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Method and apparatus for ceramic ferrule bore lap processing.

@ In a method and an apparatus for lap proces-
sing of ceramic ferrule bores, a plurality of B
ceramic blanks (1) are held in a floating state on @
a processing wire (6) stretched between a sup-
ply reel (12) and a take-up reel (14). A selected
one of these ceramic blanks (1) is chucked in a
chuck (20) and rotated. At the same time, the
processing wire (6) is reciprocated while grind-
ing power is supplied to it from a powder feeder
(40). After a chosen lapping time, the selected
ceramic blank is released from the chuck and
the next selected ceramic blank is similarly
processed.

Injection-molded blanks having tapered cent-
ral bores can thus be satisfactorily bore proces-
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This invention relates generally to precision fer-
rules for optical connectors used for connecting opt-
ical fibers and, more particularly, to a method and an
apparatus for ceramic ferrule bore lap processing to
form a bore in a ferrule with high precision.

In recent years, ceramic ferrules are used popu-
larly as precision ferrules for optical connectors. An
optical fiber can be centered by merely inserting the
optical fiber through a very small bore of the ceramic
ferrule. In the manufacture of a ferrule, therefore,
bore lap machining (i.e., boring and polishing) with
very high precision is required.

Among the precision ferrules are a capillary fer-
rule as shown in Fig. 3(A), which has a ceramic fer-
rule 110 provided in an end of a stainless steel casing
100, and an integral ceramic ferrule as shown in Fig.
3(B), which substantially entirely comprises a ceramic
ferrule 110 provided at one end with a stainless steel
casing 100.

Among raw materials (i.e., blanks) which are used
to produce the above ceramic ferrules 110 are an ex-
trusion-molded blank 1 as shown in Fig. 4(A), which
is formed by extrusion molding and has a central bore
2 having a substantially constant diameter, and an in-
jection-molded blank 1 as shown in Fig. 4(B), which
is formed by injection molding and has a tapered cen-
tral bore 2a.

The extrusion-molded blank 1 is bore machined
in a manner as described below to be used broadly as
the ceramic ferrule 110.

As shown in Fig. 5, a plurality of, for instance 20
to 30, extrusion-molded ceramic blanks, through
which a centering wire 6’ is passed, are secured by
solder 10 to a holder 8 with the wire 6’ held taut. Then,
the centering wire 6’ is removed, and instead a ta-
pered wire 6 for processing is inserted. Then, the
blanks 1 are rotated together with the holder 8 while
supplying grinding powder of an adequate grain size,
and at the same time the wire 6 is reciprocated. In this
way, a plurality of blanks 1 are bore processed simul-
taneously.

When a predetermined extent of bore polishing is
completed, the solder 10 is removed, and the blanks
1 are removed from the holder 8 and washed.

The injection-molded blank 1 has features that it
can be manufactured very precisely and that its cen-
tral bore 2 may be made to be close to the inner di-
ameter of the product. However, if the above method
of processing is to be used, it is necessary to provide
a large processing margin, which is undesired in view
of making use of the features of the injection molding.

According to the results of researches and ex-
periments conducted by the inventors, the method of
bore lap processing on ceramic ferrules using extru-
sion-molded blanks, although having an advantage
that a large quantity of blanks can be processed at a
time, inevitably dictates taking a large grinding margin
(i.e., processing margin) to solve the problem of fluc-
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tuations of the central bore diameter with individual
blanks. Consequently, excess time is required for the
bore lap processing.

In addition, with this method, when the blank 1 is
brought into contact with the wire 6 obliquely, a bore
having a tumbler-like shape is formed in the blank,
thus deteriorating the circularity.

Further, an injection-molded blank having a ta-
pered central bore can not be bore lap processed be-
cause of the difficulty of aligning the central hole.

An object of the invention, accordingly, is to pro-
vide a method and an apparatus for ceramic ferrule
bore lap processing, which permit satisfactory bore
processing of an injection-molded blank having a ta-
pered central hole as well, permits stable finish bore
diameter and bore circularity to be obtained, permits
reduction of the processing margin and permits bore
processing without need of any skill and with satisfac-
tory operation control.

To attain the above object of the invention, there
is provided a method of ceramic ferrule bore lap proc-
essing, which comprises the steps of holding a plur-
ality of ceramic blanks in a floating state with a
stretched processing wire passed through the ceram-
ic blanks, performing bore processing on a selected
one of the ceramic blanks by rotating the selected
ceramic blank while reciprocating the processing wire
by supplying grinding particles thereto, and then per-
forming similar bore processing on an another select-
ed one of the ceramic blanks, thereby effecting bore
processing on the ceramic blanks.

The above-mentioned present method is suitably
carried out by an apparatus for ceramic ferrule bore
lap processing, which comprises a stretched process-
ing wire, driving means for feeding the processing
wire while causing reciprocation thereof, chuck
means penetrated by the processing wire and rotated
while taking hold of a selected one of a plurality of
blanks penetrated by the processing wire, and pow-
der supply means for supplying grinding powder to
the processing wire.

The invention will now be described in more detail
by way of example with reference to the accompany-
ing drawings in which:

Fig. 1 is a schematic view showing an apparatus

for carrying out a method of ceramic ferrule bore

lap processing according to the invention;

Figs. 2(A) and 2(B) are sectional views showing

the shape of an injection-molded blank in respec-

tive steps of processing;

Figs. 3(A) and 3(B) are sectional views showing

precision ferrules;

Figs. 4(A) and 4(B) are sectional views showing

ceramic ferrules; and

Fig. 5 is a view for explaining prior art ceramic

blank bore processing.

Now, a method and an apparatus for ceramic fer-
rule bore lap processing according to the invention
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will now be described in detail with reference to the
drawings. The embodiment concerns injection-mold-
ed blanks used to manufacture ceramic ferrules 110
for the integral ceramic ferrule shown in Fig. 3(B).

Fig. 2(A) shows an injection-molded blank 1 im-
mediately after being injection-molded. Prior to the
bore processing on this blank, burrs generated on the
end 1b of the blank opposite the tapered end 1a atthe
time of gate removal in the injection molding are re-
moved. Also, curved portions and tapers are removed
using a center-less grinder or the like. Thus, the blank
shown in Fig. 2(B) is obtained.

This preliminarily processed blank 1 is bore proc-
essed, that is, bore ground or polished, by the method
of bore lap processing according to the invention.

Fig. 1 schematically shows a bore lap processing
apparatus for carrying out the method according to
the invention. In this embodiment, a processing wire
6 is stretched between a right and a left reel 12 and
14 mounted on the drive base 51. It can be fed while
causing its reciprocation with suitable drive means,
for instance by driving a belt 52 connected to the drive
base 51 with a motor M1.

In this embodiment, the processing wire 6 has a
diameter slightly smaller than the finish bore diame-
ter and is tapered by etching to reduce its diameter on
the left side.

According to the invention, the wire 6 penetrates
a blank chuck assembly 20. As will be described later,
the blank chuck assembly 20 has a chuck 22 for hold-
ing the blank 1 and a driver 24 for rotating the chuck
22. The operation of the chuck 22 is controlled pneu-
matically or hydraulically. The driver 24 has a pulley
26 driven from a motor M2 via a belt.

A plurality of, for instance 10 to 15, preliminarily
processed blanks 1 are aligned by passing the wire 6
through them. The blanks 1 are not secured but held
in a floating state at a predetermined position (i.e., a
work stock position) by stoppers 46 and 48, for in-
stance. Then, only one blank 1 is moved manually or
with a pawl (not shown) from the work stock position
44 along the wire 6 to be chucked in the chuck 22 of
the chuck assembly 20.

Then, the chuck 22 is rotated with the pulley 26
in a predetermined direction by driving the motor M2
and the driver 24. Meanwhile, the wire 6 is reciprocat-
ed as the belt connected to the driver base 51 is driv-
en by the motor M1. Further, an adequate amount of
diamond powder of a predetermined grain size for
grinding is supplied, for instance at predetermined
time intervals, to the wire 6 from a diamond powder
feeder 40. Thus, the wire 6 with grinding particles at-
tached thereto is fed to the position of the chuck 22,
i.e., the bore grinding region of the blank 1.

When a predetermined extent of bore processing
on the blank 1 is completed, the reciprocation of the
wire 6 and rotation of the chuck 22 are stopped. Then,
the chuck 22 is manipulated to free the blank 1 from
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the chuck 22. Then the wire 6 is returned to the initial
position. In consequence, the blank 1 is carried along
with the wire 6 from the position of the chuck 22 to a
work stock position 34 to be held there in a floating
state by stoppers 30 and 32.

During the above sequence of operations, the
blanks 1 in the work stock positions 34 and 44 are
held stationary by the stoppers without preventing
the movement of the wire 6.

Subsequently, the next blank 1 held in the up-
stream side work stock position 44 is fed to the chuck
22 and bore processed in the manner as described
above.

In this way, according to the invention the blanks
1 are bore processed one by one, and then the finish
bore diameter and circularity of the blanks 1 are sta-
bilized. In addition, since the bore processing on one
blank is not influenced by that of blanks, the process-
ing margin can be minimized, thus permitting great
reduction of the processing time.

While the above embodiment of the invention
concerned injection-molded blanks, the method and
apparatus according to the invention are suitably ap-
plicable as well to the bore lap processing of extru-
sion-molded blanks.

Further, the apparatus according to the invention
is not limited to that in the above embodiment, and
the processing wire driver may be replaced with other
suitable ones.

As has been described in the foregoing, the
method and apparatus for ceramic ferrule lap proc-
essing according to the invention have the following
effects.

(1) Satisfactory bore processing is possible with

an injection-molded blank having a tapered cen-

tral hole.

(2) It is possible to obtain stable finish bore diam-

eter and circularity, reduce the processing margin

and reduce the processing time.

(3) Nevertheless, no skill is needed, and satisfac-

tory operation control can be obtained.

Claims

1. A method of lap processing a ceramic ferrule
bore, comprising the steps of holding a plurality
of ceramic blanks (1) in a floating state with a
stretched processing wire (6) passed through
said ceramic blanks, performing bore processing
on a selected one of said ceramic blanks (1) by
rotating the selected ceramic blank while recipro-
cating the processing wire (6) by supplying grind-
ing particles thereto, and then performing similar
bore processing on another selected one of said
ceramic blanks (1), thereby effecting bore proc-
essing on said ceramic blanks.
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2. Anapparatus for lap processing a ceramicferrule
bore, comprising:

(a) a stretched processing wire (6);
(b) driving means (52, M1) for feeding said
processing wire (6) while causing reciproca- 5
tion thereof;
(c) chuck means (20) penetrated by said proc-
essing wire (6) and rotated while taking hold
of a selected one of a plurality of blanks (1)
penetrated by said processing wire (6); and 10
(d) powder supply means (40) for supplying
grinding powder to said processing wire (6).

3. An apparatus according to claim 2, wherein the
processing wire (6) is tapered. 15
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