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Attorney Docket No. 36B56.216 

METHOD OF MANUFACTURING BEAD INDUCTOR AND 

APPARA%JJS FOR MANUFACTURING E>i:V!CB FOR SAME 

BACK.GROUND OF THE INVENTION 

1. Field ot the Invention 

The present invention relates to a method of producing 

a bead inductor and a ele¥iee -an apparatus for producing a molded 

body feriaed te Eelilft to be included jn a bead inductor. 

2. Description of the Related Art 

Bead inductors are used as antiBeise paFes anti-noise or 

noise eliminatjqn somponeni;s, partic.ularly in microprocessors7 

~areagh o.r other similar deyices, ig which a large amount of 

current needs ~e .ec: .is. supplied, or tac lilce. A :type of u.d 

transmjtted. 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 forming this 

type of bead inductor, a conductor coil is embedded in resin 

or rubber By-material via injection molding or the like, whereby 

a molded body is formed. 'l'hen, both ends of the obtained molded 

body are cut to··expose both ends of the coil embedded in the 

resin or the rubber materjal. Thereafter, metallic caps 

(aetift! as which define external terminal electrodes+~ are 
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mounted :Ee 211 the exposed coil ends, for example, by using an 

electrically conductive, resinous paste or~ .!:.ll spot welding. 

Figs. 6 and 7 are sectional views illustrating a method 

of producing a molded body fermeel ll!iUi to form a bead inductor 

sy .iajeetiea melEiintJ w~ieh is Be't yia injec::tjon molding. It. 

is noted that the subje't matter shown jn Figs. 6 and 7 an.d 

the description thereof contained herein has not yet been 

publ.ished. 

Referring to Fig. 6, an injection mold, used to form a 

molded body fel?ftl:ea 'te fel!"B\ to be included in a bead inductor, 

eemp£ises includes an upper mold portion l 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 is preciaeEi~ a spacer pin 4 

~•hies is dispesed js 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 fermea 1'e ferm used for forming a bead 

inductor is produced using the.mold of Fig. 6, a conductor coil+ ... 

which is formed by winding -i:ft .i.n:t.g 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 
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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 

eatwa:rdly 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 e1:1:•uaFdly outside of a conduct~r coil 

5 ~ usjng 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 plaeea i:awaraly located inside of the conductor 

coil 5. This spacer pin 4 is pulled out of the molded body 

6 in order to allow tormation of an inner portion iawarely 

located inside of the conductor coil 5. 

Figs. 8A, SB, and 8C are sectional views illustrating the 

steps carried out to form an inner portion iawardly inside of 

'the conductor coil 5 ey. ti.a molding. Fig. SA 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 l_ upward from its position shown in Fiq. 

7. The spacer pin 4 is disposed in the molded body 6, and is 

mounted * .Q.D. the lower mold portion 2. The molded body 6 has 

a protruding portion 6a at the top portion there·of. The 

protruding portion 6a is removed by cutting or the li~e a_ 

similar process. thereby, allowing the spacer· pin 4 in the 

molded body 6 to be pulled upward and removed therefrom. 

Fig. BB 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 

~pper mold portion l 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 iaua.rEily insid& of 

the conductor coil 5. 

Fig. SC is a sectional view illustrating a state after 

formation of an inner portion inwaFElly inside of the conductor 

coil 5 ~ ~ moldin9. A protruding portion 6c formed ift 

eorrespoadenee wi-li .c_orre.sponding to a c:onfisuration 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 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 embedded in the molded body 6. The protruding portion 6c 

is formed at the top portion of. the molded body 6r 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 are electrically connected and mounted to the exposed ends 

P.05/37 
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of the conductor coil S, for example, by using electrically 

conductive resinous paste or Sy- xi.A spot welding. 

Figs..a.. 10 and 11 are a side view and a plan view illustrating 

a bead inductor ~ haying metallic caps mounted tberete 

thereon. One end Sa of the conductor coil 5 is electrically 

connected to a metallic cap 7, while the other end Sb 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 eewJea€ienal bead inductor 

preeae~ieB .aJUl method of fgnping thereof, the spacer pin is 

removed after formation of the outer portion e\i~WaFeily located 

outs id§ of the conductor coil Bj" tis. molding. 'I'o 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. 'I'his 

makes it difficult to automate and simplif¥ the injection 

moldinq cycle~ Therefore, when the conventional bead inductor 

production method is used, molded bodies cannot be formed with 

high productivity. 

SUMMARY or THE INVENTION 

A"Jleeoraia~1y, i~ is i!t"ft es;eee To oxcrsgm@ the problems 

described above. preferred embodiments of the present 

invention to pror.;riaea proyide a me1jhod of manufact;u~ing a bead 

inductor.preeluetieft method and a bead inductor molded body 

1iiiITTIHliil~ : .-··~ ... 
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producing dei;;iee, WftiCft eaft effieiea~ly pE9StlCC apparatus, 

which achieve improyed and highlz efficient production of bead 

inductor molded bodies ~ haying a conductor coil embedded 

therein. 

~e this esa, aeeerdia! According to a first aspect Qf 

preferred embodiments of the present invention, there is 

provided a method of producing a bead inductor, in which a 

molded body having an air eeFea a hollow cgre 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 eemprisiag including the steps of ~ 

forming an outer portion eet=u·ardly Q.Ut,side of the conductor 

coil Dy- .Ua molding, by dispo_sing the conductor coil in a cavity 

of a mold having a first qate and a second gate formed therein..,.. 

ey.~ disposing a spacer pin which passes through the core of 

the conductor coil and extends up to the second gate to close 

the s~cond gate~~ and By- supplying the rubber or the resin 

material containing magnetic powder 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 

portion outwaE'aly outside of the conductor coil, closing the 

first gate~~ pullinq ~ the spacer pin -iit out of the mold 

cavity..,. ... and hy- 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 iMM:!'dly insid1, of the conductor coil. 

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

· ee~1&£ely outside of the conductor coil, the spacer pin is 

pulled out. When the outer portion is formed O\lt~iarely outside 

of the conductor coil~ .!li.a. 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·~ut, a space which extends throu9h 

the core of the conductor coil from the second qate is formed. 

Prom the second gate, resin or rubper material is supplied into 

the space formeEi iauM?Eily locai;ed ins·ide of the conductor coil. 

In the first aspect, the outer portion does not have to be 

removed after the f_ormation of the outer port:i.on oetwaEEily 

out;siqa of the conductor coil, so that the next step of forming 

an inner portion iBWl:'E'Eily jn:side 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 

e1:1"twarcUy outside of the conductor coil ~ ~ 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 
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the inner portion is formed iaua:l:'aly inside ot the conductor 

coil ~ ti.a 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 possible to provide a saitaele 

an excellent and greatly im»royed 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 an upper mold 

portion and a lower mold portion, it possible to stably aispeee 

and easily· inse&t the conductor coil 4ft .in.t.2 the mold. 

When the mold includes an up~er 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 ha~in9 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 

oa~waEaly outside of the conductor coil ~ l!.i.a molding, a 

portion of the first spacer pin portion and a p·ortion 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 brin9 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 iawaraly jnsjde of the conductor coil &y xi& 

molding, the first spacer pin portion may be pulled out so that 

a portion thereof is acconunodated in the acconunodating 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 and a second spacer pin portion and formed 

so as to pass through the mold cavity. In forming the outer 

portion el!t:ua:rdly outside of the conductor coil ey. xi.a molding, 

a spacer pin may be formed by pushinq a portion of· the first 

spacer pin portion and a portion of the second spacer pin 

portion into the mold cavity and eziB!iB! them i&to eo&taet 

~ causing the first and second spa~er pin portions to contact 

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 ~ith respect to each other. 

11im1m1r 
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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 mo1d portion. 

In such a ease, since the first 9ate may be formed in the 

upper m.old portion, it is muc;h 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 throuqh 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 

iesel!'E:ea mgunt;ed onto th.e first spacer pin portion in order 

to position the conductor coil in the cavity. 

In such a case, since the. conciµctor 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 iali1a:edly inside of the 

conductor coil ~ 11.A molding, the first gate may be closed 

by inserting a closing pin into the fi~st gate. 

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

inserting a closing pin into N the first gate, the structure 

This Sheet Has Been Replaced 
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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 

iate i't, after the formation of the inner portion iauaraly 

insid• of the conductor coil ~ x.i,& molding, the molded body 

may be ejected from the mold by pushing a portion of the closing 

pin out 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 by llSift~ ~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 closing pin used to close 

the first gate, during the fo~mation of the inner portion 

i:awaJEEily jnsitie of the conduct.or coil e,c.tlsl 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 examp.le, a 

molding machine or a mold can be greatl~ simplified. 

A molding cycle eemprisi:RIJ aiepesia9 including the steps 

of insertjng the conductor coil into the mol~ cavity, forming 

..... 
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the outer portion eY:'~UaEEily outside of the conductor coil ~ 

~molding, forming the inner portion iftwa:Ealy inside of the 

conductor coil ~Yi.A molding, and ejecting the molded body 

from the mold may be repeated by automatic control. 

In such a case, since the moldin9 process carried out to 

form a bead inductor molded body may be automated, it is 

possible to increase operation efficiency of a molding machine, 

and to mass-produce molded bodies economically. 

According to another aspect of preferred elDbodim&nts of 

the present invention, there is provided a EieTJ"iee an apparatus 

for producing a molded body ~sea ~e fei:m to be included in a 

bead inductor, in which the molded body is formed in a mold 

cavity ~ l!.i.a injection molding when producing the bead 

inductor by electrically connecting external terminal 

electrodes to both ends of an air eeree a hollqw core conductor 

coil disposed in the molded body formed by embedding the 

air eered hollow core conductor coil in rubber or resin 

material containing magnetic powder, the apparatus including 

aeviee_ eempxisia9: 

an upper mold portion having :fe:emeel ~aeFeift a first gate and 

a second gate / tbroe§'ft lirhieh the arranged t.o allow rubber or 

the resin material containin9 magnetic pow~er H ,t;o 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 
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an accommodating hole in a portion thereof located at a position 

in correspondence with a substantially ~ center portion of 

'the mold cavity~~ 

a tirst spacer pin portion~ arranged to be movably dis~esi&~ 

disposed in the accommodating hole fermea in the lower mold 

portion~.,.. 

a second spacer pin portion ~ arranged to be movably 

aispasiB! disposed in the second gate foBfted in the upper mold 

portion~~ and a closing pin ~ acronged ta be movably 

dispesiftCJ disposed in the first gate feE'fll:cd in the upper mold 

portion"'" 't' 

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 mo-ld portion, the upper mold portion 

and the lower mold portion are fitted together to ~ define 

the cavity used for the injection 11lolding-t,£. the second spacer 

pin portion is pushed downward so that a portion thereof is 

pushed out of the second qate fe:FHteEi 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~. In 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 ett~•J"aEEily out.side ot the conductor coil &y- :t.b.!l molding-t 

. -. 
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after. After 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-r-a.a.--A closing pin is inserted into 

the first gate to close the first gate1 afta frem. From. the 

second qate. the rubber or the resin material containing 

magnetic powder is supplied into a space formed ia,1arell¥ inside 

of the conductor coil, by pulling out the first spacer pin 

portion and the second spacer pin portion, whereby the molded 

body ~having the conductor coil embedded therein is formed. 

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

outi1a::ea1y outside.of the ~onductor coil ~~molding, an inner 

portion can be formed iftiilil:!1el1y inside of the conductor coil, 

without taking out the outer portion from the mold. This makes 

it possible to produce molded bodies efficiently and easil~. 

In the above-described device, the closing pin may be used 

as the second spacer pi~ portion. 

In such a case, .the structure of, for example, an injection 

mold or a mold can be greAtl¥ simplified. This makes it 

possible to automate the molding process and to reduce molding 

costs. 

When the dc"v1'iee ef anet:he:r: · as,eee apparatus ai:cording to 

preferred embodjments of the aresent 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. 

For t;he purpose of il lusi;rating the imren1;ion, · thfCre is 

shown in the drawings· several forms whj ch are ;Rresently 

preferred, it being understood. however, that the invention 

is not limited to i;he precise arrangements and 

instrumentalities shown. 

BRIEF DESCRlPTION OF THE PBAWINGS 

Fig. 1 is a sectional view asea te illestraee -es.e preee&& 

illustrating a method of producing a molded body ferme& es term 

to be ins:luded in a bead inductor, ia aft according to a pre fez::~ 

embodiment of the present invention. 

Fig. 2 is a sectional view l:lsed te illese:!"ate tae precess 

illustrating a method of producing a molded body formed to !arm 

to be included iD a· bead inductor, ia the according to a 

preferred embodiment of the present invention. 
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Fig. 3 is a sectional view us ea ee illlastrate 1!fie l!'E'eeess 

illustrating a method of producing a molded body fal'iftea te fezlft 

to be included in a bead inductor, ia the accoxding to a 

preferred embodiment of the present invention. 

Fig. 4 is a sectional view tJ:sea -ee illest:rate tae pFeeess 

illys;trating a method of producing a molded body fe:mtea ta. fera 

to be included in a bead inductor, ia g&e according to a 

preferred embodiment of the present invention. 

Fig. 5 is a sectional view as ea ee ill"Gstrate tee preeess 

illustrating a method of producing a molded body femeEi 'e:& form 

to be included in a bead inductor, ift the accgrding to a 

pre£exred embodiment of the present invention. 

Fig. 6 is a sectional view lased te illasera~e a 

eeft>Veatieaal illustnt.ing a related process of producin·g a 

molded body farmed te farm to be included in a bead inductor. 

Fig. 7 is a sectional view esea ~e illee1::rate the 

eea?e&~ieeal illustrating the related process of .producing a 

molded body feEBea 15.e fera to be included in a bead inductor. 

Figs. BA, 8B, and ac are sectional views ased: C!e ill'ttstirate 

'Eae eea:treB:t.ieeal illustrating the related process of producing 

a molded body formed to ferm to be included iD. a bead inductor. 

Fig. 9 is a sectional view of a molded body eetaiaed 

produced by the COftvCRtioftal related production method. 

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

Fig. 11 is a plan view pf the bead inductor. 
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QETAILED D!SCRIPTTQN OF -!l!ff& PREFERRf!Q EHBGOTHf!Rf BMBOptMERTi 

Fiq. 1 is a section·al view of a mold of a preEieei:BtJ Eier,;riee, 

asee iB aft an a~paratus for·pro4ucing a molded bqdy t,o be 

included in a b•ad inductor, aeeording to a preferred 

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

a molded body~ ll.A injection molding. It: eemprises The mold 

greferably includes an upper mold- portion 11 and a lower mold 

portion 12. As shown in Fig. 1, when~the u,p;permold portion 

11 and the lower mold portion 12. are fitted together, a cavity 

13 / ift Uftieh a melaeel seay i& fezm.eEi I is !ezmea. 

At the e~!Jer mold peF~iea 11 arc ;!e:m:ed a is formed. A molded 

bod;z will be fomed in t,he cavity 13 as described below. 

A first gate 14 and a second gate 1 S, wft:iel=l are proyided 

at the up_per mold portion 11. The first: gate 14 i)Dd the second 

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 in eerrespe:aaenee ui'ta asaa=t the so as to correspqpd 

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 second 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 por1;.i on 17 a of the second spacer pin 

portion 17 a:ee ereeg:ft._ inte contact~ each other. A closing 

pin (described later) can be movably disposed in the first qate 

14. In the state shown in Fig. 1, 4:-t:- the closing pin is disposed 

outside the mold-

A conductor coil 1 O is inserted onto the first spacer pin 

portion 18. it is The cgil 10 is preferabl¥ formed as an 

air ee?:eEl hallow cor~ conductor coil by, for example, windinq 

in a spiral or other~ configuration. a metallic wire (such 

as a copper wire) coated with an insalating material (such as 

polyester resin). 

A description will now be 9iven of the st.eps carried out 

to form a bead inductor molded body using the injection mold 

of Fig. 1, in accor.dance with preferred eJlbodimeni!s 0£ the 

present invention. 

As shown in Fig. 2, when the conductor coil 10 is being 

placed _in the mold, the 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. 

'l'he conductor coil 10 is disposed in the mold by inserting the 
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a4:f:-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~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 second spacer pin portion 17 is inserted 

into the second gate 15 so that the end portion 17a of the second 

spacer pin portion 1 7 is pus'hed 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 fit :6ft.em the upper and lower mold portions 11, 12 together, 

as shown in Fig. l. As· shown in Fig. 1, the end portion isa· 

of the first spacer pin portion l B and the end portion 17 a 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 tp pass 

through the it'ii:=-hollow core of the coil 10 is formed. It is 

to be noted that the second spacer pin portion 17 does not 

necessarily have to be moved downward before fitting the upper 

mold portion ll and the lower mold portion 12 together. -It 

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 fittin9 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 ma9netic powder is injected into the cavity 13 from 

the first gate 14 to form an outer portion e"a:e11ax=Eily outside 

of the conductor coil 10 ~ 3liA molding. Since the spacer pin 

farmed defineq 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 ·el:lg"al!!aly outside of the conductor coil lO ~using 

the above-described molding method. In the cavity 13, a molded 

body 20 is formed oa:tuardly 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·11ed 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, * t.he first. spacer pin portion 1,1 is fixed 

at that location. 

The second spacer pin portion 1 7 is moved upward and pulled 

out of the molded body 20. Then, ~ the second spacer pjn 

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 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 ~ 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 a11prgximau center portion of the molded 

body 20, and the space 21 leads to a portion located in'ila:Edly 

inside of the conductor coil 10. 

As is the ease ueere Simj lar to the fgrmat.igp of the molded 

body 20 is fenaea, molten rubber or molten resin material is 

injected into the space 21 from the second gate 15 so aa to 

form in the space 21 an inner portion inwardly inside of the 

conductor coil ·10. 

Fig. 5 is a sectional view illustrating a state after 

formation of an inner portion ifn.:raraly inside of the molded 

body 2 O, in the space 21, By. using the above-described method. 

As shown in Fig. S, filling th"e space 21 in the approximate 

center .portion of the molded body 20 {shown in Fig. 4) results 

in the formation of a molded body 2 2 w3:4:ft haying t,he 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 preferablJ 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. S. Molded bodies 22 with haying 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 tne first 9ate 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. In 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 Fiq. 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 molded body of Fig. 9 produced by 

the eewve:atienal related method, both ends of the molded body 

22 obtained by the above-described method are cut with a dicing 

saw or ~Be like similar deyie• so that the ends of the conductor 

coil ar.e exposed. Like the exposed ends shown in Figs. 10 and 

11 , the exposed ends have mea:eteEi 'Ae¥'ete of t;he c;onductor coi 1 

in the preferred embodiments have external terminal electrodes, 

such as metallic caps, uee:Feey mgunted t;,hereon so as t.o complete 

a bead inductor is fe£mee. 

As can be understood from the foregoing description, 

according to preferred EtJDbgdiments of the present invention, 
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after formation of an outer portion ea~waraly gutside of the 

conductor coil 10 ~xi& molding, an inner portion can be formed 

iawaraly inside of the conductor coil 10 without taking the 

molded body 20 out of the mold. Therefore, molded bodies teFmea 

1UiJld 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 eeftsis~s ef includes placing 

the conductor coil into a mold, forming an outer portion 

oat:,1ar&:l:y out;side of the conductor coil ey. ll.A molding, forming 

an inner portion i~ardly inside of the conductor coil by- xi.A . . 

molding, and ejecting the molded body. Therefore, molded 

bodies can be automatically produced, and o-peration efficiency 

of the injection mold can be gre&tl¥ increased, allowing a large 

number of molded ho.dies to be produced with high efficiency. 

Although in the above-described preferred embodiment, as 

shown in Fig. 3, the second spacer pin portion 17 is pulled 

out o~ 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 pin portion 17, instead of the cl0sing pin 19, can be 

used as closing pin. 

According to one aspect of preferred em,hocliments of the 

. '• ...... : .. 
\,•. ~ J 

-·-' 
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present invention, there is provided a method of producing a 

bead inductor, in which after the formation of the outer portion 

ew~uaral? outside of the conductor coil, molded bodies with 

a conductor coil embedded therein can be produced by forming 

an inner portion inuaFElly inside of the conductor coil, without 

taking out the outer portion from the mold. This makes it 

possible to produce molded bodies fe:aaed ~ to form bead 

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 s~itaele 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 coil in t_he mold~ 

When the mold includes an upper mold portion and a lower 

mol.d 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, tor example, positioned 

precisely with respect to each other. 

lii11ii~f 
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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 divided into a first spacer pin 

portion and a second spacer pin portion and formed so as to 

pass through the mold cavity, or when the first qate and the 

se~ond 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 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 usinq 

the closing pin used to close the first gate. This simplifies 

the structure of, for example, a moldinq 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 ~ 

asia~ 3Cia. the closing pin used to close the first gate, the 

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

..... 
\·"'·.~ .. ": 
'.:J./ 
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simplifies the structure of, for example, a molding machine 

or a mold. 

A molding process eemprisiR! aispesi&q including the 

steps of inserting the conductor coil into the mold cavity, 

forming the outer portion oatua;r;aly outside of the conductor 

coil ~ ltia molding, forming the inner portion iBWardly inside 

of the conductor coil ~ lli.a 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 possible to 

increase operation efficiency of the molding machine, and to 

mass-produce molded bodies economically. 

According to another aspect of preferred ellbodimeni;s of 

the present· invention, there is provided a de·:iee an. apparatus 

for producing a molded body fe:aB:ed ~e ferm to be ipslude4 in 

a bead inductor, in which after the formation of the outer 

portion O'litl'ira:Feily outside of the conductor coil ey. ~molding, 

an inner portion can be formed iBwarEily inside of the conductor 

coil, without taking out the outer portion from the mold. This 

makes it poss~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 

great1¥ reduce molding costs. 
-·-··----··-············· --------··· ... ----·· ···----
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When the aeviee ef aBe'E:lter aspeet apparatus ac:c:ording to 

preferred embodiments of t;he present invention is used or when 

the closing pin is used as the second spacer pin portion, 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 aQtomatically ejected. 

~ Hhjle sreferred embodiments of the jpyention haye 

been disclosed, yarious modes of sarrxing out the principles 

disclosed herein are contmq;plat:ed as being within the iCgpe 

of the following claims. Therefore, it js understood that the 

scope of tl>• inyentign is ngt: to be limited excopt as otbeOOse 

set forth in the claims. 

i~ii1iii1l1i!Uir 
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1111111111111111111 1111111 1111 
~.IS CLAIMED IS: * C L M· S * 

1. A method of producing a bead inductor, ifl uh:ieh 

including a molded body having an air eereel a bol low cora 

conductor coil embedded in rubber or resin material containing 

magnetic powder is fermea, 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 

o:t:: 

forming an oute~ portion e~~1araly gutside of the 

conductor coil By- Jti.a molding7 by disposing the conductor coil . . 

in a cavity of a mold having a first gate and a second gate 

fermeel e'fterein1 hy..._ 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 By- supplying the resin or 

the rubber material into the mold cavity from the first gat.e; 

and 

forming the molded body with the conductor coil embedded 

therein, by, after the formation of the outer portion oatr.1araJ:y 

outside of the conductor coil, closing the first gate~ sy 

pall in~ ett't, remoying the spacer pin tilo .f.x:sm the mold cavity"t""' 

and· er supplying from the second gate the· resin or the rubber 

material into a space formed as a result ot the removal of the 

spacer pin so as to extend through the core of the conductor 
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coil, in order to form an inner portion i:aua:raly inside of the 

conductor coil. 

2. A method of producing a bead inductor according to Claim 

1, wherei-n the mold has an accommodating hole for accommodating 

the spacer pin therein, and wherein when the outer portion is 

formed eat:t1a:Faly gut side of the conductor coil ~ti.a molding, 

the spacer pin is pushed out of ~he accommodating hole and 

pushed into the mold cavity, whereas when the inner portion 

is formed i11uardly inside of the conductor coil By- ti.a molding, 

the spacer pin is pulled out so that the spacer pin is 

accommodated in the acconunodating hole. 

3 .. A method of producing a bead inductor according to Claim 

1 e£ Claim 2, 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 

formed ift ~B:e le,.,ie;e aelei 'fertieft, and the second spacer pin 

portion having a· shape which fits into the second gate i!eFmee 

ia Ehe apper mold portiea; 

wherein in forming the outer portion out'ifarEily outside 
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of the conductor coil Bj' 3l.ia 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 pin is formed so as to pass through the mold cavity;. 

and 

wherein in forming the inner portion ~awaraiy inside of 

the conductor coil ~ ~ moldinq, the first spacer pin portion 

is pulled out so that the first spacer pin portion is 

accommodated in the accommodatinq hole formed is the leue:E' aelEi: 

portion, and the second spacer pin portion is pulled out and 

removed out of the mold from the second gate. 

5. A method of producing a bead inductor according to Claim 

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

6. A method of produ.cinq a bead inductor according· to Claim 

4 or Claim§, 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 spa~er 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 aBJ'" 

ofte et Clai:ms 1 to & Claim 1, wherein in forming the inner portion 

im1aFdly 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 iawaFaly 

inside 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 or C1a:im 8, wherein during the formation of the inner po.rtion 

iBwazfily ins.ide of the conductor coil 5y-tiamol'ding, the second 

spacer pin portion which is removed out of the mold is used 

as the closing pin for insertion into the ·first gate. 

1.0. A method of producing a bead inductor according to 

aay eae ef Claims l ~e 9 Claim 1, wherein a molding cycle 

eamprisiB! aispeSift! including the steps of jnserting the 

conductor coil into the mold cavity, forming the outer portion 

eetuaraly outside of the conductor coil by~ molding, forming 

the inner portion iM1ardly inside of the conductor coil by- .Y.ia 

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

by automatic control. 

111ii1i11nr 
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11 .. A der;iee An apparatus for producing a molded body~ 

te fena to be inc::lud.ed in a bead inductor, in which the molded 

body is formed in a mold cavity Sy- !l.ll injection molding when 

producing the bead inductor by electrically connecting 

external terminal electrodes to both ends of aft aiE eered A 

hollow core conductor coil disposed in the molded body formed 

by embedding the air ee:E"eel hql low core conductor coil in rubber 

or resin ma~erial containing ma9netic powder, the deviee 

apparatus comprising: 

an upper mold portion having feEmed therei:a: a first gat~ 

and a second gate, 'Ehrea!h u:ftieJt arraused to allow the resin 

or the rubber 4s- material to be supplied into the mold cavity; 

a lower mold portion which is titted to tne upper mold 

portion to form define the mold cavity, the lower mold portion 

having an accommodating hole in a portion thereof located 4:ft 

ee:l'Fespeaaenee with a position substantially~ corre1pondins 

to an ap,proximate center portion of the mold cavity; 

a first spacer pin portion~ movably dis~aSiftEJ disposed 

in the accommodating hole fermea in the lower mold portion; 

a second spacer pin portion~ movably dis~esi&EJ disposed 

in the second gate faaaed in the upper mold portion; and 

a closing pin ~movably eispesiR! disposed in the first 

gate fe~med in the upper mold portion~~ 
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12. An apaaratus according to claim 11, wherein after 

iB:sert:iB~ 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 a~e arranged to be 

fitted together to .fff::ftt define the cavity used for the ·injection 

molding-t-~ 

13. A.n apparatus according to claim 11. wherein 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 feEmea in the upper mold portion in order to bring the 

second spacer pin portion into contact with the first spacer 

pin portion, wl:t:e!feey so as to define a spacer pin which passes 

through the cavity is ~ermea, ia ~ais s-a~e,~ 

14. An apparatus according t;o c;laim 11, wherein t;he first. 

gate is arranged such that the resin or the rubber material 

is supplied into the cavity from the first gate to f.e.£=m d.efine 

an outer portion O\l=tua.reUy out;sidc of the conductor coil ~ 

15. An apparatus according to slaim 14, wberein after the 

molding, the first spacer pin portion is pulled out so that 

the first spacer pin portion is accommodated in the 

.... , 
i~j;J 
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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 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 material is supplied into a space 

formed iaua:l!'elly inside of the conductor coil, by p'ullin9 out 

the first spacer pin portion and the second spacer pin portion, 

whereby the molded body with the conductor coil embedded 

therein is formed. 

seas i&Eiaete:F 16. An apparatus according to Claim 11, wherein 

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

13. A elec~ee fer ~:Fedeeiftg a melded eedy used te farm a 

scad iaele:ete:F 17 • An apparatus according to Claim 11 or Claim 

±t, 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. 

B Replaced 
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