&tﬁf\ \ 2037021 METHOD FOR PRODUCI NG PARTS OF OPTI CAL FI BER
; GTORS The present invention relates to nethods for pro- ducing parts
of ptical fiber connectors-and, nore 5 speci fiically, to a nmethod for
producing a plug ferrule which is adapted-to be assenbl ed in a plug which,
in com bination with an adaptor, consgihytes an optical fiber Fp@@p?(}g]f
Optical transm ssion systens absolutely require 10 apparatus for C
coxpécting optical fibers or an optical fiber connector. In view of an ™
increasingly larger potential demand assuned in the near future for optical -
hroh Fomect imdn ok GBGETRe SRKELOBrTbpAicts
production cost is |ess expensive. Included in the najor functions required
for an optical fiber connector are that it allows precise butting:

arrangenent for the efyls pfedPht Chhvbhbebn Ye1kteZ) P HEEASISs vﬁé(ﬁg?i y

other, particularly between the ends of the cores thereof which or .
have a di anet elduefirfgeVigdts tePSoptighlr Eibledr ToMiféctors 2and | aérét readily
keeps the precisely butted position under any environnental condition. In
other words, ilspexcicfiically] ato aomephod fohy praxduvigsy 4 vwlugpferphle
fibers to be
; which is adapted to be assembled in a plugz which, in com-

bination with aﬁ adaptor, constitutes an optical fiber
connector.

Optical transmission systems'absolutely require

10 apparatus for connecting optical fibers or an optical
fibef connector. In view bf an increasingly larger
poﬁential demand assumed in the near future for optical
fiber connectors, it is required to develop an optical
fiber connector which is low in weight and which is easy

15 to assemble and of which the production cost is less
expensive.

Included in the major fuﬁctions required for'én
optical fiber connector are that it allows precise
butting arrangement for the ends of optical fibers to be

20 connected with each other, particularly between the ends
of the cores thereof which ordinarily have a diameter of

several tens of micrometers and



connected to each other within a radial tolerance of several

m crometers, Therefore, the performance of a plug ferrule-with which the
optical fibers-are positioned, is an Inporgant paraneter which determ nes

- thé performance of an optical fiber connector. Particularly, the quality
.of the material-"of which the plug ferrule is produced and the dinensi onal
accurgcy or -tolerance with which the plug ferrule is produced are

i mpartant to thatwitheeadddyf dreeps thes aresfigefllye butrbegbipwgs T1eXpH rNen@ats.
An exenpl ary nethod, available in the prior art, for production of such
a’'plug:, ferrank enslronranisseronditiogapakesetbaremordspl iitationessen-
publ i shed under the Layi ng-open No. 55-67714 in Japan. A plug ferrule
_produced enpltoydhg the PRERDBC IV PEBFRBEEN (tWe pranfiical , Tibersvited beth
a capillary having .a small. -hole —of which the diameter _is slightly |arger
than t he di arfét8te e%ptti%aleaf’ihbe%h%' bE1EBARect et lnni EhleBanrs e fit
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i s produced by nmeans of precision machining. ereaft e capllary is

f?tted in a Ytacdl ifddeidnidttar. PAPLEXLBARRY  SYhbagRadl oy el
~collar is machined, while the netal collar is -

B material- of which the plug ferrule is produced and the
"-dimensional _ac¢ﬁfady' or.~toléfance'lwith~.wh1ch' the"'plug
'_'ferrule 1§ prodﬁced'érgfimpo?ﬁaﬁt-ﬁo aildw.the piug ferrule

:.tq’SatiSfy“ﬁhe:fofegoing{fequifements:". | |

. An exemplary:method;aavailabl¢fin the prior aft;.fbrs.f  “ 
_production f6f  su¢ﬁ: a” p1ugf?férru#é .1s”-disc105ed".in .q-f '
'-Jaﬁan§setpa£ent aﬁplication“publiéhéd-under thé'Layihg-bpen'

No. 55-67714 in Japan. A piug ferrule produced employing

the_method-available*in:the prior art, isﬁprovided with a-

capilary .h§Ving' a small hole of ‘which ‘the .diameter is

 slightiy larger than the diameter of optical fibers to be

- connected and which is bored at the cenﬁer thereqf, the

Capiﬂary being, fitfed_in a:holl¢w metél-collar, after it
Y T is inserted ;nfthe'nmtal_éoiiér.“ The capilary Having a

| " eylindrical shape 1s'produced'bylmachiniﬁg the internal and

the external surface of a cylinder made of a sintered
matgriél.egg; some of the ceramiés, after a center hole is
bored id the eylinder. The metal.collar is produced Sy'

_ _ : /
- means of precision machinking. Thereafter, the capilary is



rotated centering around the small hole of the capilary. The foregoing

od is effective to produce a plug ferrule which has an accurate

&e nal”di ameter and which has a | ess 3nount of eccentricity of the snall

agai nst the external surface of the plug ferrule. However, the fore- -
g net hod available in the prlor art s inevitably |nvolved wi-th a

_,,"-"Siﬁﬁ"n’??‘v‘e'f'%@ﬁ o B BRLFLRECHRR ARERL (eRU1ART IR CerERBRe ol R s S
Ceramos iof {ﬁéﬂ,{.g@%frégi besaﬁaggngaf R rgegngr?% 3 ﬁ%r%éd With

-ceram cs | S esse f or urt her,

~drawback | '
= e;Sengva ¥ arl OUS e ;%%I;\?.g%;%%b%%g% t?fs%e gfelngoprT'enﬁllj %@};ﬂg’& fOI’
product i onppd ?opégaiﬁgrﬁetﬁo&@éowbéeci% es gpsaaela bi gghgcaa@%ﬁ&ef in

‘whi ch plastics are enployed as the nmaterial trmate purpose
to |essenyhidle paedughi G caelteol ekberphUY diinder ahar W gadSapat ent
- No. 4,107,242 or 4,173,389 discloses a nethod for production of a plastic
~ plug ferrul;&ss\/nambun_s bIsedcentrdr itgesos otieePbaxld MR a@dihstpkagabl e

for an insertion nolding process and a jig. Nanely, the nethod conprises a #
step to setxternpli sarfackerof nthe npllalg eErwded a Bdwgven, | thecfosere
- ‘quantity of epoxy resin into the nmold, for the purpose to forma nass . _
~ cont ai ni n@@imsomatdmdfiawéﬁlahdet hbnplw prdznr art- is inevitably &

_ invqlved with a drawback in_which a high_grade of machining

_technique 'employing 'extremely-'expensive _machinery is
required, because a high}pregision machinihg;applied to a
hard material such as some of the sintered materials or
qeramics_isiéésehtiai'fbr the method;  Further, the method
is invbived'with;drawbacks in which.fhe_productivity is .
':less and.the production'cést is expéﬁsive. | |
. Various efforts have.'bee'n. used ' for- devélopment of
methods for production of a blug'férrule émployable for'an
.optical fiber connector in which plastics . are employed as
| the material for the ultimate purpose 'to lessen the
production'cost.of the'plug ferrule. For example US patent
No.4,167,2u2 or 4,173;389 discloses a method for production
v of a plastic plﬁg ferrule which is based on ‘an idea éo _'..?.
émploy a metal ﬁold employable for an insertion molding
'process and a jig. Nameiy, the method cbmpriSes a step to
set an optical fiber in a metal mold and a étep to inject
some quantity'of epoxy resin into the mold, for the purpose

to form a mass containing the optical fiber and the plug



ferrule in one body. Unfortunately, however, this nmethod cannot be free <z;;5
‘fromthe drawback that a plug fer- rule nust be connected with an optical

fiber prior to.shipnent, because the foregoing-nethod can be enpl oyed 5

"only at a factory rather than under field conditions. Further, since the
process for formi ng a nmass containing an gptd cal fiber and a plug ferrule

I n one body in accor- dance with the foregoing nethod is rather -

cohplfcated, it is reasonably assunmed that the foregoing nethod i's 10. not -
appropriate-for mass production. The present invention provides a nethod

for pro- ducing fieprule. fier onecboldych | Unfidatisih telpe marardd edchis a pl ug
whi-¢h., in combination with an adaptor, con- stitutes an optical fiber

connect or; sai dmethbddcanmotlbe fimeiesifrpnt (thestdnawback mhartuc rglug rfemd
hol e at the center of one.end of a rod, the round hole having a diameter
approxi mately i deniiec mustobeh eonnectied wiftthe amoptiidal fiber poimected, '
the rod being nade of netal, ceramics or a conposite material 20 i
i ncluding a netaﬁhéﬁﬂeﬁtoebéﬁﬁﬁselﬁhﬁwﬁQﬁ$89#ﬂ81mﬁﬁhpdxﬂanrhﬁuﬂﬂpinxﬁdn

order to produce a master nold, enp g an electrofor rocess to plate é"
net al | ayer 5aV|ﬁ§ ¥ ﬁFeéeﬁ@FﬁPﬁ@dﬁﬂﬁaﬁF é?ﬁﬁ%ﬁ ongdjthens 25

of said master | d and to roduce an el ectr for d mass -5- o
S n? ﬁ %ce t%e process fn;mlng a mass contalning v

® an optical fiber and a plug ferrule in one body in accor-
-dance with the. foregoing method is rather-complicated
;1t 1is reasonably assumed. that the foreg01ng method is
'd].10bf.not approprlate for mass productlon
| The- present 1nvent10n prov1des a method for pro-'
duclng a plug ferrule whlch 1s adapted to be assembled
"-1n a. plug whlch 1n comblnation with an adaptor, -con-- |
. _stitutes. an optical flber connector .sa1d method com-
15 prising the steps of | | |
-producing a;round.hole;at.the:center-of one end of a rod,
. the round hole having-aadiametet-abproXimately.identical :
. to the diameter of a bare fiber to be connected, the rod
dbz being mede of metal, ceramics.br-a-cOmposite material
20 ' including a metal and a ceramic, -
inserting'a.pin.into said round hole:in order ﬁo.produce :
a master mold, d | |
empioying-ah electroform preeess'to-plate a_meﬁal 1ayer-
haying a-predetermined.thickness_on_the external surface

25 . of said master mold and to produce an electroformed mass



-.ggy h surrounds said master nold, drawing said rod of the master nold from
i/d el ectro- forned mass, |eaving said pin.in said electroformed mass, in

: der- to produce an el ectrofor.med nold, 5 produci ng a.retal nold by
assenbling said electroformed nold, a pipe and a pair of ‘upper and | ower
metal dies, and filling the cavity of_ said netal nmold wth noften resin to
produce a plastics plug ferrule. 10 - The invention also includes a
met hod for producing a plug ferrule for use in an optical fiber connectokhj
conprising the steps of inserting one end of a pin which has a dianeter

~approx- i matelysi.fdeat.i _ H?ggég 1§ bare fiber to be 15
connect ed and%%%thgﬁggggnﬁgagggﬁﬁt'e ot g@géﬂh thereof, into a hole

~defined in onarsgiggf s2iHOS AN BEOtHR UMt A ML d BrdR WAL gdeTebLASLS

thereof, said ro i ng nade of netal, ceramc or a conposite nateri al

conprising a Frfledfidsd,CleaVinhg TG ikt in\ddi e T QEPS £6rRLAT fkiss 20
imately identical to the dianeter of a bare fiber to be connected, _
~inserting. theigt bedegn@o0brodute @h idlier ddvfortadmedda shank to produce a

~master nold, enploying an electroformng process to plate a netal |ayer 25
~having a s_redpt-edmcﬁ.ag ahimeltads modd Hye asdemblalng sdbdeelectfoformed - - @
mold, a pipe~and a-pai:'of upper and lower metal dies,
and | *
filiipg;the~¢avity of said metal mold with moltéﬁ'résin-'
to produce a-plasti@éfblug ferrule. |
10 .~ . The invention also iﬁ¢1udes“a{methodkfqr?producing: o
a plug ferrule-fof uée.infaﬁ:op£;Cal fiber connector,
o édmprising_the-stepsrof" | | |
-insértiné onefepd?of a. pin whichfhas a diameter approx-
-imately identical to the'diaméter of-é bare fiber to be
15 - connected and which has a head on the other endfthe:eof,'
~into a hole defined'in one end of a rod-and exténding
along the longitudinal axis thereof, said rod being made
of metal, ceramic or a composite material coﬁprising a
metal and a ceramic, said hole having a diameter approx-_i  &
20 imately identical to the diameter of a bare fiber to be
connected, |
- inserting the other end of said rod into the recess of a |
shank to produce a master mold, - |

employing an electroforming process to plate a metal layer

25 having a predetermined thickness en the external surface



of said master nold and to produce an el ectrof orned nmass whi ch surrounds (;Efi/
said master nold, drawing said rod and shank of the master nold fromsaid

el ectrof ornmed.mass, leaving said pin in said el ectroformed mass, to produce

5.  an- electroforned mol d, producing a netal nold. by assenbling said

el ectrof orned nold, a plpe an upper di€ &htch is provided with a :

cyl'i ndri cal hollom/space havi ng a_ di anmeter apprOX|nater i dentical to the
'dk~yéter of said rod, and a lower die 10 which is provided with a |arge
cylindrical hoIIOM/space to receive said el ectroforned. nold, said pipe

‘being arranged iof tsaid mastenimakd ;and cto rproduce ml elegtraformed-massa

snal | gap between the end of said pipe and said pin-left in:said

~ electrof or med myddchs surqunds; salgd FUAHELE mald, t drawdnensrdld gos wad be -
purged, and filling.the cavity of sai d h nolten resin to
“produce a plastﬁ&?qh é%@(ﬁ%? ?mofatﬁeeiﬁ9§H958ﬁmﬁq Pﬁ%ﬁm be

~ descri bed, by of exa only, mﬁthdre erencg he acco
bany| ng. i agh amiBAYInE ARSI T 1814 (L ERGEpkhed Badsal 1y B

'~ perspective, view of, a ferrul ich is adapted to be assenbled in an
. @ptical fi bér c@f’fh«fgtecﬁéj ‘#ﬁﬂﬂ?eeé e"s&\h set of schematic perspective views"

25 show ng th ‘;ﬂl&%{ﬁ% f?fm:{:ﬁid S E&ééﬁﬂl%gagaide%lek t¥otorad™! d

which is a conp
. mold, a pipe, an upper die which is provided with a
;cylindrical hollow space having a diameter-appreximately
;.identieal to the diaﬁeter.of said rod, and'a lower die o
: 10_f_wh1ch is prov1ded w1th a large cyllndrlcal hollow space
:to rece1ve said electroformed mold said. p1pe being
1.arranged in the cav1ty of said electroformed mold so as -
';zto leave a small gap between the end of sald pipe. and
N *said p1n left in sa1d electroformed mass, sO as to
- 15 provide a path through which gas may be purged and
B fllllng the cavxty of sald metal mold with molten resin
. to. produce a plastics plug ferrule.
..Embodxments of the invention will now be described,
by way of example only, with reference to the accom- |
20 panying diagrammatic drawings in which:
A2 | o Figure 1 isaa'partially cutaway perspective view
of a plug ferrule which is adapted to be assembled in an
optical fiber conneetor- |
Figure 2 is a set of schematic perspectlve views

25 show1ng the sequentlal steps for productlon of an elec-

troformed mold which is a component of.a metal mold whlch



re 3 is a longitudinal sectional view of a netal nold enployed in a

'(Ei 215 ehployed in a method of producing the plug ferrule of Figure 1;
h

od of producing the plug 5 = ferrule of Figure 1 (a sprue, a runner and

a gate are not shown); Figure 4 is a sectional view of thé tip of a plug
ferrule showing the ferrule after it is taken out of the netal nold; 10

.Figure 5 is-a |ongitudinal secti onal =view of a plug in which the plug
ferrule is assenbled in an optical fiber connector; Figure 6 is a

| ongi t udi nal

Flgure 5 is injer

sectional view of an adaptor with whi ch t he plug shown in
onnect ed

-

ur.e alo din segtional -
vi ew of a cyl |:h%r?%f°¥Fée'\'rE ﬁ,hﬁnEﬁhPégaf Bﬁﬁéﬁgﬁpgoﬁgghgﬂé’@a%miﬁ gure 7B

is a transverse.s ctional V|em10f the cylindrical sleeve of which the

longi tudinal st FHEUFeD

viewis illustrated in Figure 7A; Figure 8 is a

Figueorsal Lﬁg?lﬁ%#ﬁévﬁc’ée@f?' napBerBiedtal Reckionbla ikt & el oyed

~in the productyop, pfphig: éﬁplo§£ﬁe¥ﬁ a method of produclng the plug

5

10

15

20

25

ferrule of Figure 1 (a sprue ‘a runner and a gate are
not shown): '

Figure 4 is a sectionai view of the tip of a plug
ferrule show1ng the ferrule after it is taken out of the

metal mold;

<

' Flgure 51is a longltudinal sectlonal view. of a plug”h

" in which the plug ferrule is assembled . in an optical

fiber connector '

Figure 6 is a 10ng1tud1na1 sectional view of an
adaptor with whlch the plug shown in Flgure 5 is lnter-.
connected, | |

Figure 7A is"a longitudinal sectional view of a
cyllndrlcal sleeve which is a component of the adaptor

Flgure 7B is a transverse sectional view of the
cylindrical sleeve of which the longitudinal sectlonal

view is 111ustrated in Flgure 7A;

Flgure 8 is a transverse ‘sectional v1ew of a sleeve

having a slit along the axis thereof;
Figure 9 is a longitudinal sectional view of a
metal mola which is employed in the production of the

sleeve;



-8- Figure 10 is . a histogram showi ng an exenplary distribution of the yp
external dianefer of a plug ferrule produced enpl oyi ng one enbodi nent of g
the method; Figure 11 is a hi'stogram showi ng an exenplary 5 di stribution

of the out-of-roundness of a plug ferrule produced enpl oyi ng one enbodi nent

of the nmethod; Figure 12 is a hi st ogram sgowi ng an exenpl ary distribution

of ,thg eccentricity of a centre hole against the external surface of a plug
fervdl e produced enploying 10 one enbodi ment of - the nethod; Figure 13 is

a hi stogram showi ng an exenpl ary. "distribution of the optical fiber

connection | oss. of - anBnguﬁguld|i§ﬁac51§@5§f§m|nsmbwfﬁ thg Bkefpia le is
.enployed 15 3 Figure 14 is a graph show ng the gam)unt g? Egu

optical fiber: cahirstrtibooeims ofctios rﬁil@élndalllﬂﬂaﬁét@fvéfsab?lﬁ@eﬁeﬁ:&ﬁiét ed
actions to assenble and di sassenbl e an optical fiber connec i n which the_'

plug ferrul e i s produced employing|anedceniddiment of Fthermethods a graph
conparing the anount of the optical fiber connection |oss before and after
1,000 actions to asserigurs hlws%dldﬁeogrampshminglbnrexempéatyr in -
which the plug ferrule is enmployed; Figure 16 is a graph conparing the
a?h)unt of t e 28listgihugion jofrthe muttobrrowdness omg anplugt Eermppei -
S produced employing one embodiment. of - the method;
' - Figure 12 is a histogram showing an exemplary
- distribution of .the eccentricity of-a centre hele'against
' the external surface of a plug ferrule produced employlng
- 10" - one embodiment of the method | |
| Flgure 13 1s ‘a hlstogram shdw1ng an: exemplary
' dlstrlbution of the optlcal f1ber connection loss of an hhit.
L optical flber connector in whlch the plug ferrule is )
gemployed_ | .
15 t' 'Figure 14 is a graph showing the amount. of the
' :-optical:fiber-connection:loss.dete:minedlduring.intervals
between'repeated-actions-to assemble.and-diSassemble an
| - optical fiber connector in which the plug ferrule is
'S : employed;
20 . - Figure 15 is a. graph comparing the amount of the
optical fiber connection loss before and after 1;000
~ actions to assemble and disassemble an optical fiber
- connector in which-the_plug'ferrule is employed;
"Figure 16 is a graph comparing the amount of the

25 optical fiber connection loss before and after appli-



f_ggt'on of a heat cycle between [err] and [err] Figure 17 is a set of

ematic perspective views showi ng the sequential steps for productlon'of

amn el'ectro- formed nold which is enployed for production of a plLug 5
ferrule having a flange in accordance with another enbodi irent of the

_present invention; Figure 18 is a |ongigudinal sectional viewof a netal

“mol d which is enployed for producti-on of a plug ferrule ..and which is

produced enpl oying the electro- 10 formed nol d produced as |IIustrated\knJ
Figure 17; Figure. 19 is. a histogram show ng an exenplary di stribution of
Gaidrerodfa ch@avgeyeleubetweedusd’ Sgmandy e e second ‘
enbodi nent of the method; Figure 20 is a histogram show ng an exenplary 15
di stribution of the'mmguné 1pubsinassetf-of pchematicyipexspehiciere enjdwyi ng
the second enbodi ment of the nethod; Figure 21 is a histogram showi ng an .
exenpl ary di stshdwingnthé saeuenteairscepy ot produmitiiomlaf samiekec -

t he externa

external surface of a plug ferrule produced 20 enploying the second

enbodi ment of fiownedimold wiricki §ar empioyeda foirs prpduatimvialy arrlugnpl ary
distribution of the angular errors in the dlrectlon ofa light beamemtted
from the Sl |f¢m@1@fhevqsmgaf§1ange in acgozdgase

enbodi nent .of the pethod.

10

15

embodiment of the present inventlon,_
Flgure 18 is a longitudinal sectional view of a

metal mold which is employed for_production.of:e plug

'_ferrulerand-which is produced employing the electro-

formedwmold-producedfaerillustratedfianigure_17;_

-Figureylafie,a;histOgram'shOWing_an exemplary

'distribution*of the=external diemeter'of a plug ferrule-*-

produced employlng ‘the second embodiment of  the method;

Figure 20 is a hlstogram showing an exemplary

. distribution of the out-of-roundness of a plug ferrule

produced employing the second embodiment of the method;

.Figure 21 is a histogram showing an exemplary

- .. distribution of the eccentricity of the small hole

20

25

against the external surface'of a plﬁg_ferrule produced

‘employing the second embodiment of the method;

and _ _
Figure 22 is a histogram showing an exemplary

distribution of the angular errors in the direction of a

- light beam emitted from the small hole of a plug ferrule

produced employing the second embodiment of the method.

éﬁﬂlbyﬁn@hﬁfé second

.-



Figure 1 is a partially cutaway perspective view of a plug ferrule which (gij/
“is.assembled in an optical fiber connector and which is produced enpl oying
“a nethod to be described, showing the plug ferrule severed along-the: 5

axi s. Referring to the drawing, a plug ferrule 20 is a plastics nass
_nplded i n one body, consisting of a cyll r_ 20A in which an optical fiber
O Hserted and a flange -20B nol ded inone body with the cylinder 20A to-
S ound the external surface of the centre portion 10 of the cylinder
20A. A coaxi al extension 24 of the cylinder 20A is forned on the other
.side- of the flange 20 eqd t PUEEDRE of
the cylinder 20A is é g%s%diggﬁo e enc#ﬁﬁereof ﬁ%} pI’OVI de ae‘rr%%vrﬂd .

~hole 22 in whiCst Bophage ferkel okl s, MUNdrmled I H10Tad opFECAL CBiber A

slot or recess 23 is prOV|ded on the external surface of the flange 20B

al ong the axis @bnhbetpiruanidewhilch 3G fpro'ﬂlftédlreﬁ oy ig tHenétidd Ofo I'eE €SS
23.is to prohibit the plug ferrule 20 frgmrotating i'n a plug which will be

described | at er deB@ribed, shiefiegy ithe tplug Femull sevéred abémgdther pro-
duction of a plug ferrule 20 of which the schematic structure is shown in
- &igure 1, whll bmidescriBefereiing tRefthe idupwing qireldy afertibe f20sisst ep
Is to 25 produce a cylindrical rod 25 nmade of a netal, a ceramc
- : a plastics mass molded in one body, con31st1ng of a

é - cylinder 20A in which an optical fiber is inserted and
a flange 20B° - molded in one body with the cylinder 20A
B to surround the externalﬂsﬁrface'qf.the-Centre poftion.
16 . of the cylinder'ZQA.-- A coexiel'extension 24 of the:
- eylinder 20A is formed on: the other side of the flange
208, The dlameter of the 1nterna1 hollow space 21 of
-3:the cyllnder 20A is decreased at one end thereof to
.”prov1de a- round hole 22 in whlch the bare fiber of an
15 optical fiber is 1nse:ted;.' A slot or recess 23 is
. provided on the external sutface of the flange 20B |
along the axis of the plug ferrule-ZO!' The function of
- the slot or recess 23 is to prohibit the plug ferrule 20
e from rotating in a pIug which will be described later.
20 - : Referring to Figures 2 and 3,'a.methed-for pro-
duction of a plug ferrulee20,of which the schematic .
structure is shown in Figure 1, will be described
below. |
| Referring tOHFigure 2(a), the first step is to-
25



snmooth cylindrical sur- face having a dianeter-identical to the
i afreter of the 5 foregoing cylinder 20A, and has a found hole 26 at the
center of one end thereof. The round hole 26 has a di aneter -12- : _
approximately identical to that of the bpje_fiber of an optical fiber, and..
is located precisely at the center of oné end of the rod 25 wth qk;) -
-l east magnitude of eccentricity.- A straight pin 27 is inserted in the
round hole 26 to a predeterm ned depth. The straight pin 27 has 5. a
diameter appr oypghle a | SANAGA cdP +OBI29Tmade S8 hbb8Y,0h BBrapfical
fiber and is mdde of a mat'erial having a high nodulus of rigidity, e.g. a
- hardened steel or2 d WALt itertaRl compoded 6B) tBEOFEYERBLNGd 25 under
‘the aforenentioned position. Further, the straight pin 27710 rs provided
~with a head 28 maperigls | ar Fhiglirodti25 lds tdesmodeh epliihdeieal. sufhe head
28 has. a function to prevent the straight pin 27 from being renoved from
an el ectro- fdacd haxtithg vdhaliaetendidéntical abo thé diambeerl eft the
formed -nold. which wll be described later, after an 15 electroform
--process is 5 inifsnegoing ayldmster 2, aandichasda 26oundpholiec@6 at heetal, =
the rod 25 having the straight pin 27 inserted in the round hole 26
thereof can b&eaRTRH ong @Mﬁe%4-d_, ‘The croyndfhelaegbehpsoyed for a

 diameter :

/::ééj conposite material conposed of the foregoing naterials. This rod 25
has )a

-~



nickel plating process which is carried. out in a nickel 20 plating bath Zéggé)
shown iin Fig.2. (c). |In the case where the rod 25 is produced of a

ceranic, the rod 25 is plated wWith a chromginx gol d | ayer enploying an
'evaporatlon process, before it is dipped in a nickel plating bath 29 for o
produc- tion of "an electroforned nold. The parts- i ndi cated as 30 and 31 25
‘are respectlvely an electric power supply and a nickel electrode for t.he

elNeefrof orm appeeximatelyl3idénit teadn 0 e¢haef op et dyadd WS-t 8f an -
'surround the foregoing rod 25 having the straight pin 27 inserted therein,

to a.predeteoptiedlt hfikewssantihelg otlo2atbdvipreedise By eatr afiy Nednisedy o2
grown thereon is taken out of the 5 nickel plating bath 29, before the rod
25 i s drawn. one oferithe eFfectthef omost b25ly 82fthul tad neledst prmdgaitaden of

el ectro- fornmed nold 33 having a cylindriccal holl-ow space 34 .and of which
the external esoengrdcidyract neeirabghtkpint 2Touksl, inservhedn im fhg. Zoiu)d
As described earlier, the head 28 10 functions to retain the straight pin
27 in the el bedeofér il aopaedstermincs daRfh . -enBhef streightaipgim 2% masy
inserted IB the round hole 26 of the rod 25 remains as a projection 27a
Mhich is propediamete®d mranim?dﬁléhl identdpabade 3that A€ the bare
el ectroformed _nold 33. gro jec: 15 tion 27a i s necessary to produce

the round hof@&P Efqut4ﬂ3EWE§ fér fapeTo@ndold pade gl a matgrial hagdine

Mol 1 ow space 34,/ig5 & JLAIPF LESPAl eg! 1053 RLaLDal S ATy e

a’ tungsten alloy, et al. . Fig.2 (b) shows the rod_25_under.

the aforementioned position.. Further, the straight pin.27_

'”slp-is provided with a head 28 having a- larger diameter at the
d':.other end thereof . The’ head 28 has.: a’ function to prevent

_the straight pin - 27 ~from.. being removed from an: electro-,

- formed mold, when. the rod 25 is drawn out of the electro-i

.;formed -mold. which will be ‘deseribed - later, . after .an

15 electroform process is finished._ In the case where the rod

. 25 is produced of a metaigdthe rodd25-having'the.straight
- pin. 27 inserted in the round hole _26 thereof can be
employedras a2 master mold,_which is further employed for a-

» nickel plating process which is carried. out in a nickel
20 plating bath 29 shown in Fig.2 (c). In the case where the
rod 25 is produeed of a ceramic, the rod 25 ie'plated with
a chromium-gold layer employing an evaporation process,
before:it is dipped in a nickel plating bath 29 for produc-

~ tion of an electroforined. mold. The parts indicated as 30 and 31
25 are respectively 'an electric power supply and a nickel

‘electrode for the electroform process.



"6f~ he rod 25, and the projection 27a is located Just at the center of the
Cyfi ndrical hollow space 34 with a | east 20. anount of eccentricity.

eferring to Fig .3, a nmetal nold 35 whicjkis to be enployed for. production
of a plug ferrule is produced by assenbling the foregoing ‘el ectroforned

mol d 33, a pair of upper and | ower dies 35A and 35B and a pi pe40. The

upper 25 die 35A has an annul ar recess 37 (a portion of a cavity 36) which -

i's necessary for ppeduet ia?f(;_éqfeéﬁieofdﬁﬁw l%)@yi‘gﬂ @g?%lsi R is‘iﬁlrJCHﬁdl the C;\lJ

space which is necessary r production the other
portion 24rgfebBeng usloaer py! eh391h§8b%h%?éﬁf&ﬁghﬂ“ﬁih“‘@ﬁ disgsildps a

| arge cylin- drrcal = hollow space ich receives the foregoing

el ectrof or ngdefBld ,3350 A PFré@EtéPRined RHAGERsks At thé&d@rﬁsomdﬁﬂﬁe_
annul ar recess 37 produced in the upper die 35A has a. function to produce

“the slot orgpecessc2Fodiorvied bddie 33 unedinonthértonpLeveakenhout W fyeul e
fromrotating in the plug, during a nolding process. A pipe 40 is.

arr anged 5 m#brRelaplat g bathi 29, e fowd | theprbdt @senidOdrasmbeuttoreend
~of the pipe 40 and the projection 27a of the straight pin .27 The. .
‘function ofthaeepepsrsdormesh hadpr3angelit tmatglyhpredusing @ edadtine-36 o
-is to act as a core during the nolding process. The. purpose of |eaving-. .
. the snall gBprmedt wedd t33 baving encywfindeigadehadlawd spheel Bbrazde st on _
27a of the straight pin 27 is to provide a passage -
'_ which the external surface is machined to make it round, as
shown .in Fig.2 .(-d). - As described earlier, the .head 28
- 10 functions to retain the -s_.tn.;ai'ght.pin 27 in the |
electrofbrmed- mold33 "].‘he" sﬁréﬂ."g‘ht 'ehd of tlig. straight =
pin 27 inserted in 'the- rguhd hole 26 of ‘the '.r;ad 25 rem_ai-ns.:_.
as a proj eéf:ion 2'-7# .vvhiéh- is pr_ojé-ct.ed. 1nto.:. the 'cylindrical'_"_
hollow space 34 bf' the electroformed mold 33. This projec—

15 ﬁ.ion 27a is necessary to produce the rdund hole 22.' Jn ‘che"
plug .ferrule 20 shown in F.ig.l. - The cylindrical hollow -
space 34 has a diameter identical to the external diamet-er‘ :
of the rod 25, and the projection 27a is located Jjust at
the center of the cylindrical hollow space 34 with a leé.st

20, amount of eccentriclty. | - -«

Referring to Fig.3, a metal mold 35 which is to be
employed for production of a plug ferrule lis produced by
assembling the foregoing electroformed mold .33, a pair of
upper and lower dies 35A and 35B and a pipe 40. The upper

25 die 35A has an annular recess 37 (a portion of a cavity 36)
which is nécessary for pro_duction'of ﬁhe flange 20B and a

-¢ylindrical hollow space which- is necessary f‘or" production

&



for gas to be purged and for excess nolten resin to be drained during the
nDIdlng process. Albeit an arbitrary size can be selected for the snmal

too snml| size causes the bottomend of the plpe 40.t0 contact with
t he 20 top end of the straight .pin 27, andid roo | arge“si ze causes .

' gap,
diff

i.cul ties

for- boring a hole which interconnects the i nternal ‘hol | ow

space 21 and the round hole 22 of the plug ferrule 20 produced. The

_de&gjn1ned a

“metal” nold 3
an arbltrary

‘resi

n . -

i'nj ected int

ist
mol d
ot he
roun
whi ¢
wol di
'hole
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aken out
(rad\/\omraz: %ﬁ%‘?%‘*‘?&hd}@ﬁ ?gafzgr 3 orjiﬁ@f%ovm |nlé—}|'€‘;€d nd %tlh
e R T
6P el ek, P oA e AR st 89,50
‘shown i nyitigeh - tHENFUARLEBATPLE t#ASPrevedyCathe  B1ag apefruled fom
Hrotating in the plug, during a molding process. A pipe 4o
- is arranged-in'the-cavityv36f-leaving a small gab~between
10’ the ‘bottom end of the pipe 40 and- the projection 27a of the';:'
straight ‘pin 27 The_-..--fungtion .--of. .-the'-pipe- 40 which is -
- arranged-along,thefaXiSforpfhe.cavitj 36 is to éét.a$ é
"*f~core5during5£héfmdlding'pfoceSs&“?Thé-purpose of--leavingiﬂ'
. the. small 8ap. between. the bottom end of the: pipe uo and the-w;
' B-.projection 27a of the straight pin 27 1is to prov:.de apassage -
- for gas to be purged and for. excess ‘molten resin to be
drained during the molding process...Albeit an-arbitrary
size-caq be selected for the small gap, a. too small size
causes tﬁe bottom end of,the.pipe 40 to contact with the

- 20

top end of the straight pin 27, and a too 1afge size céuées

"difficulties 'for boring a hole which interconnects the

-internal hollow space 21 and.theVround hole 22 of the plug.

ferrulé 20 produced. The determined appropriate size of

‘the small gap is 1-2 mm.

The upper metal mold 35A is provided with a sprue, a

runner and a gate (not shown) at an arbitrary location for

the purpose to allow .2 molten resin e.g. phenolic resin



. g the diameter of 2.499 mm and the length of 15 nmm 15 having a round
hol e /26 with the dianeter of 0.125 mmand the depth of 1._nmand wth the

it of deviation of the round hole 26. %galnst t he éXbernaI . sw-face of
~the ceramic rod of [err] mcroneters, -har dened sieel pjin 27 having
the di ameter of 0.124 mm and whi ch is |nserted i n the round 20° hole 26 are

~enployed. After the ceranic rod 25 having'the har dened steel pin 27 (c.“
inserted in the ro nd hol e .26 here |s applied an eva ti rocess t
plate a chrifRt&Lg ?’é’t@ t& ?%‘5n 1BETS kP BBESm PR g fg’edgpFPei’e N
‘thereto to gduce %rof d 33 of a nlckel nass . which is 25.
‘assenbl ed t ﬁ%?gl enployed f.or. produc- tion of a plug

ferrule 20 is det eﬁffﬁg f%ées“&f%‘) Ea'vg*%g St tB3A haofis t*f@%t&na{'
diameter of, 2 4B3.0p 8RdcRe" au%alh%q_aﬂsé;av' e e HsAIRLE v 2w Opt2 3

t he out - of

ness neter eccen r|C| Rer &6
2 mcro t a n e pl ln.
e IR B el ek, AL g sty

ferrule 20,54 2), inSF&gnu 46 ixQ \waéwﬁoiagt ede i NG tid¥n £X fialo
surface of one end of the plug ferrule and whi-ch’exerts a predetern1ne
- anount of psgessEr €330 Bri Pe GABGM MREIF A PANG fhd NRohiRE CHBTBY 1S 22
shown in Fig.l are separated by a thin wall 154, which is .
produced. due to thee-necessity'.to'.purge'-gaSu during the :
10 molding process. When the thin _wa.il 154 1s removed by '
© 4rilling end a hole is bored lastly, the molded mass is
“converted to-aeplﬁg-fefrule 20ea5'shown in-Fig.i;- '
| When an-iexample .waé ‘produced a ceramic rod 251:
" having the diameter of 2.499 mm and the length of 15 mm,
.15 naving a round hole 26 with the diameter of-0.125 mm and
the depth of 1 mm and with the amount of deviatibn of the
round hole 26 against the external surfade'offthe ceramic
.fod of 4+0.5 micrometers, and a hardened steel.piﬁ'27 having

.theldiameter of 0.124 mm and which is inserted in the round

20 hole 26 are employed. After the ceramic rod 25 having the »,

hardened steel pin 27 inserted in'theﬁroﬁnd hole 26 thereof
.is.applied an evaporation process to plate a chromium-gold
plate thereon; an electroform process is applied thereto to
produce an electrofermed mold 33 of a nickei mass,.whieh 1is
25 assembled to a metal mold 35 which is employed for produc-
tion of a plug ferrule 20 of the phenolic resin containing

short.glass fibers. The plug ferrule 20 is determined to



ferrules are arranged in an adaptor which will be described later, so that.

the ends of a. pair of bare fibers of optical 15 fibers to be connected
with each other are conpressed to each otherg, (3) a guide pipe 49 in which

the foregoing plug ferrule 20 and the coi
has .an external ‘projection 47 provided on the external surface thereof and
proj ection 48 provided on 20 the internal Surface theréof both

anTrUernm

of (Whi ch projiagid 0as dEvende# URORT BRVIGET EHe bektbbRab! ¥d ahitled 202 {188
rotating .in the plug 45, (4) a cup 50 which is fitted along the

ext ernal surfmgeannd aheohndepoleg2guhdsimghaedd diambtdr) &f SOIPPRS e, Sdhene |
is fitted along the internal 25 surface of the fore90|ng gui de’
pi pe 49 for tdet-pofppeantinessposd a ‘mivircaetEr tandt hehe dis¢tcemericity

end of which

wherein the

plug ferrule 20 is novabl.e and to prohibit ‘the foregO|ng cup-

50 fron1banngreeﬁnoﬁdzfmdnrbmeterﬁernal surface of the guide pipe’ 49,

and which is

fiber to ths plug 45Figed dectiplomglBedinalciseics ionatledkawrof t aepiugeinal

to fix a tension nenber (not shown) arranged in an optical

surface of the fore- going. supporter 51-and which is to nake Sure the
fa Xation (by whhek & pluadferrudp o20t lie adsenbbmi.ng tensi on nenber, and |
(7) a protective ring 53 which is produced of an elastic material, which

is fltted

along the external -surface -of the foregoing coupling 52 and

Whi ch has a function to decrease the anount of the bending |oss for an
optical fiber.  ThEheppbjgcé#bPon 48 -arranged along the. .

u)which_is:fitted_along.thejexternal surface of one end of .

B pressﬁre;-in-the-oase ﬁhere a pair of the foregoihg-plug_]

consists of (1) a plug ferrule 20, (2) a coil spring us_

the plug ferrule.andswhiohiexertsfa_predetermined.ahount:of

sprlng 46 are inserted and which

s

.ferrules are arranged in an adaptor which will ‘be describedr?f7-i

later, so that the ends of 2 pair of Eare fibers of optical_sw'

“fibers~to be connected with each~other are compressed to

each other, (3) a guide pipe M9 in which the foregoing plug

.ferrule 20 and the coil. spring 46 are inserted ‘and which--

has an external projection 47 provided on the external

- surface thereof and an internal projection 48 provided on

the internal surface thereof both of which projections have

. a function to prohibit the plug ferrule 20 from rotating in

the . plug 45, (4) a cupr'SQ _whioh_'is fitted  along the
external surface of the foregoing'guide pipe 49, and (5) a
supporter Sl.one end of'whioh-is.fitted along the internal-
surface of the foregoing:guide pipe 49 for the purpose to
impose a limitation .to the distence wherein the plug

ferrule 20 is movable and to prohibit the foregoing cup 50



rnal surface of the foregoing guide pipe 49 is fitted with the recess
whose function'i's to prohibit the plug ferrule 20 fromrotating in the
ug 45. 7 A female screw 54 is provi dedj gl ang the internal surface of a

- portion of the foregoing cup 50 which portion faces an adaptor which will
 be described later. The coil spring 46 is produced of a stainless steel

-~ wire having the dianmeter of 0.4 nm The protective ring 53 is. producedfbf
a uret hanergbasbedpl: rétfoved egpomg thei datimaliSutfeceups 50het gaide  J/
supporter 51, and the coupling 52 all of which are produced of a plastic

~ and the fopegei hg,cand siriicly #6 toefhemaertensicn memksr f bnot hehowng

ferrule 20. Fig.6 is a longitudinal. sectional view of an adaptor with
whi ch thearfangedi hg apl opticel FAberctansbeedlug ¥he 48dpLocowplddgsi sts
~.of a sleeve 56 and a pair_of sleeve holders 57 each of which is identical

to each ot5arwhich is18itspdpalans Fben srtemiah Hrl3t9detedbrn 1858 body,

and are fitted with the external _surface of the sleeve 56 A |-e .screw 58
whi ch -i s t8o#REh sHPPRTHES {2k cBBEnYPLERaES G AFES B‘f‘r?hghfaorﬂg'g‘&%ﬁé’ncup 50

P g i T e

Tnternal dRftet bD) ordt REGReRE S B4PE cade B gg VFraQEUpaTof a0

_Therefore,eigskgg Cﬁi@erial,' which 1is fitted__along the external

| surface of the foregoing coupling 52 and which has a
function to_decfease_the amount=qf-thé_bending-loss fof_an

,-qpﬁical',fiber;_“ The -pf§jection-_48' arranged_:algng_-the=.
internal surface_of_tﬁé foregoing gu;@g'pipe 49 is'fitted_
~with ‘the. recess 23 whose function is to prohibiﬁathe plug
ferrule 20_fromfrctéting in tﬁe_plug;ﬂs.. A fema;estrew 54
is.prévided aloﬁg the'internal surface of a portion of the
foregoing cup 50 which portion faces an édaptor which will
be described later. The coil spring 46 is produced of a
stainless steel ﬁire having the.diameter of 0.4 mm. The
prlot.ect-ive. ring 5_3':Ls_ prbduced of a urethane elastomer.
The foregoing guide pipe 49, the cup 50, the_suppofter.sl,
and the coupling 52 all of which are ﬁroduced of a plastic

- and the foregoing cdil spriﬁg-46 aré-members of a holder
fdr the plug ferrule 20. _ | |

| Fig.6 is a longitudinal sectional view of an adaptor

‘with which -thé foregoing plug is interconnéctgd. The
adapfor 55 consists of a sleeQe 56 and a pair_of sléeve

holders 57 each of which 1s lidentical to. each other in



|
10 of a cylindrical sleeve 56 as shown in Figs.7A and 7B, a rod haV| ng an @
external dianeter simlar.to that of the rod 25 {Refer to Fig.2.) whichi
.enpl oyed for .producti.on of the el ectrof orreB mol'd .33 which is to be :
enpl oyed for production of the plug ferrule is errpl oyed, so that the 15
pI ug-ferrule 20 can be |nserted without | eavi ng a gap therearound and

identally can be renoved. 9 is a longitudi.nal sectional view of an
g\nm e of a FBERE MNY B@th/hpghWhécmng/e@m@mcgaoamtqnm wpdyn, shedvearend

_WhICh enpl oys r.od The netal nmold 60 is conpleted for 20
- production,. ér?‘ﬁ& &11}3} the gxbernady s&“%%ﬁ“ee(‘hﬁt Bowdeetiee Db ovi dethale

e Ao e p Rt eh° AR el ﬁiﬁh. Eeilfeq%%c?ﬁgmpi‘%gaiér?s&%%o’
b

:)?odﬁcegse\r/&}igﬁu \Mr%%‘?t'n #§€¥%g$%%nfpea%%t o{‘ltﬁ ﬁé;TPé:{'ée&aP]ﬁPgt He %1 Sg‘tﬁﬁ'ﬂﬁ}l e

20 6 56A

:gsiszls?:]gn?;s:igrgo ;Jce hﬁugﬁﬁgi)sﬂ%eq@dqh%?s I§rzsei?%?ﬁﬁ”é?gﬁg?’ighgg%}?m

ot a plug ferrEi e‘ilr@fc?si?g?nb ed ?ntt?’;é ?re%&\? ﬁg‘P 'pf%%‘?‘% 8I“g .

‘sl eeve i s nol gﬁg RPN stuF'? %Ior pro&ﬁ‘&tl Onemﬂ&éirv%.}h t he fore- goi ng

rgd, and (3) cutter is enplo
The accuracy of the internal diameter of the fore-

-going sleeve 56 1is very important. Therefore, in the case
10 of a cylindrical sleeve 56 as shown -in Figs 7A and 7B a - .
) rod having an external diameter similar to that of the rod-_
: _."25 (Refer to. Fig 2.). which 1is employed for production of
'_the electroformed mold 33 which is to be employed for-. .
production of the plug ferrule is employed " 80 that the
15 plug- -ferrule 20 can be inserted without leav:.ng L a .gap_ '
therearound and incidentally can be removed. Fig.9 is' a
longi't‘udinal sectional view of an example of a metal mold
60 which is employed for production of a’ sleeve and which
employs- the rod 25. The ‘metal mold 60 is completed for
i 20 production, when a sprue, a runner and a gate (not shown)
are provided to -the - metal mold proper that is show_n- in
'Fig.9. A sleeve 56 which 1s shown in Figs. 7A and 7B and.
which has a hole 61 which allows the plug ferrule 20 to be
inserted without ‘leaving - a gap_ therebetween can be
25 produced, when a molten resin identical to the material of
the pliug ferrule 20 is in,jected into the metal mold 60.

A slit sleeve 56A - ', .- B -



slil 62 in the cylindrical sleeve. Wen a rod having the external diameter
o& 2.487 mm was enpl oyed, a slit sleeve 10 56A having the internal dianeter
2.478 mm was produced. A di anond rotany cutter having ‘a bl ade
‘thi ckness of 0.2 mmwas enployed for providing a slit 62 to the foregoing
sl eeve. The adaptor 55. having the foregoing structure is 15 -connected
with a pair of plugs 45. By this step, the plug ferrules 20 assenbled

“both plugs %Ofﬁ{eviniﬁét I§t§8 g %F?dGl of the sleeve 56,. and the M;J

ends of the oled to contact each other. AS

~aresult, the cu l?O '§od0859§ﬁgegnwb? Eg%ésleeve hol der. 57 20 by neans of

Screw. Slnce no cturacy is reqflired di mension of the plug ferrule

hol der assegphpdeip tdiorghmy f Qelsy ecrdn ante! hexcPRYE DlARdt X, oltha i de
pi pe 49, the cup 50, the supporter 51, the coupling 52 and the sleeve ~

hol der 57 25,ar fnReRdyEecemyl spedi Fort Beoife 4 Hsm NoEn at Ryt #erMahds mach ™
~of which is produced by nmachi ning. Needless to enpha- size, each of such

- conponentss aSséMEleAclnt eheemeelaladedld 60 20¢2 pngd: cydihdve calstyledws as
whi ch al | ows easy assenbling and di.sassenbling. For the purpose to

~determ ne thelgeanemploying fthemmetale mildrb@passembliedewitn et dfores an o

optlcal fiber cable -

' going rod, and (3) a cutter is employed for- production of a

811t 62 in the cylindrical sleeve. When a rod having the
o external diameter of 2. 487 mm was. employed a slit sleeve
10 s56a having the internal diameter of 2 478 mm was: produced.
A diamond rotary cutter having a ‘blade thickness of 0.2
| mm was employed for providing a slit . 62 to the foregoingf_-
- sleeve. - | | _

| The adaptoi~:§5. having the foregoing stfucture 1s .

15 -connected with a pair of plugs 45. By this step, the plug .
ferrules 20 assembled in both plugs 45 are inserted
into.the hole-61 of the sleeve 56, and the“ends-ofﬁthe-ooth
plug ferrules 20 are allowed to contact each'other. As
2 reSult, the cup 50 is~connected'with\the sleeve holder 57

20 by means of screw. ' | : o *

Since no accuracy is required for ‘the dimension of
the plug ferrule holder assembled in the plug' ferrule 45
and the sleeve holder 57, the gulde pipe 49, the cup 50,
the supporter'SI; the coupling 52 and the sleeve holder 57

25 are produced by molding the ABS resin in the metal molds
each of which is produced by machining. Needless to empha;

size, €ach of such components 1s required to be reliable



* . .consisting of a bare fiber which |s a graded index fiber nmade ,_4[)/
of quartz. having the core dianeter of 50 microneters and the outer :
di aneter of 125 microneters, a tension nenper -neide of the polyamd fiber,
and an external sheath. of poly-10 vinyl chloride, is enployed.. In this
- casg, in order to connect a. fiber with.a fiber ferrule, a sheath coated
~fiber, having the bare fiber- which is stripped for an approXimte |ength of
. 3@ is inseandd tot hatviee ansérneitture |wiicpaad1dWwsofeddye pbsembarng eardd,
before the bare fiber of the 15 optical fiber is fitted with the plug
ferrule 20, vdisassdmblingof the bare fiber hangs over out of .the round
" hole 22. Thereafter; a dianond cutter is enployed to cut the end of the
“bare fiber which harfgr otke purpesette detmrminee th2 conmeqtdlarsipemform-
‘process enploying a sheet of emery paper * © 20 having the grain size
of No. 600 ignQQMQ%dapoopﬁéQQh.%ﬁhﬁbfconaegﬁpe,piber and the. buffing
process enpl oyi ng al uni na, powder_ is applied to the polished end of the bare
fiber, so & 4% %T(%c‘é%ef%]a??a%ébbﬁe t he. end of the<hare fiber an accurate
and snooth surface. . A quick hardening adhesive is 25 enployed for. _
“assenbl i ng t KOARAREINE W2 m?-%%aﬁilg?r&?‘.hiﬂ% i8nifeBTafed 0dndRxs fiber
determned to be 0.36dB, ..V\_/nﬁn 3_neasur enent s carried aqut enploying an
LED l'ight =~ ‘HBasie 05, QUaNEE/ @"iﬂé* e 9Tyt L 3reBeBsoki S0 Mk ErametRrs
fode scranbl ﬁ?glgggg%gq'ngegg;g{mgeggag;ggzgf n3RRRELTHs, % Tension monner

made: of the- -polyamid .fib'e_r_, _ ar_;d an external sheath. of poiy :
- _'_]_-Oviny-l chloride, is -emp_.loyecl_.. ~'In this case , in -_order. to
- connect a fiber with a fiber ferrule, a sheath coated fiber
having the."bare -fibér-' which is .stz?ippe'd. for an ...app_r'oxima.t-e
-1e'n_gth-._of-.:_3 mm-is :L_n_'sert_e-d:-'lint_b--.' the ir_zterna_i -.ho_l-lo*;_w--- space -
| 2i of the plug'.'_.. fei-‘_ru‘l‘é 20, before" the 'béa_:_'e_ i""iber:'.oi.‘ .thé'-_
15 optical '_fibe-r is 'fi'tt'ed_.w_ith" '_.the." plug ferrule 20, while ti':é
- end of the bare fiber hangs over out of'-.th'e' rom_ud hole 22. -
" Thereafter, a <_iiamond.. éuttef is- emp'lbye'd to cut. the end of
- the bare fiber which hangs over out of the round hole 22,
“the pol'ishing- process -‘ém’ployin_g & sheet of emery papef
P .' 2_0 having the grain size of No. 600 is applied to the cut end
of the bare flber and the -.buffizig process employing alumina
- powder is. applied to:- the polished end of the bare fiber, so
as to make the surface 61‘ the.. end of the bare fiber an
accurate and smooth surface. A quick hardening adhesive. is
25 employed for assembling the plug 145 with the adaptor 55.
| The connection loss ﬁas' determined tb be 0.56dB,

- . when a measurement  was carried out "employing an LED light



. anount .

\grans in weight and the adaptor was 1 gramin weight. The adaptor
| hg two. plugs 45 assenbl ed on the both ends thereof was 70 nmin |l ength

Qd A0 mm in dianeter. The. periods foréﬁdoduction of ‘'the plug ferrule 20,
~the sl eeve 56, a hol der of the plug 45

a hol der of thé adaptor 55

55

wer e,

respectively, -5 minutes, 5-nmnutes, 4 ninutes and 4 mnutes.” Results of
measurenent for the dinensional accuracy of the plug ferrule produced

PoPooy! "9 IO APREE YL T EREL" i Th8°, 0 B HliFrobiLoRe (R

~ bel ow.

As “a ‘group

t sanples ' eces Frul 8%

produced ungdefe (diramABr CORdL! ia0BmeFbe, 10 Ashﬁggi&&eo@ Séoéw%&m{wiy

~ external

dlaneter ternlned

or the foregoing pl eces

ferrule 203q. Ffsiﬁaﬁé@gwhs HRdist f8Fakhe tdsdREEy M n@ﬂea\{m@ﬂ;ﬁ&@é

“di anet er

|s 2.4884 mMm

mé‘U .

wer e
t he

nal

including 70 pieces within the 2-m croneter range of

bet ween 2. 48%5 gpandin. #828h8MandTlthe RRStdNalad 7Y ghamhanpresiugns. are

‘within the accuracy range of 1 nmicroneter above -or bel ow t he average

plug ferrule 20 out of the foregoing 72 pieces, before the

. out - of - r ourddes st neresef ewast Thsmmpphi eenigtht handelldctmtl 52 pliamstern

- out -of -roundness tester was enpl oyed for this measur enment . Fi

- shows
~the

th&he . peplodgi sfeT brABHAFiameosutths - PduSInEeRr¥ks ePRisncehe

sleeve 56, a holder of ‘the plug 45 and a holder of the
adaptor 55 were, respectively, 5 minutes, ‘5 minutes, 4
minutes and 4 minutes. '

Results of measurement for the dimensional accuracy

‘of the-plug ferrule-produced employing=a-method described

referring to Figs.f2 and 3, will be described belgw. As a

group. of-test\semples,-72.pieces-of“the plug -ferrules 20

A Thedoadsptgri 5§ - metviiony wWewo epiluggedis oassémbled? opi extes Wwdth he

g. 1l
or

were produced under-the.same_conditions.'.Fig.lo shows the

distribution of the external dlameter'determined_for'the
foregcing-72 pleces of the plug ferrule 20. . Referring to
the histogram,_the determined average e#ternal diameter is
2.4884 mm, including 70 pieces within 'the 2-micrometer

range of between 2.4875 mm and 2.4895 mm. This means that

-97% of the products are within the accuracy range of 1

micrometer above or below the average amount.

A random sampling method was employed to select 52

‘pleces of the plug ferrule 20 out of. the foregoir_lg' 72

pieces, before the outaof-roundness_measurement was applied
to the selected 52 pieces. An out-of-roundness tester was

employed . for this measurement. Fig.1l1 shows the



foregoing 52 pieces of the plug ferrule 20. Referring to the histogram 3
pi eces are within the out-of-roundness range of 1 mcroneter and 50 pleces
- are within the.out-of- roundness rangeJﬁzgﬂ5 m croneters. An
out -of -roundness - tester was again enployed -to deternine the eccentr|C|ty
of the foregoing 72 pieces of the plug ferrule 20 produced enploying a
~ method in accord- ance with the present invention. Fig.12 shows the

digt)i - but |dir$tafibtd1‘4—’,loelcceﬁt rihe t youtetafrneridfess t deté2minedesfof  tttee
plug ferrule 20. Referring to the histogram the determnined average
‘eccentricityoregpingisd dpeess ofi shecalughdermgni 2@d afedequiing to
mar gi nal amount. - ‘Moreover, the direction in which the eccentricity was
detected is &t chiFheErany e Piﬂ°e§ héresawkthim r bei ot taf-ra &%

D ecos. ver o T8e8 ol o P ot bkry ArCL o | P 08 B S SR e M-
|
nbl e 10 f F h of whi h
opti cal i bEPUERERS? Ipa-ﬂésgi’féﬁm##%g@ %hys 45 and. adaptors. 55
P £t SFSevead SpRvIor-ElLhafbaasSeabbed I RRadfe EAPLSYER Y,
F ri ou

'QOHHECtIOﬂ of optlca neasurenen

derorm et b ceanieR | Bl ool Fi8: 1hes megmo%ﬂ sori '&Wébke%“&f the -

connection loss deter- mned for t 0 optical nect

Referring t @reh1ies 1ardile 20° HIEAUEDCEMSYE) EHE A MRBHORS iQPfHk?@dchI‘

‘ance-. with the present invention. Fig.12 shows the distri-

w

_ buticn-of the eccentricity-determined for the: 72 pileces of
.~3the_3plug'-férrule;-zp;'c_Rcfcrringcitcc the.:hictcgram,  the';
_ndetérmine&5avcrage:eccentricitycis;QLB nucrcmeters:Which-u-'
cénvbe-i@coénizéd:as-a'duitefmarginallamount.: Moreover,_
the . direction. in which ‘the - eccentricity was -detected- is
 determined to be in the ~same direction for the all
.products. - | |
.Out’ofﬁthe foregoing 72 pleces. of the plug fe#rqles
20, 10 pieces were selected by the random sampling mgthdc'
. for che purpose to assemble 10 pileces of.plugs 45 shown in
Pig.5, each of which contains an optical fiber_therein.
Thereafter, these plugs 45 and. adaptors 55 having slit
e | - ‘sleeves (shcwn'in'Fig,S).assembled-thereinfare empioyed for
connection of optical fiberé, _before measurement was
~carried out to determine thé connection loss thereof.
Fig.i3 shows the distribution of the connection loss deter-
mined for the io optical fiver connéctoré. Referring to

the histogram, the determined average amount of connection



|l oss is 0.53dB which is evidently an extrenely | ess anmount. CQut of the
¢goi ng .10 pieces of the optical fiber connectors produced by assenbling
+he plugs 45 and the adaptor 55, 5 piLeggs-were selected, for t he purpose
.to deternmine the potential adverse effect of repeated actions to assenble
~and di sassenble the optical fiber connectors. After each of the 5 _
v connectors is respectively its nunber, each of the connectors is assenbléﬁa
~and di sasskods etis f ¢ 539Bt wbeh . is Abvidentdyghancekbnemehgi 3esngambunt.
assenbl i ng and di sassenbling thereof, neasurement for the connection |oss
‘was carried outOutoef thehfepeaesnsr 10 PRiegens ofhovise. opbicabr f§ber
maxi mum and. m ni nrum anounts of the optlcal fi‘ber connection | oss
- det er m nec®$WRERERRS oPRAUBICR & oRe cRBPMDREREY r‘?hﬁg pdyigsyi §514nd ¢ phe
deV|at|onHE$etmeen t he_na nunland m ni_mum ts does not exceed 0.05dB

- abOVﬁblor RF e SArerag@ rﬁr&ﬁ:ﬁ?ﬁ’ FIE e} aPIFPLSE of8 to

d, di | t . fib t | |
To the conteet AR oEBpy F?ﬁgﬁai‘:a oY SRR S crBPRate pPELPRR | per
f ?EQ?CES?\?\%‘?{" 4o g'?“égﬁr e %@%ﬁmﬁﬂa?,% A R

actions 5% Ssasé@ri?i% dis ieréégeBF'iGQi lesd% ”e the
potentlal nagnltu uctlon I'n e connect | 0SS used _
foregoi ng é@&?aéfdtﬁ&t¢&m§eéeoﬁ§ssabass@ﬂsléasaﬁae&%ssééﬁwea' 9ai~ &bber »
connect or. Firstly, the specific optical fiber connector was applied

‘ten tinmes pim&sich repesd ekach action consisting of  assembling and
| disassembling_théreof,-measurement,for the connection-loss
o was. carried 'out 'for; each: connector.-. Fig. 1& shows -the
average, maximum. and.minimum amounts of +the optical flber
connection~loss;determined_for-each,of the 5 connectors.
.Referfihg- to: Fig.l4, the deviation oetwceno the
maximop and minimum amounts -does not excéed;0.05dB above .
or below the average émount,fproving that thc_repeated
actions to assemble and disassemble the -oﬁtical fiver -
connectors are not influential to the connection loss.
Further, one of the foregoing opticai " fiber
connectors which underwent the foregoing examination,
_specificclly the fiber ' connector. given -with.-No.3,. was -
applied  with numerous times of actions ¢to assemble. and L
disassemble it; for the purpose to determinc the potential
magnitude of reduction 1n the conncction.loss caused by the
foregoing repeated actions to assemble and disassemble the
- optical fiber .connector;. Firstly, the specific optical

fiber connector. was applied "ten times of such repeated



-24- actions, - during which the. nmaxi num average and mi ni nrum anounts of{ j
the connection | oss were neasured. Secondly, the sane specific optical "
fiber connectar was applied 1,000 tinmes- ofy such repeated actions. Thirdly,
" the sane optical fibBer connector was applied ten tines of. such repeated
actions, during -which the maxi nrum average and m ninmum anounts of- the
-connection loss were neasured. ‘Fig.15 *. conpares the nmaxi num average
a ’Fn ni mumastohonss, ofdurtiag omhdehi obhe | osaximuwes ueyeragef oapd amihimin er
th 1,000 repeated actions to assenbl e and di sassenbl e the connector.
Referring tamountp 16f thehconnaakinmedospediRie oneasuredhe aSecendly ,
amount of connection | oss is roxi mately 0.05dB and. the correspondi ng
amounts for e SAB8 rﬁﬂﬁ%ﬂrﬂ%ﬁ&ﬁﬁ % WSGEIN Fas 1applied hAAQion,

-a heat ] t est d t f th t | fib
“Connect o s, %ﬂ@%s tﬁ%w R efeed E8Fashe b “ThIERLRL oD daPE et eria
f the heat t t I t, d th
Pange of | el ona“EEReFERH “i%scyiaﬁﬁ?ﬁé%‘s#r 15888y 3L FAR0Es TR e

: d _
ROt o I S e S R
reduct i on | aidi I3 tHEPUBLnALCEIBACCILEE | Rafe! SmaRPEAKA ML Ghifg 01 5B
and the corresponding anmounts for the maxi mum and ni ni mum anount s are
‘®ithin 0. 1d%_oﬁim‘acrers "ghé Ombxdfum}7 Sfehalgh andPANALREr DAHES 1 07 the

connection " loss measured before and after the 1,000

repeated actions to assemble and disassemble the connector.
_;_Referring -to -Fig 15, the determined reduction in the.-
average amount of connection loss. is approximately 0.05dB
:and the corresponding amounts for the maximum and minimum
'amounts are within 0 1dB '- | n | _ _ _
In addition, a heat cycle test was applied to..one of
the foregoing cptical fiber-connectors, specifically the
fiber connector giuen with No.l. The criteria of the'heat_'
cycle test was that the temperature ‘-was alternated between
Ithe range of -20°C and +60°C with a cycle time of 12 hours.
Fig.16 compares the maximum, average and minimum amounts of
the connection loss measured before and after the heat
| é_f - cycle test. Referring to Fig 16, the determined reduction
in the'average amount of connection loss is approximately
0.05dB and the corresponding amOuntssfor'the'nmximum.and
minimum amounts are within 0.1dB.
‘Referring to Figs;l7 and 18, a method for production

of a plug-'ferrule- to be employed for an optical fiber



a plug ferrule to be enployed for an optical fiber - 25 - connector
accordance with another enbodi nent of the present invention will be .

cri bed bel ow. This enbodi nent reallzers‘ar i nprovement applicable to
e method for production of a plug fe E%Ie desc¢ribed earlier referring

to 5 Figs.2 and 3. 'The feature of this enbodinent is that an electrofOrned":

‘nmol d having a cavity corresponding to the flange 20B of a plug ferrule

P Y e oppk B8 pOhESoraliBe N ELEC I IRC SHARLO o Stc%epg{)

le”C I cal ape 1's produce

et of O TR REQGRES nBRhGICh 100 peF ekl ol B, e eibBRumkhe L0

pr oduce a ri ca a net a ceramc or a conposi

material cogpgsederl Eae Eﬂb%ﬁ?gﬁ%nﬁat%gﬂif%ﬁ;igséf&d YRe e fRRBAPOR

‘cylindrical” “surface ving a I amet ntic to the I aneter of

the for egobf%sda}skaeﬁ%ﬂ%pmgd feasmA & el ee@ﬂfefeﬂsreﬂnm kel e

77 at the center thereof, nmaking the rod 76 a pipe. The through hole or

the penety apipg, BOl s 73has Tha dredBise dPPrENd SbabY AL HRAL Co ’eﬁai;h%tn of
the bare fiber of an 20 optical 'fiber. On the top of .a shank 75, a nold

‘75A havi ng alsbapefog@ed cadld o nakdnd agge AR Pf ddi&'dldplihdi r Yo %Qel_s

produced. On the top center of the nold 75A, a recess is available in
whi ch one errtiaﬁ et F@OBOdﬂGaC@aulge fepruled.20 Ref egmpDOye Q. Fi gIriL7othb)r"

._one end 78"
'words, such an electroformed mold having a stepped shape
‘rather than a simple eylindrical- shape is produced by the_
10 electroform process._ | :
| Referring to Fig 17 (a),ﬂ the"first' step is toa
produce a cylindrical rod 76 made of a metal, a ceramic or-.
a cuqnsun- material composed of-the foregoing materials.'
_ This rod 76 - has a smooth cylindrical surface having a
15- diameter identical to the diameter of the foregoing
cylinder 20A, and has a throughuhole or a penetrating hole
77 at the center-thereof,'making the rod 76 a pipe. The
th'rough hole or the _pehetrating hole 77 has a diameter

approximately identical to that of the bare fiber of an

s

20 optical fiber. On the top of a shank 75, a mold 75A havihg »

" & shape identical to the flange 20B of the plug'ferrule'zo.
is produced. On the £0p center of the mold 75A, a recess
is available in which one end of the rod 76 can be -
inserted. Referring to Fig.l7 '(b), one end 78 of a

25 straight pin 79 is inserted in the top end of the through
hole or the penetrating hole 77 of the rod 76 to a prede-
termined depth. The end 78 of the straight pin 79 has a



penetrating hole.77 of the rod 76 to a prede- -ternined depth. The end 78 of
the straight pin 79 has a - 26 - dianeteyg approxi-nately identical to
that -of the bare fiber of an optical fiber and is made of a material having
“a-high nodulus of rigidity e.g. a hardened steel or a tungsten a] [,oy. . ¢« s
A Qﬁ;;er nold 80 is finished 5 production, when the bottom end of. the wad e
76 i nsert efidmetde Bppeoxinhtehs rggu 0

shank 75. The naster Fd 80 is p?ateé%ﬁ§¥?g gﬁr%ﬁ?ﬁébfrﬁﬁéopagé tifer
~enpl oyi ng' an e ager Aptacdl ofebér haidrasi tmagedidgired ima Pi&fe:haﬂ}i?{)é ng

~ bath 82 for production of an 10 el ectroforned nold 83 (Refer to

(c).). After highl modudusr odd rigldiky er.@ws amasmdemuhdstéelfOfegOI ng rod :
76, the straight pin 79 and the upper portion of the shank 75 to a
predet er m nec t bunigsden ahdogl ectro- forrmdnmst;eﬂlmbs_dta&@nj_@utfgﬁigﬁgd'_
nickel plating bath 82, .15-pbefore the external surface of the

el ectrofor rﬁamrtmtlycﬁions nebeli e abdttom. emst @f nthel réd 76 .igr tHBerted °
of the el ectroforned bedy 81, resultantly producing an el ectro- forned nold
88 having a siepbhe Telcessr |0;ia|tltmlmoihdsﬁé3@e B3Xduted honortlespoogs dfH the -
cyllnder 20A attached by the 20 frange 20B of the plug ferrul e 20, as shown
iQ Fig 17 (d)shawkedbi-ng The Fgster maist afOmdisd phatedi with = ehpdm;lmﬂ-
for production of a_plug ferrule.is produced b

T gold plate employing an evaporation process, before it is

25 straight pin 79 is |nserted in the top end of the through. hole.or the. @

dipped'--in a' nickel 'plating-bath“ 82 for production of an
.10 _electroformed mold 83 (Refer to Fig 17 (e).).
| ' ~ After an electroformed ‘body 81 grows: to surround the :
- _..foregoing rod. 76 the straight pin 79 and the upper portion
o of the shank 75 to a predetermined thickness, the electro- .
. ) formed body 81 is taken out of the nickel plating bath 82 N
A5 ---before the external surface of the electroformed body 81 is
machined and the master mold 80 41s . drawn out .of the
electroformed body 81, resultantly producing an electro-
formed m’old 83'having a stepped _cylindrical hol_low space
83A which -corresponds to the cylinder 20A.atpached by 'the
.' L 20 -frange '20B of the plug ferrule 20 as shown in Fig.17 (48).
Referring to Fig 18 a metal mold ‘which is to be

" -

employed for production of a plug ferrule is produced by

'assembling_ the foregoing el_ectroforme.d mold 83, a pair of

upper and lower dies 86 and’ 85 and a pipe'. 87. The. upper

25 die 86 has a recess 88 which is necessary for production of
a cylindrical portion 24 of a plug ferrule 20.

The upper metal mold.8_6 is provided with a sprue 90



' produced eh®F

ﬁg Iing the foregoing el ectroformed nold 83, a pair of upper and | ower
di'es/ 86 and 85 and a pipe 87. The upper 25 die 86 has a recess 88 which is
ssary for production of a'cylinerc% gortlon 24 of a plug ferrule 20.

“The upper nmetal nold 86 is provided wt

91, and the lower netal nold 85 is provided with, -a runner 93 and a rin

“gate 92 at an arbitrary location for the purpose to allow a nmolten resin.

e.g. phenohhg areshp gae8t 9N BAA §her Lowakametahi BENS 8501sP3¥sviideauah \_J

~themto be injected into the cavity 89. Particu- larly because the ring

- gate 92 hasigh,amurannshap®3 idnd saeffiegi \wated gappiy tdie apbierargsin

-~ uniformy into the cavity 89.. The pipe 87 functions to purge gas and drain
‘the excesslgeoahiony Ddrt lkhenppurposesity diliowy ehemobtemngegmiotessg. After

the resin is hardened, the nolded nmass is taken out of the netal nmold. In

the case vwpkemophenoresinescantaaningi nghoktrt gdhass. filbers i foenprsyped,

~the appro- priate anounts of the nolding tenperature and of the

‘transfer E%B&Fethﬁ§%$°rB@pééﬂF@éP? ﬂﬂ&q]thQnﬁﬁVQSD Pgrr]PFP§§°EQ

t hrough 22 shg;s results neasurenen%s carried out_for the p é’alferrules'
sh

o Rﬁc?ﬂﬁenﬁPﬂoHiﬁgs§?F5ea ab8fe an BIEWELER SHRIRE B&t ter
St aRee ey Y CIERTL L SRR AR mbd ¥y BLSL S TPORAIE e
cavity_89;_ The pipe 87 functions to purge gas and drain
the excess quantity oﬁ the molten.resin,.during.the,molding
process. After_the.resin_1slhardened,.the molded;mass is
'taken qut_of;the'hetal mbld,g in.the”caSe wheré phehdlic

' résin cqntaininggShort glass fibersfis employed, thg.appro—
.priate_ amounts'_of._the' moidiﬁg_.temperature and of the
transfer pressure. were respectively ,170°Ciﬁ290 and 250
Ks/ém%;lOKg/cmz. -

- Figs.1l9 through 22 shows results of. meaéurements
carfie.d- out fo_f 't_he piug ferrules produced_emplo&ing the
method described above. These results show bettef results
.than Ehe corresponding ones for the other embodiment
describea with reference to Figs.10 throﬁgh 12. This means
that a considerable magnitude of improvement has been
realized for the foregoing second embodiment in-comparison
with the foregoing first embodiment,.thé 1mbrovémént being
brought .out during 'thé period after the measuremehts of

-which the results are shown in Figs.l1l2 through 16 : were
- carried out particularly from the realistid viewpoints'e.g.

the aforementioned improvement applied to the structure of

a sprue 90 -27- and a ring gate

L 4
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-

that a considerabl e magnitude of inpro#k%ent has:been realiiéd for the
.foregoi ng second enbodi nent in conparison with the foregoing first

-enbodi nment , the éOfggegthang br ought out during the period aftér'the
rreasurerrents%f %ﬁ? the resul'ts are shown in Figs.12 through 16 were

carried out parti CU'ﬁhilsEr eHel 'ﬁ&-ers%%t Sheé Ehod CHAS! Bbénedﬁsctr*’iﬂaed w:.th
af orenmenti oned i nprovenent applied to the structure of a gate for :

rr?\eg Wi | st fé@eféﬁéentoﬁp&bféﬁmé)&_aﬁbmﬁénbsdap?mc&w@ Qﬁf:q::.tcsuuc-

erabl e embodi nent s - applicable to produc- tion of single core optical
-__."fl ber. connect®isn bf binglleacore idpiiddE Pike£nbotfebedriss dPlisapl€at 0

production of nultiple core optical fiber connectors. For exanple, it is
possi bl e t9. nBEE thedpeesknth metdmd iy aFpdlcablds tohproduction et
enpl oyed for production of plug ferrules ich are enp oyable for nultiple

. core optical daibeipteneote. opadicals. fibéwencommeécyors .an Foecexaimpled bol d
whi ch com prises a plurality of rods which are fitted.in parallel wth

‘one, anot her fmdpeasiblef tohmasspradyce highr prdcisibhemetal mdldeof, as

a master nold . As aresult, it is readily. possib-le to mass-produce

~lgigh- preci si oshehgate: tor bel empirqyer;laﬁon povoductiop efc plug fexrulés ber
" connectors.. The above desi bed nethod al | ows Eroductlon of a plug - ferrule

‘which i s a prwhich 8vpyemployablkestfor multipke coveaoprical (@ibkemmomt of
Bccentr|C|ty) of the dianeter
nectors, when employ1ng an electroformed mold which com-

- prises a plurality of rods,which¢areufitted.inuparallel
" with one another and each of nhich has a pin inserted:in
 the. hole ‘thereof, as a master mold EAs a result, it'is:
| readily possible to-mass-produce hlgh preclslon plug
fl5;-ferrules employable for: multiple core optical fiber .
| connectors |
Thezﬂmme‘iumzibedtmaﬂrxiallows;nnduc:uztof'a;ﬂng
~ ferrule which is a precise copy of the master mold, and
the accuracy (the amount ofﬁeccentricity)'of the'diameter
20 and the positioning of-an-extremely small hole to which
" the bare fiber of an optical fiber iS'inserted and which .
@ .is formed in one end of thegplng ferrule is determined by
the'corresbonding accuracy'of'the'mAster mold "~ This |
means that once a'q?ter mold hav1ng a precise accuragy is

25 produced it is possible to mass-produce any de31red

quantity of electroformed molds havzng the excellent

magnitude of accuracy similar to that of the master mold,
furthervresultantly enabling mass production of plug
ferrules having an excellent magnitude of dimensional

5 accuracy.



-

and the positioning of an extrenely small hole” to whi ch the bare fiber
njoptical fiber is inserted and which is forned in one end of the plug

e is deternmined by the corresponding. accuracy of the master nold.

Thi'S means that once a nmaster nold having a precise accuracy is 25

produced, it is possible to mass-proddcg any desired quantity ‘of

el ectrof ormed nol ds having the excellent magnitude of accuracy sinilar tQ?‘_
that. of the nmaster nold, further resultantly enabling nass production of-\_)
plug ferrul es having an excel |l ent magni tude of dinensional 5 accuracy.
CLAI M5 1. A method for producing gLAIMG ferrule which is adapted to be
assenbled in a plug which, in conbinatton 5 with an adaptor, constitutes an
optical fiber connector; sai d met hod conprising the steps of producing a
round hol e at the center of one end of a rod, the round hole having a

di amet er apprbxi mat eAymetikodi far prodheidgarepdugoffearhddree whinh io be
connected, the rod 10 being nade of netal, ceranics or a conposite

mat eri al |ncl@damgedathbalaaagmhlgdranna Plnsewhnn@uaqmrcdmhxnanaanound
hole in order to produce a_master nold, enploying an electroforn1process to
pl at e alnﬁeﬂwiﬁ@eﬁnlﬁ aE§9¥ngcanﬁFEBEFéFn?ﬁe@PF &idegh aopnegEaw nal 2

surface of said, e£ Hnld ang to prﬁduce an electroforned nmass
~ sai tho comprlslng the steps of

f

producing a round hole at the center of one end of a rod,
" the round hole hav1ng a dlameter approx1mate1y identical
to the dlameter of a bare f:.ber to be connected, -the rod
10 being made of metal, ceramics or a composite materlal
| including a metal and a ceramic,
-.1nsert1ng.a plnpinto said round hole,in“order to;pfoduce
a master mold, |
_employiﬁg an electroform procesé to plate a meta1-1éyer:;
15 having a predetermined thickness on the external surface
of said master moid and to produce an electroformed-mass
which surrounds said master mold,
_drawipg'said rod of the master mold from said electro-
formed mass, :leaving said Pin in said electroformed mass,
20° in order to produce an eledtrpfo:med.mold,.
producing a metal mold by assembling said eleﬁtroformed
mold, a pipe and a pair of upper and lower’metal dies, and
£illing the cavity of said metal mold with molten resin to

produce a plastics plug ferrule.

25

-_—

A 0



~ which surrounds said master nold, drawing said rod of the master nold fron(Ei;)
said el ectro- formed mass IeaV|ng said pin in said electrofaornmed nass,

in order to produce an él ectroformed nold,. producing a netal nold by
- ‘assenbl i ng said el ectroforned nold, a.pre and a pair of upper and | ower _
metal dies, and filling the cavity of said metal nold with nolten resin to
~produce a plastics plug ferrule. 25 2 %0 A method as clained in claim
Nofierein said rod has a snooth cylindrical external surface which has a

uni form di anmeter, said round hole haV|ng a mni nal eccentricity relative to

‘the external sgrface &f mSehedr a8 ¢ 16 \éﬂfr@]_&ﬁq d Wdtd i B Afod

~hardened steel or tungsten all oy an arge nodul us o r|g|d|ty 3.

A nmethod as clpa8ed bRobltAl agilaaracalvww&ﬁﬂnesﬂﬁaﬂe WHLCH 1984 g pai r of
~upper and | ower netal dies 1 is provided with a large cylindrical hollow

space. i n whi chyaefdral dehmeteredaid doumd rdie/dth thenidifiggl netal die -
~of said pair of upper and | ower netal dies is provided with a cylindrical

- hol Low space iacsbhebicity wedatiivientodiihenlextaialn sifr feiel of ugai®rred g
-~ is nmolded and an 15 annular recess which is provided with a projection at
! pr edet er rff neandowhewveinf saa.rldpa.muﬂsarma@ezfs hatdenpd leteed oof tumgsiten
annul ar recess in which another cylindrical portion and a flange of sald
.plug ferrule aatlopl dod has a - large modulus of rigidity.

3. A method as claimed in claim 1 or 2, wherein
' one: metal die of- sald palr of upper and lower metal dies
10-:13 p:ov1ded;w1th:a large-cylindrical hollow space in which
'_'Said-élecfroforme&;mold”isTreceived'andathe'other'metal
.d1e of said: palr of upper and lower metal dies: is: provzded.
w1th a cyllndrlcal hollow space in whlch a-f.oné.cylin-
| drlcalwportion of said-plug:ferrulezla moldédfand'an
15 ' annular recess which-is provided with a-projection at 5-’
predetermined portion of aaid.annular reaess, aloﬁg the
axis of said annular recess in which another cylindrical

portion and a flange of said plug ferrule are molded.

20 4, A method for producing a plug ferrule for use in an
optical fiber comnector, comprising the steps of
inserting one end of-a'pin-whiCh has a diametgr approx-
1mately 1dentica1 to the diameter: of a bare fiber to be
connected and which has a head on the other end thereof,

25 into a hole defined l_n-one.-end of a.rod and extending along the

* c L n § *



: A method for producing a plug ferrule for use in an optical

f{ §& ftonnector, conprising the steps of.inserting one end of a pin which
.a Mdianeter approx- imately identical to the dianeter -of a bare fiber to

be inect ed and which has a head on the other end thereof, 25 ‘into a hole

defined in one end of a rod and extendi rgs along the . Iongltudlnal axi s

t hereof, said rod being made of netal ;- ceranmic or a conposite material e

conprising a metal and a ceramic, said hole having a diametei approxi mate

iden- tical to the dianeter of a bare fiber to be connected, 5 inserting

t he ot her end lohgitdiudinal iaxis tthereafssaid amchm:,ngdnpdedqfemata&ster

nol d, enploying an electroform ng process to plate a metal |ayer having a

pr edet er mi ned cemaTife ST ¢h QOTPASE e WA texkdhRompT Leing nastefakopradagd t o

produce an el ectrofornmed mass 10 _whjch surrounds said master nDId dr awi ng

said rod and SexaRicor aaid hekehABIng 4 SHame P WRFHFLPAEALFaiden-

o1 0, or oduc A Inl Eho ELARE ‘”aﬂla”ﬁ@ésg%fﬁxﬁé€2€$%%Pﬁ§%S§%rgﬁﬁ{?da
di e whi ded, wi d I | h

BB o ot oo i e 4 b R0 e LR FReRRogE, T nd

die which is %%§¥ﬁg&§ &{? e %QA{E¥ hol | ow space to rece!ve said

el ectr of or ned elng arrange i'n the cavity of said
_eleCtrOfOr”Edémﬂf$§¥hé“%&(Eléﬁﬁfﬁfbrmlng process to plate a metal layer

having a predetermined_thicknesS'on the external surface

of said mastér'mold-and to ;roduce an electrofdrmed mass
-.10;-which suxrounds sald masterxnold - _ |
drawing said rod and shank ‘of the master. mold from sa1d
_ electroformed-mass, leaving said=p1n~;n ‘said electroformed
mass, to producéxan\electroformed.molq, |
producing a metal mold-by_assembling-said electroformed
- 15 mold, a pipe, an upper die which is. provided with a
-eylindrical hollow space having a diameter approximétely
identical to the diameter of said rod, and a lower die
. which is provided with a large cylindrical hollow space to
receive said electroformed'mbld, said pipe being arranged
20 in the cavity of said electroformed mold so as to leave a
small gap between the end of said pipe and éaid pin left
in said électroformed_mass, so as to provide a path
through which gas.may be purged, and.
filling the cavity of said metal mold with molten resin

25 to produce a plastics plug ferrule.
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- smal | gap between the end of said pipe and said pin left in said _ (Eéé)
- electrofornmed nass, so as to provide a path through which gas nay be . _
.purged, and filling the cavity of said metal nold with nolten resin 25 to
produce a plastics plug ferrule. 5. " A met hod of producing a plug
ferrule for use’in an ' optical fiber comgRrctor, substantially as
~herei-nbefore described with reference to Figures 1. to 4 or Figures 17 and
1 t he .acconpanyi ng. draw ngs. 5 6. An optical fiber connector
conprising a pair of plug ferrules nmade by the nethod as clainmed in any one
of the precedi 6g cl ai Asmethed: eft produrdngeriglugtfarcibs feenusepindaned
by phot ocopying the applicants original typescript. It may contain a few
“amendment s whi optacaldifiibesulconnectear. substantiglly as geeceinbefoneai ning
.-these amennents may be inspected on the pemes of the Patmat O fice
- . - described with reference to Figures 1 to 4 or Figures 17

~and 18 of-the~accoﬁpanying drawings.

5 |
6. - An optical fiber connector comprising a. pair of -
plug ferrules made by the method as claimed in any one of

 -the prgceging-claimé.- .
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