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[DESCRIPTION]

[Title of Invention] OPTICAL CABLE AND OPTICAL-CABLE
MANUFACTURING METHOD

[Technical Field]

[0001]

The present invention relates to an optical cable and an
optical-cable manufacturing method.
[Background Art]

[0002]

The discussion of the background to the invention
herein 1is intended to facilitate an understanding of the
invention. However, it should be appreciated that the
discussion 1s not an acknowledgement or admission that any
aspect of the discussion was part of the common general
knowledge as at the priority date of the application.

[0002a]

Where the term "comprising" is used in this specification
(including the claims) this is to be interpreted as specifying
the presence of the stated features, integers, steps or
components, but not precluding the presence of one or more
other features, integers, steps or components.

[0002b]

There is a known technique for forming an optical fiber
cable using an optical fiber unit which is an optical fiber
assembly formed by a plurality of optical fibers Dbundled
together. In a method commonly used for this, a roughly-
winding thread (a bundling member) is wrapped around the bundle
of optical fibers to keep the bundle of optical fibers from
coming apart, and the color of the bundling member is used for
identification of the optical fiber unit. For example, PTL 1
discloses a technique for forming an optical fiber unit by
bundling a plurality of optical fiber ribbons together to make
a bundle.

[Citation List]

[Patent Literature]
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[0003]

[PTL 1] Japanese Patent Application Publication No. 2007-
233252

[Summary of Invention]

[Technical Problem]

[0004]

In a case where an optical fiber unit is formed by
bundling a plurality of optical fiber ribbons together, it is
a common practice that, as described in PTL 1, the plurality
of the optical fiber ribbons are bundled together in a stacked
manner (in a manner that the optical fiber ribbons are overlaid
on top of one another). However, when an optical cable is
formed using an optical fiber unit formed by a plurality of
optical fiber ribbons that are bundled together in a stacked
manner as described in PTL 1, there is a concern that when the
optical cable receives a load (such as, e.g., a bend or a
temperature change), the load may be concentrated at particular
optical fibers, which consequently increases transmission loss.
[0005]

It is therefore desirable to reduce load concentration
at particular optical fibers.

[Solution to Problem]
[0006]

According to one form of the present invention there is
provided an optical cable comprising a plurality of optical
fiber units, wherein the optical fiber unit has a plurality of
intermittently-coupled optical fiber ribbons which are in an
irregularly-stacked state, in a cross section perpendicular to
a longitudinal direction, at least one of the optical fiber
units is such that a length of a vector GU is shorter than a
largest length of vectors MG of the plurality of the optical
fiber ribbons forming the optical fiber unit, where the vector
MG is a wvector starting from a midpoint M and ending at a
center of gravity G, M is the midpoint between optical fibers

at both ends of each optical fiber ribbon, G is the center of
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gravity of the optical fiber ribbon, and the vector GU is a
resultant vector of the vectors MG of the respective optical
fiber ribbons.

[0007]

According to another form of the present invention there
is provided an optical-cable manufacturing method comprising
manufacturing an optical fiber unit having a plurality of
intermittently-coupled optical fiber ribbons and housing a
plurality of the optical fiber units inside a sheath, wherein
the optical fiber units are manufactured with a stacked state
of the plurality of the optical fiber wunits being made
irregular such that in at least one of the optical fiber units,
in a cross section perpendicular to a longitudinal direction,
a length of a vector GU is shorter than a largest length of
vectors MG of the plurality of the optical fiber ribbons
forming the optical fiber unit, where the vector MG is a vector
starting from a midpoint M and ending at a center of gravity
G, M is the midpoint between optical fibers at both ends of
each optical fiber ribbon, G is the center of gravity of the
optical fiber ribbon, and the vector GU is a resultant vector
of the vectors MG of the respective optical fiber ribbons.
[0007a]

Other features of the present invention will become
apparent in the following description and the drawings.
[Advantageous Effects of Invention]

[0008]

The present invention can reduce load concentration at

particular optical fibers.

[Brief Description of Drawings]

[0009]

[Fig. 1] Fig. 1A is a diagram illustrating an optical cable 1.

Fig. 1B is a diagram illustrating an optical fiber unit 2.
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[Fig. 2] Fig. 2 1is a diagram illustrating an intermittently-
coupled optical fiber ribbon 7.

[Fig. 3] Fig. 3 is a diagram illustrating a unit manufacturing
apparatus 20 that manufactures the optical fiber unit 2.

[Fig. 4] Fig. 4 is a diagram illustrating a bundle attaching
section 50.

[Fig. 5] Fig. 5A is a diagram illustrating the cross-sectional
shape of the optical fiber unit 2 of the optical cable 1 of
the present embodiment. Fig. 5B 1is a graph showing the
coordinates of optical fibers 8 shown in Fig. D5A.

[Fig. 6] Figs. 6A and 6B are diagrams illustrating vectors MG
and a vector GU.

[Fig. 7] Fig. 7A is a diagram illustrating the cross-sectional
shape of the first optical fiber ribbon 7 in Fig. 5A. Fig. 7B
is a diagram illustrating a comparative case where the optical
fiber ribbon 7 is bent in one direction relative to the ribbon
width direction.

[Fig. 8] Fig. 8 is a diagram illustrating a first method for
manufacturing the optical fiber unit 2 in an irregularly
stacked state.

[Fig. 9] Fig. 9 is a sectional view of a bundle joining section
60 in the first manufacturing method.

[Fig. 10] Fig. 10 is a diagram illustrating a second method
for manufacturing the optical fiber unit 2 in an irregularly
stacked state.

[Fig. 11] Fig. 11A is a table showing measurement results of
Xmin and a maximum transmission loss increase amount Amax of
each optical cable. Fig. 11B 1is a graph showing the
measurement results of Xmin and the maximum transmission loss
increase amount Amax of each optical cable.

[Fig. 12] Fig. 12 is a table showing the relation between the
length of the vector MG (nondimensionalized) and an evaluation
result of a bending under tension test.

[Fig. 13] Fig. 13A is a table showing the lengths of the

vectors MG (nondimensionalized) and variance of the lengths of
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the vectors MG in each of the plurality of optical fiber units
2. Fig. 13B is a graph showing the variance of the vectors MG
in each optical fiber unit 2.

[Fig. 14] Fig. 14A is a table showing measurement results of
Ymin and the maximum transmission loss increase amount Amax of
each optical cable. Fig. 14B 1is a graph showing the
measurement results of Ymin and the maximum transmission loss
increase amount Amax of each optical cable.

[Fig. 15] Fig. 15 is a table showing the relation of an end-
to-end distance (nondimensionalized) of the optical fiber
ribbon 7 and an evaluation result of a bending under tension
test.

[Fig. 16] Fig. 16A is a table showing the end-to-end distances
(nondimensionalized) of the optical fiber ribbons 7 and the
variance of the end-to-end distances in each of the plurality
of optical fiber units 2. Fig. 16B is a graph showing the
variance of the end-to-end distances in each optical fiber
unit 2.

[Fig. 17] Fig. 17A is a table showing measurement results of
Zmin and the maximum transmission loss increase amount Amax of
each optical cable. Fig. 17B 1is a graph showing the
measurement results of Zmin and the maximum transmission loss
increase amount Amax of each optical cable.

[Fig. 18] Fig. 18 is a table comparing the cross-sectional
shape of the optical fiber unit 2 of the present embodiment
with those of the comparative examples.

[Fig. 19] Fig. 19 is a diagram illustrating the cross-sectional
shape of an optical fiber unit 2 of a first comparative example.
[Fig. 20] Fig. 20A 1is a cross-sectional view of an optical
cable of a second comparative example. Fig. 20B is a diagram
illustrating the cross-sectional shape of the optical fiber
unit 2 of the second comparative example.

[Fig. 21] Fig. 21A 1is a cross-sectional view of an optical
cable of a third comparative example. Fig. 21B is a diagram

illustrating the cross-sectional shape of the optical fiber
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unit 2 of the third comparative example.

[Fig. 22] Fig. 22A 1s a cross-sectional view of an optical
cable of a fourth comparative example. Fig. 22B is a diagram
illustrating the cross-sectional shape of the optical fiber
unit 2 of the fourth comparative example.

[Description of Embodiments]

[0010]

At least the following matters will become apparent from
the following description and the drawings.
[0011]

An optical cable comprising a plurality of optical fiber
units, wherein the optical fiber unit has a plurality of
intermittently-coupled optical fiber ribbons, 1in a cross
section perpendicular to a longitudinal direction, at least
one of the optical fiber units is such that a length of a
vector GU 1is shorter than a largest length of vectors MG of
the plurality of the optical fiber ribbons, where the vector
MG is a vector starting from a midpoint M and ending at a
center of gravity G, M is the midpoint between optical fibers
at both ends of each optical fiber ribbon, G is the center of
gravity of the optical fiber ribbon, and the vector GU is a
resultant vector of the vectors MG of the respective optical
fiber ribbons. Such an optical cable can reduce load
concentration at particular optical fibers.

[0012]

It is desirable that in all the optical fiber units of
the optical cable, at least in any given cross section in a
longitudinal direction, the length of the vector GU is shorter
than the largest length of the vectors MG of the plurality of
the optical fiber ribbons forming the optical fiber unit. This
can reduce load concentration at particular optical fibers in
every optical fiber unit.

[0013]
It is desirable that the plurality of optical fiber units

are twisted together, and in all the optical fiber units of
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the optical cable, in any given cross section taken within a
range of a twisting pitch, the length of the wvector GU 1is
shorter than the largest length of the wvectors MG of the
plurality of the optical fiber ribbons forming the optical
fiber unit. This makes it easy for a stress given to optical
fibers to be distributed in the longitudinal direction.

[0014]

It is desirable that the optical fiber unit has a
bundling material bundling the plurality of the optical fiber
ribbons. This makes it possible for a plurality of optical
fiber ribbons to be held in an irregularly-stacked state.
[0015]

It is desirable that in at least one of the optical fiber
ribbons forming the optical fiber unit, L/LO0 is 0.225 or
smaller, where L is the length of the vector MG and LO is a
distance between the optical fibers at both ends of the optical
fiber ribbon in a flat state. This helps prevent breakage of
coupling portions of an intermittently-coupled optical fiber
ribbon.

[0016]

It is further desirable that L/LO0 is 0.149 or smaller.
This further helps prevent breakage of coupling portions of an
intermittently-coupled optical fiber ribbon.

[0017]

It is desirable that L/L0O is 0.225 or smaller in all the
optical fiber ribbons forming the optical fiber unit. This
helps prevent breakage of coupling portions of all the optical
fiber ribbons.

[0018]

It is desirable that a standard deviation of L/LO is
0.011 or greater, where L is the length of the vector MG and
L0 is a distance between the optical fibers at both ends of
the optical fiber ribbon in a flat state. When the lengths of
the vectors MG thus vary, a stress given to the optical fibers

can be distributed easily, and thus, load concentration at
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particular optical fibers can be reduced.
[0019]

It is desirable that in at least one of the optical fiber
ribbons forming the optical fiber unit, L1/L0 is 0.205 or
greater and 1.490 or smaller, where L1 is a distance between
the optical fibers at both ends of the optical fiber ribbon
and L0 is a distance between the optical fibers at both ends
of the optical fiber ribbon in a flat state. This helps
prevent breakage of coupling portions of an intermittently-
coupled optical fiber ribbon.

[0020]

It is further desirable that L1/L0 is 0.490 or greater
and 1.267 or smaller. This further helps prevent breakage of
coupling portions of an intermittently-coupled optical fiber
ribbon.

[0021]

It is desirable that L1/L0 is 0.205 or greater and 1.490
or smaller in all the optical fiber ribbons forming the optical
fiber unit. This helps prevent breakage of coupling portions
of all the optical fiber ribbons.

[0022]

It is desirable that a standard deviation of L1/L0 of
the plurality of the optical fiber ribbons is 0.018 or greater
where L1 is a distance between the optical fibers at both ends
of each optical fiber ribbon and L0 is a distance between the
optical fibers at both ends of the optical fiber ribbon in a
flat state. When the distances L1 between the optical fibers
at both ends of the optical fiber ribbons thus vary, a stress
given to the optical fibers can be distributed easily, and
thus, load concentration at particular optical fibers can be
reduced.

[0023]

It is desirable that in the cross section, at least one

of the optical fiber ribbons of the optical fiber unit has a

part that 1s bent with one side of a ribbon surface being
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convex and a part that is bent with an opposite side of the
ribbon surface being convex. This makes it easy for a stress
given to the optical fibers to be distributed in the ribbon
width direction, and thus can reduce load concentration at
particular optical fibers.

[0024]

An optical-cable manufacturing method will become
apparent comprising: manufacturing an optical fiber unit
having a plurality of intermittently-coupled optical fiber
ribbons and housing a plurality of the optical fiber units
inside a sheath, wherein the optical fiber units are
manufactured with a stacked state of the plurality of the
optical fiber units being made irregular such that in at least
one of the optical fiber units, in a «c¢ross section
perpendicular to a longitudinal direction, a length of a vector
GU 1is shorter than a largest length of vectors MG of the
plurality of the optical fiber ribbons, where the vector MG is
a vector starting from a midpoint M and ending at a center of
gravity G, M 1is the midpoint between optical fibers at both
ends of each optical fiber ribbon, G is the center of gravity
of the optical fiber ribbon, and the vector GU is a resultant
vector of the vectors MG of the respective optical fiber
ribbons. Such a manufacturing method can manufacture an
optical <cable capable of reducing load concentration at

particular optical fibers.

[0025]

===First Embodiment===

<Configuration of an Optical Cable 1>

Fig. 1A is a diagram illustrating an optical cable 1.
[0026]

The optical cable 1 is a cable housing optical fibers 8.
The optical cable 1 of the present embodiment is what is called
a slot-less optical cable, which is an optical cable that does
not have a slotted rod having grooves (slots) formed therein

to house the optical fibers 8. The optical cable 1 of the
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present embodiment has a plurality of optical fiber units 2
and a sheath 3. Although the optical cable 1 is a slot-less
optical cable here, the optical cable 1 may be a slotted
optical cable having a slotted rod. However, the optical fiber
unit 2 to be described later is effective especially when used
in a slot-less optical cable 1.

[0027]

The optical fiber unit 2 is a structure formed by a
plurality of optical fibers 8 bundled together. The optical
cable 1 of the present embodiment includes a plurality of
optical fiber units 2. A detailed structure of the optical
fiber unit 2 will be described later. The plurality of optical
fiber units 2 are housed inside the sheath 3, covered by a
wrapping tape 5. The plurality of optical fiber units 2 may
be housed inside the sheath 3 in a state of being twisted in
one direction or 1in an S-Z configuration. Besides the
plurality of optical fiber units 2, a filling may be housed
inside the wrapping tape 5. As a filling, for example, an
absorbent material may be housed inside, outside, or inside
and outside the wrapping tape 5. Also, the wrapping tape 5
may be formed of a water-absorbent tape. Also, the wrapping
tape 5 or the filling does not have to be included.

[0028]

The sheath 3 is a member that sheathes the plurality of
optical fiber units 2 (and the wrapping tape 5). The outer
shape of the sheath 3 1is such that its cross section 1is
substantially c¢ircular. In the present embodiment, the
wrapping tape 5 wrapping up the plurality of optical fiber
units 2 is housed inside the sheath 3. Also, a tension member
4 is embedded in the sheath 3. Members other than the tension
member 4 (such as, e.g., a rip cord) may be embedded in the
sheath 3 as well.

[0029]

Fig. 1B is a diagram illustrating the optical fiber unit
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The optical fiber unit 2 is a structure formed by a
plurality of optical fibers 8 bundled together. The optical
fiber unit 2 of the present embodiment has a plurality of
optical fibers 8 bundled together by bundling members 10.
However, the optical fiber unit 2 may be a structure formed by
a plurality of optical fibers 8 bundled together not by using
the bundling members 10, but by being, for example, twisted
together. The bundling members 10 are wrapped around the outer
circumference of the optical fibers 8 so that the plurality of
optical fibers 8 may be bundled together so as not to come
apart. The optical fiber unit 2 of the present embodiment is
formed by a plurality of intermittently-coupled optical fiber
ribbons 7 bundled together.

[0030]

Fig. 2 1s a diagram illustrating the intermittently-
coupled optical fiber ribbon 7.

The intermittently-coupled optical fiber ribbon 7 is an
optical fiber ribbon 7 formed by a plurality of (12 here)
optical fibers 8 arranged side by side and intermittently
coupled. Two adjacent optical fibers 8 are coupled by coupling
parts 9A. Between two adjacent optical fibers 8, a plurality
of coupling parts 9A are disposed intermittently in the
longitudinal direction. Also, the plurality of coupling parts
9A are disposed intermittently two-dimensionally 1in the
longitudinal direction and in the ribbon width direction.
Between two adjacent optical fibers 8, regions other than the
coupling parts 9A are non-coupling parts 9B. In the non-
coupling parts 9B, two adjacent optical fibers 8 are not bound
to each other. The optical fiber ribbon 7 1is flexibly
deformable relative to the ribbon width direction, so that a
number of optical fibers 8 can be bundled together at a high
density.

[0031]
Note that the intermittently-coupled optical fiber

ribbon 7 is not limited to the one shown in Fig. 2. For
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example, the location of the coupling parts 9A may be changed.
Also, the number of optical fibers 38 forming the
intermittently-coupled optical fiber ribbon 7 may be changed.
Also, a plurality of sets of optical fibers may be located
side by side with each set having a plurality of (e.g., two)
adjacent optical fibers, and an optical fiber 8 in one set and
an optical fiber 8 in an adjacent set may be intermittently
coupled with the coupling parts 9A. Also, the location pattern
of the coupling parts 9A that are intermittently located does
not have to be any fixed pattern.

[0032]

The bundling member 10 1is a member that bundles a
plurality of optical fibers 8 together. The bundling member
10 is a member capable of binding a plurality of optical fibers
8 together and is a member in the shape of, for example, a
thread, a cord, or a tape. The bundling member 10 is wrapped
around the outer circumference of a bundle of optical fibers
8. Although the optical fibers 8 of the optical fiber unit 2
in Fig. 1B are bundled by two bundling members 10, the number
of bundling members 10 in the optical fiber unit 2 may be one
or two or more. Also, the optical fiber unit 2 may be without
the bundling member 10.

[0033]

The bundling members 10 are each formed of a composite
material of a material with a high melting point and a material
with a low melting point and are thermally fused at their
intersections. However, the bundling member 10 may be formed
not by a composite material but by a single material. For
example, the bundling member 10 may be formed of either a
material with a high melting point or a material with a low
melting point, or the materials of the two bundling members 10
may be different from each other. Also, the bundling members
10 may be joined together with an adhesive instead of being
thermally fused to each other. Also, the intersections of the

bundling members 10 do not need to be joined.
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[0034]

The two bundling members 10 are, as shown in Fig. 1B,
each wrapped around the bundle of optical fibers 8 in an S-Z
configuration. Specifically, each of the bundling members 10
is wrapped around a corresponding half of the outer
circumference of the bundle of optical fibers 8 while being
reversed in the wrap direction at joint portions 15. However,
how the bundling member 10 is wrapped is not limited to this.
For example, a single bundling member 10 may be helically
wrapped around the outer circumference of the bundle of optical
fibers 8. Also, two bundling members 10 may be wrapped around
the outer circumference of the bundle of optical fibers 8
helically in directions opposite from each other. Although a
plurality of optical fiber ribbons 7 are bundled by two cord-
shaped bundling members 10 to form the optical fiber unit 2 in
the present embodiment, the configuration of the optical fiber
unit 2 is not limited to this. For example, the optical fiber
unit 2 may be formed by wrapping a tape-shaped bundling member
10 around the outer circumference of a bundle of a plurality
of optical fibers 8 in a covering manner. For example, the
bundling member 10 may be formed of a wrapping tape. Also,
the bundling member 10 may be formed of a tube such as, for
example, a loose tube or a tight buffer tube. The bundling
member 10 is attached conforming to the outer shape of the
bundle of optical fibers 8 and can thus maintain the outer
shape of the bundle of optical fibers 8 (and as a result, can
maintain the plurality of the optical fiber ribbons 7 to be in
an irregularly-stacked state (to be described later)).
[0035]

Fig. 3 is a diagram illustrating a unit manufacturing
apparatus 20 that manufactures the optical fiber unit 2.

The unit manufacturing apparatus 20 has a plurality of
ribbon supply sections 30, an assembling section 40, and a
unit formation section 100.

[0036]
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The ribbon supply sections 30 are each an apparatus (a
supply source) that supplies the intermittently-coupled
optical fiber ribbon 7. For example, the ribbon supply section
30 is formed of a drum (or a bobbin) around which the
intermittently-coupled optical fiber ribbon 7 is wound in
advance. Note that the ribbon supply section 30 may be formed
of an apparatus that manufactures the intermittently-coupled
optical fiber ribbon 7. In the present embodiment, the
intermittently-coupled optical fiber ribbons 7 are supplied
from the plurality of ribbon supply sections 30 to the
assembling section 40.

[0037]

The assembling section 40 is an apparatus that assembles
the plurality of the optical fiber ribbons 7. The assembling
section 40 assembles the plurality of intermittently-coupled
optical fiber ribbons 7 into a bundle shape. In the present
embodiment, the assembling section 40 supplies the plurality
of intermittently-coupled optical fiber ribbons 7 assembled as
a bundle to a bundle attaching section 50.

[0038]

The unit formation section 100 is an apparatus that forms
the optical fiber unit 2 by bundling the plurality of the
optical fiber ribbons 7 with the bundling members 10. The
unit formation section 100 has the bundle attaching section 50
and a bundle joining section 60. However, in a case where no
joining with the bundling members 10 is performed, the unit
formation section 100 may be without the bundle joining section
60 and include only the bundle attaching section 50.

[0039]

The bundle attaching section 50 1s an apparatus that
attaches the bundling members 10 to the outer circumference of
the bundle of the plurality of intermittently-coupled optical
fiber ribbons 7. In the present embodiment, the bundle
attaching section 50 wraps two bundling members 10 in an S-7

configuration. However, the bundle attaching section 50 is
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not limited to one that wraps the bundling members 10 in an S-
7z configuration, and for example, may wrap the bundling members
10 helically in one direction. Also, 1n a case where the
bundling member is tape-shaped, the bundle attaching section
50 may wrap the bundling member in such a manner as to wrap
the bundle of the plurality of the optical fiber ribbons 7 in
a covering manner. Also, in a case where the bundling member
is a tube, a resin to be the tube may be extruded onto the
outer circumference of the bundle of the optical fiber ribbons
7.

[0040]

Fig. 4 is a diagram illustrating the bundle attaching
section 50.

The bundle attaching section 50 has a first rotation
member 51 and a second rotation member 52. The bundle
attaching section 50 has a double cylindrical structure formed
by the first rotation member 51 and the second rotation member
52. The first rotation member 51 is a tubular member. The
center portion of the first rotation member 51 1is a fiber
passage portion 50A through which to pass an assembled bundle
of the plurality of intermittently-coupled optical fiber
ribbons 7. The first rotation member 51 further has a first
passage portion 51A through which to pass the bundling member
10. The first rotation member 51 is rotatably located. The
second rotation member 52 is a tubular member disposed outside
of the first rotation member 51. The second rotation member
52 has a second passage portion 52A through which to pass the
bundling member 10. The second rotation member 52 is located
to be rotatable relative to the first rotation member 51.
[0041]

The bundle attaching section 50 oscillates the first
rotation member 51 and the second rotation member 52 around a
rotation axis 1in directions opposite from each other. Two
bundling members 10 are thereby wrapped in an $S-7Z configuration

around the outer circumference of the bundle of the plurality
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of intermittently-coupled optical fiber ribbons 7. The
plurality of intermittently-coupled optical fiber ribbons 7
and the bundling members 10 are supplied to the bundle joining
section 60 while the two bundling members 10 form intersections
on the outer circumference of the bundle of the plurality of
intermittently-coupled optical fiber ribbons 7. Although a
plurality of intersections of the bundling members 10 are
formed between the bundle attaching section 50 and the bundle
joining section 60 in Fig. 3, the interval between the bundle
attaching section 50 and the bundle joining section 60 may be
shorter than the longitudinal interval of the intersections of
the bundling members 10.

[0042]

The bundle joining section 60 is an apparatus that joins
the two bundling members 10 together. The bundle Jjoining
section 60 of the present embodiment is formed of a tubular
heater. The inner wall surface of the tubular heater is a
heating surface. When the plurality of intermittently-coupled
optical fiber ribbons 7 and the bundling members 10 pass
through the inside of the tubular heater, the intersections of
the two bundling members 10 are thermally fused, forming the
joint portions 15. The optical fiber unit 2 shown in Fig. 1B
is thus manufactured. ©Note that the bundle joining section 60
may join the bundling members 10 with an adhesive instead of
joining the bundling members 10 by thermal fusion. Also, as
will be described later, the unit formation section 100 may be
without the bundle joining section 60 and not join the bundling
members 10.

[0043]

Note that a plurality of the optical fiber units 2 thus
manufactured are bundled together and wrapped by the wrapping
tape 5, and an extrusion molding apparatus extrudes a melted
resin to be the sheath 3 onto the outer side of the wrapping
tape 5, thereby manufacturing the optical cable 1.

[0044]
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<Cross-Sectional Shape of the Optical Fiber Unit 2>

First, the cross-sectional shape of an optical fiber
unit of a comparative example is described, and then, the
cross-sectional shape of the optical fiber unit 2 of the
present embodiment is described.

[0045]

Fig. 19 is a diagram illustrating the cross-sectional
shape of an optical fiber unit 2 of a first comparative example.
In the first comparative example, six intermittently-coupled
optical fiber ribbons 7 are stacked and bundled by the bundling
members 10. In the first comparative example, the optical
fiber ribbons 7 are not bent relative to the ribbon width
direction and their ribbon surfaces are flat. The flat ribbon
surfaces of the respective optical fiber ribbons 7 are parallel
to one another, and the flat ribbon surfaces of the respective
optical fiber ribbons 7 are aligned. In other words, in the
first comparative example, six optical fiber ribbons 7 are
stacked regularly.

[0046]

In the case of the first comparative example shown in
Fig. 19, when the optical cable is bent, there is a concern
that the load may be concentrated at particular optical fibers
8. For example, i1f the optical fiber unit 2 is bent with a
plane N1-N1 in Fig. 19 as a neutral plane, a tensile stress or
a compressive stress is concentrated at the optical fibers 8
forming the first or sixth optical fiber ribbon 7 (an edge one
of the stacked optical fiber ribbons 7) in Fig. 19, and the
stress 1is unlikely to be distributed to the other optical
fibers 8. Also, 1f the optical fiber unit 2 is bent with a
plane N2-N2 of each optical fiber ribbon 7 in Fig. 19 as a
neutral plane, a tensile stress or a compressive stress is
concentrated at the first or twelfth fibers (the optical fibers
8 at both ends of the optical fiber ribbons 7) in Fig. 19, and
the stress is unlikely to be distributed to the other optical

fibers 8. In such a situation where a load is concentrated at
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particular optical fibers 8 and unlikely to be distributed to
the other optical fibers 8, transmission loss increases at the
optical fibers 8 where the load is concentrated, consequently
increasing the maximum transmission loss (the largest one of
the transmission losses of the plurality of optical fibers 8).
It is therefore desirable that a load be not concentrated at
particular optical fibers 8.

[0047]

Thus, in the present embodiment, as will be described
next, the optical fiber unit 2 is formed by the plurality of
irregularly-stacked optical fiber ribbons 7. The present
embodiment thereby reduces load concentration at particular
optical fibers 8 and thereby decreases the maximum transmission
loss of the optical cable 1 (or the optical fiber unit 2).
[0048]

Fig. 5A 1is a diagram illustrating the cross-sectional
shape of the optical fiber unit 2 of the optical cable 1 of
the present embodiment. Fig. 5A is an explanatory diagram
depicting a photograph of a cross section of the optical cable
1 of the present embodiment as a diagrammatic drawing. Fig.
5B is a graph showing the coordinates of the optical fibers 8
shown in Fig 5A. The graph shown in Fig. 5B shows measurement
results of the XY coordinates of each optical fiber 8 based on
the cross-sectional photograph (two-dimensional image) of the
optical cable 1 of the present embodiment. To show the
arrangement of a plurality of optical fibers 8 forming each
optical fiber ribbon 7, Figs. 5A and 5B depict them with
adjacent optical fibers 8 being connected with solid lines.
[0049]

The optical fiber unit 2 of the present embodiment is
configured such that, as shown in Fig. 5A, a plurality of
optical fiber ribbons 7 are in an irregularly-stacked state.
Here, "a plurality of optical fiber ribbons 7 being in an
irregularly-stacked state" means that the optical fiber

ribbons 7 have different relative positional relations
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compared to the first comparative example in Fig. 19 and the
ribbon surface of at least one of the optical fiber ribbons 7
is bent. Note that in a state where the ribbon surface of the
optical fiber ribbon 7 is bent, with M being a midpoint between
the optical fibers 8 at both ends of the optical fiber ribbon
7 and G being the center of gravity of the optical fiber ribbon
7 in a cross section perpendicular to a longitudinal direction,
the midpoint M and the center of gravity G are usually placed
offset from each other (it is extremely rare that the midpoint
M and the center of gravity G coincide with each other).
[0050]

Figs. 6A and 6B are diagrams illustrating vectors MG and
a vector GU. Fig. 6A shows the vectors MG and the wvector GU
on a cross section of the optical fiber unit 2 shown in Fig.
5B. Fig. 6B shows, for each of the plurality of the optical
fiber ribbons 7 forming the optical fiber unit 2 shown in Fig.
5B, the coordinates of the midpoint M between the optical
fibers 8 at both ends thereof and the coordinates of the center
of gravity G thereof, and also shows the x-components, y-
components, and lengths of each of the vectors MG and the
vector GU. Here, the vector MG is a vector starting from the
midpoint M and ending at the center of gravity G on a cross
section perpendicular to a longitudinal direction. Also, the
vector GU 1s a resultant vector of the vectors MG of the
plurality of the optical fiber ribbons 7 (six optical fiber
ribbons 7 here) forming the optical fiber unit 2.

[0051]

As shown in Figs. 6A and 6B, in this cross section of
the optical fiber unit 2, the length of the wvector GU is
shorter than the largest length of the wvectors MG of the
plurality of the optical fiber ribbons 7 (six optical fiber
ribbons 7 here) forming the optical fiber unit 2 (here, the
length of the vector MG of the first ribbon). When the vector
GU 1is shorter than the largest length of the vectors MG like

in this case, the optical fiber unit 2 is in a state such that
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in that cross section, the directions in which the plurality
of the optical fiber ribbons 7 are bent (the directions in
which the ribbon surfaces are bent relative to the ribbon width
direction) are not one-sided toward a particular direction.
In other words, the bending directions of the plurality of the
optical fiber ribbons 7 (the bending directions of the ribbon
surfaces relative to the ribbon width direction) are nearly
random. For this reason, no matter which direction the optical
cable 1 is bent, in that optical fiber unit 2, the stress given
to the optical fibers 8 1s easily distributed, and 1load
concentration at particular optical fibers 8 can be reduced
compared to the first comparative example. Note that also in
a case where the sheath 3 contracts due to a temperature change
applied to the optical cable 1, the stress given to the optical
fibers 8 of the optical fiber unit 2 is easily distributed,
and load concentration at particular optical fibers 8 can be
reduced compared to the first comparative example. In other
words, when the length of the vector GU on a cross section
perpendicular to a longitudinal direction is shorter than the
largest 1length of the wvectors MG of the plurality of the
optical fiber ribbons 7 forming the optical fiber unit 2,
concentration of a locad (such as a bend or a temperature
change) at particular optical fibers 8 can be reduced, which
can 1n turn decrease the maximum transmission loss of the
optical fiber unit 2.

[0052]

Note that the vector GU does not have to be shorter than
the largest length of the wvectors MG in all of the optical
fiber units 2 in the optical cable 1 on a cross section
perpendicular to a longitudinal direction. 1In other words, it
suffices if the vector GU is shorter than the largest length
of the wvectors MG in at least one of the optical fiber units
2 on a cross section perpendicular to a longitudinal direction.
Then, on that cross section, the maximum transmission loss of

at least that optical fiber unit 2 can be reduced.
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[0053]

Meanwhile, it is desirable that, in all the optical fiber
units 2 in the optical cable 1, the vector GU be shorter than
the largest length of the wvectors MG in at least any given
cross section of the optical cable 1 in the longitudinal
direction. Then, even if the wvector GU is longer than the
largest length of the vectors MG in a given optical fiber unit
2 on a cross section at a given position (a first position) in
the longitudinal direction, as long as the vector GU of that
optical fiber unit 2 is shorter than the largest length of the
vectors MG on a cross section at a different position (a second
position), when the optical cable 1 is bent (or the optical
cable 1 experiences a temperature change) at the given position
(the first position), the stress (tensile or compressive
Stress) given to the optical fibers 8 can be absorbed by the
different position (the second position), and consequently,
load concentration at particular optical fibers 8 can be
reduced. In other words, when the vector GU of the optical
fiber unit 2 is shorter than the largest length of the vectors
MG on any given cross section in the longitudinal direction,
a stress given to the optical fibers 8 can be distributed in
the longitudinal direction, and consequently, load
concentration at particular optical fibers 8 can be reduced.
[0054]

In a case where the plurality of optical fiber units 2
forming the optical cable 1 are twisted together, 1t is
desirable that the vector GU be shorter than the largest length
of the vectors MG at any given cross section within the range
of a twisting pitch (one pitch) so that a stress (a tensile or
compressive stress) given to the optical fibers 8 when the
optical cable 1 is bent at the given position (the first
position) may easily be absorbed by the different position
(the second position), or in other words, so that the stress
given to the optical fibers 8 can easily be distributed in the

longitudinal direction. In other words, it is desirable that
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in all the optical fiber units 2 in the optical cable 1, the
vector GU be shorter than the largest length of the vectors MG
in any given cross section within the range of the twisting
pitch (one pitch). Note that in a case where the plurality of
optical fiber units 2 are twisted in one direction, the
twisting pitch (one pitch) is a longitudinal length over which
the helically disposed optical fiber units 2 make a full circle
circumferentially. Also, in a case where the plurality of
optical fiber units 2 are twisted in the S$S-Z configuration,
the twisting pitch (one pitch) is a 1longitudinal length
(interval) between a position where the twisting direction is
reversed and a position where the twisting direction 1is
reversed in the same direction next time.
[0055]
<Bending Direction of the Ribbon Surface>

Fig. 7A 1is a diagram illustrating the cross-sectional
shape of the first optical fiber ribbon 7 in Fig. 5A. At the
locations of the third and sixth optical fibers 8 from the
left in Fig. 7A (the locations indicated by arrows on the upper
side in Fig. 7A), the optical fiber ribbon 7 is bent relative
to the ribbon width direction with the upper ribbon surface in
Fig 7A being convex. Meanwhile, at the location of the fifth
optical fiber 8 from the 1left in Fig. 7A (the location
indicated by an arrow on the lower side in Fig. 7A), the
optical fiber ribbon 7 is bent relative to the ribbon width
direction with the lower ribbon surface in Fig 7A being convex.
In this way, it is desirable that a cross section perpendicular
to a longitudinal direction have a location bending with the
ribbon surface of the optical fiber ribbon 7 on one side being
convex and a location bending with the ribbon surface on the
opposite side being convex.
[0056]

Fig. 7B is a diagram illustrating a comparative case
where the optical fiber ribbon 7 is bent in one direction

relative to the ribbon width direction. As indicated by the
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arrow in Fig. 7B, on the convex side of the ribbon surface, a
tensile force is exerted to the optical fibers 8. In a case
where the optical fiber ribbon 7 is bent in one direction as
in Fig. 7B, the tensile force is accumulated at the convex
side of the ribbon surface of each optical fiber 8. Thus,
when an additional tensile force is exerted to a given optical
fiber 8, the tensile force cannot be easily distributed to the
other optical fibers 8, and the tensile force may be
concentrated at the particular optical fibers 8. In other
words, when the optical fiber ribbon 7 is bent in one direction
as in Fig. 7B, it is difficult to distribute the stress given
to the optical fiber 8 in the ribbon width direction.

By contrast, in the present embodiment shown in Fig. 7A,
when, for example, a tensile force is exerted to the convex
ribbon surface side (the upper side in Fig. 7A) of the third
optical fiber 8 from the 1left, the tensile force can be
distributed to the fifth optical fiber 8 from the left (the
location bent to be convex on the opposite side). When a cross
section perpendicular to a longitudinal direction thus has a
location bending with one ribbon surface of the optical fiber
ribbon 7 being convex and a location bending with the other
ribbon surface being convex, a stress given to the optical
fibers 8 can be easily distributed in the ribbon width
direction. Consequently, concentration of force at particular
optical fibers 8 can be further reduced, and the maximum
transmission loss of the optical fiber unit 2 can be further
decreased.

[0057]

<How to make a Stacking State Irregular>

Fig. 8 1s a diagram illustrating a first method for
manufacturing the optical fiber wunit 2 in an irregularly-
stacked state. Fig. 9 is sectional views of the bundle joining
section 60 in the first manufacturing method. The upper part
of Fig. 9 is a sectional view of the bundle joining section 60

along an X7 plane (a plane parallel to the ribbon surfaces of
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the stacked optical fiber ribbons 7). The lower part of Fig.
9 is a sectional view of the bundle joining section 60 taken
along a YZ plane (a plane parallel to the stacking direction
of the optical fiber ribbons 7 (Y-direction) and the
longitudinal direction (Z-direction}}). Note that the lower
part of Fig. 9 also shows sectional views of the bundle joining
section 60 at three different locations in the longitudinal
direction of the bundle Jjoining section 60 (sectional views
taken along an XY plane perpendicular to the longitudinal
direction). Shown on the left side of Fig. 9 is the plurality
of the optical fiber ribbons 7 in a stacked state. Note that
the plurality of the optical fiber ribbons 7 are inserted into
the bundle joining section 60 with the intersection-formed
bundling members 10 being wrapped around the outer
circumference thereof as shown in Fig. 9 (and Fig. 3).

[0058]

The bundle joining section 60 has a unit passage portion
61 (a through hole) through which to pass the optical fiber
unit 2 (the plurality of the optical fiber ribbons 7 and the
bundling members 10). The bundle Jjoining section 60 also has
a squeeze portion 62, a first tapered portion 63A, and a second
tapered portion 63B.

[0059]

The squeeze portion 62 is a portion that sgueezes thin
the bundle of optical fibers 8 which is formed by a plurality
of optical fiber ribbons 7. When the plurality of the optical
fiber ribbons 7 and the bundling members pass through the
squeeze portion 62, the bundling members are heated by the
inner wall surface (heater) of the squeeze portion 62, fusing
the intersections of the two bundling members. A dimension W1
is narrower than a dimension WO (Wl < WO0) where W0 is the
dimension of the stacked optical fiber ribbons 7 in the ribbon
width direction (the X-direction) and Wl is the dimension of
the unit passage portion 61 at the squeeze portion 62 in the

same direction (the X-direction). Thus, in fusing and coupling
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the intersections of the two bundling members, the inner wall
surface of the unit passage portion 61 can be brought into
contact with the optical fiber ribbons 7 to deform the optical
fiber ribbons 7 relative to the ribbon width direction.

[0060]

The first tapered portion 63A is a tapered portion
located closer to the entrance side (the upstream side) than
the squeeze portion 62. By having the first tapered portion
63A, the optical fibers 8 can be guided to the sgueeze portion
62 without excessively stressing the optical fibers 8. The
second tapered portion 63B is a tapered portion located closer
to the exit side (the downstream side) than the squeeze portion
62. By having the second tapered portion 63B, a drastic force
can be prevented from being applied to the Jjoint portions 15
of the bundling members 10 and the joint portions 15 can be
prevented from coming undone.

[0061]

In the first manufacturing method, the inner wall surface
of the squeeze portion 62 and the optical fiber ribbons 7 are
brought into contact with each other so that the optical fiber
ribbons 7 may be deformed relative to the ribbon width
direction. In addition, in the first manufacturing method, a
cross section of the sgqueeze portion 62 is oval in shape and
is symmetric with respect to the short axis. By passing the
plurality of the optical fiber ribbons 7 stacked in the long
axis direction (the Y-direction) through the sgueeze portion
62 which 1is symmetric with respect to the short axis, the
plurality of the optical fiber ribbons 7 can be guided so that
the ribbon surface of the optical fiber ribbon 7 located upward
of the short axis may deform in a direction opposite from the
deformation of the ribbon surface of the optical fiber ribbon
7 located downward of the short axis. This as a result can
prevent, in a cross section of the optical fiber unit 2, the
bending directions of the plurality of the optical fiber

ribbons 7 from being one-sided toward a particular direction
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so that the length of the vector GU may be shorter than the
largest length of the vectors MG.
[0062]

Note that the method for making the stacking state of
the plurality of the optical fiber ribbons 7 irregular is not
limited to the above method. For example, the stacking state
may be made irregular not at the time of fusing the bundling
members 10, but at the time of, for example, assembling the
plurality of the optical fiber ribbons 7 as will be described
next.

[0063]

Fig. 10 is a diagram illustrating another method for
manufacturing the optical fiber wunit 2 in an irregularly-
stacked state, and is a diagram illustrating a method for
making the stacking state irregular at the time of assembling
the plurality of the optical fiber ribbons 7. The assembling
section 40 has an intermediate member 41 and an assembling
member 42. Here, the intermediate member 41 is formed of a
plurality of conveyance rollers 41A, and the assembling member
42 is formed by an assembling roller 42A. However, the
configurations of the intermediate member 41 and the assembling
member 42 are not limited to the above.

[0064]

The conveyance rollers 41A are rollers (rotation bodies,
including pullies and roller carriers) for conveying the
optical fiber ribbons 7. FEach conveyance roller 41A conveys
one optical fiber ribbon 7. The assembling roller 42A is a
roller for conveying the plurality of assembled optical fiber
ribbons 7. The assembling roller 42A conveys the plurality of
the optical fiber ribbons 7 in an assembled state. Here, as
shown in Fig. 10, a direction parallel to the rotation axis of
the assembling roller 42A 1s the X-direction. Also, a
direction perpendicular to the X-direction and the
longitudinal direction of the optical fiber ribbons 7 is the

Y-direction (the longitudinal direction of the optical fiber
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ribbons 7 is the Z-direction).
[0065]

As shown in Fig. 10, the rotation axis of at least one
of the conveyance rollers 41A is placed to be slanted relative
to the rotation axes of the other conveyance rollers 41A.
Specifically, the rotation axes of five conveyance rollers 41A
are parallel to the X-direction, whereas the rotation axis of
one conveyance roller 41A is slanted relative to the X-
direction by an angle 6. When the plurality of the optical
fiber ribbons 7 are assembled with the ribbon surface of a
given optical fiber ribbon 7 being slanted relative to the
ribbon surfaces of the other optical fiber ribbons 7, the
plurality of the optical fiber ribbons 7 can be assembled in
an irregularly-stacked state.

[0066]

Also, the rotation axis of the conveyance roller 41A
that conveys the optical fiber ribbon 7 located in a center
portion in the Y-direction when the plurality of the optical
fiber ribbons 7 are assembled is placed to be slanted relative
to the rotation axes of the other conveyance rollers 41A. As
a result, the optical fiber ribbons 7 can be guided so that
the deformation of the ribbon surface may be opposite between
the optical fiber ribbon 7 located on the +Y-direction side of
the slanted optical fiber ribbon and the optical fiber ribbon
7 located on the -Y-direction side of the slanted optical fiber
ribbon. The bending directions of the plurality of the optical
fiber ribbons 7 can thus be not one-sided toward a particular
direction so that the length of the vector GU may be shorter
than the largest length of the vectors MG in a cross section
of the optical fiber unit 2.

[0067]

Incidentally, in the manufacturing method shown in Fig.
9, the curvatures of the optical fiber ribbons 7 can be
adjusted by, for example, changing the shape of the unit
passage portion 61 (the shapes of the squeeze portion 62, the
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first tapered portion 63A, and the second tapered portion 63B).
For example, narrowing the dimension W1l of the squeeze portion
62 in the ribbon width direction can increase the curvatures
of the optical fiber ribbons 7.

Also, in the manufacturing method shown in Fig. 10, the
curvatures of the optical fiber ribbons 7 can be adjusted by,
for example, changing the slant © of the conveyance roller 41A.
For example, increasing the slant 6 of the conveyance roller
41A can increase the curvatures of the optical fiber ribbons
7.

[0068]

Note that the methods for changing (methods for
adjusting) the curvatures of the optical fiber ribbons 7 are
not limited to the changing of the shape of the unit passage
portion 61 (see Fig. 9) or the changing of the slant of the
conveyance roller 41A (see Fig. 10). Also, the curvatures of
the optical fiber ribbons 7 can be changed even in an optical
cable which 1is manufactured by a method different from the
manufacturing methods shown in Figs. 9 and 10 or which is
without bundling members or has a different type of bundling
material.

For example, it 1is possible to adjust the curvatures of
the optical fiber ribbons 7 by changing the location, shape,
or physical property of the coupling parts 9A (see Fig. 2) of
the optical fiber ribbon 7. For example, it is possible to
increase the curvatures of the optical fiber ribbons 7 by
lengthening the longitudinal intervals of the coupling parts
9A intermittently formed 1in the longitudinal direction,
shortening the longitudinal dimension of each coupling part
9A, or decreasing the Young's modulus of the coupling part 9A.

Changing the shape of the optical cable 1 can also adjust
the curvatures of the optical fiber ribbons 7. For example,
it is possible to adjust the curvatures of the optical fiber
ribbons 7 by changing, e.g., the packaging density of optical

fibers in an optical cable or the number of fillings such as
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the bundling members. Note that the packaging density of
optical fibers in an optical cable is the number of optical
fibers per 1 mm? on an area obtained by subtracting the cross-
sectional areas of members other than the optical fibers from
the cross-sectional area of the inside of a sheath, and thus,
it is possible to change the packaging density by changing,
e.g., the cross-sectional area of the inside of the sheath,
the cross-sectional areas of the members other than the optical
fibers (fillings such as the bundling members), or the number
of optical fibers, and the curvatures of the optical fiber
ribbons 7 can thus be adjusted. For example, it is possible
to increase the curvatures of the optical fiber ribbons 7 by
increasing the packaging density of the optical fibers in the
optical cable or increasing the number of the bundling members.
Note that it is also possible to adjust the curvatures of the
optical fiber ribbons 7 by, for example, changing the position
of a filling disposed inside the optical cable.

[0069]

As described above, by adjustment of the curvatures of
the optical fiber ribbons 7, the lengths of the vectors MG on
a cross section of the optical cable can be adjusted to make
the length of the vector GU shorter than the largest length of
the vectors MG. Note that by adjusting the curvatures of the
optical fiber ribbons 7, it is possible to adjust not only the
lengths of the vectors MG, but also the variance of the vectors
MG (to be described later), the end-to-end distances of the
optical fiber ribbons 7 (to be described later), and the
variance of the end-to-end distances (to be described later)
so that they may meet a predetermined condition.

[0070]
<Examples>

As examples, optical cables with 864 fibers were created.
Fach optical fiber unit was formed by six intermittently-
coupled optical fiber ribbons bundled with bundling members

wrapped therearound in an S$S-Z configuration. Fach optical



10

15

20

25

30

35

29

cable was obtained by twisting in an S$S-72 configuration 12
optical fiber units, wrapping the 12 twisted optical fiber
units up with a wrapping tape, and coating the outer side of
the wrapping tape with a sheath. Here, a plurality of kinds
of optical cables were created, varying the packaging density
of the optical fibers in each optical cable in a range from 8
fibers mm? to 20 fibers mm?. Note that the packaging density
is a value obtained by dividing the number of optical fibers
inside a sheath (864 fibers here) by an area obtained by
subtracting the cross-sectional areas of members other than
the optical fibers (such as the wrapping tape and fillings)
from the cross-sectional area inside the sheath. In other
words, a packaging density is the number of optical fibers per
1 mm? on an area obtained by subtracting the cross-sectional
areas of members other than the optical fibers from the cross-
sectional area of the inside of the sheath.

Also, to evaluate each optical cable, loss temperature
property evaluations were performed under the condition of two
cycles of -40 °C / +70 °C. Note that an increase amount of
the maximum transmission loss of each optical cable was
measured using a measurement wavelength of 1550 nm and
conforming to GR-20-CORE Issue 4, 6.6.4.3 Optical Acceptance
Criteria. The optical cable was evaluated to be "good" when
the measurement result was 0.15 dB/km or smaller and was
evaluated to be "poor™ when the measurement result was above
0.15 dB/km.

[0071]
® Example 1

A cross section of each optical cable was photographed,
and as already described, the XY coordinates of each optical
fiber 8 were measured based on the photograph (two-dimensional
image) of the cross section of the optical cable, and then the
vectors MG of the optical fiber ribbons and the vector GU were
measured in each optical fiber unit. For each optical fiber

ribbon in the n-th unit (n: 1 to 12), a value obtained by
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dividing the length of the wvector GU by the vector MG was
calculated, and the smallest value for the n-th unit (the
smallest value of values obtained by dividing the length of
the vector GU by the vectors MG of the plurality of the optical
fiber ribbons forming the n-th unit) was set to Xn. Also, the
smallest value of Xn in all the units in the optical cable was
set to Xmin. Note that Xn being below 1 means that, in that
optical fiber unit, the length of the wvector GU is shorter
than the largest length of the vectors MG of the plurality of
the optical fiber ribbons. Also, Xmin being below 1 means
that, in at least one of the optical fiber ribbons in the
optical cable, the length of the vector GU is shorter than the
largest 1length of the wvectors MG of the plurality of the
optical fiber ribbons.

[0072]

Fig. 11A is a table showing measurement results of Xmin
and the maximum transmission loss increase amount Amax of each
optical cable. Fig. 11B is a graph showing the measurement
results of Xmin and the maximum transmission 1loss increase
amount Amax of each optical cable.

[0073]

As shown in Fig. 11A, when Xmin was below 1, the maximum
transmission loss 1increase amount Amax was 0.15 dB/km or
smaller (evaluated to be good). Also, as shown in Fig. 11B,
when Xmin was above 1, the maximum transmission loss increase
amount Amax increased notably. For this reason, Xmin 1is
desirably below 1. Thus, it is desirable that in at least one
of the optical fiber units in an optical cable, the length of
the vector GU be shorter than the largest length of the vectors
MG of the plurality of the optical fiber ribbons.

[0074]
® Example 2: Lengths of the Vectors MG

Fig. 12 is a table showing the relations between the

lengths of the vectors MG (nondimensionalized) and evaluation

results of a bending under tension test.
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Fig. 12 shows nondimensionalized values of the lengths
of the vectors MG. Specifically, the nondimensionalized
length of a vector MG is a value obtained by dividing the
length L of the vector MG by LO (L/LO) where L is the length
of the vector MG based on the XY coordinates on a photograph
(two-dimensional image) of a cross section of the optical cable
1 of the present embodiment, and LO is the center-to-center
distance between the optical fibers 8 at both ends of the
optical fiber ribbon 7 in a flat state (see the first
comparative example) (LO is equivalent to a length of 2.75 on
the XY coordinates).

Fig. 12 also shows the evaluation results of a bending
under tension test. The bending under tension test was carried
out based on IEC60794-1-21 Method E18A, under the conditions
of a tension of 2700 N or 1350 N, a mandrel diameter of 600
mm, and a bend angle of 90°. After the bending under tension
test, the optical cable was dismantled to evaluate if there
was any breakage of the coupling parts %A of the optical fiber
ribbons 7. The optical cable was evaluated to be excellent if
there was no breakage of the coupling parts 9A under the
tension of both of 2700 N and 1350 N, evaluated to be good if
there was no breakage of the coupling parts 9A under the
tension of 1350 N, and evaluated to be poor if there was
breakage of the coupling parts 9A under the tension of both of
2700 N and 1350 N.

[0075]

As shown in Fig. 12, when L/L0 was 0.242 or greater,
breakage of the coupling parts %A of the optical fiber ribbons
7 was observed under the tension of both of 2700 N and 1350 N.
Note that when L/LO0 is a large value, the optical fiber ribbons
7 tend to deform and bend sharply on a cross section of the
optical cable, and thus, it is thought that when L/L0 was 0.242
or greater, the optical fiber ribbons 7 deformed and bent so
sharply that the coupling parts 9A of the optical fiber ribbons

7 broke. For this reason, it is desirable that L/L0O indicating
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the length of the vector MG (nondimensionalized) is 0.225 or
smaller (L/LO0 £ 0.225).
[0076]

As shown in Fig. 12, when L/LO0 was in a range of 0.008
or greater and 0.225 or smaller, there was no breakage of the
coupling parts 9A of the optical fiber ribbons 7 after the
bending under tension test under the condition of the tension
of 1350 N. For this reason, 1t 1s desirable that L/LO
indicating the length of the vector MG (nondimensionalized) be
0.008 or greater and 0.225 or smaller, (0.008 < L/L0 £ 0.225).
Also, when L/L0O was in a range of 0.008 or greater and 0.149
or smaller, there was no breakage of the coupling parts 9A of
the optical fiber ribbons 7 after the bending under tension
test even under the condition of the tension of 2700 N. For
this reason, it 1is more desirable that L/LO indicating the
length of the wvector MG (nondimensionalized) be 0.008 or
greater and 0.149 or smaller (0.008 < L/L0 < 0.149).

[0077]

Note that in a state where the ribbon surfaces of the
optical fiber ribbons 7 are curved, because the midpoint M and
the center of gravity G are usually placed offset from each
other (it is extremely rare that the midpoint M and the center
of gravity G coincide with each other), an evaluation result
for a case where L/L0 was 0 was not obtained in the example
shown in Fig. 12. However, when L/L0O is 0, it can be assumed
that there would be no breakage of the coupling parts SA
because the optical fiber ribbons 7 would not deform in a
bending manner. For this reason, L/LO indicating the length
of the vector MG (nondimensionalized) can include a case of O,
and thus, L/LO0 is desirably 0 or greater and 0.225 or smaller
(0 £ L/LO < 0.225) and more desirably 0 or greater and 0.149
or smaller. In other words, L/L0O indicating the length of the
vector MG (nondimensionalized) is preferably 0.225 or smaller
(L/LO £ 0.225), and more preferably 0.149 or smaller.

[0078]
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L/LO indicating the length of the vector MG
(nondimensionalized) does not have to be 0.225 or smaller (or
0.14%9 or smaller) in all the optical fiber ribbons 7 of the
optical «cable 1 1in a c¢ross section perpendicular to a
longitudinal direction. In other words, it suffices if L/LO
indicating the length of the vector MG (nondimensionalized) is
0.225 or smaller (or 0.149 or smaller) in at least one of the
optical fiber ribbons 7 of the optical cable 1 on a cross
section perpendicular to a longitudinal direction. This helps
prevent, in that cross section, breakage of the coupling parts
9A of at least that optical fiber ribbon 7. Nonetheless, it
is desirable that L/L0O indicating the length of the vector MG
(nondimensionalized) be 0.225 or smaller (or 0.149 or smaller)
in all the optical fiber ribbons 7 forming the optical fiber
unit 2. This helps prevent breakage of the coupling parts SA
of all the optical fiber ribbons 7 forming the optical fiber
unit 2.

[0079]
® Example 3: Variance of the Vectors MG
[0080]

Fig. 13A is a table showing the lengths of the wvectors
MG (nondimensionalized) and the variance of the lengths of the
vectors MG for each of a plurality of optical fiber units 2 in
a given optical cable. Fig. 13B is a graph showing the
variances of the vectors MG of the plurality of optical fiber
units 2 in the given optical cable. Note that the values shown
in Figs. 13A and 13B are nondimensionalized lengths of the
vectors MG. Specifically, the nondimensionalized length of a
vector MG is a value obtained by dividing the length L of the
vector MG by LO (L/L0) where L is the length of the vector MG
based on the XY coordinates on a photograph (two-dimensional
image) of a cross section of the optical cable 1 of the present
embodiment, and LO is the center-to-center distance between
the optical fibers 8 at both ends of the optical fiber ribbon

7 in a flat state (see the first comparative example) (LO is
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equivalent to a length of 2.75 on the XY coordinates).
[0081]

As shown in Figs. 13A and 13B, in the optical cable 1 of
the present embodiment, the lengths of the vectors MG vary in
each optical fiber wunit 2. By contrast, in the first
comparative example described earlier, six optical fiber
ribbons 7 are stacked regularly, and thus the lengths of the
vectors MG do not vary (the standard deviation of the lengths
of the vectors MG is almost zeroc). In a case where the lengths
of the vectors MG vary like in the present embodiment, the
plurality of the optical fiber ribbons 7 forming each optical
fiber unit 2 are bent almost randomly, and thus, no matter
which direction the optical cable 1 is bent, a stress given to
the optical fibers 8 1is easily distributed in that optical
fiber unit 2, and load concentration at particular optical
fibers 8 can be reduced compared to the first comparative
example.

[0082]

Thus, a plurality of kinds of optical cables were created
with each satisfying 0.9 < Xmin < 1.0, and the influence by
the variance of the vectors MG was also measured. Specifically,
for each optical fiber ribbon in the n-th unit, a wvalue was
calculated by dividing the length L of the wvector MG by LO
(L/L0; the nondimensionalized length of the vector MG), and
the standard deviation of the values of L/L0O in the n-th unit
(L/LO0 of the plurality of the optical fiber ribbons forming
the n-th unit) was set to ¥Yn. Also, the smallest value of ¥Yn
among all the units in the optical cable was set to Ymin.
[0083]

Fig. 14A is a table showing measurement results of Ymin
and the maximum transmission loss increase amount Amax of each
optical cable. Fig. 14B is a graph showing the measurement
results of Ymin and the maximum transmission 1loss increase
amount Amax of each optical cable. Here, the maximum

transmission loss increase amount of each optical cable was
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measured using a measurement wavelength of 1550 nm and
conforming to GR-20-CORE Issue 4, 6.6.4.3 Optical Acceptance
Criteria, and the optical cable was evaluated to be "good"
when the measurement result was 0.15 dB/km or smaller and was
evaluated to be "excellent" when the measurement result was
0.10 dB/km or smaller.

[0084]

As shown in Fig. 14A, when Ymin was 0.011 or greater,
the maximum transmission loss increase amount Amax was 0.10
dB/km or smaller (evaluated to be excellent). Also, as shown
in Fig. 14B, when Ymin was below 0.011, the maximum
transmission loss 1increase amount Amax was 0.15 dB/km or
smaller, but the maximum transmission loss increase amount
Amax notably increased. Thus, 1t 1s desirable that Ymin be
0.011 or greater. Thus, 1t 1s desirable that the standard
deviation of the values of L/LO (each being a length obtained
by dividing the length L of the vector MG by the distance LO
between the optical fibers at both ends of the optical fiber
ribbon in a flat state) be 0.011 or greater.

[0085]

Note that the standard deviation of L/LO does not have
to be 0.011 or greater in all the optical fiber units 2 in the
optical cable 1. 1In other words, it suffices if the standard
deviation of L/LO is 0.011 or greater in at least one of the
optical fiber units 2. Then, the lengths of the vectors MG
vary at least in that optical fiber unit 2, which makes it
easy for a stress given to the optical fibers to be distributed,
thereby reducing 1load concentration at particular optical
fibers. Nonetheless, 1t 1s desirable that the standard
deviation of L/LO be 0.011 or greater in all the optical fiber
units 2 in the optical cable 1 as shown in the present example.
Then, the lengths of the vectors MG vary in all the optical
fiber units 2, which makes it easy for a stress given to the
optical fibers to be distributed, thereby reducing load

concentration at particular optical fibers.
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[0086]
e Example 4: End-to-End Distance

Fig. 15 1s a table showing the end-to-end distances
(nondimensionalized) of the optical fiber ribbons 7 and
evaluation results of a bending under tension test.

Fig. 15 shows nondimensionalized wvalues of the center-
to-center distance between the optical fibers 8 at both ends
of the optical fiber ribbon 7 (an end-to-end distance).
Specifically, the nondimensionalized end-to-end distance is a
value obtained by dividing L1 by LO (L1/L0) where L1 is the
center-to-center distance between the optical fibers 8 at both
ends of the optical fiber ribbon 7 on the XY coordinates on a
photograph (two-dimensional image) of a cross section of the
optical cable 1 of the present embodiment, and LO is the
center-to-center distance between the optical fibers 8 at both
ends of the optical fiber ribbon 7 in a flat state (see the
first comparative example).

Fig. 15 also shows evaluation results of a bending under
tension test. The method, conditions, and evaluation of the
bending under tension test are the same as those in Example 2
described above.

[0087]

As shown in Fig. 15, when L1/L0 was 0.135 or smaller,
breakage of the coupling parts %A was observed under the
condition of the tension of both of 2700 N and 1350 N. Note
that when L1/L0 is a small value, the optical fiber ribbons 7
tend to fold and deform on a cross section of the optical
cable, and thus, it is thought that when L1/L0 was 0.135 or
smaller, the optical fiber ribbons 7 folded and deformed so
much that the coupling parts 9A of the optical fiber ribbons
7 broke.

Also, as shown in Fig. 15, when L1/L0 was 1.633 or
greater, breakage of the coupling parts 9A of the optical fiber
ribbons 7 was observed under either one of the tensions of
2700 N and 1350 N. The larger L1/L0 is beyond 1, the more the
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coupling parts 9A of the optical fiber ribbon 7 are pulled in
the ribbon width direction, and thus, it is thought that when
L1/L0 was 1.633 or greater, the coupling parts 9A of the
optical fiber ribbon 7 were pulled in the ribbon width
direction so much that the coupling parts SA broke.

By contrast, as shown in Fig. 15, when L1/L0 was in a
range of 0.205 or greater and 1.4%90 or smaller, there was no
breakage of the coupling parts %A of the optical fiber ribbons
7 after the bending under tension test under the condition of
the tension of 1350 N. For this reason, it 1s desirable that
L1/L0 indicating the end-to-end distance (nondimensionalized)
of the optical fiber ribbon 7 be 0.205 or greater and 1.490 or
smaller (0.205 < L1/L0 < 1.49%90). Also, when L1/L0 was 1in a
range of 0.4%90 or greater and 1.267 or smaller, there was no
breakage of the coupling parts %A of the optical fiber ribbons
7 after the bending under tension test even under the condition
of the tension of 2700 N. For this reason, it is desirable
that L1/L0 indicating the end-to-end distance
(nondimensionalized) of the optical fiber ribbon 7 be 0.490 or
greater and 1.267 or smaller (0.490 < L1/L0 < 1.267).

[0088]

L1/L0 indicating the end-to-end distance
(nondimensionalized) does not have to be 0.205 or greater and
1.490 or smaller (or 0.490 or greater and 1.267 or smaller) in
all the optical fiber ribbons 7 of the optical cable 1 in a
cross section perpendicular to a longitudinal direction. In
other words, it suffices if L1/L0 indicating the end-to-end
distance (nondimensionalized) is 0.205 or greater and 1.490 or
smaller, (or 0.490 or greater and 1.267 or smaller) in at least
one of the optical fiber ribbons 7 on a c¢ross section
perpendicular to a longitudinal direction. This can prevent,
in that cross section, breakage of the coupling parts 9A of at
least that optical fiber ribbon 7. Nonetheless, 1t 1is
desirable that L1/L0 indicating the end-to-end distance

(nondimensionalized) be 0.205 or greater and 1.490 or smaller
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(or 0.490 or greater and 1.267 or smaller) in all the optical
fiber ribbons 7 forming the optical fiber unit 2. This can
prevent breakage of the coupling parts 9A of all the optical
fiber ribbons 7 forming the optical fiber unit 2.

[0089]

® Example 5: Variance of the End-to-End Distances

[0090]

Fig. 16A is a table showing the end-to-end distances
(nondimensionalized) of the optical fiber ribbons 7 and the
variance of the end-to-end distances in each of the plurality
of optical fiber units 2. Fig. 16B is a graph showing the
variance of the end-to-end distances in each of the optical
fiber units 2. ©Note that the values shown in Figs. 16A and
16B are nondimensionalized center-to-center distances between
the optical fibers 8 at both ends of the optical fiber ribbons
7 (end-to-end distances). Specifically, a nondimensionalized
end-to-end distance is a value obtained by dividing L1 by LO
(L1/L0) where L1 is the center-to-center distance between the
optical fibers 8 at both ends of the optical fiber ribbon 7 on
the XY coordinates on a photograph (two-dimensional image) of
a cross section of the optical cable 1 of the present
embodiment, and LO is the center-to-center distance between
the optical fibers 8 at both ends of the optical fiber ribbon
7 in a flat state (see the first comparative example).

[0091]

As shown in Figs. 16A and 16B, in the optical cable 1 of
the present embodiment, the end-to-end distances of the optical
fiber ribbons 7 vary in each optical fiber unit 2. By contrast,
in the first comparative example described earlier, six optical
fiber ribbons 7 are stacked flatly, and thus the end-to-end
distances do not wvary (the standard deviation of the end-to-
end distances is almost zero). In the present embodiment, in
a case where the end-to-end distances of the optical fiber
ribbons 7 vary in every optical fiber unit 2, the plurality of

the optical fiber ribbons 7 forming each optical fiber unit 2
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are bent almost randomly, and thus, no matter which direction
the optical cable 1 is bent, a stress given to the optical
fibers 8 is easily distributed in that optical fiber unit 2,
and load concentration at particular optical fibers 8 can be
reduced compared to the first comparative example.

[0092]

Thus, a plurality of kinds of optical cables were created
with each satisfying 0.9 < Xmin < 1.0, and the influence by
the wvariance of the end-to-end distances (L1/L0) was also
measured. Specifically, for each optical fiber ribbon in the
n-th unit, a value was calculated by dividing the center-to-
center distance L1 between the optical fibers 8 at both ends
of the optical fiber ribbon 7 by LO (L1/L0; the
nondimensionalized end-to-end distance), and the standard
deviation of the values of L1/L0 in the n-th unit (L1/L0 of
the plurality of the optical fiber ribbons 7 forming the n-th
unit) was set to Zn. Also, the smallest value of Zn among all
the units in the optical cable was set to Zmin.

[0093]

Fig. 17A is a table showing measurement results of Zmin
and the maximum transmission loss increase amount Amax of each
optical cable. Fig. 17B is a graph showing the measurement
results of Zmin and the maximum transmission loss increase
amount Amax of each optical cable. Here too, the maximum
transmission loss increase amount of each optical cable was
measured similarly, and the optical cable was evaluated to be
"good" when the measurement result was 0.15 dB/km or smaller
and was evaluated to be "excellent" when the measurement result
was 0.10 dB/km or smaller.

[0094]

As shown in Fig. 17A, when Zmin was 0.018 or greater,
the maximum transmission loss increase amount Amax was 0.10
dB/km or smaller (evaluated to be excellent). Also, as shown
in Fig. 17B, when Zmin was below 0.018, the maximum

transmission loss 1ncrease amount Amax was 0.15 dB/km or
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smaller, but the maximum transmission loss increase amount
Amax notably increased. Thus, 1t 1s desirable that Zmin be
0.018 or greater. In other words, 1t is desirable that the
standard deviation of the wvalues obtained by dividing the
center-to-center length L1 between optical fibers 8 at both
ends of the optical fiber ribbon 7 by L0 be 0.018 or greater.
[0095]

Note that the standard deviation of L1/L0 does not have
to be 0.018 or greater in all the optical fiber units 2 in the
optical cable 1. 1In other words, it suffices if the standard
deviation of L1/L0 is 0.018 or greater in at least one of the
optical fiber units 2. Then, the plurality of the optical
fiber ribbons 7 are bent almost randomly at least in that
optical fiber unit 2, and thus no matter which direction the
optical cable 1 is bent, a stress given to the optical fibers
8 is easily distributed in that optical fiber unit 2, thereby
reducing load concentration at particular optical fibers.
Nonetheless, it is desirable that the standard deviation of
L1/L0 be 0.018 or greater in all the optical fiber units 2 in
the optical cable 1 as shown in the present example. Then, in
all the optical fiber units 2, the plurality of the optical
fiber ribbons 7 forming each optical fiber unit 2 are bent
almost randomly, and thus no matter which direction the optical
cable 1 is bent, a stress given to the optical fibers 8 is
easily distributed in that optical fiber wunit 2, thereby
reducing load concentration at particular optical fibers.
[0096]

<Comparison with Other Comparative Examples>

Fig. 18 is a table comparing the cross-sectional shape
of the optical fiber unit 2 of the present embodiment with
those of the comparative examples. Since the first comparative
example has already been described (see Fig. 19), second to
fourth comparative examples are mainly described here.

[0097]

® Second Comparative Example
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Fig. 20A is a sectional view of an optical cable of the
second comparative example. The optical cable of the second
comparative example is a slotted optical cable having a rod
with a plurality of slots (grooves). In each slot, an optical
fiber unit 2 formed by a plurality of optical fiber ribbons 7
is housed.

[0098]

Fig. 20B is a diagram illustrating the cross-sectional
shape of the optical fiber unit 2 of the second comparative
example. In the second comparative example as well, the
optical fiber ribbon 7 is formed of an intermittently-coupled
optical fiber ribbon 7. As a result, in the second comparative
example, the optical fiber ribbons 7 are deformed to lie along
the inner wall surface of the slot. In other words, 1in the
second comparative example, a plurality of optical fiber
ribbons 7 housed in a common slot deform in the same way along
the inner wall surface of the common slot. As a result, in
the second comparative example, the vectors MG of the plurality
of the optical fiber ribbons 7 forming the optical fiber unit
2 are oriented almost in the common direction, and the vector
GU is therefore relatively long. 1In other words, in the second
comparative example, the bending directions of the plurality
of the optical fiber ribbons 7 are one-sided toward a
particular direction. For this reason, in the second
comparative example, load may be concentrated at particular
optical fibers 8 when the optical cable is bent 1in a
predetermined direction. Note that not only in a slotted
optical cable like the one in the second comparative example
but also 1in other optical cables in which the bending
directions of the plurality of the optical fiber ribbons 7 are
one-sided toward a particular direction, a load may be
concentrated at particular optical fibers 8 when the optical
cable is bent in a predetermined direction.

[0099]

Also, 1in the second comparative example, in which the
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plurality of the optical fiber ribbons 7 bend in the same way
along the inner wall surface of the common slot, the lengths
of the vectors MG are unlikely to vary, and thus, the standard
deviation of the lengths of the wvectors MG is small compared
to the present embodiment. Thus, in the second comparative
example, in which the plurality of the optical fiber ribbons
7 are arranged more regularly and less randomly than the
present embodiment, a load may be concentrated at particular
optical fibers 8 when the optical cable 1is bent 1in a
predetermined direction. Also, 1in the second comparative
example, in which the plurality of the optical fiber ribbons
7 are thus deformed in the same way along the inner wall
surface of the common slot, there is a small wvariance among
the end-to-end distances (the standard deviation of L1/L0 of
the plurality of the optical fiber ribbons 7 where L1 is the
center-to-center distance between the optical fibers 8 at both
ends of the optical fiber ribbon 7 and LO is the center-to-
center distance between the optical fibers 8 at both ends of
the optical fiber ribbon 7 in a flat state). For this reason
as well, 1in the second comparative example, a load may be
concentrated at particular optical fibers 8 when the optical
cable is bent in a predetermined direction.

[0100]

Note that in the second comparative example, each of the
optical fiber ribbons 7 tends to bend with its ribbon surface
on the slot bottom side being convex. In other words, in the
second comparative example, as shown in Fig. 20B, each optical
fiber ribbon 7 is bent in one direction relative to the ribbon
width direction. For this reason, in the second comparative
example, a stress given to the optical fibers 8 is not easily
distributed in the ribbon width direction.

[0101]
e Third Comparative Example
Fig. 21A is a sectional view of an optical cable of the

third comparative example. Like the second comparative
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example, the optical cable of the third comparative example is
a slotted optical cable having a rod with a plurality of slots
(grooves). In each slot, an optical fiber unit 2 formed by a
plurality of optical fiber ribbons 7 is housed.

[0102]

Fig. 21B is a diagram illustrating the cross-sectional
shape of the optical fiber unit 2 of the third comparative
example. In the third comparative example as well, the optical
fiber ribbon 7 is formed of an intermittently-coupled optical
fiber ribbon 7. In the third comparative example, the
plurality of optical fibers 8 of each optical fiber ribbon 7
are disposed spirally. In other words, 1in the third
comparative example, each of the optical fiber ribbons 7 is
deformed in such a manner that its ribbon surface spirals. 1In
the third comparative example, the vectors MG of the plurality
of the optical fiber ribbons 7 forming the optical fiber unit
2 are oriented in the common direction, and thus, the vector
GU 1is relatively long. In the third comparative example, the
plurality of the optical fiber ribbons 7 are disposed regularly
and not randomly, and thus, a load may be concentrated at
particular optical fibers 8 when the optical cable is bent in
a predetermined direction.

[0103]

Also, because the plurality of the optical fiber ribbons
7 in the third comparative example are deformed in the same
way such that their ribbon surfaces spiral, the lengths of the
vectors MG are unlikely to wvary, and thus, the standard
deviation of the lengths of the wvectors MG is small compared
to the present embodiment. Thus, 1in the third comparative
example, in which the plurality of the optical fiber ribbons
7 are arranged more regularly and less randomly than the
present embodiment, a load may be concentrated at particular
optical fibers 8 when the optical cable 1is bent 1in a
predetermined direction. Also, in the third comparative

example, in which the plurality of the optical fiber ribbons
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7 are deformed in the same way such that their ribbon surfaces
spiral, there 1is a small variance among the end-to-end
distances (the standard deviation of L1/L0 of the plurality of
the optical fiber ribbons 7). For this reason as well, in the
third comparative example, a load may be concentrated at
particular optical fibers 8 when the optical cable is bent in
a predetermined direction.

[0104]

® Fourth Comparative Example

Fig. 22A is a sectional view of an optical cable of the
fourth comparative example. The optical cable of the fourth
comparative example is, like in the present embodiment, a slot-
less optical cable. The optical cable of the fourth
comparative example includes a plurality of optical fiber units
2 arranged equally circumferentially.

[0105]

Fig. 22B is a diagram illustrating the cross-sectional
shape of the optical fiber unit 2 of the fourth comparative
example. The optical fiber unit 2 has a cross section of a
fan shape (or a heart shape). Here, the optical fiber unit 2
includes six intermittently-coupled optical fiber ribbons 7.
With three optical fiber ribbons 7 grouped as one set, two
sets of the optical fiber ribbons 7 are disposed symmetrically
to form the optical fiber unit 2. Three optical fiber ribbons
7 forming one set are disposed in such a manner as to be
stacked and bent in the same direction. As a result, in the
fourth comparative example, the vectors MG of the plurality of
the optical fiber ribbons 7 forming the optical fiber unit 2
are oriented almost 1n the common direction, and thus, the
vector GU is relatively long. In other words, in the fourth
comparative example, the bending directions of the plurality
of the optical fiber ribbons 7 are one-sided toward a
particular direction. For +this reason, 1in the fourth
comparative example, a load may be concentrated at particular

optical fibers 8 when the optical cable 1is bent 1in a
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predetermined direction.
[0106]

Also, 1in the fourth comparative example, in which the
plurality of the optical fiber ribbons 7 are such that three
optical fiber ribbons 7 forming one set are stacked and bent
in the same direction and two sets of the optical fiber ribbon
7 are disposed symmetrically, the lengths of the vectors MG
are unlikely to vary. Thus, the standard deviation of the
lengths of the wvectors MG is small compared to the present
embodiment. For this reason, in the fourth comparative example,
in which the plurality of the optical fiber ribbons 7 are
arranged more regularly and less randomly than the present
embodiment, a load may be concentrated at particular optical
fibers 8 when the optical cable is bent in a predetermined
direction. Also, in the fourth comparative example, in which
the plurality of the optical fiber ribbons 7 are such that
three optical fiber ribbons 7 forming one set are stacked and
bent in the same direction and two sets of the optical fiber
ribbon 7 are disposed symmetrically, there is a small variance
among the end-to-end distances (the standard deviation of L1/LO0
of the plurality of the optical fiber ribbons 7). For this
reason as well, in the fourth comparative example, a load may
be concentrated at particular optical fibers 8 when the optical
cable is bent in a predetermined direction.

[0107]

Note that in the fourth comparative example, each optical
fiber ribbon 7 is placed in such a manner as to be bent with
its outer ribbon surface being convex. In other words, in the
fourth comparative example, as shown in Fig. 22B, each optical
fiber ribbon 7 is bent in one direction relative to the ribbon
width direction. For this reason, in the fourth comparative
example, a stress given to the optical fibers 8 is not easily
distributed in the ribbon width direction.

[0108]

===0ther Embodiments===
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The above embodiments have been provided to facilitate
understanding of the present invention and 1s not to be
interpreted as limiting the present invention. It goes without
saying that the present invention can be changed and improved
without departing from the gist thereof and the present
invention includes such equivalents. Also, the embodiments
described above may be combined appropriately.

[Reference Signs List]
[0109]
1 optical cable

2 optical fiber unit

3 sheath

4 tension member

5 wrapping tape

7 optical fiber ribbon

8 optical fiber

9A coupling part

9B non-coupling part

10 bundling member

11 core part

12 coating part

15 joint portion

20 unit manufacturing apparatus
30 ribbon supply section

40 assembling section

50 bundle attaching section
50A fiber passage portion

51 first rotation member

51A first passage portion

52 second rotation member
52A second passage portion
60 bundle joining section

100 unit formation section
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[THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:]
[Claim 1]
An optical cable comprising a plurality of optical fiber
units, wherein
the optical fiber unit has a plurality of intermittently-
coupled optical fiber ribbons which are in an irregularly-
stacked state,
in a cross section perpendicular to a longitudinal
direction, at least one of the optical fiber units 1is such
that
a length of a vector GU is shorter than a largest length
of vectors MG of the plurality of the optical fiber ribbons
forming the optical fiber unit,
where the vector MG is a vector starting from a midpoint
M and ending at a center of gravity G, M is the midpoint
between optical fibers at both ends of each optical fiber
ribbon, G is the center of gravity of the optical fiber ribbon,
and the vector GU is a resultant vector of the vectors MG of
the respective optical fiber ribbons.
[Claim 2]
The optical cable according to claim 1, wherein
in all the optical fiber units of the optical cable, at
least in any given cross section in a longitudinal direction,
the length of the vector GU is shorter than the largest length
of the vectors MG of the plurality of the optical fiber ribbons
forming the optical fiber unit.
[Claim 3]
The optical cable according to claim 2, wherein
the plurality of optical fiber units are twisted together,
and
in all the optical fiber units of the optical cable, in
any given cross section taken within a range of a twisting
pitch, the length of the vector GU is shorter than the largest
length of the vectors MG of the plurality of the optical fiber

ribbons forming the optical fiber unit.
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[Claim 4]

The optical cable according to any one of claims 1 to 3,
wherein

the optical fiber unit has a bundling material bundling
the plurality of the optical fiber ribbons.
[Claim 5]

The optical cable according to any one of claims 1 to 4,
wherein

in at least one of the optical fiber ribbons forming the
optical fiber unit,

L/LO is 0.225 or smaller,

where 1L is the length of the vector MG and L0 1is a
distance between the optical fibers at both ends of the optical
fiber ribbon in a flat state.
[Claim 6]

The optical cable according to claim 5, wherein

L/LO is 0.149 or smaller.
[Claim 7]

The optical cable according to claim 5, wherein

L/L0 is 0.225 or smaller in all the optical fiber ribbons
forming the optical fiber unit.
[Claim 8]

The optical cable according to any one of claims 1 to 7,
wherein

a standard deviation of L/L0O is 0.011 or greater,

where 1L is the length of the vector MG and L0 1is a
distance between the optical fibers at both ends of the optical
fiber ribbon in a flat state.
[Claim 9]

The optical cable according to any one of claims 1 to 7,
wherein

in at least one of the optical fiber ribbons forming the
optical fiber unit, L1/L0 is 0.205 or greater and 1.490 or

smaller, where L1 is a distance between the optical fibers at
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both ends of the optical fiber ribbon and LO is a distance
between the optical fibers at both ends of the optical fiber
ribbon in a flat state.
[Claim 10]

The optical cable according to claim 9, wherein

L1/L0 is 0.490 or greater and 1.267 or smaller.
[Claim 11]

The optical cable according to claim 9, wherein

L1/L0 is 0.205 or greater and 1.490 or smaller in all
the optical fiber ribbons forming the optical fiber unit.
[Claim 12]

The optical cable according to any one of claims 1 to
11, wherein

a standard deviation of L1/L0 of the plurality of the
optical fiber ribbons is 0.018 or greater where L1 1is a
distance between the optical fibers at both ends of each
optical fiber ribbon and L0 is a distance between the optical
fibers at both ends of the optical fiber ribbon in a flat
state.
[Claim 13]

The optical cable according to any one of claims 1 to
12, wherein

in the cross section, at least one of the optical fiber
ribbons of the optical fiber unit has a part that is bent with
one side of a ribbon surface being convex and a part that is
bent with an opposite side of the ribbon surface being convex.
[Claim 14]

An optical-cable manufacturing method comprising:

manufacturing an optical fiber unit having a plurality
of intermittently-coupled optical fiber ribbons and

housing a plurality of the optical fiber units inside a
sheath, wherein

the optical fiber units are manufactured with a stacked
state of the plurality of the optical fiber units being made

irregular such that in at least one of the optical fiber units,
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in a cross section perpendicular to a longitudinal direction,
a length of a vector GU is shorter than a largest length of
vectors MG of the plurality of the optical fiber ribbons
forming the optical fiber unit, where the vector MG is a vector
starting from a midpoint M and ending at a center of gravity
G, M is the midpoint between optical fibers at both ends of
each optical fiber ribbon, G is the center of gravity of the
optical fiber ribbon, and the vector GU is a resultant vector

of the vectors MG of the respective optical fiber ribbons.
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MIDPOINT M |CENTER OF GRAVITY G VECTOR MG
RIBBON NO. |¥-COORDINATE|Y-COQRDINATE |X-COORDINATE | Y-COORDINATE | X-COMPONENT| Y-COMPONENT|  LENGTH
1 -1.10 1.13| -1.10 1.37 0.01 0.25 0.25
2 -0.74 086| -0.71 0.96 0.03 0.10 0.11
3 -0.98 083| -096 0.75 0.02| -0.09 0.09
4 -1.32 061 -1.34 059| -002| -002 0.03
5 ~154 050| -1.63 040| -009| -0.10 0.13
6 -1.39 019 -138| -005 0.00| -023 0.23
VECTOR MG
X-COMPONENT|Y-COMPONENT|  LENGTH
-005| -0.10 0.11
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VECTOR MG (NONDIMENSIONALIZED)
RIBBON NO. UNIT NO.
1 2 3 4 5
1 0090 0095| 0037 0061| 0046
2 0038| 0110 0008 0016 0010
3 0032 0148| 0015| 0048| 0012
4 0011| 0088| 0009 0034] 0026
5 0048| 0079| 0012 0008| 0082
6 0085| 0076| 0030 0033| 0035
MEAN 0051| 0099| 0018 0033| 0035
SLANDARD| 0028|0025 0011| 0018| 0024
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END-TO-END DISTANCE (NONDIMENSIONALIZED)
RIBBON NO. UNIT NO.
1 2 3 4 5
1 0872| 0673 0989| 0879 0993
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3 0834| 0396 1.132| 0847| 1018
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MEAN 0846| 0641 0978 0814 0943
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FIRST

SEGOND

THIRD

FOURTH

COMPARATIVE | COMPARATIVE | COMPARATIVE | COMPARATIVE | gy RCSENT
EXAWPLE | EXAMPLE | EXAWPLE | EXAWPLE
RIBBON TRIANGULAR
SURFACE | FLAT ARCH | SPIRAL | SHAPE | ALMOST
SHAPE FAN SHAPE
LENGTH OF SMALL TO
VARIANCE OF
VERPNCEOL | NONE | SMALL | SMALL | SMALL | LARGE
LENGTH OF
VENGTHOF | zERO | MEDIUM | MEDIUM | LARGE | SMALL
END-TO-END SMALL
DTOEND | LARGE | LARGE | SMALL | SMALL | SMALL.
VARIANCE OF
END-TO-END | NONE | SMALL | AMOST | smaLL | LARGE
DISTANCES
BENDING | noNE ONE ONE ONE BOTH
DIRECTION DIRECTION | DIRECTION | DIRECTION | DIRECTIONS
MAXIMUM
TRANSMISSION | POOR | POOR | POOR | POOR | GOOD

FIG. 18
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