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(54) YARN SPINNING SYSTEM

(57) An unintentional change in length of a slow cool-
ing space in an up-down direction is suppressed for a
long time and required airtightness of the slow cooling
space is maintained for a long time. A yarn spinning sys-
tem 1 includes a spinning apparatus 2 and a cooler 3
movable between an operation position and a mainte-
nance position. The yarn spinning system 1 further in-
cludes an air cylinder 28 which is configured to apply an
upward force to the cooler 3, a cylindrical portion 42 which
defines the length in an up-down direction of a slow cool-
ing space Ss formed between a spinneret 13 of the spin-
ning apparatus 2 and a cooling cylinder 21 of the cooler
3, and a seal 30 which seals a gap between the slow
cooling space Ss and the outside space So. The seal 30
includes a contact portion 53, a biasing portion 54 con-
figured to bias the contact portion 53 toward the cylindri-
cal portion 42, and a first attaching portion 51 and an
inner attaching plate 58 which seal a gap formed by the
contact portion 53 and the biasing portion 54.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a yarn spinning
system.
[0002] Patent Literature 1 (Japanese Laid-Open Pat-
ent Publication No. 2008-138301) discloses a yarn spin-
ning system configured to perform processes from spin-
ning out of yarns made of synthetic fibers to winding of
the yarns. To be more specific, the yarn spinning system
includes a spinning apparatus and a cooler. The spinning
apparatus has plural spinnerets and is configured to dis-
charge liquid molten polymer from each spinneret, as a
yarn material. The cooler includes plural cooling cylinders
provided to correspond to the respective spinnerets and
is configured to supply cooling air to the yarn material
through the cooling cylinders. The yarn material is solid-
ified by the cooling wind, with the result that a yarn formed
of at least one filament is formed.
[0003] In the up-down direction, a space (slow cooling
space) in which the descending yarn material is slowly
cooled is formed between the spinning apparatus and
the cooler. In order to suppress leakage of gas from the
slow cooling space to the external space outside the slow
cooling space, a sealing member (seal) is provided be-
tween the spinning apparatus and the cooler in the up-
down direction. The seal is used as a regulating member
(regulating portion) for regulating the length in the up-
down direction of the slow cooling space, too. Hereinaf-
ter, the seal used as the regulating portion is termed a
seal-cum-regulating portion.
[0004] Patent Literature 2 (Japanese Laid-Open Pat-
ent Publication No. 2016-108698) discloses a yarn spin-
ning system including a seal and a regulating portion that
are members different from each other. To be more spe-
cific, a cylindrical upper hood and an O-ring fitted to its
side surface are provided as seals on the spinning ap-
paratus side, whereas a cylindrical lower hood is provid-
ed as a seal on the cooler side. As the lower hood is
provided inside the upper hood in the radial direction, the
O-ring makes contact with the lower hood, with the result
that the slow cooling space is sealed. An upper clamping
stopper is provided as a regulating portion on the spinning
apparatus side, whereas a slider plate is provided as a
regulating portion on the cooler side.

SUMMARY OF THE INVENTION

[0005] Although not mentioned in Patent Literature 1,
flexible rubber is typically used as a material of the seal-
cum-regulating portion in order to improve the airtight-
ness of the slow cooling space. Because the tempera-
tures at around the spinning apparatus are high, i.e.,
about 260 to 300 degrees centigrade, the seal-cum-reg-
ulating portion tends to be deteriorated and deformed
due to the heat, with the result that the length of the slow
cooling space may be disadvantageously changed in the

up-down direction.
[0006] In this connection, as described in Patent Liter-
ature 2, it is possible to form the regulating portion by a
material different from rubber, when the seal and the reg-
ulating portion are provided to be independent from each
other. However, in the arrangement described in Patent
Literature 2, the O-ring attached to the hot upper hood
and making contact with the lower hood is typically an
O-ring made of rubber. On this account, the O-ring may
be deteriorated (i.e., the seal may be deteriorated) due
to the heat, and the required airtightness may not be
maintained for a long time.
[0007] An object of the present invention is to suppress
an unintentional change in length of a slow cooling space
in an up-down direction for a long time and to maintain
required airtightness of the slow cooling space for a long
time.
[0008] According to a first aspect of the invention, a
yarn spinning system comprises: a spinning apparatus
which includes spinnerets each of which is able to dis-
charge a yarn material; and a cooler which includes cool-
ing units capable of cooling the yarn material discharged
from the spinnerets and is provided below the spinning
apparatus, the yarn spinning system further comprising:
a movement mechanism which is able to move the cooler
between an operation position where the yarn material
is spun out and a maintenance position below the oper-
ation position and which is configured to exert an upward
force to the cooler when the cooler is at the operation
position; regulating portions which are provided between
the spinnerets and the cooling units in an up-down direc-
tion, respectively, and are arranged to define lengths in
the up-down direction of slow cooling spaces formed be-
tween the spinnerets and the cooling units in the up-down
direction, respectively, when the cooler is at the operation
position; and seals which are arranged to seal gaps be-
tween the slow cooling spaces and an outside space out-
side the slow cooling spaces in a horizontal direction per-
pendicular to the up-down direction, when the cooler is
at the operation position, each of the seals including: a
contact portion which is attached to one of the spinning
apparatus and the cooler, is provided to surround a cor-
responding one of the slow cooling spaces, and is ar-
ranged to make contact with the other of the spinning
apparatus and the cooler; a biasing portion which is at-
tached to the one of the spinning apparatus and the cool-
er, is independent from the movement mechanism, and
is configured to bias the contact portion in a predeter-
mined biasing direction toward the other of the spinning
apparatus and the cooler; and a partition wall portion
which is fixed to the one of the spinning apparatus and
the cooler, is arranged to seal each of the gaps formed
by the contact portion and the biasing portion, and sep-
arates a corresponding one of the slow cooling spaces
from the outside space.
[0009] According to this aspect of the invention, in the
seal, the biasing portion independent from the movement
mechanism is able to press the contact portion onto the
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other of the spinning apparatus and the cooler. Even if a
gap is formed between the slow cooling space and the
outside space by the contact portion and the biasing por-
tion, the gap can be closed by the partition wall portion.
Because the difference between the pressure of the slow
cooling space and the pressure of the outside space is
typically small, the required airtightness can be achieved
by the seal. It is therefore possible to seal the gap formed
between the slow cooling space and the outside space
to some degree, without using members made of a rubber
material as members forming the contact portion, the bi-
asing portion, and the partition wall portion.
[0010] Because of the presence of the seal, the regu-
lating portion may not be arranged to seal the gap be-
tween the slow cooling space and the outside space. It
is therefore possible to use a member that is not made
of a rubber material as a member constituting the regu-
lating portion. On this account, deterioration and defor-
mation of the regulating portion due to the heat generated
by the spinning apparatus are suppressed. On this ac-
count, unintentional changes in length of the slow cooling
space in the up-down direction are suppressed.
[0011] Due to this, it is possible to maintain the required
airtightness of the slow cooling space for a long time,
while suppressing unintentional changes in length of the
slow cooling space in the up-down direction for a long
time.
[0012] According to a second aspect of the invention,
the yarn spinning system of the first aspect is arranged
so that, when a temperature of the regulating portions is
identical with a temperature when the spinning apparatus
and the cooler are driven, the Young’s modulus of a ma-
terial of the regulating portions is equal to or higher than
10 GPa.
[0013] According to this aspect of the present inven-
tion, the Young’s modulus of the material of which the
regulating portion is made is high, i.e., 10 GPa, when the
spinning apparatus and the cooler are driven. It is there-
fore possible to effectively suppress deformation of the
regulating portion even if the regulating portion is pres-
surized as the cooler is pressed upward by the movement
mechanism.
[0014] According to a third aspect of the invention, the
yarn spinning system of the first or second aspect is ar-
ranged so that the regulating portions are made of a metal
material.
[0015] Metal materials typically have characteristics
such as a heat resisting property as compared to rubber
materials, and hence deterioration and deformation are
suppressed as compared to the rubber materials. Ac-
cording to the aspect of the invention, because the reg-
ulating portion is made of a metal material, it is possible
to effectively suppress the need of early replacement of
the regulating portion.
[0016] According to a fourth aspect of the invention,
the yarn spinning system of any one of the first to third
aspects is arranged so that, when a temperature of the
contact portion is identical with a temperature when the

spinning apparatus and the cooler are driven, the
Young’s modulus of a material of the contact portion is
equal to or higher than 10 GPa.
[0017] According to this aspect of the invention, be-
cause the contact portion is made of a hard material and
distortion is suppressed, it is possible to effectively sup-
press the need of early replacement of the contact por-
tion.
[0018] According to a fifth aspect of the invention, the
yarn spinning system of any one of the first to fourth as-
pects is arranged so that the contact portion is made of
a metal material.
[0019] In this aspect of the invention, because the con-
tact portion is made of a metal material that is typically
less likely to be deteriorated, it is possible to effectively
suppress the need of early replacement of the contact
portion.
[0020] According a sixth aspect of the invention, the
yarn spinning system of any one of the first to fifth aspects
is arranged so that the biasing portion includes a spring
member.
[0021] The spring member is typically formed by a met-
al member that is less likely to be deteriorated. Therefore,
the aspect of the invention makes it possible to effectively
avoid the necessity of early replacement of the biasing
portion.
[0022] According to a seventh aspect of the invention,
the yarn spinning system of the sixth aspect is arranged
so that the spring member is a compression coil spring.
[0023] In this aspect of the invention, because the com-
pression coil spring is typically inexpensive, it is possible
to suppress increase in the cost of components.
[0024] According to an eighth aspect of the invention,
the yarn spinning system of any one of the first to seventh
aspects is arranged so that the one of the spinning ap-
paratus and the cooler is the cooler.
[0025] Members constituting the seal may be attached
to the spinning apparatus. In this case, however, many
members constituting the seal may be deteriorated due
to the heat generated by the spinning apparatus. Accord-
ing to the aspect of the invention, it is possible to suppress
excessive heating of these members because the mem-
bers constituting the seal are attached to the cooler.
[0026] According to a ninth aspect of the invention, the
yarn spinning system of any one of the first to eighth
aspects is arranged so that the other of the spinning ap-
paratus and the cooler includes extending portion which
are provided to surround the respective slow cooling
spaces when viewed in the up-down direction and which
extend in the up-down direction, the contact portion is
disposed to be in contact with a circumferential surface
of a corresponding one of the extending portions, and
the biasing direction intersects with the up-down direc-
tion.
[0027] The length in the up-down direction of the slow
cooling space is typically required to be equal to or shorter
than a predetermined length, in order to secure a good
yarn quality. On this account, the size in the up-down
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direction of the seal is severely restricted. Furthermore,
because the biasing portion typically contracts and ex-
tends or moves in the biasing direction, an installation
space having a sufficient size must be secured in the
biasing direction. For this reason, when, for example, the
biasing direction is substantially in parallel to the up-down
direction, the degree of freedom in designing the biasing
portion may be significantly lowered. In this regard, ac-
cording to the aspect of the invention, the biasing direc-
tion intersects with the up-down direction (i.e., has a com-
ponent in the horizontal direction). It is therefore possible
to secure an installation space of the biasing portion in
the horizontal direction, even if the size in the up-down
direction of the seal is severely restricted. Due to this,
the degree of freedom in designing the biasing portion is
improved.
[0028] The length in the up-down direction of the slow
cooling space must be particularly short when a narrow
yarn is spun out. The slow cooling space is a relatively
unstable region provided between the spinning appara-
tus and the cooler. On this account, when the slow cooling
space is excessively long in the up-down direction, a nar-
row yarn particularly susceptible to external disturbance
may be unstable in quality. In this regard, the present
invention is particularly effective when a narrow yarn is
produced, because the size of the seal is reduced in the
up-down direction.
[0029] According to a tenth aspect of the invention, the
yarn spinning system of the ninth aspect is arranged so
that the regulating portions include the respective extend-
ing portions, and the extending portions define the
lengths in the up-down direction of the respective slow
cooling spaces.
[0030] In this aspect of the invention, the extending
portions are each in contact with the contact portion and
function as the regulating portions. It is therefore possible
to reduce the number of components as compared to an
arrangement in which a member in contact with the con-
tact portion is different from a member constituting the
regulating portion.
[0031] According to an eleventh aspect of the inven-
tion, the yarn spinning system of the tenth aspect further
comprises a regulating surface which is positionally fixed
in the up-down direction relative to the one of the spinning
apparatus and the cooler and is arranged to be in contact
with a leading end in the up-down direction of each of
the extending portions when the cooler is at the operation
position, the regulating surface being flat along the hor-
izontal direction.
[0032] When the regulating surface in contact with the
regulating portion is tilted relative to the horizontal direc-
tion, a change of the relative positions between the reg-
ulating portion and the regulating surface in the horizontal
direction may result in a change of the relative positions
between the regulating portion and the regulating surface
in the up-down direction. Due to this, the length of the
slow cooling space may be disadvantageously changed
in the up-down direction. According to the aspect of the

invention, because the regulating surface is arranged to
be flat along the horizontal direction, the disadvantage
is suppressed.
[0033] According to a twelfth aspect of the invention,
the yarn spinning system of any one of the ninth to elev-
enth aspects is arranged so that, when the cooler moves
from the maintenance position to the operation position,
the contact portion makes contact with the corresponding
one of the extending portions so as to be movable at least
in the horizontal direction against a biasing force of the
biasing portion.
[0034] In this aspect of the invention, when the cooler
moves from the maintenance position to the operation
position, the contact portion is pressed by each of the
extending portions and moved, even when the horizontal
position of the contact portion is slightly deviated from
the horizontal position of each of the extending portions.
It is therefore possible to compensate a horizontal posi-
tion deviation between each of the extending portions
and the contact portion, while arranging each of the ex-
tending portions and the contact portion to be closely in
contact with each other.
[0035] According to a thirteenth aspect of the invention,
the yarn spinning system of any one of the ninth to twelfth
aspects is arranged so that the circumferential surface
of each of the extending portions includes an inner cir-
cumferential surface of each of the extending portions,
the contact portion includes inner contact pieces which
are aligned in a circumferential direction of the corre-
sponding one of the extending portions and are provided
to make contact with the inner circumferential surface of
the corresponding one of the extending portions, the bi-
asing portion includes inner biasing members which bias
the inner contact pieces toward the inner circumferential
surface, and when the corresponding one of the extend-
ing portions is in contact with the inner contact pieces,
inner gaps that are gaps formed between the inner con-
tact pieces in the circumferential direction are narrow in
the circumferential direction as compared to a case
where each of the extending portions is distanced from
the inner contact pieces.
[0036] In an arrangement in which the contact portion
makes contact with the circumferential surface of each
of the extending portions, it is difficult to completely sur-
round the slow cooling space by a member constituting
the contact portion. In this regard, the aspect of the in-
vention makes it possible to narrow the gap between the
inner contact pieces in the circumferential direction, when
each of the extending portions is in contact with the con-
tact portion. It is therefore possible to minimize the de-
crease of the airtightness of the slow cooling space.
[0037] According to a fourteenth aspect of the inven-
tion, the yarn spinning system of the thirteenth aspect is
arranged so that each of the inner contact pieces has an
inner pressing surface that is provided at an outer end
portion in a radial direction that is orthogonal to both the
up-down direction and the circumferential direction, and
when the corresponding one of the extending portions is
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distanced from the inner contact pieces, the inner press-
ing surface at least partially overlaps each of the extend-
ing portions in the up-down direction and faces outward
in the radial direction and toward the corresponding one
of the extending portions in the up-down direction.
[0038] In this aspect of the invention, when each of the
extending portions and the inner contact piece make con-
tact with each other, the inner contact piece is pressed
inward in the radial direction as each of the extending
portions makes contact with the inner pressing surface.
This allows each of the extending portions and the inner
contact piece in contact with each other to smoothly move
in the up-down direction relative to each other and allows
the inner contact piece to move inward in the radial di-
rection. It is therefore possible to cause the inner circum-
ferential surface of each of the extending portions and
the inner contact piece to make contact with each other
simply by moving each of the extending portions and the
inner contact piece in the up-down direction relative to
each other.
[0039] According to a fifteenth aspect of the invention,
the yarn spinning system of the thirteenth or fourteenth
aspect is arranged so that the other of the spinning ap-
paratus and the cooler includes disc-shaped portions
which are adjacent to the respective extending portions
in the up-down direction and are provided to be close to
the other of the spinning apparatus and the cooler as
compared to the extending portions, and a corresponding
one of the disc-shaped portions at least partially overlaps
the inner contact pieces in the up-down direction.
[0040] In this aspect of the invention, when each of the
extending portions is in contact with inner contact pieces,
the space in the vicinity of the inner contact pieces can
be narrowed in the up-down direction by the disc-shaped
portion. This arrangement further improves the airtight-
ness of the slow cooling space.
[0041] According to a sixteenth aspect of the invention,
the yarn spinning system of the fifteenth aspect is ar-
ranged so that the corresponding one of the disc-shaped
portions opposes the partition wall portion in the up-down
direction.
[0042] In this aspect of the invention, it is possible to
narrow the space in the vicinity of the inner contact pieces
in the up-down direction by the disc-shaped portion and
the partition wall portion. This arrangement further im-
proves the airtightness of the slow cooling space.
[0043] According to a seventeenth aspect of the inven-
tion, the yarn spinning system of any one of the thirteenth
to sixteenth aspects is arranged so that the circumferen-
tial surface of each of the extending portions includes an
outer circumferential surface of each of the extending
portions, the contact portion includes outer contact piec-
es which are aligned in the circumferential direction of
the corresponding one of the extending portions and are
provided to make contact with the outer circumferential
surface of the corresponding one of the extending por-
tions, and the biasing portion includes outer biasing
members which bias the respective outer contact pieces

toward the outer circumferential surface.
[0044] With this aspect of the invention, the outer con-
tact pieces further improve the airtightness of the slow
cooling space.
[0045] According to an eighteenth aspect of the inven-
tion, the yarn spinning system of the seventeenth aspect
is arranged so that each of the outer contact pieces has
an outer pressing surface that is provided at an inner end
portion in the radial direction that is orthogonal to both
the up-down direction and the circumferential direction,
and when each of the extending portions is distanced
from the outer contact pieces, the outer pressing surface
at least partially overlaps the corresponding one of the
extending portions in the up-down direction and faces
inward in the radial direction and toward the correspond-
ing one of the extending portions in the up-down direction.
[0046] In this aspect of the invention, it is possible to
cause the outer circumference of each of the extending
portions and the outer contact piece to make contact with
each other simply by moving each of the extending por-
tions and the outer contact piece in the up-down direction
relative to each other.
[0047] According to a nineteenth aspect of the inven-
tion, the yarn spinning system of the seventeenth or eight-
eenth aspect is arranged so that outer gaps that are gaps
formed between the outer contact pieces in the circum-
ferential direction are positionally different from the inner
gaps in the circumferential direction.
[0048] In this aspect of the invention, even if a passage
of gas is unintentionally formed between the outer gaps
and the inner gaps, it is possible to elongate the passage.
This further suppresses gas from going in and out be-
tween the slow cooling space and the space outside the
slow cooling space. On this account, the airtightness of
the slow cooling space is further improved.
[0049] According to a 20th aspect of the invention, the
yarn spinning system of any one of the ninth to nineteenth
aspects is arranged so that each of the extending portions
is ring-shaped when viewed in the up-down direction.
[0050] This aspect of the invention simplifies the shape
of each of the extending portions.
[0051] According to a 21st aspect of the invention, the
yarn spinning system of any one of the first to eighth
aspects is arranged so that the contact portion includes
a surrounding portion which surrounds a corresponding
slow cooling space among the slow cooling spaces, the
biasing portion is configured to bias the surrounding por-
tion in the up-down direction, in a radial direction of the
surrounding portion, the partition wall portion is provided
(i) either inside the surrounding portion and the biasing
portion or outside the surrounding portion and the biasing
portion or (ii) both inside the surrounding portion and the
biasing portion and outside the surrounding portion and
the biasing portion, and the surrounding portion has an
end face which faces the other of the spinning apparatus
and the cooler in the up-down direction.
[0052] This aspect of the invention makes it possible
to secure the airtightness of the slow cooling space by
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causing the end face to make contact with the other of
the spinning apparatus and the cooler. In this arrange-
ment, the contact portion can be formed by a single com-
ponent and the biasing direction can be set as a single
direction. The structure of the seal is therefore simplified.
[0053] According to a 22nd aspect of the invention, the
yarn spinning system of the 21st aspect is arranged so
that the other of the spinning apparatus and the cooler
has a contact surface which is provided to make contact
with the end face of the surrounding portion, and when
viewed in the up-down direction, one of the end face and
the contact surface is inside the contour of the other of
the end face and the contact surface.
[0054] In this aspect of the invention, even when the
horizontal position of the contact portion is slightly devi-
ated from the horizontal position of the other of the spin-
ning apparatus and the cooler, the deviation does not
hinder the achievement of the airtightness of the slow
cooling space.
[0055] According to a 23rd aspect of the invention, the
yarn spinning system of any one of the first to 22nd as-
pects is arranged so that, when the spinning apparatus
and the cooler are driven, an absolute value of a differ-
ence between the pressure of each of the slow cooling
spaces and the pressure of the outside space is less than
20 Pa.
[0056] In this aspect of the invention, because the dif-
ference between the pressure of the slow cooling space
and the pressure of the outside space is small, gas leak-
age is easily suppressed when the contact portion is
closely in contact with the other of the spinning apparatus
and the cooler to some degree. On this account, the re-
quired airtightness of the slow cooling space can be eas-
ily achieved by the seal.
[0057] According to a 24th aspect of the invention, the
yarn spinning system of any one of the first to 23rd as-
pects is arranged so that the regulating portions are
formed by a single common member.
[0058] When plural regulating portions are formed by
different members, the slow cooling spaces may be dif-
ferent in length in the up-down direction due to manufac-
turing variations between the regulating portions. The as-
pect of the invention makes it possible to suppress such
variations in length in the up-down direction between the
slow cooling spaces, because the regulating portions are
formed of the common member.
[0059] According to a 25th aspect of the invention, the
yarn spinning system of any one of the first to 24th as-
pects is arranged so that the contact portion is independ-
ent from the regulating portions.
[0060] This aspect of the invention makes it possible
to maintain the length of the slow cooling space to be
constant by the regulating portion, even if the contact
portion is worn or deformed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061]

FIG. 1 is a schematic representation of a yarn spin-
ning system of an embodiment.
FIG. 2 illustrates a state in which a cooler is at a
maintenance position.
FIG. 3 is a perspective view of the slow cooling unit
and its surroundings.
FIG. 4(a) is a side cross sectional view of the slow
cooling unit and its surroundings. FIG. 4(b) is a partial
enlarged view of FIG. 4(a).
FIG. 5 is a cross section taken along a line V-V in
FIG. 4(a).
Each of FIGs. 6(a) and 6(b) illustrates an operation
of a sealing unit.
FIG. 7(a) is a side cross sectional view of the sealing
unit and its surroundings when the cooler is at an
operation position. FIG. 7(b) is a partial enlarged
view of FIG. 7(a).
FIG. 8 is a cross section taken along a line VIII-VIII
in FIG. 7(a).
Each of FIG. 9(a) and FIG. 9(b) is a side cross sec-
tional view of a sealing unit of a modification and its
surroundings.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0062] The following will describe an embodiment of
the present invention. Hereinafter, directions shown in
FIG. 1 will be consistently used as an up-down direction
and a front-rear direction, for convenience of explanation.
The up-down direction (the up-down direction in the plane
of FIG. 1) is a vertical direction in which the gravity acts.
The front-rear direction (the left-right direction in the
plane of FIG. 1) is a direction orthogonal to the up-down
direction. A direction orthogonal to both the up-down di-
rection and the front-rear direction (i.e., a direction per-
pendicular to the plane of FIG. 1) is set as a left-right
direction.

(Yarn Spinning System)

[0063] The following will outline a yarn spinning system
1 of the present embodiment, with reference to the sche-
matic representation of FIG. 1. The yarn spinning system
1 is a system configured to generate yarns Y formed of
synthetic fibers. The yarn spinning system 1 includes a
spinning apparatus 2, a cooler 3, a slow cooling unit 4,
and an oil applicator 5.
[0064] The spinning apparatus 2 is a melt spinning de-
vice configured to be able to spin out yarns Y made of
molten polymer. The spinning apparatus 2 includes a
frame 10 that is substantially rectangular parallelepiped
in shape, pack housings 11 formed in the frame 10, and
spinning packs 12 attached to the respective pack hous-
ings 11. The spinning packs 12 are, for example, stag-
gered to form two lines along the left-right direction. (The
packs are not illustrated. As to the arrangement in the
horizontal direction, see, e.g., later-described cooling cyl-
inders 21 shown in FIG. 3.) To each spinning pack 12,

9 10 



EP 4 345 198 A1

7

5

10

15

20

25

30

35

40

45

50

55

hot liquid molten polymer (yarn material) is supplied from
an unillustrated pipe. At a lower end portion of each spin-
ning pack 12, a spinneret 13 which is substantially disc-
shaped is provided. The spinneret 13 has, for example,
plural nozzles (not illustrated). The spinning pack 12
spins the yarn material out from the nozzles of the spin-
neret 13 (i.e., spins out a yarn Y) . The yarn material spun
out through the nozzles is cooled at the cooler 3 so that
the yarn Y constituted by filaments f is formed. As such,
one yarn Y is spun out from one spinneret 13. Alterna-
tively, each spinneret 13 has only one nozzle. In such a
case, the yarn Y is a mono-filament yarn. It is noted that
the yarn material immediately after being discharged
from the spinneret 13 (i.e., before cooled and solidified)
is also equivalent to the yarn of the present invention.
Furthermore, the spinning apparatus 2 is provided with
an upper sealing member 31 (described later).
[0065] The cooler 3 is configured to cool and solidify
the yarn material discharged from the spinnerets 13, by
means of cooling wind. The cooler 3 is provided below
the spinning apparatus 2. As shown in FIG. 1, the cooler
3 includes a box 20 and cooling cylinders 21 (cooling
units of the present invention). FIG. 1 shows only one
cooling cylinder 21.
[0066] The box 20 is a hollow member which is sub-
stantially rectangular parallelepiped in shape and to
which plural cooling cylinders 21 are attached. At an up-
per end portion of the box 20, a top surface 20a that is
substantially flat is formed to extend substantially hori-
zontally. As shown in FIG. 1, for example, the internal
space of the box 20 is partitioned into an upper space
and a lower space by a flow adjustment plate 26 that is
substantially horizontally provided. The flow adjustment
plate 26 is made of a material having flow adjustment
capability such as punching metal.
[0067] The cooling cylinders 21 are arranged to guide
cooling wind to the yarn material. The cooling cylinders
21 are accommodated in the box 20 and fixed to the box
20. The cooling cylinders 21 extend in the up-down di-
rection. The cooling cylinders 21 are provided immedi-
ately below the respective spinnerets 13. In other words,
when viewed in the up-down direction, the cooling cylin-
der 21 is provided to surround the yarn material spun out
from the spinneret 13. Each cooling cylinder 21 includes
a punching filter 22 and a cooling filter 23. The punching
filter 22 is a substantially cylindrical member. Being sim-
ilar to the flow adjustment plate 26, the punching filter 22
is also formed of a material having flow adjustment ca-
pability such as punching metal. The punching filter 22
extends from the position of the lower end portion of the
upper space (that is a space above the flow adjustment
plate 26) of the box 20 to the position of the upper end
portion of the box 20. The cooling filter 23 is substantially
cylindrical in shape. A circumferential wall portion of the
cooling filter 23 is, for example, made of a mesh material
having flow adjustment capability. The cooling filter 23 is
provided inside the punching filter 22 in the radial direc-
tion. Being similar to the punching filter 22, the cooling

filter 23 extends from the position of the lower end portion
of the upper space of the box 20 to the position of the
upper end portion of the box 20.
[0068] In the lower space of the box 20 (i.e., a space
lower than the flow adjustment plate 26), partitioning cyl-
inders 24 are provided directly below the cooling cylin-
ders 21, respectively. Each partitioning cylinder 24 is ar-
ranged not to allow air to pass through in the radial di-
rection of the partitioning cylinder 24. The yarn material
which is discharged from a spinneret 13 and descends
passes through the internal space of the cooling cylinder
21 directly below the spinneret 13 and the internal space
of the partitioning cylinder 24 in this order.
[0069] To a rear part of a lower portion of the box 20,
a duct 27 is connected. The duct 27 is connected to a
compressed air source (not illustrated). The compressed
air source supplies air for cooling the yarn material to the
inside of the duct 27. The cooling air is supplied into the
lower space of the box 20 through the duct 27. The flow
of the air in the box 20 will be described below. (See the
arrows in FIG. 1.) The air which flows into the lower space
of the box 20 passes through the flow adjustment plate
26 to be adjusted to flow upward, and flows into the upper
space of the box 20. In this regard, because the wall of
the partitioning cylinder 24 does not allow air to pass
through, air does not directly flow from the lower space
of the box 20 into the partitioning cylinder 24. The air
which flows into the upper space of the box 20 is adjusted
while passing through the cooling cylinder 21. Subse-
quently, the air flows into the cooling cylinder 21 inward
in the radial direction. As a result, the air is blown onto
the yarn material from the entire outer circumference of
the cooling cylinder 21, and the yarn material is cooled
and made into the yarn Y.
[0070] The cooler 3 is arranged to be able to move in
the up-down direction by an air cylinder 28 (movement
mechanism of the present invention). To be more spe-
cific, the air cylinder 28 stands on the floor surface of a
factory, for example. A piston rod 28a extends in the up-
down direction. To the lower end of the box 20, a cover
member 29 extending downward is fixed. To a side face
of the cover member 29, a leading end portion of the
piston rod 28a is fixed. With this arrangement, as the air
cylinder 28 is driven, the entirety of the cooler 3 including
the box 20 is movable between the operation position
(see FIG. 1) where the yarn spinning system 1 operates
and the maintenance position (see FIG. 2) below the op-
eration position. When the cooler 3 is at the operation
position, the yarns Y can be generated. When the cooler
3 is at the operation position, upward force (toward the
spinning apparatus 2) is applied to the cooler 3 and the
slow cooling unit 4 by the air cylinder 28. When the cooler
3 is at the maintenance position, a working space Sw is
formed between the spinning apparatus 2 and the cooler
3 in the up-down direction. The working space Sw is a
space where an operator performs tasks such as clean-
ing of the spinneret 13 while the yarns Y are not spun
out from the spinning apparatus 2.
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[0071] The slow cooling unit 4 is provided between the
spinning apparatus 2 and the cooler 3 in the up-down
direction. The slow cooling unit 4 is arranged to gradually
cool the yarn material (i.e., perform slow cooling) until
the yarn material discharged from the spinning apparatus
2 is cooled by the cooler 3. The slow cooling unit 4 has
a slow cooling space Ss for slow cooling of the yarn ma-
terial. When the yarn spinning system 1 is driven, a dif-
ference between the pressure in the slow cooling space
Ss and the pressure in an outside space So (see FIG. 1)
outside the slow cooling space Ss in the horizontal direc-
tion is small, i.e., about 0 Pa or more and 20 Pa or less.
To put it differently, the slow cooling space Ss has a slight-
ly positive pressure as compared to the outside space
So. The slow cooling unit 4 will be detailed later.
[0072] The oil applicator 5 is configured to apply oil to
the yarns Y. The oil applicator 5 is provided below the
cooler 3. The oil applicator 5 includes oil guides (not il-
lustrated) with which the yarns Y cooled by the cooler 3
make contact, respectively. At this stage, the oil guides
discharge and apply oil to the respective yarns Y. The
yarns Y to which the oil has been applied by the oil ap-
plicator 5 are taken up by a take-up roller (not illustrated).
The yarns Y are then fed to a winding device (not illus-
trated). The yarns Y are wound onto bobbins (not illus-
trated) at the winding device.

(Details of Arrangement of Slow Cooling Unit)

[0073] The arrangement of the slow cooling unit 4 will
be detailed with reference to FIG. 3 to FIG. 5. FIG. 3 is
a perspective view of the slow cooling unit 4 and its sur-
roundings when the cooler 3 is at the operation position.
FIG. 3 does not show the spinning apparatus 2 in order
to avoid the complexity. FIG. 4(a) is a side cross sectional
view of the slow cooling unit 4 and its surroundings when
the cooler 3 is at the maintenance position. FIG. 4(b) is
an enlarged view of a part of FIG. 4(a) (i.e., a region R1
surrounded by a two-dot chain line). FIG. 5 is a cross
section taken along a line V-V in FIG. 4(a). To suppress
an unintentional change in length of the slow cooling
space Ss in the up-down direction for a long time and to
maintain the required airtightness of the slow cooling
space Ss for a long time, the slow cooling unit 4 is ar-
ranged as described below.
[0074] The slow cooling unit 4 includes a seal 30 that
is arranged to seal plural slow cooling spaces Ss. The
seal 30 includes plural lower sealing mechanisms 32 (see
FIG. 4(a) and FIG. 4(b)). The lower sealing mechanisms
32 are provided to seal the slow cooling spaces Ss to-
gether with the upper sealing member 31 (a common
member of the present invention; see FIG. 3, FIG. 4 (a),
and FIG. 4(b)). The upper sealing member 31 is provided
in the spinning apparatus 2. The lower sealing mecha-
nisms 32 are attached to the cooler 3. The spinning ap-
paratus 2 is equivalent to "the other of the spinning ap-
paratus and the cooler" in the present invention. The cool-
er 3 is equivalent to "one of the spinning apparatus and

the cooler" in the present invention. When the cooler 3
is at the maintenance position, the upper sealing member
31 is distanced from the lower sealing mechanisms 32
in the up-down direction (see FIG. 4(a) and FIG. 4(b)).
[0075] The upper sealing member 31 is commonly pro-
vided for sealing the slow cooling spaces Ss. The upper
sealing member 31 is provided between the spinnerets
13 and the cooling cylinders 21 in the up-down direction.
As shown in FIG. 3, the upper sealing member 31 extends
along the horizontal direction. The upper sealing member
31 is fixed to the bottom surface of the spinning apparatus
2 by means of, for example, unillustrated bolts. In other
words, the upper sealing member 31 is positionally fixed
relative to the spinning apparatus 2 in the up-down di-
rection. In the up-down direction, for example, a heat
insulation member 33 is provided between the upper
sealing member 31 and the spinning apparatus 2. The
upper sealing member 31 is made of, for example, a met-
al material. The Young’s modulus of the material of which
the upper sealing member 31 is made is, for example,
10 GPa or higher when the temperature of the upper
sealing member 31 is equal to a temperature at which
the spinning apparatus 2 and the cooler 3 are driven. As
shown in FIG. 4(a) and FIG. 4(b), the upper sealing mem-
ber 31 includes a substantially flat plate portion 41 ex-
tending along the horizontal direction and plural cylindri-
cal portions 42 each of which is integrated with the plate
portion 41 and is substantially cylindrical in shape. The
phrase "integrated with" indicates that the plate portion
41 and the cylindrical portions 42 are arranged in one of
the following ways. The plate portion 41 and the cylindri-
cal portions 42 may be formed of a single member. Al-
ternatively, the plate portion 41 may be a member inde-
pendent from the cylindrical portions 42, and they may
be fixed to one another by, for example, welding or screw-
ing. The cylindrical portion 42 is equivalent to an extend-
ing portion and a regulating portion of the present inven-
tion. To put it differently, the regulating portion is formed
of the cylindrical portion 42 and is included in the extend-
ing portion.
[0076] In the plate portion 41, plural through holes 43
are formed to penetrate the plate portion 41 in the up-
down direction (see FIG. 3 and FIG. 4(a)). The through
holes 43 are provided to correspond to the respective
spinnerets 13 and the respective cooling cylinders 21.
Each of the through holes 43 is substantially circular
when viewed in the up-down direction. Each through hole
43 is provided to overlap the corresponding spinneret 13
and the corresponding cooling cylinder 21 in the up-down
direction. The cylindrical portions 42 are provided in the
vicinity of the respective through holes 43. Each of the
cylindrical portions 42 are provided outside the through
hole 43 in the radial direction of the corresponding spin-
neret 13. That is to say, the plate portion 41 has plural
substantially disc-shaped portions that are provided out-
side the through hole 43 and inside the cylindrical portion
42 in the radial direction of each through hole 43. Here-
inafter, the substantially disc-shaped portions will be
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termed disc-shaped portions 44. To be more specific,
each of the disc-shaped portions 44 is a portion surround-
ed by each of two-dot chain lines in the plate portion 41
shown in FIG. 3. In the up-down direction, the disc-
shaped portion 44 is provided in the vicinity of the corre-
sponding cylindrical portion 42. Each cylindrical portion
42 protrudes downward from the bottom surface of the
plate portion 41 and extends in the up-down direction.
Each cylindrical portion 42 is provided to surround the
entire circumference of the corresponding slow cooling
space Ss. (In other words, each cylindrical portion 42 is
provided around the corresponding slow cooling space
Ss.) Each cylindrical portion 42 is substantially ring-
shaped when viewed in the up-down direction. Each cy-
lindrical portion 42 has an inner circumferential surface
45, an outer circumferential surface 46, and a bottom
surface 47 (see FIG. 4(b)). The inner circumferential sur-
face 45 is in contact with plural inner contact pieces 61
that will be described later. The outer circumferential sur-
face 46 is in contact with plural outer contact pieces 62
that will be described later. Each of the inner circumfer-
ential surface 45 and the outer circumferential surface
46 is circular in shape when viewed in the up-down di-
rection. The inner circumferential surface 45 and the out-
er circumferential surface 46 are encompassed in a cir-
cumferential surface of the present invention. The bottom
surface 47 is provided at a lower end in the up-down
direction of the cylindrical portion 42 (i.e., at the leading
end in the up-down direction). The bottom surface 47
defines the length in the up-down direction of the slow
cooling space Ss as the bottom surface 47 makes contact
with a later-described first attaching portion 51. The bot-
tom surface 47 is, for example, curved to be U-shaped
in a cross section in parallel to the up-down direction (see
FIG. 4(a) and FIG. 4(b)). It is noted that the shape of the
bottom surface 47 is not limited to this arrangement.
[0077] The lower sealing mechanisms 32 are provided
to correspond to the respective cylindrical portions 42 of
the upper sealing member 31 (and the respective disc-
shaped portions 44). The lower sealing mechanisms 32
are provided directly below the respective spinnerets 13.
Each of the lower sealing mechanisms 32 includes the
first attaching portion 51, a second attaching portion 52,
a contact portion 53, and a biasing portion 54 as shown
in FIG. 4(a) and FIG. 4(b). In summary, between the first
attaching portion 51 and the second attaching portion 52
that are lined up in the up-down direction and extend
substantially horizontally, the contact portion 53 and the
biasing portion 54 are provided. The first attaching por-
tion 51 and the second attaching portion 52 are arranged
to seal a gap formed by the contact portion 53 and the
biasing portion 54. The first attaching portion 51 and the
second attaching portion 52 are equivalent to a partition
wall portion of the present invention. The contact portion
53 is arranged to make contact with the corresponding
cylindrical portion 42. The contact portion 53 is independ-
ent from the cylindrical portion 42. The biasing portion
54 is arranged to bias the contact portion 53 toward the

cylindrical portion 42.
[0078] The explanation will be continued with the focus
on the lower sealing mechanism 32 shown in FIG. 4(a),
FIG. 4(b), and FIG. 5. For convenience, the circumfer-
ential direction of the cylindrical portion 42 corresponding
to the lower sealing mechanism 32 will be simply referred
to as a circumferential direction (see FIG. 5). The radial
direction of the cylindrical portion 42 will be simply re-
ferred to as a radial direction. The radial direction is a
direction orthogonal to both the up-down direction and
the circumferential direction.
[0079] The first attaching portion 51 is substantially
horizontally provided. The first attaching portion 51 is
made of, for example, a metal material. The Young’s
modulus of the material of which the first attaching portion
51 is made is, for example, 10 GPa or higher when the
temperature of the first attaching portion 51 is equal to a
temperature at which the spinning apparatus 2 and the
cooler 3 are driven. The first attaching portion 51 is, for
example, substantially disc-shaped. As shown in FIG.
4(b), the first attaching portion 51 includes a top surface
51a (regulating surface of the present invention). The top
surface 51a defines the length in the up-down direction
of the slow cooling space Ss as the top surface 51a
makes contact with the bottom surface 47 of the cylindri-
cal portion 42. The top surface 51a is substantially flat in
shape and is arranged to be substantially planar along
the horizontal direction. At a substantial center in the ra-
dial direction of the first attaching portion 51, a through
hole 51b is formed to penetrate the first attaching portion
51 in the up-down direction (see FIG. 4(b)). The through
hole 51b forms a part of the slow cooling space Ss in the
up-down direction. The first attaching portion 51 is fixed
to the upper end portion of the box 20 by means of, for
example, unillustrated bolts. In other words, the first at-
taching portion 51 is positionally fixed relative to the cool-
er 3 in the up-down direction. In the up-down direction,
for example, a plate-shaped sealing member 55 (see
FIG. 4(b)) is provided between the first attaching portion
51 and the upper end portion of the box 20. The sealing
member 55 is provided at a location relatively far from
the spinning apparatus 2 in the up-down direction. On
this account, the sealing member 55 may be made of a
rubber material, for example.
[0080] In the first attaching portion 51, to a part which
is in the vicinity of the through hole 51b, an inner fixing
ring 56 (see FIG. 4(a), FIG. 4(b), and FIG. 5) that is sub-
stantially ring-shaped is attached. The inner fixing ring
56 is made of a metal material, for example. The inner
fixing ring 56 is arranged to be substantially horizontal
and is fixed to the top surface 51a (see FIG. 4(b)) of the
first attaching portion 51 by, for example, unillustrated
bolts. The inner fixing ring 56 has plural recesses 56a
which are open inward in the radial direction. In the inner
fixing ring 56, furthermore, a through hole 56b is formed
at a position outside each recess 56a in the radial direc-
tion so as to penetrate the inner fixing ring 56 in a direction
in parallel to the radial direction. Into the recesses 56a
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and the through holes 56b, bolt members B1 are inserted,
respectively. The bolt members B1 are fixed to the later-
described inner contact pieces 61. Each of the bolt mem-
bers B1 is, for example, a known half-threaded bolt (i.e.,
a male screw is formed only at a portion on the leading
end side). The leading end portion of the bolt member
B1 extends outward in the radial direction (see FIG. 4(a)
and FIG. 4(b)). Outward movement of a head portion of
the bolt member B1 in the radial direction is restricted by
the periphery of the through hole 56b of the inner fixing
ring 56.
[0081] On the outer side of the inner fixing ring 56 in
the radial direction (to be more specific, at around the
outer end portion of the first attaching portion 51 in the
radial direction), an outer fixing ring 57 (see FIG. 4 (a),
FIG. 4(b), and FIG. 5) that is substantially ring-shaped is
provided. The outer fixing ring 57 is made of, for example,
a metal material. The outer fixing ring 57 is arranged to
be substantially horizontal and is fixed to the top surface
51a of the first attaching portion 51 by, for example, un-
illustrated bolts. The outer fixing ring 57 has plural re-
cesses 57a which are open outward in the radial direc-
tion. In the outer fixing ring 57, furthermore, a through
hole 57b is formed at a position inside each recess 57a
in the radial direction so as to penetrate the outer fixing
ring 57 in a direction in parallel to the radial direction. Into
the recesses 57a and the through holes 57b, bolt mem-
bers B2 are inserted, respectively. The bolt members B2
are fixed to the later-described outer contact pieces 62.
Each of the bolt members B2 is, for example, a known
half-threaded bolt in the same manner as the bolt mem-
ber B1. The leading end portion of the bolt member B2
extends inward in the radial direction (see FIG. 4(a) and
FIG. 4(b)). Inward movement of a head portion of the bolt
member B2 in the radial direction is restricted by the pe-
riphery of the through hole 57b of the outer fixing ring 57.
[0082] The second attaching portion 52 includes an
inner attaching plate 58 and an outer attaching plate 59
(see FIG. 4(a) and FIG. 4(b)). The second attaching por-
tion 52 is made of, for example, a metal material. The
inner attaching plate 58 is substantially disc-shaped. In
the inner attaching plate 58, a through hole 58a is formed
to penetrate the inner attaching plate 58 in the up-down
direction (see FIG. 4(b)). The through hole 58a forms a
part of the slow cooling space Ss in the up-down direction.
When viewed in the up-down direction, the center of the
through hole 58a is substantially identical with the center
of the through hole 51b in term of position. The inner
attaching plate 58 is fixed to the upper end face of the
inner fixing ring 56 by means of, for example, unillustrated
bolts. The inner attaching plate 58 at least partially over-
laps the disc-shaped portion 44 in the up-down direction
(see FIG. 4(a)). In other words, the inner attaching plate
58 opposes the disc-shaped portion 44 in the up-down
direction. The outer attaching plate 59 is substantially
disc-shaped. The outer attaching plate 59 is fixed to the
upper end face of the outer fixing ring 57 by means of,
for example, unillustrated bolts. The outer attaching plate

59 is provided outside the inner attaching plate 58 in the
radial direction. The position in the up-down direction of
the outer attaching plate 59 is substantially identical with
the position in the up-down direction of the inner attaching
plate 58. In the radial direction, a gap G is formed between
the outer attaching plate 59 and the inner attaching plate
58 (see FIG. 4(a) and FIG. 4(b)).
[0083] The contact portion 53 is provided between the
first attaching portion 51 and the second attaching portion
52 in the up-down direction. The contact portion 53 in-
cludes plural inner contact pieces 61 and plural outer
contact pieces 62 (see FIG. 4(a), FIG. 4(b), and FIG. 5).
When the cooler 3 is at the maintenance position, the
cylindrical portion 42 is distanced from the contact portion
53 in the up-down direction. (Hereinafter, this state will
be termed a distanced state.) The contact portion 53 is
movable in the up-down direction relative to the cylindri-
cal portion 42, in accordance with the movement of the
cooler 3 in the up-down direction. In other words, the
cylindrical portion 42 and the contact portion 53 are mov-
able relative to each other in the up-down direction. The
cylindrical portion 42 and the contact portion 53 are there-
fore switchable between the distanced state and a con-
tact state (detailed later) in which these portions are in
contact with each other.
[0084] The inner contact pieces 61 are arranged to
make contact with the inner circumferential surface 45
of the cylindrical portion 42 (as detailed later). Each of
the inner contact piece 61 is made of, for example, a
metal material. The Young’s modulus of the material of
which each inner contact piece 61 is made is, for exam-
ple, 10 GPa or higher when the temperature of each inner
contact piece 61 is equal to a temperature at which the
spinning apparatus 2 and the cooler 3 are driven. As
shown in FIG. 4(a) to FIG. 5, the inner contact pieces 61
are provided outside the inner fixing ring 56 in the radial
direction. Each of the inner contact pieces 61 is shaped
as a piece of a substantially ring-shaped ring member
(not illustrated) divided in the circumferential direction.
In the present embodiment, the contact portion 53 in-
cludes three inner contact pieces 61. To be more specific,
when viewed in the up-down direction, the shape of a
surface (outer circumferential surface 61a) on the outer
side in the radial direction of each inner contact piece 61
is an arc formed by equally dividing a circle into three
(see FIG. 5). The curvature radius of the outer circum-
ferential surface 61a is substantially identical with the
radius of the inner circumferential surface 45 of the cy-
lindrical portion 42. In the inner circumferential surface
of each inner contact piece 61, female screws (not illus-
trated) are formed to be separated from one another in
the circumferential direction. The above-described male
screw of the bolt member B1 is screwed into the female
screw. The inner contact pieces 61 at least partially over-
lap the disc-shaped portion 44 in the up-down direction.
The inner contact pieces 61 are arranged to be movable
in the radial direction. To be more specific, each inner
contact piece 61 is slidable in the radial direction relative
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to the first attaching portion 51 and the second attaching
portion 52. The bottom surface of each inner contact
piece 61 is in contact with, for example, the top surface
51a of the first attaching portion 51. The distance be-
tween the top surface of each inner contact piece 61 and
the bottom surface of the second attaching portion 52 in
the up-down direction is about 0.2 mm. Surfaces (end
faces 61b) formed at the respective ends in the circum-
ferential direction of each inner contact piece 61 are pro-
vided to be able to make contact with the end faces 61b
of the neighboring inner contact piece 61 in the circum-
ferential direction (as detailed later). Between the two
opposing end faces 61b, an inner gap G1 is formed.
[0085] At an outer end portion in the radial direction of
each inner contact piece 61, an inner pressing surface
61c (see FIG. 4(b)) is formed. When the cylindrical portion
42 and the contact portion 53 are in the above-described
distanced state, the inner pressing surface 61c at least
partially overlaps the cylindrical portion 42 in the up-down
direction. When the cylindrical portion 42 and the contact
portion 53 are in the above-described distanced state,
the inner pressing surface 61c faces outward in the radial
direction and toward the cylindrical portion 42 side in the
up-down direction (i.e., upward in the present embodi-
ment).
[0086] The outer contact pieces 62 are arranged to
make contact with the outer circumferential surface 46
of the cylindrical portion 42 (as detailed later). Each of
the outer contact pieces 62 is made of, for example, a
metal material. The Young’s modulus of the material of
which each outer contact piece 62 is made is, for exam-
ple, 10 GPa or higher when the temperature of each outer
contact piece 62 is equal to a temperature at which the
spinning apparatus 2 and the cooler 3 are driven. The
outer contact pieces 62 are provided outside the inner
contact pieces 61 in the radial direction and inside the
outer fixing ring 57 in the radial direction. Each of the
outer contact pieces 62 is shaped as a piece of a sub-
stantially ring-shaped ring member (not illustrated) divid-
ed in the circumferential direction. In the present embod-
iment, the contact portion 53 includes three outer contact
pieces 62. To be more specific, when viewed in the up-
down direction, the shape of a surface (inner circumfer-
ential surface 62a) on the inner side in the radial direction
of each outer contact piece 62 is, for example, an arc
formed by equally dividing a circle into three (see FIG.
5). The curvature radius of the inner circumferential sur-
face 62a is substantially identical with the radius of the
outer circumferential surface 46 of the cylindrical portion
42. In the outer circumference of each outer contact piece
62, female screws (not illustrated) are formed to be sep-
arated from one another in the circumferential direction.
The above-described male screw of the bolt member B2
is screwed into the female screw. The outer contact piec-
es 62 are arranged to be movable in the radial direction.
To be more specific, each outer contact piece 62 is slid-
able in the radial direction relative to the first attaching
portion 51 and the second attaching portion 52. The bot-

tom surface of each outer contact piece 62 is in contact
with, for example, the top surface 51a of the first attaching
portion 51. The distance between the top surface of each
outer contact piece 62 and the bottom surface of the sec-
ond attaching portion 52 in the up-down direction is about
0.2 mm. Surfaces (end faces 62b) formed at the respec-
tive ends in the circumferential direction of each outer
contact piece 62 are provided to be positionally different
from the end faces 61b in the circumferential direction.
In other words, an outer gap G2 formed between two
opposing end faces 62b is positionally different from the
inner gap G1 in the circumferential direction.
[0087] At an inner end portion in the radial direction of
each outer contact piece 62, an outer pressing surface
62c (see FIG. 4(b)) is formed. When the cylindrical portion
42 and the contact portion 53 are in the distanced state,
the outer pressing surface 62c at least partially overlaps
the cylindrical portion 42 in the up-down direction. When
the cylindrical portion 42 and the contact portion 53 are
in the distanced state, the outer pressing surface 62c
faces inward in the radial direction and toward the cylin-
drical portion 42 side in the up-down direction (i.e., up-
ward in the present embodiment).
[0088] The biasing portion 54 is provided with spring
members 71 (biasing members). Each spring member
71 is, for example, a compression coil spring made of a
metal material. As shown in FIG. 4(a) to FIG. 5, the spring
members 71 include inner spring members 72 (inner bi-
asing members of the present invention) and outer spring
members 73 (outer biasing members of the present in-
vention). The inner spring members 72 are provided out-
side the inner fixing ring 56 and inside the inner contact
pieces 61 in the radial direction. In the present embodi-
ment, for example, six inner spring members 72 are pro-
vided as the inner spring members 72 (see FIG. 5). Two
inner spring members 72 are provided to correspond to
one inner contact piece 61. Into each inner spring mem-
ber 72, a part of the bolt member B1, which is between
the head portion and the male screw, is inserted. One
end of the inner spring member 72 is in contact with the
outer circumferential surface of the inner fixing ring 56.
The other end of the inner spring member 72 is in contact
with the inner circumferential surface of the correspond-
ing inner contact piece 61. With this arrangement, each
inner spring member 72 biases the corresponding inner
contact piece 61 outward in the radial direction.
[0089] The outer spring members 73 are provided out-
side the outer contact pieces 62 and inside the outer fixing
ring 57 in the radial direction. In the present embodiment,
for example, six inner spring member 72 are provided as
the outer spring members 73 (see FIG. 5). Two outer
spring members 73 are provided to correspond to one
outer contact piece 62. Into each outer spring member
73, a part of the bolt member B2, which is between the
head portion and the male screw, is inserted. One end
of the outer spring member 73 is in contact with the inner
circumferential surface of the outer fixing ring 57. The
other end of the outer spring member 73 is in contact
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with the outer circumference of the corresponding outer
contact piece 62. With this arrangement, each outer
spring member 73 biases the corresponding outer con-
tact piece 62 inward in the radial direction. When the
cylindrical portion 42 and the contact portion 53 are in
the distanced state, the outer circumferential surface 61a
of the inner contact piece 61 is in contact with the inner
circumferential surface 62a of the outer contact piece 62.
[0090] When the cylindrical portion 42 and the contact
portion 53 are in the distanced state, the operator is al-
lowed to reach members such as the spinneret 13 by a
cleaning tool (not illustrated), through the gap formed be-
tween the cylindrical portion 42 and the contact portion
53. The operator is therefore able to perform mainte-
nance operations including cleaning of members such
as the spinneret 13.

(Operations of Sealing Mechanism)

[0091] Now, the following will describe operations of
the seal 30 when the cooler 3 is moved up from the main-
tenance position to the operation position, with reference
to FIG. 6(a) to FIG. 8. FIG. 6(a) illustrates the operations
of the lower sealing mechanism 32 when the contact por-
tion 53 starts to make contact with the cylindrical portion
42. FIG. 6(b) illustrates a state in which the lower sealing
mechanism 32 is further moved up from the state shown
in FIG. 6(a). FIG. 7(a) is a side cross sectional view of
the slow cooling unit 4 and its surroundings when the
cooler 3 is at the operation position. FIG. 7(b) is an en-
larged view of a part of FIG. 7(a) (i.e., a region R2 sur-
rounded by a two-dot chain line). FIG. 8 is a cross section
taken along a line VIII-VIII in FIG. 7(a).
[0092] As the cooler 3 at the maintenance position is
moved upward by the air cylinder 28, the cooler 3 is as-
cended to the operation position. Accordingly, the lower
sealing mechanism 32 attached to the cooler 3 is ascend-
ed, too (see an arrow in FIG. 6(a)). In the ascending proc-
ess of the lower sealing mechanism 32, as shown in FIG.
6(a), a lower part of the cylindrical portion 42 relatively
passes through the gap between the inner attaching plate
58 and the outer attaching plate 59, and the inner contact
piece 61 and the outer contact piece 62 of the contact
portion 53 make contact with the cylindrical portion 42.
To be more specific, the inner pressing surface 61c of
the inner contact piece 61 and the outer pressing surface
62c of the outer contact piece 62 make contact with the
bottom surface 47 of the cylindrical portion 42. At this
stage, an upward force is exerted to the inner contact
piece 61 and the outer contact piece 62 by the air cylinder
28. Due to the law of action and reaction, a downward
force is exerted to the inner contact piece 61 and the
outer contact piece 62 by the cylindrical portion 42. Be-
cause the inner pressing surface 61c faces upward and
outward in the radial direction, a force that is downward
and inward in the radial direction is exerted to the inner
pressing surface 61c (see an arrow in FIG. 6(a)). As a
result of this, the inner contact piece 61 is moved inward

in the radial direction by the cylindrical portion 42. Be-
cause the outer pressing surface 62c faces upward and
inward in the radial direction, a force that is downward
and outward in the radial direction is exerted to the outer
pressing surface 62c (see an arrow in FIG. 6(a)). As a
result of this, the outer pressing surface 62c is moved
outward in the radial direction by the cylindrical portion
42. As the lower sealing mechanism 32 is further ascend-
ed, the inner contact piece 61 and the bolt member B1
move further inward in the radial direction, whereas the
outer contact piece 62 and the bolt member B2 move
further outward in the radial direction (see an arrow in
FIG. 6(b)). At this stage, the inner spring member 72 and
the outer spring member 73 are pressed in the radial
direction by the cylindrical portion 42 and are elastically
deformed.
[0093] In this way, when the cooler 3 moves from the
maintenance position to the operation position, the con-
tact portion 53 makes contact with the cylindrical portion
42 and is therefore movable at least in the horizontal
direction against the biasing force of the biasing portion
54.
[0094] When the movement of the cooler 3 to the op-
eration position is completed, as shown in FIG. 7(a) and
FIG. 7(b), the outer circumferential surface 61a of the
inner contact piece 61 makes contact with the inner cir-
cumferential surface 45 of the cylindrical portion 42 and
the inner circumferential surface 62a of the outer contact
piece 62 makes contact with the outer circumferential
surface 46 of the cylindrical portion 42 (contact state).
The inner contact piece 61 is biased outward in the radial
direction (i.e., toward the cylindrical portion 42) by the
elastic restoring force of the inner spring member 72. The
outer contact piece 62 is biased inward in the radial di-
rection (i.e., toward the cylindrical portion 42) by the elas-
tic restoring force of the outer spring member 73. To put
it differently, the inner contact piece 61 and the outer
contact piece 62 are biased in directions substantially
orthogonal to the up-down direction (i.e., biased in inter-
secting directions) . The radial direction is equivalent to
a biasing direction of the present invention. The gap
formed by the contact portion 53 and the biasing portion
54 is sealed by the first attaching portion 51 and the sec-
ond attaching portion 52.
[0095] When the cooler 3 is at the operation position,
as shown in FIG. 7(a) and FIG. 7(b), the bottom surface
47 of the cylindrical portion 42 is in contact with the top
surface 51a of the first attaching portion 51. This restricts
the movement of the cylindrical portion 42 and the first
attaching portion 51 in the up-down direction. On this
account, the length in the up-down direction of the slow
cooling space Ss is defined by the cylindrical portion 42
and the first attaching portion 51 that are in contact with
each other. When the cooler 3 is at the operation position,
the distance between the bottom surface of the disc-
shaped portion 44 of the plate portion 41 and the top
surface of the inner attaching plate 58 in the up-down
direction is, for example, about 1.1 mm. In this way, the
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gap between the disc-shaped portion 44 and the inner
attaching plate 58 is narrow. However, the size of the
gap is not limited to the specific value described above.
[0096] As described above, the curvature radius of the
outer circumferential surface 61a of the inner contact
piece 61 is substantially identical with the radius of the
inner circumferential surface 45 of the cylindrical portion
42. On this account, when the cooler 3 is at the operation
position (i.e., when the cylindrical portion 42 and the con-
tact portion 53 are in the contact state), the outer circum-
ferential surface 61a is closely in contact with the inner
circumferential surface 45 as shown in FIG. 8.
[0097] When the cylindrical portion 42 and the contact
portion 53 are in the contact state, the inner contact piece
61 is at an inner position in the radial direction as com-
pared to a case where the cylindrical portion 42 and the
contact portion 53 are in the distanced state. At this stage,
two neighboring end faces 61b oppose each other within
a short distance or are in contact with each other. When
the cylindrical portion 42 and the contact portion 53 are
in the contact state, the inner gap G1 is narrow in the
circumferential direction as compared to a case where
the cylindrical portion 42 and the contact portion 53 are
in the distanced state. This makes it possible to improve
the airtightness of the slow cooling space Ss.
[0098] As described above, the curvature radius of the
inner circumferential surface 62a of the outer contact
piece 62 is substantially identical with the radius of the
outer circumferential surface 46 of the cylindrical portion
42. With this arrangement, when the cylindrical portion
42 and the contact portion 53 are in the contact state,
the inner circumferential surface 62a is closely in contact
with the outer circumferential surface 46 as shown in FIG.
8.
[0099] The inner gap G1 and the outer gap G2 are
positionally different from each other in the circumferen-
tial direction. On this account, movement of gas between
the slow cooling space Ss and the space outside the slow
cooling space Ss in the radial direction is suppressed.

(Evaluation of Sealing Property)

[0100] Now, the following will describe evaluation of a
sealing property of the seal 30 arranged as described
above and a result of the evaluation. The inventor of the
subject application prepared a test chamber (not illus-
trated) having substantially the same structure as the
seal 30. To be more specific, the inventor of the subject
application prepared a box-shaped member (hereinafter,
a box member) that was slightly larger than the contact
portion 53 when viewed in the up-down direction. The
box member was a substantially cube-shaped, was made
of metal, and was hollow. The inventor of the subject
application sealed the bottom surface of the box member
by an unillustrated plate member. The inventor of the
subject application formed an air inlet in one (first side
surface) of four side surfaces of the box member. The
inventor of the subject application formed an air outlet

(first outlet) in a side surface (second side surface) op-
posing the first side surface. The inventor of the subject
application formed the other air outlet (second outlet) in
one of the remaining two side surfaces, and attached a
differential pressure gauge to the other of the two side
surfaces. The differential pressure gauge is a known
gauge for measuring a differential pressure between the
internal space of the test chamber and the outside space.
The inventor of the subject application provided, at the
top surface of the box member, a seal having the same
structure as the contact portion 53, and attached a below-
described lid member to the seal. The lid member in-
cludes a cylinder identical in shape with the above-de-
scribed cylindrical portion 42 and a disc identical in shape
with the above-described disc-shaped portion 44. The
inventor of the subject application sealed the through
hole (identical in shape with the above-described through
hole 43) of the disc by means of a tape.
[0101] In the test chamber arranged as described
above, air injected through the inlet is basically dis-
charged through the first outlet and the second outlet.
Based on this, the inventor of the subject application
checked whether the sealing property between the seal
and the lid member was sufficient, by visually observing
a flow of air by means of a known smoke tester. When
the pressure of the internal space was higher by about
50 Pa than the pressure of the outside space (i.e., when
the differential pressure was higher by about 50 Pa), air
leakage from between the seal and the lid member was
not observed. As described above, when the yarn spin-
ning system 1 is driven, the difference between the pres-
sure of the slow cooling space Ss and the pressure of
the outside space is less than 20 Pa. It was therefore
confirmed that the test chamber had a sufficient sealing
property.
[0102] As described above, in the seal 30, the contact
portion 53 is pressed onto the spinning apparatus 2 (cy-
lindrical portion 42) by the biasing portion 54 independent
from the air cylinder 28. Even if a gap is formed between
the slow cooling space Ss and the outside space So by
the contact portion 53 and the biasing portion 54, the gap
can be closed by the first attaching portion 51 and the
second attaching portion 52. Because the difference be-
tween the pressure of the slow cooling space Ss and the
pressure of the outside space So is typically small, the
required airtightness can be achieved by the seal 30. It
is therefore possible to seal the gap formed between the
slow cooling space Ss and the outside space So to some
degree, without using members made of a rubber mate-
rial as members forming the contact portion 53, the bi-
asing portion 54, the first attaching portion 51, and the
second attaching portion 52.
[0103] In addition to the above, even if the contact por-
tion 53 is worn or deformed, the required airtightness can
be achieved because the contact portion 53 is firmly in
contact with the cylindrical portion 42 thanks to the bias-
ing portion 54.
[0104] In addition to the above, design errors between
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the spinnerets 13 (e.g., errors in size and/or positional
relationship between the spinnerets 13) can be easily
absorbed by the biasing portion 54.
[0105] Because of the presence of the seal 30, the cy-
lindrical portion 42 may not be arranged to seal the gap
between the slow cooling space Ss and the outside space
So. It is therefore possible to use a member that is not
made of a rubber material as a member constituting the
cylindrical portion 42. On this account, deterioration and
deformation of the cylindrical portion 42 due to the heat
generated by the spinning apparatus 2 are suppressed.
On this account, unintentional changes in length of the
slow cooling space Ss in the up-down direction are sup-
pressed. Due to this, it is possible to maintain the required
airtightness of the slow cooling space Ss for a long time,
while suppressing unintentional changes in length of the
slow cooling space Ss in the up-down direction for a long
time.
[0106] In addition to the above, the Young’s modulus
of the material of which the cylindrical portion 42 is made
is high, i.e., 10 GPa, when the spinning apparatus 2 and
the cooler 3 are driven. It is therefore possible to effec-
tively suppress deformation of the cylindrical portion 42
even if the cylindrical portion 42 is pressurized as the
cooler 3 is pressed upward by the air cylinder 28.
[0107] In addition to the above, because the cylindrical
portion 42 is made of a metal material, it is possible to
effectively suppress the need of early replacement of the
cylindrical portion 42.
[0108] In addition to the above, the Young’s modulus
of the material of which the contact portion 53 is made
is high, i.e., 10 GPa, when the spinning apparatus 2 and
the cooler 3 are driven. Because the contact portion 53
is made of a hard material and distortion is suppressed,
it is possible to effectively suppress the need of early
replacement of the contact portion 53.
[0109] In addition to the above, because the contact
portion 53 is made of a metal material that is less likely
to be deteriorated, it is possible to effectively suppress
the need of early replacement of the contact portion 53.
[0110] The biasing portion 54 is provided with the
spring members 71. The spring members 71 are typically
formed by metal members that are less likely to be de-
teriorated. Therefore, it is possible to effectively avoid
the necessity of early replacement of the biasing portion
54.
[0111] Each spring member 71 is a compression coil
spring. Because the compression coil spring is typically
inexpensive, it is possible to suppress increase in the
cost of components.
[0112] In addition to the above, members constituting
the seal 30 are attached to the cooler 3. It is therefore
possible to suppress excessive heating of these mem-
bers as compared to a case where the members consti-
tuting the seal 30 are attached to the spinning apparatus
2.
[0113] In addition to the above, the biasing directions
in which the spring members 71 bias the contact portion

53 intersect with the up-down direction (i.e., have a com-
ponent in the horizontal direction). It is therefore possible
to secure an installation space of the biasing portion 54
in the horizontal direction, even if the size in the up-down
direction of the seal 30 is severely restricted. Due to this,
the degree of freedom in designing the biasing portion
54 is improved.
[0114] The length in the up-down direction of the slow
cooling space Ss must be particularly short when a nar-
row yarn Y is spun out. The slow cooling space Ss is a
relatively unstable region provided between the spinning
apparatus 2 and the cooler 3. On this account, when the
slow cooling space Ss is excessively long in the up-down
direction, a narrow yarn Y particularly susceptible to ex-
ternal disturbance may be unstable in quality. In this re-
gard, the present embodiment is particularly effective
when a narrow yarn Y is produced, because the size of
the seal 30 is reduced in the up-down direction.
[0115] In addition to the above, the cylindrical portion
42 is in contact with the contact portion 53 and functions
as the regulating portion of the present invention. It is
therefore possible to reduce the number of components
as compared to an arrangement in which a member in
contact with the contact portion 53 is different from a
member constituting the regulating portion.
[0116] When the top surface 51a in contact with the
cylindrical portion 42 is tilted relative to the horizontal
direction, a change of the relative positions between the
cylindrical portion 42 and the top surface 51a in the hor-
izontal direction may result in a change of the relative
positions between the cylindrical portion 42 and the top
surface 51a in the up-down direction. Due to this, the
length of the slow cooling space Ss may be disadvanta-
geously changed in the up-down direction. Because the
top surface 51a is arranged to be flat along the horizontal
direction in the present embodiment, the disadvantage
is suppressed.
[0117] In addition to the above, when the cooler 3
moves from the maintenance position to the operation
position, the contact portion 53 makes contact with the
cylindrical portion 42 and is therefore movable at least in
the horizontal direction against the biasing force of the
biasing portion 54. On this account, the contact portion
53 is pressed by the cylindrical portion 42 and moved,
even when the horizontal position of the contact portion
53 is slightly deviated from the horizontal position of the
cylindrical portion 42. It is therefore possible to compen-
sate a horizontal position deviation between the cylindri-
cal portion 42 and the contact portion 53, while arranging
the cylindrical portion 42 and the contact portion 53 to be
closely in contact with each other.
[0118] In addition to the above, when the cylindrical
portion 42 and the contact portion 53 are in the contact
state, the inner gap G1 formed between the inner contact
pieces 61 in the circumferential direction is narrow in the
circumferential direction as compared to a case where
the cylindrical portion 42 and the contact portion 53 are
in the distanced state. It is therefore possible to minimize
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the decrease of the airtightness of the slow cooling space
Ss.
[0119] The inner contact piece 61 includes the inner
pressing surface 61c. With this arrangement, when the
cylindrical portion 42 and the contact portion 53 are
switched from the distanced state to the contact state,
the bottom surface 47 of the cylindrical portion 42 makes
contact with the inner pressing surface 61c, with the result
that the inner contact piece 61 is pressed inward in the
radial direction. This allows the cylindrical portion 42 and
the inner contact piece 61 in contact with each other to
smoothly move in the up-down direction relative to each
other and allows the inner contact piece 61 to move in-
ward in the radial direction. It is therefore possible to
cause the inner circumferential surface 45 of the cylin-
drical portion 42 and the inner contact piece 61 to make
contact with each other simply by moving the cylindrical
portion 42 and the contact portion 53 in the up-down di-
rection relative to each other.
[0120] The disc-shaped portion 44 at least partially
overlaps the inner contact pieces 61 (and the inner at-
taching plate 58) in the up-down direction. It is therefore
possible to narrow the space in the vicinity of the inner
contact pieces 61 in the up-down direction by the disc-
shaped portion 44, when the cylindrical portion 42 and
the contact portion 53 are in the contact state. This ar-
rangement further improves the airtightness of the slow
cooling space Ss.
[0121] The disc-shaped portion 44 and the partition
wall portion (specifically, the inner attaching plate 58 of
the second attaching portion 52) oppose each other in
the up-down direction. It is therefore possible to narrow
the space in the vicinity of the inner contact pieces in the
up-down direction by the disc-shaped portion 44 and the
inner attaching plate 58. This arrangement further im-
proves the airtightness of the slow cooling space.
[0122] The spring members 71 include the outer spring
members 73 which are configured to bias the outer con-
tact pieces 62 toward the outer circumferential surface
46 of the cylindrical portion 42. On this account, the outer
contact pieces 62 further improve the airtightness of the
slow cooling space Ss.
[0123] The outer contact piece 62 includes the outer
pressing surface 62c. With this arrangement, when the
cylindrical portion 42 and the contact portion 53 are
switched from the distanced state to the contact state,
the bottom surface 47 of the cylindrical portion 42 makes
contact with the outer pressing surface 62c, with the re-
sult that the outer contact piece 62 is pressed outward
in the radial direction. It is therefore possible to cause
the outer circumferential surface 46 of the cylindrical por-
tion 42 and the outer contact piece 62 to make contact
with each other simply by moving the cylindrical portion
42 and the contact portion 53 in the up-down direction
relative to each other.
[0124] Even if a passage of gas is unintentionally
formed between the outer gaps G2 and the inner gaps
G1, it is possible to elongate the passage. This further

suppresses gas from going in and out between the slow
cooling space Ss and the space outside the slow cooling
space Ss. This arrangement further improves the airtight-
ness of the slow cooling space Ss.
[0125] Each cylindrical portion 42 is substantially ring-
shaped when viewed in the up-down direction. The shape
of the extending portion is therefore simple.
[0126] When the spinning apparatus 2 and the cooler
3 are driven, the difference between the pressure of the
slow cooling space Ss and the pressure of the outside
space So is less than 20 Pa. With this arrangement, the
required airtightness of the slow cooling space Ss can
be easily achieved by the seal 30.
[0127] The plural cylindrical portions 42 are included
in one upper sealing member 31. The plate portion 41
and the cylindrical portions 42 are preferably formed of
a single member. This arrangement makes it possible to
suppress variations in length in the up-down direction
between the slow cooling spaces Ss, as compared to a
case where the cylindrical portions 42 are formed of dif-
ferent members.
[0128] The contact portion 53 is independent from the
cylindrical portion 42 (regulating portion). It is therefore
possible to maintain the length of the slow cooling space
Ss to be constant by the cylindrical portion 42, even if
the contact portion 53 is worn or deformed.
[0129] The following will describe modifications of the
above-described embodiment. The members identical
with those in the embodiment above will be denoted by
the same reference numerals and the explanations there-
of are not repeated.

(1) In the embodiment above, the cylindrical portion
42 is substantially ring-shaped when viewed in the
up-down direction. That is to say, each of the inner
circumferential surface 45 and the outer circumfer-
ential surface 46 of the cylindrical portion 42 is cir-
cular in shape when viewed in the up-down direction.
However, the disclosure is not limited to this arrange-
ment. The cylindrical portion 42 may not be substan-
tially ring-shaped when viewed in the up-down direc-
tion. Although not illustrated, at least one of the inner
circumferential surface 45 or the outer circumferen-
tial surface 46 may be, for example, polygonal in
shape and has plural straight lines when viewed in
the up-down direction. Accordingly, the outer circum-
ferential surface 61a of each of the inner contact
pieces 61 and/or the inner circumferential surface
62a of the outer contact piece 62 may be linear in
shape when viewed in the up-down direction.
(2) In the embodiment above, the outer gap G2 is
positionally different from the inner gap G1 in the
circumferential direction. However, the disclosure is
not limited to this arrangement. The outer gap G2
may be substantially positionally identical with the
inner gap G1 in the circumferential direction.
(3) In the embodiment above, the outer pressing sur-
face 62c is formed on the outer contact piece 62.
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However, the disclosure is not limited to this arrange-
ment. The outer pressing surface 62c may not be
formed. For example, at a portion that is an upper
end portion and an inner end portion in the radial
direction of the outer contact piece 62, a corner may
be formed. In such a case, for example, a cross sec-
tion along the up-down direction of the lower end
portion of the cylindrical portion 42 may be arranged
to be thin. When the cooling mechanism ascends
from the maintenance position to the operation po-
sition, the lower end portion of the cylindrical portion
42 may relatively move and enter a gap between the
inner contact piece 61 and the outer contact piece
62 in the radial direction. In this way, the cylindrical
portion 42 may move the inner contact piece 61 and
the outer contact piece 62 in the radial direction. Like-
wise, the inner pressing surface 61c may not be
formed on the inner contact piece 61.
(4) In the embodiment above, the contact portion 53
includes the outer contact piece 62. However, the
disclosure is not limited to this arrangement. The
contact portion 53 may not include the outer contact
piece 62.
(5) In the embodiment above, the inner attaching
plate 58 is provided above the inner contact piece
61. Due to this, the disc-shaped portion 44 and the
inner attaching plate 58 overlap each other in the up-
down direction and the space in the vicinity of the
inner contact pieces 61 is narrow in the up-down
direction. However, the disclosure is not limited to
this arrangement. The inner attaching plate 58 may
not be provided to overlap the disc-shaped portion
44 in the up-down direction.
(6) In the embodiment above, the upper sealing
member 31 includes plural disc-shaped portions 44.
Due to this, the space in the vicinity of the inner con-
tact pieces 61 is narrow in the up-down direction.
However, the disclosure is not limited to this arrange-
ment. The upper sealing member 31 may not include
the disc-shaped portion 44.
(7) In the embodiment above, when the cylindrical
portion 42 and the contact portion 53 are in the con-
tact state, the inner gaps G1 are narrow in the cir-
cumferential direction as compared to a case where
the cylindrical portion 42 and the contact portion 53
are in the distanced state. However, the disclosure
is not limited to this arrangement. The contact portion
53 may be arranged such that the sizes of the inner
gaps G1 when the cylindrical portion 42 and the con-
tact portion 53 are in the contact state are identical
with the sizes of the inner gaps G1 when the cylin-
drical portion 42 and the contact portion 53 are in
the distanced state.
(8) In the embodiment above, the contact portion 53
includes the inner contact piece 61. However, the
disclosure is not limited to this arrangement. The
contact portion 53 may not include the inner contact
piece 61. The contact portion 53 may include only

the outer contact piece 62.
(9) In the embodiment above, the spring members
71 bias the contact portion 53 in the radial directions.
However, the disclosure is not limited to this arrange-
ment. The spring members 71 may be provided to
bias the contact portion 53 in directions having, for
example, components in the radial direction and the
up-down direction. Alternatively, for example, anoth-
er seal 81 (see FIG. 9(a) and FIG. 9(b)) different from
the seal 30 may be provided in the yarn spinning
system 1. This arrangement will be specifically de-
scribed below.

[0130] As shown in FIG. 9(a) and FIG. 9(b), the seal
81 includes the above-described upper sealing member
31 and a lower sealing mechanism 82 attached to the
cooler 3. The lower sealing mechanism 82 includes a
first attaching portion 83, a second attaching portion 84,
a fixing ring 85, a contact portion 86 (surrounding portion
of the present invention), and a biasing portion 87. The
first attaching portion 83 is a cylindrical member extend-
ing in the up-down direction. The first attaching portion
83 is provided directly above the cooling cylinder 21 and
is fixed to the top surface 20a of the box 20. The first
attaching portion 83 is provided outside the contact por-
tion 86 and the biasing portion 87 in the radial direction
and is arranged to seal a gap formed by the contact por-
tion 86 and the biasing portion 87. The second attaching
portion 84 is a cylindrical member extending in the up-
down direction. The second attaching portion 84 is pro-
vided outside the first attaching portion 83 in the radial
direction and is fixed to the top surface 20a of the box
20. The second attaching portion 84 is provided inside
the contact portion 86 and the biasing portion 87 in the
radial direction and is arranged to seal a gap formed by
the contact portion 86 and the biasing portion 87. At least
one of the first attaching portion 83 or the second attach-
ing portion 84 is equivalent to the partition wall portion of
the present invention. In the radial direction, there is a
gap between the first attaching portion 83 and the second
attaching portion 84. The fixing ring 85 is a substantially
ring-shaped member provided substantially horizontally,
and is provided in the gap. The fixing ring 85 is fixed to
the top surface 20a of the box 20. The fixing ring 85 is
shorter than the first attaching portion 83 and the second
attaching portion 84 in the up-down direction. In the fixing
ring 85, recesses (not illustrated) that are open downward
are formed. On the upper side of each recess, a through
hole (not illustrated) is formed to penetrate the fixing ring
85 in the up-down direction. Into the recesses and the
through holes, bolt members B3 that are structurally iden-
tical with the bolt members B1 and B2 are inserted, re-
spectively. The leading end portion of the bolt member
B3 extends upward. Upward movement of a head portion
of the bolt member B3 is restricted by the periphery of
the through hole of the fixing ring 85.
[0131] The contact portion 86 is, for example, substan-
tially ring-shaped. The contact portion 86 is made of, for
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example, a metal material. The Young’s modulus of the
material of the contact portion 86 is, for example, 10 GPa
or higher when the temperature of the contact portion 86
is equal to a temperature at which the spinning apparatus
2 and the cooler 3 are driven. The contact portion 86 is
provided directly below the disc-shaped portion 44 of the
upper sealing member 31. The contact portion 86 has a
top surface 86a (end face of the present invention) that
faces up. The disc-shaped portion 44 has a bottom sur-
face 44a (contact surface of the present invention) that
faces down. The top surface 86a is disposed to oppose
the bottom surface 44a in the up-down direction. When
viewed in the up-down direction, the top surface 86a (one
of the end face and the contact surface of the present
invention) may be inside the contour of the bottom sur-
face 44a (the other of the end face and the contact surface
of the present invention). The contact portion 86 is pro-
vided directly above the fixing ring 85. In the same man-
ner as the fixing ring 85, the contact portion 86 is provided
in the gap between the first attaching portion 83 and the
second attaching portion 84. In the bottom surface of the
contact portion 86, a female screw is formed. The male
screw of the bolt member B3 is screwed into the female
screw. The biasing portion 87 is provided with, for exam-
ple, spring members 88. Each spring member 88 is a
compression coil spring similar to, for example, the inner
spring member 72 and the outer spring member 73. The
spring member 88 is provide to be extendable and con-
tractible in the up-down direction. Into the outer spring
member 88, a part of the bolt member B3, which is be-
tween the head portion and the male screw, is inserted.
Because of this, each spring member 88 biases the con-
tact portion 86 upward. The contact portion 86 is slidable
in the up-down direction relative to the first attaching por-
tion 83 and the second attaching portion 84. In this mod-
ification, the cylindrical portion 42 is equivalent to the
regulating portion of the present invention.
[0132] The disc-shaped portion 44 and the contact por-
tion 86 are switchable between the distanced state (see
FIG. 9(a)) in which the bottom surface 44a of the disc-
shaped portion 44 and the top surface 86a of the contact
portion 86 are distanced from each other and the contact
state (see FIG. 9(b)) in which the bottom surface 44a and
the top surface 86a are in contact with each other. When
the disc-shaped portion 44 and the contact portion 86
are in the contact state, the bottom surface 47 of the
cylindrical portion 42 of the upper sealing member 31 is
in contact with the top surface 20a of the box 20. The top
surface20a is equivalent to the regulating surface of the
present invention. This arrangement of the present in-
vention also makes it possible to achieve the airtightness
of the slow cooling space Ss. Furthermore, even when
the horizontal position of the contact portion 86 is slightly
deviated from the horizontal position of the disc-shaped
portion 44, the deviation does not hinder the achievement
of the airtightness of the slow cooling space Ss. However,
an idea for successfully arranging the length in the up-
down direction of the slow cooling space Ss to be equal

to or shorter than a predetermined length is required. In
the seal 81, for example, plural pole-shaped members
(not illustrated) extending in the up-down direction may
be aligned in the circumferential direction in place of the
cylindrical portions 42. In this case, each pole-shaped
member is equivalent to the regulating portion of the
present invention.

(10) In the embodiment above, all of the cylindrical
portions 42 and the disc-shaped portions 44 are in-
cluded in one upper sealing member 31. However,
the disclosure is not limited to this arrangement. The
upper sealing member 31 may be divided into plural
members.
(11) In the embodiment above, the top surface 51a
of the first attaching portion 51 is flat. Alternatively,
the top surface 20a of the box 20 is flat. However,
the disclosure is not limited to these arrangements.
A part of the top surface 51a where the top surface
51a is in contact with the cylindrical portion 42 may
be tilted or curved. A part of the top surface 20a
where the top surface 20a is in contact with the cy-
lindrical portion 42 may be tilted or curved.
(12) As a movement mechanism for moving the cool-
er 3 in the up-down direction, for example, a hydraulic
cylinder (not illustrated) may be provided in place of
the air cylinder 28. Alternatively, for example, an un-
illustrated hydraulic jack may be provided as the
movement mechanism.
(13) In the embodiment above, the lower sealing
mechanism 32 and the biasing portion 54 are at-
tached to the cooler 3 whereas the upper sealing
member 31 is attached to the spinning apparatus 2.
However, the disclosure is not limited to this arrange-
ment. For example, a member that is substantially
symmetrical with the upper sealing member 31 in
the up-down direction may be attached to the cooler
3. In addition to this, a structure that is substantially
symmetrical with the lower sealing mechanism 32
and the biasing portion 54 in the up-down direction
may be attached to the spinning apparatus 2.
(14) In the embodiment above, the contact portion
is made of a metal material. However, the disclosure
is not limited to this arrangement. The contact portion
may be made of, for example, a non-metal material
such as ceramic. Likewise, the regulating portion
may be made of a non-metal material.
(15) In the embodiment above, the Young’s modulus
of the material of the contact portion is 10 GPa or
higher when the temperature of the contact portion
is equal to a temperature at which the spinning ap-
paratus 2 and the cooler 3 are driven. However, the
disclosure is not limited to this arrangement. The
Young’s modulus of the material of which the contact
portion is made may be lower than 10 GPa when the
temperature of the contact portion is equal to a tem-
perature at which the spinning apparatus 2 and the
cooler 3 are driven. Likewise, the Young’s modulus
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of the material of which the regulating portion is made
may be lower than 10 GPa when the temperature of
the regulating portion is equal to a temperature at
which the spinning apparatus 2 and the cooler 3 are
driven.
(16) While in the embodiment above each of the
spring members 71 and 88 is a compression coil
spring, the disclosure is not limited to this arrange-
ment. Each of these spring members may be a spring
member different from the compression coil spring,
such as a plate spring (not illustrated) or a torsion
spring (not illustrated).
(17) The biasing portion of the present invention may
include an elastic body different from the spring
member. For example, in the above-described seal
81, a heat insulation member (not illustrated) and a
rubber member (not illustrated) may be provided in
place of the bolt member B3 and the spring member
88. In other words, for example, the heat insulation
member may be provided below the contact portion
86 and the rubber member may be provided below
the heat insulation member and above the box 20.
This arrangement makes it possible to bias the con-
tact portion 86 upward while minimizing heat transfer
from the spinning apparatus 2 to the rubber member.
(18) In the embodiment above, the spinning appa-
ratus 2 has plural spinnerets 13. Furthermore, the
cooler 3 has plural cooling cylinders 21. These com-
ponents form plural slow cooling spaces Ss. How-
ever, the disclosure is not limited to this arrange-
ment. Each of the number of spinnerets 13, the
number of cooling cylinders 21, and the number of
slow cooling spaces Ss may be one. In the seal 30
or the seal 81, each of the number of contact portions
and the number of biasing portions may be one. In
this arrangement, the number of regulating portions
may be one.
(19) In the embodiment above, the slow cooling
space Ss has a positive pressure as compared to
the outside space So. To be more specific, the dif-
ference between the pressure of the slow cooling
space Ss and the pressure of the outside space So
is more than 0 Pa and less than 20 Pa. However,
the disclosure is not limited to this arrangement. For
example, the pressure difference may be equal to or
more than 20 Pa, or may be equal to or less than 50
Pa described above. Alternatively, the pressure dif-
ference may be substantially zero, or the slow cool-
ing space Ss may have a negative pressure as com-
pared to the outside space So. In these cases, the
absolute value of the pressure difference may be
less than 20 Pa or may be equal to or more than 20
Pa, for example.
(20) In the embodiment above, the contact portion
53 of the seal 30 is provided to be independent from
the cylindrical portion 42 (regulating portion). How-
ever, the disclosure is not limited to this arrange-
ment. A single member may be arranged to function

both the contact portion and the regulating portion
of the present invention. For example, in the above-
described seal 81, the length in the up-down direc-
tion of the contact portion 86 may be substantially
identical with the length in the up-down direction of
the cylindrical portion 42. In this case, the contact
portion 86 is able to function as a regulating portion.
In the case above, furthermore, the cylindrical por-
tion 42 may not be provided as long as the required
airtightness of the slow cooling space can be main-
tained for a long time.

Claims

1. A yarn spinning system (1) comprising:

a spinning apparatus (2) which includes spin-
nerets (13) each of which is able to discharge a
yarn material; and
a cooler (3) which includes cooling units (21)
capable of cooling the yarn material discharged
from the spinnerets (13) and is provided below
the spinning apparatus (2), the yarn spinning
system (1) further comprising:

a movement mechanism (28) which is able
to move the cooler (3) between an operation
position where the yarn material is spun out
and a maintenance position below the op-
eration position and which is configured to
exert an upward force to the cooler (3) when
the cooler (3) is at the operation position;
regulating portions (42) which are provided
between the spinnerets (13) and the cooling
units (21) in an up-down direction, respec-
tively, and are arranged to define lengths in
the up-down direction of slow cooling spac-
es (Ss) formed between the spinnerets (13)
and the cooling units (21) in the up-down
direction, respectively, when the cooler (3)
is at the operation position; and
seals (30, 81) which are arranged to seal
gaps between the slow cooling spaces (Ss)
and an outside space (So) outside the slow
cooling spaces (Ss) in a horizontal direction
perpendicular to the up-down direction,
when the cooler (3) is at the operation po-
sition,
each of the seals (30, 81) including:

a contact portion (53, 86) which is at-
tached to one of the spinning apparatus
(2) and the cooler (3), is provided to sur-
round a corresponding one of the slow
cooling spaces (Ss), and is arranged to
make contact with the other of the spin-
ning apparatus (2) and the cooler (3);
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a biasing portion (54, 87) which is at-
tached to the one of the spinning appa-
ratus (2) and the cooler (3), is independ-
ent from the movement mechanism
(28), and is configured to bias the con-
tact portion (53, 86) in a predetermined
biasing direction toward the other of the
spinning apparatus (2) and the cooler
(3); and
a partition wall portion (51, 52, 83, 84)
which is fixed to the one of the spinning
apparatus (2) and the cooler (3), is ar-
ranged to seal each of the gaps formed
by the contact portion (53, 86) and the
biasing portion (54, 87), and separates
a corresponding one of the slow cooling
spaces (Ss) from the outside space
(So).

2. The yarn spinning system (1) according to claim 1,
wherein, when a temperature of the regulating por-
tions (42) is identical with a temperature when the
spinning apparatus (2) and the cooler (3) are driven,
the Young’s modulus of a material of the regulating
portions (42) is equal to or higher than 10 GPa.

3. The yarn spinning system (1) according to claim 1
or 2, wherein, the regulating portions (42) are made
of a metal material.

4. The yarn spinning system (1) according to any one
of claims 1 to 3, wherein, when a temperature of the
contact portion (53, 86) is identical with a tempera-
ture when the spinning apparatus (2) and the cooler
(3) are driven, the Young’s modulus of a material of
the contact portion (53, 86) is equal to or higher than
10 GPa.

5. The yarn spinning system (1) according to any one
of claims 1 to 4, wherein, the contact portion (53, 86)
is made of a metal material.

6. The yarn spinning system (1) according to any one
of claims 1 to 5, wherein, the biasing portion (54, 87)
includes a spring member (71, 88).

7. The yarn spinning system (1) according to claim 6,
wherein, the spring member (71, 88) is a compres-
sion coil spring.

8. The yarn spinning system (1) according to any one
of claims 1 to 7, wherein, the one of the spinning
apparatus (2) and the cooler (3) is the cooler (3).

9. The yarn spinning system (1) according to any one
of claims 1 to 8, wherein,

the other of the spinning apparatus (2) and the

cooler (3) includes extending portions (42)
which are provided to surround the respective
slow cooling spaces (Ss) when viewed in the up-
down direction and which extend in the up-down
direction,
the contact portion (53) is disposed to be in con-
tact with a circumferential surface (45, 46) of a
corresponding one of the extending portions
(42), and
the biasing direction intersects with the up-down
direction.

10. The yarn spinning system (1) according to claim 9,
wherein,

the regulating portions (42) include the respec-
tive extending portions (42), and
the extending portions (42) define the lengths in
the up-down direction of the respective slow
cooling spaces (Ss).

11. The yarn spinning system (1) according to claim 10,
further comprising:

a regulating surface (51a) which is positionally
fixed in the up-down direction relative to the one
of the spinning apparatus (2) and the cooler (3)
and is arranged to be in contact with a leading
end in the up-down direction of each of the ex-
tending portions (42) when the cooler (3) is at
the operation position,
the regulating surface (51a) being flat along the
horizontal direction.

12. The yarn spinning system (1) according to any one
of claims 9 to 11, wherein, when the cooler (3) moves
from the maintenance position to the operation po-
sition, the contact portion (53) makes contact with
the corresponding one of the extending portions (42)
so as to be movable at least in the horizontal direction
against a biasing force of the biasing portion (54).

13. The yarn spinning system (1) according to any one
of claims 9 to 12, wherein,

the circumferential surface (45, 46) of each of
the extending portions (42) includes an inner cir-
cumferential surface (45) of each of the extend-
ing portions (42),
the contact portion (53) includes inner contact
pieces (61) which are aligned in a circumferen-
tial direction of the corresponding one of the ex-
tending portions (42) and are provided to make
contact with the inner circumferential surface
(45) of the corresponding one of the extending
portions (42),
the biasing portion (54) includes inner biasing
members (72) which bias the inner contact piec-
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es (61) toward the inner circumferential surface
(45), and
when the corresponding one of the extending
portions (42) is in contact with the inner contact
pieces (61), inner gaps (G1) that are gaps
formed between the inner contact pieces (61) in
the circumferential direction are narrow in the
circumferential direction as compared to a case
where each of the extending portions (42) is dis-
tanced from the inner contact pieces (61).

14. The yarn spinning system (1) according to claim 13,
wherein,

each of the inner contact pieces (61) has an in-
ner pressing surface (61c) that is provided at an
outer end portion in a radial direction that is or-
thogonal to both the up-down direction and the
circumferential direction, and
when each of the extending portions (42) is dis-
tanced from the inner contact pieces (61),
the inner pressing surface (61c) at least partially
overlaps the corresponding one of the extending
portions (42) in the up-down direction and faces
outward in the radial direction and toward the
corresponding one of the extending portions
(42) in the up-down direction.

15. The yarn spinning system (1) according to claim 13
or 14, wherein,

the other of the spinning apparatus (2) and the
cooler (3) includes disc-shaped portions (44)
which are adjacent to the respective extending
portions (42) in the up-down direction and are
provided to be close to the other of the spinning
apparatus (2) and the cooler (3) as compared
to the extending portions (42), and
a corresponding one of the disc-shaped portions
(44) at least partially overlaps the inner contact
pieces (61) in the up-down direction.

16. The yarn spinning system (1) according to claim 15,
wherein, the corresponding one of the disc-shaped
portions (44) opposes the partition wall portion (51,
52) in the up-down direction.

17. The yarn spinning system (1) according to any one
of claims 13 to 16, wherein,

the circumferential surface (45, 46) of each of
the extending portions (42) includes an outer cir-
cumferential surface (46) of each of the extend-
ing portions (42),
the contact portion (53) includes outer contact
pieces (62) which are aligned in the circumfer-
ential direction of the corresponding one of the
extending portions (42) and are provided to

make contact with the outer circumferential sur-
face (46) of the corresponding of the extending
portions (42), and
the biasing portion (54) includes outer biasing
members (73) which bias the respective outer
contact pieces (62) toward the outer circumfer-
ential surface (46).

18. The yarn spinning system (1) according to claim 17,
wherein,

each of the outer contact pieces (62) has an out-
er pressing surface (62c) that is provided at an
inner end portion in the radial direction that is
orthogonal to both the up-down direction and
the circumferential direction, and
when each of the extending portions (42) is dis-
tanced from the outer contact pieces (62),
the outer pressing surface (62c) at least partially
overlaps the corresponding one of the extending
portions (42) in the up-down direction and faces
inward in the radial direction and toward the cor-
responding one of the extending portions (42)
in the up-down direction.

19. The yarn spinning system (1) according to claim 17
or 18, wherein, outer gaps (G2) that are gaps formed
between the outer contact pieces (62) in the circum-
ferential direction are positionally different from the
inner gaps (G1) in the circumferential direction.

20. The yarn spinning system (1) according to any one
of claims 9 to 19, wherein, each of the extending
portions (42) is ring-shaped when viewed in the up-
down direction.

21. The yarn spinning system (1) according to any one
of claims 1 to 8, wherein,

the contact portion (86) includes a surrounding
portion (86) which surrounds a corresponding
slow cooling space (Ss) among the slow cooling
spaces (Ss),
the biasing portion (87) is configured to bias the
surrounding portion in the up-down direction,
in a radial direction of the surrounding portion
(86), the partition wall portion (83, 84) is provided
(i) either inside the surrounding portion (86) and
the biasing portion (87) or outside the surround-
ing portion (86) and the biasing portion (87) or
(ii) both inside the surrounding portion (86) and
the biasing portion (87) and outside the sur-
rounding portion (86) and the biasing portion
(87), and
the surrounding portion (86) has an end face
(86a) which faces the other of the spinning ap-
paratus (2) and the cooler (3) in the up-down
direction.
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22. The yarn spinning system (1) according to claim 21,
wherein,

the other of the spinning apparatus (2) and the
cooler (3) has a contact surface (44a) which is
provided to make contact with the end face (86a)
of the surrounding portion (86), and
when viewed in the up-down direction, one of
the end face (86a) and the contact surface (44a)
is inside the contour of the other of the end face
(86a) and the contact surface (44a).

23. The yarn spinning system (1) according to any one
of claims 1 to 22, wherein, when the spinning appa-
ratus (2) and the cooler (3) are driven, an absolute
value of a difference between the pressure of each
of the slow cooling spaces (Ss) and the pressure of
the outside space (So) is less than 20 Pa.

24. The yarn spinning system (1) according to any one
of claims 1 to 23, wherein, the regulating portions
(42) are formed by a single common member (31).

25. The yarn spinning system (1) according to any one
of claims 1 to 24, wherein, the contact portion (53,
86) is independent from the regulating portions (42).
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