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Description

Technical Field

[0001] This invention relates to a compound line filter,
particularly to a compound line filter having a bobbin pro-
vided with two gears

Background Art

[0002] A line filter described in JPA 2007-80951 has a
bobbin, a closed magnetic path core, a center core and
a terminal mount. The bobbin is formed of two-split wind-
ing frames, and it is attached to a center magnetic leg of
the closed magnetic path core. Moreover, the bobbin has
two outer flange parts and a middle flange part positioned
between them. One of the outer flange parts is provided
with a gear, and giving an external force to the gear allows
rotation of the bobbin about the central magnetic leg as
an axis. Using this rotation, windings are wound on the
bobbin. Two of the windings are disposed between two
of the outer flange parts and the middle flange part, re-
spectively. The center magnetic core is inserted into a
through guide hole provided in the middle flange part.
The line filter of Patent Document 1 has the center mag-
netic core and therefore serves as a compound line filter
responsive to both modes of a common mode and a nor-
mal mode.
[0003] US 2005/280481 A1 discloses a wave filter as-
sembly comprising a core, a first groove base, a second
groove base and a coil. The core includes a first axle
section and a second axle section, wherein the first and
second groove bases are disposed at the first and second
axle sections, respectively and the first and second
groove bases are coiled with the coil. With the design of
the separate first groove base and second groove base
the coiling space is increased.
[0004] JP 3 871152 B2 aims at providing an inexpen-
sive small-sized choke coil which can be manufactured
easily by automatically winding a winding and can be
increased in leakage inductance which removes normal
mode noise without reducing the self-inductance which
removes common mode noise. In particular, split coil
bobbin bodies are mounted on the magnetic legs of a
core and windings are wound around the coil bobbin bod-
ies. A gear is disposed on an end face of the core.
[0005] JP 2008 227229 A aims at providing a line filter
with reliability to a mechanical impact improved by pro-
viding a structure for stabilizing a fixing and holding of a
core to a bobbin. The line filter comprises: a first magnetic
core, a bobbin having a through-hole with the first mag-
netic core inserted; a second magnetic core for covering
a part of the first magnetic core and a winding wound
around the outer circumference of the bobbin. The bobbin
is formed with two identically shaped bobbins separated
in an axis direction of the through-hole assembled. The
second magnetic core is formed by two separated mag-
netic cores. The separated magnetic cores are arranged

in a groove for the magnetic core provided at the through-
hole side of the bobbin, and stoppers for pressurizing the
second magnetic core are provided to one end part of
the groove for the magnetic core.
[0006] JP 2014 132602 A aims at providing a small-
sized choke coil with high inductance. A choke coil which
is integrally formed includes: a squarish eight shaped
magnetic core having a central core part on the center,
side core parts on the right and left sides and a connection
part connecting the central core part and the ends of the
side core parts, a gear bobbin dividable and having a
gear portion, winding and a terminal block. The gear bob-
bin is arranged on the central core part. The winding is
wound around the gear bobbin. The squarish eight
shaped magnetic core and the gear bobbin are arranged
on the terminal block. The gear portion is disposed on
an end face of of the central core part.

Summary of Invention

Technical Problem

[0007] The gear of the line filter described in JPA
2007-80951 is provided outward of the outer flange parts
in an axial direction and therefore it is a cause of hin-
drance to downsizing of the line filter.
[0008] It is an object of the invention to provide a com-
pound line filter in which a size in an axial direction is
reduced.

Solution to Problem

[0009] The object is achieved by a compound line filter
according to claim 1. Further developments are claimed
by the dependent claims.

Advantageous Effects of Invention

[0010] The two gears of the bobbin are positioned be-
tween the coils wound on the bobbin in the axial direction.
Partition plates provided on both sides of the secondary
magnetic path part are also positioned between the coils
in the axial direction. When viewed in a direction perpen-
dicular to the axial direction, the gear overlaps with the
partition plates at least in part. This eliminates the need
for a space dedicated to the gears in the axial direction
and thereby reduces a size of the compound line filter in
the axial direction.
[0011] An appreciation of the objectives of the present
invention and a more complete understanding of its struc-
ture may be had by studying the following description of
the preferred embodiments of the present invention and
by referring to the accompanying drawings.

Brief Description of Drawings

[0012]
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Fig. 1 is a perspective view showing a compound
line filter according to a first embodiment of the
present invention.
Fig. 2 is a plan view showing the compound line filter
of Fig. 1.
Fig. 3 is a cross-sectional view showing the com-
pound line filter of Fig. 2, taken along A-A line. How-
ever, coils are omitted.
Fig. 4 is a bottom view showing the compound line
filter of Fig. 1.
Fig. 5 is a right-side view showing the compound line
filter of Fig. 1.
Fig. 6 is a perspective view showing a magnetic core
included in the compound line filter of Fig. 1.
Fig. 7 is a plan view showing the magnetic core of
Fig. 6.
Fig. 8 is a right-side view showing the magnetic core
of Fig. 6. By broken lines, portions of protruding parts
and a middle leg which are hidden are shown.
Fig. 9 is a perspective view showing a bobbin includ-
ed in the compound line filter of Fig. 1.
Fig.10 is a perspective view showing a terminal
mount included in the compound line filter of Fig. 1.
Fig. 11 is a graph showing relationship between
thickness of the protruding part and normal mode
inductance.
Fig. 12 is a graph showing relationship between gap
width and the normal mode inductance.
Fig. 13 is a perspective view showing a compound
line filter according to a second embodiment of the
present invention.
Fig. 14 is a plan view showing the compound line
filter of Fig. 13.
Fig. 15 is a cross-sectional view showing the com-
pound line filter of Fig. 13, taken along B-B line. How-
ever, coils are omitted.
Fig. 16 is a bottom view showing the compound line
filter of Fig. 13.
Fig. 17 is a right-side view showing the compound
line filter of Fig. 13.
Fig. 18 is a perspective view showing a magnetic
core included in the compound line filter of Fig. 13.
Fig. 19 is a plan view showing the magnetic core of
Fig. 18.
Fig. 20 is a right-side view showing the magnetic
core of Fig. 18. By broken lines, portions of protruding
parts and a middle leg which are hidden are shown.
Fig. 21 is a perspective view showing a terminal
mount included in the compound line filter of Fig 13.

Description of the embodiments of the present invention

[0013] While the invention is susceptible of various
modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the draw-
ings and will herein be described in detail. It should be
understood, however, that the drawings and detailed de-
scription thereto are not intended to limit the invention to

the particular form disclosed. In fact, the invention is only
limted by the scope of the claims.

[First embodiment of the present invention]

[0014] Referring to Figs. 1 to 5, a compound line filter
10 according to a first embodiment of the present inven-
tion has a bobbin 100, two coils 210 and 220, a magnetic
core 300 and a terminal mount 400. The coils 210 and
220 are wound on the bobbin 100. In detail, the coils 210
and 220 are wound on the bobbin 100 in a state of being
separated from each other in an axial direction. The bob-
bin 100 is attached to a portion of a closed magnetic path
part of the magnetic core 300 while the magnetic core
300 is attached to the terminal mount 400.
[0015] As shown in Figs. 6 and 7, the magnetic core
300 has a middle leg (a winding core part) 310, two outer
legs 320, two coupling parts 330 and two protruding parts
340. In the present embodiment of the present invention,
the middle leg 310, the outer legs 320, the coupling parts
330 and the protruding parts 340 are formed in a single
body. However, the present invention is not limited there-
to. The magnetic core 300 may be formed by joining plural
pieces together. Nevertheless, using the magnetic core
300 formed in a single body allows reduction of the
number of pieces and the number of assembly steps and
avoiding quality deterioration depending on assembly
precision.
[0016] As understood from Fig. 6, the middle leg 310
has an almost cylindrical shape (see Figs. 3 and 8) and
extends in a first direction (an X-direction, the axial di-
rection). Each of the outer legs 320 has a flat quadran-
gular prism shape except for both end portions thereof,
and it is disposed to be parallel to the middle leg 310 and
extends in the X-direction. Each of the outer legs 320
and the middle leg 310 are separated from each other
by a predetermined distance in a direction (Y-direction)
perpendicular to the X-direction. Each of the coupling
parts 330 has a quadrangular prism shape with a middle
portion constricted and extends in the Y-direction. In oth-
er words, as shown in Fig. 8, the coupling part 330 has
a shape in which a height thereof is the highest at each
of end portions thereof and gradually decreases toward
a middle portion thereof in the Y-direction. Moreover, a
height Hp1 of the protruding parts 340 is higher than a
height Hm1 of the middle leg 310. Additionally, a height
direction is a Z-direction (a second direction) perpendic-
ular to both of the X-direction (the first direction) and the
Y-direction (parallel to projecting directions of the pro-
truding parts 340). Accordingly, it can be also said that
the size (the height Hp1) of the protruding parts 340 in
the second direction is longer than the size (the height
Hm1) of the middle leg 310 in the second direction. Thus,
in the present invention, a size of secondary magnetic
path parts (the protruding parts 340) is longer than a size
of the winding core part (the middle leg 310) in the second
direction perpendicular to both of the projecting direction
and the first direction. With this, a sectional area of each
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of the secondary magnetic path parts becomes larger,
magnetic saturation becomes harder to be happened,
and desired normal mode inductance can be obtained.
[0017] As shown in Figs. 6 and 7, the coupling parts
330 couple two of the outer legs 320 to both end portions
of the middle leg 310, respectively. In detail, one of the
coupling parts 330 couples one of end portions of each
of the outer legs 320 and one of the end portions of the
middle leg 310 to each other while the other of the cou-
pling parts 330 couples the other of the end portions of
each of the outer legs 320 and the other of the end por-
tions of the middle leg 310 to each other. Thus, the cou-
pling parts 330 and the outer legs 320 continue to one
another to form a primary magnetic path part in which
both ends of the middle leg 310 are connected to each
other by two paths. Moreover, each of the outer legs 320
forms the closed magnetic path part together with the
middle leg 310 and portions of the coupling parts 330.
Additionally, a shape of the magnetic core 300 in which
the middle leg 310, the outer legs 320 and the coupling
parts 330 are coupled with one another as mentioned
above is a shape of an angular figure eight when viewed
along the Z-direction.
[0018] As understood from Figs. 1, 2, 4, 6 and 7, each
of the protruding parts 340 protrudes in a direction inter-
secting with the X-direction from a middle portion of each
of the outer legs 320 in the X-direction. In the present
embodiment of the present invention, the protruding parts
340 protrude from the outer legs 320 toward the middle
leg 310 along the Y-direction. Two of the protruding parts
340 protruding from two of the outer legs 320 protrude
in opposite directions facing each other (in a positive Y-
direction and a negative Y-direction). The protruding
parts 340 form the secondary magnetic path parts by
protruding from the outer legs 320 toward the middle leg
310. In this way, the secondary magnetic path parts ex-
tend from portions of the closed magnetic path parts in
directions intersecting with the axial direction (the X-di-
rection). Moreover, the secondary magnetic path parts
are positioned between the coils 210 and 220 in the axial
direction. The middle leg 310 has an opposition part 312
opposite to a tip of each of the protruding parts 340. A
predetermined gap (clearance) is provided between the
tip of the protruding part 340 and the opposition part 312
of the middle leg 310. Additionally, in the present embod-
iment of the present invention, a portion opposite to the
middle leg 310 among the middle portion of each of the
outer legs 320 in the X-direction is a first portion of the
closed magnetic path portion. Moreover, a portion oppo-
site to each of the outer legs 320 among the middle por-
tion of the middle leg 310 in the X-direction is a second
portion of the closed magnetic path part. In this way, the
first portion of the closed magnetic path part is positioned
between one end portions of the coils 210 and 220 while
the second portion of the closed magnetic path part is
positioned between the other end portions of the coils
210 and 220. In the present embodiment of the present
invention, each of the secondary magnetic path parts pro-

trudes from the first portion toward the second portion.
However, the present invention is not limited thereto. In
the present invention, the secondary magnetic path part
may be positioned between the coils 210 and 220 in the
axial direction and protrude from a portion of one of the
winding core part and the primary magnetic path part
toward the opposition part of the remaining one of them
in a direction intersecting with the axial direction. In other
words, the secondary magnetic path part may be posi-
tioned between the first portion and the second portion
and protrude from at least one of the first portion and the
second portion toward the other.
[0019] As shown in Fig. 7, the protruding parts 340
have a thickness t1. The thickness t1 of the protruding
parts 340 is, as understood from Fig. 1, a size in a direc-
tion (the X-direction) parallel to a plane including axes of
the coils 210 and 220 and perpendicular to the projecting
direction. In the present embodiment the present inven-
tion, the thickness t1 of the protruding parts 340 is set to
0.5 mm or more. In other words, a lower limit of the thick-
ness t1 of the protruding parts 340 is 0.5 mm. As under-
stood from Fig. 11, this is because the thickness t1 of the
protruding parts 340 and a normal mode inductance Ln
in a normal mode are in a proportional relationship, and
a required normal mode inductance Ln cannot be ob-
tained when the thickness t1 is less than 0.5 mm. This
is caused by reduction of an induction coefficient AL of
the magnetic core 300 with reduction of the thickness t1
of the protruding parts 340. Though it is possible to in-
crease the normal mode inductance Ln by increasing
winding numbers of the coils 210 and 220 against reduc-
tion of the induction coefficient AL, in such a case, a re-
sistance Rdc is increased. In addition, when the thick-
ness t1 of the protruding parts 340 is reduced, magnetic
saturation becomes easy to be caused.
[0020] Furthermore, in the present embodiment of the
present invention, the thickness t1 of the protruding parts
340 is set to D1/2 mm or less. In other words, an upper
limit of the thickness t1 of the protruding parts 340 is D1/2
mm. Here, D1 is, as shown in Fig. 7, an internal meas-
urement of the closed magnetic path part in the X-direc-
tion perpendicular to the projecting directions of the pro-
truding parts 340. When an external form size of the mag-
netic core 300 is prescribed, increase of the thickness t1
of the protruding parts 340 means reduction of a space
for winding the coils 210 and 220 or reduction of the wind-
ing number N of the coils 210 and 220. Because the nor-
mal mode inductance Ln is in proportion to a square of
the winding number N of the coils 210 and 220, reduction
of the winding number N significantly affects the normal
mode inductance Ln. Accordingly, the thickness t1 of the
protruding parts 340 is necessary to be D1/2 mm or less.
However, the present invention is not limited thereto. Ac-
cording to a shape of a magnetic core, there is a case
where an internal diameter is adopted in place of the
internal measurement. That is, in the present invention,
the upper limit of the size of the secondary magnetic path
parts in the first direction may be D/2 mm, provided that
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the internal measurement or the internal diameter of the
closed magnetic path part in the first direction is D mm.
It is more preferable that the thickness t1 of the protruding
parts 340 is 3.0 mm or less.
[0021] Moreover, in the present embodiment of the
present invention, an interval (or a gap width) Wg1 (see
Fig. 7) between each of the protruding parts 340 and the
opposition part 312 may be not zero but shorter than a
distance from the opposition part 312 to a base (the first
portion) of the protruding part 340. The gap width Wg1
is set according to materials of the magnetic core and
desired normal mode characteristics. For example, the
gap width Wg1 may be set to 0.1 mm or more and 2.0
mm or less. In this case, the lower limit of the gap width
Wg1 is 0.1 mm while the upper limit thereof is 2.0 mm.
Thus, in the present invention, the lower limit of the dis-
tance between the secondary magnetic path part (the
protruding part 340) and the opposition part (the middle
leg 310) can be set to 0.1 mm, and the upper limit thereof
can be set to 2.0 mm. Reasons for limiting the gap width
Wg1 in this way are the followings. That is, this is because
reduction of the gap width Wg1 increases leak magnetic
flux and causes magnetic saturation, and thereby dete-
riorating DC superimposing characteristics. In addition,
as understood from Fig. 12, it is because that the required
normal mode inductance Ln cannot be obtained when
the gap width Wg1 becomes too wide.
[0022] As mentioned above, in the compound line filter
10 according to the present embodiment of the present
invention, the secondary magnetic path part (the protrud-
ing part 340) is formed to protrude from the first portion
and the second portion of the closed magnetic path part
(the middle leg 310 and the outer leg 320). Therefore, in
comparison with a case of combining two pieces, varia-
tion of a size can be suppressed, and variation of char-
acteristics can be suppressed. Moreover, since the var-
iation of the size is suppressed, it becomes easy to con-
tain the thickness t1 of the protruding parts 340 and the
gap width Wg1 within predetermined ranges, respective-
ly. Furthermore, since the thickness t1 of the protruding
parts 340 and the gap width Wg1 can be contained within
the predetermined ranges, respectively, characteristics
including the normal mode inductance Ln can be im-
proved.
[0023] The protruding parts 340 protrude from the out-
er legs 320 toward the middle leg 310 in the present in-
vention. The protruding parts 340 may be formed to pro-
trude from the middle leg 310 toward the outer legs 320.
However, a degree of flexibility in design for a thickness
of the outer legs 320 is higher than that in design for a
thickness of the middle leg 310. Accordingly, providing
the protruding parts 340 on the outer legs 320 has an
advantage of being able to enlarge a protruding size of
the protruding parts 340. Moreover, in a case where the
protruding parts 340 would be provided on the middle leg
310, the bobbin 100 cannot rotate if it is not divided into
two in the axis direction, and hence increase of the
number of pieces is caused.

[0024] As shown in Fig. 9, the bobbin 100 has a cylin-
drical part 110, a plurality of flange parts 120 and two
gears 130. The cylindrical part 110 has a central axis
extending in the first direction (the X-direction or the axial
direction). The coils 210 and 220 are wound on an ex-
ternal peripheral surface of the cylindrical part 110, and
thereby the axis of the coil 210 coincides with the central
axis of the cylindrical part 110. The flange parts 120 ex-
tend outward from the external peripheral surface of the
cylindrical part 110 in radial directions perpendicular to
the central axis. The flange parts 120 are formed with
some notches according to their objects. As understood
from Figs. 1, 2 and 4, six of the flange parts 120 positioned
to the middle in the X-direction define positions of the
coils 210 and 220 wound on the cylindrical part 110 in
the X-direction. In particular, two of the flange parts 120
positioned at the innermost positions in the X-direction,
i.e., inner flanges 122, define a distance between the
coils 210 and 220 in the X-direction.
[0025] As shown in Fig. 9, the two gears 130 are formed
on surfaces of the inner flanges 122, wherein the surfaces
are opposite to each other. In other words, the gears 130
are positioned between the inner flanges 122 in the X-
direction. The two gears 130 have the same shape, and
they are disposed to be plane symmetric with respect to
a plane perpendicular to the X-axis. As understood from
Figs. 1, 2 and 4, in the state that the coils 210 and 220
are wound on the bobbin 100, the gears 130 are posi-
tioned between the coils 210 and 220.
[0026] As understood from Fig. 9, the bobbin 100 con-
sists of two winding frame pieces 102. Each of the wind-
ing frame pieces 102 is approximately equal to a half of
the bobbin 100 divided into two by a plane including the
central axis. Two of the winding frame pieces 102 may
be formed in the same shape or include different shape
portions. At any rate, each of the winding frame pieces
102 includes a portion of the cylindrical part 110, wherein
the portion has a half-pipe shape. By combining and fixing
these winding frame pieces 102 to each other to sand-
wich the middle leg 310 of the magnetic core 300 between
two of the winding frame pieces 102, the bobbin 100 is
attached to the middle leg 310 of the magnetic core 300.
The bobbin 100 is rotatable around the middle leg 310
in the state that it is attached to the middle leg 310.
[0027] Referring to Fig. 10, the terminal mount 400 has
a base part 410, two pairs of wall parts 420 and two pairs
of pins 430 (see Fig. 4). Each of the wall parts 420 has
a main part 422 and a partition plate 424. Thus, in the
present embodiment of the present invention, the parti-
tion plate 424 is a portion of the terminal mount 400. The
base part 410 has a shape of a roughly rectangle frame.
The wall parts 420 are provided along two inner edges
of the base part 410, wherein the inner edges are oppo-
site to each other in the Y-direction, and protrude upward
(in a positive Z-direction) from the base part 410. In detail,
the main parts 422 of the wall parts 420 are formed along
the inner edges of the base part 410. The main parts 422
of the wall parts 420 forming a pair are formed to the
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inner edges of the base part 410, wherein the inner edges
are different from each other, and are opposite to each
other in the Y-direction. The main parts 422 arranged in
the X-direction belong to different pairs of the wall parts
420. The main parts 422 arranged in the X-direction are
apart from each other by a predetermined direction. The
partition plates 424 are provided to inner end portions of
two of the main parts 422 arranged in the X-direction,
respectively, wherein the inner end portions are located
inward in the X-direction. The partition plates 424 of the
wall parts 420 forming a pair protrude along the Y-direc-
tion to face each other. The base part 410 and the wall
parts 420 may be integrally molded using a resin. The
pins 430 are provided to the vicinities of four corners of
the base part 410 and protrude downward (in the negative
Z-direction) from the base part 410. The pins 430 forming
a pair are arranged in the Y-direction. The pins 430 are
made of metal, and they may be integrally molded with
the base part 410 and the wall parts 420 by insert molding.
As shown in Fig. 4, end portions of windings forming the
coils 210 and 220 are wound on and connected to the
pins 430. The end portions of the winding of each of the
coils 210 and 220 are connected to the pins 430 forming
the pair, respectively.
[0028] The compound line filter 10 of the present em-
bodiment of the present invention may be fabricated by
the following steps in outline. At first, the bobbin 100 of
Fig. 9 is attached to the magnetic core 300 of Fig. 6. Next,
the magnetic core 300 to which the bobbin 100 is at-
tached is attached to the terminal mount 400 of Fig. 10.
Next, the windings of the coils 210 and 220 are wound
on the bobbin 100, and the end portions of them are fixed
(connected) to the pins 430 of the terminal mount 400.
In this manner, the compound line filter 10 is completed.
[0029] In the step in which the windings of the coils 210
and 220 are wound on the bobbin 100, the gears 130 are
used. In detail, gear tooth (not shown) of a driving gear
driven by an unillustrated driving motor or the like are
engaged with gear tooth of the gears 130 to rotate the
bobbin 100 about the middle leg 310 as an axis. In the
present embodiment, the two gears 130 are driven by a
single of the driving gear. In detail, a teeth width (a thick-
ness in the X-direction) of each of the two gears 130 is
considerably narrower than a teeth width of the driving
gear. Moreover, the two gears 130 are disposed to en-
gage with the driving gear at both end portions in a teeth
width direction (the X-direction) of the driving gear. With
this structure, driving stability and reliability equal to those
in a case where a gear having a teeth width correspond-
ing to (almost the same size as that of) the teeth width
of the driving gear is provided to the bobbin 100 can be
obtained.
[0030] As understood from Fig. 9, there is nothing be-
tween two of the gears 130 in the bobbin 100 alone. On
the other hand, as shown in Figs. 1, 2 and 4, in a state
that the bobbin 100 is attached to the magnetic core 300,
the protruding parts 340 are disposed between the gears
130. That is, in the present invention, not only the gears

130 to be engaged with the driving gear but also the pro-
truding parts 340 are provided within a range correspond-
ing to the teeth width of the driving gear (not shown) in
the X-direction. With this, in the present invention, a size
in the axial direction can be reduced in comparison with
the case where the gear having the teeth width corre-
sponding to the teeth width of the driving gear is attached
to the bobbin 100.
[0031] As understood from Figs. 1 to 4, in the present
embodiment of the present invention, when viewed along
the X-direction, the gears 130 and the protruding parts
340 overlap with one another. That is, a diameter of the
gears 130 is never limited by existence of the protruding
parts 340. Then, enlarging the diameter of the gears 130
allows the windings to be tightly wound even by a small
driving force. Moreover, since the windings are wound
by the small driving force, strength necessary to the gears
130 is also small.
[0032] Referring to Figs. 1, 2 and 4, the protruding parts
340 are positioned between the coils 210 and 220 and
between the gears 130 in the X-direction. Moreover, each
of the protruding parts 340 is positioned between a por-
tion of each of the outer legs 320 and the opposition part
312 (see Fig. 6) of the middle leg 310 in the Y-direction.
The partition plates 424 are provided on both sides of
the protruding parts 340 and positioned between the coils
210 and 220 in the X-direction. The gears 130 are also
positioned between the coils 210 and 220 in the X-direc-
tion. Moreover, the gears 130 are positioned outward of
the protruding parts 340 in the X-direction. In other words,
each of the gears 130 is positioned between the protrud-
ing parts 340 and one of the inner flanges 122 in the X-
direction. Then, the gears 130 overlap with the partition
plates 424 at least in part when viewed along the Y-di-
rection. Here, each of the partition plates 424 is for se-
curing a required isolation distance (a creepage distance)
between each of the coils 210 and 220 and the protruding
part 340, and it is necessary and essential. At least por-
tions of the gears 130 are disposed to overlap with these
partition plates 424. Accordingly, specific spaces for pro-
viding these portions are unnecessary in the X-direction.
In the present embodiment of the present invention, the
greater parts of the gears 130 overlap with the partition
plates 424, and specific spaces for disposition of the
gears 130 are almost no need. Therefore, in the present
invention, the size in the axial direction can be reduced
in comparison with the line filter of Patent Document 1 in
which the gear is provided on one of the outer flange
parts.

[Second embodiment of the present invention]

[0033] Referring to Figs. 13 to 17, a compound line
filter 10A according to a second embodiment of the
present invention has a structure where one of the outer
legs 320 and portions of the coupling parts 330 are re-
moved from the magnetic core 300 in the compound line
filter 10 according to the first embodiment of the present
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invention. Hereinafter, the description will be made about
different points of the compound line filter 10A which differ
from the compound line filter 10.
[0034] A magnetic core 300A of the compound line fil-
ter 10A according to the present embodiment of the
present invention has, as shown in Figs. 18 and 19, a
middle leg (a winding core part) 310A, a single outer leg
320A, two coupling parts 330A and a single protruding
part 340A. The coupling parts 330A and the outer leg
320A continue to one another, and they couple both ends
of the middle leg 310A to form a primary magnetic path
part. Moreover, the middle leg 310A, the outer leg 320A
and the coupling parts 330A form a closed magnetic path
part. A shape of the magnetic core 300A in which the
middle leg 310A, the outer leg 320A and the coupling
parts 330A are coupled with one another like this is a
rectangular frame shape when viewed along the Z-direc-
tion. The protruding part 340A protrudes in the Y-direc-
tion from a middle portion of the outer leg 320A in the X-
direction toward the middle leg 310A. In the same way
as the first embodiment of the present invention, a pre-
determined gap (clearance) is provided between a tip of
the protruding part 340A and an opposition part 312A of
the middle leg 310A. In the present embodiment of the
present invention, the magnetic core 300A is formed, as
understood from Fig. 20, in a symmetrical shape in an
up-down direction.
[0035] As shown in Fig. 19, the protruding part 340A
has a thickness t2 as a size in the X-direction. The thick-
ness t2 may be set to 0.5 mm or more and D2/2 mm or
less like the thickness t1 of the first embodiment of the
present invention, wherein D2 is an internal measure-
ment of the closed magnetic path part in the X-direction.
Moreover, a distance (gap width) Wg2 between the pro-
truding part 340A and the opposition part 312A may be
set to 0.1 mm or more and 2.0 mm or less. Both are for
the reasons similar to those of the first embodiment of
the present invention. In the present embodiment of the
present invention too, since the thickness t2 of the pro-
truding part 340A and the gap width Wg2 are contained
within predetermined ranges, respectively, characteris-
tics including the normal mode inductance Ln are im-
proved.
[0036] Referring to Fig. 21, a terminal mount 400A has
a base part 410A, two wall parts 420A and two pairs of
pins 430A (see Fig. 16). Each of the wall parts 420A has
a main part 422A and a partition plate 424A. The base
part 410A has a frame part 412 with an approximately
rectangular shape and a beam part 414 provided in the
middle of the frame part 412. A portion of an upper surface
of the frame part 412 is sloped, as shown in Fig. 17, to
correspond to a shape of the magnetic core 300A. More-
over, as shown in Fig. 21, the beam part 414 is formed
with recesses 416 to accommodate portions of the gears
130 (see Figs. 9 and 13) of the bobbin 100. Each of the
wall parts 420A is provided along one of two inner edges
of the base part 410A, wherein the inner edges are op-
posite to each other in the Y-direction. The main parts

422A of two of the wall parts 420A are arranged in the
X-direction to sandwich the beam part 414 and protrude
upward (in the positive Z-direction) from the base part
410A. Moreover, the partition plates 424A of two of the
wall parts 420A protrude along the Y-direction from inner
end portions of two of the main parts 422, wherein the
inner end portions are located inward in the X-direction.
The pins 430A are provided in positions apart from four
corners of the base part 410A a little.
[0037] In the present embodiment of the present in-
vention too, using the bobbin 100 shown in Fig. 9 and
disposing the protruding part 340A between the gears
130 as shown in Figs. 13 and 14 allow reduction of a size
in the axial direction in comparison with the case where
the gear with the teeth width corresponding to that of the
driving gear is provided to the bobbin 100.
[0038] Moreover, in the present embodiment of the
present invention too, as understood from Figs. 13 to 15,
when viewed along the X-direction, the gears 130 and
the protruding part 340A overlap with one another. There-
fore, the diameter of the gears 130 is not limited by ex-
istence of the protruding part 340A. Then, enlarging the
diameter of the gears 130 allows the windings to be tightly
wound even by a smaller driving force.
[0039] In addition, as understood from Figs. 13 and 14,
in the present embodiment of the present invention too,
the protruding part 340A is positioned between the coils
210 and 220 and between the gears 130 in the X-direc-
tion. Furthermore, the protruding part 340A is positioned
between a portion of the outer leg 320A and the opposi-
tion part 312A of the middle leg 310A in the Y-direction.
The partition plates 424A are provided on both sides of
the protruding part 340A and positioned between the
coils 210 and 220 in the X-direction. The gears 130 are
also positioned between the coils 210 and 220 in the X-
direction. In other words, each of the gears 130 is posi-
tioned between the protruding part 340A and one of the
inner flanges 122 in the X-direction. Then, the gears 130
overlap with the partition plate 424A at least in part when
viewed along the Y-direction. In the present embodiment
of the present invention too, similar to the first embodi-
ment of the present invention, at least portions of the
gears 130 overlap with the partition plates 424A. Accord-
ingly, special spaces for providing these portions are un-
necessary in the X-direction. Therefore, the compound
line filter 10A according to the present embodiment of
the present invention can reduce the size in the axial
direction in comparison with the line filter of Patent Doc-
ument 1 in which the gear is provided to the outer flange
part.
[0040] Although the specific explanation about the
present invention is made above referring to the embod-
iments of the present invention the present invention is
not limited thereto but susceptible of various modifica-
tions and alternative forms. For example, though the
magnetic core 300 or 300A which is formed in a single
body is used in the aforementioned embodiments, the
magnetic core 300 or 300A may be formed by combining
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core pieces not to form a gap. Moreover, provided that
the magnetic core 300 or 300A has predetermined char-
acteristics, a shape thereof may be changed. The inven-
tion is only limited by the claims.

Reference Signs List

[0041]

10, 10A compound line filter
100 bobbin
102 winding frame piece
110 cylindrical part
120 flange part
122 inner flange
130 gear
210,220 coil
300, 300A magnetic core
310, 310A middle leg (winding core part
312, 312A opposition part
320, 320A outer leg
330,330A coupling part
340, 340A protruding part
400, 400A terminal mount
410, 410A base part
412 frame part
414 beam part
416 recess
420, 420A wall part
422,422A main part
424, 424A partition plate
430, 430A pin

Claims

1. A compound line filter comprising a bobbin (100),
two coils (210, 220) and a magnetic core (300),
wherein

the coils (210, 220) have been wound on the
bobbin (100) in a state of being separated from
each other in an axial direction that corresponds
to a winding direction of the coils;
the magnetic core (300, 300A) comprises a
closed magnetic path part and a
secondary magnetic path part (340, 340A);
the bobbin (100) is attached to the closed mag-
netic path part;
the bobbin (100) comprises two gears (130);
the two gears (130) are positioned between the
coils (210, 220) in the axial direction;
the closed magnetic path part comprises a wind-
ing core part (310, 310A) extending in the axial
direction and a primary magnetic path part cou-
pling both ends of the winding core part (310,
310A) to each other;
the secondary magnetic path part (340, 340A)

extends from the primary magnetic path part in
a protruding direction perpendicular to the axial
direction and is positioned between the coils
(210, 220) in the axial direction;
the bobbin (100) is rotatably attached to the
winding core part (310, 310A);
the secondary magnetic path part (340, 340A)
is positioned between a portion of the primary
magnetic path part and the winding core part in
the protruding direction;
each gear (130) and the secondary magnetic
path part (340, 340A) overlap with each other
when viewed along the axial direction;
the bobbin (100) is formed with a plurality of
flanges (120) to position the coils (210, 220);
the plurality of flanges (120) includes two inner
flanges (122) positioned at the innermost posi-
tions in the axial direction in between the two
coils;
between the inner flanges (122) in the axial di-
rection, the two gears (130) are formed;
the secondary magnetic path part (340, 340A)
is positioned between the two gears (130) in the
axial direction;
the two gears (130) face each other when
viewed along the axial direction;
the gears (130) each have the same shape; and
each of the two gears (130) is disposed to be
plane symmetric with respect to a plane perpen-
dicular to the axial direction,
characterized in that
the bobbin (100) is undivided in the axial direc-
tion;
the compound line filter further comprises two
partition plates (424, 424A);
the partition plates (424, 424A) are provided on
both sides of the secondary magnetic path part
(340, 340A) in the axial direction and positioned
between the coils (210, 220) in the axial direction
and
each of the two gears (130) overlaps with one
of the partition plates (424, 424A) at least in part
when viewed from the protruding direction.

2. The compound line filter as recited in claim 1, where-
in the magnetic core (300, 300A) is formed as a sin-
gle body.

3. The compound line filter as recited in claim 1, where-
in

the compound line filter further comprises a ter-
minal mount (400, 400A) provided with pins
(430, 430A) to which end portions of windings
of the coils (210, 220) are connected; and
the partition plates (424, 424A) are portions of
the terminal mount (400, 400A).
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4. The compound line filter as recited in any one of
claims 1 to 3, wherein between a tip of the secondary
magnetic path part (340, 340A) and the winding core
part (310, 310A) to which the tip is opposite, a clear-
ance (Wg1, Wg2) is formed; and a lower limit of a
size of the secondary magnetic path part (340, 340A)
in the axia direction is 0.5 mm.

5. The compound line filter as recited in claim 4, where-
in
in a second direction perpendicular to both of the
protruding direction and the axial direction, a size of
the secondary magnetic path part (340, 340A) is
longer than a size of winding core part (310, 310A).

6. The compound line filter as recited in any one of
claims 4 to 5; wherein a lower limit of a size of the
clearance (Wg1, Wg2 is 0.1 mm

7. The compound line filter as recited in any one of
claims 4 to 6, wherein

the primary magnetic path part comprises an
outer leg (320, 320A) extending in the axial di-
rection and a pair of coupling parts (330, 330A)
connecting end portions of the outer leg (320,
320A) to the end portions of the winding core
part (310, 310A);
provided that an inner measurement or an inner
diameter of the closed magnetic path part in the
axial direction represents an interval between
the coupling parts (330, 330A) in the axial direc-
tion and that the inner measurement or the inner
diameter is D mm, an upper limit of the size of
the secondary magnetic path part (340, 340A)
in the axial direction is D/2 mm.

8. The compound line filter as recited in any one of
claims 4 to 7, wherein an upper limit of the size of
the clearance (Wg1, Wg2) is 2.0 mm.

Patentansprüche

1. Verbundnetzfilter mit einem Spulenkörper (100),
zwei Spulen (210, 220) und einem Magnetkern
(300), wobei

die Spulen (210, 220) auf den Spulenkörper
(100) in einem Zustand gewickelt wurden, in
dem sie in einer axialen Richtung, die einer Wi-
ckelrichtung der Spulen entspricht, voneinander
getrennt sind;
der Magnetkern (300, 300A) ein geschlossenes
Magnetbahnteil und ein sekundäres Magnet-
bahnteil (340, 340A) umfasst;
der Spulenkörper (100) an dem geschlossenen
Magnetbahnteil angebracht ist; der Spulenkör-

per (100) zwei Zahnräder (130) umfasst;
die zwei Zahnräder (130) in axialer Richtung
zwischen den Spulen (210, 220) angeordnet
sind;
das geschlossene Magnetbahnteil ein Wick-
lungskernteil (310, 310A) umfasst, das sich in
der axialen Richtung erstreckt, und ein primäres
Magnetbahnteil, das beide Enden des Wick-
lungskernteils (310, 310A) miteinander verbin-
det;
sich das sekundäre Magnetbahnteil (340, 340A)
von dem primären Magnetbahnteil in einer vor-
stehenden Richtung senkrecht zu der axialen
Richtung erstreckt und in der axialen Richtung
zwischen den Spulen (210, 220) angeordnet ist;
der Spulenkörper (100) drehbar an dem Wick-
lungskernteil (310, 310A) angebracht ist;
das sekundäre Magnetbahnteil (340, 340A) zwi-
schen einem Abschnitt des primären Magnet-
bahnteils und dem Wicklungskernteil in der vor-
stehenden Richtung angeordnet ist;
jedes Zahnrad (130) und das sekundäre Mag-
netbahnteil (340, 340A) bei Betrachtung in axi-
aler Richtung einander überlappen;
der Spulenkörper (100) mit einer Mehrzahl von
Flanschen (120) ausgebildet ist, um die Spulen
(210, 220) anzuordnen;
die Mehrzahl von Flanschen (120) zwei innere
Flansche (122) umfasst, die an den innersten
Stellen in der axialen Richtung zwischen den
zwei Spulen angeordnet sind;
zwischen den inneren Flanschen (122) in der
axialen Richtung die beiden Zahnräder (130)
gebildet sind;
das sekundäre Magnetbahnteil (340, 340A) in
axialer Richtung zwischen den zwei Zahnrädern
(130) angeordnet ist;
die zwei Zahnräder (130) bei Betrachtung in axi-
aler Richtung einander zugewandt sind;
die Zahnräder (130) jeweils die gleiche Form ha-
ben; und
jedes der zwei Zahnräder (130) so angeordnet
ist, dass es in Bezug auf eine Ebene senkrecht
zur axialen Richtung spiegelsymmetrisch ist,
dadurch gekennzeichnet, dass
der Spulenkörper (100) in der axialen Richtung
ungeteilt ist;
der Verbundnetzfilter weiter zwei Trennplatten
(424, 424A) umfasst;
die Trennplatten (424, 424A) in der axialen Rich-
tung auf beiden Seiten des sekundären Magnet-
bahnteils (340, 340A) vorgesehen sind und in
der axialen Richtung zwischen den Spulen (210,
220) angeordnet sind und
bei Betrachtung von der vorstehenden Richtung
jedes der zwei Zahnräder (130) zumindest teil-
weise mit einer der Trennplatten (424, 424A)
überlappt.
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2. Verbundnetzfilter nach Anspruch 1, wobei
der Magnetkern (300, 300A) als ein einziger Körper
ausgebildet ist.

3. Verbundnetzfilter nach Anspruch 1, wobei

der Verbundnetzfilter weiter eine Anschlusshal-
terung (400, 400A) umfasst, die mit Stiften (430,
430A) versehen ist, mit denen Endabschnitte
von Wicklungen der Spulen (210, 220) verbun-
den sind; und
die Trennplatten (424, 424A) Abschnitte der An-
schlusshalterung (400, 400A) sind.

4. Verbundnetzfilter nach einem der Ansprüche 1 bis
3, wobei

zwischen einer Spitze des sekundären Magnet-
bahnteils (340, 340A) und dem Wicklungskern-
teil (310, 310A), dem die Spitze gegenüberliegt,
ein Spalt (Wg1, Wg2) gebildet ist; und
eine untere Grenze einer Größe des sekundä-
ren Magnetbahnteils (340, 340A) in der axialen
Richtung 0,5 mm beträgt.

5. Verbundnetzfilter nach Anspruch 4, wobei
in einer zweiten Richtung senkrecht zur vorstehen-
den Richtung und zur axialen Richtung eine Größe
des sekundären Magnetbahnteils (340, 340A) län-
ger ist als eine Größe des Wicklungskernteils (310,
310A).

6. Verbundnetzfilter nach einem der Ansprüche 4 bis
5; wobei eine untere Grenze einer Größe des Spalts
(Wg1, Wg2) 0,1 mm beträgt.

7. Verbundnetzfilter nach einem der Ansprüche 4 bis
6, wobei

das primäre Magnetbahnteil einen äußeren
Schenkel (320, 320A) aufweist, der sich in der
axialen Richtung erstreckt, und ein Paar Kopp-
lungsteile (330, 330A), die Endabschnitte des
äußeren Schenkels (320, 320A) mit den En-
dabschnitten des Wicklungskernteils (310,
310A) verbinden;
unter der Bedingung, dass eine Innenabmes-
sung oder ein Innendurchmesser des geschlos-
senen Magnetbahnteils in der axialen Richtung
einen Abstand zwischen den Kopplungsteilen
(330, 330A) in der axialen Richtung darstellt und
dass die Innenabmessung oder der Innendurch-
messer D mm beträgt, eine obere Grenze der
Größe des sekundären Magnetbahnteils (340,
340A) in der axialen Richtung D/2 mm beträgt.

8. Verbundnetzfilter nach einem der Ansprüche 4 bis
7, wobei eine obere Grenze der Größe des Spaltes

(Wg1, Wg2) 2,0 mm beträgt.

Revendications

1. Filtre de ligne composite comprenant une bobine
(100), deux enroulements (210, 220) et un noyau
magnétique (300), dans lequel

les enroulements (210, 220) ont été enroulés
sur la bobine (100) dans un état séparé l’un de
l’autre dans une direction axiale qui correspond
à une direction d’enroulement des
enroulements ;
le noyau magnétique (300, 300A) comprend une
partie de trajet magnétique fermé et une partie
de trajet magnétique secondaire (340, 340A) ;
la bobine (100) est fixée sur la partie de trajet
magnétique fermé ;
la bobine (100) comprend deux roues dentées
(130) ;
les deux roues dentées (130) sont positionnées
entre les enroulements (210, 220) dans la direc-
tion axiale ;
la partie de trajet magnétique fermé comprend
une partie de noyau d’enroulement (310, 310A)
s’étendant dans la direction axiale et une partie
de trajet magnétique primaire couplant les deux
extrémités de la partie de noyau d’enroulement
(310, 310A) entre elles ;
la partie de trajet magnétique secondaire (340,
340A) s’étend à partir de la partie de trajet ma-
gnétique primaire dans une direction d’exten-
sion perpendiculaire à la direction axiale et est
positionnée entre les enroulements (210, 220)
dans la direction axiale ;
la bobine (100) est fixée de manière à pouvoir
tourner sur la partie de noyau d’enroulement
(310, 310A) ;
la partie de trajet magnétique secondaire (340,
340A) est positionnée entre une partie de la par-
tie de trajet magnétique primaire et la partie de
noyau d’enroulement dans la direction
d’extension ;
chaque roue dentée (130) et la partie de trajet
magnétique secondaire (340, 340A) se recou-
vrent l’une l’autre lorsqu’elles sont vues suivant
la direction axiale ;
la bobine (100) comporte une pluralité de flas-
ques (120) destinés à positionner les enroule-
ments (210, 220) ;
la pluralité de flasques (120) comporte deux flas-
ques internes (122) agencés aux positions les
plus internes suivant la direction axiale entre les
deux enroulements ;
les deux roues dentées (130) sont formées entre
les flasques internes (122) suivant la direction
axiale ;

17 18 



EP 3 460 814 B1

11

5

10

15

20

25

30

35

40

45

50

55

la partie de trajet magnétique secondaire (340,
340A) est positionnée entre les deux roues den-
tées (130) dans la direction axiale ;
les deux roues dentées (130) sont l’une face à
l’autre lorsqu’elles sont vues suivant la direction
axiale ;
les roues dentées (130) présentent chacune la
même forme ; et
chacune des deux roues dentées (130) est dis-
posée suivant une symétrique plane par rapport
à un plan perpendiculaire à la direction axiale,
caractérisé en ce que
la bobine (100) n’est pas divisée dans la direc-
tion axiale ;
le filtre de ligne composite comprend, en outre,
deux plaques de séparation (424, 424A) ;
les plaques de séparation (424, 424A) sont for-
mées sur les deux côtés de la partie de trajet
magnétique secondaire (340, 340A) dans la di-
rection axiale et sont positionnées entre les en-
roulements (210, 220) dans la direction axiale et
chacune des deux roues dentées (130) est re-
couverte par l’une des plaques de séparation
(424, 424A), au moins en partie lorsqu’elles sont
vues suivant la direction d’extension.

2. Filtre de ligne composite selon la revendication 1,
dans lequel le noyau magnétique (300, 300A) est
formé en un corps simple.

3. Filtre de ligne composite selon la revendication 1,
dans lequel

le filtre de ligne composite comprend, en outre,
un bloc de montage de borne (400, 400A) com-
portant des broches (430, 430A) sur lesquelles
des parties d’extrémité d’enroulements des en-
roulements (210, 220) sont raccordées ; et
les plaques de séparation (424, 424A) sont des
parties du bloc de montage de borne (400,
400A).

4. Filtre de ligne composite selon l’une quelconque des
revendications 1 à 3, dans lequel,

entre une partie de pointe de la partie de trajet
magnétique secondaire (340, 340A) et la partie
de noyau d’enroulement (310, 310A) à laquelle
la partie de pointe est opposée, un jeu (Wg1,
Wg2) est formé ; et
une limite inférieure d’une dimension de la partie
de trajet magnétique secondaire (340, 340A)
dans la direction axiale est égale à 0,5 mm.

5. Filtre de ligne composite selon la revendication 4,
dans lequel,
dans une seconde direction perpendiculaire à la fois
à la direction d’extension et à la direction axiale, une

dimension de la partie de trajet magnétique secon-
daire (340, 340A) est supérieure à une dimension
de la partie de noyau d’enroulement (310, 310A).

6. Filtre de ligne composite selon l’une quelconque des
revendications 4 et 5, dans lequel une limite inférieu-
re d’une dimension du jeu (Wg1, Wg2) est égale 0,1
mm

7. Filtre de ligne composite selon l’une quelconque des
revendications 4 à 6, dans lequel

la partie de trajet magnétique primaire com-
prend une patte externe (320, 320A) s’étendant
dans la direction axiale et une paire de parties
de couplage (330, 330A) reliant des parties d’ex-
trémité de la patte externe (320, 320A) aux par-
ties d’extrémité de la partie de noyau d’enrou-
lement (310, 310A) ;
pourvu qu’une mesure interne ou un diamètre
interne de la partie de trajet magnétique fermé
dans la direction axiale représente un intervalle
entre les parties de couplage (330, 330A) dans
la direction axiale et que la mesure interne ou
le diamètre interne soit égal D mm, une limite
supérieure de la dimension de la partie de trajet
magnétique secondaire (340, 340A) dans la di-
rection axiale est égale à D/2 mm.

8. Filtre de ligne composite selon l’une quelconque des
revendications 4 à 7, dans lequel une limite supé-
rieure de la dimension du jeu (Wg1, Wg2) est égale
à 2,0 mm.
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