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(57) Abrége/Abstract:

A mass-producible optical attenuation fiber assembly which can realize arbitrary desired optical attenuation by using an optical
attenuation fiber. This optical attenuation fiber assembly Is provided with an optical attenuation fiber, an ordinary optical fiber
connected to a first end portion of the optical attenuation fiber and a ferrule for accepting and fixing the other end portion of the
optical attenuation fiber. In this optical attenuation fiber assembly, the optical attenuation fiber i1s cut or shortened by being
polished In such a manner as to be able to obtain predetermined attenuation when connected to the ordinary optical fiber before
or after fixed to the ferrule. Further, in the optical attenuation fiber assembly, the ordinary optical fiber Iis also cut to a fixed length.
Moreover, a cut edge portion of the ordinary optical fiber Is fixed to another ferrule and is polished. Furthermore, the latter ferrule

IS coupled to the former ferrule for accepting and fixing the latter end portion of the optical attenuation fiber through an alignment
sleeve.
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ABSTRACT OF THE DISCLOSURE

A mass-producible optical attenuation fiber assembly
which can realize arbitrary desired optical attenuation by
using an optical attenuation fiber. This optical attenuation
fiber assembly is provided with an optical attenuation fiber,
an ordinary optical fiber connected to a first end portion of
the optical attenuation fiber and a ferrule for accepting and
fixing the other end portion of the optical attenuation fiber.
In this optical attenuation fiber assembly, the optical
attenuation fiber is cut or shortened by being polished in
such a manner as to be able to obtain predetermined
attenuation when connected to the ordinary opticai fiber
before or after fixed to the ferrule. Further, in the optical
attenuation fiber assembly, the ordinary optical fiber is also
cut to a fixed length. Moreover, a cut edge portion of the
ordinary optical fiber is fixed to another ferrule and is
polished. Furthermore, the latter ferrule is coupled to the
former ferrule for accepting and fixing the latter end portion

of the optical attenuation fiber through an alignment sleeve.
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TITLE OF THE INVENTION

OPTICAL ATTENUATION FIBER ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a new optical
attenuation fiber assembly produced by using an optical fiber
(hereunder referred to as an optical attenuation fiber), which
is intentionally doped with impurities and thus posses
definite optical attenuation characteristics. More
particularly, the present invention relates to an optical
attenuation fiber assembly which can accurately impart a fixed
optical attenuation coefficient to an optical attenuation
fiber used therein even if it is difficult to manufacture the
" optical attenuation fiber by precisely controlling the optical
attenuation per predetermined length thereof (namely, the
attenuation coefficient thereof).
2. Description of the Related Art

The inventor of the present invention has made an attempt
to produce an optical attenuator of the connector type Or an
optical attenuator connectable with a connector by utilizing
an optical fiber which is doped with impurities and thus has a
considerably large optical attenuation coefficient oOr optical
attenuation per unit fiber length.

FIG. 8 is a sectional view of the optical attenuator of
the connector type. FIG. 9 1is é sectional view_of a ferrule
assembly portion taken out of the optical attenuator. A

through hole 2 is bored in the central portion of a
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cylindrical ferrule 1 of the ferrule assembly portion of FIG.
9 for use in the optical attenuator. The optical attenuation
fiber 3 is inserted into this through hole 2 and is glued to

the inner surface thereof. Further, a flange 4 is fixed onto
the circumferential surface of the ferrule 1. This flange 4

serves to limit the positions in the direction of the axis of
and in the circumferential direction of the ferrule assembly

portion.

A plug housing 5 consists of body components 5A and O5B.
Further, an alignment sleeve 7 is provided in the component
5A. An end part of the cylindrical ferrule 1 of the ferrule
assembly portion is inserted into the alignment sleeve 7 and
is connected to the component 5B in such a way that the
component 5B inhibits the rotation of the flange 4. A
coupling nut 6 is rotatably mounted on the plug housing 5.

An optical fiber plug having an attenuator at an edge
portion thereof is formed by connecting a ferrule of another
optical fiber connector (not shown) with the other end part of
the alignment sleeve 7.

Here, supposing that the axial length L of the ferrule 1
is constant and the optical attenuation per unit length of the
optical attenuation fiber is A dB, the formed optical
attenuator has total attenuation of LxA dB. Generally,
optical attenuation of 3, 5, 10, 15 or 20 dB 1is normally
required of an optical attenuator. Further, arbitrary
intermediate attenuation values such as 8+0.8 dB and 13%#1.3 dB
are sometimes required of the attenuator when utilized for

some use.
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In this case, if there is a variation or error in optical
attenuation per unit length of an optical fiber of the
aforementioned type, some problem occurs. For example, if
desired optical attenuation is 202 dB in the case that the
axial length L of the ferrule 1 is equal to 20 mm, the optical
fiber should be produced in such a way that the optical
attenuation per unit length of the optical fiber is A with an
error of not over *10 3.

However, in view of the current state of art in optical
fiber manufacturing technology, when optical fibers are
produced stably, the optical attenuation per unit length of
the optical fiber becomes A with an error of +20 % or so.
Thus, if L = 20 mm, the optical attenuation per uhit length of
the optical fiber becomes large, namely, 20 * 4 dB.
Consequently, the value of the optical attenuation per unit
length of the optical fiber cannot be within the
specification.

1f optical fibers, whose optical attenuation per unit
length is A with an error of not over #10 %, are selected, the
fraction defective of the optical fibers becomes inevitably

large. Because of the difficulty in regulating the lengths of

ferrules 1 individually, there is the necessity of checking

using only acceptable optical attenuation fibers. Thus,
inevitably, the manufacturing cost becomes high.

Optical attenuation fibers are adapted tb absorb light,
as a result of doping silicon glass of ordinary optical fibers

with impurities such as Co and Cr. The management of the
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manufacturing process thereof 1s not easy. Moreover, 1t 1is

extremely difficult to obtain desired attenuation

characteristics per unit length of an optical attenuation

fiber. It, however, has been known that nearly uniform

attenuation characteristics can be obtained in a single lot.

Accordingly, an object of the present invention is to
realize the mass production of optical attenuation fiber
assemblies, which can provide arbitrary desired attenuation,
by using optical attenuation fibers.

Further, another object of the present invention is to

provide optical attenuation fiber assemblies of various

forms, which can be used for various uses.

1

SUMMARY OF THE INVENTION

To achieve the foregoing objects, 1n accordance with one

embodiment of the present invention, there 1s provided an

optical attenuation fiber assembly, comprising: an optical

attenuation fiber having a first end and a second end, said
optical fiber being doped to have a first attenuation; an

ordinary optical fiber having a first end and a second end,

the first end being connected to the first end of the optical

attenuation fiber; and a first ferrule having first and

second ends for accepting and fixing the second end of the

optical attenuation fiber, wherein the optical attenuation

fiber is shortened to obtain a predetermined second

attenuation when connected toc the ordinary optical fiber.
The optical attenuation fiber 1s cut or shortened

by being polished in such a manner as to be able to obtain

predetermined attenuation when connected to the ordinary

optical fiber before or after fixed to the ferrule.

In the case of the aforementioned optical attenuation fiber

assembly, a connection between the optical attenuation fiber

and the ordinary optical fiber may be made by performing a

fusion splicing through the use of a discharge arc.
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Further, in the case of the aforementioned optical
attenuation fiber assembly, the ordinary optical fiber may be
also cut to a fixed length. Moreover, a cut edge portion of
the ordinary optical fiber may be fixed to another ferrule and
is polished. Furthermore, the latter ferrule may Dbe coupled
+o the former ferrule for accepting and fixing the latter end
portion of the optical attenuation fiber through an alignment
sleeve.

In the optical attenuation fiber assembly using the two
ferrules, an angular positioning flange may be provided in
such a manner as to be integral with the alignment sleeve.

In the optical attenuation fiber assembly, end surfaces
of the optical attenuation'fiber and the formerx férrule and
end surfaces of the ordinary optical fiber and the latter
ferrule are polished slantwise with respect to a plane
perpendicular to the optical axis thereof. Thereby, the
reflection loss thereof can be reduced.

Moreover, in the optical attenuation fiber assembly, the
end surface of each of the ferrules may be a face inclined at
an angle of 8 degrees or more to the plane perpendicular to
the optical axis thereof and further may be polished into a
spherical surface. Thereby, the reflection loss thereof can
be further reduced.

In the optical attenuation fiber assembly, the ferrules
are optical fiber connector ferrules. The connecting
position, at which the ferrule is connected to the ordinary
optical fiber, is established in the ferrule. Moreover, a

coating or covering portion of the ordinary optical fiber is
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fixed to a pipe with a flange, which 1s secured to the

ferrule. Thus the optical attenuation fiber assembly is

formed in such a manner as to be of the type in which the

optical attenuation fiber connection assembly 1s built into

the optical fiber connector ferrule.

In another embodiment of the i1nvention there isgs also

provided a method of creating an optical attenuation fiber

assembly, comprising the steps of: fusion splicing an end

surface of a first optical fiber having a first attenuation
through doping to an end surface of a second optical fiber

having no predetermined attenuation; shortening the first

optical fiber to a specilfic length to obtain a predetermined
second attenuation; cutting the second optical fiber to a
specific length; inserting and fixedly securing the first end

pr—

of a first ferrule within an alignment sleeve; and inserting

and fixedly securing the free end of the first optical fiber

within a through hole 1n the first ferrule.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects and advantages of the present

invention will become apparent from the following description

of preferred embodiments with reference to the drawings 1in

which like reference characters designate like or
corresponding parts throughout several views, and i1n which:

FIG. 1 is a sectional diagram for i1llustrating the step

P

of welding an optical attenuation ftiber assembly embodying

the present invention, namely, an embodiment of the present

invention;

FIG. 2 is a sectional view of an optical attenuation

fiber connection assembly connected by performing the welding

'l

step or FIG. 1;
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PQ.

FIG. 3 1s a sectional view of the optical attenuation

fiber assembly embodying the present 1invention, namely, the

embodiment of the present i1nvention, which uses the optical

"or 1llustrating the

[ —

attenuation fiber connection assembly,
step of assembling the optical attenuation fiber assembly;

FIG. 4 1s a sectional view of the optical attenuation

fiber assembly embodying the present 1invention, namely, the

embodiment of the present invention, which 1s produced by

undergoing the assembling step;

6a
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FIG. 5 is a sectional view of an example of an optical
attenuator of the present invention, in which the optical
attenuator fiber assembly of FIG. 4 is built into a plug
housing;

FIG. 6 is a sectional view of another optical attenuation
fiber assembly embodying the present invention, namely,
another embodiment of the present invention;

FIG. 7 is a sectional view of still another optical
attenuation fiber assembly embodying the present invention,
namely, still another embodiment of the present invention, 1in
which the optical attenuation fiber connection assembly of the
present invention is built into an optical connector . ferrule;

FIG. 8 is a sectional view of an optical atténuator,
which is produced by building only the optical attenuation
fiber into a single-core optical fiber connector, for
illustrating a problem caused therein; and

FIG. 9 is a sectional view of a ferrule assembly portion

taken out of the optical attenuator of FIG. 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present
invention will be described in detail by referring to the

accompanying drawings. FIG. 4 is a sectional view of an
optical attenuation fiber assembly (FA) embodying the present
invention, namely, the embodiment of the present invention.

FIG. 1 is a sectional diagram for illustrating the step
of welding the optical attenuation fiber assembly (FA)

embodying the present invention. FIG. 2 is a sectional view
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of an optical attenuation fiber connection assembly (F)
connected by performing the welding step of FIG. 1. FIG. 3 is
a sectional view of the optical attenuation fiber assembly
(FA), which uses the optical attenuation fiber connection
assembly (F), for illustrating the step of assembling the

optical attenuation fiber assembly.

As illustrated in FIG. 1, an end surface 11 of an optical

attenuation fiber 9 is butted against that 12 of an ordinary

optical fiber 10. Then, a fusion splicing is performed on

the surfaces 11 and 10 by using a discharge arc 13.
Subsequently, as illustrated in FIG. 2, the optical
attenuation fiber 9 is cut to a length L,, by which desired
optical attenuation is obtained. Moreover, the ofdinary
optical fiber 10 is also cut to an appropriate length. Thus

an optical attenuation fiber connection assembly (F) 1s

formed.

As shown in FIG. 3, a minute through hole 14, which is
used to precisely accept an end portion of the optical
attenuation fiber 9, and a stepped or counterbored hole 15 are
bored in the central portion of the cylindrical ferrule 16.
Further, another through hole 18, into which the outside
cylindrical surface 17 of a ferrule 16 1is inserted, is bored
in a cylindrical alignment sleeve 19. A nearly half-length
part of the ferrule 16 is inserted into and glued to the
cylindrical alignment sleeve 19. Then, the optical
attenuation fiber 9 of the optical attenuation fiber
connection assembly (F) is inserted into and glued to the

central minute through hole 14 of the first ferrule 16.

LR LKLY 1™ el M'm.' g eredd 2 .
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Incidentally, the reason why two ferrules are used in the
optical fiber assembly of the present invention is that each
of the optical attenuation fiber and the ordinary optical
fiber cannot be inserted into the central minute through hole
of the other of these fibers owing to the fact that the
optical axes of the optical attenuation fiber and the ordinary
optical fiber cannot be aligned (namely, the misalignment
between the optical axes thefeof) at the fusion splicing
connection portion therebetween, and to the deformation of
thege optical fibers.

The ordinary optical fiber 10 is inserted into and fixed
to a second ferrule 20 which is of nearly shape with-the first
ferrule 16. As shown in FIG. 4, the ordinary optical fiber 10
is inserted into and glued to the central minute through hole
21 of the second ferrule 20. Simultaneously, the outside
cylindrical surface 22 of the ferrule 20 1is inserted into and
glued to an alignment sleeve hole 18. Thereafter, a polishing
finish is put on each of ferrule end surfaces 23 and 24.
Thereby, the optical attenuation fiber assembly (FA) 1is
obtained.

FIG. 5 is a sectional view of an example of an optical
attenuator of the present invention, in which the
aforementioned optical attenuator fiber assembly (FA) is bualt
into the plug housing (PH) of a single-core optical fiber
connector. The ferrule 20 provided at the side of the
ordinary optical fiber of the optical attenuation fiber
assembly (FA) is inserted into and coupled to the alignment

sleeve 7 provided in the optical attenuation fiber assembly
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(FA). A flange 19a of the alignment sleeve 19 of the optical
attenuation fiber assembly (FA) is sandwiched and held between
the body components 5A and 5B in such a manner as to be in a
state in which the rotation of the flange 19a is restrained.
Further, the attenuator can be inserted into an optical fiber
line by inserting optical fibers into the attenuator from the
directions of arrows A and B, respectively, and connecting
optical fibers with each other.

FIG. 6 is a sectional view of another optical attenuation
fiber assembly embodying the present invention, namely,

another embodiment of the present invention. In the case of

this embodiment, an optical attenuation fiber connection
assembly (F) consists of an optical attenuation fiber O and an
ordinary optical fiber 10. The method of manufacturing or
assembling this optical attenuation fiber assembly is the same
as described by referring to FIGs. 1 and 2. A ferrule 116 has
thin tip end portions. Further, a hole for accepting and

supporting an optical fiber and a stepped hole 118

communicating with such a hole are bored in the ferrule 116.
Moreover, an end portion of the optical attenuation fiber 9 is
accepted by and glued and fixed to the hole for accepting and
supporting an optical fiber. Similarly, a ferrule 120 has
thin tip end portions. Further, a hole for accepting and
supporting an optical fiber and a stepped hole 123
communicating with such a hole are bored in the ferrule 120.
Moreover, an end portion of the ordinary optical fiber 10 is
accepted by and glued and fixed to the hole for accepting and

supporting an optical fiber. Each of the ferrules 116 and 120

10
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is inserted into and fixed to a sleeve 119 with a flange 119a.

An end portion 125 of the ferrule 116 and an end portion
126 of the ferrule 120 are formed as surfaces inclined at
angles of 8 degrees or more to planes which are perpendicular
to the optical axis of the assembly and are polished into
spherical surface.

FIG. 7 is a sectional view of still another optical
attenuation fiber assembly embodying the present invention,
namely, still another embodiment of the present invention, in
which an optical attenuation fiber connection assembly (F) of
the present invention is built into an optical connector
ferrule. .

An optical attenuation fiber 33 is connected to an
optical fiber portion 34, from which a covering portion 31 of
an ordinary optical fiber is eliminated, by performing a
discharge arc welding.

The optical attenuation fiber 33 is cut at an end thereof
in such a manner as to become slightly longer than the length
designated by L, in this figure. A covering portion 31 of the
optical fiber is inserted into a hole 32 of a pipe 30 with a
flange 30A and is fixed thereto. The connecting point, at
which the optical attenuation fiber 33 and the ordinary
optical fiber 34, is located in a stepped hole. This is
because there is a fear that each of the optical attenuation
fiber and the ordinary optical fiber cannot be inserted into
the central minute through hole of the other of these fibers
owing to the fact that the optical axes of the optical

attenuation fiber and the ordinary optical fiber cannot be

11
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aligned (namely, owing to the misalignment between the optical
axes thereof) at the fusion splicing connection portion
therebetween, and to the deformation of these optical fibers.

Furthermore, a stepped hole is counterbored in a flange-
side portion of the hole 32 of the pipe 30. The base portion
of a ferrule 27 is inserted into this counterbored hole and 1is
fixed thereto. Both of end portions of the optical
attenuation fiber 33 and the ferrule surrounding this fiber
are polished simultaneously. This assembly is used as an
optical connector having an optical attenuation function.

As above described, it is difficult to stably produce
optical attenuation fibers, each of which exhibits a-
predetermined value of optical attenuation per unit length
thereof. However, even in the case of using an optical fiber,
-which causes a large error in optical attenuation thereof when
manufactured, an optical attenuation fiber assembly exhibiting
accurate optical attenuation can be produced by employing an
optical attenuator which uses an optical attenuation fiber of
the present invention.

Moreover, a large number of kinds of optical attenuation
fiber assemblies, which exhibit arbitrary optical attenuation,
can be easily produced. Furthermore, only the regulation of
the length of an optical attenuation fiber is necessary for
regulating the optical attenuation caused by the optical
attenuation fiber assembly. For such a purpose, it is not
necessary at all to regulate other components, for example, to
change the length of a ferrule.

Although the preferred embodiments of the present

12
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invention have been described above, it should be understood
that the present invention is not limited thereto and that
other modifications will be apparent to those skilled in the
art without departing from'the spirit of the invention.
Further, the optical attenuation fiber assembly of the present
invention can be incorporated into optical devices, each of
which is required to have an optical attenuation function,
other than the aforementioned embodiments.

The scope of the present invention, therefore, is to be

determined solely by the appended claims.

13
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What 1s claimed 1s:

1. An optical attenuation fiber assembly, comprising:

an optical attenuation fiber having a first end and a

second end, said optical fiber being doped to have a first

attenuation;

an ordinary optical fiber having a first end and a second

end, the first end being connected to the first end of the

optical attenuation fiber; and

a first ferrule having first and second ends for

r—

accepting and fixing the second end of the optical attenuation

fiber, wherein the optical attenuation fiber i1s shortened to

obtain a predetermined second attenuation when connected to

the ordinary optical fiber.

2. The optical attenuation fiber assembly according to

claim 1, wherein the connection between the optical

attenuation fiber and the ordinary optical fiber 1s made by

fusion splicing using a discharge arc.

3. The optical attenuation fiber assembly according to

claim 1, wherein the second end of the ordinary optical fiber

is cut to a fixed length, fixed to a second ferrule having

V1l

first and second ends, and polished, wherein the first end o:

the second ferrule is coupled to the first end of the first
ferrule through an alignment sleeve, and wherein the optical

attenuation fiber assembly has an optical axis.

4. The optical attenuation fiber assembly according to

claim 3, wherein an angular positioning flange 1s an 1ntegral

part of the alignment sleeve.

14
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5. The optical attenuation fiber assembly according to

claim 3, wherein the second end of the optical attenuation

P
p—

fiber and the second end of the first ferrule and the second

P

end of the ordinary optical

i .

fiber and the second end of the

second ferrule are polished slantwise with respect to a plane

perpendicular to the optical axis of the optical attenuation

fiber assembly.

6. The optical attenuation fiber assembly according to
claim 3, wherein the second ends of each of the first and
second ferrules are inclined at an angle of 8 degrees or more
to a plane perpendicular to the optical axis of the optical
attenuation fiber assembly and polished 1nto spherical

surfaces.

7. The optical attenuation fiber assembly according to

claim 1, wherein the first ferrule 1s an optical fiber

g—
e

connector ferrule, and wherein the second end of the ordinary

optical fiber has a covering portion that 1s fixed within a

hole in a pipe having a flange, the pipe being secured to the

first ferrule.

8. An optical attenuation fiber assembly having an
optical axilis, comprising:

a first optical fiber having a first end and a second

end, the first optical fiber being doped to have a
predetermined first attenuation, the attenuation of the doped

first optical fiber being reduced to a predetermined second

attenuation by decreasing the length thereot;
a second optical fiber having a first end and a second

end, the first end of the second optical fiber being connected

to the first end of the first optical fiber;

15
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a first ferrule having first and second ends for fixedly
holding the second end of the first optical fiber;

a second ferrule having first and second ends for fixedly

holding the second end of the second optical fiber, the first

end of the second ferrule being coupled to the first end of

the first ferrule; and
a first alignment sleeve, the alignment sleeve coupling
the first end of the first ferrule to the first end of the

second ferrule.

9. The optical attenuation fiber assembly according to
claim 8, wherein the attenuation of the second optical fiber

1s reduced by decreasing the length thereof.

10. The optical attenuation fiber assembly according to

claim 8, wherein the connection between the first end of the
first optical fiber and the first end of the second optical

fiber is made by fusion splicing using a discharge arc.

11. The optical attenuation fiber assembly according to
claim 8, further comprising:

an angular positioning flange on the first alignment
sleeve; and

a plug housing having a second alignment sleeve, a first

body component and a second body component;

wherein the second ferrule 1s i1nserted i1nto and coupled

with the second alignment sleeve of the plug housing and the

angular positioning flange 1s held between the first and

second body components of the plug housing.

12. The optical attenuation fiber assembly according to

claim 8, wherein the second ends of the first optical fiber,

the first ferrule, the second optical fiber and the second

16
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ferrule are polished slantwise with respect to a plane
perpendicular to the optical axis of the optical attenuation

fiber assembly.

13. The optical attenuation fiber assembly according to
claim 8, wherein the second ends of each of the first and
second ferrules are 1nclined at an angle of 8 degrees or more

g

to a plane perpendicular to the optical axis of the optical

attenuation fiber assembly and polished into spherical

surfaces.

14. An optical attenuation fiber assembly, comprising:

a first optical fiber having a first end and a second

end, the first optical fiber being doped to have a
predetermined first attenuation, the attenuation of the doped
first optical fiber being reduced to a predetermined second

attenuation by decreasing the length thereof;

a second optical fiber having a first end, a second end

and a covering portion on the second end, the first end of the

second optical fiber being connected to the first end of the

first optical fiber;

an optical fiber connector ferrule having first and

second ends for accepting and fixedly holding the second end

of the first optical fiber; and

a plpe having a flange and a hole for accepting and

p——
]

fixedly holding the covering portion of the second optical

fr—

fiber, said pipe beling secured to the first end of the optical

fiber connector ferrule.

15. A method of creating an optical attenuation fiber

)

assembly, comprising the steps otf:

17
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fusion splicing an end surface of a first optical fiber

having a first attenuation through doping to an end surface of

a second optical fiber having no predetermined attenuation;

shortening the first optical fiber to a specific length

to obtain a predetermined second attenuation;

cutting the second optical fiber to a specific length;

inserting and fixedly securing the first end of a first
ferrule within an alignment sleeve; and

inserting and fixedly securing the free end of the first

optical fiber within a through hole i1n the first ferrule.

16. The method of creating an optical attenuation fiber
assembly according to claim 15, further comprising the steps
ot :

inserting and fixedly securing the free end of the second
optical fiber within a through hole 1in a second ferrule having
first and second ends;

inserting and fixedly securing the first end of the
second ferrule within the alignment sleeve, whereby the first
ends of the first and second ferrules are coupled; and

polishing the surfaces of the second ends of the first

and second ferrules.

17. The method of creating an optical attenuation fiber
assembly according to claim 15, further comprising the steps
of:

inserting and fixedly securing the free end of the second
optical fiber within a hole 1n a pipe, said free end of the
second optical fiber having a covering and salid plpe having a
flange;

counterboring a stepped hole i1n the flange side portion

e —

of the hole of the pipe;

18
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ferrule within the counterbored hole in the pipe; and
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prrra.
_mand

fixedly securing the first end o:

the first

polishing the second end of the first ferrule and the

free end of the first optical fiber simultaneously.

19
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