
TRANSFORMER    -2- This invention relates generally to transformers and,
more particularly, to improvements in transformers in which an insulator
which is easy to make and which has sufficient strength is interposed
between the primary and 5 secondary coils. Generally, it is necessary for
transformers to have a positive insulation and sufficient dielectric
strength. In the case of transformers in which a thin insulating paper
sheet is positioned between the primary and secondary 10 coils, there have
been defects in that, although the insulating paper is easy to make, a part
of the secondary coil on both side edges of the paper has been likely to
drop on the primary coil side and insufficient dielectric strength has been
obtained. 15        On the other hand, there has been suggested a
transformer in which, in order to eliminate these defects, an insulating
frame, molded of plastics materials so as to be divided into two parts
which can be fitted to each other, has been positioned between the primary
coil and 20 the secondary coil  While in this transformer the secondary
coil can be positively prevented from dropping on the primary coil side,
however, a die to be used for the injection-molding of the insulating frame
has had to be prepared separately for each different type of transformer,
25 manufacture has been complicated and the cost has been 



high. The present invention aims to provide a transformer which can be very
easily manufactured and which assures a sufficient dielectric strength. The
present invention 30 also aims to provide a transformer employing a very
-3- effective insulator made by adhering an insulating member made of a
plastics film onto a corrugated insulating base and not required to be
separately prepared for each different type of transformer. 5
According to the invention, there is provided a transformer comprising a
coil bobbin having at each axial end a respective flange and between said
flanges an axial winding part, primary and secondary coils wound on said
winding part between the flanges of said coil bobbin, and 10 an insulator
interposed between said primary and secondary coils, said insulator
comprising an insulating base and an insulating member, said insulating
member having substantially the same width as the coil winding width, and
said insulating base having a strength 15 relatively higher than that of
said insulating member and being corrugated to have many streaks of
elevations extending at right angles to the coil winding direction,
respective side portions of the insulating base being extended in the width
direction beyond the respective 20 side edges of the insulating member so
as to be bent along the inner surfaces of the flanges of the coil 



bobbin. Since the corrugated insulating base of the insulator is made wider
than the coil winding width and 25 is bent at both side edges to be
L-shaped to intimately fit to the flanges of the coil bobbin, it is
effective to prevent any displacement of the secondary coil to the primary
coil side. The primary and secondary coils are thus positively insulated
from each other by means of an 30 inexpensive member which still assures
safety.    -4- The corrugations in the insulator provide an extensibility
sufficient to absorb a tensile force applied to the insulator when wound on
the primary coil, so that the insulator is easy to wind, favourable to use
5 and easily mass-produced. The invention will now be further described, by
way of example, with reference to the drawings, in which:- FIGURE 1A is a
sectioned view of a transformer using a conventional thin insulating paper;
10      FIG. 1B is an enlarged fragmentary sectioned view showing a
defective state of the transformer shown in Fig. 1A; FIG. 2A is an exploded
perspective view of a conventional plastic insulating frame formed into two
I5 halves; FIG. 2B is a perspective view for showing a manufacture of a
transformer using the plastic insulating 



frame of FIG. 2A; FIG. 2C is a sectioned view of the transformer using 20
the plastic insulating frame of FIG. 2A; FIG. 3A is an exploded perspective
view of an insulator for a transformer according to the present invention
and comprising an insulating base and an insulating member made of a
plastics film; 25      FIG. 3B is a perspective view of the insulator shown
in FIG. 3A but with the plastic insulating member fitted to the insulating
base; FIG. 4 shows steps of manufacturing the transformer according to the
present invention, wherein FIG. 4A shows 30 the primary coil wound on a
coil bobbin, FIG. 4B shows the insulator of FIG. 3B being wound on the
primary coil, and FIG. 4C shows the secondary coil being wound on the
insulator positioned on the primary coil;    -5- FIG. 5 is a sectioned view
of a transformer manufactured by the steps shown in FIGS. 4A to 4C; FIG. 6A
is a schematic side viewof an apparatus for manufacturing insulators to be
used for transformers of 5 the present invention, with one fitting plate
removed; and FIG. 6B is a partly sectioned plan view of the insulator
manufacturing apparatus shown in FIG. 6A. Prior to the description of the
present invention, 10 conventional transformers shall be first referred to
for 



a better understanding of the present invention. The transformer of FIGS.
1A and 1B is formed by winding the primary coil PC on the winding part of a
coil bobbin CB and further winding the secondary coil SC after 15
interposing an insulating paper IP between them. In this transformer, the
insulating paper IP will be pushed down at the side edge to the primary
coil PC side by the component wire., for example, on the side of the
lowermost layer of the secondary coil SC wound on the insulating 20 paper,
and a so-called wire drop will occur. Therefore, some gap will be produced
between the inner surface of a flange of the coil bobbin and the side edge
of the insulating paper IP, the component wire on the side of the lowermost
layer of the secondary coil SC and that on 25 the side edge of the primary
coil PC will be present adjacent each other substantially through no
insulating paper IP and the dielectric strength of the transformer will
become low.    -6- On the other hand, the transformer of FIGS. 2A to 2C is
formed by winding the primary coil PC on the winding part of the coil
bobbin CB, placing two divided nsulating frames IF[err] and IF[err]
fittable to each other on the primary 5  coil PC and winding the secondary
coil SC on the thus fitted insulating frames IF. and [err]  In this
transformer, the insulation between the respective primary and secondary
coils PC and SC will not be likely to be impaired but the 



insulating frames IF[err] and IF[err] will have to be prepared 10
dependent on the type and size of the transformer.  In other words, there
are defects that various kinds of dies for use in injection-molding the
insulating frames will have to be made, the manufacture will be
complicated, the cost of making the dies will be high and the total
manufacturing 15  cost will increase. The present invention is suggested to
solve these various problems.  With reference to FIGS. 3A and 3B, according
to a remarkable feature of the present invention, an insulator 11 wound
between the primary and secondary 20  ccils of the transformer comprises a
corrugated insulating base 12 and a sufficiently soft plastic insulating
member 13 adhered onto the base 12. Generally, this insulating base 12 is
made of such paper material of a thickness of about 0.5 to 0.7 mm as a
pressed board or aromatic, polyamide paper of, 25  for example, a trade
name "Nomex Paper" manufactured by DuPont and is corrugated by the later
described apparatus so as to have many streaks of elevations parallel with
each other at a proper pitch.  On the other hand, the    -7- plastic
insulating member 13 is made of such plastic film of a thickness of about
0.1 to 0.2 mm as, for example, a polyethylene terephthalate film and is
adhered to one side of the insulating base preferably w-th such adhesive 5
as an acrylic resin. Further, particularly with reference to FIGS. 4B 



and 4C, the plastic insulating member 13 has substantially the same width
as the width of coil winding part 15 of a coil bobbin 14, that is, the
windina wdth of the coil wound 10  on this winding part 15.  On the other
hand, the insulating base 12 is made wider than the plastic insulating
member 13, that is, wider than the width of the winding part 15 of the coil
bobbin 14 and its width is so selected that, when the insulating member 13
is adhered onto the insulating base 12, 15  each side edge of the base will
extend in the Width direction out of the plastic insulati na member 13.
Further, the steps of manufacturing a transformer provided with this
characteristic insulator according to the present invention shall be
explained.  First of all, 20  as shown in FIG. 4A, a primary coil 16 is
wound on the winding part 15 of the coil bobbin 14 while leading both ends
18 and 19 of the coil out of a flange 17 of the coil bobbin 14.  Then, as
shown in FIG. 4B, the insulator 11 made by adhering the plastic insulating
member 13 onto the 25  insulating base 12 is wound around the primary coil
16 so that many streaks of the elevations parallel with each other of the
insulating base wi11 extend in the direction vertical to the winding
direction.  At this time, the    -8- insulating base 12 is bent at both
sides 20 and 21 substantially at right angles with respect to the member 13
and radially along both end flanges 17 and 22 of the coil bobbin 14.  Then,
as shown in FIG. 4C, a secondary coil 23 



5 is wound above the insulator 11 on the bobbin while leading both ends 24
and 25 of the coil 23 out of the bobbin to complete the transformer
according to the present invention, as shown in FIG. 5. In this case, even
if the insulator 11 is subjected - 10  to a pressure due to the coil wire
wound in the lowermost layer of the secondary coil 23 specifically at the
respective side edges of the member 13, the respective sides 20 and 21 of
the insulating base 12 bent vertically along the flanges 17 and 22 of the
coil bobbin 14 will effectively prevent 15  any gap from being produced
between the side edges of the insulator 11 and the coil bobbin 14 and a
sufficient dielectric strength can be assured. In addition, an example of
an apparatus and method for manufacturing the insulator 11 of the
transformer 20  according to the present invention shall be described.
Referring to FIGS. 6A and 6B, the apparatus for manufacturing the insulator
11 includes a frame 31 which is formed by tightly securing to a base 32 a
pair of fitting plates 34 and 35    separated from each other through a
reinforcing 25  member 33 and transverse bar members 36 and 37    separated
from each other to the upper parts of the fitting plates 34 and 35.  A
feeding station 40 is secured horizontally to one side of the frame 31 to
extend out of the same    substantially over one half of the length of the
station and guide rolls 38 and 39 are provided on this station. Adjusting
plates 41 and 42 are fitted substantially to the 



middle of- the frame 31 inside thereof so as to be positioned 5  adjacent
to and above and below the inner end of the feeding station 40. (only one
side of the fitting plate 34 is shown in FIG. 6A).  In these adjusting
plates 41 and 42, roll shafts 43 and 44 are fitted, threaded parts of set
screws 45 and 46 are screwed and the roll shafts 43 and 44 as 10  well a's
the threaded parts of the set screws 45 and 46 are inserted respectively
through slots 47, 48 and 49, 50 made to extend in the vertical direction in
the fitting plate 34. Corrugating rolls 51 and 52 having corrugated or
gear-shaped peripheral surfaces as seen from the side are secured 15
respectively to the roll shafts 43 and 44.  The corrugated surfaces of the
rolls 51 and 52 are so arranged as to mesh with each other in the plane
including the upper surface of the feeding station  n 40.  This arrangement
is realized by properly moving the roll shafts 43 and 44 of the corrugating
20  rolls S1s1A and 52 and the threaded Parts of the set screws 45 and 46
respectively within the slots 47, 48, 49 and 50 and fastenirng the set
screws 45 and 46 to the fitting plate 34 in the position in which the
corrugated surfaces of the corrugating rolls 51 and 52 mesh with each other
in the plane 25  including the upper surface of the feeding station 40.
While the arrangement of the adjusting plates, set screws and s1ots has
been described only on the side of the fitting plate 34, it will be easily
understood by one skilled in    the art that the same arrangement is taken
also on the other fitting plate 35. 



On the other hand, a roll 54 for feeding the plastic insulating member 13
is supported at its shaft 53 between 5  the fitting plates 34 and 35 on the
other side of the frame 3. and the plastic insulating member 13 is wound on
this roll 54. A pressing roll 56 secured to a roll shaft 55 is arranged on
the side opposite the feeding station 40 of the upper corrugating roll 51.
Such rubber member as, for example, 10  a sponge member is fitted to the
periphery of the pressing roll 56 so thatthe roll 56 will have a sufficient
elasticity. The roll shaft 55 is fitted to the adjusting plate 57 (only one
side of the fitting plate 34 is shown in FIG. 6A) which is provided
rockably, with a supporting shaft 58 secured to 15  the fitting plate 34 as
a fulcrum.  A set screw 59 is proviced to the adjusting plate 57, while
threaded part of the set screw 59 is inserted through an arcuate slot 60 of
the fitting plate 34 so that, when the set screw 59 is fastened to the
plate 34 within the range of the arcuate slot 60, 20  the adjusting plate
57 will be able to be fixed at desired pivoted position. This arrangement
of the adjusting plate, set screw and arcuate slot have been described only
on the side of the fitting plate 34, but it will be understood that the
same arrangement can be taken also on the other 25  side of the fitting
plate 35.  The pressing roll 56 can be thus arranged so as to exert any
desired pressing force against the upper corrugating roll 51. Further, a
pair of shaping rolls 61 and 62 are    arranged above the feeding station
40 on the first mentioned 



one side of the frame 31.  The upper shaping roll 61 is made of an elastic
roll and the lower holding roll 62 is made of a rigid roll.  Axial end
portions of         both shaping 5  rolls 61 and 62 are formed to have
tapered surfaces complementary to each other. In addition, in the above
described insulator.. manufacturing apparatus, the upper corrugating roll
51 is provided to be rotated as driven by a motor 63 set on the 10  frame
31 and the upper shaping roll 61 is formed to be operatively connected with
the corrugating roll 51 through sprockets 64 and 65 and a chain 66 so that,
when the upper corrugating roll 51 is driven, the lower corrugating roll 52
meshing with it, the pressina roll 56 contacting the upper 15  corrugating
roll 51, the upper shaping roll 61 and the lower shaping roll 62
cooperating with the upper shaping roll 61 will be driven. The method of
manufacturing the insulator 11 by the apparatus shown in FIGS. 6A and 6B
shall be explained in 20  the following .         When the motor 63 is
driven, the respective rolls are set in rotating states and the insulating
base 12 in the form of an ordinary paper material is then introduced in the
horizontal direction along the feeding st-ation 40 and is further
introduced at the front end of 25  the material between the corrugating
roll  51 and 52, the insulating base.12 corrugated as desired on the
corrugated surfaces of the corrugating rolls 51 and 52 will move upward
along the peripheral surface of the upper corrugating roll 51    



-12- while being guided preferably by a plurality of guides 67. On the
other hand, the insulating member 13 is paid out of the roll 54 and is
inserted, together with the corrugated insulating base 12, between the
upper corrugating 5  roll 51 and the pressing roll 56.  A_ this time, the
insulating member 13 may be such adhesive tape that an adhesive of acrylic
resin is applied preliminarily onto one surface of a plastic sheet to be
contacted with the insulating base 12, or may be the one on the said
contacted surface 10  with the adhesive applied immediately before
contacting the insulating base 12 after being pulled out of the roll 54
which is automatically driven and rotated together with the corrugating
rolls 51 and pressing roll 56 as the insulating member 13 is inserted
between the upper corrugating roll 51 IS  and the pressing roll 56 and is
tensioned together with the insulating base 12. The insulating base 12 to
which the insulating member 13 is thus adhered is further introduced
between the shaping rolls 61 and 62 to have the insulating member 13 20
sufficiently joined to it, the side portions extending in the width
direction out of the insulating member 13, that is, the side portions
exceeding the winding part of the coil bobbin (as is best seen in FIG. 3B)
are then caused to be inclined upward by      both end tapered portions of
the 25  shaping rolls 61 and 62 and the thus joined base 12 and member 13
are led out of the shaping rolls 61 and 62 to complete the insulator 11.
Thereafter, the insulator 11 is cut into desired lengths with a
cutter (not  



- 13 - illustrated). The arrangement described above with reference to the
drawings can be variously modified in design. While in the illustrated
embodiment the primary coil is wound 5 on the coil bobbin inside the
insulator and the secondary coil is wound outside the insulator, the
secondary coil may be wound inside the insulator and the primary coil may
be wound outside the insulator. Further, while the insulating member has
been explained to use a plastic 10 film, any thin film of a paper material
impregnated with an insulating agent can be also adopted.  In addition, the
holding roll can be so formed as to make a fold in the boundary of the
insulating base 12 with the insulating member 13 to make it easy to bend
the 15 insulating base 12 in each of the side portions 20 and 21. According
to the present invention formed as described above, the insulator can be
made of a material less expensive than in a transformer having the same 20
effect without requiring a die or the like and the manufacturing cost can
be greatly reduced.  Further, as the insulator used in the present
invention assures a sufficient strength even in the end portions of the
winding part of the coil bobbin, any displacement of the 25 coil wire of
the secondary coil with respect to the primary coil, that is, wire drop
will not be caused to occur and a sufficient dielectric strength can be 



secured.  Moreover, since the insulating base of the insulator is
corrugated to have many streaks of 30 elevations and has therefore a
sufficient extensibility, considerable tensile force applied to the side
edge of the insulating base at the corner portion of the winding    -14 -
part of the coil bobbin can be absorbed, that is, the side edge of the
insulating base will favourably extend intimately along the flanges of the
coil bobbin. Therefore, the side edges of the insulating base of the 5
transformer will not turn toward the axial centre of the winding part and
the wire fittability of the secondary coil will not be impaired.    - 15 -
CLAIMS 1.   A transformer comprising a coil bobbin having at each axial end
a respective flange and between said flanges an axial winding part, primary
and secondary 5 coils wound on said winding part between the flanges of
said coil bobbin, and an insulator interposed between said primary and
secondary coils, said insulator comprising an insulating base and an
insulating memebr, said insulating member having substantially the same 10
width as the coil winding width, and said insulating base 



having a strength relatively higher than that of said insulating member and
being corrugated to have many streaks of elevations extending at right
angles to the coil winding direction, respective side portions of the 15
insulating base being extended in the width direction beyond the respective
side edges of the insulating member so as to be bent along the inner
surfaces of the flanges of the coil bobbin. 2.   A transformer according to
claim 1, wherein said 20 insulating base is made of. a paper material
having a predetermined thickness and said insulating member is made of a
plastics film. 3.   A transformer according to claim 1 or claim 2, wherein
said insulating member is adhered to said 25 insulating base with an
acrylic resin adhesive. 4.   A transformer substantially as described
herein with reference to Figs. 3 to 6 of the drawings.    


