is
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been devel oped addressing on the inprovenent of safety and handling as the
genersal purpose, however, the above-nentioned conventional techniques does
not involve the inprovenent of safety by visually indicating |live portion,

when a resin nolded coil is incorporated in a transformer. SUMVARY OF THE
| NVENTI ON An object of the present inventionis to forman
excel lent | nsul ating layer on a resin nolded coil, and i rrprove the safety
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co_rrpri si ng beimpregohatesbiwithi tesjn.i ron cores inserted in the resin nol ded
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resin nolded coils are cOlored |
molded coil 107 produced by the process described above The glass mats

104 are located on the inside and outside peripheral insulating layers, the outer
mold is wound around the external form of the coil, and the outer mold is
fastened with bands, therefore, fibers of the glass mats 104 appears on the
surface of the coil after completion of the coil sporadically (131). The metal
plates 102 for forming an outer mold are overlapped each other on the back
side, the overlapping makes a step on the coil surface by the thickness of the
metal plate, therefore, the coil is featured by the appearance of a hem 109
which extends in the direction of the height of the coil or a trace of cutting of
the hem.

l-l-U

Fig. 7 is a cross-sectional view taken on line A-A of the resin
molded coil 107 shown in Fig. 6. Strong resin insulating layers 108b
containing glass mats are formed on the inside and outside peripheries of the
wound coil 103. Three insulating layers 108a consisting of resin only are
formed at the three positions, top, middle, and bottom in the height direction of
the coil. Glass mat with a fiber density of 300 to 500 g/m? is commercially
available, this type of glass mat with a fiber density in the range is suitably used
as the glass mat 104 for the insulating layer of the coil. Especially, glass mat
with a fiber density of 500 g/m? is preferably used as insulating material
provided on the inside and outside peripheral insulating layers because this
glass mat gives excellent resin impregnation when casting and high strength
which allows high pressure exerted when winding of wire and fastening of the
outer mold.

In this embodiment, heat resistant films 15 such as
polyethylene-terephthalate  (PET),  polyethylene-naphthalate = (PEN),
polyether-imide (PEI), and polyimide (PI) are used as the above-mentioned
inter-layer paper 12. These materials have high thermal conductivity, and the

- use of this type of films makes the resin molded coil easy to be cooled.
Therefore, in this embodiment, in case of producing a molded coil of the same
rated capacity as that of conventional one, the conductor portion of the coil can
be smaller in size than that of conventional one, due to the effective cooling
capacity against increase of heat caused by increase of current density. In
addition, the inside and outside insulating layers can be thinner than those of
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perspectivenyliewo of insulating layer formng mediumof the first enbodi ment
of the invention,.

The thermal conductivity of polyethylene-terephthalate (PET)
is 0.151 w/m*k, the thermal conductivity of polyethylene-naphthalate (PEN) is
0.151 w/m*k, the thermal conductivity of polyether-imide (PEI) is 0.198 w/m*
k, and the thermal conductivity of polyimide (PI) is 0.156 w/m°k, and the
dielectric breakdown voltage of polycthylene-terephthalate (PET) is 220
kV/mm, the dielectric breakdown voltage of polyethylene-naphthalate (PEN) is
294 kV/mm, the dielectric breakdown voltage of polyether-imide (PEI) is 210
kV/mm, and the dielectric breakdown voltage of polyimide (PI) is 260 kV/mm.

According to the embodiments described herein above, an inner
mold, which is served as a coil mandrel and mold, an outer mold, which is
formed by winding flexible flat plates around the outer periphery of the coil,
and insulating layers, which are used as spacer for the inner mold and outer
mold and accept the resin impregnation sufficiently, are used, thereby, the
following effects are exhibited.

(1) The workability in producing resin molded coils is improved.

- (2) The mechanical strength of inside and outside peripheral insulating
layers is improved.

(3) The maintenance of the outer mold is unnecessary.

(4) The cooling of the coil is facilitated by processing of outer mold fiat
plates. :

(5) The moisture resistance of the coil is improved..

(6) The required minimum insulating layer thickness is reduced by
adhering the metal plates to the coil, and thus required amount of resin is
reduced.

Herecinafter, a transformer in accordance with the fourth
embodiment of the invention which uses molded coils described hereinbefore is
described.

The appearance of the transformer in accordance with the
present invention is shown in Fig. 8 and Fig. 9. Fig. 8 is a perspective view of
the transformer viewed from above front, and Flg 9 is a perspective view of the
transformer viewed from above back.

In Fig. 8 and Fig. 9, 201U, 201V, 201W are U-phase, V-phase,
and W-phase primary coils respectively, and 203a and 203b are iron cores.
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Fig. 3'is, a cross-sectional viewtaken on line IIl - 1Il of Fig. 1.-

Fig. 4 is an expl oded perspective view for illustrating production of a
resin nol ded coil of a third enbodi nent of the invention. Fig. 5is
a perspective view for illustrating the assenbled nold of the third

enbodi nent of the invention.

Secondary coils of 202U, 202V, and 202W, which are not shown in the figures,
are inserted in primary coils of 201U, 201V, and 201W respectively. In the
transformer shown in the figures, the legs of iron cores 203a and 203b are
inserted in the secondary coils of 202U, 202V, and 202W, and the secondary
coils of 202U, 202V, and 202W are inserted in the inside peripheries of the
primary coils of 201U, 201V, and 201W. In these coils, insulating material
with high thermal conductivity such as polyethylene-naphthalate is used as
intér-layer paper as described in the third embodiment hereinbefore.
Therefore, in this embodiment also, by using strong resin insulating layer
comprising inter-layer papers with high thermal conductivity and glass mats,
the current density can be increased, and the coil is minimized in size.

In this embodiment, a wound iron core which is produced by
winding silicon steel plate is used for the iron cores 203a and 203b. The iron
core may be a wound iron core which is produced by winding foil of amorphous
metal. By using this type of wound magnetic core, the core loss is reduced to
result in energy saving comparing with the case in which a laminated iron core
is used. As described hercinbefore a molded coil is minimized in size by
applying this invention, therefore, a small and light-weight iron core is

- sufficient for this type of molded coil. Accordingly, the core loss is reduced
and energy saving is realized comparing with conventional techniques in this
respect. _

For example, in the case of a three-phase transformer with a
capacity of 20 kVA to 500 kVA, the size of the transformer is minimized to a
depth of 345 mm for 20 kVA and 505 mm for 500 kVA. In the case of a
single-phase transformer with a capacity'of 20 kVA to 500 kVA, the size of the
transformer is minimized to a depth of 360 mm for 10 kVA and 505 mm for 300
kVA. Accordingly, the volume of a transformer is reduced by about 10 %
comparing with a conventional transformer. By the minimization in size, an .
iron core is minimized by about 5§ %, and the core loss is reduced by about 5 %,
thus the no-load loss is reduced by about 5 %. The depth size is made smaller
comparing with a conventional transformer, the transformer with a certain
thickness of insulator can be contained in the thin cubicle with a depth of 700
mm, which is one of the sizes in GEM1424 recommendation.

Wound iron cores 203a, and 203b, primary coils 201U, 201V,
and 201W, and secondary coils 202U, 202V, and 202W are fixed between a '
bottom frame 204 and a top frame 205. The bottom frame 204 is connected to
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3 | -, Fig. 6 is an apparent view of the resin nolded coil produced

according to the third enbodi mrent of the invention. Fig. 7is a
cross-sectional view of the resin nolded coil produced according to the
third enbodi mnent of the invention. Fig. 8 is a front apparent view
of a transforner of a fourth enbodi nent of the invention. Fig. 9is
a back apparent view of the transformer of the fourth enbodi nent of the

i nvent i on. Fig 10 shows three drawi ngs for_illustrating the
structure Ot]w%bwe‘m%a and 206b with interposition of four vibration-proof rubber 300,

the two bases 206a and 206b are fixed by screwing screws into tapped hole on
the floor when installing the transformer on the floor. The top frame 204 and
the bottom frame 205 are connected together with connecting members which
penetrate through the inside peripheries of the secondary coils 202U, 202V,
and 202W, which structure is not shown in the figures. The wound iron cores
203a and 203b, primary coils 201U, 201V, and 201W, and secondary coils
202U, 202V, and 202W are fixed to the bottom frame 204 and the top frame
105 between both frames with interposition of rubber members 208 and spacers
209. In addition to such structure, a wound iron core is used as an iron core
in the present invention, the use of a wound iron core reduces the joint, the
reduced joint results in reduced noise generation.

In the figures, on the front right corner and on the back right
(left side when viewing from the front) corner of the bottom frame 204, earth
terminals 208a and 208b are provided respectively. In this embodiment, the
earth terminals 208a and 208b are provided on a diagonal line of the
transformer, this arrangement allows the transformer to be installed on a
limited space. On the bottom frame 204, holes 219 are provided which are for
engaging with hooks when the transformer is moved. By providing this
hooking holes, the workability of moving is made easy.

In the figures, right and left cutouts 224 of the top frame 205
arc hanging recesses for hanging, and secondary terminals 221 for the
secondary coil 202U, 202V, and 202W and a bar 222 for connecting wirings are
provided on the upper back of the top frame 205. An earth terminal 215 of the
contact preventing plate (not.shown in the figures) which is provided between
a secondary coil and a primary coil 201 is provided on the back left side (right
side when viewing from the front side) of the bottom frame 204.

Referring to Fig. 8 and Fig. 9, rotary type taps 210 for
switching the connection between coils and coil layers and a connecting bar
220 are provided at the middle in the vertical direction of the secondary coils
202U, 202V, and 202W in the figures. Primary terminals 211 of the primary
coils 201U, 201V, and 201W are provided on the upper front of the secondary
coils 202U, 202V, and 202W. Semi-transparent insulating covers 212 and

- 213 (including smoked transparent material) are provided on the switching taps
210 and terminals 211.
The shape of the covers of the switching taps 210 is shown in
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for' a tap swwtch of a transfornmer of the fourth enbodi nent of the

I nventi on. Fig. 11 shows three drawi ngs for illustrating the
structure of a cover for a primary termnal of the transfornmer of the
fourth enbodi ment of the invention. Fig. 12 shows a display for

show ng the danger display on the transformer of the fourth enbodi nent of
the invention. DESCRI PTI ON OF PREFERRED EMBCODI MENTS
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"DANGER, HIGH-VOLTAGE" is displayed on the cover of the terminal 211.

As described above, by providing the insulating covers 212 and
213, the careless touching to exposed high-voltage portion is prevented. The
use of semi-transparent material for these insulating covers 212 and 213 allows
the switching taps 210 and terminals 211 to be seen from the outside and the
tight fastening can be checked at a glance. Differently if a transparent cover
is used, the existence of the cover is not perceived by a worker, and the worker
will feel danger.

As shown in Fig. 8 and Fig. 9, in this embodiment, danger
display marks 214 shown in Fig. 12 arc marked on the four sides of a
transformer. As shown in Fig. 12, in the danger display mark 214 of this
embodiment, characters and a symbol 2141 for displaying the danger and a
sentence 2142 for describing the type of danger and the dangerous action are
located separately. By displaying not only the existence of the danger but
also the reason and dangerous action, the safety will be improved.

In the structure of the transformer of the present invention
described hereinbefore (refer to Fig. 8 and Fig. 9), the primary coils 201U,
201V and 201W, and secondary coils 202U, 202V and 202W are colored in a
light yellow color with high brightness such as a color of Munsell No. 2.5Y8/14.
The bottom frame 204, top frame 205, and base 206 are colored in a dark gray
color with low brightness such as Munsell No. N4.0. The wound iron cores
203a and 203D are colored dark nearly black.

In this invention, the reason of the coloring is described
hereinafter. '

Though insulating layers are formed on the surface of the
primary coils 201U, 201V and 201W and the secondary coils 202U, 202V and
202W, the high-voltage is induced on the surface of these insulating layers
when the transformer is in service, and it is dangerous to touch with a bare hand.
Therefore, it is desirable that the primary coils 201U, 201V and 201W, and the

. secondary coils 202U, 202V and 202W are colored in bright color (high
'chroma) so as that these coils are recognized as danger. However on the
other hand, transformers are often installed in basement. In a basement,
usually the intensity of illumination is 201x to 501x (Japan Illumination
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Generally, a transfornmer conprises a high-voltage coil 1 and a | owvoltage
coil 2 as shown in Fig. 1, herein, the resin nolded high-voltage coil 1
(for exanple 3 kV) is addressed for description. In the figure, 3
represents an iron core. The resin nol ded hi gh-vol tage coi

1 of this enbodiment conprises a coil body 10 which is fornmed in a shape of
ring cross-section using wound conductor wire 11 and insul ating |ayer
form ng nediuns 21 which are provided on the outside and i nside

peri pheri esAséod:ltﬁon,oIllulhmﬂyiohOData Book, published Juriee18, 2963 byaDbnsCb2).ar e

provi ded bﬁiqv:‘@ﬁéh %aagrlg?ll e élcﬁ § Qfre Vﬂfortesullyeﬂgltﬁ/p‘% dﬂ?&)éncl.g ‘in

As shown i ayer formn drum nmpri_ses
prepreg sh mﬂa bytsenshivety @H f?""@@ﬁ%?@& ng-l aBased Bﬂlﬁhlﬂfé@h in thised by
kni tting i netibédintentgtiRspriinabe cofld 208D201Vesid'20TW, agdihe deédnddi coils
202U, 202V and 202W are colored yellow of which color has high brightness
and high chroma and is recognized popularly as a color for danger, and other
portions are colored dark so as that the yellow is remarkable in the dark.

In this embodiment, yellow of 2.5Y8/14 and gray of N4.0 (both
are Munsell color system representation) are used, but the colors are not
limited to these colors. The contrast between two colors colored on the two
sections respectively is to be remarkable, it is said that the difference in the
brightness of 3 to 10 or more and difference in the chroma of 8 or higher of
Munsell color system is desirable (Motoro Kawakami, Dictionary of Color,
published December 10, 1987 by Asakura Shoten).

The bright color used in accordance with the present invention
includes hues of 5Y, 7.5Y, 10Y, 2.5GY, 5GY, 7.5GY, 10GY, 2.5YR, SYR,
7.5YR, and 10YR in Munsell color system (or JIS standard color) which hue
has the brightness of 7 or higher, and has the chroma of 8 or higher. The dark
color used in accordance with the present invention includes colors with the
brightness of 4 or lower for achromatic color and colors with the brightness of
4 or lower and the chroma of around 2 for chromatic color, and desirably the
dark color is a complementary color of the bright color.

| By coloring the iron cores and metal parts in achromatic color
or color with low chroma, the resin molded cores become remarkable for easy
perception, and thus the coloring prevents workers from happening to touch,
and the safety and handling is improved. .
_ The reflectance for cach brightness is 78.66 % for the
brightness 0of 9, 59.1 % for the brightness of 8, 43.06 % for the brightness of 7,
30.05 % for the brightness of 6, 19.77 % for the brightness of 5, 12.0 % for the
brightness of 4, 6.555 % for the brightness of 3, and 3.126 % for the brightness
of 2 (JISZ8721). -

For example, for the combination of a bright color of the
brightness of 8 and a dark color of the brightness of 4, the bright color reflects
light about 4.9 times that of the dark color, for the combination of a bright
color of the brightness of 7 and the dark color of the brightness of 3, the bright
color reflects light about 6.6 times that of the dark color, and for the
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gl ass sheet, and a plurality of rectangular glass mats 23, 23,
(insulating fiber mat) which are formed by knitting glass fiber. The gl ass

mat 23 has a size with the sane length 1 as the prepreg sheet 22, a width w
of 10 mMmto 30 '

combination of a bright color of the brightness of 9 and a dark color of the
brightness of 6, the bright color reflects light about 2.6 times that of the dark
color. By coloring with difference in the brightness of 3 or more, the bright
color reflects light 2.6 times or more that of the dark color, both colors are
easily distinguished in the dark.

By coloring the iron cores dark, the heat releasing from the iron
core is facilitated based on the principle of the black body radiation.

The ceiling and walls of a room where a transformer is installed
is colored generally white with the brightness of 8 to 9 or light gray chromatic
color, and the chroma is regulated to be 4 or lower. (Japan Illumination
Association, Illumination Data Book, published June 10, 1963 by Ohm Co.)

By coloring the resin molded coils with a chromatic color, the
resin molded coils become remarkable because of the difference in chroma from
the interior surface of the room. The iron cores and metal parts are colored in
a low brightness color, the coloring makes the resin molded coils remarkable,
and the existence of the transformer becomes remarkable.

The hue of the color for the resin molded coils are sclected ina

" range of Munsell color system or JIS standard color hue circle from 2.5YR to
'10Y, or yellowish red or yellow, thus a color with high brightness (brightness
of 7 to 8) and high chroma (10 or higher) is selected. These colors are warm
color, and these colors are perceived as expansive color, the resin molded coils
become more remarkable, and the high-voltageed resin molded coils are
perceived more easily, thus the coloring prevents workers from happening to
touch.

If the iron cores and metal parts are colored pure black
(brightness 1 or lower), the internal of the room where the transformer is
installed becomes dark because of the significantly reduced reflection.
Therefore, it is desirable that the iron cores and metal parts are colored dark
gray (brightness of 4 to 2) for suitable reflection.

In this embodiment, wound iron cores are used as iron cores for
description, but laminated iron cores may be used instead of wound iron cores
when the problem of core loss is not important.

According to the present invention, there can be provided a
transformer having resin molded coils with excellent insulating layers and
capable of improving the safety and the handling. '
WHAT IS CLAIMED IS:
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mm | and a thickness h of 2mmto 5 mm A plurality of gtass-mats 23;-23,—s

adhered wi th epoxy adhesive on the prepreg sheet 22 wt - val
of A along the inside and outside peripheries in Fig. Jmmmmimmmmﬁpﬂen
the glass mats 23, 23, are to be served as passages 24 # or OWk NQs Of+
resin 25 as described hereinafter. The total thickness of thickness h of
the glass mat 23 and thickness t of the prepreg sheet 22 will be the
t hi ckness T (duct, height) of insulating resin |ayer 20. When
the coil body 10 ¥s nolNdesin melded transformes comprisingga resianmolded cgil, ¢ he
i nsul ati ng whighrconprisesta 68illiof Wakind contucest £y irdalatitig reiitlayéP c6eerifig t hat
0L 285 TS ISR W08 S B SO TP 5 T ot S 1
wherein said resin molded coil includes an insulating sheet wound around
innner periphery and outer pheriphery of said coil, a plurality of insulating fiber
mats of predetermined size which are formed by knitting glass fiber and
disposed between said coil and said insulating sheet, and an insulating resin
layer cast and hardened between said coil and said insulating sheet so as to
penetrate into said insulating mats.

2. A resin molded transformer as claimed in claim 1, wherein said
coil includes heat resistant inter-layer paper. '

3. A resin molded transformer as claimed in claim 1, wherein said
iron core is formed by winding amorphous metal foils.

4. A resin molded transformer comprising resin molded coils,
which comprise wound conductor and molded resin, iron cores inserted to said
resin molded coils, and metal parts for fixing said resin molded coils and said
iron cores, wherein said resin molded coils are colored in light color and said
iron cores and metal parts are colored in dark color.

§. A resin molded transformer as claimed in claim 4, wherein said
resin molded coils are colored in chromatic color with a lightness of 7 or higher
and with a chroma of 8 or higher, and said iron cores and metal parts are
colored in achromatic color with a lightness of 4 or lower.

6. A resin molded transformer as claimed in claim 4, wherein said
resin molded coils are colored in chromatic color with a reflectance of 40 % or
higher, and said iron cores and metal parts are colored in achromatic color with
a reflectance of 15 % to 3 %. _

7. A resin molded transformer as claimed in claim 5 or claim 6,
wherein said resin molded coils are colored yellowish red or yellow between
hue 2.5YR and hue 10Y of Munsell color system.

8. A method of manufacturing a resin molded coil by disposing an
insulating members at inner periphery and outer periphery of a coil having
wound conductor, and molding said coil with thermo-setting resin, comprising
the steps of; ' '

disposing first resin pregnant insulating members around an inner mold
which is served as a coil mandrel and casting mold,

| forming a coil by winding conductor around said inner mold with said
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the insulating layer form ng nmedium 21 is sem cured prepreg sheet—-:>__
Afterwards, epoxy resin 25 is cast between the prepreg s? t he
insulating layer form ng nedium 21 and the inside and ou mwﬁﬁ”:ﬂ!& ﬂ
of the coil body 10. The cast epoxy resin 25 flows in the*resin 4
bet ween gl ass mats 23 and 23 and penetrates into glass mats 23, and al so
into the entire space between the prepreg sheet 22 of the insulating |ayer

form ng nmedium 21 and the_inside and outside peripheries of the coil body
10. Wien cfisstiingulapiagymembess, 25 the resin is cast slowy so as not to

i ECI ude air alnddaisgpsmingsdeeda_rllﬁnifgcgh%ﬂtaihedgﬁﬁgagembetdsmbudd said cen,enbi f
the resin include.ai.r. e_£oi e v r y
applying ult r asoni: Chng“‘r ﬂﬂ‘%’ﬁe W"?ﬁl éla °e?v{ii¥bnlsf ?eégﬁ%%%% °\7€$er¥”‘§f§’§§gyé‘g‘8xy
resin 25 i saidacoibwith sdil secend insuldtigimeniblers, i s conpl et ed.

casting resin into a space formed between said inner mold and outer

mold and hardening said resin.
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t he conventional technique in which a spacer is used, in this case, the

spacer 5 can happen to peel
off to formair space in the insulating |ayer. Therefore, the dielectric
breakdown and deterioration of thermal conductivity due to air space

2/10 o

FIG. 2
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in’the-insulating | ayer 20 is prevented. In this enbodi nent,

the insulating |ayer formng nmedium 21 is prepared previously to elimnate
the work for providing a plurality of spacers with a certain interval or
wor ki ng for winding an insulating tape around the coil body 10 to form
multi-plied layer as in the conventiqy;bvgechnlque thus tinme for
production is shortened. n this enbodi nent, the inpact
strength is inproved because glass fiber is mxed in the |nsulating | ayer
21. A nmethod for producing a resin nolded coil of the
invention is described referring t i 4 and Fig. 5. In

t hi s enbodi nent, an inner nold 10m@_i gerved as a coil mandrel and
nold is used, a glass mat 104 is wound on the outside periphery of

23 22 23
N _ J
23~ . 25 21
h'd
20 |
23 ' 23
' Y
o5 25 N
23
25~ 25
(28 22 23 1212 1111
Y Y
21 25 10
Y — e ———— —
20

T
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the inner nold 101 (it will be the inside periphery of the resin nol ded
coirl .finally) to forman inside peripheral insulating layer, and then,
conductor wire 11 and inter-layer paper 12 are wound on the insulating

| ayer to forma wound coil 103. Then, on the outer periphery of the wound
coil 103 (it wll be the outer periph%%y ﬁf the resin nolded coil finally),
a glass mat 104 is wound to formthe t; I nsulating |ayer. Two flexible
nmetal plates 102 are used as the outer nold. The side edges of both netal
pl ates 102 are faced to both bends of a casting jig 105 and the side edges
and bends are clanped with clanping jigs such as a vise 106 (refer to Fig.
5), the netal plates are wound around the external shape of the coil body,
and the coil body is fastened with bands. A pin 121 is projected fromthe
side of the inner nold 101, and this pin 121 is engaged to a correspondi ng
hol e 122 of the casting nold 105 for positioning

FIG. 4
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each other. Simlarly, pins 123 and 124 are projected fromthe casting nold
105 at the bottom these pins 123 and 124 are engaged to correspondi ng

hol es 125 and 126 provi ded on the bottom 120 for positioning each other.
Resin is cast into the nold formed as descri bed herein above.

The nmetal plate 102 for the outer nol have a size with the sanme hei ght
as the coil or higher, with the sane d as a half of the periphery of '
the coil or wider, and netal plates with a certain same size can be used as
outer nolds of coils with different various external forn1sizes Met al

pl ates are flat in shape before shaping for use as ter t he net al
pl ates can be stored in the formof a stack, thequEYGE; pace for
storing the outer nold is

FIG. 7

108a

108b(104) 24 108b(104)
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mnimzed. The glass mat 104 is served to forman insulating layer and al so
to be i.npregnated with resin. Fig. 6 is a perspective view
fromthe back side of the resin nolded coil 107 produced by the process
descri bed above. The glass nats

6/10

FIG. 8
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104 are | ocated on

the inside and outside peripheral insulating |ayers,

the outer nmold is wound around the external formof the coil, and the outer

~mold is fastened w

th bands, therefore, fibers of the glass nats 104

appears on the surface of the coil after conpletion of the coi

sporadically (131).

over | apped each other on the back si

The nmetal plates ég% for formng an outer nold are
d ! Ohe over | appi ng nakes a step on the

coil surface by the thickness of the netal plate, therefore, the coil is
featured by the appearance of a hem 109 which extends in the direction of
the height of the coil or a trace of cutting of the hem

Fig. 7 is a cross-sectional view taken on line A-A of the resin nolded coi
107 shown in Fig. 6. Strong resin insulating |ayers 108b contai ning gl ass

mats are forned on

the inside and outside peripheries of the

221 221 221
rJ rJ 299 205
noa 3¢ g | P
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wound coil 103. Three insulating |layers 108a consisting of resin only are
forimed at the three positions, top, mddle, and bottomin the height
~direction of the coil. Gass mat with a fiber density of 300 to 500 g/[err]
is conmmercially available, this type of glass mat with a fiber density in
the range is suitably used as the glaés mat 104 for the insulating |ayer of
the coil. Especially, glass mat with A1Ber density of 500 g/ [err] is
preferably used as insulating material provided on the inside and outside
peri pheral insulating | ayers because this glass mat gives excellent resin

i npregnation when casting and high strength which allows high pressure
exerted when wi nding of wre and Flanr;gt t he outer nold.

In this enbodi ment, heat resistant iL such as

pol yet hyl ene-terepht hal ate (PET), pol yethyl ene-napht hal ate (PEN),

O
e IS iR o J—
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pol yether-imde (PEl), and polyimde (Pl) are used as the above-nentioned

i nt'er.- | ayer paper 12. These materials have high thermal conductivity, and
the use of this type of filnms nakes the resin nolded coil easy to be
cooled. Therefore, in this enbodinment, in case of producing a nol ded coi

of the same rated capacity as that of  c entional one, the conductor
portion of the coil can be snaller ﬁaégﬂ than that of conventional one,
due to the effective cooling capaC|ty agai nst increase of heat caused by

i ncrease of current density. In addition, the inside and outside insulating
| ayers can be thinner than those of

FIG. 11
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7 the'conventional coil because the strength of the insulating |ayer of
the i>nvention is high, thus this factor also allows the size of the coil
to be m nim zed. The thermal conductivity of

pol yet hyl ene-terephthal ate (PET) is 0.151 wnferr]k, the t her mal
conductivity of polyethyl ene-napht hani 6? éPEN) s 0.151 wnierr]k, the
thermal conductivity of polyether-i @ El) is 0.198 wm

FIG. 12
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k, and"the thernmal conductivity of polyimde (Pl) is 0.156 wnierr]k; and
the dielectric breakdown voltage of pol yethylene-terephthalate (PET) is 220
kV/mm the dielectric breakdown voltage of polyethyl ene-napht hal ate (PEN)

i s 294 kV/ RESHNMOLDED: MIRANS FORMER]IAND MANUFACTURING METHOD iITHEREQFPEI ) s
210 kV/imm and the dielectric breakdown voltage of polyimde (Pl) is 260
kV/ nmm According to the enbodi nents descri bed herein above,

an i nner Aﬂgm%ls served as a coil mandrel and nold, an outer nold,
which is f nding flexible flat plates around the outer peri phery
of the coil, and insul &hengreseperinventivn trelates toeimprovepeatron safatieby nner
mol d and ouhgfcafkth , AL R6GE BorliOR ofa%ielin ABIAANARRABraLE 1 Clont]y, are

used, thereby, the follow ng are

The
workabi ity in produci fd F%EP?F%YTPZ‘GS%O?‘F{S(W?I‘P?&)PMY coﬂ(s gf the resin

molded transformer are colored in different brightness or chroma from an iron
core and metal parts, live portions where dangerous high voltage is applied are
visually indicated clearly. For instance, primary coils are colored with a yellow
color with a brightness of 7 or higher, and iron cores and other metal parts such
as frames are colored with an achromatic color or a color of low chroma with a
brightness of 4 or lower. Thus, even if the transformer is installed in a dark
basement room, live portions are clearly indicated by difference of brightness.
Further, the use of yellow color, which attracts attentions, can clealy indicate
danger caused by careless touch to the dangerous live portions.
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BLLLYZE L OE L B
M

(2) The ‘mechanical strength of -inside and outside ﬁﬂ){h@falw‘ 5 hl Ag SG
| ayers i s inproved. (3) The mmi ntenance of “Guter meFaEd €' 10 paged &
uhnecessary. (4)- The cooling of the coil ijs LaCH i'at edgd 2w yaged .4,
processing of outer nold flat plates.. “1  (5). D $tiur e prgedi é’fan@e,gaml‘..'fﬁ?
“the coil is .inproved.. (6) The reqai red mi ¥asul aphavg! Fayepaged .o

~thickness.is reduced by adhering the rret al pI at eg to the coil, and thus
{reglrjl!sg g?ﬁ%ﬁﬁﬁrﬁﬁwﬂﬁﬁ@df ourth errbodl rrerllzﬁgf ?ﬂfﬁ%ﬁ.:ﬁsﬁﬁ—
uses nol deRESIN stHsDED)éDRANS?mRMEReAM deWecCTURING METHOD
THEREOF
BACKGROUND OF THE INVENTION
1.Indnstrial Field of the Invention
' This invention relates to an induction apparatus such as
- transformer using resin molded coils and manufactunng method thereof. '
2. Description of the Prior Art _ '
: ' Resin molded coils having a molded resin layer which is formed
‘by casting a thermosettmg resin around a coil have been used widely as coils of
resin molded transformers. . ' o '
_ Conventional resin molded coxl technlques are dxsclosed in, for
-' example, Japanese Patent Laid-Open No. Sho 54-50957 (1979) and J apanese
| Patent Laid-Open No. Sho 57- 121207 (1982) - :
Aceordmg to. the teehmque disclosed in Iapanese Patent Laxd-
Open No. Sho 54-50957, an insulating layer comprrsmg a resin spacer and cast
~ resin is formed on the msrde perlphery of a coil which is formed by winding
conductor wire, and according to the techmque disclosed in Japane_se Patent
. Laid-Open No. Sho 57-121207, an insulating layer- comprising insulating :
prepreg sheet and 1nJected resin is formed on the ms1de and outside penphenes :
of a coil. ' '

Otherwrse, a method 1n which a coil is formed by wmdmg
conductor wire on a coil former-mold, and resin is cast to the coil using a mold
formed as an outer mold Conventionally, a transformer has been constltuted

. by mcorporatrng a coil produced as mentioned above to an iron core.

According to the above-mentroned techmque dlsclosed m"
Japanese Patent Laid-Open No. Sho 54-50957 though the same resin as used
for the spacer is used for castmg to form solid msulatmg layer, the adhésion

. between the spacer and the msulatxng layer is msufficxent because molten resin

- (casting resin) -is cast on the res1n which is prevrously hardened (spacer).
After hardening of the cast resin, the spacer can happen to peel off from the
cast resm, and the peeling off can cause drelectnc breakdown. |

~ In the case of the above mentioned techmque dlsclosed in

Japanese Patent Lald-Open No. Sho 57- 121207 in the process in whlch_

 insulating prepreg sheet is wound to form multi-plied layer, air is included
belween the layers, and the inclusion of air can cause dielectric breakdown.
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The appearance of the transforner in accordance with the present invention
is shown-in Fig. 8 and Fig. 9. Fig. 8 isa perspective view of the

tfr ansf or mer 'vi ewed from:above front, -and Fig. 9 IS a perspective view of
~the transfornmer viewed from above back -2 - - . InFig. 8 and Fig.
9, 201U, 201V, 201W ar e U- phase, V-phase TTand VVphase prlnary coils
~respectively, and 203a and 203b are |ron cores

) On the other hand accordlng to the method in whlch molds are
provrded on the 1ns1de and outside penphenes, whereas the msulatmg layer is
-excellent in appearance of the coll surface, -moisture-proof, and mechanical
strength this structure requrres many parts which constitute a mold, “the
_requirement causes poor productwrty and less economy in the mamtenance of
the parts constltutmg a mold due to dwersrfied Speclficatron
Conventional transformers usmg these resin molded coils have
been developed addressing on the 1mprovement of safety and handhng as the
general purpose, however, the above-mentioned conventional techniques does
-not involve the improvement of safety by v1sually mdtcatmg hve portlon, when
" a resin molded corl is xncorporated ina transformer
SUMMARY OF THE INVENTION '_ |
An object of the present mVentlon is to form an excellent
msulattng layer on a resm molded coil, and improve the safety and handlmg of
a transformer. _ ' _ |
' -To accomplis_h the B} _aboVe_-m’entioned object, the present
invention provides a _tran'_sforme_r.. con_'lpr.is_ing'resin molded coils, iron cores
- inserted in the resin molded coils, and metal parts for fixing the coils and iron
cores, wherein the resin molded coxls are colored hght and the metal parts are
colored dark.- - : : |
: The transformer usxng ‘resin molded coils of the mventlon is
excellent in mechanxcal strength morsture resistance, and appearance of the
- coil surface, and indicates a dangerous part on the resin molded coil havmg a
~ possibility of careless touchmg not by chroma but hghtness Therefore, even
Af the transformer is mstalled in a dark place such as a basement where the
" “illumination i is msufficrent the dangerous portlon is clearly mdlcated
BRIEF DESCRIPTION OF THE DRAWINGS
' Flg 1 is a vertical cross-sectlonal view of a resin molded coil of a first
" embodiment j in accordance with the present invention.
| . Fig. 2is a perspectlve view of msulatlng layer formlng medlum of the
flrst embodrment of the invention. : :
Fig.3isa cross-seetxonal v1ew taken on lme llI I of Fig. 1.
Fig. 4 is an exploded perspective view for 1llustrat1ng productxon of a
: resm molded coil of a third elnbodlment of the. tnventlon .
Fig.5isa persPectlve view for 1llustratmg the assembled mold of the
third embodiment of the invention. :
o \
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8 Secondary coils of 202U, 202V, and 202W which are not shown in the
figures, are inserted in primary coils of 201U, 201V, and 201W
ﬁespectlvely In the transformer shown in the- flgures the. l'egs..of iron

cores 203a and 203b-are inserted in the 3econdary coils of 202U, 202V, and,-' |

202W and the secondary coils of 202U, 202V, and 202Ware inserted in the
| |ns:ge PﬁghrgfthesngzetrelprlpﬁrK Cﬁl|ﬁ of - ﬁOlU 201V and 201VV‘ln'these _
_ (r;g: yet hyl ene- nap%!gteﬁ gt@naapémargggu{eg(éo% Fhef;;%“hwqgﬁi éd UC_ ?‘F‘HHH“P&\ ‘the
third enbO% K¢ thib@ e@ibU@neneof the invention. ' ' L
' - Fig. 7is a cross-sectronal view of the resm molded corl produced
according to the thrrd embodiment of the invention. -
Fig.8isa front apparent view of a transformer of a fourth embodrment _
ofthernvennon . . |
Fig. 9 is a’ back apparent vrew of the transformer of the fourth_
i embodrment of the invention. - '
‘ Frg 10 shows three drawmgs for 1llustrat1ng the structure ofa cover_
for a tap switch of a transformer of the fourth embodiment of the mventlon
Fig. 11 shows three drawings for 1llustratmg the structure of a cover B
- for a primary termmal of the transformer of the fourth embodrment of the
invention. : L
_Fig. 12 shows a drsplay for showmg the danger drsplay on the
transformer of the fourth embodiment of the mventxon
' DESCRIPTION OF PREFERRED EMBODIMENTS :
Embodlments in accordance with the present mventron wrll be
descnhed in detaxl referrmg to the drawings. )
- _ First, the first embodrment of the present invention is descnbed
, ~referrmg to Fig. 1 to F1g 3. ‘ '
The mold coil of this embodrment isto be used for transformers.
Generally, a transformer comprises a hlgh-voltage coil 1 and a low-voltage coil
.2 as shown in F1g 1, herein, the resin molded high-voltage coil 1 (for example
3kV)is addressed for descrrptxon In the figure, 3 represents an iron core.
~* The resin molded hlgh-voltage corl 1 of this embodxment_ y
comprrses a coil body 10 which is formed ina shape of rmg cross-section using

. ‘wound conductor wire 11 and 1nsulatmg layer formmg medlums 21 which are
‘provrded on the outside and inside penphenes of the coil body. 10.

- Inter-layer papers 12 are provrded ‘between each layer of
conductor wire 11 of the coil body 10. _ '

e " As shown in Fig. 2, ‘the msulatmg layer forming medmm 21
comprises prepreg sheet 22 (insulating sheet) composed of glass cloth sheet
formed by knitting insulating glass fiber and €poXy resin impregnated in the
glass sheet, and a plurality of rectangular glass mats 23, 23, *°° (msulatmg
fiber mat) which are formed by knitting glass fiber. The glass mat 23 hasa
size with the same length 1 as the prepreg sheet 22, a w1dth w of 10 mm to 30 i
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Therefore, in this enbodi nent al so, by using strong resin insulating | ayer
,conpr|5|ng inter-layer papers with high thernmal conductivity and gl ass
nmats, the current density can be increased, and the coil is minimzed in

si ze. . - In this enbodi ment, a wound iron core which is
~‘produced by w ndi ng silicon st eel platgg_s used for the i.ron cores 203a and
203b. The |ron core nay be a wound iron.core which is produced by w nding:

Lot oo R e BRbRhees R ol 2ifd S, K BHTRIRHEAaPR G 2, AL sl
whi ch a | afsi ardireedl thl'n epoxy adhesieeon the pulepregl sheet D2 veith lacdertaindnteovaled
and 11 ghi- GER A0 B obfie Yad Bilg4d PeliPhotd Pl o THF SRR b !
Accor di ngl the glass mate23,023, i°$ *r axeLkochs sariicd As pa§sagasy 2|49€or ﬁoveagmigesm
- comparing ¥kt cﬁ%@i’ﬁ@d'R}@lnalfﬁrh”m%tal”tﬁxakﬁess of thickness h of the glass.
| mat 23 and thrckness t of the prepreg sheet 22 wxll be the thickness T (duct
height) of msulatmg resin layer 20. :
When the coil body 10 is molded wrth resin, as shown in Flg 1
and Fig. 3, the msulatmg layer formmg medmm 21 is wound on the coil body 10
_ 50 as that glass mats 23 of the msulatmg layer formmg medium 21 contact with
the inside and outsrde penphenes of the coil body10. The prepreg sheet 22 of
the insulating layer forming medium 21 is semrcured prepreg sheet. ,
o ~ Afterwards, epoxy resin 25 is cast between the prepreg sheet
22 of the msulatmg layer forming medium 21 and the inside and outside
penphenes of the coil body 10. The cast epoxy_ resin 25 flows in the resin -
passage 24 between glass mats 23 and 23 and penetrates into glass mats 23, and
also into the entire space between the prepreg sheet 22 of the insulating layer
forming medium 21 and the inside and outslde penphenes of the coil body 10.
~ When casting epoxy resin 25, the resin is cast slowly s0 as not to include air and
- the coil body 10 is vibrated so as to exclude air even if the resin include air.
The coil body 10 may be vibrated, for example, by applymg ultrasonic vibration
with a certain frequency. When cast epoxy resm 25 is hardened the resin
. molded coil 1 is completed. '
 As described above, on the outsrde and msxde perrphenes of the
-coil body 10 the 1nsulatmg resin layer 20 compnsmg cast epoxy resin 25 and
: msulatmg layer formmg medium 21 is formed. _ :
. In the case that an insulating tape is wound to form multl-phed )
layer for t'ormmg an msulatmg layer as in conventional techmque, air spaces are
formed mevrtably between tapes due to slackemng or irreversible elongation of |
the tape. On the other hand, in this embodiment, air space will not be formed
- because fluid casting resin 25 is cast between the coil.body 10 and the prepreg
sheet 22 to form the insulating layer 20.  When caStlng the resin 25, the above
mentioned treatment allows the resin 25 to be free from air.. The casting resin
25 penetrates into glass mats 23 to combme the msulatmg layer formmg_
.. medium 21 with the cast resin 25, air space wrll not be formed dlfferently from
. the conventronal technrque in whlch a spacer is used, in thts case, the spacer'
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respect. For exanple, in the case of a three-phase
transfornmer with a capacity of 20 kVA to 500 kVA, the size of the - _
“transformer is nininized.to a depth of. 345 mm for 20 kVA and 505 mm for 500 -
kVA. In the case of a single-phase transformer with a capacity of 20 kVA to
500 kVA, the size of the transformer is_Bininized to a depth of 360 nmfor
.10 kVA and 505 nmfor. 300 kVA. Accordingly, the volune of a transforner is

reauced o sk Rshed fo BRECHES ety il bl RRMMCHRAIRL AT SAERore I 1
loss . is r edmieetrie)br&elsdowa apgd deterjoratiomef thermal waiucswmdhuem iy spaeIt - 5
% The depld"tlfd ?ﬁulﬁ@ﬂ?e?ﬁﬁllsﬁrem@” ng with a conventi onal

transforner, the tra ner w a certain-thickness aof ,insulator_can be
cont ained in the thi n &R bhis cmbpdiment, d@ﬁtlﬁslﬁptmgdayer forming medium 21 1s

prepared prevrously to ehmmate the work for provrdmg a plurality of spacers'
with a certain interval or workmg for wmdlng an insulating tape around the coil
~ ‘body 10 to form multr-phed layer as in the conventronal technique, thus time
for production is shortened. '
| In this embodiment, the rmpact strength is nnproved because
- glass fiber 1s mixed in the insulating layer 21 '
' _ A method for producmg a resm molded corl of the invention is
' described referring to Fig. 4 and Fig. 5. | -
- In this embodiment, an inner mold 101 which is served as a coil
mandrel and mold is used, a glass mat __10_4 is wound on the outsrde periphery of
" the inner mold 101 (it will be the inside periphery of the resin molded coil
f'mally) to form an inside perrpheral insulating layer, and then, conductor wire
- 11 and mter-layer paper 12 are wound on the msulatmg layer to form a wound
- 'coil 103. ' Then, on the outer penphery of the wound coil 103 (it will be the
outer periphery of the resin molded coil finally), a glass mat 104 is wound to
form the outer msulatmg layer. Two flexible metal plates 102 are used as the
-outer mold. The side edges of both metal plates 102 are faced to both bends
ofa castmg jig 105 and the side edges and bends are clamped with clamping jigs
“such as a vise 106 (refer to Fig. 5), the metal plates are wound around the _
' external shape of the coil body, and the coil body is fastened with bands A
pin 121 is pro;ected from the side of the inner- mold 101, and this pin 121 is
~engaged to a correspondmg hole 122 of the castlng mold 105 for posxtronmg
- each other.’ Similarly, pins 123 and 124 are pro;ected from the casting mold
- 105 at the bottom, these pins 123 and 124 are engaged to corresponding holes
125 and 126 provided on the bottom 120 for posmonmg cach other Resin is.
cast into the mold formed as described herein above. B |
- The metal plate 102 for the outer mold may have a size wrth the _
same height as the coil or higher, with the same width as a half of the periphery
- of the coil or wider, and metal plates with a certain same size can be used as
- outer molds of coils with different vanous external form sizes. Metal plates.
~ are flat in shape before shaping for use as an outer mold, the metal plates can be
~ stored in the form of a stack, therefor_e, the space for stormg the outer mold is
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mm which is one of the sizes in GEML424 recommendati on.

Wwbund iton cores . 203a, and 203b, primary coils 201U, 201V, and 201W and
secondary coils 202U, 202V, and 202Ware fixed ‘bet ween a bottomframa 204
and a top frarre 205 The bot t om frane 2061 IS connected to -

: mmrmrzed The glass mat 104 is served to form an msulatmg layer and also to
be 1mpregnated with resin. " ) : - _ -

- Fig. 6is a perspecttve view from the back side of the resin
molded coil 107 produced by the process described above. The glass mats
104 are located on the inside and outside penpheral insulating layers, the outer
mold is wound around the external form of the coil, and the outer mold is
fastened wr_th bands__, therefore, flb_ers of the glass mats 104 appears on the
surface of the coil after completion of the coil sporadically (131). The metal
plates 102 for forming an outer mold are overlapped each other on the back
side, the overlapping makes a step on the coil surface by the thickness of the
metal plate, therefore, the coil is featured by the appearance of a hem 109

| _whrch extends in the direction of the helght of the eoxl or a trace of cutting of
the hem. : ' . ' o
' Fig. 7is a cross-sectlonal view taken on line A-A of the resin
| molded coil 107 shown in Flg 6. Strong resin insulating layers 108b
| contammg glass mats are formed on the inside and outside peripheries of the
wound coil 103. Three msulatmg layers 108a eonsrstmg of resin only are
- formed at the three positions, top,, middle, and bottom in the herght direction of
the coil. Glass mat with a fiber densxty of 300 to 500 g/m2 is commercially
‘available, this type of glass mat with a fiber density in the range is suitably used
as the glass mat 104 for the msulatmg layer of the coil. Especially, glass mat. .
with a fi ber densrty of 500 glm2 is ‘preferably used as insulating material
provided on the inside and outside peripheral insulating layers because -this
. glass mat gives excellent resin impregnation when casting and high strength |
- .~ which allows high pressure exerted when wxndmg of wire and fastemng ot‘ the
outer mold o ' : . S
ST . In. this embodunent heat 'r_e'sistant films 15 such as
'polyethylene-terephthalate (PET), ' polyethylene-naphthalate (PEN),
. polyether-imide (PEI), and polyimide (PI) are used as the above-mentioned
mter-layer paper 12. These materials have high thermal conductivity, and the
“use of this type of films makes. the resin molded coil easy to be cooled.
Therefore, in this _embodlment in case of produ_cmg a molded coil of the same "
rated capacity as that of conventional one, the conductor portion of the coil can
be smaller in size than that of conventlonal one, due to the effectrve cooling '
capacity against increase of heat caused by increase of current density. In
~‘addition, the inside and outside insulating layers can be thinner than those of
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9 two bases 206a and 206b with interposition of four vibration-proof

rubber 300, the two bases 206a and 206b are fixed by screwing screws into
t'apped hole on the floor when installing the transformer on the floor. The " .
top frame 204-and the bottom franme 205 are connected together. with
connecting menbers which penetrate through the inside peri pheries of t he .
secondary coils 202U, 202V, and 202W which structure is not shown in the

205\ “ana LR ERHOGAIGRY, €91 05:A3E B0 sbilhn, B AR sty 1808 2@’“, e

frame 204 imventips noblalmatbysmns biactare AlseoaHows athes siget Bf i thecepilsta jbsn
rubber -menpgigiZ@ and spacers 209. In addltlon to such structure a vvound

iron. S d
core I's used as ""Phé rtl(r)e-[]rma(l conductivity of polyethylene-terephthalate (PET)

is 0. 15 1 w/m'k the thermal conductwrty of polyethylene-naphthalate (PEN)is
0.151 w/m*k, the thermal conductrvrty of polyether-rmrde (PEI) is 0.198 w/m®* :
k, and the thermal conductrvxty of polyrmrde (PI) is 0.156 w/m°k, and the
~ dielectric breakdown voltage of polyethylene-terephthalate (PET) is 220
kV/mm, the dielectric breakdown voltage of polyethylene-naphthalate (PEN) is
294 kV/mm, the drelectrrc breakdown voltage of polyether-1m1de (PEI) is 210 -
'kV/mm, and the dielectric breakdown voltage of polyimide (PI) is 260 kV/mm.
Accordmg to the embodrments described herein above, an inner
mold which is served as a coil mandrel and mold, an outer mold, whrch is
formed by winding flexible flat plates around the outer periphery of the coil,
and insulating layers, which are used as spacer for the inner mold and outer o
mold and accept the resin 1mpregnatron sufficrently, are used, thereby, the
"_ followmg effects are exhibited. ' : :
(1) The workability in producmg resin molded coils is 1mproved
(2) The mechanical strength of msxde and outside perlpheral msulatmg
' layers 1s improved. _ :
- (3) The maintenance of the outer mold is unnecessary :
(4) The coo_lmg of the co_rl is .t'acllrtated by proc_essmg of outer mold flat
plates. _ : | : -
(5) The morsture resrstance of the coil is improved.. |
(6) The requrred minimum msulatmg layer thickness is reduced by
' adhermg the metal plates to the corl and thus requrred amount of resm is
reduced. : : : S '
_ Heremafter, a. transformer in- accordance with the fourth
embodrment of the mventron whrch uses molded coils described hereinbefore is
described. o C .
The appearance of the transformer in accordance with the |
-present invention 1s shown in Fig. 8 and Fig. 9. Flg 8isa perspectrve view of
the transformer viewed from above front and Fig. 9is a perspectrve view of the
transformer viewed from ‘above back. :
| In Fig. 8 and Fig. 9, 201U, 201V, 201W are U-phase, V-phase,_
an_d W-phase primary coils respectrvely, and 203a and 203b are iron cores.
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in the present i nvention, the use of a wound iron core reduces t he j oi nt,
t he reduced joint results I n reduced noi se generation. In-
the figures, on the front right -corner -and. on the back rrght (left side.
when viewing fromthe front) corner of the bottom frame 204, earth

term nal s 208a.and 208b are provi ded re ctively.- In this enbodi nment, the - -

earth ternmnals 208a and 208b are provi ded on a diagonal I|ine- of the _
e o Seeb sty BRI, AL Sl 26, SRR o BT ibenr e
for engagi age instehteldomkpruuaeyr cbile dfr2013,020EV, and RO respecpively. di hgthdll s :
the f PSU?SE&M e PR i Y, G2 b, B oac Bt 2039089, 0%, a7 bt
recesses f msehmlgimtjre mndeuondds of 2021, 1202V,2a6d 262W, land the secondary
: corls of 202U, 202V and 202W are mserted in the inside peripheries of the
primary coils of 201U 201V and 201W ‘In these coils, insulating material
with hrgh thermal conductrvrty such as polyethylene-naphthalate 1s used as
- _1nter-layer paper as described in the ‘third embodiment hereinbefore.
. ‘Therefore, in this embodiment also, by usmg strong resin insulating layer
comprrsmg inter-layer papers with high thermal conductrvrty and glass mats,
the current densrty can be increased, and the coil is minimized in size. _
‘In this embodiment, a wound rron core which is produced by
wrndmg silicon steel plate is used for the iron cores 203a and 203b. The iron -
- core maybea wound iron core which is produced by winding foil of amorphous
metal. By using this. type of wound magnetic core, the core loss i is reduced to
result in energy savmg comparing with the case in which a laminated iron core
is used. As described ‘hereinbefore a ‘molded coil is mmrmrzed in size by
applying this invention, therefore, a small and light-weight iron core is |
-"'suffici'ent for this type of molded coil. Accordingly, the core loss is reduced
 and energy saving is realized comparmg wrth conventxonal techmques in this

respect. .
For example, in the case of a_three‘-phase t_ransformer with a
capacity of 20 kVA to 500 kVA; the size of the transformer is minimized to a
‘depth of 345 mm for 20 kVA and 505 mm for 500 kVA. In the case of a
- single-phase transformer wrth a capacrty of 20 kVA to 500 kVA, the srze of the ’ |
transformer is mmrmrzed toa depth of 360 mm for 10 kVA and 505 mm for 300
kVA. _Accor_dmg_ly, the volume of a transformer is reduced by about 10 %
comparing with a conventional t'ransform“. ) By the minim_izat_ion in size, an
iron core is minimized by about 5 %, and the core loss is reduced by about 5 %,
thus the no-load loss is reduced by about 5 %.  The depth size is made smaller
. comparing with a conventional transformer, the transformer with a certain
thickness of msulator can be contained in the thin cubrcle with a depth of 700
mm, which is one of the srzes in GEM1424 recommendatron
Wound iron cores 203a, and 203b primary corls 201U 201V,
and 201W and secondary coils 202U, 202V and 202W are fixed between a
N ‘bottom frame 204 and a top frame 205. The bottom frame 204 is connected to
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secondary coil 202U, 202V, and 202Wand a bar 222 for connecting W rings
are provided on the upper back of-the top frane 205. An-earth term nal 215
of the contact preventing plate (not shown i'n the figures) which is
‘provided between a secondary coil and a primary coil 201 is provided on the
back left side (rlght si de when vi ew ng 9romthe front side) of the bottom:
frame 204.; _ - . Referring to Ffgr 8 and Fig. 9, rotary type taps
210 for swi tchl ng the connection between .coils and coil layers and a
connect i ng twarbases 2062 apd 2A6bewithiintenpositiauio fowr vibeatien+proaf rulibee 300pn of

t he second g,g%\/\g I naI S
211 of - the@ﬁf%@%ﬁg%?éb’aﬁaﬁ@%bﬁ% and gﬁf\fvb‘g?%ls%ﬁ’ tgthﬁﬁé%gz’ﬁ)f)%r

front of t ke §90F m*’ymélﬂ l‘gg $ho transformer gathedlogr. schhe tapfy apier 204
i nsul at i ng tE®vorton fFante1902 bee Confiteted rtegsmekaﬁtn 8RRy ine fibees 'w%ha\.h are

provi ded _Orﬁefx@&afewthr%rdlgﬂgtheaﬁsrde penphcrres of the’ secondary coils 202U, 202V,
and 202W, which structure is not shown in the figures. The wound iron cores
~ 203a and 203b, primary coils 201U, 201V, and 201W, and secondary coils
202U, 202V, and 202W are frxcd to the bottom frame 204 and the top frame
105 between both frames with mterposrtron of rubber members 208 and spacers
209. In addition to such structure, a wound iron core is used as an iron core "
- .in the present mventlon, the use of a wound ° iron core reduces the Jomt the
reduced joint results in reduced noise generatron
In the ﬁgures, on the front rlght corner and on the back right ;
(left side when vrewmg from the front) corner of the bottom frame 204, carth
terminals 208a and 208b are provxded reSpectlvely In this embodiment, the
~ earth terminals 208a and 208b are provided on a diagonal line of the
" transformer, this arrangement allows the transformer to be installed on a
limited space. On the bottom frame 204, holes 219 are provided which are for
~ engaging wrth hooks when the transformer is moved. By providing this '
f hooking holes, the workability of movmg is made casy. - |
" In the figures, rlght and left cutouts 224 of the top frame 205
- are hanging recesses for hangmg,_ and secondary terminals 221 for the _
secondary coil 202U, 202V, and 202W and a bar 222 for connecting wirings are =
provided on the upper back of the top frame 205. = An earth terminal 215 of the
__ ""contact preventing plate (not.shown in the figures) which is provided between
a secondary coil and a pnmary coil 201 is provrded on the back left side (nght
* side when viewing from the front side) of the bottom frame 204. .
_ Referring to Fig. 8 and Fig. 9 “rotary type taps 210 for
switching the connection between corls and coil layers and a connectmg bar
220 are provided at the mrddle in the vertical direction of the secondary coils
202U, 202V, and 202W i in the ﬁgures Prlmary terminals 211 of the primary _
- coils 201U, 201V, and 201W are provlded on the upper front of the secondary -
coxls 202U, 202V and 202W. Semr-transparent insulating covers 212 and
213 (including smoked transParent materxal) are provided on the sw1tch1ng taps
.. 210 and terminals 211. :
| " The shape of the covers of the switching t_aps.210 is shown in
This as”the'replaceme“‘ sheeit
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210 and termnals 211. The shape of the covers of the
swi tching taps 210 is shown in- e :

Frg 10 and the shape of the covers of the termmals 211 are shown in Fig. 11.
In both Fig. 10 and Fig. 11, "a" represents front views, "b"’ represents side
~ views, and "c" represents top views. As shown in Fig. 11, the display 333 of
- "DAN GER HIGH-VOLTAGE" is dlsplayed on the cover of the termmal 211.
. Asdescribed above, by provxdmg the. msulatmg covers 212 and
' 213 the careless touching to exposed hrgh-voltage portion is prevented. The
- use of semx—transparent material for. these msulatmg covers 212 and 213 allows
the switching taps 210 and termmals 211 to be seen from the outside and the
trght fastening can be checked ata glance Differently ifa transparent cover
L is used, the existence of the cover is not percelved bya worker, and the worker
* will feel danger. ' '
As shown in Frg 8 and Fig. 9 in thls embodtment ‘danger
.display ‘marks 214 shown in Fig. 12 are marked on the four sides of a
transformer - As shown in Fig. 12 in the danger display mark 214 of this
embodrment characters and a symbol 2141 for displaying the danger and a
‘sentence 2142 for descnbmg the type of danger and the dangerous action are
‘located separately. ' By displaying not only the existence of the danger but
: also the reason and dangerous action, the safety will be improved.
. In the structure of the. transformer of the present invention
descnbed hereinbefore (refer to Flg 8 and Flg 9), the primary coils 201U,
201V and 201W, and secondary coils. 202U 202V and 202W are colored in a
. light yellow color with high brightness such as a color of Munsell No. 2.5Y8/ 14.
The bottom frame 204, top frame 205, and base 206 are colored in a dark gray'
color with low bnghtness such as Munsell No. N4 0. The wound iron cores
203a and 203b are colored dark nearly black. L _
_ _ In thxs mventlon, the reason of the colormg is descnbed
. hereinafter. o ) : _
_ _ ' Thongh insulating lay'ers __are. fortned on the .su_rface of the
* primary coils 201U, 201V and 201W and the secondary coils 202U, 202V and
' 202W, the high-voltage 1s mduced on the surface of these msulatrng layers
* when the transformer is in service, and it is dangerous to touch with a bare hand.
Therefore, it is desirable t_h_at the prrmary coils 201U, 201V and 201W, and the.
secondary coils 202U, 202V and 202W are colored in bright color (high
"_chroma) so as that these coils are re_cogniz_ed_'a_s danger. However on the
other hand, transformers ’a_re often installed in basement. In a basement,
- usually the intensity of illumination is 201x_'_to 501x (Japan Illumination
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Fig.'lo, and t he shape of the covers of the ternmnals 211 are shown in Fig.:
11. In both Fig. 10 and Fig. 11, "a" represents front views, "b" represents

si de V|ews and "c" represents top views. As -shown in Fig. 11, the display
333 of DANGER HIGH-VCLTAGE IS dlsplayeﬂlon the cover of the termnal
211. : "~ As described above, by providing the insulating covers

212 and 213 ~the carel ess: touchlng to exposed hi gh-voltage portion is

21" and 21 AReeie TSR ine TRE k0 Bl it e 14 73 By BT

t he outsi ddnasuth hedarikgplacbadmmamgymardaaoc lsec sebitive a0 gthandifferBnéd dnently -

if a transpapgm Blﬁrﬁ‘s‘éﬁsrh‘ie‘lé‘%ﬂf Flé?&eﬁéé ﬁlﬁ‘r‘lgﬁtn%s tNBaGdd/6h this /gg&t HP?H:QG' ved

by a worker,
|:|yg 8 ‘and qn;lg) 1glent,nthlemrgm§mgmlsn%mU 285V and 201W, and the secondary coils

202U, 202V and 202W are colored yellow of which color has high brightness
" and high chroma and is recogmzed popularly as a ‘color for danger, and other
portrons are colored dark so as that the yellow is remarkable in the dark.

_ In this embodiment, yellow of 2. 5Y8/14 and gray. of N4.0 (both

" are Munsell color system representatron) are used, but the colors are not
limited to these colors. The contrast between two colors colored on the two '
sections respectrvely is to be remarkable, it is said that the difference in the

" brightness of 3 to 10 or more and difference in the chroma of 8 or lngher of
Munsell color system is desirable (Motoro Kawakamr, Dictionary of Color,
' pubhshed December 10, 1987 by Asakura Shoten).

' The bright color used in accordance with the present invention
includes hues of 5Y, 7.5Y, 10Y, 2 5GY, 5GY, 7.5GY, 10GY, 2. 5YR, 5YR,
7.5YR, and 10YR in Munsell color system (or JIS standard color) which hue
has the brightness of 7 or higher, and has the chroma of 8 or higher. The dark

. color used in accordance with the present invention includes colors with the
brightness of 4 or lower for achromatic color and colors with the brightness of

"4 or lower and the chroma of around 2 for chromatic color, and desirably the
dark color isa complementary color of the bright color. _ '

By coloring the iron cores ‘and metal parts in achromatic color -

" or eolor wrth low chroma, the resin molded cores become remarkable for easy
~perception, and thus the coloring prevents workers from happenmg to touch
and the safety and handlmg is rmproved '

E The reflectance for each bnghtness is 78.66 % for the

':brrghtness of 9, 59.1 % for the brightness of 8, 43 06 % for the brightness of 7,
30.05 % for the brightness of 6, 19.77 % for the brightness of 5, 12.0 % for the

: brrghtness of 4, 6. 555 % for the brrghtness of 3 and 3.126 % for the brlghtness :
of2 (IISZS721) ' : '

' For example, for the combmatron of a bright color of the.
: brrghtness of 8 and a dark color of the brrghtness of 4, the bright color reflects

' llght about 4.9 times that of the dark color, for the combmatlon of a brtght _

- color of the brrghtness of 7 and the dark color of the brightness of 3, the bright

color reflects hght about 6.6 times that of the dark color, and for the
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di spl'ay marks 214 shown in Fig. 12 are marked on. the four sides of a
transfornmer. As shown in.Fig. 12, in the danger display mark 214 of this o
enbodi nent, characters and a symbol 2141 for displaying the danger and a -
sentence 2142 for describing the type of danger and the. dangerous action

are | ocated separately. By displaying nof2only the existence of the danger
but- al so the reason -and dangerous action, the safety will be .inproved.

In the struct f ' '

1 St UehBhe i bES bAERTEIRE T the byibRinBP B8 Y ahd 4ol .
L s ke kbl g O S
col or ~wi t hofagh tﬁ){ 98@&}3@&%&&&&&&*% lM’lB§§bf 3\t mér&, he Wkighthe

bottom frane and base 20 ol ed in a k
col or i t hcPlow rlsﬂlegt& light zsﬁléwfés°méltpa‘i\ﬁ ﬁaﬁeck ‘mdl?ﬁh ‘i @‘f? ray
easily dlstrngulshed in the dark.

. By colorrng the iron cores dark, the heat releasmg from the iron
core is facilitated based on the prmcrple of the black body radiation.
The ceiling and walls of aroom where a transformer is installed.
' 'rs colored generally white with the brrghtness of 8to 9.or light gray chromatic .
color, and the chroma is regulated to be 4 or lower. (J apan Illumination
Assoclatron, I[llumination Data Book, publlshed June 10, 1963 by Ohm Co. )
By colormg the resin molded coils with a chromatrc color, the
resin molded coils become remarkable because of the difference in chroma from
~ the interior surface of theroom. The iron cores and metal parts are colored in
~alow brightness color, the coloring makes the resin molded corls remarkable,
‘and the existence of the transformer becomes remarkable.
The hue of the color for the resin molded corls are selected ina
B range of Munsell color system or JIS standard color hue circle from 2.5YR to
10Y, or yellowrsh red or yellow, thus a color with high brightness (brightness
of 7 to 8) and hrgh chroma (10 or higher) is selected. These colors are warm.
color, and these colors are percerved as expansrve color, the resin molded corls
become more remarkable, and the high-voltageed resin molded coils are
“perceived more easrly, thus the colormg prevents workers from happening to
touch. : : o
o If the iron cores and metal parts are colored. pure black .
o '(brrghtness 1 or lower), the 1nternal of the room where the transformer is
installed becomes dark because of the srgnrficantly reduced reflectron
Therefore, it is desirable that the iron cores and metal parts are colored dark
- gray (brrghtness of 4 to 2) for suitable reﬂectlon - S
~ Inthis embodrment wound iron cores are used as iron cores for B
_ descrrptron, but laminated iron cores may be used mstead of wound iron cores
when the problem of core loss is not 1mportant )
~ According to the present mventron, there can be provrded a
transformer havmg resin molded coils with excellent msulatlng layers and
capable of i 1mprovmg the safety and the handling. - '
'WHAT IS CLAIMED IS:
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203a and 203b are col oréd dark nearly bl ack. In this

I nventi on

i ion, the reas 0 is described hg m .

- Though i nsul ati ng Ii[wm"un‘nlﬂﬁllmu on the surface 'ﬁheg'!ﬁETnMS/ BtEBNI
201U, 201V and-201W dnd°t hk s®ccnddry cold s 202U, 202V _an8EPOADED t he

hi gh-vol tage is i nduced on the surface of these insul ati ng rayers w

"Ther ef or e,

i s,desir t hat e _priqmary coils.201U, 2Q1V_a 201
the secondary coM's 20§Ur°sél Ei‘:"ra ‘z’gﬁiﬁ?’ﬂ%ﬁ °8EP6?Sé’aS %rﬁlllgm?ﬂfc& ?1’(
chroma) sowddch bemprises e codl ¢Ewanad condyctior adddasulatigg rresxhldu;aerecommgwe

usuaIIy t he i ntensit
~ wherein sa1d resin molded. coil includes an 1nsulat1ng s

ot her handante&ee}aspwﬁa§e oF%am‘ t6il, 1:6&%%55%«@&3@ g

3‘53‘5’?“??% na’t

um natl on
eet wound around

innner periphery and outer pheriphery of said coil, a plurahty of msulatmg fiber
mats of predetermmed size which are formed by kmttmg glass fiber and

‘disposed between said coil and said insulati'ng' sheet, and an insulating resin

layer cast and hardened between sald coil and sard 1nsulatmg sheet so as to
penetrate into said msulatmg mats.
2. A resin molded transformer as claimed f in claim 1 wherem said

~ coil includes heat resistant inter-layer paper
- 3. A resin molded transformer as clarmed in clalm 1, wherem sa1d _

iron core is formed by winding amorphous metal foils. _
4. A resin molded transformer comprising resin molded coils,

S

n.the
transforrrer |s in'service, and it is dangerous to touch with a bare hand.

and
hi gh

IOI']

which compnse wound conductor and molded resin, iron cores inserted to said

'resm molded coils, and metal parts for fixmg said resin molded coils and said

o iron cores, wherein sard resin molded coils are colored in light color and sard '
~. iron cores and metal parts are colored in dark color.

S. . A resin molded transformer as claimed in claim 4, wherem said

' resin molded corls are colored in chromatic color wrth a lightness of 7 or higher
~ and w1th a chroma of 8 or higher, and said iron cores and metal parts are

colored in achromatic color with a llghtness of 4 or lower o
6. A resin molded transformer as claimed in claim 4, wherem sald
resin molded coils are colored in chromatic color with a reflectance of 40 % or

o hlgher, and said iron cores and metal parts are colored in achromatlc eolor with

a reflectance of 15 % to 3 %:
7. o A resin molded transformer as clarmed in claim S or claxm 6,

- wherein said resm molded coils are colored yellowrsh red or yellow between

* hue 2.5YR and hue 10Y of Munsell color system

8.  Amethod of manufacturmg a resin molded coll by disposing an

- insulating' members at inner periphery and outer ‘periphery of a coil having

wound conductor, and moldmg said coil wrth thermo-settmg resm, comprrsmg

~ the steps of;

disposing. ﬁrst resin pregnant msulatmg members around an inner mold
which is served as'a coil mandrel and casting mold, -

formmg a coil by winding conductor around said i inner mold w1th sard _

—

—_— - .
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| Associ ﬁt [ 03 LI I :Jm nati on Data Book, published June 10, 1?(;3 l(:j)yffChm Co.).
In such a dar ac not SO sen5|t|ve to the difference in
| _ _ i ﬂmmm'mmnm fr ’m - THIS SHEET HAS BEEN

e | REPLACED _

first msulatmg members, _
' dxsposmg second resin pregnant msulatmg members around said co:l
wmdmg a flexible metal plate which is served as a outer mold around_
- sald coil with said seeond msulatmg members,
5 casting resin into a space formed between sald inner mold and outer
" mold and hardenmg sald resin. ' ' S '

i \fﬁic“’ oo
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chroma but sensitive to the difference i EEbri_ght ness. Based on this fact,
in this enbodiment, the primary coils 20&d- 201V and 201W. and the .
secondary coils 202U, 202V:and 202W are colored yel | ow of which col or has

hi gh bri ghRESIN MOEDEDFRANSEORMERCAND MANUFSACTUBINGDPMETIHOP ZHEREOSI or for

danger, and other portions are colored dark so as-that the yellowis
remar kabl e i n the dark. - In this ‘enbodi ment, yel | ow of

. 2.5Y8/ 14 a%gi.ﬂé@g N4.0 (both are. Munsel |l “¢col or system represent ati on)
are used, lors are not linmited to these colors. The contrast
between two col ors col Fhedprssenthdnvension selatnss to dmprevement; ons safsty, by

remar kabl Cinditatiits 33ahgtPais poRtich Bgﬁ&eﬁﬁ%bmeﬂ"t?adﬁbﬁﬁéxness of 3 to 10 or

nore and du} ere e in rong, .0 or -.h er of _Munsel | stemis.
.desirable (Mtoro Kawalén¥: PIBSEt VoRBgsg, 3nd I'Bhas"pﬂﬁﬂa%éﬂ‘lﬁéﬁ]eﬁ%ﬁe‘% '

- 1987 by ASioldéd Bheisfotimer are colored in different brightness or chroma from an iron
3 core and metal parts, live portlons where dangerous high voltage is applied are
visually indicated clearly For instance, primary coxls are colored with a yellow
color with a brightness’ of 7 or h:gher, and i iron cores and other metal parts such
as frames are colored with an achromatic color or a color ‘of low chroma with a
brightness of 4 or lower. Thus, even if the transformer is installed in a dark
_ basement room, live portions are clearly mdlcated by difference of brightness. |
* Further, the use of yellow color, which attracts attentlons, can clealy indicate
" ‘danger caused by careless toueh to the _danger_ous live portions. -

THIS. SHEET HAS BEEN

' o - _"REPLACED--'
| ' No Figure Suggested ! R
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The dark .

remar kabl e for- easy
rkers fron1happening to touch,

ecef
S

~and the safety'anQ'handIing Is inproved. -

P

SGY, 7.5GY, 10GY,. 2.5YR, SYR. 7.5YR,. and
bri ght ness of 4 or lower and the chroma of around 2 for chromatic color,

"TOYR.in Munsell color system (or JIS standard col or) which hue has the

bri ght ness. of 7 or- higher,

( . and has the chroma of 8 or higher.
" color used in accordance with the present invention includes colors with .

‘the .resin nol ded

and desirably the dark color is-a conplenentary color of the bright color. :
and thus the coloring

By coloring the iron cores and nmetal parts in-achromatic color or color

with | ow chrong,

The bright color used in accordance with the present invention includes
. perception,

hues of 5Y, 7.5Y, 10V, 2.5GY,
the brightness of- 4 or |ower for achrlomatic color .and colors with the
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The refl ectance for each brightness is 78.66 % for the brightness of 9,
59,1 % for the brightness of 8, 43.06 % for the brightness of 7, 30.05 %
for the brightness of 6, 19.77 %for the brightness of 5, 12.0 % for the
bri ghtness of 4, 6.555 % for the brightness of 3; and 3.126 % for the §
bri ght ness of 2 (JI Sz8721).:. - . 2 For exanple, for the combination
of a bright color of the brightness of "8 and-a dark col or of the brightness
of 4, the bright color reflects |light about 4.9 tinmes that of the dark

col or, for the conbination of a bright color of the brightness of 7 and the.
dark col or of the brightness of 3, t(er ht.2)I or reflects |ight about-
6.6 times that of the dark color, and f® el L
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12 conbination of a.bright color of the brightness of 9 and a dark col or

of the brightness of 6, the brlght color reflects Ilght about 2.6 tines

that .of the dark color. By coloring with difference in the brightness of 3

~or nore, the bright color reflects light 2. 6. times or nDre that of the dark
color, both colors are - .- 3 . :
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easily distinguished in the dark. By coloring the iron cores
dark, the heat releasing fromthe iron core is facilitated based on the
.pr|n0|ple of the black body radiation. = . : The ceiling and walls
of a.roomwhere a-transfornmer is installed. is colored generally white with
.the brightness of 8 to 9 -or li ght. gray chronatlc color, and the chroma is
regul ated to be 4 or |ower. (Japan.l ‘nati on ASSOCIatlon [l um nation.
Dat a Book, publlshed June 10, 1963 by Chm Co. ) - . By coloring
‘the resin nolded coils with a chromatic color, the resin nol ded coils
becone renar kabl e ‘because -of the difference in chroma fromthe interior
.surface of the room The iron cores and netal - parts are colored in a low - .
bri ght ness color, the coloring makes the resin nolded coils remarkabl e, and
the exi st ence of the transforner becones renarkable :

FIG 4

126

120

“This is the replacement sheet
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“The hue of the color for the resin nolded coils are selected in a range of
Munsel | color systemor JIS standard color hue circle from2.5YR to 10Y, or
yellomnsh red or yellow, thus a color with high brightness (brightness of 7
to 8) and high chroma- (10 or hlgher) i.s selected. These colors are warm -
col or,” and-these.col ors are perceiv as expansive color, the resin nol ded.
'coi I's. becorre nore renarkabl e, and ng_h

percelved nore- eaS|Iy, t'hus the colorlng prevents workers from happening to

~ touch. . : ' - If the iron-cores and netal parts are col ored pure.
- black (brlghtness 1 or lower), the intefnal of th ' e the _
transformer. is installed becones dark because of goni cantly reduced_

reflection. Therefore, |t |s deS|rabIe t hat the i ron cores and net al parts
.are colored dark ' : : L
_ o 107

131,

131
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“gray (brightness of 4 to 2) for suitable reflection. _ In

t hi s enbodi nent; wound iron cores are used as iron cores for description,

. but lam.nated iron .cores may. be used instead of wound iron cores when the -
. problemof core loss is not inportant. B - According to the
.present invention, there can be provided a transfornmer having resin nol ded
coils'with excellent insulating |layers and capable of inproving the safety
- and the handling: ‘WHAT IS CLAIMED | & — SR - S :

. FIG. 8 _ '
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1. A resin nolded transfornmer conprising a resin nolded coil, which
conprises a coil of wound conductor and.insulating resin |ayer covering an:
‘external surface .of sai-d coil, iron cores inserted to said resin nolded
coil, wherein said resin nolded coil includes an insulating sheet wound =~
around .innner periphery and outer pheriphery of said coil, a plurality of -
insulating fiber mats of predeterm néd size which are formed by kni'tting
glass fiber and .- . - o - | o o

o FIG.9
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-

di sposed between said coil and said insulating sheet, and an insulating
resin | ayer cast and hardened between said coil and sai d |nsulat|ng sheet
SO as to penetrate into said insulating nats. - 2. Aresin nol ded
transformer as claimed in claim1, wherein said coil includes heat
resistant. inter-layer paper. 3 A resin nol ded-transforner as
clained in claim1, mhereln sai d |rqﬁicore is fornmed by wi ndi ng annrphous
nmetal foils. - 7 4. - Aresin nolded transforner conprising resin _
mol ded coi'l s, mhlch conprlse wound conductor and nol ded resin, iron cores
inserted to said resin nol.ded coils, and netal parts for f|X|ng sai-d resin

.nol ded coils and-said iron cores, n gaf ¢ resin nolded coils are.
;colored in |ight color and said ifo mes fa nmetal parts are colored.in
dark color : : ' : o
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5. . A resin nol ded transforner as claimed in claim4, wherein said resin
nmol ded coils“are colored in chromatic color with a Ilghtness of 7 or higher
ahd with a chroma of 8 or- higher, and said iron cores and metal parts are
colored in achromatic color with a l'i ght néss of 4 or. | over. ' 6. - A
resin nolded transformer as clai‘med in claim4, wherein: sald resin nol ded

- coils are colored in ehromatic color @ith a reflectance of 40 % or higher,
“and said iron cores and .netal parts are colored in achromatic color with a -
refl éctance of 15 -%to 3 % . 7. A resin nolded transforner as
claimed in claim5-or claim6, wherein said resin nol ded coils are col ored
yell owi sh :red or yell ow between hue_2.3YR and hue 10Y of Minsell col or
system 8. A net hod. of (g;turrn1 a resi-n nol ded coil by

di sposi ng- an S - " : :
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¥

ithIatjng menbers at inner peri phery and outer periphery of a.coil having
wound conductor, and noldi-ng said coil with therno-setting resin, -

conprising the steps of;. di sposing first resin pregnant insulating
menbers around an inner nold which is served as a coil mandrel and casting -
mold, - formng a coil by mﬁndin%)conductor around said inner.nold
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14,  first

) ati ng SEARCH REPORA spﬁ?}i‘f?ﬁm's“é’c%‘?ﬂ@?@'&i n pregnant
I nsul ating! rs around said coil, winding a flexible nmetal plate
which is sg as aouter nold around, sald coil with said second

i nsul ating FTHE ABSTRAGEt i ng resin into a space formed between said
I nner nol-d tt-et

nott—amnd—hardent g Sar T TeEsS T

To obtain a transformer comprising resin molded coils (1,2) having superior insulation
pumidity resistance and mechanical strength performed glass mats (23) are embedded between
the coils (12) and an inner and outer insulating sheets (22). The glass mats (23) are formed by
knitting glass fiber and are cut to predetermined size. The insulating sheets (22) comprise a
prepreg sheet composed of glass cloth sheet and epoxy resin impregnated in the glass sheet.
Epoxy resin (25) is cost between the semicured prepreg sheet (22) and the inside and outside
peripheries of the coil body (12) penetrating the glass mats (23).

| Figure 1
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WHAT IS CLAIMED IS:

1. A resin molded transformer comprising a resin molded coil,
which comprises a coil of wound conductor and insulating resin layer covering
an external surface of said coil, iron cores inserted to said resin molded coil,
wherein said resin molded coil includes an insulating sheet wound around
innner periphery and outer pheriphery of said coil, a plurality of insulating fiber
mats of predetermined size which are formed by knitting glass fiber and
disposed between said coil and said insulating sheet, and an insulating resin
layer cast and hardened between said coil and said insulating sheet so as to
penetrate into said insulating mats.

2. A resin molded transformer as claimed in claim 1, wherein said
coil includes heat resistant inter-layer paper.
3. Aresin molded transformer as claimed in claim 1, wherein said

iron core is formed by winding amorphous metal foils.

4. A method of manﬁfacturing a resin molded coil by disposing an
insulating members at inner periphery and outer periphery of a coil having
wound conductor, and molding said coil with thermo-setting resin, comprising
the steps of; ' '

disposing first resin pregnant insulating members around an inner mold
which is served as a coil mandrel and casting mold,

forming a coil by winding conductor around said inner mold with said
first insulating members,

disposing second resin pregnant insulating members around said coil,
winding a flexible metal plate which is served as a outer mold around
said coil with said second insulating members,

casting resin into a space formed between said inner mold and outer
mold and hardening said resin.
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