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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method of
manufacturing an optical fiber in which a coating is
formed on a glass optical fiber.
[0002] An optical fiber is manufactured in a way de-
scribed below. Firstly, a glass preform is heated in a fur-
nace and melted at one end of the glass preform. Then
the glass preform is drawn at the heated end to be formed
into a glass optical fiber. Next, a resin is coated of the
drawn glass fiber. Accordingly, the optical fiber is man-
ufactured.
[0003] The coating of an optical fiber is generally
formed in a way described below. Firstly, in order to have
a resin applied on the glass optical fiber, the glass optical
fiber is passed through a resin-coating die filled with a
UV cured resin (hereinafter to be referred to as a resin
when appropriate). Next, the glass optical fiber with the
UV cured resin being applied is passed through a coating
apparatus.
[0004] The coating apparatus is composed of a trans-
parent tube and an ultraviolet source arranged in the pe-
riphery outer of the transparent tube. For example, a
transparent tube is made of quartz glass. While passing
through the transparent tube of the coating apparatus, a
coated resin is cured by being irradiated with ultraviolet
ray supplied from the UV source through the transparent
tube of the coating apparatus, whereby the coating of
optical fiber is formed.
[0005] In general, when a UV resin is cured in ambient
air, that is in high oxygen concentrations atmosphere,
the resin reacts with oxygen to cause insufficient curing,
which leads to formation of a low-quality coating. As a
solution to prevent this problem, a technology of irradi-
ating a resin with UV in the presence of inert gas is dis-
closed (in Japanese Patent Application Laid-open No.
6-211545, for example).
[0006] Meanwhile, in the process of curing the resin,
a portion of the resin is volatilized by the reaction heat
generated in curing the resin and the heat generation
caused by the absorption of light energy of the emitted
light, and adheres to the inner surface of the transparent
tube. Resin component adhering to the inner surface of
the transparent tube will be altered by the UV irradiation
to cause fogging in the transparent tube. The fogging
reduces the amount of ultraviolet ray reaching the resin
and causes insufficient curing, which also leads to for-
mation of a low-quality coating.
[0007] As a solution of this problem, Japanese Patent
Application Laid-open No. 2005-224689 discloses a
technology of obtaining sufficient curing of the UV resin
by supplying an inert gas to a running region of the glass
optical fiber in the transparent tube while also supplying
a gas partially containing oxygen to the periphery of the
above-mentioned running region to form a two-laminar
flow with the inert gas and the oxygen-contained gas on

the surface of the transparent tube. With such two-lam-
inar flow, fogging inside the transparent tube can be less-
en.
[0008] JP 2005-224689 A discloses a method of man-
ufacturing an optical fiber wire.
[0009] EP 1 088 638 A2 discloses apertures which are
used to direct a gas flow into a pressure chamber and to
thereby increase the pressure.
[0010] US 5,942,020 A discloses creating a venturi ef-
fect at the opening for introducing the optical fiber.
[0011] JP 2004-067421 A discloses a method of curing
a resin coating of an optical fiber which includes keeping
an oxygen concentration very low while irradiating the
optical fiber with ultraviolet rays.

SUMMARY OF THE INVENTION

[0012] The scope of the invention is defined in the ap-
pended claims. Any reference to "embodiment(s)", "ex-
ample(s)" or "aspect(s) of the invention" in this descrip-
tion not falling under the scope of the claims should be
interpreted as illustrative example(s) for understanding
the invention.
[0013] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a schematic diagram showing an overall
configuration of a manufacturing apparatus of an op-
tical fiber used for embodying a method of manufac-
turing an optical fiber according to a first embodi-
ment.
FIG. 2 is a schematic diagram showing a resin-ap-
plying die and a coating apparatus shown in FIG. 1.
FIG. 3 is a diagram showing a relationship between
a distance between the applied resin and the surface
of the glass optical fiber and the concentration of
inert gas after letting the glass optical fiber with the
resin being applied run under inert gas atmosphere
at a predetermined drawing speed.
FIG. 4 is a schematic diagram showing the resin-
applying die and a coating apparatus according to a
second embodiment.
FIG. 5 is a schematic diagram showing the resin-
applying die and a coating apparatus according to a
third embodiment.
FIG. 6 is a schematic diagram showing the resin-
applying die and a coating apparatus according to a
fourth embodiment.
FIG. 7 is a diagram showing resin curability and a
fogging condition of a transparent tube when optical

1 2 



EP 2 357 160 B1

3

5

10

15

20

25

30

35

40

45

50

55

fibers are produced using the coating apparatus hav-
ing a structure according to the fourth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0015] Insufficient curing of resin can be sometimes
detected even if the method disclosed by Japanese Pat-
ent Application Laid-open No. 2005-224689 is used. The
inventors of the present invention have found that such
behavior is due to formation of an accompanying flow
composed mainly of ambient air containing oxygen at the
surface of the coated resin on the glass optical fiber, such
formation of the accompanying flow taking place between
the coating die and the coating apparatus.
[0016] When such accompanying flow of ambient air
is formed, the glass optical fiber will be surrounded by
the accompanying flow even after the glass optical fiber
enters the transparent tube of the coating apparatus.
When an inert gas is supplied to such glass optical fiber
surrounded by the accompanying flow of ambient air, the
glass optical fiber remains coated with the accompanying
flow that contains oxygen. Therefore, it is difficult to pro-
duce an inert gas atmosphere in the vicinity of the resin
surface. As a result, the resin will react with the oxygen
in the accompanying flow, whereby curing of resin will
become insufficient.
[0017] In order to strip off the accompanying flow from
the surface of the glass optical fiber by blowing an inert
gas onto the glass optical fiber, a large amount of inert
gas is needed, which results in shaking or breaking of
the running optical fiber.
[0018] In order to solve the above-described problems,
in the following embodiments, a glass optical fiber is
passed through an inert gas immediately after the resin
is applied on the glass optical fiber. Accordingly, since
an accompanying flow composed of an inert gas will be
formed in the vicinity of the surface of the resin, the resin
will be able to be cured sufficiently.
[0019] Embodiments of the method of manufacturing
an optical fiber according to the present invention will be
described in detail below with reference to the drawings.
It is to be noted that the present invention is not to be
limited by these embodiments.
[0020] FIG. 1 is a schematic diagram showing an over-
all configuration of a manufacturing apparatus of an op-
tical fiber used for embodying a method of manufacturing
the optical fiber according to a first embodiment of the
present invention. As shown in FIG. 1, a manufacturing
apparatus 100 includes a wire drawing furnace 11, a res-
in-applying die 12, a coating forming apparatus 13, guide
rollers 14 and 15, and a winding drum 16. The wire draw-
ing furnace 11 has a heater 11a to melt one end of an
optical fiber preform 1 mainly composed of quartz glass
by heating. The resin-applying die 12 is a resin-applying
apparatus and is arranged on a passage of a glass optical
fiber 2 drawn from one end of the optical fiber preform 1
below the wire drawing furnace 11, a coating forming

apparatus 13. The guide rollers 14 and 15 and the wind-
ing drum 16 are arranged below the coating forming ap-
paratus 13.
[0021] FIG. 2 is a schematic diagram of the resin-ap-
plying die 12 and the coating forming apparatus 13 shown
in FIG. 1. As shown in FIG. 2, the resin-applying die 12
includes resin supply tubes 12a and 12b. The resin sup-
ply tubes 12a and 12b supply two kinds of liquid resin to
be applied to the glass optical fiber 2. The coating forming
apparatus 13 includes a protecting tube 131, a transpar-
ent tube 132, an ultraviolet source 133, and a cabinet
134. The protecting tube 131 is arranged as being con-
nected to the resin-applying die 12. The transparent tube
132 is a UV transmission tube and is arranged as being
connected to the protecting tube 131. The ultraviolet
source 133 is arranged on the outer circumference of the
transparent tube 132. The cabinet 134 houses and holes
the transparent tube 132 and the ultraviolet source 133
[0022] The protecting tube 131 is formed in a funnel
shape and its material is, for example, glass, metal, plas-
tics, or the like, but is not specifically limited. Space be-
tween the protecting tube 131 and the resin-applying die
12 and that between the protecting tube 131 and the
transparent tube 132 are hermetically sealed so that the
air should not enter. The protecting tube 131 includes an
inert gas supply tube 131a that supplies an inert gas G1
into the protecting tube 131 and an oxygen containing
gas supply tube 131b that supplies a gas containing ox-
ygen (oxygen containing gas) G2 into the transparent
tube 132 through the protecting tube 131. The inert gas
supply tube 131a is provided on the side of the resin-
applying die 12. The oxygen containing gas supply tube
131b is provided between the inert gas supply tube 131a
and the transparent tube 132. The inert gas supply tube
131a and the oxygen containing gas supply tube 131b
are each connected to gas supply sources (not shown)
that supply respective gases G1, G2 via respective flow
controllers (not shown). The quantity supplied and flow
rate of the inert gas G1 and the oxygen containing gas
G2 are controlled by these flow controllers. The flow con-
troller is, for example, a mass flow controller, but may
also be a control valve. The inert gas G1 is, for example,
a nitrogen gas. The oxygen containing gas G2 is, for ex-
ample, the air.
[0023] The transparent tube 132 is, for example, a
quartz glass tube, but is not specifically limited as long
as ultraviolet ray for curing a curing resin can be trans-
mitted therethrough. The ultraviolet source 133 is, for ex-
ample, a UV lamp, but is not specifically limited as long
as ultraviolet ray that can cure a UV cured resin can be
emitted therefrom. It is preferable that the cabinet 134
has a material and a structure that do not allow ultraviolet
ray to leak.
[0024] Next, a method of manufacturing an optical fiber
according to the first embodiment using the manufactur-
ing apparatus 100 will be described. First, the optical fiber
preform 1 is set to the wire drawing furnace 11. Next, one
end of the optical fiber preform 1 is heat-melted by the
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heater 11a included in the wire drawing furnace 11, and
the glass optical fiber 2 is drawn from the melted one
end. The drawn glass optical fiber 2 runs downward to
pass through the resin-applying die 12. In the resin-ap-
plying die 12, two kinds of liquid resin supplied from each
of the resin supply tubes 12a and 12b are gathered. The
resin is applied in two layers to the outer circumference
of the glass optical fiber 2 that runs and passes the resin-
applying die 12. A glass optical fiber 2a having the two-
layered resin applied thereto enters the coating forming
apparatus 13 immediately after the application of the res-
in.
[0025] In the coating forming apparatus 13, the glass
optical fiber 2a first passes through the protecting tube
131. In the protecting tube 131, a region R through which
the glass optical fiber 2a passes immediately after the
resin being applied is in an inert gas atmosphere with the
inert gas G1 supplied from the inert gas supply tube 131a.
By letting the glass optical fiber 2a pass through the re-
gion R of the inert gas atmosphere, an accompanying
flow f composed of the inert gas G1 will be formed near
the surface around the resin.
[0026] Next, the glass optical fiber 2a passes through
the transparent tube 132. To prevent fogging in the trans-
parent tube 132, the oxygen containing gas G2 is sup-
plied into the transparent tube 132 from the oxygen con-
taining gas supply tube 131b. As a result, the transparent
tube 132 is in an atmosphere of the oxygen containing
gas G2. The glass optical fiber 2a as being accompanied
by the accompanying flow f composed of the inert gas
G1 enters the transparent tube 132 in oxygen containing
gas atmosphere. The accompanying flow f cannot be
easily be stripped off from the glass optical fiber 2a.
Therefore, even if the transparent tube 132 is in the ox-
ygen containing gas atmosphere, the resin of the glass
optical fiber 2a will be protected by the accompanying
flow f and prevented from coming into contact with oxy-
gen. Then the ultraviolet source 133 emits the ultraviolet
ray to the two-layered resin of the glass optical fiber 2a
passing through the transparent tube 132, the two-lay-
ered resin being coated with the accompanying flow f,
whereby the resin is cured. As a result, a two-layer coat-
ing is formed on the surface of the glass optical fiver 2a.
At this point, the inner surface of the transparent tube
132 is prevented from being fogged by the oxygen con-
taining gas atmosphere, and thus, it is possible to let
sufficient amount of ultraviolet ray reach reaching the res-
in. Furthermore, because the resin is prevented from re-
acting with oxygen, the resin can be cured sufficiently
with a sufficient amount of ultraviolet ray. Thereby, an
optical fiber 3 having a fine coating whose resin is suffi-
ciently cured can be manufactured.
[0027] Next, the guide rollers 14 and 15 guide the op-
tical fiber 3 with the coating being formed. Finally, the
winding drum 16 winds the optical fiber 3 having been
guided by the guide rollers 14 and 15. The running speed
(drawing speed) of the glass optical fibers 2, 2a and the
optical fiber 3 is controlled by adjusting the rotation fre-

quency of the winding drum 16.
[0028] As described above, according to the method
of manufacturing an optical fiber according to the first
embodiment, the optical fiber 3 having a fine coating with
the resin being sufficiently cured can be manufactured.
Particularly, in the method of manufacturing an optical
fiber according to the first embodiment, the accompany-
ing flow formed by passing the glass optical fiber 2a
through an inert gas atmosphere is actively used. There-
fore, a fine coating can be formed without needing a com-
plex apparatus configuration such as, for example, in a
case where a two-layer flow is to be formed inside a trans-
parent tube, or precise control of the flow rate and dis-
placement of each gas.
[0029] Next, preferable inert gases, conditions for an
oxygen containing gas, and conditions for the drawing
speed of an optical fiber in the method of manufacturing
an optical fiber according to the first embodiment of the
present invention will be described.
[0030] Firstly, a rare gas such as a nitrogen gas, helium
gas, argon gas, or the like, can be used as an inert gas
without specific limitation. It is preferable that these inert
gases are of higher purity, although some oxygen may
be contained as impurities to the extent that curing of the
resin will not be hindered. The allowable concentration
of the contained oxygen may preferably be 2% or less.
The flow rate of the supplied inert gas is, for example, in
a range of about 1 to 50 SLM. The pressure of the inert
gas atmosphere formed inside the protecting tube 131,
for example, is preferably equal to or greater than that of
the oxygen containing gas atmosphere formed inside the
transparent tube 132.
[0031] If the flow rate of the supplied inert gas is smaller
than 1 SLM, the region R cannot be made to be in a
complete inert gas atmosphere. In this case, the accom-
panying flow f composed of the inert gas G1 may not be
able to be formed near the surface around the resin.
Moreover, when the flow rate of the supplied inert gas is
greater than 50 SLM, there may be a possibility that the
running optical fiber may shake or break. If the pressure
of an inert gas atmosphere is equal to or less than the
pressure of an oxygen containing gas atmosphere, there
may be a possibility that the inert gas atmosphere may
break by having an oxygen containing gas mixed therein.
Accordingly, here may be a possibility that the region R
of the inert gas atmosphere may not be formed.
[0032] As an oxygen containing gas, any gas with a
concentration of oxygen capable of removing the fogging
on the inner surface of the transparent tube 132 may be
used. A preferable concentration of oxygen is 5% or
greater. The air or an oxygen gas can be used as the
oxygen containing gas. A preferable flow rate of the sup-
plied oxygen containing gas is, for example, in a range
of about 1 to 50 SLM. The pressure of an oxygen con-
taining gas atmosphere formed inside the transparent
tube 132 is preferably equal to or less than the pressure
of an inert gas atmosphere in the region R, for example.
[0033] Especially, when a Reynolds number which is
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a dimensionless number showing an appearance of flow
inside a tube is less than 2400, the accompanying flow
f inside the transparent tube 132 becomes a laminar flow.
Therefore, the two-layer flow constructed from a layer of
the accompanying flow composed of the inert gas and a
layer of the gas containing oxygen may be able to be
easily formed. As a result, the optical fiber 3 having a fine
coating with a resin being sufficiently cured can be ob-
tained more reliably. Therefore, it is preferable that a flow
rate of the inert gas G1 and the oxygen containing gas
G2 and an inside diameter of the transparent tube 132
is set so that a Reynolds number becomes less than
2400.
[0034] Next, conditions for the drawing speed of a
glass optical fiber will be described. When the drawing
speed of a glass optical fiber is fast, an accompanying
flow that is thicker and difficult to be striped off can be
formed around a resin by letting the glass optical fiber
having the resin applied thereto run in an inert gas at-
mosphere. Accordingly, fast drawing speed is preferable.
[0035] FIG. 3 is a diagram showing a relationship be-
tween the distance between a position and a surface of
a resin applied to glass after letting a glass optical fiber
with the resin being applied to run at a predetermined
drawing speed in an atmosphere of an inert gas and the
concentration of the inert gas at the position. FIG. 3 was
obtained by a flow analysis on an accompanying flow
near the entrance of the transparent tube 132 in FIG. 2.
The analysis was done under the conditions that the flow
rate of the supplying inert gas was 40 SLM and the flow
rate of the supplying oxygen containing gas was 35 SLM.
Here, it is appropriate as long as the inside diameter of
the transparent tube is sufficiently larger than the outside
diameter of the glass optical fiber, which can be equal to
or greater than 5 mm in diameter, for example. Accord-
ingly, the inside diameter was set to 5 mm for the analysis.
A nitrogen gas was used as the inert gas. The vertical
axis represents the concentration of the inert gas as a
relative value. Accordingly, "0.0" means that no inert gas
was present in the atmosphere at the position and "1.0"
means that 100% of the atmosphere at the position was
an inert gas.
[0036] As shown in FIG. 3, as the drawing speed of
the glass optical fiber increased from 500 m/min to 1700
m/min, the thickness of the inert gas formed therearound
increased. This indicates that an accompanying flow was
formed with increasing thickness as the drawing speed
increased from 500 m/min to 1700 m/min. Particularly
when the drawing speed was 850 m/min or greater, a
sufficiently developed accompanying flow was formed.
It can be considered that an accompanying flow being
developed in such a way will not be striped off that easily
against a spray of an oxygen containing gas. Accordingly,
it is preferable to set the drawing speed of the glass op-
tical fiber to 850 m/min or greater.
[0037] Next, coating forming apparatuses that can be
used for the method of manufacturing the optical fiber
according to the first embodiment will be described as

second to fourth embodiments of the present invention.
FIG. 4 is a schematic diagram showing the resin-applying
die and the coating forming apparatus according to the
second embodiment.
[0038] In FIG. 4, the resin-applying die 12 is the same
as that shown in FIG. 1 and includes the resin supply
tubes 12a and 12b to supply two kinds of liquid resin.
The coating forming apparatus 23 of the second embod-
iment has the transparent tube 132, the ultraviolet source
133, and the cabinet 134 which are similar to those in
the coating forming apparatus 13 shown in FIG. 1. In the
coating forming apparatus 23, however, the protecting
tube 131 in the coating forming apparatus 13 is replaced
by a protecting tube 231.
[0039] The protecting tube 231 is formed in a funnel
shape like the protecting tube 131. Borders between the
protecting tube 231 and the resin-applying die 12 and
between the protecting tube 231 and the transparent tube
132 are hermetically sealed so that the air should not
enter. The protecting tube 231 includes an inert gas sup-
ply tube 231a and an oxygen containing gas supply tube
231b connected to gas supply sources (not shown) via
respective flow controllers. Furthermore, the protecting
tube 231 includes a baffle board 231c provided on the
inner circumference at a position between the inert gas
supply tube 231a and the oxygen containing gas supply
tube 231b. The baffle board 231c, for example, in a disc
shape having an insertion hole in the center portion for
letting the glass optical fiber pass through.
[0040] In the coating forming apparatus 23, the inner
pressure in the region R of an inert gas atmosphere
through which a glass optical fiber passes immediately
after having a resin applied thereto in the protecting tube
231 rises due to the presence of the baffle board 231c.
Therefore, an oxygen containing gas or the air is less
likely to mix in the region R. As a result, an accompanying
flow composed of the inert gas will formed as thicker in
the vicinity of the surface around the resin even more
reliably, whereby the resin can be cured even more reli-
ably.
[0041] Next, a coating forming apparatus according to
the third embodiment of the present invention will be de-
scribed. FIG. 5 is a schematic diagram showing the resin-
applying die and the coating forming apparatus according
to the third embodiment.
[0042] In FIG. 5, the resin-applying die 12 is the same
as that shown in FIG. 1 and includes the resin supply
tubes 12a and 12b. The coating forming apparatus 33 of
the third embodiment has the transparent tube 132, the
ultraviolet source 133, and the cabinet 134 which are
similar to those in the coating forming apparatus 13
shown in FIG. 1. In the coating forming apparatus 33,
however, the protecting tube 131 in the coating forming
apparatus 13 is replaced by a protecting tube 331.
[0043] The protecting tube 331 is formed in a funnel
shape like the protecting tube 131. The protecting tube
331 is provided on the side of the resin-applying die 12
and includes an inert gas supply tube 331a connected
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to a gas supply source (not shown) via a flow controller
(not shown). A border between the protecting tube 331
and the resin-applying die 12 is hermetically sealed so
that the air should not enter. In contrast, a gap G is formed
between the protecting tube 331 and the transparent tube
132. Furthermore, the lower end of the transparent tube
132 is sealed by a sealing member 335 provided with an
exhaust pipe 335a. The exhaust pipe 335a is connected
to a vacuum pump (not shown) via a regulating valve (not
shown).
[0044] When the coating forming apparatus 33 is used,
the glass optical fiber 2a to which a resin is applied by
the resin-applying die 12 first passes through the protect-
ing tube 331. In the protecting tube 331, the region R
through which the glass optical fiber 2a passes immedi-
ately after the resin is applied is in an inert gas atmos-
phere with the inert gas G1 supplied from the inert gas
supply tube 331a. By letting the glass optical fiber 2a
pass through the region R, the accompanying flow f com-
posed of the inert gas G1 will be formed near the surface
around the resin.
[0045] On the other hand, an air G4 containing oxygen
is sucked in through the gap G by letting the pressure
inside the transparent tube 132 become negative by ex-
hausting a gas G3 inside the transparent tube 132
through the exhaust pipe 335a using the vacuum pump
while regulating the flow rate by the regulating valve. As
a result, the transparent tube 132 will be in an atmosphere
of the air G4. The amount of the air G4 sucked into the
transparent tube 132 through the gap G or the inner pres-
sure of the transparent tube 132 is determined by the
width of the gap G and the displacement of the gas G3
from the exhaust pipe 335a.
[0046] In this case, also it is preferable that a flow rate
of the inert gas, an inside diameter of the transparent
tube 132, a width of the gap G and the displacement of
the gas G3 are set so that a Reynolds number becomes
less than 2400.
[0047] Then, the glass optical fiber 2a accompanied
by the accompanying flow f composed of the inert gas
G1 enters the transparent tube 132 having being ar-
ranged in such condition. The resin of the glass optical
fiber 2a is prevented from contacting the oxygen due to
the accompanying flow f, while the inner surface of the
transparent tube 132 is prevented from being fogged by
the atmosphere of the air G4. Therefore, the amount of
ultraviolet ray reaching the resin will become sufficient.
As a result, the optical fiber 3 having a fine coating with
a resin being sufficiently cured can be manufactured.
[0048] Next, a coating forming apparatus according to
the forth embodiment of the present invention will be de-
scribed. FIG. 6 is a schematic diagram showing a resin-
applying die and a coating forming apparatus according
to the fourth embodiment.
[0049] In FIG. 6, the resin-applying die 12 is the same
as that shown in FIG. 5 and includes the resin supply
tubes 12a and 12b. The coating forming apparatus 43 of
the fourth embodiment has the transparent tube 132, the

ultraviolet source 133, and the cabinet 134 which are
similar to those in the coating forming apparatus 33
shown in FIG, 5. In the coating forming apparatus 43,
however, the protecting tube 331 in the coating forming
apparatus 33 is replaced by a protecting tube 431.
[0050] The protecting tube 431 is formed in a funnel
shape like the protecting tube 331 and includes an inert
gas supply tube 431a. A border between the protecting
tube 431 and the resin-applying die 12 is hermetically
sealed so that the air should not enter. On the other hand,
a gap G is formed between the protecting tube 431 and
the transparent tube 132. Furthermore, the protecting
tube 431 includes a baffle board 431c provided on the
inner circumference at a position of the lower end thereof.
The baffle board 431c, for example, is in a disc shape
having an insertion hole in the center portion for letting
the glass optical fiber pass through. Moreover, the lower
end of the transparent tube 132 is sealed by the sealing
member 335 provided with the exhaust pipe 335a. The
exhaust pipe 335a is connected to a vacuum pump (not
shown) via a regulating valve (not shown).
[0051] In the coating forming apparatus 43, the inner
pressure in the region R of an inert gas atmosphere
through which a glass optical fiber passes immediately
after having a resin applied thereto in the protecting tube
431 rises due to the presence of the baffle board 431c.
Therefore, an oxygen containing gas or the air is less
likely to mix in the region R. As a result, an accompanying
flow composed of the inert gas will be formed as thicker
in the vicinity of the surface around the resin even more
reliably, whereby the resin can be cured even more reli-
ably.
[0052] Next, using a coating forming apparatus having
the structure according to the fourth embodiment shown
in FIG. 6 as a manufacturing apparatus of optical fiber,
optical fibers were produced while setting various values
for the drawing speed of glass optical fibers. A nitrogen
gas of 99.9% purity was used as an inert gas. The flow
rate of the nitrogen gas supplied to the protecting tube
was set to 35 SLM. The width of a gap between the pro-
tecting tube and transparent tube was set to 40 mm and
the exhaust pressure in an exhaust pipe was controlled
to be at 0.08 kPa.
[0053] FIG. 7 is a diagram showing resin curability and
the fogging condition of a transparent tube when optical
fibers are produced using the coating forming apparatus
having a structure according to the fourth embodiment.
Regarding the resin curability, a case where a coated
optical fiber is wound by a winding drum without being
broken is judged as "O" and a case where a coated optical
fiber was broken at a guide roller or winding drum was
judged as "X". The fogging condition of the transparent
tube was judged by visual inspection.
[0054] As shown in FIG. 7, the transparent tube was
not fogged when the drawing speed of the glass optical
fiber was 850, 1000, or 1700 m/min. Regarding the resin
curability, the glass optical fiber did not break at the guide
roller or the winding drum and the coating of the produced
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optical fiber was sufficiently cured.
[0055] The present example shows a case in that the
drawing speed of the glass optical fiber is 850 m/min or
greater. However, even if the drawing speed of the glass
optical fiber was slower than 850 m/min and was about
500 m/min or so, for example, an accompanying flow
composed of the nitrogen gas can be formed near the
surface around the resin of the glass optical fiber by ex-
ercising control such as increasing the flow rate of the
nitrogen gas supplied to the protecting tube in accord-
ance with the drawing speed. As a result, the effect of
the present invention can be achieved.
[0056] Especially, when a Reynolds number which is
a dimensionless number showing a flow behavior ap-
pearance of flow inside a tube is less than 2400, the flow
inside the transparent tube becomes a laminar flow. Ac-
cordingly, and the two-layer flow constructed from a layer
of accompanying flow composed of the inert gas and a
layer of the gas containing oxygen can be formed easily.
As a result, the optical fiber 3 having a fine coating which
a resin being sufficiently cured can be manufactured.
Therefore, it is preferable that a flow rate of each of the
gasses, an inside diameter of the transparent tube 132,
a width of the gap G and the displacement of the gas G3
are set so that a Reynolds number becomes less than
2400. Settings of such conditions can be adjusted ac-
cording to the a drawing speed of the glass optical fiber.
[0057] According to the above-described embodi-
ments of the present invention, a reaction between resin
and oxygen is prevented by forming an accompanying
flow composed of an inert gas near the surface of the
resin of the glass optical fiber immediately after having
the resin applied while a gas containing oxygen is sup-
plied to a UV transmission tube to prevent fogging on the
inner surface of the tube. As a result, a fine coating with
a resin being sufficiently cured can be formed.
[0058] The coating forming apparatuses according to
the third and fourth embodiments include an aspiration
mechanism such as an exhaust pipe and absorb the air
by making the pressure inside the transparent tube neg-
ative. However, if the drawing speed of the glass optical
fiber is sufficiently fast, arrangement of the aspiration
mechanism such as the exhaust pipe may not be neces-
sary because some amount of air will be dragged into
the transparent tube by the running of the glass optical
fiber.
[0059] The coating forming apparatuses according to
the third and fourth embodiments are provided with a gap
between the protecting tube and the transparent tube as
an air introducing unit. However, such arrangement of a
gap is not particularly necessary. In that case, it is pref-
erable that the protecting tube should have an air intro-
ducing hole formed in a lower part of the inert gas supply
unit while the border between the protecting tube and the
transparent tube is hermetically sealed.
[0060] The resin-applying die in each of the above em-
bodiments is configured to be able to apply a two-layered
resin. In a case of forming a two-layer coating using a

resin-applying die capable of applying only a one-layer
resin, for example, two sets of a combination of the resin-
applying die and coating forming apparatus shown in
FIG. 2 may be arranged in series on the passage of the
glass optical fiber. In this case, when the optical fiber
passes through each combination, the application of the
resin and the formation of the coating are processed in
that order.

Claims

1. A method of manufacturing an optical fiber (3), com-
prising:

applying a UV curing resin to an outer circum-
ference of a running glass optical fiber in a resin-
applying die (12);
passing the optical fiber through a protection
tube (231, 431) which is hermetically sealed to
the resin-applying die (12);
forming an accompanying flow (f) composed of
an inert gas (G1) near a surface of the resin by
passing the glass optical fiber (2a) immediately
after having the resin being applied through an
atmosphere of the inert gas within the protection
tube (231, 431), and then passing the optical
fiber through a baffle board (231c, 431c) provid-
ed on the inner circumference of the protection
tube (231, 431); and
forming a coating by irradiating the resin coated
with the accompanying flow with ultraviolet ray
to cure the resin while the glass optical fiber ac-
companied by the accompanying flow is passed
through a UV transmission tube (132) to which
a gas containing oxygen (G2) is supplied.

2. The method according to claim 1, wherein a drawing
speed of the glass optical fiber is set to 850 m/min
or greater.

3. The method according to claim 1, wherein
the atmosphere of the inert gas is formed by letting
the inert gas supplied from an inert gas supply unit
(131a, 231a, 331a, 431a) arranged on a side of a
resin-applying apparatus (12) of a protecting tube
(131, 231, 331, 431) arranged as being connected
to the resin-applying apparatus that applies the resin,
the gas containing oxygen is supplied to the UV
transmission tube by an oxygen containing gas sup-
ply unit (131b, 231b) arranged between the inert gas
supply unit and the UV transmission tube, and
the ultraviolet ray are emitted from an ultraviolet
source (133) arranged on the outer circumference
of the UV transmission tube provided as being con-
nected to the protecting tube.

4. The method according to claim 1, wherein
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the atmosphere of the inert gas is formed by letting
the inert gas supplied from an inert gas supply unit
(131a, 231a, 331a, 431a) arranged on a side of a
resin-applying apparatus (12) of a protecting tube
(131, 231, 331, 431) arranged as being connected
to the resin-applying apparatus that applies the resin,
the gas containing oxygen is supplied to the UV
transmission tube from an air introducing unit (G) for
introducing air from outside, the air introducing unit
being formed between the inert gas supply unit and
the UV transmission tube, and
the ultraviolet ray are emitted from an ultraviolet
source arranged on the outer circumference of the
UV transmission tube.

Patentansprüche

1. Verfahren zum Herstellen eines Lichtwellenleiters
(3), das Folgendes umfasst:

Auftragen eines UV-härtenden Harzes auf einen
äußeren Umfang eines laufenden Glas-Licht-
wellenleiters in einer Harzauftragsdüse (12);
Bewegen des Lichtwellenleiters durch eine
Schutzröhre (231, 431), die mit der Harzauf-
tragsdüse (12) hermetisch versiegelt ist;
Bilden eines begleitenden Stroms (f), der aus
einem Inertgas (G1) in der Nähe einer Oberflä-
che des Harzes besteht, durch Bewegen des
Glas-Lichtwellenleiters (2a) durch eines Atmos-
phäre des Inertgases innerhalb der Schutzröhre
(231, 431) unmittelbar nachdem das Harz auf-
getragen worden ist und dann Bewegen des
Lichtwellenleiters durch eine Ablenkplatte
(231c, 431c), die auf dem inneren Umfang der
Schutzröhre (231, 431) vorgesehen ist; und
Bilden einer Beschichtung durch Bestrahlen des
Harzes, das mit dem begleitenden Strom be-
schichtet ist, mit ultravioletter Strahlung, um das
Harz zu härten, während der Glas-Lichtwellen-
leiter, der von dem begleitenden Strom begleitet
wird, durch eine UV-durchlässige Röhre (132),
der ein Gas, das Sauerstoff (G2) enthält, zuge-
führt wird, bewegt wird.

2. Verfahren nach Anspruch 1, wobei eine Ziehge-
schwindigkeit des Glas-Lichtwellenleiters auf 850
m/min oder höher eingestellt ist.

3. Verfahren nach Anspruch 1, wobei
die Atmosphäre des Inertgases dadurch gebildet
wird, dass zugelassen wird, dass das Inertgas von
einer Zuführeinheit (131a, 231a, 331a, 431a) für In-
ertgas, die auf einer Seite einer harzauftragenden
Vorrichtung (12) einer Schutzröhre (131, 231, 331,
431), die so angeordnet ist, dass sie mit der harz-
auftragenden Vorrichtung, die das Harz aufträgt,

verbunden ist, angeordnet ist, zugeführt wird,
das Gas, das Sauerstoff enthält, durch eine Zu-
führeinheit (131b, 231b) für Gas, das Sauerstoff ent-
hält, die zwischen der Zuführeinheit für Inertgas und
der UV-durchlässigen Röhre angeordnet ist, der UV-
durchlässigen Röhre zugeführt wird und
die ultraviolette Strahlung von einer Ultraviolettquel-
le (133), die auf dem äußeren Umfang der UV-durch-
lässigen Röhre, die als mit der Schutzröhre verbun-
den vorgesehen ist, angeordnet ist, emittiert wird.

4. Verfahren nach Anspruch 1, wobei
die Atmosphäre des Inertgases dadurch gebildet
wird, dass zugelassen wird, dass das Inertgas von
einer Zuführeinheit (131a, 231a, 331a, 431a) für In-
ertgas, die auf einer Seite einer harzauftragenden
Vorrichtung (12) einer Schutzröhre (131, 231, 331,
431), die so angeordnet ist, dass sie mit der harz-
auftragenden Vorrichtung, die das Harz aufträgt,
verbunden ist, zugeführt wird,
das Gas, das Sauerstoff enthält, von einer Luftein-
leiteinheit (G) zum Einleiten von Luft von einem Au-
ßenraum der UV-durchlässigen Röhre zugeführt
wird, wobei die Lufteinleiteinheit zwischen der Zu-
führeinheit für Inertgas und der UV-durchlässigen
Röhre gebildet ist und
die ultraviolette Strahlung von einer Ultraviolettquel-
le, die auf dem äußeren Umfang der UV-durchlässi-
gen Röhre angeordnet ist, emittiert wird.

Revendications

1. Procédé de fabrication d’une fibre optique (3) com-
portant les étapes consistant à :

appliquer une résine durcissant aux rayonne-
ment UV sur une circonférence extérieure d’une
fibre optique en verre passant à travers une ma-
trice d’application de résine (12) ;
faire passer la fibre optique à travers un tube de
protection (231, 431) hermétiquement isolé de
la matrice d’application de résine (12) ;
former un écoulement d’accompagnement (f)
composé d’un gaz inerte (G1) près d’une surfa-
ce de la résine en faisant passer la fibre optique
de verre (2a) immédiatement après l’application
de la résine à travers une atmosphère compo-
sée du gaz inerte dans le tube de protection
(231, 431), puis faire passer la fibre optique à
travers une plaque de déflection (231c, 431c)
disposée sur la circonférence intérieure du tube
de protection (231, 431) ; et
former un revêtement en irradiant la résine en-
duite avec l’écoulement d’accompagnement
avec des rayons ultraviolets pour durcir la résine
pendant que la fibre optique en verre accompa-
gnée par l’écoulement d’accompagnement pas-
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se à travers un tube de transmission UV (132)
alimenté par un gaz contenant de l’oxygène
(G2).

2. Procédé selon la revendication 1, dans lequel une
vitesse de fibrage est réglée sur 850 m/min ou plus.

3. Procédé selon la revendication 1, dans lequel
l’atmosphère de gaz inerte est formée en permettant
l’alimentation en gaz inerte par une unité d’alimen-
tation en gaz inerte (131a, 231a, 331a, 431a) agen-
cée sur un côté d’un appareil d’application de résine
(12) d’un tube protecteur (131, 231, 331, 431) agen-
cé de manière connectée à l’appareil d’application
de résine appliquant la résine,
le gaz contenant de l’oxygène est fourni au tube de
transmission d’UV par une unité d’alimentation en
gaz contenant de l’oxygène (131b, 231b) agencée
entre l’unité d’alimentation en gaz inerte et le tube
de transmission d’UV, et
les rayons ultraviolets sont émis par une source d’ul-
traviolets (133) agencée sur la circonférence exté-
rieure du tube de transmission d’UV disposé de ma-
nière connectée au tube de protection.

4. Procédé selon la revendication 1, dans lequel
l’atmosphère de gaz inerte est formée en permettant
l’alimentation en gaz inerte par une unité d’alimen-
tation en gaz inerte (131a, 231a, 331a, 431a) agen-
cée sur un côté d’un appareil d’application de résine
(12) d’un tube protecteur (131, 231, 331, 431) agen-
cé de manière connectée à l’appareil d’application
de résine appliquant la résine,
le gaz contenant de l’oxygène est fourni au tube de
transmission d’UV par une unité d’introduction d’air
(G) destinée à introduire de l’air depuis l’extérieur,
l’unité d’introduction d’air étant formée entre l’unité
d’alimentation en gaz inerte et le tube de transmis-
sion d’UV, et
les rayons ultraviolets sont émis par une source d’ul-
traviolets agencée sur la circonférence extérieure du
tube de transmission d’UV.

15 16 



EP 2 357 160 B1

10



EP 2 357 160 B1

11



EP 2 357 160 B1

12



EP 2 357 160 B1

13



EP 2 357 160 B1

14



EP 2 357 160 B1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 6211545 A [0005]
• JP 2005224689 A [0007] [0008] [0015]
• EP 1088638 A2 [0009]

• US 5942020 A [0010]
• JP 2004067421 A [0011]


	bibliography
	description
	claims
	drawings
	cited references

