;~e3e'x 'u4: 6T PY'r - 1 SPEC FI CATION *@00002* METHOD OF MANUFACTURI NG
FERRULE TECHNI CAL FI ELD The present invention relates to a nethod of

franuf acturing a part in a connector or a device for an ommﬂ"m:ll’mmwm whi ch
part is disposed at the center of the connector or of th i hol d
the optical fiber and is called a ferrule. BACKGROUND ART Consegti onally, a
ferrule is in the form for exanple, asi shown in Figs. 1(a) and 1(b), and

is usually fornmed of zirconia ceramics. Fig. 1(a) sho a single-core type
ferrule 1. To take an actual prodgsgc{@fciPahance, |tvﬁmw”mmﬂmrr shape
so has

havi ng a dianeter of around 2 nmand a |l ength of aroun
in the center a perfectly circular hole 2 wwth a di aneter wboo@round 0. 125

mm Fig. 1(b o] p | e, and actual products are of
like 1 dingﬁéﬁgﬁs&§N@%ﬁ§ﬁ?§g?ﬁ5§%a§%§§6§%tent Appl i cation No. 375372/1998

filed by the inventors of the present invention proposes a netallic ferrule
manuf act ur Si a | such as nickel by a nmethod in which the netal is
subj ect ed fgcgwéggPoEggiﬁng using one or nore netallic or plastic wires

as' not her di es, thel bewednby inReAtNbAJrofatde f&salhéng el et rocast product
after renoval of the wire or wires. According to the above patent,

el ect rocasPRRYIASTHABRENENPEETI Anaf GEDAFGERYS,OF 0¢ @xaher efoBmsahown
schemati calby;101Fe9ne?, WMREGnSBECET1EaL] ¥pold® PP A YSnter of the

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 l(b), and is usually
formed of zirconia ceramics.

Fig. l(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. 1l(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



- 2 is conposed essentially of an electrocasting solution 3, positive

el ectrodes 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 basket, are placed in the

el ectrocasting solution 3 based on a war#ed nickel sulfamate or the like
and are arranged in the four corners of a tank 10 of the solution 3 to
surround t hes hotripogedi gsSenthelhgl dfngnj efeStrobashing setutinon hg, center,
is provided mﬁt?.the feggtige ehectrgdﬁ 8. The wire_9, such aE a. st ainl ess
wire, is fiReutbVEne ereEPP58e%s AnfACLELRE| AtQi Red®Bindet 2Bh5FoH'By the
spring 7. Anditeeterusreptihg 96Nk aepassvebheleteebnodes LAdCa=Iy¥nQth

el ectrocasting under feeding of a small _anmount of air through the air
agitating n®ZzVere. dHodBvERCOWRhiL® Kéfhod-i nvol ves the fol |l owi ng probl em

vari ation in cur£gntpgapeyhBgeBr ARERLES rBLrCBBLAEL $o0L betrapOshli Ve
el ectrodes 4 disposed ih the Four corners and cavities formed by [ocal

pl uggi ng wi eachhkavin@ehibiklsbiadlsheoposinedeinl aceydindricate mainly
causative of . biased wal hi ckness i n .t he ar requent!ly. Thi in
T causebiRRLiPePRREch! AR ROPESCraR: haP CrpohERRa Y cREME T OB Ccur s
in the el ecBrpgast paArhi earmedeniexwlt sugrendtshapedhel egkeogaat apeoduct
fails to have a perfectly circular cross section, causing difficulty in
machi ni ng mﬁFEﬁngﬁglbﬁst§§ §PPér§P68§§§iﬁﬁ.aNBFQBVéP,OSigg%dsPﬁPEk%ﬁing in
the el ectrogagh pArtb@Ad RHUCES1@ANgNLeGN8l, stReSsoldadg f{eguentldy; dipads to
bending in the resulting el ectrocast product. This can cause decentering of
the hol e atighéeti #® ShesgbségFent snechivhdag bitBanhAaRegeRévVer oduct
unprocessab Az :haole i efi i errul e, an
extrenely s%??gfﬁggﬁtgf xgﬁg géggrgéygFéﬂggﬁegaé*%E%%%g%gg%*%be%%issibIe
decent eri ngfiabduto 6hB edpctHode iBnweakves siagnichicadt updelsl érssiant he
quality and_t he cost _i.n t?at gcgurrence of decgnterigg of a hoée in the

el ect r ocast P¥g “pFocBE& 8ar ‘maRe EERTE FRETEAE TacHTAF n3~bPSt he" % esul ti ng

product exteesekyoteeubbesare i Buaf lalkpreeessitngy ARdexcessyagdegr ge of
decentering of a hole, if occurred, will nake centering and machi ning

i npossi bl e. SRBaRWAIPENTt Ré Faill (& TUT0BT& AAg 2§ pEILEet PPZErchl ar
cross-secti ga,addit i @RAk! k@Y e% AYRXhd REELLR:SR Reobigat ment by
nmeans of lathing. I'n addition, since the electrocasting solution is
agitated mainly Bpraktiag tat icovwremie catrmysplie paopr rithe swertk shopacsads to
be extrenel y hym d. _SQi.nce t 1 dj LY 4 S5 idi.c, er, ayv n

pr obl ens th§€ #Feigoﬁﬁﬁéﬁf ?@%@ﬁﬁé@%ﬁréu§r§§°?%dtﬁ§ gé%igﬁggtggﬁgggsand
that it deteandoratesikise foatdedemy rNeumntp Hugyiagewatar $hefFuikchked, a single

rectifier generally sends electricity to aboyt 10 to .3Q holding jigs 5 in
manuf act ur 6 BScot it TG PERC- O LR RGREr f 63 SRS Yo FERERY AHRORG ¢ he

hol ding jigpidéed @adar kOSicKheds tife ttRNteatlcs rbleseoia rites W@ nitn ygr eat
variation in the thickness (dianeter) anong the finished el ectrocast
products. ME&dEhi L& C8ifRce e ashidaafase dnd RE (thienh@de -el ect r ocast

product hel d on &1k ¢ Hakl i iidieiaaseddad Rredgter m ned

dianeter, this causes waste in the electrocasting tinme and waste of the
el ect r ocast iedg avetodia sén @ artkedn medte ey lad ngf red-Fheeess iedg aurogsisésone or

ool FRUEY e AP, 1 okl A S R B AL et o1
of nmetal or dawsingkeliiffivsadvasin machgpring 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.



- 4 a'nother die to effect electrocasting and then the resulting

el ectrocast product is machined after renoval of the wire. Mre
specifically, it is an object of the present invention, in the above

nmet hod, to notably inprove quality and productivity of ferrules and to
reduce on a wide margin the cost of manufacturing them by inplenenting

el ectrocasting w thout causing biasing Bn-the wall thickness nor bending to
readily nmeet the extrenely strict center hole accuracy (perm ssible
decenteri ng degWeen a. holeSismcandeobtdinednihnhefsediuate and product
havi ng a perfectlégclrcular Cross segtion after the electigcastlng

treat nent, SBY TEMEpEnSI R i CROERE SPEEi AFEVARFYagPt SEPBR3LANsat i ve of
various traubl, %ﬁe@nq§§¥pa§gﬁﬁhggd%@%h@EEQﬂgs aFQﬁtd#aaegeémﬂ”Dnﬂut§e

products so as to sa in machining ter-procéssing on'a w de

mar gi n. Dl $ak-oSuRkE @EgﬁHEleHEN$k6Nlbmso&dethboqahuatp the aheveosenti oned
obj ect, the present invention enploys a nethod of carr inghout

eIectrocasﬂPn§h§§aPﬁ§P§ﬁeF€§ GﬁdQFCFBFSFFBH PhefelPle fhey are

mai nt ai ned «3leRitireoda® thifg peagielkydicaal Q‘k"ee@éh‘%@%lh@ BhEVeRktnRhasigngsi n the
wal I thickness of each el ectrocast product, as well as, bending and

varlatlon|ﬁ$Qiﬁ9%%H@%mB@69d@%ﬂ eKSERARSYS tEREPEEEOMEhdnmatked —of t he
present |n§§g; %@ﬂ%ﬁplOXﬁ ekBeBLAGE Q%F?EE 39'&@&&8@e9£n&h8f|ékﬁolgnv'ng of

the wires e '8 ectrocasting solu as necessary rect
variation|uftducuhnﬂdﬂ<wlhﬁnmm}dImemmamﬂmgtanhymﬁ&hungnqsam@bsala&pere hour

nmet er such qul urr IS sto aut omati cal ly theé%ég ge that
anper e hou §reddi®h eentmf é’l*é‘éﬂgo@a&elrﬁ&‘:t é(str]f 82ppoi nt ed

val ue. BRI EEJQ@S@@&E&!\I@&HB@%W NS UHIr@s Jaba)exsc&qmr@x@fqm&m&@ctl onal
view and a side - view of a ferrule according to a prior art nethod;

Fig. 1(b) SHR&ReRY d%hé-f%e@é’tﬁ sfallaihdRd%nd a side

In addition, since the electrocasting solution is
agitated mainly by air agitation, the atmosphere in the
workshop tends to be extremely humid. Since the humidity
is of acidic, there have been problems that it is likely
to cause troubles in the equipments used and that it
deteriorates the work environment for operators.

Further, a single rectifier generally sends
electricity to about 10 to 30 holding 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 wvariation 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



view of another ferrule according to a prior art nethod?&Fngfic?QCai—
schematic constitutional view of an el ectrocasting apparatus according to a
prior art method; Fig. 3 is a schematic side view showing an el ectrocasting
apparatus according to an enbodi nent of the present invention; Fig. 4 is a
side view show ng a schematic constitution around a holding jig in a rotary
el ectrocasting apparatus according to the present invention; Fig. 5is a
schemati c plan view showi ng an electfbéa§ting apparatus according to
anot her enbodi nent of the present invention, Fig. 6 is a side view show ng
a schemat i meisy e GP &GARE e lestdanpgtigd mnd rtdtedr \Ehél ect rocasti ng
appar at us acgor.di Aangt 3ﬂﬂﬂﬂi nt (W hone Fig. 7
shows a pl%nsq'%tce&vl\’/{bgnet&%a Si é'le]ae{:tr Ss- se%i‘osngia%hq\?‘ie[egwea(s)ﬁ%arn Ile%}ﬁ%garloc%gsti ng
t ank accorthewgvime andiolrer seelcadiimaAtl yof itthé sprasebtjecnvedt tba: and Fig. 8
is aplan view and a side cross-sectional view show ng an.electrocasting
Lank accorfiTETD YREHRENLT MBI ER = SRAAGY b GHIRR et 54 Suhi ch
el ectrocasqudloi tp &xed rgestidi +ix ¢ Nef ef ety oA d ayddudadern rot ation

t hereof . BEST MODE FOR CARRYI NG OUT THE I NVENTION In order to explain the
" present i nYERRiBACII N RIGIPL BIPIERF RS | BRAT dHE YIRS MING  be
|11 ustrat egh L & 6604 €aNE GRSt hea @ 44t RS, SNOW Ng ,
enbodi nment s. aaaA=~~~1". I'n the nmethod of manufacturing a
ferrul e actiekness nehedPrEsRAMt £ Nvddi on, metierhe | et raitsdst iStgriat car =i ed
out using at _Jeast one wire 9 such as tallic wres, as mot her_die, the
net hod enpfoys=a %ggu?%c?ﬁa%}ér h}?ﬁb‘—%%fb@? LT TG %\%‘e €Y dtation of
the wires § s ey ed0d Copiden rES WAL NG AL OGS o HARE In el Lher
bi ased thi ckneSs nor bending, and fthis causes substantially no decentering
of hol es ipetrhectlegctincadarpecodsist sedhion oslifhapeche né keoexh @t £t im@duct s
obt ai ned a terteleﬁtroca tigg gach hayve ahgerfectL% circul ar, cross section
and vari at FoneIRCEhe BY arbtRFRBHY hE FRdE R arP Bt FeTuRel. 29 h %EH??ion,
agitation ekukheiekectrogasbusgtsobblednaga@noPersactingabetiasimeeis he
present invention enploys a neasure in which agitation is achi eved by
forced cir&Orafi-8MeEr=t RBOREQHRE, PAREUFLFt RRr28ohP affhidit +8PCHI 1R he
el ectrocashpg: WORKi BY §RYLEOBPBREsEaAgPEnPLEeYERE eflarELAST enbodi ment Fi g.
3 shows a schemati ¢ constitution of an el ectrocasting apparatus accordi ng
to an enbodi rent of the present invention. The apparatus is conposed
essentialI%I%EnguﬁheB%rggas&ﬁggN§ngtion 3, positive electrodes 4, holding
jigs 5, a negative el 6Ct -ode 8, ~an e ectrocasting tank 10, a chain gear
driving notor 1In arbekt td2ata&akal dnegapbgedmentihgnedt objé8%, chaen gears
14, a chain 15 and.anpere hour neter 24, Thg e%ectrgcgstinghsolution 3is
charged i nf§ K& e FEYEPSERE: PR YRk *18°5Ra% STwarred > Fi PP&red and
agi tated. Alddtecicasltanly agaduskentires saAkragboasibhetpeskebifyewRliget r odes
4 and the negative electrqode 8, and the rotation of the chain gear driving
motor 11 i $EYalSH Meed o e SERELR §Bar8e14ORAGHER e BBERETE9TF0 enabl e
the chain 1% tRidnUlAlR ihhe iRokdieNGalln 0% hisRnkhat of each

electrocast product, as well as, bending and variation in

~—~——~ r -

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.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. l1(a) shows a cross-sectional view and a side



the holding jigs 5 can be autorotated on the axes thereof respectively by
the holding jig driving notor 13 and the belt 12. The el ectrocasting
solution 3 depends on the material of the target electrocasting netal, and
for exanple, nickel or an alloy thereof, iron or an alloy thereof, copper
or an alloy thereof, cobalt or an alloy thereof, a tungsten alloy, and fine
particl e-di spersed netals can be enploxeg,_and there can be enpl oyed an
aqueous solution containing as a maj or cdnponent an aqueous sol ution of

ni ckel sul famate, nickel chloride, nickel sulfate, ferrous sul famate,
ferrous flult8HoP4t & LESENeR BFFOFRdEFha&Ce2 PERPEr 3%kl PeEBCdéopper
fluoroborate, copper. fl9r anihisCal &rocIRRRELLHANOLYLANLUA 2CORRE

al kanol sul fonate, cobalt sulfate, sodiumtungstate or the |Iike, or such
aqueous sol wtieons feanie tbem dieirng emaccopaiinigc toate psiiloicc entcmebhde;
tungsten carbide,..horagn ,carbi de, zirconium oxide, silicon ni.tride, alumna,
di anond or the IiFk 'd%sf)'esr saeg%'?’ﬁg‘i’aé:ilﬁ%. cloﬁsﬁé‘)rétlﬁ%&&lng}, Vg'ef)qatgﬁ Bdsed on

ni ckel sul f @i rox aselilngs Wippad aitli st @ctd rafingase ef pelieet netamkithgd;

di versity of physical _properties including hardness, chem cal stability,
ease of welding, ft%. It & (f(gg’i"ﬂ“\é‘&ltchétldt%é’lélweéﬂ"r%’é&gt PRg solution is
filtered at ¢a oltieahh R GMalpaF afthlst Qe RAWiRG &d Idn! @mibdgiaeayr 8¢y tak about
0.1 to 5 Eun, and is warrmed to be controlledto have an optinmm tenperature
within the PIFFENS EYGRTC1ICPE, that the el ectrocasting solution is

subj ected fromti tq tiJre tQ {4 &al q}agtho\ggitnbg actdyated garbon so as to
renmove organic inpurity contents and that netal” inpurity contents such as
copper are reamEdUniahampung & dctidicid yjiw tim & Imowacyr rent density of
about - 8 0,2 Aldm_.across a nickel -plated corrygated iron sheet serving
as a positi e T ode Bh FPR & BEh é‘fr)o\ﬁ gagc’a g&tiSPETS ectrode. Wil e
t he positiverptegdirqagdes 4 depend on the target electrocasting netal, a
suitable material_selected fromnickel, iron, copper, cobalt and the |ike

is suitably used 5481 he ¥orim RS F-BaMSY IS HETae where balls are
used, they alg &GO d1thd dddAiuiNRATel S ARG e dask e Rliterver ed

wi th pol yester woven sacks. Wile the positive el ectrodes 4 are arranged

al ong the wetf Wie toresE@rdctyrotadiang tank 10, the arrangenent of these

el ectrodes aye noEtig} o] éae,% 'am%ﬁﬂe thelpts, VPLH t;e chceqt{}’fgle%arranged, for
e:canpi e, in one or°nore 1ocat’ions ar ound The denter 6 e~el ectrocasting
tank. Meanwhidrestigitisdn aremard ke modrdhired g dy aresotsamf air, propeller,
ultrasonic V\@\F;%% super_vi bration, etc. However, agitation can he onmtted if

the orbital o TS ARRAAHT A HtQ HR R SRR iete

increased angkifnd pidddg H-RMBIMdVe is added. Fig. 4 shows details around
the holding jig 5 according to the present invention. In the constitution
shown here contaifkg- a/ cHAWS gedtlay Vievt it a5ide HIWTFeTdorel a free

rotating secyion Jdd. a2 égﬁﬁétg& & el te A-Sleald iCRladsidating section
19, a negative el ectar ode bar 20% aqu:&c)up%g 21, aqt%ltglc?nag J1g 5, a spring
7, a wire 9 empodintitp @R tlhepreneant cmwdntienchaid gear 14 is designed to

be transmitted to.fhe ' 0 cifrcu e the, hol di i1g .5 thraugh the
hol ding rod 16 V\g?ld%d ?I(;laslf hrae]p?harl1 n&ll%'?aaln@t% a ?%vﬁ%ge]sq_héo %‘ilnogn% gv %o
under go i dl esisguiriidg ngn Ve Idct hecas throf tdrek facsordimg i thy Sectpasent The
gear 18 recejves the circul ating notion of the belt ]}ﬁ to rotate and to

allow g ‘PYRREHTAi FRPTIRT (T AR GHBRRE 1 nh R U $hee kST 09
insul ating sestiprifq anek tire ©oaipd1d@e 2ddcadtiendot £hdudddlr Sedwd hsord Wire 9

under tension between the clip 22 and the spring 7. By setting the wire 9
in the hol di #eF®9f5 in this

BEST MODE FOR CARRYING OUT 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.



manner, the wire 9 is autorotated and circulated integra

holding jig 5. The electrical insulating section 19 is bﬁ%%dﬁﬁvﬂn§5 press
tontact with the negative electrode bar 20 to charge a negative current
~only to the I ower side of the section 19 to effect electrocasting with the
el ectrocasting solution 23 being at the liquid |level as shown in Fig. 4.
Here, circul ating speed and autorotation speed of the holding jig 5 are
suitably about 1 cnisec to 1 msec and about 10 to 500 rpm respectively. A
0.125 mmdi aneter SUS304 wire having a perfectly circular cross section was

taken and set pi efemetesdrotasihbfadobeing 4 e bruleledcdvghidensi on Wi th
the aid of the resilience ef the spring, as shown in Figs. 3 and 4. After

the thus Be BF?eehasiWEehEHON t‘ﬁh%ﬁ e?i%%ﬂ-%%@?%a%%dls ‘Ea?/ﬁ'a"‘se%%ﬁed in

aqueous SB% ubbon: of e A fl Xhalr @1 0F gi kkanons apk: £y and it £ HON KAGAKU SANGYO
CO., LTD.) at anmbient tenperature for 10 m nutes, followed by treatnent

with a reMeaBEngdagethanﬂeﬁhgﬁlﬁ@D%eY$ i MeATRESrOf NBARWHINE® Olther e was

oreparcd §1180kccoDLeLy) DD SLeELioeest! 00, el bybaged N AKS, Sulfamat e

havi ng be jec Spéee ering accuracy of
1 ~un~ u5|ngenrekaltbaglelastaopasttpvedetechasdneanmemabnmmbdo 50 2C.

Then, each holding ji 5 s connected.to the el ectrocasti apparatus with
the coupl FAgS %Qe?g bQ?rQeﬁgfngreéPﬁoEﬁéflﬁ@uﬁffhsﬁbﬁﬁ??gh?fﬂ%ﬁgfty of about
6 A/dne f@ecenBerifA\g~bf) hotebO0@nVthe bDlectlob@UtSprsdebtas mweisR-hour
meter 24 designates appointed values, and orbital speed of 5 rpmand an

autorotatFBHP§SeéBtSF“§96aFEnPéﬁGuﬁﬁﬁuPEEPuF%dZQ BPECBICBFPERE SHRed

ni ckel el ggkhogask Br gey%étwb@gcamaaVELag@ diapebgl @hgabout 1.5 nm and
an average |ength of mm uSing the wira and the ni ckel balls as a

negative &lagdetéea andthepdsépmeverepécthedepdsespacbrvebgucedri dition in the

diameter agang, Lheos 22 8l el cacast. gigdusta ues o Ll 0-ihe angg of ~ 0.2

and they were’fr ron1bend|ng an y“CI'TCul ar cross
sections. fEadhlebeeﬁroeaatepmmduptewaststhVeatléﬁ amp&nyeraaMSaamﬂemas

br oken al gn e.slits to pull out .the core wire, follo b chi ning of
t he resulﬂpgéaﬁ Qcég YRS OBy Afp PERIRIVER RYgfPREEF0RES EH FEFOX rTgenterlgss

fini shing yyechiieeidnd addgreuRdineg FaekhRenteiandbaneher of 1.25 nmand to 2.
length of 6..50 nmto give MJ type ferrules as finished products. The

products FHRFEOCHSEE NEs WRsSErioh G VABONESREr E2Pr 88 PEENFBEEERt eri ng of
hol es and were acceptable as single node ferrule products.

First embodiment

Fig. 3 shows a schematic constitution of an
electrocasting apparatus according to an embodiment of the
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 solution 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 to the chain gears 14 through the belt 12 to
enable the chain 15 to circulate the holding jigs, so that



Second enbodi ment Fig. 5 shows an el ectrocasting apparatus according to
anot her enbodi rent of the present invention, showi ng a case where the
holding jig 5 makes autorotation only but does not circulate. The wire 9 is
‘'set on the holding jig 5 in the same manner as in the first enbodi nent and
undergoes only autorotation integrally with the holding jig 5 with no
circulation. Meanwhile, the apparatus4i n the second enbodi nent is conposed
essentially of an electrocasting solution 3, a ' pos' tive electrode 4,

hol di ng j.i.gs .5,, nhegat.i.ve el ectrodes 8, an el ectrocasting tank 10, a hol ding
jig rot attil’%g r}?d'tdg't“% 1ass 3—_ﬁ:)a_nl %-a_u-th’talti?,d Eh&e PEEs, thggErs hour
meter 24, rdufd@isredy dY thd HA diing B PldiGtivge mRorTh8 ahectihacasti ng
solution 3 maszgoured into the electrocasting tank 10, warned, filtered and
stirred. B8+ % His state, a direct current was charged, in a well-controlled
manner, acros it lect qﬁﬂ gati (e, e r.ades 8
connected to ?ﬁgg‘l%ﬁgdﬁé%ﬁn jslrdg:gis ,%rg?jrﬁa%%sr%%r %tn ;ﬁgléeeﬁgre-%%?h t he

wat t hour afettdre 2 rgeds pdetd trmica s tRing meatsd r girat ifor @fxampdehol ding jig
rotating not,or, 13 s t.r.ansmi,tted fhrough the belt, 12 and t pulleys 25 to
t he hol dinn3gc}?ellgso%m%onar%el(aﬁ}é?r}eore[%% jlirg iozr{iar{‘g ag‘tlroﬁ’cttglreerefg%to ef fect

el ect r ocasdppegr wWitlein alllawinaidmonf ddmalwlad nth jd1g o thdieiors avhen a

pr edet er mi ned watt hqur vahﬂﬁd;s achieved, the electrocasting treatnent is

st opped. CURTRERD @t Voadihd S RGN 3§ 1HHIRE SO ME o faferR i s the
same as idhdteyddsanr dferd idst 185 emP y@tan A tdontitalgpetrode 4 is
sel ected li'kew se fromnickel, iron, copper, cobalt, etc., and a plate or
bal | s madecnfasuictd il & itd X% Cqmp@)enuidmiFguasssd. sqltutiiondesi r abl e t hat
the positjyve g eﬁgffg iS4 e 1 : the cir jig:
fixing st#lucg}fﬁj?e ?Igatéeé %%@f%\t%ﬁ@l%eg{uﬁ%%@ng%lr%%'dllfetgxao{%ge hol di ng
j19gs 5 toswbfamate, chnstam £lweotohoeste ngcoEmier; @y mapisdspitatd,aneter and to

conplete the electrocasting treatyment substantially sinmultaneously in all

of The noTTRRGT | T UL Ere hGRRTS THE TORIT TN GIORFRE posi t v el ectrode 4 s
not |imtetdfodhlscdos) taStbebutl @opdtiBdniom Ofcdsdd i ve el ectrodes 4 may
be arranged, far e:canple, along the. wall of the electrocasting tank 10. In

const i t ut #bhapPlEFet Crtohd EPRAHT N LaTE/ | SOHHT rEHIES RAER F WS hour
meter 24 i syusedy p@&c}@%(?ﬁ&gui | go By fhd Nl Somdd srsi rectifier is used
per holding Jig 5 so as fo facilitate current control. wever, the 0 ~a
~~-i ~ ~'micrgparpieskate i siehtdénncasbihde, ntwessen |gatbhide edoaxen hi s
constitutjion, . but -size regtifie be used to 'send electric
currsnt t%aﬁ%hggho?gf%%ﬁ%‘%gsgﬁgﬁbr%fi“;%ﬂaﬁf%’flbf%’ti%?;lu%lpneae’d of the hol ding
j19gs 5 indibeosecondteebbikeratt sperseid t alidye abbout 10 to 1000 rpm A typical

manuf acturin rocess, based on the second enbodinment wll be descri bed
bel ow. 9 Bn particular, a bath based on nf%ke sd&%amate 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 um, and is warmed to be
controlled to have an optimum temperature within the range
of about #* 3°C, ;hat 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



A 0.125 mmdi ameter SUS304 wire having a perfectly circular cross section
was taken and set on each el ectrocasting 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 di pped in acueous
solution of a m:~ture of N kkanontack A and B (N=10N I CAGA: ~U SANGYO CO ,
LTD.) at anbient tenperature for 10 mnutes, followed by treatnent with a
rel easi ng agent and washing wel |l witH Rater. Meanwhile, there was prepared
a-tank containing an el ectrocasting ba~!~ based or. nickel sulfamate having
been subj dotZedAdn hhghospeadnirkelaplohnedi chraugate@rinenagletticy oy 1 Eun
usi ng ni ckel a itV de I 2C,._. as shown
in Fig. SES Je{?;ld Zaascﬁa %&%ﬁﬁﬁé}% ?egleelévcgaiqoecoar??;% \eg%r{g%qt tﬁgrgflq'ggt rggcgsti ng
appar at us nddatitvee edeutraue .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
el ectrodes and Vi&‘%t%é‘hﬁoﬁqsiwv(ﬁ ST TIRL IS fle QERFEA) O ks TETIRE- si ze

anpere houw de @5casi iy ddhed (D Sacihidle 2o didlidingdllegtes fReN _
el ectrocasting treatnent was carried out according to a technique in which
one recti fMiFkgvad rAOACARRIF a RRFehtarndbridia \ide difosaitald v6 usedm is

used, and i i r gg%@ automatically at the state of anpere
hour - 11%l e@g ﬁfe:@%# %é%—ﬁéa(% coul onb), the treatnent conpleted in
about 9 0.5 holmsthe qise Wi coekl ofaredisdthpeathay ciel cdngatimedast
products having_an. average .di aneter. of about 1.5 nmm and an .average |ength
of 400 rm *Trhet e E gziﬁ)sgiea%?iadﬁytkh% %%egﬁ off § FHE S &t %t\ﬁer ancrg these
22 el ectr osabye ptofiuedvan gk khey were free from biased thickness and

bendi ng and had _ perfectly circular cross sections. Each el ectrocast product
was slit on t he"et UMt rRATECaYe /DL ¢Ft FORLT VRI&F & A TTAIHSE =2d¥es such
that the cone Wie SEMBUdISe I BESca$h DT B WMethe VMBS MY drtht0Ws from
the product utilizing the phenonenon that when the el ectrocast product is
bent al ongth®ge \elpobredes tee alett tocketlportdditliearafrokdutaridiathe wipe is
not br oken, f o L oyed, by, rmchi i 0g6f, 4 he, { el (dng, Al eces.. d.ar, e taml e,
with a grindstone cu r,  a center - ess T r_ishi'ng nachine or a grinding
machi ne t coaacdhdnehercaitdr 26f nuhanedl ¢ ot poteginy ofartk 50 Mmto gi ve MJ type
ferrules as finj she%:gj;oducts. The products manuf act rg)d as descrj bed above
were free fromORRRMRETT N Bt - hdot R GFR Ber P Eccehtdbt %Iyl ¥ mode
ferrule praduct sropelérd ebpdsoBNE Th@e, OsShomsy et 2 &n Ofe @Ot her

enbodi ment _according to the present invention. Meanwhile, the apparatus in
the third BRUBHRRentI S2EbPPOSRY BEsER FEPE Vi HItRE jEPFF3d PR iR Are 26,

a hol ding ¢ad 18eofotieloh 0ipLLAToEeEhL Ooldind P &:dTinddElda 12, an

electrical 1 nsulating section 19, a negative el ectrode spring 28,
coupl i ng 2&ndaifiokdphyting Brewespivegid, addedire 9 and a clip 22 and an
anpere hour neter 24, The hol.din..rod 16 is - 14 .welded to the circul ar
jig fixing strugfafe42 .8 edﬁg?ﬁ%ﬁgaf?ﬁn% F%ea?%%ﬁﬁﬁpt%%%n%ergo free
rotati on byctbedingetootntéi pgesenti Onvddtidhwe rotation of the belt 12 is
transmtted to khe ulley 27 to.rotate it _and further to autorotate the
holding |1g 5 t FPOtBR ERRS B ELEHPRaF PHEUPSEF rgoRERtFon 4B (9 Roupl | ng
21. The hohdi,ng khgik D9l dg RoWHERgIrHAdeE, t £NELOE BetaeLRgtdec€lop 22 and
the spring_7. The electrical insulating section 19 is brought into press
contact w tfi-t BeIR@§atPveaePrefrbde 3prPAGCDBIERL chaf gk BiRBgBRFVE R Ur r ent
only to thgol oyehegheevel ciBEr3BakI 87 19P§anééﬁﬁiiﬁéeﬁirosaﬁéiagn th the
el ectrocasting sol ation 23 being at tﬁe iquid level "as shown in Fig. 4. In
the third &igodi menspringi 3, peswibkedt endbaachisi 23t e Thderdatrigre qff oduct s
free from e Lin I l.iike in.the first_enmbodinent apd to adjust
t he ferrulg%%igbéﬁgrgsggoggtﬁga F??gned QO © §ransmlg£Q§ to Qge

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



Here, the autorotation speed of the holding jig 5 in the third enbodi nent
is suitably about 10 to 1000 rpm The wire 9 enployed in the third
enbodi ment is suitably selected fromnetallic wires such as iron or an
all oy thereof, alum numor an alloy thereof, copper or an alloy thereof and
a tungsten alloy; such netal wires having on the surface thin sol der
plating layer; plastic wires such as of_ gyl.on and pol yester; and ceramc
wires such as of glass. In the cases of plastic wires and ceram c wres,
the wire is essentially subjected to electroless plati such as with
ni ckel , silVet® 3}01’[(%15‘%1&99 0 aaé“i‘?fqtrﬁffrtt}‘cr&h’tﬁ%‘cttir\ﬁ tea'%Tcr’fé’F'&a on their
surfaces. ThesMI£ihg se@Efibd eb tahdae Mdiplag@uracy TRet RANEiING §he
dianmeter, circularity and linearity. When the wire 9 is obtained by neans
of extrusior 4% i THr° WHEES ttensiqn berweeppthe clip 22 agd £heet al
wire or a pl ifgWre, these accuracy values can be adjusted by neans of
drawi ng. The ‘el ectrocasting treatnent is carried out in the apparatus as
descri bed above By sigptindigtie diveetd cur rigre helidireg quirg éntinddéisisty of 4
to 8 A/Vdm f t OUl Sy ,. Such as .current s .stopped automatically at
t he stage thlg%m%e?rrb'e&e@%oﬁy%re elr:sS ?%aod‘iontga%ceuareraéjncl For© agcc Ci?ocasti ng,
desi gnat es appoeqt &l wakiteh tioe eidBfing hjickening to a rod having di aneter
of about 0.8 to 2.8 qg&?The.thus_obtained rod product is taken out , from
ank;

the el ectrocasti ng% CoEsFRt WTH GNP RAShd Ui P BEENEITP on the
kind cf wrep,fese coptLsls with Strlechded WethelcdAids 24 SPWHAGOUL,

pushed out or dissolved with a chemcal. CGenerally, those which hardly
di ssol ve in &hegehl s afler mene Pnlyhte efis [lowa? enigish &f ehpuldtEIAN pushed

out : Wﬂereas}%hgﬁeefﬂ@é&@ogiéé&e!@a?@ﬂ&ywi{&b;af{é%%&;@aé&m cted to

di ssol vi ng. e case Iron. or an a or exanple, the

w==a 9 is treatediont3 abebhgast nghagkiquidanikedl eas edremin adcasRiqg 4 s

carried out to effect thickeni of t:~ewire 9 into a rod, the wire 9 may
be pull ed out. | ngl?ﬁ%’ c%%@c%?agﬂﬁgpf%ﬁﬁ?ca%g rA AT B R t PR otﬁb s
plating as destdihedjapovearétseavabBytawaiedl loh) ke 6€.1 Ansddd dess st eel

wre, whichis aniron alloy, is preferred anong others. Referring to the
machi ni ng tre8PHentOafPerOPuFPRngreeReeFiY®eYwire 9, the resul ting products

can be subjected g0ofinsShinDg: bnEaE FESYSHGL NG: fe WIRIASA COPELO I gNi L, a
centerless finishing machine, a cutter or a polishing machine. In the case

wher e a_mﬁre?@r§bl&bl@rPﬁSaSeEéhPCaFa§stﬂb@m,am@e$§tnaw ¢ecenpl oyed a
"o picocs FRUGRFyC s hag, DathLit ned T crorre Gnd kel TS ISR
- 16 each paédeoEstdessebuddentel bowede bypmandj nasigshisimgia higerigal
1 cach pi ece™of-a RETHOdTh WNEI SUCH 1 ci Ui ot ST A0
machi ni ng andeyheasdissatuvhendoppbheimi 6ulous 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.
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



Meanwhi |l e, as shown in Fig. 7, there may be used an elligpkg@fﬁdngbgund
el ectrocasting tank 10 containing a space (opening) 30 having a shape
simlar to the outer shape, in which rectangular pole-like titanium baskets
~.contai ning nickel balls and contained in polyester fiber el ectrode sacks,
respectively, are arranged along an inner wail 31 or an outer wall 32 with
no clearance to carry out el ectrocasting under one-way jet flow of an

el ectrocasting solution supplied fromonre or nore nozzles 33 using one or

nope punpy KSir§UsRRhass Shpersl il mgetQudp esigehtés hfpeintpdivakieso as to circul ate
and agitaf@ &?qapgﬁggrngg%lng solution in theg ghegkrggggtbggtg?ﬂ -
a e

Uilization thi's net can sol ve the conventional problens

wor k envspeadenﬁ L8 0copmagndamedufechurhe2dopsedee afidradrdhepgds to be
gener at ed 1.QR e ur itation of th cirocasting
sol ution @ug tlr%glrrf%%%age %r}gd%t%ﬁgr ﬂ% gwn i Ia—'lge d a%egsgtlgve

el ect rodesoﬁtmay sbemaananged azleaaget henlgmnebfwabb mfn asﬁ.ﬁgndhel ectrocasting

tank 10 contalnln in th enter, a concentri ¢ round space (opening) 30. A
bearing ¥6fs aF‘ﬁtg o§é&iﬁ \%@gr}saaéuﬁp&reﬁlaﬁévﬁl Sll§°§50§ﬁd &gbése 35, and
the hol dighg ijtiige 51@&»@@@qr Q‘fe%fp%d't%'eh? theataakidl phacgd on the base
plate 34 is turned at a | ow speed. By enploylng this nethod, variation in

t he di amsiemede ﬁ@%smneﬁﬁg 2% @d@@ttsfoe:éﬁtb@rpéi@ﬁeédWaén(‘]’léér-flat| on of the
electroc tin JQ_I’I i b the_raotation of the k itself.
[ %% Nﬁ%g%%l CXE\LI ?h%ghe 6Fe§en(2 %ﬁve ﬁlﬁ ﬂg t he

constltlnnaa1gyzﬁguduyjdﬂxauiaﬁuﬁﬁdyy skicases st.hi ckeni ng nor bendlng occurs
in the electrocast products forned using nmetal wires and the |ike can

readi ly clear & &SI rqrr,oc“‘*ccé?nt“’érs e &fcdladP (ATCEPEaBI e
decent er iy wdl HrHidn ﬂr&aqbrﬁ»@r Bdial &g eh1Ar QMG NayRg gkl ectly

circular cross sections can be obtained aftfer the electrocasting treatnent.
I n addi tifmilqmd ay @rraqm'tm difarfdteerresfulitie prrdcestss dar be reduced.

Accor di nge %lt | Sg,; ahor. d t&ectseubs%q %alttf ruahtysnlﬂ ;3h8R can be

reduced he qua 1ty and 'yi el € product’s gan be
i nproved m‘-&.rw tendverr gy miratichd s iect roac &s tdizganmk e\l r28nment can be

d | t I ~~=~ 1. th d of
manuf act ARG S 1 ST YISl The el SRR T

el ectrocastidighdd pod@ieed yocasting tank 10 usi ng at Ieast one wire 9 such
as of a nmetal or a plastic as a nother die set in a holding jig 5 and
renovi ng the \iie REIFHTH T MERSRFTHIRT &2 @STCHNHraRRia  "Sitfer ei n

el ectrocastddOe i Sm CA&d Bk Ot g eS0T Al PNy e tE- Y %@olsé‘% as stoppi ng
automatically el ectrocasting at the stage that anpere hour neter |eading

current foinglectedeateimyge desPgerli®es appointed value while it is
mai ntai ned static in the longitudinal direction. 2. The nethod of
manuf acturing a ferrule according to Claim 1, wherein t!-ie electrocasting
treat nentSésorndremeodouent n the el ectrocasting tank 10 under autorotation
of the wire 9 %0& er, with_the holdin e nethod o

er

manuf act uri ng ut e %ic%?d?%@ﬁYfpiééﬁ*#%.%ﬁﬁﬁ%ﬁ?P?kﬁF%ﬁ%ﬁiW%éﬁ%tlng

treat mentahStgéf r émo@utehd cbfletEé et & 9€RSt i i@ed Bdn 1 Os Wi ault or ot at i on
and circulation of the wire 9 together with the holding jig 5. 4. The

met hod of CABRUVRRF&ir FRS %9}%+?%I 19 ce PSR ?%F?E%ﬁ%?&o%ro@lyﬂméFeln t he
el ectrocagbbonbreat peRtats. i

The wire 9 is set on the holding jig 5 in the same
manner as in the first embodiment and undergoes only
autorotation inéegrally 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



carried out under autorotation of the wire 9 and al so under%é td o&F%tD_t*he
entire electrocasting tank 10 containing a positive electr 749, e

imet hod of manufacturing a ferrule according to aiml, 2 or 4, wherein the
el ectrocasting 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 holding jigs detects a predeterm ned watthour

val ue so as to ac ve .di ameter cantrol  of produc 0 manuf act ured. 6.
The net hod df’nén 3& drirng TIPSR ué%ae(t:gor mgW‘ﬁéﬁf'ﬁl 251‘“ Bri49 wherein

a direct curgigfithg stauwpithired fg.onraer ecbbti8tapeinfObHlMGidh O3 Svas - 7. -
The net hod of nanufacturlng a ferrule according to daiml1, 2, 3, 4, 5 or

6, wherein tAfaII%6 d-|“|¥gj’ jGhgs & et oaasdided téé]% d0st HAEmPAonEILRRTBESI ti ve
el ectrode 4. é-§: &R, hOQnOﬁ'h@antﬁgeur bNngieker ElkeeRCCRLMI Elgafgecg aim1,

2, 3, 4, 5, or 7, wherein the el ectrocastlng treatnent is carri out
under one- vwgnj&anﬂknGQﬁtQﬂikﬁdxmannﬁﬁn|&Q¥Q§ﬂlnheo@0§umpwﬁe@lﬁc@ﬁpa6nozzIe

33 of a ci rclyl at i eq]q-‘eégtﬁrrg)ogc &fé e,{( % D ntonaec%e%cttr 0Gast :\ggtigl ution

contai ned in tHE |ng aS¥FCHedCatea agitate the

el ect rocast gl siatgity iars i31, tde ed eedsnpasStioye gk wikh the watthour
A A& AU. A@T. A Y.

. A , . - ,
AU A . A F. ’Wgﬁ?ﬁfﬁ}ﬂ( ABSHES W IR NQ-TIMSY/ FRRWERRESYPRaPEaFEE] BE}FELFCa] cal c

«3] ca] {3/\6/1\]] ca]/@i@%&@&@ﬁl@@]&@&ﬁaiya&&al €2 £ 0 £ e A AIE e lgealc 12l cal cTa
cal r% &
HI +- }xsn?d Zil]%a‘}%fa]%%]%%]%a?%a‘}%a’]fé%l]%]}@a]%al]ﬂcﬂﬁ c‘ia]c'cca]f@ﬂt@a] ¢4 ¢aleca) ca] c

alJ ca]cal] calc a c*alc*a
]I:a] I:a] I:a]l: Tlg] %:%?i&?] f%: f%:a?%;f%a {g;] ca‘% cajca ca] ca] ca ca]U]ca] c!a] ca
] ca] ca] ca! % ait)hr@t&ﬂ'p@}qsmhle Zhdtdira) ]:aqw:a? r et oz odlera]xa) ca] ca] ca] ca
'VW' O P o

} i?] IC?]I ;a] 'Cﬁ xsﬁ?%’%%’}g%% lég?ﬂéé?ecf ]?% % ?%ka‘?gcvﬁaca] cg‘]aca] ca] cal ca] ca] ca]
ca]ca]cg]gggcakeakca]saiﬁ@]taéaa&eﬂtcagcaica%@@'n p" v] b#c###?$'? $?$n?9@?@
BR8N & &&&' ' "] wr ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca]ca]ca]ca]ca]caTEﬁ]gE Y%Eﬁ Ea;@g]Eﬁ;&a;%%]%aiﬁc%?e)??%ﬁ%%<66$7Lﬂ7!8T9:F;
;) SSSSSK<<=ORCEEMaE 1 d{ ¥k gbhMECcAaUl 8 the case of the first

a] ca] ca] c&a] ca] ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] caTreafenpest  JHIRPH AR \VOWF1]qce ¥ defa SRtk G eS8l gb] X
llcaIC*alcal%aLgf ?Ca?ca?%gﬁ%ﬁELEELE?]EBLQ@L? akea] cahgalcalgad cgll cajcalc

a] ca] ca]ca]caJc
pppPqRgqgr r ssbefOsumadddkiEk kkahnfragegbhXE] ¢a] caakta(eatanlrahsadca] ca] ca] cal

cal ca] cal "al cal calcalealeslanh akaall eabogheateshocgleskalog] pal cal AQH

109 x" x& () - $b&%B&d(thtﬁ%B&eﬁkekla%B&hé)cW&G%B&r(ﬁigCElkmhb*structure

1098& () - IMOBE b8 SR D119/ 8%. 0 1028% 6@ 3018 (e Pho1aing
jigs 5 to obtain a constant electrocasting rate, a
constaat diameter and to complete the electrocasting
treatment substantially simultaneously in all of the
holding jigs 5. However, the location of the positive
electrode 4 is not limited to this position, but a
plurality of poSitive electrodes 4 may be arranged, for
example, along the wall of the electrocasting 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
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present invention is not necessarily limited to this
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constitution, but one large-size rectifier may be used to
send electric current to many holding jigs 5.

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

A typical manufacturing process based on the second
embodiment will be described below.

A 0.125 mm-diameter SUS304 wire having a perfectly
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 dipred in agqueous solution of a mixture
of Nikkancntack A and B (NIHON KAGAXU SANGYQO 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
subjectaed 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 mnp?ehom'meter was attached to each of 22
holding jigs 5.

When electrccasting treatment was carried out
according to a technique 1in which one rectifier (max. 40A)
with a current density of about 2 to 6 A/dm® is used, and

electrocasting is terminated automatically at the state of ampere hour
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value of 4.5 A-Hr (16200 coulomb), the treatment completed

in about 9 £ 0.5 hours to give 22 pieces of rod-shaped

nickel electrocast products having an average diameter of

about 1.5 mm and an average length of 400 mm. T

here was

substantially no variation in the diameter amcng these 22

electrocast products, and they were free from biased

thickness and kending and had perfectly circular cross

sections.

Each electrocast product was slit on the

circumference at 40 mm intervals to form V grooves such

that the core wire remains intact, and the core

wire was

pulled out from the product utilizing the phenomenon that

when the electrocast product is bent along the V grooves,

the electrocast portion is broken and the wize is not

broken, followed by machining of the resulting piecss, £

or

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

finished products.

as

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 S5, a

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

holding rod 16 is
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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 is 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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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,suchas
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 cf 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 dissolwving.

In the case of iron or an alloy thereof, for example,
the wire 8 is treated with a releasing agent, and after
electrocasting is carried out tc 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

»t
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each piece is dissolved, followed by machining using a
numerical control finishing machine after confirmation of
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 along 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 eﬁée:

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 bearing 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 bdse 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.

v
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INDUSTRIAL APPLICAEBILITY

In the present invention having the constitution
described above, neither biased thickening nor bending
occurs in the electrocast products formed using metal
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, wvariation 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 gquality 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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CLAIMS

1. A method of manufacturing a ferrule, comprising
the steps of carrying out electrocasting in an
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 autorotation 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

Y
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attached to one of the holding jigs detects a
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.



