
; e3e $ z 6< T x"ia Z 7 7 i.~ :Tl   METHOD OF MANUFACTURING BEAD INDUCTOR
AND APPARATUS FOR MANUFACTURING SAME BACKGROUND OF THE INVENTION 1 Field of
the invention The present invention relates to a method of producing a bead
inductor and an apparatus for producing a molded body to be included in a
bead inductor. 2. Description of the Related Art Bead inductors are used as
anti-noise or noise elimination components, particularly in microprocessors
or other similar devices, in which a large amount of current needs is
supplied and transmitted. A bead inductor consisting of a conductor coil
embedded in rubber or resin material containing magnetic powder (such as
ferrite powder) is known. In general, in formi this type of bead inductor,
a conductor coil is embedded in resin or rubber material via injection
molding or the like, whereby a molded body is formed. Then, both ends of
the molded body are cut to expose both ends of the coil embedded in the
resin or the rubber material. Thereafter, metallic caps which define
external terminal electrodes, are    ~ ~ ~,;,,~ ^-r ,'~! ~,.~~2  mounted on
the exposed coil ends, for example, by using an electrically conductive,
resinous paste or via spot welding, 



Figs . 6 and 7 are sectional views illustrating a method of producing a
molded body used to form a bead inductor via injection molding. It is noted
that the subject matter shown in Figs. 6 and 7 and the description thereof
contained herein has not yet been published. Referring to Fig. 6, an
injection mold, used to farm a molded body to be included in a bead
inductor, includes 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 cavity 3. At the lower mold portion 2, a spacer pin 4 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 cavity 3 is formed in the upper mold portion 1. When a
molded body used for forming a bead inductor is produced using the mold of
Fig . 6 , a conductor coil which is formed by winding into a spiral or
other 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   I I w r,yF?d%,-~'S,' '~ f-
.~~a~~'~. . y~`''.e3N~.,,~'.':",~4~',. .., fit,, (, , ,, .;. ,. .. -. , I
~. .r .~~ r.. P, i ~ i~':~=~ ~. _ 3 _ magnetic powder, such as ferrite
powder, is injected into the cavity 3 from the gate la, causing an outer
portion to be formed 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 outside of a conductor coil 5 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 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 located inside of the conductor coil 5. Figs . 8A, 8H, and 8C are
sectional views illustrating the steps carried out to form an inner portion
inside of the conductor coil 5 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 spacer pin 4 is
disposed in the molded body 6 , and is mounted on the lower mold portion 2.
The molded body 6 has a protruding-g portion 6a at the top portion thereof.
The protruding portion 6a is removed by cutting or a similar 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   ;, . ? r . ,,! "..~'2 :e .. - 4  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 inner
portion to be formed inside of the conductor coil S. Fig. 8C is a sectional
view illustrating a state after formation of an inner portion inside of the
conductor coil 5  via molding. A protruding portion 6c corresponding  to a
confoguration 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 lower
mold portion 2 whew 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 embedded in the molded body 6. The protruding portion
6c is formed at the top portion of the molded body 6, while the protruding
portion 6d is formed at the bottom portion of the molded body 6. By cutting
the molded 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 axe electrically connected and mounted to the
exposed ends   



'` ' '/ ''w'r2 ~J:r~.W:: r  of the conductor coil S, for example, by using
electrically conductive resinous paste or via spot welding. Figs 10 and 11
are a side view and a plan view illustrating a bead inductor having
metallic caps mounted 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 used as external terminal electrodes. In the
above-described bead inductor and method of forming therof-eo , the spacer
pin is removed after formation of the outer portion  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 automate and simplify the injection
molding cycle. Therefore, when the conventional bead inductor production
method is used, molded bodies cannot be formed with high productivity To
overcome the problems described above,,preferred embodiments of the present
invention provide a method manufacturing a bead inductor and a bead
inductor molded body   ^'P ~ f~':,~~! ~~:~2 producing - 6  bead inductor
molded bodies having a conductor coil embedded 



therein. Arcording to a first aspect preferred embodiment of the present
invention, there is provided a method of producing a bead ,inductor, in
which a molded body having 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 including the steps of forming an outer portion
~ outside of the conductor coil via molding, by disposing the conductor
coil in a cavity of a mold having a first gate and a second gate formed
therein -.~ disposing a spacer pin which passes through the core of the
conductor coil and extends up to the second gate to close the second gate
and supplying the rubber or the resin material containing magnetic powder
into the mold cavity from the f first gate and forming the molded body with
the conductor coil embedded therein, by, after the formation of the outer
portion outside of the conductor coil, closing the first gate j pulling the
spacer pin the mold cavity y and supplying from the second gate the rubber
or    1 . :,/ ~. P ,'6 iw LW  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 cail, in oxder to form an inner
portion inside of the conductor coil. In such a case, after the formation
of the outer portion Qutside of the conductor coil, the spacer pin is
pulled out. when the outer portion is formed ~ ou_tside of the conductor
coil ~ ~ molding, 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 from the second gate is formed. From
the second gate, resin or rubber material is supplied into the space =
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 outside of the conductor coil, so that the next step of forming an
inner portion ~ n~ of the conductoz 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 oatsi~e_ of the conductor coil via molding, a portion of
the spacer pin may be pushed out of the accommodating hole and pushed into
the mold cavity. on the other hand, when 



l ~-r !;y .. ~,: ~2 _$_ the inner portion is formed inside of the conductor
coil via molding, the spacer pin may be pulled out so that a portion of the
spacer pin is accommodated 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 poss ible to
provide a an excellent an~c greai:ly-j,m,~~roved production method which
allows automation and si~~l;f;cat'_en 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 an upper mold portion and a lower mold portion,
it possible to stably and easilv'insert the conductor coil into 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 portion and a second
spacer pin portion, the first spacer pin portion having a shape which fits
into the accommodating hole formed 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 outside of
the conductor coil Yia molding, a portion of the first spacer pin portion
and a portion of the second spacer pin portion of the spacer gin may be
pushed into the mold cavity from the accommodating hole and from the second
1 I - 9  



~~~ n i ~ EV;r, ~:,:. gate, respectively, 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. On the other hand, in forming the inner portion inai of the
conductor coil v;a molding, the first spacer gin 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 portion~may be pulled
out and removed out of the mold from the second gate. In such a case, the
spacer pin may be divided into a first spacer pin portion arid a second
spacer pin portion and formed so as to pass through the mold cavity. In
forming the outer portion outside of the conductor coil via molding, 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 t each other. Thus, compared to the case where one 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.   -r ~ Ey:r:! ~~.~2 to
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 f
first gate may be formed ~n 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
conductor 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 m~+~ed 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 machine. In forming the
inner portion - inside of the conductor coil via 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
the first ~~t_e_, the structure   7 E~; ;,r ~ _ ~: -, ~~~2 - m  of, for
example, a molding machine or a mold is .g, s lmpl if ied . when the first
gate is closed by inserting a closing pin after the formation of the inner
portion inside of the conductor coil ~Y~d molding, the molded body may be
ejected from the mold by pushing a portion of the closing pin nut of the
first gate and inserting the portion of the closing pin into the mold
cavity. In such a case, since the molded body may be ejected from the mold
_ y3..~ the closing pin used to close the first gate, the structure of, for
example, a molding machine or a mold can be c_zeatlv 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 1s ejected from the mold by using the closing pin
used to close the first gate, during the formation of the inner portion of
the conductor coil via molding, the second spacer pin portion 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 gr ~v simplified. 



A molding cycle of ~ n~ert~ na the conductor coil into the mold cavity,
forming    ;~~ ^ r 7 EV:,-" ,:~~Z - 12  the outer portion outside of the
conductor coil b~ via molding, forming the inner portion , , of the
conductor coil 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 automa~ed, it is
possible to increase operation efficiency of a molding machine, and to
mass-produce molded bodies economically. According to another aspect of
g~-_efe3-.red embodimPnl,;,.,5 0_~ the present invention, there is provided
an apparatus for producing a molded body ~cz be included in a bead
inductor) in which the molded body is formed in a mold cavity via injection
molding when producing the bead inductor by electrically connecting
external terminal electrodes to both ends of , ~ hollow core conductor coil
disposed in the molded body formed by embedding the h,gllqw core conductor
coil in rubber or resin material containing magnetic powder, the
~,nwar,~.us in~ludina an upper mold portion having a second gate a first
gate and arranged tc~ '~ ow rubber or the resin materi~"1, containing
magnetic powder to be supplied into the mold cavity] a lower mold portion
which is fitted to the upper mold portion to - define the mold cavity, the
lower mold portion having   '1 ",f ^-r^/ ~~:fe Lv'N' - 13  an accommodating
hole in a portion thereof located in correspondence with ~ substantially
center portion of the mold cavityy 



a first spacer pin portion arranged t-2be movably disposed in the
accommodating hole ' in the lower mold portions a second spacer pin portion
,~,Lragqed to be movably. disvo~ed in the second gate in the upper mold
portion i and a closing pin ~-~~g~d to be movably disposed in the f first
gate in the upper mold portion] wherein after insertion of the core of the
conductor coil onto the first spacer pin portion, a portion of which first
spacer pin portion is upwardly pushed out of 'the accommodating hole formed
in the lower mold portion, the upper mold portion and the lower mold
portion are fitted together to 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 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
formed N~ this state, the rubber or the resin material containing magnetic
powder is supplied into the cavity from the first gate to form an outer
portion -~u~~~ide of the conductor coil ~gmoldingy   i~ - 14  fter the
molding, the first spacer pin portion is pulled out 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 gate- ~y..-,~ closing pin is inserted into the
zirst gate to close the first gate From the second gate. the rubber or the
resin material containing magnetic powder is supplied into a space formed
inside of the conductor coil, by pulling out the first spacer pin portion
and the second spacer pin portion, whereby the molded body ~~vin4 the
conductor coil embedded therein is formed. In such a case, after the
formation of the outer portion outs,Lde of the conductor coil , via
molding, an inner portion can be farmed _ insi a of the conductor coil.
without taking out the outer portion from the mold. This makes it possible
to produce molded bodies efficiently .~~nd e~ih_ In the above-described
device, the closing pin may be used as the second spacer pin portion. In
such a case, the structure af, for example, an injection mold or a mold can
be area simplified. This makes it possible to automate the melding process
and to reduce molding costs. when the 



is used or when the closing pin is used as the second spacer pin portion,
after   . , ~~r~ fir: rv v - 15  the formation of the molded body with the
conductor coil embedded therein, the upper mold poxtion 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 pushes
out 1 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. PV!^,~1_meni! 1 1 1 g$ S O B~T~.FF DF~~$~RT~T O OF THF
D~A_W_TNGS Fig. 1 is a sectional view a~: ng a method of producing a molded
body to be includgd ~ n a bead inductor, according o a preferred embodiment
of the present invention. Fig. 2 is a sectional view ~ ~~~rat~~ a mgthod of
producing a molded body to be ? n eluded i n a bead inductor , ~c-,~~ordiag
to a T d embodiment of the present invention.   :lea L ' I ~~ - 16  Fig. 3
is a sectional view ~ __ illustrating a met-,~od, of producing a molded
body 



~o be incl Ldg i n a bead inductor, ac~cord~ ~q~Q ~ g~erred embodiment of
the present invention. Fig . 4 is a sectional view 1' ~ lytratsng a m _hod
of producing a molded body t,,o be includgd in a bead inductor, ac,~ordina
to a y~~,~erred embodiment of the present invention. Fig . 5 is a sectional
view illustrating~,m~~tyhod of producing a molded body t4 be ~,.,~~~vLq~d
in a bead inductor, 3ccordsna to a prefe_rrg~ embodiment of the present
invention. Fig. 6 is a sectional view ~ >~~r,~,~j,n~ a related process of
producing a molded body ~ to be insl,7aded in a bead Inductor . Fig. 7 xs a
sectional view il.l.~.~trating th,~ related process of producing a molded
body ~~ be included in a bead inductor. Figs . 8A, 8B, and 8C are sectional
views L,~]ustratina the related process of producing a molded body to be
inc~,u ~ n a bead inductor . Fig. 9 is a sectional view of a molded body
produced by the rel~~ product~.on method. Fig. 10 is a side view of a bead
inductor. Fig. 11 is a plan view of the bead inductor.   S ~ ~~ir ~/ w,: ~~
- 17  F Fig . 1 is a sectional view of a mold of embodiment of the present
invention. This mold is used ~o form a molded body via injection molding.
'Che mold ~refera~b?y i ncl odes an upper mold portion 11 and a lower mold
portion 12 . As shown in Fig. 1 , when ' ~ ~ the uF~~e~mold or i on 



~1 and the lower mo],,~~" ort'~n 12 are fitted together, a cavity 13 8
first gate 14 and a second gate 15 .are ~rovi~led gate t 5 are~rrancted 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 _.. ,~o_ ~~t,~p correspond to a ~ ocation of the
aDnroximate Center portion of the cavity 13. A first spacer pin portion 18
is movably disposed in the accommodating hole 16. A second spacer din
portion 17 is movably disposed in the second gate 15 formed in the upper
mold portion 11. 1n the state shown in Fig. 1, the first spacer pin portion
~.,r,2 j ~ ~'~SrV:r L..~r - 18  18 and the second spacer pin portion 17 are
both pushed into the cavity 13 so that an end portion 18a of the first
spacer pin portion 1 B and an end port; on 17a of the second spacer pin
portion I7 _ contact each other. A closing pin ( described later ) can be
movably disposed in the f first gate 14 . In the state shown in Fig. 1,
th~,~,~~~in is disposed outside the mold_ 1 A conductor coil 10 is inserted
onto the first spacer pin portion 18. The coil 10 fig ore ~ ab v formed as
an hol 1 ow core conductor coil by, for example, winding in a spiral or
other ~_onfi,~c~LTati on. a metallic wire ( such as a copper wire ) coated
with an insulating material ( 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 F fig . I , in accordance with ,~_eferr~d gay
odi ments of the present invention_ As shown in Fig. 2, when the conductor
coil 10 is being placed in the moxd, the mold is in an open state, with the
upper mold portion 11 being located ~.rarate 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 f 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   t ~_:r2 ~~i~ < W.. r - 19  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 portion 18. In other words, the conductor coil 10 is positioned
in the cavity 13 by inserting the conductor coil 10 onto the first spacex
pin portion 18. The first gate 14 formed in the upper mold portion 11 is in
an open state. The second 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 portion 12 in order
to f it rt,P pnnP_r and ~ ower mol d ,80 ~~ns 1 1 , 12 together as shown in
Fig. 1. As shown in Fig. 1, the end portion 18a 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 is the vertical direction so as to pass
through the hollow core of the coil 1.0 is formed. It is to be noted that
the second spacer pin pardon 17 does not necessarily have to be moved
downward before fitting the upper mold portion 11 and the lower mold
portion 12 together. The ~~~nd spacer nin 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   ~ E~:,~~~ ~~~i 20
mold portion 11 and the lower mold portion 12 together. In the state shown
in Fig. 1, molten rubber ox molten resin containing magnetic powder is
infected into the cavity 13 from the first gate 14 to form an outer portion
out, ide of the conductor coil to ~ molding. Since the spacer pin defined
by the first spacer pin portion 18 and the second spacer 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 outside
of the conductor coil 10 using the above-described molding method. In the
cavity 13 , a molded body 20 is formed Qutside of the conductor coil 10.
After the formation of the molded body 20, the first spacer pin portion 18
is moved downward and pulled out of the molded body 2 0 . The f 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, the f, rst sga~~r S_'_n
portion i 8 is fixed at that location. The second spacer pin portion 17 is
moved upward and pulled out of the molded body 20. Then, ~~,he secc,~~L
~,acer portion 17 is pulled up through the second gate 15 and removed out
of the mold. Pulling the first spacer pin portion 18 and the second spacer
pin portion 17 out of the molded body 20 causes a space 21 to be formed in
the ~pnroximate center portion of the molded body Z0. The space 21 is
formed so as to extend   . ;, , l ~~:~ , - 21  through the coze 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 the ~i~st date 1~, 



Fig. 4 illustrates the first gate 14 which has been closed 1 as a result of
inserting the clos ing pin 19 into the f first gate 14 _ When the first
gate 14 is closed, the second gate 15 leads to the space 21 in the
ap~,r~rima a center portion of the molded body 20, and the space 21 leads
to a portion located ~~3_de of the conductor coil 10. simi1 ar to the
formai;~,'Loa o~ the molded body 20 , molten rubber or molten resin ma~~ri
a~ is injected into the space 21 from the second gate 15 so as to form in
the space 21 an inner portion inSldP of the conductor coil 10. Fig_ 5 is a
sectional view illustrating a state after formation of an inner portion
;n.~, of the molded body 2 0 , in the space 21 , a ' na the above-described
method . As shown in Fig. 5, filling the space 21 in the ~~g~groximate
center portion of the molded body 20 ( shown in Fig . 4 ) results in the
formation of a molded body 22 haviaa 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 pre_f~,r,~v,
molded. After the formation of the molded body 22, the upper mold portion
11 is moved upward relative to the lower mold portion   ` ~-r~ i ~ ~V;v~;
i.'.^.ii. _ 22 1 12 and separated therefrom, whereby the mold is opened, as
shown in Fig. 5. Molded bodies 22 havina 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 portion 11 by moving the closing pin 19 in the first gate 14 downward
and pushing out the molded bodies 22. As desczibed above, a molded body 22
with a conductor coil l0 embedded therein is produced. Tn 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
thelmolded body of Fig. 9 produced by the related method, both ends of the
molded body 22 obtained by the above-described method are cut with a dicing
saw or ~ m~ 1 ar dev~ ce so that the ends of the conductor coil are
exposed. Like the exposed ends shown in Figs. 10 and 



11, the exposed ends j,~7,. the~referrp~~,e~ts have external terminal
electrodes , such as metallic caps, a bead inductoz As can be understood
from the foregoing description, according to ~,~f~.u~abotiLents of the
present invention,   I ~ ~i~~ L'e r.. r~ Iw.~ LJdf. - 23  after formation
of an outer portion ~tside of the conductor coil 10 via molding, an inner
portion can be formed inside of the conductor coil 10 without taking the
molded body 20 out of the mold. Therefore, molded bodies used to form bead
inductors can be efficiently produced. Since manual operations do not have
to be carried out during the molding process, the molding process can be
automatically controlled, making it possible to repeat by automatic control
the molding process cycle which ' includes placing the conductor coil into
a mold, forming an outer portion outside of the conductor coil via molding,
forming an inner portion ~ in.~isl~ of the conductor coil via molding, and
ejecting the molded body. Therefore, molded bodies can be automatically
produced, and operation efficiency of the injection mold can be areatlv
increased, allowing a large number of molded bodies to be produced with
high ef ficiency . Although in the above-described p~,~ferred 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 closing pin 19 therein,
the first gate 14 can be closed by inserting therein the second spacer pin
portion 17 pulled out of the mold from the second gate 15 . In other words,
the second spacer p~.n portion 17, instead of the closing pin 19, can be
used as closing pin. According to one aspect of gr~~f~lred embodiments of
the   i is", ~~y2 



- z4  present invention, there is provided a method of producing a bead
inductor, in which after the formation of the outer portion outsi a of the
conductor coil, molded bodies with a conductor coil embedded therein can be
produced by forming an inner portion i~ idP of the conductor co il ,
without taking out the outer portion from the mold. This makes it possible
to produce molded bodies used to form bead inductors very efficiently and
automatically. An accommodating hole may be formed 1n the mold to allow
insertion and removal of the spacer pin into and from the cavity. This
makes it possible to provide ~_im&.-oved 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 coil 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 portion 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.   !/ ;~~ ^-~r ~~iYc W
.c'J~ 25 _ 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 divided into a first spacer pin portion and a second spacer
pin portion and formed so as to 1 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 onte the fixst space= pin portion. This makes it easier 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 via the closing pin used to close the first gate, the second spacer
pin portion may be used as the closing pin . This   1 7 Ev;r,~ ~a^.~~"~ -
26  simplifies the structure of, for e:cample, a molding machine or a mold.
A molding process including~.he steps of inserting the conductor coil into
the maid cavity, forming the outer portion outside of the conductor coil
via molding, forming the inner portion = of the conductor coil via molding,
and ejecting the molded body from the mold can be repeated by automatic
control. This makes it possible to automate the molding process carried out
to form a bead inductor molded body, making it poss~.ble to increase
operation efficiency of the molding machine, and to mass-produce molded
bodies economically. According to another aspect of preferred embodiments
of the present invention, there is provided an ,~~a~tus for producing a
molded body ~ t~o be included in a bead inductor, in which after the
formation of the outer gortion _ outside of the conductor coil _ molding,
an inner portion can be formed - inside of the conductor coil, without
taking out the outer portion from the mold. This makes it possible 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.   s  a n'1/:' ~~ril2 I LJJL When the ~r'~3ratLS
aC~srd~T is used or when 



the closing pin is used as the second spacer pin portion, the molded body
may be pushed out of and elected from the cavity by moving the closing pin
downward. This allows the molded body to be easily and automatically
ejected. P 1~oaoPsetforth in the claims.   1 7 f~~;=;~ ~~~~2 IS CLAIMEp IS:
- 28  1. A method of producing a bead inductor including a molded body
having 3 1101 lpy Core conductor coil embedded in rubber or resin ~terlal
containing magnetic powder 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 outer portion outside of the conductor
coil ~ . via molding; by disposing the conductor coil in a cavity of a mold
having a first gate and a second gate t disposing a spacer pin which passes
through the core of the conductorlcoil and extends up to the second gate to
close the second gate- ~. and supplying the resin or the rubber m_~t~zial
into the mold cavity from the first gate; and forming the molded body with
the conductor coil embedded therein, by, after the formation of the outer
gortion outside of the conductor coil, closing the first gat a y removing
the spacer pin ~r from the mold cavity i and supplying from the second gate
the resin or the rubber mats-rial into a space formed as a result of the
zemoval of the spacer pin so as to extend through the core of the conductor



1 ~ ~~~,"`! ~w~2 _ 29 coil, in order to form an inner portion y~ of the
conductor coil. 2 . A method 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 outside of
the conductor coil _ yia molding, the spacer pin is pushed out of the
accommodating hole and pushed into the mold cavity, whereas'when the inner
portion is formed i.nsj,de of the conductor coil via molding, the spacer
pin is pulled out so that the spacer pin is accommodated in the
accommodating hole. 3 . A method of producing a bead inductor according to
Claim 1 . wherein the mold includes an upper mold portion and a lower mold
portion_ 4 . A method 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 and the second spacer pin portion
having a shape which fits into the second gate wherein in forming the outer
portion out.Sl a   :rya/ ,.,r, I'e n L aj'V - 30  of the conductor coil via
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 from the second gate, respectively, in
order to bring the first spacer pin portion and the second spacer pin
portion into contact with each other, whereby the spacer p~.n is formed so
as to pass through the mold cavity; and wherein in forming the inner
portion inside of the conductor coil via molding, the first spacer pin
portion is pulled out so that the first spacer pin portion is 



accommodated in the accommodating hole formed and the second spacer pin
portion is pulled out and removed out of the mold from the second gate. S .
A method of producing a bead inductor according to Claim 4 ( wherein the f
first gate is formed in the upper mold portion. 6 . A method of producing a
bead inductor according to Claim 4 -, whezein 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.   1 fs:;=~! ~~~~ - 31  7. A method of producing a bead inductor
according to Maim 1, wherein in forming the inner portion inside of the
conductor coil by molding, the first gate is closed by inserting a closing
pin into the first gate. 8 . A method of producing a bead inductor
according to Claim 7 , wherein after the formation of the inner portion  i~
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 inductor
according to Claim 7 , wherein during the formation of the inner portion i
n~~ de of the conductor coil via molding, 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
~,l.~ti~ 1, wherein a molding cycle - inel_u~'l'_nQ the stepsofln_sertina
the conductor coil into the mold cavity, forming the outer portion outside
of the conductor coil ~ .1.s3 molding) forming the inner portion inside of
the conductor coil via 



molding, and ejecting the molded body from the mold is repeated by
automatic control.   1 ~ t~e;'-;~ E~~~ - 32  11 _ ._ ~ gn asnaratus for
producing a molded body to be inclt,~ded in a bead inductor, in which the
molded body is formed in a mold cavity via injection molding when producing
the bead inductor by electrically connecting external terminal electrodes
to both ends of ho 1Qw core conductor coil disposed in the molded body
formed by embedding the ~ ~ hollo~,Lcore conductor coil in rubber or resin
material containing magnetic gowdex, the ~~oa~ratus comprising: an upper
mold portion having - a first gate and a second gate ~zr ng`~r~ tcz allour
the resin or the rubber material to be supplied into the mold cavity; a
lower mold portion which is fitted to the upper meld portion to define
the~mold cavity, the lower mold portion having an accommodating hole in a
portion thereof located ~ ~flos~ tion substantially corre"~ondi na tQ an
a~p`rogimate center portion of the mold cavity; a f first spacer pin
portion movably di ~ppsed in the accommodating hole - in the lower mold
portion; a second spacer pin portion ~ movably ~ dis,posed in the second
gate in the upper mold portion; and a closing pin movably disposed in the
first gate - in the upper mold portion   1 7 f~~ ~~~ Z~~Z - 33  12. An
apa~aratus according' to claim 11,,~ wherein after 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 upper mold portion and the lower mold portion are arzanged to
be fitted together to ( define the cavity used for the injection molding
>_3 . An apFaratus accor~li n~ to ,claim 11~ whe~i n the second spacer pin
portion is arranged to be pushed downward so that the second spacer pin
portion is pushed out of the second gate in the upper mold portion in order
to bring the second spacer pin portion into contact with the first spacer
pin portion ~ a.s to define a spacer pin which passes through the cavity ~
.,y gate is arranged such that the resin or the rubber material is supplied
into the cavity from the first gate to define an outer portion outside of
the conductor coil via molds---~nv., 15 . A,n a~yaratus according to c1_ay~
14"wherein after the 



molding, the first spacer pin portion is pulled out so that the first
spacer pin portion is accommodated in the   1 7 i~~~:~ ~~~2 - 34
accommodating hole formed ~n the lower mold portion, and the second spacer
pin portion is pulled out and removed out of the mold from the second
gate-~ the closing pin is inserted into the first gate to close the first
gate ~ and from the second gate the resin or the rubber ma _eri ~ is
supplied into a space formed inside of the conductor coil, by pulling out
the first spacer pin portion and the second spacer pin portion, 1 whereby
the molded body with the conductor coil embedded therein is formed. 16,. An
a,~paratus according to Claim 11 , wherein the closing pin is used as the
second spacer pin portion. ~ . An a~g~ratus according to Claim 11 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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