JACI FERRULE FOR CONNECTORS This invention is
‘related to a ferrule for connectors, especially for connectors of
optical fibres, conprising a 5 body which is traversed by a hole allow ng
to receive an optical fibre. Such a device is already known. The
reversi'bl e connection of optical fibres, used for the transm ssion of

| um nous 10 signals, is achieved by neang of connectors of different

ki nds. The perfect alignnent of the two ends of the fibres to be
connected is the omi present objective in the reali sation of connectors
for optical fibres. The mechani cal wor kpi ece on which the result of the

connection 15 depends the nosFERRYLENFOR COMMIECTORS: i ntensity | oss of a
signal to a mnimum is the ferrule. The ferrule is essentially a
cylindrically shaped body having a dianeter in the range of from1.3 to

3. 17 mm anghas2@nkendl Bnofi sf FeMaelo £46 aMPe rd@R@NdoRd comnldtd giaf,ure of the
connector to be used. The ferrule nmust have a Iengthmﬁse traversing hole

for recei vPERechaleyt £0& conpestarscRii spticalyfdpres cSABmrd®i¥edei n. The
di amet e OBoHPewﬁQEhUEQ traRer@ad By ¥Wahpler aMewidd FO k& kR0 M
according to the 25 type of fibre t0 be introduced. "At the tine of

assenbl i ngpptlcal fibre.

Such a device is already known. The reversible connection
of optical fibres, used for the transmission of luminous

10 signals, is achieved by means of connectors of different
kinds. The perfect alignment of fhe two ends of the fibres
to be connected is the omnipresent objectivé in the
rea;isation of connectors for optical fibres. The
mechanical workpiece on which the result of the connection

15 depends the most and which reduces the intensity loss of a
signal to a minimum, is the ferrule.

The ferrule is essentially a cylindrically shaped body -
having a diameter in the range of from 1.3 to 3.17 mm and a
20 length of from 3 to 16 mm, depending on the nature of the
connector to be used. The ferrule must have a lengthwise
traversing hole for receiving the optical fibre which is
typically cemented therein. The diameter of the ferrule
holes may vary from 0.124 mm to 0.150 mm according to the
25. type of fibre to be introduced. At the time of assembling,
the play between the ferrule hole and the optical fibre
should be as small as possible in order to avoid alignment
errors that would bring about intensity losses of the
luminous signal; usual values of this play are inferior to 1

30 um:for monomodal connections and smaller than 3 to 4 um for

multimodal connections.



}h@‘ﬁray between the ferrule hole and the optical fibre shoul d be as

smal | as possible in order to avoid alignnent errors that would bring
about intensity |osses of the = |lumnous signal; usual values of this play
are inferior to 1 30 [err]mfor nononodal connections and smaller than 3 to
4 [err]mfor mul ti nodal connecti ons.

-2- The position of the capillary-tmle is also very inportant for
the results to be obtained when the two ferrules, having recei ved the
two ends of the fibre to be connected, are mechani cal ly aligned by neans

of aresilient ferrule 5 aligning sleeve which acts on their outer
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hole and the axis of the ferrule itself should be as small

as possible, ideally inferior to 1 to 1.4 pum for monomodal

connections, and inferior to 3 to 4 um for multimodal

10 connections.

Still other properties of the ferrule may influence the
qﬁality of the connection; namely the thermal, chemical or
mechanical stability of the material used and the degree of

15 surface finishing, more particularly of the contact surface
of the ferrule and of its outer diameter.

There are several types of connectors commercially
‘available. The connectors which are most widely used are

20 those which comprise a ceramic single block ferrule of
zirconium oxide, Zr0O;. This material permits to obtain good
performances as to material stability, and an optimal,
nearly spectacular surface finishing which is the result of
special polishing techniques. The material which is used

25 for the manufacture of ceramic ferrules is a fritted "raw"
body whose shape depends on the technique that is applied
for mbulding the body prior to the fritting treatment.
There are two principal methods of manufacture: extrusion
and injection moulding.

30 |
The extrusion method ailows to obtain circular cylindrical
bars having a capillary hole. It is not possible to obtain

more complex shapes. The hardness of the material does not



Ther'e ‘are several types of connectors commercially avai |l abl e. The
‘connectors which are nost widely used are 20 those which conprise a ceramic
si-ngl e block ferrule of zirconiumoxide, ZrQ2. This material permts to
obt ai n good performances as to material stability, and an opti nmal
nearly spectacul ar surface finishing which is the result of speci al
pol i shing techni ques. The material which Bs—used 25 for the manufacture of
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machining and the tool.

10 The method of injection moulding allows to obtain more
complex shapes and thus a "raw" body whose shape is closer
to that of the finished product by integrating shapes '
required for the final product. A major problem of this
technique, however, is the difficulty of correctly managing,

15 within the interior of the matrix, the filament that will
produce the capillary hole. The pressure exerted by the
flux of the molten ceramic material unavoidably causes a
curving of the filament and a displacement from its axis
with respect to the mould opening that shapes the outer

20 diameter of the ferrule. As a result, the best values of

the concentricity that can presently be obtained in

industrial manufacture, are between 20 and 40 um. This fact
implies that, for obtaining the required values on the
finished product, excess material must be removed from the

25 outer diameter by grinding in various manners and with a
mechanical effect on the capillary hole. To that end, it is
required that the hole traverses the ferrule over its entire
length with a constant diameter.

30 The length of the ferrule hole is a parameter that may
influence the performénces of the connector. The length
which must guide the fibre within the ferrule must not be
inferior to about 1.5 mm in order to avoid an angular



maehini ng and thé tool . 10 The method of _injection moulding allows to

‘obt ai n nore conpl ex shapes and thus a "raw' body whose shape is cl oser
to that of the finished product by integrating shapes required for the
final product. A major problemof this t echni que, however, is the
difficulty of correctly managing, 15 within the interior of the matrix, the
filament that wll produce the capi+lary hole. The pressure exerted by

t he flux of the nolten ceram c material unavoi dably causes a curvi ng
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avoid a ac % %asily and cheaply be manufactured and which guarantees
a safe and reliable connection.
10
This objective is achieved by the new ferrule according to
the present invention; the body of the ferrule .comprises a.
first guiding portion for the fibre, this portion being
shaped in such a manner that the circumference of the cross
15 section of the hole is a closed, non-circular line that
surrounds a virtual circle whose diameter is a function of
the fibre diameter, said closed line touching said virtual
circle at least once, and the body comprises a second,
additional fibre guiding portion having a circular cross
20 section whose diameter corresponds to said virtual circle,

determined by the fibre within the first guiding portion.

At one hand, the above defined profile of the first guiding
portion for the fibre allows the use of a reinforced matrix
25 core during manufacture, and this fact greatly reduces the
necessary grinding operations after manufacture, improves
the concentricity of the hole with respect to the outer
diameter, and facilitates the washing of the hole, all in
maintaining the precise guidance of the fibre. On the other
30 hand, the ferrule according to the present invention reduces
the difficulties of the fibre insertion, thus improving the
automation possibilities of the process, and generates a
space into which any cement excess may enter and find an



n1saL|gnnent of the fibre mnth respect to the ferrule. The | ength of the
gliiding hole in the ferrule, presently about 10 mm is considered to be
greatly exaggerated as to the functionality of the connector. This
length is due to 5 ferrule manuf acturing considerations and aspects.

The objective of the invention is to provide a ferrule which can easily
and cheaply be manufactured and whi ch guad ant ees a safe and reliable
connection. 10 This objective is achieved by the new ferrul e accordi ng
to the present invention; the body of the ferrule conprises a first
guiding portion for the fibre, this portion being shaped in such a
manner thatindeeaseducbrtaatesvftfahe which 1Bpsevesonhef fikathoneoifsthe

s a Tuncti Bio6t €' PR "FrhiBbnignaFibe" aTye FRELHA  SubILEaHaTTe T aTE el
Vhéf??Lna| guxdingapotéhenoﬁocgﬁhﬁngfﬁhe bg?yicémprbves atsegundance e
i anetor cofaoREntided SeB gk rpiEY BF, Epf FeHEflecERRR 89, STk o

w thin the freétfgumdaﬂg pemehondepositAt .one hand, the above defi ned
profile of the first guiding portion for the fibre allows the use of a
reinforced matrix 25 core during nmanufacture, and this fact greatly reduces
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gui dance of the fibre. On the other 30 hand, the ferrule according to the
present_jnvention r ff|cult|es of the fibre insertion, thus
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be made to the drawing wherein:

FIG. 1 shows a partially sectioned side elevation view of
15 the ferrule,
FIG. 2 shows a sectional view according to the plane A-A in
FIG. 1,
FIG. 3 1is an enlarged sectional view of the central portion
of the ferrule, and '
20
FIG. 4 shows a sectional view according to the plane B-B in
FIG. 3.

FIG. 1 shows a partly sectioned side elevation view of the
25 ferrule for connectors according to the invention, and FIG.
2 is a sectional view in the plane A-A of FIG. 1. The
ferrule comprises a body 1 which is essentially cylindrical
or prismatic and which is traversed right through by a hole
intended to receive an optical fibre. The body 1 is thus a
30 tubular one. The cross section of the hole is not circular
over the entire length of the body 1. The latter has a
guiding portion 2 for the fibre. This portion 2 is shaped
in such a manner that the circumference of the cross section



-5 i ncreased contact surface which inproves the fixation of the
fibre at the connection site. The second, additional gui di ng portion for
the fibre still inproves its. guidance and provides an extremty of the
ferrule that is virtually 5 free fromany cenent deposit. The neans -
whi ch are defined in the dependent clains allow to I npl ement t he
I nvention according to preferred enbodi4rent-s. 10 Now, an enbodi nent of
t he device according to the invention will be described as a
non-limting exanple. Reference wl]l be made to the draw ng wherein:
FIG 1 shows a partially sectioned side elevation view of 15 t he
ferrule, oEl €he Zhokd#0\Se@ FEGLI nnaformsvxaammdingulmrtdnboséanbmepai n
ectional w of the ,c

gieihé ferrE*g% gﬁﬁ*éﬁgnse£$€ggﬂucéﬁﬁmé glgEE? oﬁhfc ?eﬁlggééaEFQ % t he
pl ane B-B ighose diameteF!{s & function of the fibre diameter. 1In the
shown Example, line 3 is a closed curve which extends around
5 the axis of the hole and has a varying radius whose value is
never inferior to a minimum value which depends on the fibre
radius. Since the radius of the fibre is known, this
minimum value (that is of course half the diameter of circle
4) corresponds to the fibre radius plus a play value which
10 is necessary for the introduction of the fibre into the
ferrule. As an example, for a fibre'having a thickness of
0.127 mm, this play value is in the order of +-0.004 mm.
The maximum value of the varying radius of the closed curve
is preferably at least twice the minimum value. This allows
15 the use of a reinforced matrix core during manufacture and
reduces the required grinding operations.

The term "cross section" of the hole means the section of
this hole in a plane that is perpendicular to the central

20 hole axis 5. This axis 5 is thus a symmetry axis of the
body 1. The circumference of the cross section of the hole
can be any closed iine whatsoever which surrounds the
virtual circle 4 and touches its circumference at least once
at a point or at a portion of this circumference.

25 Preferably, line 3 that delimits the cross section of the
hole within the guiding portion 2 touches the virtual circle
4, determined by the fibre, at least three times in such a
manner that every time a contact point or a contact zone for
the fibre is established (the contact points or contact

30 zones being discontinuous, i.e. separated by non-contact
zones). Each contact point is part of a lohgitudinal
contact line (which is also a generating line of the hole

where the hole is pfismatic or cylindrical and non-



E[Gﬁii'shoms a partly sectioned side elevation view of the 25 ferrule for

connectors according to the invention, and FIG 2 is a sectional viewin
the plane A-A of FIG 1. The ferrule conprises a body 1 which is
essentially cylindrical or prismatic and which is traversed right

t hrough by a hol e i ntended to receive an optical fibre. The body 1 is

thus a 30 tubul ar one. The cross section 9f -the hole is not circular
over the entire length of the body 1. The latter has a gui ding portio
for the fibre. This portion 2 is shaped in such a manner that the
circunference of the cross section
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FIG. 3 shows an enlarged longitudinal section of the central
portion of the ferrule, and FIG. 4 is a cross—sectional view
according to plane B-B in FIG. 3 (and which corresponds to
the plane A-A in FIG. 1). In the shown example, the body 1
is shaped in such a manner that the cross section of the
hole within the guiding'portion 2 is like a four-leaf
clover. This cbnstruction'shape has proven to be
advantageous regarding the manufacturiné precision of the
ferrule, the assembling ease, and the Safe and reliable
fastening of the fibre in the ferrule.

The body 1 further comprises a second, additional guiding
portion 6 for the fibre; this portion 6 has a circular cross
section. The diameter of the circular cross section of this
additional guiding portion 6 corresponds to that of the
virtual circle 4, determined by the fibre within the first
guiding portion 2 (i.e. the desired nominal diameter of a
ferrule hole: fibre diameter plus play). According to the
present example, the additional guiding portion 6 guides the
fibre by a'length of about 0.3 mm whereas the first guiding-
portion 2 guides the fibre.by a length of about 1.3 mm, the
total length of both guiding portions thus being about 1.6
mm. This guiding length is sufficient for avoiding an
angular misalignment of the fibre with respect to the
ferrule. The ferrule according to the invention has thus a



is- pFeferany at 'l east twice the mnimumvalue. This allows 15 the use of a
reinforced matrix core during manufacture and reduces the required

gri ndi ng operations. The term "cross section” of the hole nmeans the
section of thirs hole in a plane that is perpendicular to the central 20
hole axis 5. This axis 5 is thus a symmetry axis of the body 1. The
circunference of the cross section of +hé kole can be any closed |ine
what soever whi ch surrounds the virtual circle 4 and touches its
circunference at |east once at a point or at a portion of this
circunference. 25 Preferably, line 3 that delimts the cross section of the
hol e wi t hi nleéngtlyu i tige pguidimg Zhobeicfms the fibreavhithcis reduged to
determned by the fibre, at least three times in such a manner t hat
every tine & CIMEEL: point or a contact zone for the fibre is
establ i shed (the contact points or contact 30 zones being discontinuous,
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the fibre anghgthhon the swacgsidirgissrdions 2hendhapbeiiigt seffidttefhi ch
's for exaqﬁle péﬂfr port{on 7 does not serve as a fibre guide and
further renders the assembling easier.
10
The "raw" ferrule body, namely the original piece as such,
is manufactured by injection moulding and does. not require.
any removal of material for obtaining the correct hole
diameter, nor any grinding of the external diameter of the
15 ferrule; this avoids any detrimental mechanical effect on
the inner diameter. The core of the matrix used which is
stressed for bending during injection by the flux of the
molten material may be reinforced thanks to the profile of
the guiding portion 2 and of the third portioﬁ 7.
20 Preferably, the ferrule is made of CIM (Ceramic Injection
Moulding), of MIM (Metal Injection Moulding), or of suitable

thermoplastic materials.

The dimension conditions of the capillary hole as well as

25 the concentricity of the hole with respect to the outer
diameter are improved. Moreover, the washing operations for
cleaning the capillary hole and for avoiding its obstruction
are rendered substantially easier.

30 - - - -



.eyllndrlcal and non-circular; in this case, line 3 is the directrix).

Thus, the preci se guidance of the fibre within the ferrule is
guaranteed FIG 3 shows an enl arged | ongitudinal section of the
central 10 portion of the ferrule, and FIG 4 is a-c

according to plane B-B in FIG 3 (and which corresp rlmnﬂnmllﬁﬂﬂ"llmme A-A
in FIG 1). In the shown exanple, the body -l is shhped i'n duch a* manner
that the cross section of the hole within the guiding portion 2 is |like
a four-leaf 15 clover. This construction shape has proven to be .
advant ageous regardi ng the manufacturing precision of the ferrule, the

assenbl i ng €BABMS and the safe and reliable fastening of the fibre in the
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The di anet er fopbecalrfubaesor@smm&asumgnaobodwldl) whddit iisnal gui di ng

portion 6 corre onds t rtual ir rjgined by the
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present exanpl e, _the addltlonal ui di.ng . por t.i |§ fihre by a
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fibre by a | engtlibet, almtits bo}ﬂmjn t(29 BRinet shaperdgtin eudhotah manmémg
portions thus bein out . nm_ Thi uiding |l e th IS ff|C|e t for
port1ons {hus belg Shavl .t SmeeaMiceltie S 00! SR oo I
ferrule. The fe&sulaeca%@rdjl Imﬂ-@ﬂﬂmhaﬂvaﬁtmeor(3hatmal‘uJ$mrrounds a
10 virtual circle (4) whose diameter is a function of the
fibre diameter, said closed line (3) touching said _
virtual circle (4) at least once, and that the body (1)
comprises a second, additional fibre guiding portion
(6) having a circular cross section whose diameter
15 corresponds to said virtual circle (4), determined by

the fibre within the first guiding portion (2).

2. Ferrule according to claim 1, characterised in that
said first guiding portion (2) is shaped in such a manner
20 that the hole is prismatic or cylindrical and non-circular.

3. Ferrule according to claim 1 or 2, characterised in
that the line (3) of the first guiding portion (2) which
delimits the cross section of the hole, touches at least

25 three times said virtual circle (4) determined by the fibre,
in such a manner that each time at least one contact point
with the fibre is established.

4, Ferrule according to any one of claims 1 to 3,

30 characterised in that said closed line (3) extends around
the axis of the hole and has a varying radius whose minimum
value corresponds to the radius of the fibre plus a play
value.



P | ength of the guiding hole for the fibre which is reduced to a
m ni mum . The body 1 has a third portion 7 where the cross section of

5 the hole is circular and has a dianeter greater than the —greatest

di anmeter of the guiding portion 2. The guiding t wo gui di ng
portions 2 and 6 being sufficient, this third Jmﬂm@m&ﬂm’ serve
as a fibre guide and further rendelebhg assenblt ng ea s . The
"raw' ferrule body, nanmely the original "piece as such, i s manuf act ur ed
by injection nmoul ding and does not require any renoval of material for
gbtaining thehcorrect hol e di ameter, nor any grinding of the external

i aneter of the rrul.e.: ' (o] .any d IR | [ fecCt
on thegrnneF%%FgggtgFgofqgh o?é ggagﬁénﬁaﬁ%%& usedlﬁﬁ?gﬁin%gt e
stressed fmaxtieodi vglder iofy the) seriydngbyadiast afk e Hesed liReg ed)

mat eri al may be reinfor t KS . e _nrofile of t he gui ding portion
2 and of tﬁé Fﬁi}ﬁaﬁ§rﬁﬁﬁ%e7a%%o %gpggag%%a%Tuaferrule Is made of CIM
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7. Ferrule according to any one of claims 1 to 6,
10 characterised in that the axis of the hole (5) is a symmetry
axis of said body (1).

8. Ferrule accordihg to any one of claims 1 to 7,
characterised in that said first guiding portion (2) and

15 said second, additional guiding portion (6) have a total
length of about 1.6 mm. |

9. Ferrule according to any one of claims 1 to 8,
characterised in that said body (1) further comprises a

20 third portion (7) wherein the cross section of the hole is
circular and has a diameter greater than the greatest
diameier of the first guiding portion (2).

10. Ferrule according to any one of claims 1 to 9,
25 characterised in that it is manufactured by injection

moulding.

11. Ferrule according to any one of claims 1 to 10,
characterised in that it is made of CIM (Ceramic Injection
30 Moulding), of MIM (Metal Injection Moulding) or of a

thermoplastic material.



30- - T ' 9 CLAI M5 1. Ferrule
for connectors, especially for connectors: of : optical fibres,
conprising a body (1) which is traversed by a hole allowing to
receive an optical 5 fibre, characterised in that the body (1) of the
ferrule conprises a first gui di ng portign-(2) for the fibre, this
portion (2) being shaped in such a manner that the circunference of
the cross section of the hole is a closed, non-circular line (3)

t hat surrounds a 10 I i ' liageter is a function of
t he. fibre diamet erAIBgNCd&T&éJ‘]@ ﬂg@%ﬁlgg}%i ng said

virtual circle (4) at |east once, and that the body (1) conprises a
second, additional fibre guiding portion (6) having a circular
cross section whose di anet eFERRULE FORr €EQONNECTQRSai d virtual circle (4),
det erm ned by the fibre within the first guiding portion (2).

2. Ferrule according to claim1l, characterised in that said first
guiding portion (2) is shaped in such a manner 20 that the hole is
prismatic or cylindrical and non-circul ar. 3. Ferrule according to
claiml or 2, characterised in :

A ferrule for connectors, especially for optical fibre
connectors, comprises a body (1) traversed by a hole for

5 receiving an optical fibre therein. The body (1) has a
guiding portion (2) for the fibre wherein the circumference
of the cross section of the hole forms a closed, non-
circular line (3) which surrounds and locally touches a

_ virtual circle (4). whose diameter depends on the fibre

10 diameter. The shape of the body (1) facilitates the
manufacture of the ferrule and impro#es the locking of the
fibre within the ferrule.-

15
(FIG. 1 and 2)



that-the line (3) of the first guiding portion (2) which delinmits the
cross section of the hole, touches at least 25 three tines said virtual
cid¥cle (4) determ ned by the fibre, in such a manner that each tine at

| east one contact point with the fibre is established. 4. Ferrule
according to any one of clains 1 tonﬁmnﬁﬁN@Q@racterised in that said closed
line (3) extends around the axis of the hole and has a varying radius
whose ni ni mum val ue corresponds to the radius of the fibre plus a play
val ue. - 10 - 5. 'Ferrule
according to claim4, characterised in that the maxi mum val ue of the
varying radius of the closed line (3) . is at least twice its m ninum

val ue. 5 6. Ferrule according to any one of claims 1 to 5,
characterised in that the cross section of the hole in the first guiding
portion (2) is four-leaf clover sha 7. Ferrule according to any
one of clainms 1 to 6, 10 characterig;zz n that the axis of the hole (5) is
a symetry axis of said body (1).

FIG. 1
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8.,«Ferrul e according to any one of clains 1 to 7, characterised in that
said first guiding portion (2) and 15 said second, additional guiding

portion (6) have a total | engt h of about 1.6 nmm 9. Ferrule
according to any one of clainms 1 to 8, characterised in that said body
(1) further conprises a 20 third pQyRAINGs Wherein the cross section of
the hole is circular and has a dianeter greater than the greatest

di anmeter of the first guiding portion (2). 10. Ferrule according to
any one of clainms 1 to 9, 25 characterised in that it is manufactured by

i nj.ection moul di ng. 11. Ferrule according to any one of clains 1 to
. 10, characterised in that it is nade of CIM (Ceramc Injection 30

Moul ding), of MM (Metal Injection Mulding) or of a t her nopl astic

mat eri al . _
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