, €3eMKMI4L66TP\ &~ ~ ~?1 C).: - z SPECIFI CATION METHOD OF I\/ANUFAC@J?QI@P%, L
FERRULE TECHNI CAL FI ELD The present invention relates to a nethod of

manuf acturing a part in a connector or a device for an optical fiber, which
part is disposed at the center of the connector or of the device to hold

the optical fiber and is called a ferrul e. BACKGROUND ART Conventi onal | y, a
ferrule is in the form for exanple, as shown in F

is usually forned of zirconia cergBcsTdaT®oN (@) Lﬁgms a.3|ﬂ.m%mhwm mmm

ferrule 1. To take an actual product for instance, it has a c
having a dianeter of around 2 nmand a |l ength of around 8 nm and ad;mvhas

in the ce f with a diameter of around 0.125
mm Fig. %%H@gﬁi/s a dv%%:@%ﬁ“ype@ru and actual products are of I|ike
di mensi ons. Meanwhi |l e, Japanese Pat ent Appl ication No. 375372/1998 filed by

the inventors of the present invention proposes a netallic ferrule
nanufactLMQEFWNQQﬁ}zf R such as ni ckel by a nethod in which the netal is

subj ected to el@cd rOCARH NG MAd G AN O a tBY &dTBY alddHoPloPl astic wires as
not her dies, followed by machining of the resulting el ectrocast product

after rend@UBECENELNG re RAL W ies PUTR iy QB & el £ patamt |
el ectrocas Rar at U r a

schemat i ca#é{}g?énfélgg)égﬁ%lr e s‘gpgem fJ?sga );E %‘le %pptgeaﬁésn%ef r‘%
~f'aC~~ connector or of the device to hold the optical fiber and

is called a ferrule.

BACKGROUND ART

Conventionally, a ferrule is in the form, for
example, as shown in Figs. 1l(a) and 1(b), and is usually
formed of zirconia ceramics.

Fig. 1(a) shows a single-core type ferrule 1. To take
an actual product for instance, it has a columnar shape
having a diameter of around 2 mm and a length of around 8
mm and also has in the center a perfectly circular hole 2
with a diameter of around 0.125 mm. Fig. 1(b) shows a two-
core type ferrule, and actual products are of like
dimensions.

Meanwhile, Japanese Patent Application No.
375372/1998 filed by the inventors of the present
invention proposes a metallic ferrule manufactured using a
metal such as nickel by a method in which the metal is
subjected to electrocasting using one or more metallic or
plastic wires as mother dies, followed by machining of the
resulting electrocast product after removal of the wire or
wires.

According to the above patent, electrocasting is
implemented in an apparatus, for example, as shown

schematically in Fig. 2. More specifically, the apparatus

LT
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- 2 .is conmposed essentially of an electrocasting solution 3, posiEF%éﬁmﬁ|c90CD
electrodes 4, a holding jig 5, an air agitating nozzle 6, a spring 7, a
negative electrode 8, and a length of wire 9, as showmn in Fig. 2. In the
proposed net hod, four positive electrodes 4, each having nickel balls
contained in a cylindrical titanium bagket, are placed in the

el ectrocasting solution 3 based on a warned nickel sulfamte or the |ike
and are aflsapgagoisdt R sl 20aRNRIFS 20f ea el ch@tehgt Be1s@kivhign 3 to
surround the holding jig 5. The holding jig 5 which’is set in the center,
i's provi de@switiiivet i¢d egdgadiese del @cthioddeng. JTe Swi B8 9lrsaghtagiagdst ai nl ess
mire, is bixedde the ghaglyode B and s mhnained ynden  ansiag.fy the
spring 7. iTect currént % s 'sent across the electrodes to carry out

el ectrocastfi mg. render afseatiowg dh &igmalz. anount of air through the air
agitating nozzle 6. However, this nethaod involves the follow ng problem
Variation in cdfr &R EFHPASHE eSOt 94 POSHTATEs SR EREESs i ve

el ectrodeg AndingRATRA it ke Haauls CQlinednd ncaVidyilandhai-zed by | ocal
plugging with the ni'ckel balls in the positive eleCtrodes 4 are mainly
causat i ve tdft ariiagredasddt ,t Rinskds e ithdhel edecdeasrasydng, sodadgdent | y.
This, in turn, causes decenteri.n ft hal.e. Further,. .if biase

t hi ckeni ng3 (])D(?csljerdg 9h & ﬁqearér}eectnrlocéa‘gt s[Bltolr aimgrtlz?e He ttrhte%su J‘tklen ?}dg&-r%haped

el ect r ocasir qar@diectirf ajHes famhavarme perdec lank Noulcl teoss 1s&dlonon,
causing difficulty in machining which follows as afterprocessing, Mreover,
bi ased thi%@nisd’d?/qodmc%é*@ QBB orti ohRPnBALesndnIitAt ér n¥P1skr ess
that frequentdar ligpdsd ehandi ng 4 B ARE JREWitdNE Rl edd-aGa%f product. This
can cause decentering of the hole at the tine of subsequent machi ning or
can make teheegrusdict8 unfhecedsabPe. such- ag) a~gippinlesy wiien ashole is to

general |y RhdSh ChHermOa s ducind ard dariRe oRBAHARA ) ves

signi fi candy problspwminidn 1 he aqddlriecy andrehe deskentt tbabseceter ence of
decentering of a hole in the el ectrocasting process can nake centering and

machi ni ng OFeTHCIES AR i FRF PF FtfetS ST RRASF DBl o g ng of a

af t er pr ocessi Mg arf¥lLBX GES Sd Ve A8ghiReh Oéhé%%“taﬁ‘%iiﬂhgciﬁg hdwlie 4f occurred,
wi || make centering and machi ni ng ipossi bl e. anwhile, the failure in

obt ai ni ng Boverdectihisinetihied oroskvsectionfadddivimngtaplegui res an extra

prefinishing treatment by. means of. lathing. In addition,_ .since the

el ectrocasting \ZE(L) llrleti'loonn ilsI{ra!@alcglll %ﬁne% FrHl T lgm-lmpra‘:fpreratglieisata}tonc, e 4t nospher e
in the wordkshepe tpshist iwe bel exit reded y4 hdindghsdl nide e foud didnhdrs of
acidic, there have been groblens that it_is |likely to cause troubles in the

equi pment 2R P AN §hat O TRedeteri At RIHFE B ML Ehvitomherite ¥ or

operators.palls in the positive electrodes 4 are mainly causative of
biased wall thickness in the electrocast part, frequently.
This, in turn, causes decentering of the hole.

Further, if biased thickening occurs in the
electrocast portion, the resulting rod-shaped electrocast
product fails to have a perfectly circular cross section,
causing difficulty in machining which follows as after-
processing.

Moreover, biased thickening in the electrocast
portion induces an internal stress that frequently leads
to bending in the resulting electrocast product. This can
cause decentering of the hole at the time of subsequent

machining or can make the product unprocessable.



Further, a single rectifier generally sends electricity to about 103€b4§0ﬂ:>007
hol ding jigs 5 in manufacture, so that current-carrying properties differ
greatly anmong the holding jigs due to corrosion at the contacts thereof,
resulting in great variation in the thickness (dianeter) anong the finished

el ectrocast products. Meanwhile, since3the thickness of the thinnest

el ectrocast product held on a holding jig nust be increased to a

predeterm ned GIARPILHo s GISRS dAshid nd e Alachioeasting time and

waste of the electrocasting nmetal and makes machining as after-processing

t r oubl esormxtorendti ifsf iscditct Iqendeswliafl e e@bray it denemnldhj ect of the

present invention to provide a nethod of nanufacturlng a ferrule in which

at | east SHFPARGSE ofPSEHAS IR S eIgHe TN saPPE * 03 Sl,uml —~, Thls 4 a

mot her di eir{\ﬁb Qa2 &pﬂ t Qcast
product is mac | ne? (ﬂlg?lr{ erm?]{&%f t elr\t;viet{he&t %qu pec [ caﬁ I y, | t is an
obj ect of irhethmtesermuyrerard ioh,ddaenterabpwvef rettmld o oiet ably i nprove

quality an roduct|V|t of ferrules and to reduce on wi de margin the
doot of MR a7 S T e 1 g s A RO o ng
bi asi ng i eiderawmiltidy gamaschaxthaiigi ng tousiaskdne Maeta dwr-extrenel y
strict center hole accuracy (perm ssible decentering degree: 0.5 pm and

obtai n an RTR&E TN Gt e AMoGXFREGITE REFTEG & Ipeleceditoriolr odl & hedgss
section affer,dhe. &l ectiocastdng 5&@@%%@@&%&&%3{%. A% g specific
trou S an y re In

air agltatlon causat 1've of vari ous variation in

t he mzmnﬂM&amwhmﬁﬁxruhqwfnmmnﬁesmnznbtainingaazﬁnmféctlyuﬂﬁrﬁukpmm

after-proce55|ng 0 n DI SCLOSURE OF THE I NVENTI ON.ln order to

Lol L b B T A0 TALLY e B SEnt T Vord e DY et hod

of carryi n@r@éﬁm@{@q@}r Qﬁ@a&{g rtgf ajgﬂr[hg{ W res under rotation thereof, while

they are maintained static in the Iongltudlnal directions to prevent

bi asi ng i n the IWal3ddHickhessinge ddeh %1%%’%?%%%‘%”& ORI L1y Jv\?el | as,

bendi ng ang, v s t r0S aI r ne ne met hod
QQ% Veriad e Ay kégle?l]p 2 1 i&‘i‘ 2 a{r‘ﬁﬂi‘é@agl dhergp

tlon or t%e i ke,

of the preséent 1nventio oys ace’ o

novi ng of wekshopstemds the led e@ttmmly rtgursndi ut iSamceas hree dwgsaiiyy t o
correct variation jn the dianmete rodu by _ nmaki e of a
anper e hout® n%%e?c Y Eadi S?ﬁ %Iﬁ%p%é a%if ﬂg’éefuf% at the

stage thatt@npeise NOHSuBEs £rin |@@@|Iél91 éx@@é h9sd edegtEwe@sit ng, designate
appoi nted val ue. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1(a) shows a

cross- sect IVFRFLQF&VE aneh@ ot envirenmenewfoF @PeERFAU - according to a
prior art methogd;, ,51191: 1L b); Shows.. & €] PES: S %ﬁ%pglg_i%Vé(g,Wlignd a side view of

anot her ferrule accordl ng to prior art S a schematic

constitutiebattyvientpfta@anabout 10 to 30 hOldlng jigs 5 in
manufacture, so that current-carrying properties differ
greatly among the holding jigs due to corrosion at the
contacts thereof, resulting in great variation in the
thickness (diameter) among the finished electrocast
products. Meanwhile, since the thickness of the thinnest
electrocast product held on a holding jig must be
increased to a predetermined diameter, this causes waste
in the electrocasting time and waste of the electrocasting
metal and makes machining as after-processing troublesome
or difficult.

In view of the above, it is an object of the present

invention to provide a method of manufacturing a ferrule

in which at least one wire of metal or the like is used as



el ectrocasting apparatus according to a prior art nethod; Fig. 3 i soa)- o 200
sc¢chemati c side view showi ng an el ectrocasting apparatus according to an

enbodi nent of the present invention; Fig. 4 is a side view showi ng a

schematic constitution around a holding jig in a rotary el ectrocasting
apparatus according to the present invepntion; Fig. 5is a schematic plan

view showi ng an el ectrocasting apparatus according to another embodi ment of

the preseni javeDLigne +9ef9eé§ 8‘13&9?08%?%&% ecc‘ti'gtﬁeéc dnat i

constitution around a h n‘aro rocasting apparatus
accordi ng resahbin@rebehbdmo@ﬂt pfodhet pieseathimvend foer Femgovdl shibws a
pl an viemlggd a,.side cross- sect.ona&t vi ew of an electroc%§t|ng t ank

a

accor di ng KofRer NS0 AiRRS he preskhiah RRIRSORT Hf Fig. 8 is a

plan view ?Bés@nﬁ' dgveressnsechi enal apbow ﬁ@@!«i\b&g @@ beshipChs w@etank
according to the present i nventi on, show ng an enbodi nent, 1n I ch

el ectrocasgPpgiry éaﬂrPé@d@thVhtVh@fefeﬁtﬂbeasanﬂgt@anﬂd@©@e©nr@tat|on

ther cof . BEST,MERE.TCR. CARRYLG, SULIKE. LINENTL QUL o1 defotgn el ain 1 he

present inventi on"Fn nore rcal” “consti r€o
iIIuspratedlentaocasdangewﬂthbutheaasﬁﬁqpamybmggdiamtngSWSDDMAng

enbodi nent g, . . . ;
%hlckness nor bending to readily meet the extremely strict
center hole accuracy (permissible decentering degree: %

0.5 um) and obtain an intermediate rod product having a
perfectly circular cross section after the electrocasting
treatment, by dispensing with the specific air agitation
causative of various troubles and by reducing variation in
the diameter among the products so as to save labor in

machining as after-processing on a wide margin.

DISCLOSURE OF THE INVENTION

In order to attain the above-mentioned object, the
present invention employs a method of carrying out
electrocasting against wires under rotation thereof, while
they are maintained static in the longitudinal directions
to prevent biasing in the wall thickness of each
electrocast product, as well as, bending and variation in
the cross-sectional roundness thereof. The method of the
present invention employs, in place of air agitation or
the like, moving of the wires and the electrocasting
solution, as necessary, to correct variation in the
diameter among the products by making use of a ampere hour meter
such as leading current is stopped automatically at the stage that ampere hour meter,
leading current for electrocasting, designate appointed value.
BRIEEF DESCRIPTION OF THE DRAWINGS

Fig. l(a) shows a cross-sectional view and a side



~~ ~p,~r tea; - 6 In the nethod of manufacturing a ferrule accordi@g’ﬂpﬂ}n
the present invention, where electrocasting is carried out using at | east
one wire 9 such as netallic wires as a nother die, the nmethod enpl oys a
measure of carrying out electrocasting under rotation of the wires 9.
Therefore, the resulting el ectrocast psoduct has neither biased thickness
nor bending, and this causes substantially no decentering of holes in the
el ectrocasy; g adicd - s rodshaned ey el At adudis Rt ai ned after

el ectrocasti ng each have a perfectly circular cross section, and variation
in the diameterFigf. thé)r cdwovsarg b st ianeladdiaw emd ayistists on of the
el ectrocast. | ut | facil] e i nce. t. p t..i hvention
enpl oys as‘;nliaé;'guor%g a|H§ndt\ci)#|IgEkilﬂ%a{;]ﬁlaefaigloénéC}Iiglanggnitzéver‘L’ldepolillrl}ea:or"i(’:rgctsj(?‘%trlrlcou ‘ation of
the |iquid, andefqrthers cord@amnadi®rcodstietel@edl ociass i0®) amor ki ng

envi ronnent_. can be gqr,event ed. First enbodiment Fig. 3 shows a schematic

consti t ut i D CFLAR T rFRATI T AU dQ G AHPE 3 %h "R ment  of
the present invention.;dhe apparatis 4 ucommasath&sspntdel Iy of an

el ectrocasting solution 3, positive electrodes 4, holding jigs 5, a
negati ve etlexttuokad;inn apmrtatwor astdondimnktdBn ediedingearofdrting ng
notor I1, %%%%ﬁtlf% é%rgﬂgjng jig driving notor 13, chain gears 14, a
chain 15 & anpere\ﬁoJf(ﬁeTer 24. The el ectrocasting solution 3 is charged
into the el ectroo@std ngs tankidd ey i shovaimiedh ddHdmedeck and agitated. A
direct electric current is sent across the positive electrodes 4 and the
negati ve eF&etrbbletBOn APIHE ¢ AT of 19 WP chafdcyear driving notor 11
is transm ; ' &HK%] I enabl e the
chain 15 t%ﬁﬁﬁﬁ?%ﬁlﬁ?%‘?ﬁﬁ%s jliﬁcgés& o) h%{letlpf g%%r&gl ding jigs 5 can
be aut or otmreenihonhe axes thereof respectively by the holding jig driving
not or 13 and the, bel hﬁbelectroqﬂitin sol.,ution 3 depends on the

12. T
mat eri al of the %%rg t- 2l 3ct¥ %%%H%gp Qa‘f,e%n@?%]rn%x%rhpl e, nickel or an

al | oy theredéctisOfsOIin@na@bid pytifesieodrdLoppes Do de al dyodheseof, cobal t
or an alloy thereof, a tungsten alloy, and fine particle-dispersed netals
can be enpPbykle BReseMerE Mt bR enpl oyed an aqueous sol ution contai ni ng
as a ngj or conppngnt g ans aguUEPYS §9é\k't%l?&ﬂﬂfxg nj ck&hegit f@mat e, nickel
chloride, nickel Sulfate, ferrous sulfamte; ferrous fluoroborate, copper
pyr ophosphatesttoppeen satdane, a cophaing | 11by oborat eotaopper

electrocasting apparatus according to another embodiment

of the present invention;

Fig. 7 shows a plan view and a side cross-sectional
view of an electrocasting tank according to another
embodiment of the present invention; and

Fig. 8 is a plan view and a side cross-sectional view
showing an electrocasting tank according to the present
invention, showing an embodiment, in which electrocasting
is carried out in the electrocasting tank under rotation

thereof.

BEST MODE FOR CARRYING QUT THE INVENTION

In order to explain the present invention in more
detail, typical constitutions thereof will be illustrated
in accordance with the accompanying drawings showing

embodiments.



fluorosilicate, copper fluorotitanium copper alkanol sulfonate, cob%PtHM"C*DOJ
sul fate, sodiumtungstate or the like, or such aqueous sol utions each
containing mcroparticulate silicon carbide, tungsten carbide, boron
car bi de, zirconiumoxide, silicon nitride, alum na, dianmond or the like

di spersed therein. In particular, a batdh -based on nickel sulfamate is well
suited in terns of ease of electrocasting, diversity of physical properties
i ncl udi ng hard Lhend id.L £ASEy {ng, 11, 1S, desired
that the el ectrn%gzgsr%i ng s%t%ﬁ%idé%ﬁ ered g‘% %%%%sapcg&e c%/\ln'!% tzljfi I ter
havi ng a fihe epregprtcinenytioinaborrd. dleotHodaagimndi § scawarimst aut be
controlled_to have an optinumtenperature W thi he range of about 3C,
that the clEetd cbastiHg. SHBTEIE | S SUb) 2T diF 11k i T T 11 b 1o

treat nent mbtieAcdiyatEte o Hodd SOmBBoy® 4 afi@ySuns gefi €at MPLd toutcont ent s
and that nmetal inpurity contents such as copper are renoved by charging

el ectrici tSLOFEFCERTHINE HNERE HRERFI9N F L abRRItWirgy L~ Thergforey ~ o 2

A dn® ac o a- plokelnp! & 80 LOLLUOAL PUILLOM SNERL; SRLYI 00 a8 @ POSTLi ve

el ectrode and a carbon”serving as a hegative electrode. the positive
el ect r odestdidepess oor thendingetamdethivcastsay mbatantisliyabbe materi al

selected frommnjckel. iron, . copper, cobalt _and the like is itably used in
The form ORORPAFEE Sha b oL PRt n e R th e aoaar TRt ot oMl AR ar o
cont ai ned sRapédaphtdiheskets phddtbes baskelSear &£ €0y esbelctitddapoiygst er

woven sacks. Wiile the positive electrodes 4 are arranged along the wall of
the el ectr82aRt PAYCt AnReEBECEhE Gt FENYRReREODF EREEEOR| e®®F0des are not to

be |imtedykheseton Pﬂttﬁ@eai&a@%§§e§fréﬂsegod£Oéa§X§€D£@du&@d9n%xpr or e

| ocations around the center of t ectrocasting ta Meanwhi | e,

agi tati on sddibgonaragetabuonbyfnthasebéchikocaptopgl setutibnraamnde wave,
super vibr?tiog e%c. However agitatiog can b .onittef if the orbital
speed and At ﬁF% S?at?bﬂcipsgﬁ Brerhg hb?ﬁ?ﬂglnggm% RYP n2rBeRe% and if a
pitting preMenhi¥R h§ieddedn EkJacHishewspgetartsdarousdlabeohodding jig 5
according to the present invention. In the constitution shown here
cont ai ns, &PBhatAugdar2nd, LarERarnceBtaningr4PRgefolPe6, a free rotating

section I7el@c9§a&a;§in§ RELkidg caDiebaRERECALAI BSUpRELBALSgCtion 19, a
negative el ectrode bar 20, a coupling 21, a holding Jjig 5, a spring 7, a

wire 9 and a clip 22. The rotation of the chain gear 14 is designed to be
transmtted.tqo.th in 15 to circulate the holding jig 5 through the
hol di ng roglfétmgﬁgggg#gn he chain 15 and to allow the holding jig 5 to
undergo idl e sprngi.ng@ whbhst hesahdmatitheohsegtuotahi 6g aacti on 17. The

gear 18 recgives the circulating motion of the belt 17 Lo rotate and to
present invention.

The apparatus is composed essentially of an
electrocasting solution 3, positive electrodes 4, holding
jigs 5, a negative electrode 8, an electrocasting tank 10,
a chain gear driving motor 11, a belt 12, a holding jig
driving motor 13, chain gears 14, achain 15 and ampere hour meter
24, The electrocasting solﬁtion 3 is charged into the
electrocasting tank 10 and is warmed, filtered and
agitated. A direct electric current is sent across the
positive electrodes 4 and the negative electrode 8, and
the rotation of the chain gear driving motor 11 is
transmitted toc the chain gears 14 through the belt 12 to
enable the chain 15 to circulate the holding jigs, so that



~:~~t'Prl ~a~GY _ g _the holding jig to autorotate through the 22 #mlo0
el ectrical insulating section 19 and the coupling 21. The holding jig 5

holds a wire 9 under tension between the clip 22 and the spring 7. By

setting the wire 9 in the holding jig 5 in this manner, the wire 9 is
autorotated and circulated integrally W th the holding jig 5. The

el ectrical insulating section 19 is brought into press contact wth the

negative th%cmrdl@gﬂ@ag ik 150 GhANEe s tRAGAEINeE O IteRt axrlsy the rele | over
side of the section 19 to effect electrocasting with the el ectrocasting

sol uti on ZBIREGTG Vel Y IGhpuin®liddyd Jag sHéwn nioh MEter 4.3 |ade théir cul ati ng
speed and,gutoret ation speed of the holding jig 5 are suitably about 1
cnmsec to 1 nisec and about 10 to 500. rpm respectively. A 0.125

mm di anmet er SUS3( edierc: fupasigrgy perlfugdidry 3cidepenals omoshes ecttiean adas t aken
and set on h el ectrocasting holding jig.5 under_ high tension with the
aid of the?l‘wegfg’lq &aﬁ%e%fe%t%‘g’pﬁ%%nggé%%&m e ﬁo_dfs.gex? f'4. After the
thus set WilgxenasoMmashed Wy knaieasr, and edreased11idy Wik rdidiped i n aqueous
solution of a mxture of Nikkanontack A and B (N HON KAGAKU SANGYO CO. ,

LTD.) at &RARGTR Qerderadthfe Tharenf nafads, droldrowdd iy thegsiafena with a
r el easi ng ?gﬁﬂ§ w@ﬁhi l W gy i r epar ed
a tank contal |tneg{1<cajanl e e’c?‘rﬂ}oaclzgés qené%a%%sdé%dc%ﬁga};ﬁ% %fﬁt%eephavi ng

been subj exipeldbsteni hiagid stpeeck fadrt red ieonp dtdd arf idduerauyy sacdauriagy of 1 un
usi ng nickel balls as acé{)osixive el ectrode and warned to 50 2C Then, each

hol di ng | i dE- Tbritect P IY (FHERIEART RGP Hhpt WL hidh t he
coupling ZlidiercaHiyraMtel actdieoasdd ngwWd h @ QT enfl dansi taeafodbout 6

A dnR for
sulfamate, ferrous fluoroborate, copper pyrophosphate,
copper sulfate, copper fluoroborate, copper
fluorosilicate, copper fluorotitanium, copper
alkanolsulfonate, cobalt sulfate, sodium tungstate or the
like, or such aqueous solutions each containing
microparticulate silicon carbide, tungsten carbide, boron
carbide, zirconium oxide, silicon nitride, alumina,
diamond or the like dispersed therein.

In particular, a bath based on nickel sulfamate is
well suited in terms of ease of electrocasting, diversity
of physical properties including hardness, chemical
stability, ease of welding, etc.

It is desired that the electrocasting solution is
filtered at a high speed with a filter having a filtering
accuracy of about 0.1 to 5 pum, and is warmed to be
controlled to have an optimum temperature within the range
of about # 3°C, that the electrocasting solution is
subjected from time to time to treatment with activated
carbon so as to remove organic impurity contents and that
metal impurity contents such as copper are removed by

charging electricity with a low current density of about



.~J~( ~J~~~ - 10 11 hours, such as anpere hour neter 24 design§Pe%pH\Df>03f
appoi nted val ues, and orbital speed of 5 rpmand an autorotation speed of

I 00 rpm and manufacture 22 pieces of rod-shaped nickel electrocast products
havi ng an average dianeter of about 1.5 nm and an average | ength of 400 nm
using the wire and the nickel balls as8a-negative el ectrode and a positive
el ectrode, respectively. Variation in the dianmeter anong these 22

el ectrocagf, PrOduet scvessWat Ribkkhepiaeeg ebrrlgdcBl 8B theyrwere free
from bendi ng and had perfectly circular cross séctions. Each el ectrocast
product weensiing as 40 Aaalitirws valler tarmglevan b rok@argorgatiacsldast € to pul |
out the C?{ﬁﬁﬁﬂv%.éfﬂ4é¥%§épy machi ning of the resulting pieces, for

exanpl e, wth a grindstone cutter, a centerless finishing machine and a
grindi ng machi mhile and gedieriva eleth rodaend tdeperddengt ki targeyim to
give MJ type ferrules as finished products. The products manufactured as
descri bed HIFHIE WEFE B EFrom decBhttetify BEaIoi%s SHESHEE Hept abl e as
si ngl e modg fiarr ulser i 0dsd e r Secand g drnty fid .1 S SN EN used

el ectrocasti ng apparatus accordi ng to anot her enbodi nent of the present

i nventi on,irshowi rprn caSepMiiee eot g ding jig 5 nakes autorotation only
but does not cihlrrg:uqlhate. The .wi reé) .S set ounet e holding ji 5a.i nathe sane
manner as in the f restc%%ovg?%%t %\lr%ds Lﬁ?ergsoe 0 %,y attoro t-tll(flﬁe

integral | yiitidtdhicahad 8 kg ighd thd hdukeid cadatddrerddandi | e, the
apparatus in the second enbodi nent is conposed essentially of an

el ect r ocaRINF TR UtTOFEB, 52 dsiti ve el ectrode 4, holding jigs 5 negative
el ectrodes 8, a1 LHULOGAS ] NGrd A dOrode 0l AW i Btdihgotor ~
~ ~~~z - 11 13, a belt 12, a anpere<%our meter 24, pulleys and a jig
fixing strieg walR6f THee et ettt oedss §ing sodnit i dh Xhvesa poaurgamdntt o f he

el ectrocast,ing tank 10 warned, filtered and stirred, In this state, a

i rect cur TS VL RTEIYEY, 10 BTt T RortTol 68 TRmRTS dttosdithe
positive ed@ctoderdamgeh f heonegaimyee gl ectsnglasr EneonneséLeh ¢ras all of the
hol ding jigs 5, as necessary, together with the watthour neter 24,

respect i vel5RuThuEle tFRAFDE 2 F o dfet et FFMF MR § i B2ot ati ng notor 13 was
transmtted thr bel t I : t i jigs 5
connected to thbgy%ﬁ#% négé%s%r%%%rée&gép%oé%%e%% %ﬁcﬁoﬁ%ﬁ %ﬁ under

aut or ot at i @ihr ofptdree hbddi ngl § ¥ gsoii c wheveass when allpratdedrer mted wat t hour
value is hi eved, the electrocasting treatnent_is stopped. The

ol oot r ocadt THE Sl (TTEFE S Th (o BboaRd: Exbopt it ST HoL SRR ¢ he
case of thenéisstorsbotis®nipeddicoposhd ivelelegtiDge drésisetecied |ikew se
fromnickel, iron, copper, cobalt,.etc., and a plate or balls nmade of such
materi al s 339 (hfed RUFERBYYPIREMLITVE | 55 d2d79%bl e that the positive

electrode 4 is altfgsﬁéwé h&eegfigraﬂ@uﬂ@etﬁe?rxgﬁie@{]n%gin%i3<! ng structure

26 to be substantTia equidistant fromall o 0 Jigs 5 to obtain
a constantaetecdrngasti bige rpresent comgempioni aneter and to conplete the

el ectrocasti ng iéeﬁ%gent stﬁagnéialﬂ wsing%éaneogslx in a'ﬂafﬁ t he_hol di ng
jigs 5. However; 't | BRAT FoR" ot % he o%i?lve BYReiTHle 4 FEEHOt9YT i ted to
this position, abthadnplsy abihyl@ingosodi ve, ehects@destdtimy Hecaismnged,

for exanple, along the wall of the el ectrocasti ng tank 10, In constitution
of the secbhd @nBSaFmkht, 2Pt Yesi PRLPECERAICAl WaRtRbEF IRt 8FCBUOR s used

per holdingo]ig pegldiibabiacerBhé-ghzeapechi tbepriggused pehoh@ldyng jig 5
so as to facilitate current control. However, the ~ T~

jig 5, a spring 7, a wire 9 and a clip 22. The rotation of

the chain gear 14 is designed to be transmitted to the

chain 15 to circulate the holding jig 5 through the

holding rod 16 welded to the chain 15 and to allow the

holding jig 5 to undergo idle spinning with the aid of the

free rotating section 17. The gear 18 receives the

circulating motion of the belt 12 to rotate and to allow



- 12- present invention is not necessarily limted to this consti t)u%IP‘if’h‘,\ >0
but one large-size rectifier my be used to 'send electric current to many
holding jigs 5. Here, the autorotation speed of the holding jigs 5 in the
second enbodi nent is suitably about 10 to 1000 rpm A typical nmanufacturing
process based on the second enbodi nent oM< | be descri bed bel ow. A 0.125

mm di aneter SUS304 wire having a perfectly circular cross section was taken
and set ORRAGHIR] 86 HAAKd MU ARG ik cudd8]e 1P dgRII0n Wi th the
aid of the resilience of" the spring, as showi in Fig. 6. After the thus set
Wi re was iashelh tiing sesttarorand® dayh ddsediounlives 2di pp&tiei hoadddsgudigol ution
of a m xt f . Ni \nont d B . N KAGAKLY SANGYO.CO., LTD.) at
anbi ent t;gn%leo(r)la %Iré{é ork(r)e 198%%&?2?? lfﬂ'}% 0'%\/(\%;&, ebeyn 'It%rlﬂeeat%gelrﬁ 2vm taﬁlde_l trI%e easi ng
agent and smasiriqhgz well with water. Meanwhile, there was prepared a tank
containing an el ectrocasting bath based on nickel sulfamate having been
subj ected to hih-3§ed d i11s Aih nidh B itelding H& wr ddy s~ ~m
using ni ckelndal | s.1as & NOSY il /& & L A8 Al ey il 41 HO0  2C, as shown
in Fig. 5. Then, each holding jig 5 was connected to the el ectrocasting
appar at us Mitdgradiel wouih nhe holahichg helqui or ot ati on speed of the jig 5 was

70 h d the nickel balls . ed i
o1 ect odes. and TS (S FHRTTye 1 Ut T gbb TECHREL | ol 57 e Sl e o ze

anper e houwrewd eforvesctatdiaghethd mapcti v 20 dtsiddpdr 0 o Wikirge
el ectrocasting treatnent was carried out accordij(r;c? to a technique I n which
e

one rectif3 HEIHEXTE FOBTERT B XU e deRiEdE S e phuthe s W dne i s

used, and f9 1@ Crfedt Lo fodadtihd ith e Idie @oeasacﬂ@utomtica"y
at the state of anpere hour ~a~~1| ~L~ - 13 value of 4.5 A-H (16200

coul onb), shkutiemtheriveiconpletigte i hiaboltléve. &s e tim gide. 22. pi eces
of rod-shaped nickel electrocast products, having an average di t.er of
about 1.5 mm and an a?/]err%‘@]eat}lérh%t%%?éjﬁbd it - ThRr Rt s ss%eoes#ja?if?%ﬁefy no
vari ation héldheg i Bired edran@ngt ddeg eadu el Bcémosasttproduciss adl t hey

were free from bj ased thickness and bending and had perfectly circular
cross sect®RPst EacH I ¥t FRIRasiePReiutYSWas slit on the circunference at

40 mminterval spt@ {9 ot @1 A0V 6, S%@s%b%ifg%WIﬁ%;ﬁ%% i ntact,

and the core wire was pulled out fromthe product u henonenon
t hat when thecelactcoesstserioductwis beken admimgseheo gpooves, the

el ectrocast., portion is broken and.the.wire is not broken, followed by

machi ni ng %+Q% ]éo?aé%%lrrtl? n%o ?Je%%sj,l?o? ‘é’i’(‘g%lléj,‘g 'Y%n%l%r?i"ﬁjdtsk? o%#ge cutter, a
centerl essafdnoshting reshi nenes &f gthadspgingchaseshiona th ameger »f 1.25 nm
and to a Iength of 6.50 mmto give MJ type ferrules as finished products.
The produc®Rd nhinufddiah ddtead s §§hetd s WErh o &6 Y oidtecéMeri ng of

hol es and uegee2666Pt AP §a 85y S8k €1 HDLG,EENS UL 61 RELGWCE S 2 Th £ &, paDOdI ment
Fig. 6 shows details of another enbodi ment according to the present

i nventi on. ofelihkhkhihentadle Appad ab usNIHON hBAGAKY dSENGYDi @@nt LED cbndosed

essentially of a jig fixi structure 26, a holdi r 16, a free rotating
ceotton 17478 gF bgmasRa bS] P10 amPieder ot IPHER Bl e taetéfon 15, o
negative ekgehr adee5pas By 28geft CONQl WASh2dg webhol Wity wageb, a spring 7, a
wire 9 and a clip 22 and an anpere hour neter 24. The holding rod 16 is
Meanwhile, there was prepared a tank containing an
electrocasting bath based on nickel sulfamate having been

subjected to high-speed filtration with a filtering
accuracy of 1 um using nickel balls as a positive
electrode and warmed to 50 + 2°C.

Then, each holding jig 5 was connected to the

electrocasting apparatus with the coupling 21 to carry out

electrocasting with a current density of about 6 A/dm’ for



~-~=a,'; | ~t~~_- 14 welded to the circular jig fixing struéﬁhﬁ&EYd.Dtﬁil-
The holding jig 5 is allowed to undergo free rotation by the free rotating
section 17. The rotation of the belt 12 is transmitted to the pulley 27 to
rotate it and further to autorotate the holding jig 5 through the

el ectrical insulating section 19 and-the coupling 21. The holding jig 5

hol ds a wi ¢ Rurndesh hengipere helmpeter tlaedslidnpted 2ppoidtddhealeds i ng 7. The

el ectrical ah@%%igatélégg?cfggi on 19 is brought into, pfess o%ﬁ)/a%@o t he

negative electro ng P80 charge a negative curren he | ower
side of thepsattedHNAD® tpn edridctamh ottt wecas2d ngievdd dhered-ediamshst i ng

solution 2'3 bejng at the liquid, |level as, shown in Fig.~4. In the third
enbodi mentDLHe T CIRRTHIAS T PHITEFTS AALHS i T Idh S IATRRRA ©F ree f rom

decenteri ngo®it NPl SSph i k&g 1 A tApe a1 enDEdli SN 0 ANkl 1105 Bely Usie the ferrule
di ameter automatically. Here, the autorotation speed of the holding jig 5
in the thi¥erenedi pentnickelibably apoutnageivra@eeprdamndide 9

enpl oyed i b hi i me i i |y .eGt. f.ro tallic wires
such asir‘?géﬁaéé:éﬁ%éﬁgﬁg%?eg ?b§f€%$%g£ioéé§%%§%$g§]fhg¥%%f, copper or
an al |l oy tdearesteanshend utigsten22l ébyct sochs tepaddurteswaavivighim t he
surface thin solder plating |ayer; plastic wires such as of nylon and

pol yest er ; thadrardantt #iQed ®och2d Bhey uREe fHee nherRseanding|and i ¢

w res and 1 i , Lre.i S i y subjected to el ectrol ess
pl ati ng su@%ﬁg§é§f¥%éﬁfci%??uﬁé%v%¥§%$ %%gﬁ*?é%'so as to inpart
conductivity theaehoebacthecassuptadest Was siie &ti40rmequineertaldhave hi gh
accuracy in ternms of the dianete cirecularit nd |ipearity. Wien the wire
9 T's obt ai ARG D95 MBER Bl SbRRFUCREnSHiER LodPELE oPehinthe] FoYe_WAE: g of a
nmetal W refgl1awPlasyiBathiRinghegetBECHEIEY L YAGUSSeE88, DEoad] ust ed by
means of dramﬁng. The electrocasting treatnment Is carried out in the
appar at us @53geser | BeEhapodEiBGS5ARPI GRAGSH: dfr eeRtenteeht Tt AhanGurrent
densi ty of ndchon8 MATE £0fab0nEOn0naNT 8o, 2 SUEMNBRL EUBECTL ok Syt OpPed
automatically at the stage that "anpere hour neter, [eading current for

el ectrocastndgftodesigngtbsodppobit anl tal geyvetWUeffpet fehrukeniag to a rod
havi ng diageter of aboat g.8 to 2.8 mMmm The thus obtained rod product is
taken out T PF3RFERBTEFBEFPocasting tank, washed well with water and dri ed.
Dependi ng on thenki pdoghcwsr fafugakeated, akt dbscdepbdedpwvhet herethe wire 9
is pulled out, pushed out or dissolved with a chem cal. Generally, those
whi ch har dEyegi §5eMveeFrANEREATGaPS ARdSRadBAhFERSt BASPPEABLReABth are
pul I ed or Qgﬁggg ﬁphé whereas Eggagc@gich di ssolve easily in chemcals are
subj ected to dissolving. I'n"the case of iron or an alloy thereof, for
exanple, the wire 9 is treated with a rel easing agent, and after
electrocas%in &S %%rrk%g Qut to effect thickening of the wire 9 into a
rod, the w’re-g nﬁy 88 puPIed out. In the case of the plastic wire

subj ected to el gehr.obestoplaknnglastdezesitiad abpueatuls @aaokdihgeabed

| i kewi se. A stainless steel wire, which is an iron alloy, is preferred

among ot hePEOtREFe FRPRGLMENEN O Tmkdi RERG SPteARYERE 120y ePDEWRPPNG out of the

wire 9, the,sesyhki-80+Re0fUGHS ng@A ke 55 WakeG! 8l the cila®iBhi BA 1L sakment
using a nunerical control unit, "a"cénterless finishing machiné, a cutter or

a pol i shi nglogschiofte cilkgullagecase where a wire 9 soluble in a chenical is
used, there may Tg;% %g*%'e%e‘isa JTREROA i Wl Gl pa 59g %h%%e‘lngnts%%?d' ate
product is formed and thén Cut int’"0 pieces roughly-“to a préedeterm ned
| engt h, anchahher tle inw rt@e9 fiilrst embodiment and undergoes only
autorotation integrally with the holding jig 5 with no
circulation.
Meanwhile, the apparatus in the second embodiment is
composed essentially of an electrocasting solution 3, a

positive electrode 4, holding jigs 5, negative electrodes

8, an electrocasting tank 10, a holding jig rotating motor



- 16. each piece is dissolved, followed by machining using a nunﬁrlc&bnv\\ 2002
control finishing machine after confirmation of presence of a through hole

in each piece; or a nethod in which such pieces are subjected first to

machi ning and then dissolution of the wire 9. Meanwhile, as shown in Fig.

7, there may be used an elliptical or founad el ectrocasting tank 10

contai ning a space (opening) 30 having a shape simlar to the outer shape,

in which regt le; 1] ' haig basket 5, 1G ey ickel  balls and
cont ai ned ?%’ S%%ge%{ elfé)'fi ea{rnl%lréelé%l?g%e sag%is(’, E:Elelslp cs?izl\ﬁlslelrg&d]éar l:,"E'}Lagrranged

al ong an i fireingas tri8itwre &de outlére wdlelc t32 cmistthngo solleaiancé tvascarry out

el ectrocastin nder one- jet flow of an electrocastjng..sol ution
suppl i ed f?%‘ﬁ?%cxelr&o _eevg%%é‘fre%c%%tﬂéq nbarb]ﬁ_el(gr W‘éedpu%;%escgch as
circul ati ngn@uepsraed. it ehiBuRate) as die <t culrdled rane saghkaged, he

el ectrocasting solution in the electrocasting tank. Uilization of this
nmet hod caniBofveetheCephveht¢driadner Bl 2O hakthe ROSFIVERATTHIRIR i

contam nat gda ! Bnl e BLEVLI £1 800 80081 6 datlorde genarated byeal r
agitation and can ensufe agitation o he elecirocasting solution with
extrenme eaBeldingthegs 2s showecess&ry, Bogpuisét iwetlel Evd rogeshaurmay be
arranged al o t inner wall of a round el ectrocasting tank 1Q contai ning
in the cen?‘gggﬁ gghc’éﬁ?‘?%tlr'ﬁ%ﬁﬂ' sé&’es’( o%%i%a%.n Rgfbé-'gﬁ ﬁlé’q’génigs_

i nt er posedjbgt veeatengURPEsEi 1Y Phat er3dsmiecad baseodd amd béer hps di ng
jigs 5 are autorotated while the tank 10 placed on the base plate 34 is
turned at &°foR8pBRHLleRy eAplFoyFhg PALAINGL hddS YaFPRReERed nte hENG anet er
of the resghﬁ' @prﬁg%ehﬁcﬁé‘ ebgareguggg c@n 1@&&%@&&9@19% Jnﬂ er .
el ectrocasting solufion can be assiste By the rotation of the tank itself.
~a ~~lnp - atforbhBUSIRI AL BPPLhCABLLGTYiga bhewhbersamtwheweati on having the
constitutiagn gegcrgnbed abovg nei ther biased thic en{':n% nor bendi ng occurs
in the el eBFFSERSF pPodults - FoFred2bEfndSnBtaFeWFres 8Rd the |ike can

readi |y cl eaecthecaxtingetyeatinkfit €entebppele accuracy (acceptable
decentering: 0.5 ~ un), and internedi ate rod products having perfectly
circular cross 386t PORSTEARABELBE APABELANT &r 1ihENR| B8EPBRasti ng treat ment.
N additi 0By 6alkght0Rs! Bnkheaflealie! ¢h ehe! BEsBr gduEhs eanspe reduced,
Accordingly, not only the labor in the subsequent nachining step can be
reduced notablogiment .al Bee tpesfjubvetglantrgiel 4 b sdkeproduktisewhse be

i nproved on.a W ciequrgiirgo%nd the el ect o&%sti n? wor k envi'ﬁjonment can be

i nproved si L0 (R gné:oﬁsl’y. : T8PPELAl B 1 s hOda‘Bf1 RaRUP&EL OFi ng a
ferrule, complisSimaget b€ stepsmateeably 1§ qutregl eaiEapagt uBgdi.n an

el ectrocasting tank 10 usi n% at |least one wire 9 such as of a netal or a
plastic as a notfrerSdPESI&ROLR &PRSI GPlig PPSg t3VeaRdeFERBIPNG the wire 9
fromthe ragdaied -2l eplr eeatlPb?difle MheLER 8L§CEiRAT! SRGueuearried
out under rotation of the wire such as stopping automatically

el ect r ocastdtngoatoet sabsttagd HeRdly @uueadd siveent eoar alldadifngheuhoddtintor

el ectrocast.i.ng, i PROI val ile it | i nt.ai ned static in
t he | ongi tJd'lrb%alsdg“l%r %?:)tq;ltag?]l %2!%%'?%&%?7% %(%%5' r%g%& Eél t%raiq%g tg ferrule
accordi ng toprEStanm Hiaweees rnidhe celoetipletas tthrg elleeatrvents tiisigcar ri ed out
in the electrocastin ank 1Q uynder autorotatiqQn qf t:~e wire 9 together
with the hdﬁ’iﬁq@ﬁqtg%%‘%%.a“m@lﬂéft _t‘?’dﬁ‘u&ftar?ﬁr?dlls t oy ﬁ&laO\[gel’:S‘L?l e according
to Caim1lndeleid fies & .ectipRedsti ngnkr eatARAbni §FCAREI BEs@ElveN the

el ectrocasting tank 10 under autorotation and circulation of the wire 9

t oget her Wit FHdRoIdilFg oty FmitedrHe frifodasi btieiuf &turd ng a ferrul e

out under AUEOrOTAT) o P Ne 1 O o R e et e
el ect r ocastéymupglank al®rgprithe mMald Hodid iedecmstasddengl.tank 10.
In constitution of the second embodiment, it is
desirable that a watthour meter 24 is used per holding jig
5 and that a small-size rectifier is used per holding jig

5 so as to facilitate current control. However, the



5. The method of manufacturing a ferrule according to daim1l, 2 or af*ﬁ?"\>@5>
.wherein the electrocasting treatnent is carried out under autorotation of

"the wire 9 together with the holding jig 5 in the electrocasting tank, and

the treatnent is stopped automatically at a stage when a anpere hour neter

- 19 attached to one of the hol ding.jjgs. detects a predeterm ned watthour

val ue so as to achi eve dianeter control of products to be manufactured. 6.

The nethogrggeggngkggkgi §%{ Sggcorglngl&lﬁgPdln1%h%g or 4, wherein

a direct €urrent is su 5. 7. The

met hod of casaauﬁauttnbnngbatf ehéuuargée@ﬂdbngetcmﬁarmn&y Be Bseé tb or 6,
wherein the holdlng gs 5 are arranged_equi distant fromthe positive
el ect r ode S&ndgeleR rﬁﬁtﬁBHrSPtnﬁﬁuﬂééﬂuPPﬁ&l&gféPBﬁIé according to Claim1,

2, 3, 4, 5 6 gbré, Wher %h’&otrla%a%h%ﬁt spedsl b&gth@eﬁbﬁamhg' §i gr5| ¢d out

under one-way jet flow of an electrocasSting solution supplied froma nozzle
33 of a citheulsgriong pmﬁpd@meatfnﬁtéulmaWQY|nb@ua éPetr 6688t kpy.sol uti on

contained in taggﬁggggro%%%hkg%tu%nﬁ r%%e%% %aﬁ h;égling?g%ﬁ% itate the

el ectrocasting s °6m 11 rhe “el'éctPoast N. AYN, . A
N. AFN2. AN2mBodAdenAFwAE2. AN, dAscribed below.

y . Af . ANE. AFN. AN% AN9. AYT #CS+@D. gb].X] ca] ca] ca] ca] cTa] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c& dalé é]EETE&FE@F@&]@Q%@%ﬁC&FE&]@é?&&ﬁb?aP@éF@&@F&a]caU]cal y

ABT circular cross section was taken and set on each
electrocasting holding jig 5 under high tension with the
aid of the resilience of the spring, as shown in Fig. 6.
After the thus set wire was washed with water and
degreased, it was dipped in aqueous solution of a mixture
of Nikkanontack A and B (NIHON KAGAKU SANGYO CO., LTD.) at
ambient temperature for 10 minutes, followed by treatment
with a releasing agent and washing well with water.

Meanwhile, there was prepared a tank containing an
electrocasting bath based on nickel sulfamate having been
subjected to high-speed filtration with a filtering
accuracy of 1 um using nickel balls as a positive
electrode and warmed to 50 % 2°C, as shown in Fig. 5.

Then, each holding jig 5 was connected to the
electrocasting apparatus with the coupling 21, and the
autorotation speed of the jig 5 was set to 70 rpm. The
wire and the nickel balls were used as the negative
electrodes and as the positive electrode respectively, and
a small-size ampere hour meter was attached to each of 22
holding jigs 5.

When electrocasting treatment was carried out
according to a technique in which one rectifier (max. 403a)
with a current density of about 2 to 6 A/dm?® is used, and

electrocasting is terminated automatically at the state of ampere hour



UEAEE =2 A (00~
'E}xsni.d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ERXI Jhi HI & ! . 4RSx} xsni d_Z] ] ca] ca]ca]ca] c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]calc

a] ca] ca] ca! xywwxef L#$Un} xsni d_Z] ] ca] cajgal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calh(12{& Z mn

el e S SR R sl Ll el gl cy

$<$SSUINVREBEKEL K& ') '
a) ca] ca] cqﬁi]&;‘l ca%(%gé] ¢a] ca:’] )(lear‘yc%c % alv%:] ca]p %]C%g'] %g} %ég]cca.%g]eﬁ? % (1:?]2;:% g?%;:

))))) *** 2@ksd 1 eiecirochst products having an average diameter of
, ), pxsnid Z] ] ca] Ca'% ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] cs\]pca] ca] ca] ca]ca] ca

] ca] ca] ca]aRq & A% & AYEeHxH ) enggrhy ot 40 KEP-was_///00] 11

112233P3b ] ]G aleal cal cal c

a] ca] ca] cg cai a| ca %llg] q-g% ‘(?Z% a&} 4-]] rga 1?5] gGI 632% g?él 7](?'(71:1272.]7(7é ]2 8L8v]888]88

electrocast products, and they were free from biased

; ; ; & wehe Y]] ¢

ca] ca] ca] ct;k} R IRTIRS a] éa} ca af]i % ch] ¢a C@J ?%52"]“ aa]orc%]l:%a ggl?gg]?ga]@g%]@
AB AAAALNCHRDBREE xsni d_ Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

]ca]ca]ca]ca]ca cal ca] calcalcalcalca]calc a] ca! B8CIC CvC} CxJJJI>QKQRQSU

qWANBA <A™ O, ek %ﬂ'ﬁﬁ)‘%ﬁﬁf} t]n Pﬂ‘l ‘]%a‘]%%]%]]a]tclﬂrbaﬂ%] ca] ca] ca]calcalcalc

a]ca]ca]ca%f &ﬁ%é&ence at 40 mm intervals to form V_grooves such

ajcaJca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] cal qgrstt uTu] uuvvvMK"r<""" e, ekkkl ?

| nnnoppq} xsmed_Z1¢ | cal @ 8 e cedmad e valac] c ajuh] U cua|wiaeajay] ca) cal ¢

rhon &7 borlgglat s snleal s aseplon e B oGS LD
10% & () - whd@% e (9 1ddOPfa - TEoaOg & ¢ ) bHO% Ko -tHD K & {JovdB/TWaVK@

109 10( 10( 10( "<109% & ()-1S8T 109%& ( % y3 6109 & ()-F. 109%& ()-! Y&
109%F& () - ENF 0 HBVIGOCADYUP I BIDUDRS (JTORaPoanq )the wire 'is no

%ggggkf%)zggggggﬁ-f%l?&&@@xbﬁ)m§5ﬂ9d§§g(%fsiﬂg-rggﬁi%ég@ gOMes, for

example, with a grindstone cutter, a centerless finishing
machine or a grinding machine to a diameter of 1.25 mm and
to a length of 6.50 mm to give MU type ferrules as
finished products.

The products manufactured as described above were
free from decentering of holes and were acceptable as

single mode ferrule products.

Third embodiment

Fig. 6 shows details of another embodiment according
to the present invention.

Meanwhile, the apparatus in the third embodiment is
composed essentially of a jig fixing structure 26, a
holding rod 16, a free rotating section 17, a pulley 27, a
belt 12, an electrical insulating section 19, a negative
electrode spring 28, a coupling 21, a holding jig 5, a

spring 7, a wire 9 and a clip 22 and an ampere hour meter 24. The

holding rod 16 is



+10%0& () -3l % 1096% () -! 10%08& () - 10%& () -f BCDERXbC 10% - W 200
YSI0% & ()- "10% & ()-f 100 100 100Y910%& () - YS810%&' () - Y@g 10% & ()-f Xu
'}[M?1 10 10 10'& 10%& ()-8! 10% (& ()-8! 109& ()-8

104 & ()-8F10% & ()-!.4wdEM?1 10 10S 109%& ()- | z 10%& ()-YLz 109 ()-VYz
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10% & () - welded to the circular jig fixing structure 26. The

holding jig 5 is allowed to undergo free rotation by the
free rotating section 17. The rotation of the belt 12 is
transmitted to the pulley 27 to rotate it and further to
autorotate the holding jig 5 through the electrical
insulating section 19 and the coupling 21. The holding jig
5 holds a wire 9 under tension between the clip 22 and the
spring 7. The electrical insulating section 19 is brought
into press contact with the negative electrode spring 28
to charge a negative current only to the lower side of the
section 19 to effect electrocasting with the
electrocasting solution 23 being at the liquid level as
shown in Fig.'4: '

In the third embodiment, it is possible to obtain
single mode ferrule products free from decentering of
holes like in the first embodiment and to adjust the
ferrule diameter automatically.

Here, the autorotation speed of the holding jig 5 in
the third embodiment is suitably about 10 to 1000 rpm.

The wire 9 employed in the third embodiment is
suitably selected from metallic wires such as iron or an
alloy thereof, aluminum or an alloy thereof, copper or an
alloy thereof and a tungsten alloy; such metal wires
having on the surface thin solder plating layer; plastic
wires such as of nylon and polyester; and ceramic wires
such as of glass.

In the cases of plastic wires and ceramic wires, the
wire 1s essentially subjected to electroless plating such
as with nickel, silver or the like so as to impart
conductivity thereto on their surfaces.

The wire 9 is required to have high accuracy in terms
of the diameter, circularity and linearity. When the wire

9 is obtained by means of extrusion with a die, or when it
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values can be adjusted by means of drawing.

The electrocasting treatment is carried out in the
apparatus as described above by supplying a direct current
with a current density of 4 to 8 A/dm* for 10 to 20 hours, such as

current is stopped automatically at the stage that ampere hour meter, leading current for
electrocasting, designates appointed value, to effect thickening to a rod having diameter
of about 0.8 to 2.8 mm. The thus obtained rod product is taken out . from the electrocasting
tank, washed well with water and dried. ’

Depending on the kind of wire 9 selected, it is
decided whether the wire 9 is pulled out, pushed out or
dissolved with a chemical. Generally, those which hardly
dissolve in chemicals and have high tensile strength are
pulled or pushed out; whereas those which dissolve easily
in chemicals are subjected to dissolving.

In the case of iron or an alloy thereocf, for example,
the wire 9 is treated with a releasing agent, and after
electrocasting is carried out to effect thickening of the
wire 9 into a rod, the wire 9 may be pulled out.

In the case of the plastic wire subjected to
electroless plating as described above, it can be treated
likewise.

A stainless steel wire, which is an iron alloy, is
preferred among others.

Referring to the machining treatment after pulling
out of the wire 9, the resulting products can be subjected
to finishing treatment using a numerical control unit, a
centerless finishing machine, a cutter or a polishing
machine.

In the case where a wire 9 soluble in a chemical is
used, there may be employed a method in which a rod-shaped
intermediate product is formed and then cut into pieces

roughly to a predetermined length, and then the wire 9 in
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presence of a through hole in each piece; or a method in
which such pieces are subjected first to machining and
then dissolution of the wire 9.

Meanwhile, as shown in Fig. 7, there may be used an
elliptical or round electrocasting tank 10 containing a
space {(opening) 30 having a shape similar to the outer
shape, in which rectangular pole-like titanium baskets
containing nickel balls and contained in polyester fiber
electrode sacks, respectively, are arranged alcng an inner
wall 31 or an outer wall 32 with no clearance to carry out
electrocasting under one-way jet flow of an electrocasting
solution supplied from one or more nozzles 33 using one or
more pumps 29 such as circulating pumps and filter pumps
so as to circulate and agitate the electrocasting solution
in the electrocasting tank. Utilization of this method can
solve the conventional problems that the work environment
is contaminated with the moisture and acidic gas to be
generated by air agitation and can ensure agitation of the
electrocasting solution with extreme ease.

Further, as shown in Fig. 8, positive electrodes 4
may be arranged along the inner wall of a round
electrocasting tank 10 containing in the center a
concentric round space (opening) 30. A Dbearing 36 is
interposed between a supporting plate 34 and a base 35,
and the holding jigs 5 are autorotated while the tank 10
placed on the base plate 34 is turned at a low speed. By
employing this method, variation in the diameter of the
resulting products can be reduced, and agitation of the
electrocasting solution can Be assisted by the rotation of
the tank itself.
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wires and the like can readily clear the extremely strict

center hole accuracy (acceptable decentering: £ 0.5 um),
and intermediate rod products having perfectly circular
cross sections can be obtained after the electrocasting
treatment. In addition, variation in the diameter of the
products can be reduced. Accordingly, not only the labor
in the subsequent machining step can be reduced notably,
but also the quality and yield of the products can be
improved on a wide margin and the electrocasting work

environment can be improved simultaneously.
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electrocasting tank 10 using at least one wire 9 such as

of a metal or a plastic as a mother die set in a holding

jig 5, and removing the wire 9 from the resulting

electrocast product, wherein electrocasting is carried out

under rotation of the wire such as stopping automatically electrocasting

at the stage that ampere hour meter leading current for electrocasting, designates appointed

value while it is maintained static in the longitudinal direction.

2. The method of manufacturing a ferrule according to
Claim 1, wherein the electrocasting treatment is carried
out in the electrocasting tank 10 under autorotation of

the wire 9 together with the holding jig 5.

3. The method of manufacturing a ferrule according to
Claim 1 wherein the electrocasting treatment is
carried out in the electrocasting tank 10 under

autorotation and circulation of the wire 9 together with

the holding jig 5.

4. The method of manufacturing a ferrule according to
Claim 1 or 2, wherein the electrocasting treatment is
carried out under autorotaticn of the wire 9 and also
under rotation of the entire electrocasting tank 10

containing a positive electrode 4.

5. The method of manufacturing a ferrule according to
Claim 1, 2 or 4, wherein the electrocasting treatment is
carried out under autorotation of the wire 9 together with
the holding jig 5 in the electrocasting tank, and the

treatment is stopped automatically at a stage when a ampere hour meter
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predetermined watthour value so as to achieve diameter

control of products to be manufactured.

6. The method of manufacturing a ferrule according to
Claim 1, 2 or 4, wherein a direct current is supplied from

a rectifier per holding jig 5.

7. The method of manufacturing a ferrule according to
Claim 1, 2, 3, 4, 5 or 6, wherein the holding jigs 5 are

arranged equidistant from the positive electrode 4.

8. The method of manufacturing a ferrule according to
Claim 1, 2, 3, 4, 5, 6 or 7, wherein the electrocasting
treatment is carried out under one-way jet flow of an
electrocasting solution supplied from a nozzle 33 of a
circulating pump or a filter pump into a electrocasting
solution contained in the electrocasting tank 10 so as to

circulate and agitate the electrocasting solution in the

electrocasting tank 10.



