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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to an optical fiber manufacturing method and an optical
fiber manufacturing apparatus for forming a plurality of coating layers on an outer
circumference of an optical fiber after drawing.

BACKGROUND ART

[0002] An optical fiber 1s manufactured by heating, melting, and drawing an optical fiber
preform consisting of a glass material, forming a resin layer by applying a ultraviolet curing
resin on an outer circumference of the optical fiber after drawing using a coating die, and
forming a coating layer by curing the resin layer with an ultraviolet irradiation. The coating layer
of the optical fiber is formed with a plurality of layers using a plurality of resins having different
properties, giving a necessary strength and a variety of other characteristics to the optical fiber.

[0003] In order to give desired characteristics to the optical fiber by the coating layers, a
thickness of each of the coating layers 1s required to be a predetermined value. For this
reason, in a conventional optical fiboer manufacturing method, an outer diameter of the optical
fiber Is measured first before forming the resin layer, an outer diameter of the optical fiber after
forming the coating layer Is measured, a thickness of the coating layer iIs calculated from a
difference between the measured outer diameters, and an amount of supplying the resin Is
controlled in such a manner that the calculated thickness becomes a predetermined value.

[0004] One of the methods of applying the resin to the optical fiber is a dual coating method In
which a plurality of resin layers iIs successively formed using a single coating die (see Patent
Literature 1). With the dual coating method, it is possible to cure a plurality of formed resin
layers at the same time by irradiating an ultraviolet from a single ultraviolet irradiating unit; and
therefore, a drawing speed can be increased.

[0005] However, In the case of using the dual coating method, because a plurality of resin
layers Is formed using a single coating die, a total thickness of the coating layers can only be
obtained by measuring an outer diameter of the optical fiber after forming the coating layers.
Therefore, a thickness of each of the coating layers cannot be controlled separately.

[0006] To cope with the above problem, various methods for managing the thickness of the
coating layer separately when manufacturing the optical fiber using the dual coating method

have been disclosed (see Patent Literatures 2 to 5).

[0007] For example, Patent Literature 2 discloses a method of supplying a resin to a coating
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die In a constant rate using a gear pump. Furthermore, Patent Literature 3 discloses a method
of supplying a resin to a coating die, in which a resin for forming the innermost layer is supplied
by an air pressure and a resin for forming the other layers is supplied by a constant-rate pump.
Moreover, Patent Literature 4 discloses a method of inserting an accumulator in a path of
supplying a resin when supplying the resin to a coating die using a constant-rate pump. In
addition, Patent Literature 5 discloses a method of controlling a thickness of a coating layer by
calculating an amount of a resin that i1s applied to a coating die from an amount of fluid level
change in a resin tank.

Patent Literature 1: Japanese Patent Application Laid-Open No. H9-86971

Patent Literature 2: Japanese Patent Application Laid-Open No. $61-106441
Patent Literature 3: Japanese Patent Application Laid-Open No. S61-106442
Patent Literature 4: Japanese Patent Application Laid-Open No. $61-291436

Patent Literature 5: Japanese Patent Application Laid-Open No. H10-287446

[0008] EP 1 452 501 A1 relates to a multiple feed applicator assembly for coating optical
fibers. An apparatus for applying a primary coating and a secondary coating to an optical fiber
IS disclosed. The apparatus includes at least one pressurized source of primary coating, a first
primary reservoir for applying a first layer of the primary coating to the optical fiber, a first
primary die including a first primary land configured to size the first layer of the primary coating,
a second primary reservoir for applying a second layer of the primary coating to the optical
fiber, a second primary die Iincluding a second primary land, a pressurized source of the
secondary coating, a secondary reservoir for applying a layer of the secondary coating to the
optical fiber, and a secondary die including a secondary land configured to size the layer of the
secondary coating.

SUMMARY OF THE INVENTION

[0009] It i1Is an object of the present invention to provide an improved and useful optical fiber
manufacturing method in which the above-mentioned problems are eliminated. In order to
achieve the above-mentioned object, there Is provided an optical fiber manufacturing method
according to claims 1 and 2. In addition, there Is provided an apparatus for manufacturing an
optical fiber according to claims 6 and 7. Advantageous embodiments are defined by the
dependent claims.

EFFECT OF THE INVENTION
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[0010] According to the present invention, even when a speed of drawing an optical fiber Is
Increased, It 1s possible to manufacture an optical fiber having sufficiently stabled
characteristics in a longitudinal direction because a thickness of an innermost coating layer can
be stabled to a predetermined value.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

[Fig. 1] Fig. 1 1s a block diagram for schematically illustrating an optical fiber manufacturing
apparatus according to a first embodiment of the present invention.

[Fig. 2] FIg. 2 Is a schematic cross section of a coating die shown In Fig. 1.

[Fig. 3] Fig. 3 I1s a schematic diagram for explaining a process of applying two layers of resin
layer on an outer circumference of an optical fiber by the coating die shown In Fig. 2.

[Fig. 4] Fig. 4 1s a schematic partial cross section of a constant-rate pump, which i1s a single-
axis eccentric screw pump.

EXPLANATIONS OF LETTERS OR NUMERALS

[0012]

1
Optical fiber preform

11 t0 13
Optical fiber
2
Drawing furnace
21
Heater
31, 33
Laser outer-diameter measuring unit
32
Ultraviolet irradiating unit
34
Guide roller
35
wWinding unit
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Temperature control unit

41a

Lower gas inlet
42b

Upper gas vent
41

Cooling tube
42

Pump
5

Coating die
51

Nipple member
51a to 53a, 53b

Hole
52

Inner-layer coating die member
53

Outer-layer coating die member
S4a

Upper sleeve member
54b

Lower sleeve member
55

Outside sleeve member
5da

Resin supplying port
55b

Resin supplying port
6, 7

Resin supplying unit
61

Constant-rate pump
61a

Driving motor
61b

Driving shaft
61cC

Case
61d, 61]

Bearing
61e,61g

Joint unit

61f
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Joint shaft
61h
Rotor
611
Stator
61k
Resin supplying port
611
Resin discharging port
62, 72
Resin tank
63, 73
Resin
64, 74
Pressure sensor
71
Squeeze pump
3
Resin applying unit
100

Manufacturing apparatus

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0013] Exemplary embodiments of an optical fiber manufacturing method and an optical fiber
manufacturing apparatus according to the present invention are explained in detail below with
reference to the accompanying drawings. It should be noted that the present invention is not
imited to the embodiments.

(First Embodiment)

[0014] Fig. 1 I1s a block diagram schematically illustrating an optical fiber manufacturing
apparatus according to a first embodiment of the present invention. As shown In Fig. 1, a
manufacturing apparatus 100 includes a drawing furnace 2, a temperature control unit 4, a
resin applying unit 8, and an ultraviolet irradiating unit 32 that i1s a coating-layer forming unit,
and further includes laser outer-diameter measuring units 31 and 33, a guide roller 34, and a
winding unit 35.

[0015] Firstly, a method of manufacturing an optical fiber using the manufacturing apparatus
100 is roughly explained. In the manufacturing apparatus 100, the drawing furnace 2 melts a
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leading end portion of an optical fiber perform 1 by a heater 21 to draw an optical fiber 11, the
laser outer-diameter measuring unit 31 measures an outer diameter of the optical fiber 11 that
IS drawn, the temperature control unit 4 cools down the optical fiber 11 to a predetermined
temperature, the resin applying unit 8 applies two layers of resin layer including an inner layer
and an outer layer on an outer circumference of the optical fiber 11, the ultraviolet irradiating
unit 32 irradiates an optical fiber 12 on which the two layers of resin layer are applied with an
ultraviolet to for two layers of coating layer by simultaneously curing the two layers of resin
layer, the laser outer-diameter measuring unit 33 measures an outer diameter of an optical
fiber 13 on which the two layers of coating layer are formed, and the guide roller 34 and the
winding unit 35 winds the optical fiber 13 on which the two layers of coating layer are formed.

[0016] Secondly, various units constituting the manufacturing apparatus 100 are explained. To
get things started, the temperature control unit 4 is explained. As shown In Fig. 1, the
temperature control unit 4 includes a cooling tube 41 and a pump 42. The cooling tube 41
Includes a lower gas inlet 41a and an upper gas vent 41b.

[0017] The pump 42 Is connected to the upper gas inlet 41b of the cooling tube 41 and sends
a cooling gas into the cooling tube 41. The temperature control unit 4 cools down the optical
fiber 11 that 1s heated by the drawing furnace 2 to a predetermined temperature in such a
mechanism that the pump 42 sends the cooling gas into the cooling tube 41 from the lower gas
Inlet 41a and the optical fiber 11 passes through the cooling tube 41 while the cooling gas Is
flown inside the cooling tube 41. As for the cooling gas, a He gas having a high thermal
conductivity or a mixed gas obtained by mixing the He gas with an Ar gas and the like In a
desired partial pressure ratio can be used.

[0018] The squeeze pump, which iIs mentioned In paragraph [0027] on page 12 onwards, Is an
llustrative example which does not form part of the present invention.

[0019] Subsequently, the resin applying unit 8 Is explained In detail. The resin applying unit 8
Includes a coating die 5, a resin supplying unit 6 employing a constant-rate pump 61, a resin
supplying unit /7 employing a squeeze pump 71, and a control unit C.

[0020] The resin supplying unit 6 includes the constant-rate pump 61, a resin tank 62 for
storing a resin 63 In a liquid state, and a pressure sensor 64. The constant-rate pump 61
supplies the resin 63 that Is fed from the resin tank 62 to the coating die 5 with a discharge
amount corresponding to its rotating speed. The pressure sensor 64 Is provided on a resin
supplying path that connects the constant-rate pump 61 and the coating die 5, and measures a
pressure of the resin 63 between the constant-rate pump 61 and the coating die 5.

[0021] The resin supplying unit 7 includes the squeeze pump 71, a resin tank 72 that stores a
resin /3 In a liquid state, and a pressure sensor /4. The squeeze pump 71 supplies the resin
/3 that Is fed from the resin tank 72 to the coating die 5 with a discharge amount
corresponding to its setting pressure.
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[0022] The control unit C controls the discharge amount of the constant-rate pump 61, and
controls the temperature control unit 4 at the same time. Details on a control of the control unit
C will be explained later.

[0023] Next, the coating die 5 Is explained In detall. Fig. 2 Is a schematic cross section of the
coating die 5 shown In Fig. 1. The coating die 5 sequentially applies two layers of resin layer
Including an Inner layer and an outer layer on the optical fiber 11, and similar to the one
described In Patent Literature 1, includes a nipple member 51, an inner-layer coating die
member 52, an outer-layer coating die member 53, an upper sleeve member 54a and a lower
sleeve member 54b having a substantially cylindrical shape and step portions at an upper
portion and a lower portion, respectively, and an outside sleeve member 55 having a
substantially cylindrical shape.

[0024] The nipple member 51 has an overall shape substantially cylindrical, and is inserted
through the upper sleeve member 54a. The nipple member 51 includes a hole 51a that Is
formed on a center axis with an inner circumferential portion formed Iin a straight shape, a
tapered shape where a diameter Is gradually decreased, and a straight shape sequentially
from an upper portion. In addition, an outer circumferential portion of the nipple member 51
has a step portion that fits with the upper sleeve member 54a on its upper portion, and its
outer diameter i1s changed from a center portion to a lower portion in such a manner that a
reservolr portion C2 and a squeezing portion C3 are formed between the nipple member 51
and an inner circumferential portion of the upper sleeve member 54a.

[0025] The Inner-layer coating die member 52 has an overall shape of a disk, including a hole
S52a that I1s formed on a center axis with an inner circumferential portion formed Iin a tapered
shape where a diameter I1s gradually decreased and a straight shape sequentially from an
upper portion. The Inner-layer coating die member 52 fits with a lower portion of the upper
sleeve member 54a and an upper portion of the lower sleeve member 54b. In addition, an
upper surface of the inner-layer coating die member 52 forms a flow path C4 in a disk shape
with a lower surface of the nipple member 51.

[0026] The outer-layer coating die member 53 has an overall shape substantially cylindrical,
and i1s inserted through the lower sleeve member 54b. The outer-layer coating die member 53
Includes a hole 53a and a hole 53b that are formed on the center axis with Inner
circumferential portions formed In straight shapes. In addition, an outer circumferential portion
of the outer-layer coating die member 53 has a step portion that fits with the lower sleeve
member 54b on its lower portion, and its outer diameter is changed from an upper portion to a
center portion In such a manner that a reservoir portion C6 and a squeezing portion C/ are
formed between the outer-layer coating die member 53 and an inner circumferential portion of
the lower sleeve member 54b. Furthermore, an upper surface of the outer-layer coating die
member 53 forms a flow path C8 in a disk shape with a lower surface of the inner-layer coating
die member 52.

[0027] The upper sleeve member 54a allows the nipple member 51 to be inserted, and fits
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with the Inner-layer coating die member 52. The lower sleeve member 54b allows the outer-
layer coating die member 53 to be inserted, and fits with the inner-layer coating die member
52. The upper sleeve member 54a and the lower sleeve member 54b are fixed by being
Inserted Iinto the outside sleeve member 55. An outer circumferential portion of the upper
sleeve member 54a forms an outer circumferential trench C1 with an inner circumferential
portion of the outside sleeve member 55. The outer circumferential trench C1 Is connected to a
resin supplying port 55a formed at an upper portion of the outside sleeve member 55, as well
as to the reservoir portion C2 described above. An outer circumferential portion of the lower
sleeve member 54b forms an outer circumferential trench C5 with an inner circumferential
portion of the outside sleeve member 55. The outer circumferential trench C5 Is connected to a
resin supplying port 55b formed at a lower portion of the outside sleeve member 55, as well as
to the reservoir portion C6 described above. In other words, the resin supplying port 55a, the
outer circumferential trench C1, the reservoir portion C2, the squeezing portion C3, and the
flow path C4 are sequentially connected, and the resin supplying port 53b, the outer
circumferential trench C9, the reservoir portion C6, the squeezing portion C/7, and the flow path
C8 are sequentially connected on the other side.

[0028] Now, a process of applying two layers of resin layer on the outer circumference of the
optical fiber 11 by the coating die 5 is explained with reference to Fig. 3. The resin supplying
units 6 and 7 supplies or pressure feeds the resins 63 and 73, respectively, to the optical fiber
11 that 1s conveyed through the holes 51a, 52a, 53a, and 53b at a predetermined linear
velocity. The resin 63 that is supplied from the resin supplying unit 6 flows into the coating die 5
from the resin supplying port 55a, goes through the outer circumferential trench C1, the
reservoir portion C2, the squeezing portion C3, and the flow path C4 in a row, and Is shaped
by the hole 52a having the inner circumferential portion formed Iin the tapered shape and
applied on the outer circumference of the optical fiber 11. Subsequently, the resin 73 that Is
supplied from the resin supplying unit 7 flows into the coating die 5 from the resin supplying
port 55b, goes through the outer circumferential trench C5, the reservoir portion C6, the
squeezing portion C7, and the flow path C8 in a row, and is shaped by the hole 53a having the
Inner circumferential portion formed In the straight shape and applied on the outer
circumference of the optical fiber 11 on which the resin 63 Is applied. As a result, the optical
fiber 12 on which the two layers of resin layer are applied is output from the hole 53a.

[0029] When the resin Is supplied by a squeeze pump, a thickness of the resin layer applied by
the coating die 5 Is determined by a pressure and a viscosity of the resin, a temperature and a
linear velocity of the optical fiber 11, and a structure and the like of the coating die 5 including a
tapered angle of the hole 52a and hole diameters of the holes 52a and 53a. On the other
hand, when the resin Is supplied by a constant-rate pump, the thickness of the resin layer Is
determined by a discharge amount of the pump. Furthermore, a resin pressure of the resin 63
Inside the hole 52a i1s determined by a supply pressure of the resin supplied to the coating die
5 and a traction pressure by a traction flow of the resin caused by a traction of the resin by the
optical fiber 11 being conveyed. VWhen the linear velocity of the optical fiber varies, the traction
pressure by the optical fiber 11 i1s changed accordingly. In the case of supplying the resin by
the squeeze pump, even when the traction pressure is changed by a variation of the linear
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velocity of the optical fiber 11, the supply pressure of the resin Is kept constant. However, In the
case of supplying the resin by the constant-rate pump, the supply pressure of the resin Is
changed with a change of the traction pressure by the variation of the linear velocity of the
optical fiber 11.

[0030] Therefore, In the first embodiment, the control unit C controls the discharge amount of
the constant-rate pump 61 In such a manner that a pressure value detected by the pressure
sensor 64 becomes a predetermined value. If the discharge amount of the constant-rate pump
61 I1s controlled so that the pressure value detected by the pressure sensor 64 becomes a
predetermined value, It is possible to keep a thickness of the inner layer of the resin layer at a
predetermined value when the linear velocity and the temperature of the optical fiber 11 are
predetermined values.

[0031] If the linear velocity of the optical fiber is high, a cooling time until the optical fiber 11
that 1Is melted in the drawing furnace 2 and drawn enters into the coating die 5 becomes short.
For this reason, the temperature of the optical fiber 11 Is cooled down to a predetermined
value by using the temperature control unit 4.

[0032] When the temperature of the optical fiber 11 varies, the traction pressure by the optical
fiber 11 Is changed, similar to the case where the linear velocity varies. As described above, In
the first embodiment, the control unit C controls the discharge amount of the constant-rate
pump 61 In such a manner that the pressure value detected by the pressure sensor 64
becomes a predetermined value. Therefore, by controlling the temperature of the optical fiber
11, 1t 1s possible to control the discharge amount of the constant-rate pump 61 while keeping
the resin pressure of the resin 63 constant.

[0033] Furthermore, In the first embodiment, the control unit C controls the temperature of the
optical fiber 11 when the optical fiber 11 enters into the coating die 5, by controlling the
temperature control unit 4 according to the variation of the discharge amount of the constant-
rate pump 61. Specifically, the control unit C calculates a difference between a setting value of
a rotating speed of the constant-rate pump 61 for obtaining a discharge amount that is
determined according to the linear velocity of the optical fiber 11 and an actual measurement
value of the rotating speed, and controls a flowing rate of the He gas that is a cooling gas or
the partial pressure ratio of the He gas in the mixed gas according to the difference.

[0034] Namely, in the first embodiment, the control unit C controls the discharge amount of the
constant-rate pump 61 so that the resin pressure of the resin 63 becomes a predetermined
value, and at the same time, controls the temperature of the optical fiber 11 when the optical
fiber 11 enters Into the coating die 5 according to a variation of the rotating speed of the
constant-rate pump 61. As a result, in the first embodiment, even when the drawing speed of
the optical fiber I1s increased, a thickness of the inner layer of the resin layer or the coating
layer, which cannot be measured directly, can be kept at a desired value In the longitudinal
direction in a stable manner.
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[0035] On the other hand, because the hole 53a for applying the resin 73 of the outer layer
has the straight shape, the resin pressure of the resin 73 Inside the hole 53a Is virtually
determined by the supply pressure of the resin. In addition, because it is applied on the resin
63 of the Inner layer that is already applied, a thickness of the applied resin layer does not
virtually depend on the variation of the linear velocity or the variation of the temperature of the
optical fiber 11.

[0036] For this reason, In the first embodiment, a squeezing pressure of the resin 73 Is
controlled In such a manner that an outer diameter of the optical fiber 13, which iIs measured
by the laser outer-diameter measuring unit 33, becomes a predetermined value. Because the
thickness of the inner layer of the resin layer is kept to the desired value in a stable manner, as
described above, by keeping the outer diameter of the optical fiber 13 to a desired value, 1t Is
possible to form a resin layer or a coating layer having an outer layer with a desired thickness.
The control of the squeezing pressure can be realized by controlling an output of the squeeze
pump /1 based on a detection value of the pressure sensor 74.

[0037] As described above, according to the first embodiment, because each of the
thicknesses of the two layers of the coating layer can be kept to a desired value In the
longitudinal direction In a stable manner even when the drawing speed of the optical fiber is
Increased, it Is possible to manufacture an optical fiber having a characteristic stable enough In
the longitudinal direction with a high productivity.

[0038] Although the constant-rate pump 61 Is not limited to a particular one, it is preferable to
use a so-called single-axis eccentric screw pump that is capable of obtaining a constant
discharge amount without a fluctuation even with an ultraviolet-curing resin having a low
VISCOSIty.

[0039] Fig. 4 Is a schematic partial cross section of the constant-rate pump 61, which Is the
single-axis eccentric screw pump. The constant-rate pump 61 includes a driving motor 61a, a
driving shaft 61b that is connected to the driving motor 61a, a bearing 61d that is housed in a
case 61c for supporting the driving shaft 61b, a joint unit 61e that is formed on one end of the
driving shaft 61b, a rotor 61h having a male screw shape, a joint shaft 61f that connects a joint
unit 61g that is formed on one end of the rotor 61h and the joint unit 61e, a bearing 61j that
supports the other end of the rotor 61h, and a stator 611 having an inner wall in a female screw
shape. The rotor 61h Is Inserted into the stator 611 In a freely rotatable manner so that it can
make an eccentric rotation with respect to the driving shaft 61b by the joint units 61e and 61g
and the joint shaft 61f. The case 61c Includes a resin supplying port 61k and a resin
discharging port 611

[0040] The constant-rate pump 61 can discharge the resin from the resin discharging port 611
without a fluctuation by driving the driving motor 61a while supplying the resin from the resin
supplying port 61k so that the rotor 61h makes an eccentric rotation by which the resin filled In
a hollow portion C9 iIs shifted toward the left side of the figure. As for the single-axis eccentric
screw pump described above, an NEMO® pump made by HEISHIN Ltd. or a metering pump
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made by Seepex can be used.

(First Embodiment Example)

[0041] An optical fiber 1Is manufactured by using the manufacturing apparatus shown in Fig. 1,
according to the first embodiment. Upon manufacturing the optical fiber, the drawing speed is
set to 2000 m/min, and the outer diameter of the drawn optical fiber is set to 0.125 mm.

[0042] Furthermore, the rotating speed of the constant-rate pump is controlled so that the
detection value of the pressure sensor becomes 1.2 MPa. At this time, If the outer diameter of
the Inner layer of the coating layer calculated from the discharge amount is smaller than a
target value of 0.19 mm, a control is performed to lower the temperature of the optical fiber by
Increasing the flow rate of the He gas in the temperature control unit so that the rotating speed
of the constant-rate pump iIs increased. In a reverse case, a control is performed to raise the
temperature of the optical fiber by decreasing the flow rate of the He gas so that the rotating
speed of the constant-rate pump I1s decreased. Furthermore, the squeezing pressure of the
squeeze pump Is controlled in such a manner that the outer diameter of the coated optical fiber
measured by the laser outer-diameter measuring unit becomes 0.25 mm.

[0043] An actual measurement of the linear velocity of drawing when manufacturing the optical
fiber as described above shows that a variation of the linear velocity 1s 200050 m/min.
However, when the outer diameter of the inner layer of the manufactured optical fiber, its
variation shows 0.19+£0.001 mm with a 1000-km-long optical fiber, which i1s extremely stable.

[0044] In the following paragraphs [0052] to [0062], illustrative examples are described, which
do not form part of the present invention.

(Comparison Example)

[0045] An optical fiber iIs manufactured by using a manufacturing apparatus in which the resin
supplying unit 6 employing the constant-rate pump Is replaced with a resin supplying unit
similar to the resin supplying unit 7 employing the squeeze pump In the manufacturing
apparatus 100 shown in Fig. 1. Upon manufacturing the optical fiber, the drawing speed Is set
to 2000 m/min, and the outer diameter of the drawn optical fiber is setto 0.125 mm.

[0046] Furthermore, the output of the squeeze pump is controlled in such a manner that the
pressure value detected by the pressure sensor becomes a predetermined value. In addition, if
the outer diameter of the coated optical fiber measured by the laser outer-diameter measuring
unit 1Is smaller than 0.25 mm, a control is performed to lower the temperature of the optical
fiber by Increasing the flow rate of the He gas in the temperature control unit, and if the outer
diameter i1s larger than 0.25 mm, a control is performed to raise the temperature of the optical
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fiber by decreasing the flow rate of the He gas.

[0047] An actual measurement of the linear velocity of drawing when manufacturing the optical
fiber as described above shows that a variation of the linear velocity i1Is 200050 m/min, which
IS similar to the first embodiment example. However, when the outer diameter of the inner layer
of the manufactured optical fiber, its variation shows 0.19+£0.003 mm with a 1000-km-long
optical fiber, which is three times of the variation of the embodiment example.

(Second Example)

[0048] Subsequently, a second example I1s explained. An optical fiber manufacturing method
according to the second example Is for manufacturing an optical fiber by using a manufacturing
apparatus in which the resin supplying unit 7 employing the squeeze pump is replaced with a
resin supplying unit similar to the resin supplying unit 6 employing the constant-rate pump In
the manufacturing apparatus 100 similar to the first embodiment.

[0049] In the second example, the rotating speed of the constant-rate pump Is controlled
according to the outer diameter measured by the laser outer-diameter measuring unit 33 In the
replaced resin supplying unit. According to the second example, as the first embodiment, even
when the drawing speed of the optical fiber is increased, a thickness of the inner layer of the
coating layer, which cannot be measured directly, can be kept at a desired value In the
longitudinal direction in a stable manner. Furthermore, because each of the thicknesses of the
two layers of the coating layer can be kept to a desired value In the longitudinal direction in a
stable manner, it i1s possible to manufacture an optical fiber having a characteristic stable
enough In the longitudinal direction with a high productivity.

(Third Example)

[0050] With a manufacture of the optical fiber as the first embodiment according to the second
example, the a variation of the linear velocity is 200050 m/min; however, a variation of the
outer diameter of the inner layer of the manufactured optical fiber shows 0.19+£0.001 mm with
a 1000-km-long optical fiber, which is extremely stable.

(Fourth Example)

[0051] A fourth example Is explained. An optical fiber manufacturing method according to the
fourth example uses the same manufacturing apparatus as that in the first embodiment;
however, a control method is different from that of the first embodiment. A difference between
the first embodiment and the fourth example Is explained below.
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[0052] In the fourth example, unlike the first embodiment, the control unit C controls the
discharge amount of the constant-rate pump 61 to a predetermined value, and at the same
time, controls the temperature of the optical fiber 11 when the optical fiber 11 enters into the
coating die 5 so that the resin pressure of the resin 63 becomes a value within a
predetermined range. According to the fourth example, as the first embodiment, even when
the drawing speed of the optical fiber is increased, a thickness of the inner layer of the coating
layer, which cannot be measured directly, can be kept at a desired value In the longitudinal
direction In a stable manner. Furthermore, because each of the thicknesses of the two layers
of the coating layer can be kept to a desired value In the longitudinal direction In a stable
manner, it iIs possible to manufacture an optical fiber having a characteristic stable enough In
the longitudinal direction with a high productivity.

(Fifth Example)

[0053] An optical fiber iIs manufactured by using the manufacturing apparatus shown in Fig. 1,
according to the fourth example. Upon manufacturing the optical fiber, the drawing speed Is set
to 2000 m/min, and the outer diameter of the drawn optical fiber is set to 0.125 mm.

[0054] Furthermore, the rotating speed of the constant-rate pump iIs controlled In such a
manner that an amount of the resin that i1s necessary for keeping the outer diameter of the
Inner layer of the coating layer to 0.19 mm can be supplied. At this time, if the detection value
of the pressure sensor is larger than a range between 1.0 MPa and 1.2 MPa, a control Is
performed to lower the temperature of the optical fiber by increasing the flow rate of the He
gas In the temperature control unit. Furthermore, the squeezing pressure of the squeeze pump
IS controlled in such a manner that the outer diameter of the coated optical fiboer measured by
the laser outer-diameter measuring unit becomes 0.25 mm.

[0055] An actual measurement of the linear velocity of drawing when manufacturing the optical
fiber as described above shows that a variation of the linear velocity I1s 200050 m/min.
However, when the outer diameter of the inner layer of the manufactured optical fiber, its
variation shows 0.19+0.001 mm with a 1000-km-long optical fiber, which is extremely stable as
the case of the first embodiment.

(Second Embodiment)

[0056] Subsequently, a second embodiment of the present invention is explained. An optical
fiber manufacturing method according to the second embodiment is for exchanging the resin
supplying unit 7 employing the squeeze pump with the resin supplying unit 6 employing the
constant-rate pump In the manufacturing apparatus 100 similar to the first embodiment,
applying a resin layer that becomes the inner layer by using the resin supplying unit 76, and
applying a resin layer that becomes the outer layer by using the resin supplying unit 6.
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[0057] Furthermore, In the second embodiment, the control unit C controls the discharge
amount of the constant-rate pump 61 to be a predetermined value, and controls the
temperature control unit 4 in such a manner that the outer diameter measured by the laser
outer-diameter measuring unit 33 becomes a predetermined value.

[0058] Namely, In the second embodiment, because the resin for forming the outer layer Is
supplied by the constant-rate pump 61 based on the above control, even when the linear
velocity or the temperature of the optical fiber 11 varies, a thickness of the resin layer i1s not
virtually changed.

[0059] Moreover, when the outer diameter measured by the laser outer-diameter measuring
unit 33 varies, it iIs considered that a thickness of the inner layer is changed by a variation of
the linear velocity of the optical fiber, and then, the control unit C controls the temperature of
the optical fiber 11 when the optical fiber 11 enters into the coating die 5 by controlling the
temperature control unit 4, so that the thickness of the inner layer of the resin layer becomes a
predetermined thickness.

[0060] As a result, as the first embodiment, even when the drawing speed of the optical fiber is
Increased, a thickness of the inner layer of the coating layer, which cannot be measured
directly, can be kept at a desired value In the longitudinal direction In a stable manner.
Furthermore, because each of the thicknesses of the two layers of the coating layer can be
kept to a desired value In the longitudinal direction In a stable manner, it I1s possible to
manufacture an optical fiber having a characteristic stable enough in the longitudinal direction
with a high productivity.

(Second Embodiment Example)

[0061] An optical fiber Is manufactured according to the second embodiment. Upon
manufacturing the optical fiber, the drawing speed i1s set to 2000 m/min, and the outer
diameter of the drawn optical fiber i1s set to 0.125 mm, as the first embodiment example.

[0062] Furthermore, the rotating speed of the constant-rate pump Is controlled In such a
manner that an amount of the resin that iIs necessary for keeping the outer diameter of the
outer layer of the coating layer to 0.25 mm can be supplied by assuming that the outer
diameter of the inner layer of the coating layer is 0.19 mm. If the outer diameter measured by
the laser outer-diameter measuring unit is smaller than 0.25 mm, a control Is performed to
lower the temperature of the optical fiber 11 by Iincreasing the flow rate of the He gas In the
temperature control unit 4, and If the outer diameter Is larger than 0.25 mm, a control Is
performed to raise the temperature of the optical fiber 11 by decreasing the flow rate of the He
gas.

[0063] An actual measurement of the linear velocity of drawing when manufacturing the optical
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fiber as described above shows that a variation of the linear velocity 1s 200050 m/min.
However, when the outer diameter of the inner layer of the manufactured optical fiber, its
variation shows 0.19+£0.0015 mm with a 1000-km-long optical fiber, which i1s extremely stable.

[0064] Although the above embodiments are for forming the two layers of the coating layer, the
present invention 1s not limited to this scheme, but can be applied to a case in which three
layers or more of the coating layer are formed.

INDUSTRIAL APPLICABILITY

[0065] The optical fiber manufacturing method and the optical fiboer manufacturing apparatus
according to the present invention are suitable for manufacturing an optical fiber, which is used
In, for example, the optical fiber communications, with a high productivity and a low cost.
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P AT ENTIKRAYVY
Fremgangsmade til fremstilling af optisk fiber, hvilken fremgangsmade omfatter:
et treekningstrin, hvor en optisk fiber traekkes ved at smelte et forendeafsnit af
en preeform til en optisk fiber;
et harpikslagpafaringstrin, hvor en harpiks pafgres den optiske fiber i hvert af fle-
re pa hinanden fglgende huller indeholdt i en overtraeksmatrice (5) ved at passe-
re den optiske fiber gennem hullerne til dannelse af flere harpikslag pa en ydre
periferi af den optiske fiber; og
et overtrakslagsdannelsestrin, hvor der dannes flere overtraekslag ved at heerde
harpikslagene,
hvor harpikslagpafgringstrinneterk endetegnet ved, at man:
tilferer harpiksen til overtraeeksmatricen (5) ved hjeelp af en konstantydende
pumpe (61), mens man regulerer en udstremningsmangde fra den konstant-
ydende pumpe (61) pa en sadan vis, at et tryk for tilfgrsel af harpiksen til mindst
et hul blandt hullerne til dannelse af et inderste lag bliver en forudbestemt veerdi;
beregner en forskel mellem en indstillingsveardi for en rotationshastighed af den
konstantydende pumpe (61) til opnaelse af en udstromningsmangde, som be-
stemmes i overensstemmelse med den lineeere hastighed af den optiske fiber, og
en aktuel malevaerdi for den konstantydende pumpes (61) rotationshastighed;
regulerer en tykkelse af hvert overtraekslag ved at regulere en temperatur af den
optiske fiber, nar den optiske fiber traeder ind i overtraeksmatricen (5), i overens-
stemmelse med en variation i udstremningsmeangden fra den konstantydende
pumpe (61).
Fremgangsmade til fremstilling af optisk fiber, hvilken fremgangsmade omfatter:
et traekningstrin, hvor en optisk fiber treekkes ved at smelte et forendeafsnit af
en praform til en optisk fiber;
et harpikslagpafaringstrin, hvor en harpiks pafgres den optiske fiber i hvert af fle-
re pa hinanden fglgende huller indeholdt i en overtraaksmatrice (5) ved at passe-
re den optiske fiber gennem hullerne til dannelse af flere harpikslag pa en ydre
periferi af den optiske fiber; og
et overtraakslagsdannelsestrin, hvor der dannes flere overtraakslag ved at haerde
harpikslagene,
hvor harpikslagpafgringstrinneterk endetegnet ved, at man:
tilferer harpiksen til overtreeksmatricen (5) ved hjelp af en konstantydende
pumpe (61), mens man regulerer en udstremningsmengde fra den konstant-
ydende pumpe (61) pa en sadan vis, at et tryk for tilfgrsel af harpiksen til mindst
et hul blandt hullerne til dannelse af et inderste lag bliver en forudbestemt veerdi,
der bestemmes saledes, at en tykkelse af det inderste overtraekslag er en forud-
bestemt veerdi;
bestemmer tykkelsen af harpikslaget tilfgrt af den konstantydende pumpe (61)
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ved hjeelp af en udstroamningsmangde fra den konstantydende pumpe (61), og
bestemmer et harpikstryk for harpiksen inde i hullet ved et tilfgrselstryk for har-
piksen tilfert til overtreeksmatricen (5) og et traktionstryk ved en traktionsstrgm-
ning af harpiksen forarsaget af en traktion af harpiksen, ved at den optiske fiber
transporteres, hvor traktionstrykket af den optiske fiber andres tilsvarende, nar
den lineare hastighed af den optiske fiber varierer;

regulerer en temperatur for den optiske fiber, nar den optiske fiber traeder ind |
overtraeksmatricen (5) pa en sadan vis, at et tryk for tilfgrsel af harpiksen til hul-
let bliver en veerdi inden for et forudbestemt spand.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1 eller 2, hvor pafg-
ringen indbefatter at regulere udstremningsmeaangden fra den konstantydende pumpe (61)
ved en rotationshastighed af den konstantydende pumpe (61).

4, Fremgangsmade ifglge et hvilket som helst af kravene 1 til 3, hvor den kon-
stantydende pumpe (61) er en enkeltakset excenterskruepumpe, hvori en rotor (61h) i
hanskrueform er indsat i en stator (61i) med en indervaeg i hunskrueform pa frit roterbar
vis, saledes at harpiksen fremfgres ved excentrisk rotation af rotoren.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 4, hvor pafgrin-
gen indbefatter at regulere temperaturen af den optiske fiber ved streamning af en kglegas
rundt om den optiske fiber.

6. Anlaag til fremstilling af en optisk fiber, hvilket anlaeg omfatter:

en traekkeovn (2) til treekning af den optiske fiber ved smeltning af et forendeafsnit

af en praeform (1) til en optisk fiber;

en temperaturreguleringsenhed (4), som regulerer en temperatur af den optiske fi-

ber;

en harpikslagpafgringsenhed (8), som indbefatter en overtraeksmatrice (5) med flere

pa hinanden fglgende huller, hvor harpikslagpafgringsenheden (8) pafgrer en harpiks

pa den optiske fiber i hvert af hullerne ved at passere den optiske fiber, hvis tempe-
ratur reguleres, gennem hullerne til dannelse af flere harpikslag pa en ydre periferi af
den optiske fiber; og

en overtraekslagsdannende enhed (32), som danner flere overtraakslag ved at heerde

harpikslagene,

kendetegnet ved, at harpikslagpafgringsenheden (8) indbefatter

en trykregistreringsenhed (64, 74), som registrerer et tryk af pafgringen af harpiks

til mindst et hul blandt overtraeksmatricens (5) huller til dannelse af et inderste lag,

en konstantydende pumpe (61), som fremfgrer harpiksen til overtreeksmatricen (5),

0g

en reguleringsenhed (C), som: beregner en forskel mellem en indstillingsveaardi for en

rotationshastighed af den konstantydende pumpe (61) til opnaelse af en udstrgm-

ningsmaangde, der bestemmes i overensstemmelse med den lineaxre hastighed af



10

15

20

25

30

35

DK/EP 2146233 T3

3

den optiske fiber, og en faktisk malevaerdi af den konstantydende pumpes rotations-
hastighed (61); regulerer en udstremningsmeengde fra den konstantydende pumpe
(61) pa en sadan vis, at et registreret harpikstryk bliver en forudbestemt vaerdi; og
regulerer temperaturreguleringsenheden (4), saledes at temperaturen af den optiske
fiber bliver en forudbestemt temperatur, i overensstemmelse med en variation i ud-
stromningsmangden fra den konstantydende pumpe (61).

/. Anlaag til fremstilling af en optisk fiber, hvilket anlaeag omfatter:

en traekkeovn (2) til treekning af den optiske fiber ved smeltning af et forendeafsnit
af en praeform (1) til en optisk fiber;

en temperaturreguleringsenhed (4), som regulerer en temperatur af den optiske fi-
ber;

en harpikslagpafgringsenhed (8), som indbefatter en overtraeksmatrice (5) med flere
pa hinanden fglgende huller, hvor harpikslagpafgringsenheden (8) pafagrer en harpiks
pa den optiske fiber i hvert af hullerne ved at passere den optiske fiber, hvis tempe-
ratur reguleres, gennem hullerne til dannelse af flere harpikslag pa en ydre periferi af
den optiske fiber; og

en overtraekslagsdannende enhed (32), som danner flere overtraekslag ved at haerde
harpikslagene,

kendetegnet ved, at harpikslagpafgringsenheden (8) indbefatter

en trykregistreringsenhed (64, 74), som registrerer et tryk af pafgringen af harpiks
til mindst et hul blandt overtraeksmatricens (5) huller til dannelse af et inderste lag,
en konstantydende pumpe (61), som fremfgrer harpiksen til overtraeksmatricen (5),
hvor tykkelsen af harpikslaget, der fremfgres af den konstantydende pumpe (61),
bestemmes ved hjeelp af en udstremningsmangde fra den konstantydende pumpe
(61), og et harpikstryk af harpiksen inden i hullet bestemmes ved et fremfgringstryk
for harpiksen, der fremfgres til overtraeeksmatricen (5), og et traktionstryk af en trak-
tionsstrgm af harpiks forarsaget af en traktion af harpiksen, idet den optiske fiber
transporteres, hvor traktionstrykket af den optiske fiber andres tilsvarende, nar den
lineeere hastighed af den optiske fiber aandrer sig; og en reguleringsenhed (C), som
regulerer en udstremningsmaengde fra den konstantydende pumpe (61) pa en sadan
vis, at en tilfgrselsmaangde af harpiks til hullet bliver en forudbestemt veerdi, og re-
gulerer temperaturen af den optiske fiber, nar den optiske fiber trader ind i over-
traeksmatricen (5) pa en sadan vis, at trykket for fremfgringen af harpiksen til hullet
bliver en veerdi inden for et forudbestemt spand.
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