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Attorney Docket No. 36856.216

METHOD OF MANUFACTURING BEAD INDUCTOR AND

APPARATIUS FOR MANUFACTURING BPEVICE—FOR SAME

BACKGROUND OF THE INVENTION
1. Field of the Tnvention

The present invention relates to a method of producing
a bead inductor and a-dewice an apparatus for producing a mclded
body fermed—to—ferm to be included in a bead inductor.

Bead inductors are used as antineise-parte anti-noise or
neise elimination components, particunlarly inmicroprocessors-
through or other similar devices, in which a large amount of
current needs to—»e is supplied+ezr—thetike—A—-type—of and
txansmitted, A bead inductor consisting of a conductor coil
embedded in rubber or resin materjial containing magnetic powder
(such as ferrite powder) is known. In general, in forming this
type of bead inductor, a conductor coil is embedded in resin
or rubber b¥ material via injection molding or the like, whereby
a molded body is formed. Then, both ends of the ektained molded
body are cut to ‘expose both ends of the coil embedded in the
resin or the rubber matexial. Thereafter, metallic caps

{aeting—as which define external terminal electrodes+y, are
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mounted £e on the exposed coil ends, for example, by using an
electrically conductive, resinous pasteor by via spot welding.

Figs. 6 and 7 are sectional views illustrating a method
of producing a molded body fezmed used to form a bead inductor
by—injecti 1di hieh—i +via injecti 143 It
. ted that ] biect b e ! in Fi : 1 7 3
the d {pti £} ¢ tained 1 in 1 I £ )
published.

Referring to Fig. 6, an injection mold, used to form a
molded body fermed—to—ferm to be included in a bead inducteor,
compeises ipncludes an upper mold portion 1 and a lower mold
portion 2. A cavity 3 in which.resin is molded is formed in
the upper .mold portion 1. A space 3a provided to form a
projecting portion on the molded body is formed above the ca&ity
3. At the lower mold portion 2 is—provided, a spacer pin 4
whieh—-is—dispeosed is arranged to be located within the cavity
3 when the lower mold portion 2 and the upper mold portion 1
are fitted together. A gate la used to supply molten resin
into the éavity 3 is formed in the upper mold portion 1.

When a molded body fermed-to—foxrm used for forming a bead
inductor is produced using themold of Fig. 6, a conduétor coil+4,
which is formed by winding #a into a spiral or other ferm shaped
configuration, a metallic wire, such as a copper wire, coated
with an insulating material, such as polyester resin+, is

inserted onto the spacer pin 4. Then, molten resin containing
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magnetic powder, such as ferrite powder, is injected into the
cavity 3 from the gate la, causing an outer portion to be formed
eutwardly outside of the conductor coil inserted onto the
spacer pin 4.

Fig. 7 is a sectional view showing a 'state in which the
outer portion is formed cutwardly outside of a conductor coil
5 by using the above-described method. As shown in Fig. 7,
the conductor coil 5 is embedded in the molded body 6, and the
spacer pin 4 is placed-inwardly located inside of the conductor
coil 5. This spacer pin 4 is pulled out of the molded body
6 in order to allow formation of an inner portion inwardiy
1g;a;§§_i;§i§g of the conductor coil 5.

- Figs. 8A, 8B, and 8C are sectional views illustrating the
steps carried out to form an inner portion inwardly inside of
the conductor coil 5 k¥ via molding. Fig. 8A illustrates the
molded body 6, with the upper mold portion 1 and the lower mold
portion 2 being separated from each other as a result of moving
the upper mold portion 1 upward from its position shown in Fig.
7. The spécer pin 4 is disposed in the molded body 6, and is
moﬁnted ¥o on the lower mold portion 2. The molded body 6 has
a protruding portion 6a at the top portion thereof. The
protruding portion 6a is removed by cutting or the—3tike a_
similax process., thereby, allowing the spacer -pin 4 in the
molded body 6 to be pulled upward and removed therefrom.

Fig. 8B illustrates a state after removal of the spacer

—
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pin 4 by the above-described method. A space 6b is formed in
the molded body 6 as a result of the removal of the spacer pin
4. With the space 6b being formed in the molded body 6, the
upper mold portion 1 is fitted onto the lower mold portion 2
again, as shown in Figs. 6 and 7. From the gate la, molten
resin is supplied into the mold so as to flow into the space
6b, causing an innerx pox.;tion to be formed +pwardly inside of
_the conductor coil S.

Fig. 8C is a sectional view illustrating a state after
formation of an inner portion inwaxdiy inside of the conductor
coil 5 by via molding. A protruding portion 6c fermed—in—
eorrespondenee—with gorresponding to a configuration of the
space 3a of Fig. 6 is formed at the top portion of the molded
body 6, while a protruding portion 6d is formed at the bottom-
portion of the molded body 6 so as to be disposed in the space
in the 1c;.~wer mold portion 2 where the spacer'pin 4 was inserted.

Fig. 9 is a sectional view of the molded body 6 formed
by the above-described molding method. The conductor coil 5
is embg-.ddeci in the molded body 6. The protruding portion 6c
is formed at the tbp portion of the molded body 6, while the
protruding portion 64 is formed at the bottom portion of the
nmolded body 6. By cutting themolded body 6, using, for example,
a dicing saw, along cutting lines A-A and B-B, the ends of the
conductor coil 5 in the molded body 6 are exposed.. Metallic

caps are electrically connected and mounted to the exposed ends
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of the conductor éoil 5, for example, by using electrically
conductive resinous paste or b¥ via spot weiding.

Figs. 10 and 11 are a side view and a plan view illustrating
a bead inductor with having metallic caps mounted therete
thereon. One end 5a of the conductor coil 5 is electrically
connected to a metallic cap 7, while the other end 5b of the
conductor coil 5 is electrically connected to a metallic cap
8. The metallic caps 7 and 8 are uséd as external terminal
electrodes.

In the above-described eoaveational bead inductor
preduetieon and method of forming thereof, the spacer pin is
removed after formation of the outer pori_:ion euntward:y located
outside of the conductor coil &¥ via molding. To remove the
spacer pin, it is necessary to open the mold and to cut the
protruding portion at the top portion of the molded body. This
makes it difficult to aﬁtomate and simplify the injection
molding cycle. Therefore, when the conventional bead inductor
production method is used, molded bodies cannot be formed with

high productivity.

SUMMARY. OF THE INVENTTON
1ingd C - . | b]
described above, preferred embodiments of the present
invention te-prewided provide amethod of manufacturing a bead
inductor preductien—methed and a bead inductor molded body
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producing devieer—which-ecan—effieientiy—preduce apparatus,
which achieve improved and highly efficient production of bead

inductor molded bodies witk having a conductor coil embedded

therein.

Po—this—eadr—aecording According to a first aspect of
preferred embodiments of the present invention, there is
provided a method of producing a bead inductor, in wﬁich a
molded body having an—aix—eered a_hollow core conductor coil
embedded in rubber or resin material containing magnetic powder
is formed, and in which both ends of the conductor coil in the
molded body are exposed to electrically connect external
terminal electrodes to both of the exposed ends of the conductor
coil, the method eemgfiéiag including the steps of =
forming an outer portion eutwaxrdiy gutside of the conductor
coil by viamolding, by disposing the conductor coil in a cavity
of a mold having a first gate and a second gate formed thereins
by, disposing a spacer pin which passes tnroilgh the core of
the conductor coil and extends up to the second gate to close
the second gate+,. and by supplying the rubber or the resin
ma.:_g_::._l containing magnetic powder into the mold cavity from
the first gate 4+ and forming the molded body with the conductor
coil embedded therein, by, after the formation of the outer
portion outwarddy outside of the conductor coil, closing the
first gatesPb¥, pulling eut the-SPacer pin i» out of the mold

cavitys., and'by supplying from the second gate the rubber or
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the resin material containing magnetic powder into a space
formed as a result of the removal of the spacer pin so as to
extend through the core of the conductor coil, in order to form
an inner portion iswardly inside of the conductor coil.

In such a case, after the formation of the outer portion

- eutwerdly outside of the conductor coil, the spacer pin is
pulled out. When the outer portion is formed sutwardly Qutside
of the conductor coil b¥ viamolding, the spacer pin is disposed
so as to pass through the core of the conductor coil and to
extend up to the second gate to close the second gate. When
the spacer pin is pulled out, a space which extends through
the core of the conductor coil frqm the second gate is formed.
Prom the sécond gate, resin or rubber material is supplied into
the space formed-inwardly located inside of the conductor coil.
In the first aspect, the outer portion does not have to be
removed after the formation of the outer portion eutwardiy
outside of the conductor coil, so that the next step of forming
an inner portion inwaxrdiy inside of the conductor coil can be
carried out with the outer portion being disposed in the mold
cavity.

The mold may have an accommodating hole for accommodating
the spacer pin therein. When the outer portion is formed
eoutwardly outside of the conductor coil b¥ via molding, a
portion of the spacer pin may be pushed out of the accorﬁmodating

hole and pushed into the mold cavity. On the other hand, when
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the inner portion is formed iawardlry inside of the conductor
coil by via molding, the séacer pin may be pulled out so that
a portion of the spacer pin is accommocdated in the accommodating
hole. |

In such a case, since an accommodating hole may be formed
in the mold to allow insertion and removal of the spacer pin

into and out of the cavity, it possible to provide a suitable

. an _excellent and greatly impxroved production method which

allows automation and simplification of the molding process.

The mold may include an upper mold portion and a lower

~ mold portion.

In such a case, since the mold may include .ar5 upper mold
portion and a lower meld portion, it possible to stably dispese
and easily iansext the conductor coil ia jinto the mold.

When the mold includes an upper mold portion and a lower
mold portion, the spacer pin may be dividedlinto a first spacer
pin portion and a second spacer p:.n pertion, tﬁé first spacer
pin portion having é shape which fits into the accommodating
hole forme.a in the lower mold portion, and the second spacer
pin' portion having a shape which fits into the second gate

formed in the upper mold portion. In forming the outer portion

outwardiy outside of the conductor coil by wvia molding, a

portion of the first spacer pin portion and a portion of the
second spacer pin portion of the spacer pin may be pushed into

the mold cavity from the accommodating hole and from the second
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gate, respectively, in order to bring the first spacer pin
portion and the second spacer pin portion inﬁo contact with
each other, whereby the spacer pin is formed so as to pass
through the mold cavity. On the other hand, in forming the
inner portion imwardly inside of the conductor coil by ¥ia
molding, the first spacer pin portion may be pulled out so that
a portion thereof is accommodated in the accommodating hole
formed in the lower mold portion, and the second spacer pin
portionfmay be pulled out and removed out of the mold from the
second date.

In such a case, the spacer pin may be divided into a first
spacer pin portion and a second spacer pin portion and formed
so as to pass through the mold cavity. In forming the outer
portion ewtwardliy outside of the conductor coil by viamolding,
a spacer pin may be formed by pushing a portion of the first
spacer pin portion and a portion of the second spacer pin
portion into the mold cavity and bfiﬂg&ﬁg—%hem;éate—eeaEaee
each o;her; Thus, compared to the case where oﬁe spacer pin
is'pushed into the mold cavity from the lower mold portion so
that the spacer pin passes through the mold cavity and is
inserted into the second gate formed in the upper mold portion
to close it, the upper mold portion and the lower mold portion
can be easily designed so that they are, for example, positioned

precisely with respect to each other.
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When the spacer pin is divided into a first spacer pin
portion and a second spacer pin portion and formed so as to
pass through the mold cavity, the first gate may be formed in
the upper mold portion.

In such a case, since the first gate may be formed in the
upper mold portion, it is much easier to design, for example,
a molding machine or a mold.

In the case where the spacer pin is divided into a first
spacer pin portion and a second spacer pin portion and formed
so as to.pass through the mold cavity, or in the case where
the first gate is formed in the upper mold portion, when the
conductoxr coil is disposed in the mold cavity, a portion of
the first spacer pin portion may be pushed out of the
accommodating hole, and the core'of the conductor coil may be
inserted mounted onto the first spacer pin portion in order
to position the conductor coil in the cavity.

In such a case, since the conductor coil may be positioned
by inserting the core of the conductor coil onto the first
sPacer_pin-portion, it is much easier to design a molding
médhine.

In forming the inner portion ipwardly inside of the
conductor coil k¥ yia molding, the first gate may be closed
by inserting a closing pin into the first gate.

In such a case, since the first gate may be closed by

inserting a closing pin into 4% the first gate, the structure
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of, for example, a molding machine or a mold is greatly
simplified.

When the first gate is closed by inserting a closing pin
inteo—it, after the forﬁation of the inner portion ibwardly
inside of the conductor coil b¥% yia molding, the xﬁolded body
may be ejected from the mold by pushing a portion of the closing
pin out of the first gate and inserting the portion Qf the
closing pin into the mold cavity.

In such a case, since the molded body may be ejected from
the mold bywusing via the closing pin used to close the first
gate, the structure of, for example, a molding machine or a
mold can be greatly simplified, and the molded body can be
automatically ejected after molding.

In the case where the first gate is closed by inserting
a closing pin into it or in the case where the molded body is
ejected from the mold by using the closiné pin used to close
the first gate, during the formation of the inner portion
inwarxdly jnsjide of the conductor coil by via molding, the second
spacer pin éortion which is removed out of the mold may be used
as the closing pin for insertion into the first gate.

In such a case, since the second spacer pin portion may
be used as the closing pin, the structure of, for example, a
molding machine or a mold can be greatly simplified.

A molding cycle comprising-dispesing including the steps
of inserting the conductor coil into the mold cavity, forming
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the outer portion ewtwazdly smgs_:._dg of the conductor coil b¥
via molding, forming the inner portion inwardly inside of the
conductor coil b¥ via molding, and ejecting the molded body
from the mold may be repeated by automatic control.

In such a case, since the molding process carried out to
form a bead inductor molded body may be automated, it is
possible to increase operation efficiency of amolding machine,
and to mass-prodhce molded bodies economically.

According to another aspect of preferred embodiments of
the present invention, there is provided a-dewice an apparatus
for producing a molded body used-—te—ferm to be included in a
bead inductor, in which the molded body is formed in a mold
cavity b¥ via injection molding when producing the bead
inductor by electrically connecting external terminal
electrodes to both ends of an-air-eored a hollow coxa conductor
coil disposed in the molded body formed by embe;iding the
air-eored hollow core conductor coil in rubber or resin
material containing magnetic powder, the apparatus including

an upper mold portion having éeﬁned—e-hefea_-n a first éate and
a second gate—threugh-whieh—the arranged to allow rubber or
the resin material containing magnetic powder is to be supplied
into the mold cavity.s

a lowexr mold portion which is fitted to the upper mold portion

to form define the mold cavity, the lower mold portion having
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an accommodating hole in a portion thereof located at a position
in correspondence with a substantially #he center portion of
‘the mold cavity.+ _

a first spacer pin portion £er arranged to be movably dispesing
disposed in the accommodating hole fermed in the lower mold
portion_s

a second spacer pin portion fesr az;angg.d_m_b_e movably
dispesing disposed in the second gate fermed in the upper mold
portion+, and a closing pin fe= arranged o be movably
d—z:sﬁes&:ag disposed in the first gate fexrmed in the upper mold
portion,+

wherein after insertion of the core of the cc_mductor coil
onto the first spacer pin portion, a portion of which first
spacer pin'portion is upwardly pushed out of the accommodating
.ﬁole formed in the lower mold portion, the upper mold portion
and the lower mold portion are fitted togéther to form define
the cavity used for the injection molding$. the second spacer
pin portion is pushed downward so that a portion thereof is
pushed out .of the second gate foxmed in the upper mold portion
in'order to bring the second spacer pin portion into contact
with the first spacer pin portion, whereby a spacer pin which
passes through the cavity is formeds+—&m, In this state, the
rubber or the resin materjial containing magnetic powder is
supplied into the cavity from the first gate to form an outer

portion ewtwardly outside of the conductor coil by the molding+
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aftes, After the molding, the first spacer pin portion is
pulled cut so that a portion thereof is accommodated in the
accommodating hole formed in the lower mold portion, and the
second spacer pin portion is pulled out and removed out of the
mold from the second gatéﬁ,___a closing pin is inserxted into
the first gate to close the first gates—and-frem. From the
second gate, the rubber o.r the resin materxrial containing
magnetic powder is supplied into a space formed inwardly inside
of the conductor coil, by pulling out the first spacer pin
portion and the second spacer pin portion, whereby the molded
body with having the conductor coil embedded therein is formed.
in such a case, after_ the formation of the outer portion
eutwardly gutside of the conductor coil by yiamolding, an inner
portion can be formed imwardiy inside of the ¢onductor coil,
without taking out the cuter portion from the mold. This makes
it possible to produce molded bodies effiéiently and easily.

In the above~described device, the closing pin may be used
as the second spacer pin portion.

In sucﬁ a case, the structure of, foxr example, an injection
mold or a mold can be greakly simplified. This makes it
possible to automate the molding process and to reduce molding
costs.

| When the deviee-ofanother—aspees apparatus according to
preferred embodiments of the present invention is used or when

the closing pin is used as the second spacer pin portion, after
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the formation of the molded body with the conductor coil
embedded therein, the upper mold-portion and the lower mold
portion which have been fitted together may'be separated from
each other, and the closing pin may be moved downward to push
out and eject the molded body from the cavity.
In such a case, since the molded body may be pushed'out

of and ejected from the cavity by moving the closing pin

. downward, the molded body can be easily taken out, and the
molding process can be automated.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view used-teo—illustrate-the preocess
zlm_;r_agng_a_mg_thg_d of producing a molded body fermed-—to-form
to be ingluded in a bead inductor, 4man according to a preferred
embodiment of the present invention.

Fig. 2 is a sectional view used-te—-iliustrate-the preocess
illuystrating a method of producing a molded body fermed-teo-ferm
to be included in a'bead inductor, iﬂ—%ﬁe according o a
preferred embodiment of the present invention.
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Fig. 3 is a sectional view used-te—illustrate—the-precess
illustrating a method of producing a molded body formed-to-—fe=m
to be included in 2 bead inductor, im—the according to a
preferred embodiment of the present invention.

Fig. 4 is a sectional view used-to-illustrate-the-process
illustrating a method of producing a molded }::ody £formed-to-form
to be included in a bead inductor, in—the a.ss.szr.d:..ng_t_e_a_
preferxed embodiment of the present invention.

Fig. 5 is a sectional view wsed-teo-illustrate-the-precess
illustrating a method of producing a molded body formed-to-£form
to be included in a bead inductor, im—the according to a
preferxrxed embodiment of the present invention.

Fig. 6 is a sectional view used—to—itlustrate—a—
ceonventionat W&Eﬂ j:}rocess of producing a
molded body -f-e-med—Ee—fe-Em to be ingluded in a bead inductor.

Fig. 7 is a sectional view used—to—illustrate—the—
conventional illustrating the related process of .producing a
molded body Fﬁe—rned—-te—f—era to be included in a bead inductor.

Figs. .BA, 8B, and 8C are sectional views uased-te-illustrate
theconventional illustrating the related process of produc ing'
a molded body fermed-te—foxrm to be included in a bead inductor.

Fig. 9 is a sectional view of a molded body obtained
produced by the eenventiopal related production method.

Fig. 10 is a side view 0of a bead inductor.

Fig. 11 is a plan view of the bead inductor.
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Fig. 1 is a secticnal view of a mold of apreduecing-devicer
i for . duci lded body. ;
inclnded i bead induct 1 , £ 3

embodiment of the present invention. This mold is used to form

a molded body b% yia injection molding. It-eomprises The mold
preferably includes an upper mold portion 11 and a lower mold

portion 12. As shown inFig. 1, vhen&hey the uppermold portion
11 and the lower mold portion 12 are fitted together, a cavity

13+—in—which—amolded—body is—formed,—is—formed-

At-the-eppermold-portion-tlare-formed-a is formed. A molded

A first gate 14 and a second gate 15,—whieh are provided
b £} 14 tion 11 The firsi te 14 and &I 3
gate 15 are arranged to allow rubber or molten resin containing
magnetic powder to flow into the cavity 13. An accommodating
hole 16 is formed in a portion of the lower mold portion 12
located inceorrespendence—with-about-the-so as to correspond
to a location of the approximate center portion of the cavity
13. A first spacer pin portion 18 is movably disposed in the
accommodating hole 16. A second spacer pin portion 17 is
movably disposed in the second gate 15 formed in the upper mold

portion 11.

In the state shown in Fig. 1, the first spacer pin portion
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18 and the secorid spacer pin portion 17 are both pushed into
the cavity 13 so that an end portion 18a of the first spacer
pin portion 18 and an end portion 17a of the second spacer pin
portion 17 axe-breought-inte contact with each .other. A closing
pin (described later) can be movably disposed in the first gate
14. In the state shown in Fig. 1, -::t—;he_clgs.:.ng_p_m is disposed
outs:n_de the mold.

A conductor coil 10 is inserted onto the first spacer pin
portion 18. *t—is—The ¢oil 10 is preferably formed as an
aﬁ'-—eefeé hollow core conductor coil by, for example, winding
in a spiral or other fexm configuration, a metallic wire (such
as a copper wire) coated with an insulating mgterial (such as
polyester resin).

A description will now be given of the steps carried out

to form a bead inductor molded body using the injection mold

of Fig. 1, in accordance with preferxred embodiments of the

~ present invention.

As shown in Fig. 2, when the conductor coil 10 is being
placed in tﬁe mold,_tfxe mold is in an open state, with the upper
mold portion 11 being located separate from and above the lower
mold portion 12, and the lower mold portion 12 being disposed

_below the upper mold portion 11. With the mold in the open
state, a portion of the first spacer pin portion 18 is pushed
upward from the through hole 16 in the lower mold portion 12.

The conductor coil 10 is disposed in the mold by inserting the
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aix-hollow core of the conductor coil 10 onto the first spacer
pin portion 18, so that the conductor coil 10 is fitted onto
the first spacer pin port:f.on 18. In other words, the conductor
coil 10 is positioned in the cavity 13 by inserting the
conductor coil 10 onto the first spacer pin portion 18.
The first gate 14 formed in the upper mold portion 11 is
in an open state. The sécond spacer pin portion 17 is inserted
into the second gate 15 so that the end portion 17a of the second
spacer pin portion 17 is pushed downward and protrudes from
the second gate 15. With the second spacer pin portion 17
protruding from the second gate 15, the upper mold portion 11
is moved downward relative to the lower mold port'ion 12 in oxder
to fit them the upper and lowex mold portions 11, 12 together,
as shown in Fig. 1. As shown in Fig. 1, the end portion l8a’
of the first spacer pin portion 18 and the end portion 17a of
the second spacer pin portion 17 are brought into contact with
each other in the cavity 13, whereby a spacer pin which passes
through the cavity 13 in the vertical direction so as to pass
througl_; the air-hollow core of the coil 10 is formed. It is
to be noted that fhe second spacer pin portion 17 does not
necessarily have to be moved downward before £itting the upper
mold portion 11 and the lower mold portion 12 together. 3I%
The second spacer pin 17 may be.moved downward so that the end
portion 17a thereof comes into contact with the end portion

18a of the first spacer pin portion 18 after fitting the upper
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mold portion 11 and the lower mold portion 12 together.

In the state shown in Fig. 1, molten rubber or molten resin
containing magnetic powder is injected into the cavity 13 from
the first gate 14 to form an outer portion eetwardly outside
of the conductor coil 10 by via molding. Since the spacer pin
£ormed defined by the first spacer pin portion 18 and the second
s'pacer pin portion 17 is disposed in the cavity 13, resin is
molded in the area around the spacer pin.

Fig. 3 illustrates a state after formation of an outer
portion ea%w&ﬁ-l—y outside of the conductor coil 10 by using
the above-described molding method. 1Inthecavityl1l3, amolded
body 20 is formed ocutwardly outside of the conductor coil 10.
After the formation of the molded body 20, the first spacer
pin portion 18 is moved downward and pu‘lléd out of the molded
body 20. The first spacer pin portion 18 is moved until its
top end 18a is level with the top surface of the lower mold
portion 12. Then, it the first spacer pin portion 18 is fixed
at that location.

The seéond spacer pin portion 17 is moved upward and pulled
out of the molded body 20. Then, i& the second spacer pin
portion 17 is pulled up through the second gate 15 and removed
out of the mold. Pulling the first spacér pin portion 18 and
the second spacer pin portion 17 out of the molded body 20 éauses
a space 21 to be formed in the approximate center portion of

the molded body 20. The space 21 is formed so as to extend
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through the core of the conductor coil 10 and so as to lead

to the second gate 15. A closing pin 19 is inserted into the .

first gate 14 in order to close it the first gate 14.

Fig. 4 illustrates the first gate 14 which has been closed
as a result of inserting the closing pin 19 into the first gate
14. When the first gate 14 is closed, the second gate 15 leads
to the space 21 in the approximate center portion of thé molded
body 20, and the space 21 leads to a portion located inwerdly
inside of the conductor coil 10.

As-in-the-ease-where Similar to the formation of the molded
body 20 is—fermed, molten rubber or meolten resin makerial is
injected into ;he space 21 from the second gate 15 so as to
form in the space 21 an inner portion inwasdly inside of the
cenductor coil '10.

Fig. 5 is a sectional view illustrating a state after
formation of an inner portion +awardly :.ns_:_ie, of the molded
body 20, in the space 21, b¥ using the above-described method.
As shown in Fig. 5, filling the space 21 in the approximate
center ,port.ion of the molded body 20 (shown in Fig. 4) results
in the formation of a molded body 22 with having the conductor
coil 10 embedded therein. In the molded body 22 shown in Fig.
5, the core of the conductor coil 10 is also filled with resin
or rubber material, which is preferxably molded.

After the formation of the molded body 22, the upper mold

portion 11 is moved upward relative to the lower mold portion
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12 and separated therefrom, whereby the mold is opened, as shown
in Fig. 5. Molded bedies 22 with having the conductor coil
10 embedded therein tend to remain fitted to the upper mold
portion 11 in which cavity 13 is formed. In such a case, molded
bodies 22 are ejected from the upper mold por.tion 11 by moving
the closing pin 19 in the first gate 14 downward and pushing
out the molded bodies 22.
As described above, a molded body 22 with a conductor coil
10 embedded therein is produced. 1In the next molding cycle
after the ejection of the molded body 22 from the mold, the
first spacer pin portion 18 is moved upward in order to set
the mold in the state shown in Fig. 2. Then, the conductor
coil 10 is inserted onto the first spacer pin portion 18 to
form the next molded body.
| Like the ends of the moided body of Fig. 9 produced by
the eenventieonal related method, both ends' of the molded body
22 obtained by the above~described method are cut with a dicing
saw or the-tike similar device so that the ends of the conductor
coil are exéosed. _Like the exposed ends shown in Figs. 10 and
11, the exposed ends'meameémmmm:ml
in the preferred embodiments have external terminal electrodes,

such as metallic caps, wheseby mounted thereon 5o as to complete
a bead inductor is—feormed.

As can be understood from the foregoing description,

according to preferred embodiments of the present invention,
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after formation of an outer portion ewtward:y gutside of the
conductor coil 10 b¥ yia molding, an inner portion can be formed
#awardly inside of the conductor coil 10 without taking the
molded body 20 out of themold. Therefore, molded bodies formed
used to form bead inductors can be efficiently produced. Since
manual operations do not have to be carrled out during the
moldlng prxocess, the molding process can be automatically
controlled, making it possible to repeat by automatic control
the molding process cycle which ceansists—of includes placing
the conductor coil into a mold, forming an outer portion
euvtwarddy outside of the conductor coil b¥ via molding, forming
an inner portion inwardly inside of the conductor coil by via
molding, and ejecting .the molded body. Therefore, molded
bodies can be automatically produced, and operation efficiency
of the injectionmold can be greatly increased, allowing a large
number of molded bodies to be produced with high efficienéy.
Although in the above-described prefexrred embodiment, as
shown in Fig. 3, the second spacer pin portion 17 is pulled
out of_the'mold and the first gate 14 is closed by inserting
a élosing pin 19 therein, the first gate 14 can be closed by
inserting therein the second spacer pin portion 17 pulled out
of themold from the second gate 15. Inother words, the second
spacer pin portion 17, instead of the cloesing pin 19, can be

used as closing pin.

According to one aspect of preferred embodiments of the

—_—
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present invention, there is provided a method of producing a
bead inductor, in which after the formation of the outex portion
eutwardly outside of the conductor coil, molded bodies with
a conductor coil emﬁedded therein can be produced by forming
an inner portion inwarddy inside of the conductor coil, without
taking out the outer portion from the mold. This makes it
possible to producé molded bodies fermed used to form béad
inductors very efficiently and automatically.

An accommodating hole may be formed in the mold to allow
insertion and removal of the spacer pin into and from the cavity.
This makes it possible to provide a—suitable an_improved
production method which allows automation of the molding
process.

The mold may include an upper mold portion and a lower
mold portion. This makes it possible to stably dispose the
conductor ceil in the mold. |

When the mold includes an upper mold portion and a lower
mold portion, the spacer pin may be divided into a first spacer
pin portioﬂ and a second spacer pin portion and formed so as
to pass through the mold cavity. Here, the spacer pin is formed
by bringing the first spacer pin portion and the second spacer
pin portion into contact with each other in the cavity, thereby
making it easier to design the upper mold portion and the lower
mold portion so that they are, for example, positioned

precisely with respect to each other.
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When the spacer pin is divided into a first spacer pin
portion and a second spacer pin portion and formed so as to
pass through the mold cavity, the first gate may be formed in
the upper mold portion. This makes it easier to design, for
example, a molding machine or a mold.

When the sPacer pin is d:.v1ded into a first spacer p:.n
portion and a second spacer pin port:.on and formed so as to
pass through the mold cavity, or when the first gate and the
second gate are formed in the upper mold portion, the conductor
coil may be positioned by inserting the core of the conductor
coil onto the first spacer pin portion. This makes it eﬁsier
to design a molding machine. '

The first gate may be closed by inserting a closing pin
into it. This simplifies the structure of, for example, a
molding machine or a mold.

When the first gate is closed by inserting a closing pin
into it, the molded body may be ejected from the mold by using
the closing pin used to close the first gate. This simplifies
the structure of, for example, a molding machine or a mold,
and allows the molded body to be ejected automatically after
molding.

When the first gate is closed by inserting a closing pin
into it or when the molded body is ejected from the mold by
asing via the closing pin used to close the first gate, the

second spacer pin portion may be used as the closing pin. This

This Sheet Has Been Rep

[T



bt Stk R =

©1995-88-31 “15:@2 FROM . MURATA MFG. ' TO DREW NAPIER(SG)

- 26 -

simplifies the structure of, for example, a molding machine

or a mold.

A molding process eemprising-dispesing including the
steps of inserting the conductor coil into the mold cavity,
forming the outer portion eutwardly outside of the conductor
coil b¥ yia molding, forming the inner portion imwardly inside
of the condﬁctor coil k¥ via molding, and ejectin;g the molded
body from the mold can be repeated by antomatic control. This
makes it possible to automate the molding process carried out
to form a bead inductor molded body, making it possible to
increase operation efficiency of the molding machine, and to

mass-produce molded bodies economically-.

P.27/37

According to another aspect of a:_ei_e_:r.eﬂ_snb_gﬂ;mgm_qt

the present 'invention, there is provided a-dewiee an apparatus
for producing a molded i:ody formed-to—form £o be included in
a bead inductor, in which after the formation of the outer
portion eutwasrdly outside of the conductor coil by viamolding,
an inner portion can be formed iawasdly inside of the conductor
coil, withdut taking out the outer portion from themold. This
makes it possj.'ble- to produce molded bodies efficiently.

In the aforementioned device, the closing pin may be used
as the second spacer pin portion. Therefore, the structure
of, for example, an injection mold or a mold can be simplified.
This makes it possible to automate the molding process and to

greatly reduce molding costs.
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When the dewice-eof-amother-aspeet apparatus according to
preferred embodiments of the present invention is used ox when
the closing pin is used as the second spacer pin portlon, the
molded body may be pushed out of and ejected from the cavity
by moving the closing pin downward. This allows the molded
body to be easily and automatically ejected.

PRSP RSO TERE SR
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WHAT IS CLAIMED IS:

1. A method of producing a bead inductor;—in—which
including a molded body having an—air—eered a hollow coxe
conductor coil embedded in rubber or resin matkerial containing
magnet:.c powder #s—formed, and in which both ends of the
conductor coil in the molded body are exposed to electrically
connect external terminal electrodes to both of the exposed
ends of the conductor coil, the method comprising the steps
of: .

forming an outexr portion ecutwerdly gutside of the
con@uctor coil by via molding+ .by diSposinlg the conductor coil
in a cavity of a mold having a first gate and a second gate
formed-thexreins-by, disposing a spacer pin which passes through
the core of the conductor coil and extends up to the second
gate to close the second gates. and by supplying the resin or
the rubber matexial into the mold cavity from the first gate;
and

fqrmiﬂg the molded body with the conductor ccil embedded
thei:ein, by, after the formation of the outer portion sutwardiy
outside of the conductor coil, closing the first gates—by—
pulling-eut, removing the spacer pin +# fxom the mold cavity4,
and- by supplying from the second gate the resin oxr the rubber
material into a space formed as a result of the removal of the

spacer pin so as to extend through the core of the conductor
=nc_through the
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coil, in oxrder to form an inner portion imwardiy ingide of the

conductor coil.

2. Amethod of producing a bead inductor according to Claim
1, wherein the mold has an accommodating hole for accommodating
the spacer pin therein, and wherein when the outer portion is
formed ﬂ%&i&fd%}‘gﬂt_ﬂﬂg of the conductor coil by via mdlding,
the spacer pin is pushed out of the accommodating hole and
pushed into the mold cavity, whereas when the inner portion
is formed $awerdly inside of the conductor coil by via molding,
the spacer pin is pulled out so that the spacer pin is

accommodated in the accommodating hole.

3. Amethod of producing a bead inductor according to Claim
1 er~&taim—3, wherein the mold includes an upper mold portion

and a lower mold portion.

4. Amethod of producing a bead inductor according to Claim
3, wherein -the spacer pin is divided into a first spacer pin
portion and a second spacer pin portion, the first spacer pin
portion having a shape which fits into the accommodating hole
formed—in—the—tower-motd-portien, and the second spacer pin
portion having a shape which fits into the second gate fex=med
. l 1d ton;

wherein in forming the outer portion outwardiy outside

e
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of the conductor coil ey wvia molding, a portion of the first
spacer ‘pin portion and a portion of the second spacer pin

portion of the spacer pin are pushed into the mold cavity from
the accommodating hole and £rom the second gate, respéctively,
in order to bring the first spacer pin portion and the second

spacer pin portion into contact with each other, whereby the

spacer pin is formed so as to pass through the mold cavity;.

and

wherein in forming the inner portion imwerdly inside of
the conductor coil b¥ via molding, the first spacer pin portion
is pulléd out so that the first spacer pin portion is
accommodated in the accommodating hole formed in-thelowermeld
pertien, and the second spacer pin portion is pulled out and

removed out of the mold from the second gate.

5. Amethod of producing a bead inductor according to Claim

4, wherein the first gate is formed in the upper mold portion.

6. Améthod of_ producing a bead inductor according to Claim
4 é—:.LG—la—im—S, wherein when the conductor coil is disposed in
the mold cavity, the first spacer pin portion is pushed out
of the accommodating hole, and the core of the conductor coil
is inserted onto the first spacer pin portion in order to

position the conductor coil in the cavity.
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7. A method of producing a bead inductor according to aay
eone-of-Claims-1-teo-6Claiml, wherein in forming the inner portion
inwardly inside of the conductor coil by molding, the first

gate is closed by inserting a closing pin into the first gate.

8. Amethod of producing a bead inductor according to Claim
7, wheréin after the formation of the inner p.ortion ipwarddy
;nw of the conductor coil by molding, the molded body is
ejected from the mold by pushing the closing pin out of the

first gate and inserting the closing pin into the mold cavity.

9. A method of producing a bead inductorx agcording to Claim
7 ex-€¥aim-8, wherein during the formation of the inner portion
ipwardiy inside of the conductor coil by viamolding, the second
spacer pin portion which is removed out of the mold is used

as the closing pin for insertion into the first gate.

10. A method of producing a bead inductor according to
any-one—of-Claims—1l—%to—9 Claim 1, wherein a molding cycle
* L3 - il - - ] il !1 ! l E L] !l the

conductor coil into the mold cavity, forming the outer portion
cutwardly outside of the conductor coil by via molding, forming
the inner portion imwazdly inside of the conductor coil by via

molding, and ejecting the molded body from the mold is repeated

by automatic control.
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11. A-<dewiee An appaxatus for producing a molded body usee
te—form to be ingluded in a bead inducter, in which the molded
body is formed in a mold cavity by via injection molding when
producing the bead inductor by electrically connecting
external terminal electrodes to both ends of amr—eir—ecored a
hollow core conductor.coil disposed in the molded body forméd
by embedding the airx-ecored hollow core conductor coil in rubber
or resin material containing magnetic powder, the dewiee
apparatus comprising:

an upper mold portion having fermed—therein a first gate
and a second gate—r—t—hfeaqh—wh-ie-h a:mgg_d_t_o__alhm the resin
oxr the rubber is material to be supplied into the mold cavity;

a lower mold portion which is fitted to the upper mold
portion to fexrm define the mold cavity, the lower mold portion
having an accommodating hole in a portion thereof located in
correspendencewith a position substantially €he corxesponding
to an approximate center portion of the mold cavity;

a first spacer pin portion fexr movably dispeosing disposed
in the accommodati.ng hole fesmed in the lower mold portion;

a second spacer pin portion fex movably dispesing disposed
in the second gate fermed in the upper mold portion; and

a closing pin fer movably eispesing disposed in the first
gate £exmed in the upper mold portions.
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u_m_mantumﬂwmn_m wherein after
ipserting the core of the conductor coil is inserted onto the
first spacer pin portion which is upwardly pushed out of the
accommodating hole formed in the lower mold portion, the dpper
mold portion and the lower mold portion are arranged to be
fitted together to formdefine the cavity used for the-injection

mold ing'f_-.

13. An apparatus according to claim 11, wherein the
second spacer pin portion is arranged ¢o be pushed downward
so that the second spacer pin portion is pushed out of the second
gate formed in the upper mold port;iori in order to bring the
second spacer pin portion into contact with the first spacer
'p:.n portion—whexeby s0 as to define a spacer pin which passes
through the cavity is—fermedy—ia—thic—stater.

14. 2 ! ling to claim 11, wl in the £i
gate is arranged such that the resin or the rubber material
is supplied into the cavity from the first gate to form define
an outer portion e&e'wa-fd-l-y gutside of the conductor coil by

15. An apparatus according to claim 14, wherein after the
molding, the first spacer pin portion is pulled out so that

the first spacer pin portion is accommodated in the
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accommodating hole formed in the lower mold portion} and the
second spacer pin portion is pulled out and removed out of the
mold from the second gates, the closing pin is inserted into
the first gate to close the first gates, and from the second
gate the resin or the rubber material is supplied into a space
formed enward&y.xnixﬂg of the conductor coil, by pulllng out
the first spacer pin portion and the second spacer pin portion,
whereby the molded body with the conductor coil embedded

therein is formed.

bead—induetor 16. An apparatus according to Claim 11, wherein

the closing pin is used as the second spacer pin portion.

bead—indueteor 17. An apparatus according to Claim 11 er€laim
+2, wherein after the formation of the molded body with the
conductor coil embedded therein, the upper mold portion and
the lower mold portion which have been fitted together are
separated from each other, and the closing pin is moved downward

to push out and eject the molded body from the cavity.
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