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(57) Abrege/Abstract:
A device that carries out vacuum processing on a reinforced fiber Is provided with: a chamber that maintains its entirety in a
reduced pressure state; a feed roller disposed so as to make the reinforced fiber hang down into the chamber; a processing
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(57) Abrege(suite)/Abstract(continued):

machine disposed In the chamber through which the reinforced fiber dropped down from the feed roller passes; a capture device
that captures the tip of the reinforced fiber passing through the processing machine and dropped vertically and Is disposed for
positioning; and uptake bobbin constituted to take up the reinforced fiber that has been processed by the processing machine; and
a flexible cord for coming into contact with the reinforced fiber from a first position surrounding the tip that has been positioned by
the capture device and pulling to a second position guided to the uptake bobbin in synchrony with the uptake bobbin.
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fiber is provided with: a chamber that maintains its entirety in a reduced pres-
sure state; a feed roller disposed so as to make the reinforced fiber hang down
P into the chamber; a processing machine disposed in the chamber through
which the reinforced fiber dropped down from the feed roller passes; a cap-
ture device that captures the tip of the reinforced fiber passing through the
processing machine and dropped vertically and is disposed for positioning;
e and uptake bobbin constituted to take up the remforced fiber that has been
: processed by the processing machine; and a flexible cord for coming into
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Pﬂ

(57) 219

2 2 2 2 2 2 2 7

N [ ] C ]
T T T 7T 7T 7T 7777777777

BxXiTH2EEIL.

has been positioned by the capture device and pulling to a second position
-9 guided to the uptake bobbin in synchrony with the uptake bobbin.
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DESCRIPTION

L]

SSING DEVIC

L]

TITLE: VACUUM PROC!

TECHNICAL FIELD

The present invention relates to a vacuum processing

F
—

device available for a process of forming a coating on a

reinforcement fiber, and in particular to a vacuum processing

device in which a bobbin can be exchanged while the most part

of the device 1s kept evacuated.

BACKGROUND ART
Ceramic matrix composites (CMC) are articles 1in which

a p—
e

reinforcement fibers of ceramics are comblned by matrices of

ceramics. The SiC/SiC composite for example, 1in which

reinforcement fibers of silicon carbide are comblned by a

*

matrix of silicon carbide, shows promise for the application

*

as turbine components or such of jet engines.

As silicon carbide fibers as produced are poor 1n

ability of bonding with the matrix, there may be a case where

any coating such as boron nitride 1s formed thereon. Vacuum

processing can be exemplified as a process for such coating.
Related arts are disclosed in the Patent Literatures 1 and 2.
Citation List

Patent Literature

PTL 1: Japanese Patent Application Lald-open No. HO/-19/2064
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PTL 2: Japanese Patent Application Laid-open No. 2011-157632

SUMMARY

TECHNICAL PROBLEM

To form a coating on silicon carbide fibers by a vacuum

processing, 1ts reaction chamber necessarily requlires

considerably elongated dimensions 1n order to ensure a

' ol F
p— —

ficient degree of

sufficient reaction time. To obtaln a su:

vacuum throughout such a long reaction chamber requilres

continuous operation of wvacuum pumps for a considerably long

time. On the other hand, before and after the process, 1t 1s

necessary to execute tasks of taking out the processed fiber,

loading new fibers, passing the fiber through the reaction

chamber, and connecting it to a winding bobbin. These tasks

F

reguire exposure of the reaction chamber to the atmosphere

for a considerable time. As gaseous molecules would adhere

F

on the internal surface of the reaction chamber exposed to

P

che atmosphere and, in the process of evacuation, continue to

escape therefrom, very long time 1is necessary to obtain a

ﬁ

ficient degree of wvacuum agalin. Therefore, even though

C )

S U .

one could execute the coating process for a short time,

processes before and after the coating process requlre a long

time (around the clock for example) and thus the productivity

P

of the wvacuum processing 1s extremely limlted. The present

P

invention has been achieved 1n light of this problem.

SOLUTION TO PROBLEM
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ﬁ

According to a first aspect of the present invention, a

P

device of executing vacuum processing on a reinforcement

pr——

fiber, 1s comprised of: a chamber capable of keeping the

-

chamber as a whole in a depressurized state; a feeding roller

so disposed as to hang the reinforcement fiber down 1n the

chamber; a processor so disposed 1n the chamber as tToO pass

the reinforcement fiber hung down in the chamber through the

processor; a capture device so disposed as to capture and

keep a leading end of the reinforcement fiber passing the

processor and vertically falling down in place; a winding

bobbin configured to wind the reinforcement fiber processed

by the processor; and a resilient cord withdrawn 1n

synchronism with the winding bobbin from a first position
where the resilient cord surrounds the leading end kept 1n

place by the capture device to a second position where the

resilient cord gets in contact with and leads the

reinforcement fiber to the winding bobbin.

Preferably, the chamber is comprised of a first sub-

chamber housing the feeding roller, a main chamber housing

the processor, and a second sub-chamber housing the capture

device, the winding bobbin and the resilient cord, and the

maln chamber 1s configured to temporarily get gas-tightly

separated from the first sub-chamber and the second sub-

chamber. Sti1ll preferably, a proximal end of the resilient

cord 1s so combined with the winding bobbin as to be

withdrawn by rotation of the winding bobbin. Further
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preferably, a distal end of the resilient cord 1is fixed to a

site other than the resilient cord and the resilient cord 1n

the first position forms an open loop surrounding the

reinforcement fiber. Further still preferably, the distal

P

end of the resilient cord i1s combined with the winding bobbin.

According to a second aspect of the present 1invention,

a method of executing vacuum processing on a reinforcement

fiber, 1s comprised of: keeping a chamber as a whole 1n a

depressurized state; hanging the reinforcement fiber from a

feeding roller down in the chamber; passing the reinforcement

fiber through a processor disposed 1n the chamber; disposing

a capture device so as to capture and keep a leading end of

the reinforcement fiber passing the processor and vertically

falling down in place; disposing a resilient cord at a first

prosition where the resilient cord encloses the leading end
kept 1in place by the capture device above or around the

capture device; withdrawing the resilient cord in synchronism

with a winding bobbin to a second position where the

resllient cord gets in contact with and leads the

reinforcement fiber to the winding bobbin; and making the

winding bobbin wind the reinforcement fiber processed by the

Processor.

Preferably  the aforementioned method 1s further

r—

comprised of combining a proximal end of the resilient cord

with the winding bobbin, wherein the resililient cord 1s

- i
—

withdrawn by rotation of the winding bobbin 1n the step of
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withdrawing the resilient cord. Further preferably, the

ﬁ

aforementioned method is further comprised of fixing a distal

end of the resilient cord to a site other than the resilient

cord so as to have the resilient cord in the first position

form an open loop surrounding the reinforcement fiber.
Further still preferably, the aforementioned method 1s
further comprised of combining the distal end of the

resilient cord with the winding bobbin.

10 ADVANTAGEOUS EFFECTS

15

20

25

It is made possible to exchange bobbins with keeping

o

the most of the device evacuated and 1t 1is further made

possible to introduce the fibers to the new bobbin and start
winding with keeping the device as a whole 1n a depressurized

state

BRIEF DESCRIPTION OF DRAWINGS

ﬁ

FTIG. 1 1s a schematic sectional view of a wvacuum

=

processing device 1n accordance with an embodiment of the

present i1nvention.

FIG. 2 1s a schematic perspective view o0f a capture

device and a resilient cord.

F

FIG. 3A 1s a schematic perspective view of a resilient

cord forming a closed loop according to an example.

FIG. 3B 1s a schematlic perspective view showling an

example 1n which the resililient cord forming the closed 1loop
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withdraws a reinforcement fiber.

F

FIG. 4A is a schematic perspective view of a resilient

cord forming an open loop according to an example.

FIG. 4B 1s a schematic perspective view showlng an

example in which the resilient cord forming the open loop

withdraws a reinforcement fiber.

I

a resilient

FIG. 5A 1s a schematic perspective view O:

cord and a winding bobbin.

F
i

FIG. 5B is a schematic perspective view of a resilient

cord and a winding bobbin according to another example.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments will be described hereinafter

with reference to the appended drawings. It 1s particularly

noted that these drawings are not always drawn to scale
exactly and therefore dimensional relations among elements

are not limited to those shown therein.

Referring to FIG. 1, a vacuum processing device 1 of

the present embodiment 1s applilicable to use for forming a

coating on a reinforcement fiber F by a process such as CVD

or PVD that requires vacuum. Examples of the reinforcement

fiber are silicon carbide, carbon, and alumina and examples

gr—

of the coating are boron nitride and carbon, but of course

these examples are not limiting. The present embodiment 1s

appllicable to a wvacuum processing not only on a monofilament

put also on a yarn, a tow, a web, or a fabric in which a
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plurality of fibers 1s bundled.

The vacuum processing device 1 is 1n general comprised

pr——v

of a chamber 3, a feeding bobbin 5 for feeding the

reinforcement fiber F, a roller 7 for hanging down the fed

reinforcement fiber F, a processor 9 for executing a process

such as CVD, a capture device 11 for capturing a leading end

Fe of the reinforcement fiber F passing the processor 9, and

a winding bobbin 13 for winding the reinforcement fiber CF

pr—
pas

processed in the processor 9. Plural sets of feeding bobbins

5, feeding rollers 7, capture devices 11 and winding bobbins

F

13 may be arranged 1in parallel and a plurality of

reinforcement fibers F may be made to pass through the
processors 9 simultaneously.
The chamber 3 is a wvacuum chamber that can keep 1tself

as a whole 1n a depressurized state. The chamber 3 1s

further sectioned into a plurality of sub-chambers. In the

-

example shown in the drawing, the chamber 3 1s comprised of a

first sub-chamber 3a housing the feeding bobbin 5 and the

feeding roller 7, a main chamber 3b housing the processor 9,

and a second sub-chamber 3¢ housing the capture device 11 and

the winding bobbin 13 and such, and these sub-chambers are 1in

spatially communicate with each other. The chamber 3 may

-

have other sub-chambers 1f necessary.

One or more vacuum pumps hot shown are connected to the

ﬁ

chamber 3 1n order to set the i1nterior of the chamber 3 1in a

depressurized state. The vacuum pumps are connected at least
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to the first sub-chamber 3a, the main chamber 3b and the

second sub-chamber 3¢, respectively. Additional vacuum pumps

F

may be connected to additional sub-chambers 1f they exist.

The first sub-chamber 3a, the main chamber 3b and the

ﬁ

second sub-chamber 3¢ take a form of being piled up

vertically 1in order to hang the reinforcement fiber F

vertically down and pass 1t through the processor 9. Further

the main chamber 3b may be vertically elongated 1in order to

ensure a sufficient reaction time 1n the processor 9.

Therefore these elements may take a form 1n that the second

sub-chamber 3¢ i1s installed on a first floor 1in a building,

the main chamber 3b on a second floor, and the first sub-

chamber 3a on any still upper floor, for example.

At least 1in between the first sub-chamber 3a and the

maln chamber 3b and in between the mailn chamber 3b and the

second sub-chamber 3c, gates 15,17 for gas—-tightly separating
them are provided. To the gate 15,17 applicable are gate-

valves but any other types of valves, such as pendulum valves

or butterfly valves. Preferably actuators such as hydraulic

cylinders are respectively connected thereto for driving the

gates 15,17.

Between the first sub-chamber 3a and the maln chamber

3b and between the main chamber 3b and the second sub-chamber
3¢, gas-tight communication may be established through
communication paths respectively. The gates 15,17 may be

provided 1n these communilcation paths.
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The feeding bobbin 5 is housed in the first sub-chamber

3a and an actuator such as a motor 1s connected thereto for

its rotation. When closing the gate 15, as the first sub-

chamber 3a is gas-tightly separated from the main chamber 3b,

the first sub-chamber 3a 1is allowed to be exposed to the

atmosphere with keeping the main chamber 3b evacuated,

thereby allowing carry-in or exchange of the feeding bobbin o.

In the first sub-chamber 3a, still another device such

as a tension detector 19 may be 1installed. The tension

detector 19 1is wused for the purpose of detecting tension

acting on the reinforcement fiber F being fed out.

The reinforcement fiber F 1s wound around the feedlng

bobbin 5 and i1is 1n this state carried therein to serve as a

subject for a vacuum processing. Preferably as shown 1n FIG.

2, a weight W 1s combined with a leading end Fe of the

reinforcement fiber F. The weight W by gravity guilides the

reinforcement fiber F through the processor 9 to the capture

device 11.

Referring again to FIG. 1, the feeding roller 7 1s also

housed in the first sub~-chamber 3a and 1s arranged specially

relative to the processor 9 and the capture device 11. More

speclfically, the feeding roller /7 1s so disposed that, as

ﬁ

the reinforcement fiber F fed out of the feeding bobbin 5

passes through the feeding roller 7 and 1s there hung down

vertically, the reinforcement fiber F passes through the

processor 9 and reaches the capture device 11. The feeding
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10

roller 7 may be fixed to the first sub-chamber 3a or may be

made movable to regulate 1ts position.

The processor 9 1is housed 1n the main chamber 3b and

has a constitution adapted for executing a vacuum processing

such as CVD or PVD. In a case where a coating of boron

nitride 1is to be formed for example, the processor 9 can

contain tubing for introducing boron fluoride gas, ammonia

gas and nitrogen gas as a carrier and a heating furnace. The

PP

constitution of the processor 9 of course has many variations

and 1s properly selected therefrom depending on an 1intended

processing. The reinforcement fiber F hung down from the

feeding roller 7 vertically passes through the processor 9

and is thereby subject to a processing such as coating. The

F
—

processor 9, 1in particular the heating furnace thereof, may

be formed in a c¢ylindrical or <circular shape. As the

reinforcement fiber F passes 1its center or 1ts vicinity,

-

fiber F 1s enabled.

uniform processing on the reinforcement

Referring to FIG. 2 1in combination with FIG. 1, the

capture device 11 1is in the second sub-chamber 3¢ and 1s so

arranged that the leading end Fe of the reinforcement fiber F

vertically hung down 1s drawn by gravity and then naturally

falls down onto the capture device 11. More specifically,

rh

the leading end Fe of the reinforcement fiber F can reach the

F

capture device 11 generally only by action of gravity, and

the capture device 11 captures and keeps the leading end Fe

1n place. To assist the leading end Fe to reach the capture
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11

device 11, any auxiliary guiding device such as a roller or a

funnel may be installed there.

Further, in the second sub-chamber 3¢ for example, a

gulide roller 21 may be 1nstalled. Preferably the qguide

roller 21 is made movable by an actuator 23. As shown by the

solid line in FIG. 2, the guide roller 21 may be retracted so

as not to be 1in contact with the reinforcement fiber F. tThen

the reinforcement fiber F can freely fall down toward the

capture device 11. When the vacuum processing 1s started and

the reinforcement fiber CF 1s to be wound around the winding
bobbin 13, the guide roller 21 1s advanced as shown by the

chained line to get in contact with the processed

reinforcement fiber CF, thereby the reinforcement fiber F 1s
kept vertical 1n the processor 9 although 1t 1s obliquely

drawn.

Of course, other than the feeding roller 7 and the

gulide roller 21, any device for guiding the reinforcement

fiber F can be 1nstalled therein. such a device may be

installed 1n any of the first sub-chamber 3a, the mailn

chamber 3b and the second sub-chamber 3c.

F

An upper face of the capture device 11 may be formed in

any arbitrary shape 1ncluding a flat plane and may

nevertheless have a dent 11H. As the welight W settles 1n the

dent 11H, the capture device 11 more firmly captures and

keeps 1t 1n place. In place of the dent 11H, applicable 1is a

hole, a cylinder, or a through-hole, 1n which the weight W
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12

r—

fits. Further in place of, or in addition to, these elements,

the capture device 11 may have any induction means such as a

magnet for inducing the leading end Fe or the weight W, or

any adhesive or any viliscoelastic body.

The vacuum processing device 1 may be comprilsed of an

elevator device 25 for elevating the capture device 11. As

shown by the solid 1line in FIG. 3A, before capturing the

leading end Fe, the capture device 11 may be elevated.

Further as shown by the chained line therein, before winding

the processed reinforced fiber CF around the bobbin 13, the

capture device 11 may be moved downward. Such up-and-down

movement is advantageous in firmly getting the leading end Fe

withdrawn by a resilient cord 27 as described below.

Referring to FIG. 2, the vacuum processing device 1 1s

F

comprised of the resilient cord 27 1n the second sub-chamber

3c, which is for withdrawing the reinforcement fiber F toward

the winding bobbin 13. The resilient cord 27, as 1ts leading

P

end 27e 1s slidably combined with 1tself, forms a closed loop

271

The closed loop 27L i1s placed on a pedestal 10, which

1s disposed above or around the capture device 11, thereby at

this position surrounding the reinforcement fiber F kept 1in

place by the capture device 11. The pedestal 10 may be fixed

there or movable to this position. The pedestal 10 may be a

flat plate having a through-hole as shown 1n the drawing or

alternatively formed in a bar-like or belt-like shape.
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13

A proximal end 27p of the resilient cord 27 1s, as

shown in FIG. 5A, combined with the winding bobbilin 13 and 1s,

when the winding bobbin 13 rotates, drawn as 1ndicated by the

arrow A 1n FIG. 3B. The resilient cord 27 then gets 1n

contact with the reilnforcement fiber F and the leading end Fe

slides along the reinforcement fiber F to make the loop 27L

shrink so that the loop 27L captures the reinforcement fiber

E. As the winding bobbin 13 keeps rotating, the resilient

cord 27 withdraws the reinforcement fiber F toward tThe

winding bobbin 13. To withdraw the reinforcement fiber F

along with the weight W, the winding bobbin 13 may be

comprised of a groove 13G i1n which the weight W fits and the
proximal end Z27p may be combined with the groove 13G.

The resilient cord 27 may, alternatively, as shown 1n

FIG. 4A, form an open loop 27N. Its leading end 27e 1s fixed

to a site other than the resilient cord 27, and the loop Z/N

1s not closed but 1left opened and as well surrounds the

reinforcement fiber F. The proximal end 27p 1s combined with

the winding bobbin 13 as with the above example, so that the

resililient cord 27 uses rotation thereof to withdraw the

reinforcement fiber F toward the winding bobbin 13 as

indicated by the arrow A in FIG. 4B. The resilient cord 27

ﬁ

then does not rest on a fixed site of the reinforcement fiber

' but mutually slides when withdrawing the reinforcement

fiber F. As the welght W 1s unlikely to be wound in this

example, the weight W may be left on the capture 11 and may
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14

be separated by a cutter 29 as described later.

The leading end 27e may, nevertheless, be comblined with

the winding bobbin 13 as shown in FIG. 5B. In this case, the

groove 13G with which the proximal end 27p 1s combined and a

step portion 13L with which the leading end 27e 1s combined

~ —~
s

ferent in diameter. Tractilion speeds of the

may be formed di:

proximal end 27p and the leading end 27e are differentiated

F

as the diameters are different. Then the resilient cord 27

is prevented from resting on a fixed site of the

reinforcement fiber F but slides thereon when withdrawing 1it.

Still alternatively, 1t 1s possible that either or both

of the groove 13G and the step portion 13L 1s rotated 1n a

- —
[

ferent from the main body of the winding bobbin 13.

speed di:

Any known mechanism such as a planetary gear 1s applicable

thereto. Further, in any of the aforementioned examples, the

resilient cord 27 may be connected not to the winding bobbiln

13 but to any other induction means that gets 1in action 1in

synchronism with the winding bobbin 13.

The winding bobbin 13 along with the capture device 11

1s housed in the second sub-chamber 3c. Any actuator such as

a motor 1s connected thereto for 1ts rotation. The

reinforcement fiber CF processed 1in the processor 9 1S

withdrawn by the resilient cord 27, and then wound around the

winding bobbin 13. As the main chamber 3b 1s gas-tightly

separated from the second sub-chamber 3¢ when the gate 17 1is

closed, the second sub-chamber 3c 1s allowed to be exposed to
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the atmosphere with keeping the main chamber 3b evacuated,

F

thereby allowing carry-in and exchange of the winding bobbin

13. The processed reinforcement fiber CF, as beling wound

around the winding bobbin 13, can be withdrawn.

The weight W may be, along with the reinforcement fiber

CF, wound around the winding bobbin 13 but may be separated

therefrom 1n advance of winding. FFor this purpose, the

ﬁ

second sub-chamber 3¢ may be comprised of a cutter 29

installed therein. Further, it may be comprised of a sensor

for determining a time for separating the weight W. In the

example shown in FIG. 2, a revolution counter 31 1s used,

which is so disposed as to get in contact with the processed

et

reinforcement fiber CF. AS travel distance of the

reinforcement fiber CF is measured by the revolution counter

P

31, a time proper for separating the weight W can Dbe

determined.

The process to execute a wvacuum processing on a

reinforcement fiber by CVD or PVD 1n accordance with the

present embodiment could be executed 1n a way as described

below for example.

-

Referring to FIG. 1, the interior of the chamber 3 1is

P

kept 1n a depressurized state by means of vacuum pumps not

shown. When the gates 15,17 are closed, the first and second

sub-chambers 3a,3c are gas-tightly separated from the main

chamber 3b. Next the external ailr 1s 1ntroduced 1into the

filrst and second sub-chambers 3a,3c so that they are exposed
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ﬁ

to the atmosphere. The interior of the main chamber 3b 1is

even then kept 1n the depressurized

stated.

Into the first sub-chamber 3a exposed to the atmosphere,

the feeding bobbin 5 around which the rein:

“orcement fiber F

1s wound 1s 1introduced. n a case where an empty feedling

bobbin 5 is already 1in the first sub-chamber 3a,

1s exchanged for the former.

drawn out of the introduced feeding bobbin 9,

through the tension detector 19 1f 1installed,

"orcement

The rein:

F

the latter

fiber F 1s

made tToO pass

made to pass

through the feeding roller 7 and hung down therefrom. With

its leading end Fe, the weight W i1s combined.

In parallel, an empty winding

bobbin 13 1s 1ntroduced

into the second sub-chamber 3¢ exposed to the atmosphere. In

a case where a winding bobbin 13 around which the processed

reinforcement fiber CF 1s wound 1is already therein, the

latter 1s exchanged for the former.

they are evacuated by means oO:

the degree of wvacuum 1n the

——t

After closing the first and second sub-chambers 3a, 3¢,

the pumps not shown. After

interior

reaches

level, the gates 15,17 are opened and then the

a desirable

first sub-

chamber 3a, the main chamber 3b and the second sub-chamber 3c

mutually get 1n spatial communication.

then keeps retracting as shown in FIG. 2.

The guid

e roller 21

The reinforcement fiber F vertically hung down from the

the main chamber 3b. The reinforcement

fiber F a:

feeding roller 7 passes through the processor 9 disposed 1in

‘ter passing



CA 02944326 2016-09-28

17

the processor 9 further falls down vertically and the leading

pr—v

end thereof reaches the capture device 11. The weight W

combined with the 1leading end Fe settles 1n the capture

device 11, thereby keeping the leading end Fe 1n place. Then

5 +the capture device 11 may be elevated to a height comparable

to the closed loop 27L or the open loop 27N of the resilient

cord 27 on the pedestal 10.

The capture device 11 1s moved down and then the

reinforcement fiber F i1s made surrounded by the loop 27L or

10 the loop 27N as shown 1in FIG. 3A or FIG. 4A. In parallel,

the guide roller 21 is advanced to get 1in contact with the

reinforcement fiber F.

The winding bobbin 13 or the induction device 1s put 1in

action to withdraw the resilient cord 27, thereby making the

15 resilient cord 27 1n contact with the reinforcement fiber F

and making the resilient <cord 27 to accompany  the

reinforcement fiber F toward the winding bobbin 13. After

the reintforcement fiber F reaches the winding bobbin 13 and
winding starts, the cutter 29 may be put 1in action to
20 separate the weight W. Whether it reaches the winding bobbin
13 or not can be determined by using the revolution counter

31.

The processor 9 1s put 1n action to execute a

processing such as coating on the reinforcement fiber F, and

25 simultaneously the winding bobbin 13 is rotated to wind the

processed reinforcement fiber CF around the winding bobbin 13.
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As being understood from the above description, when

the vacuum processing ends and the bobbin 1s subject to

exchange, 1t 1s necessary to expose the first and second sub-

chambers to the atmosphere whereas the main chamber can be

kept evacuated. Because the main chamber, as being the

largest in both volume and internal area among elements of

the wvacuum processing device, can be kept evacuated, only a

g~
—

short time 1s required for evacuation after exchange of

ﬁ

bobbins to obtain a desired degree of wvacuum. Therefore the

vacuum processing can be repeated with high productivity.

The work for combining the fiber with the bobbin can be
executed under an evacuated situation in accordance with the

present embodiment.

Under the atmospheric pressure, this work would Dbe

readlly executed by hands. Alternatively a suction nozzle

can be used to keep the fiber in place as the fiber can be

sucked along with the air into the nozzle, and then a movable

arm can be used for withdrawing the fiber. More specifically,

F

if under the atmospheric pressure, this work can be automated.

As this work, however, is executed after the fiber passes the

maln chamber, the maln chamber have to be necessarily exposed

to the atmosphere. This, as discussed already, seriously
hurts productivity. Under the vacuum, both work by hands and
suction by a nozzle are 1mpossible.

The present embodiment enables such work under the

vacuum as automatic processing because the capture device
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keeps the reinforcement fiber 1in place and thereafter the

resilient cord withdraws the fiber toward the winding bobbin.

Necessarily, the main chamber 1s not necessitated to Dbe

exposed to the atmosphere and therefore high productivity 1is
given.

Although the invention has been described above by

1)

reference to certailin embodiments o: the 1nvention, the

invention is not limited to the embodiments described above.

Modifications and wvariations of the embodiments described

above will occur to those skilled i1n the art, in light of the

above teachings.

INDUSTRIAL. APPLICABILITY

A vacuum processing device 1s provided, which enables

exchanging bobbins with keeping the most of the device

evacuated.
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CLAIMS

1. A device of executing vacuum processling on  a

reinforcement fiber, comprising:

a chamber capable of keeping the chamber as a whole 1in

a depressurized state;

a feeding roller so disposed as to hang the

reinforcement fiber down 1n the chamber;

a processor so disposed 1in the chamber as to pass the

reinforcement fiber hung down 1in the chamber through the

Processor;

a capture device so disposed as to capture and keep a

leading end of the reinforcement fiber passing the processor

and vertically falling down 1n place;

a winding bobbin configured to wind the reinforcement

L.Lb

“iber processed by the processor; and

a resilient cord withdrawn 1n synchronism with the

winding bobbin from a first position where the resilient cord

surrounds the leading end kept in place by the capture device

to a second position where the resilient cord gets in contact

wlth and leads the reinforcement fiber to the winding bobbin.

2. The device of claim 1, wherein the chamber comprises a

first sub-chamber housing the feeding roller, a main chamber

housing the processor, and a second sub-chamber housing the

capture device, the winding bobbin and the resilient cord,

and the maln chamber 1is configured to temporarily get gas-

tightly separated from the first sub-chamber and the second
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3. The device of claim 1 or 2, wherein a proximal end of

CA 02944326 2016-09-28
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1

P

the resilient cord is so combined with the winding bobbin as

P

to be withdrawn by rotation of the winding bobbin.

4, The devl

resilient cord

fr— r—

ce of claim 3, wherein a distal end of the

is fixed to a site other than the resilient

cord and the resilient cord in the first position forms an

open loop surrounding the reinforcement fiber.

ﬁ

)

5. The device of claim 4, wherein the distal end of the

resilient cord

is combined with the winding bobbin.

0. A method of executing vacuum processing on a

reinforcement :

“1ber, comprising:

keeping a chamber as a whole 1n a depressurized state;

hanging the reinforcement fiber from a feeding roller

down 1n the chamber;

passing

the reinforcement fiber through a processor

disposed 1n the chamber;

disposing a capture device so as to capture and keep a

pr—

Lleading end of

and vertically

the reinforcement filber passing the processor

falling down in place;

disposing a resilient cord at a filirst position where

the resilient

cord encloses the leading end kept 1n place by

the capture device above or around the capture device;

withdrawing the resilient cord 1in synchronism with a

winding bobbin

to a second position where the resilient cord

gets 1n contact with and leads the reinforcement fiber to the
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winding bobbln; and

making the winding bobbin wind the reinforcement filber

processed by the processor.

F

7. The method of claim 6, further comprising:

P

5 combining a proximal end of the resilient cord with the

winding bobbin, wherein the resilient cord 1s withdrawn Dby

F

rotation of the winding bobbin in the step of withdrawing the

resilient cord.

fr—

3 . The method of claim 7, further comprilising:

10 fixing a distal end of the resilient cord to a site

other than the resilient cord so as to have the resilient

cord in the first position form an open loop surrounding the

reinforcement fiber.

9. The method of claim 8, further comprising:

15 combining the distal end of the resilient cord with the

winding bobbin.
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