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(54) SPUN YARN DRAWING APPARATUS
(57) An object of the present invention is to suppress
yarn swing and the increase in power consumption in a
spun yarn drawing apparatus.

A spun yarn drawing apparatus 3 includes three or
more heating rollers 31 and a thermal insulation box 13
housing these heating rollers 31. Ayarn Y is wound onto
the three or more heating rollers 31 at a winding angle
of less than 360 degrees, and these heating rollers 31
are configured to heat and send the yarn Y to the down-
stream side in a yarn running direction. The three or more
heating rollers 31 include a first heating roller 32, a sec-
ond heating roller 33, and a third heating roller 34. The
thermal insulation box 13 includes a circulator 50 which
is provided around the second heating roller 33 and which
is configured to cause a roller accompanied flow gener-
ated by rotation of the second heatingroller 33 to circulate
around the entire second heating roller 33 in its circum-
ferential direction.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a spun yarn
drawing apparatus.

[0002] Patent Literature 1 (Japanese Laid-Open Pat-
ent Publication No. 2019-131898) discloses a spun yarn
drawing apparatus configured to draw a polyester yarn
spun out from a spinning apparatus. To be more specific,
the spun yarn drawing apparatus includes plural godet
rollers onto which the running yarn is wound and a ther-
mal insulation box housing the godet rollers. The godet
rollers include plural preheating rollers configured to pre-
heat the yarn and plural conditioning rollers which are
provided downstream of the preheating rollers in a yarn
running direction and whose surface temperatures are
higher than those of the preheating rollers. The yarn is
drawn between the preheating rollers and the condition-
ing rollers in such a spun yarn drawing apparatus. In the
vicinity of the conditioning rollers, a shielding member is
provided in order to prevent an accompanied flow from
escaping from the thermal insulation box. The accompa-
nied flow is generated as the conditioning rollers rotate.
This increases a heat retaining effect, and suppresses
the increase in power consumption of a heater configured
to heat the godet rollers.

[0003] Although not disclosed in Patent Literature 1, a
known spun yarn drawing apparatus is configured to
draw a nylon yarn. The known spun yarn drawing appa-
ratus for nylon yarns includes known Nelson-type rollers.
A typical spun yarn drawing apparatus for nylon yarns is
structured so that the Nelson-type rollers include a non-
heating roller which is not heated and a heating roller
which is provided for thermal setting on the downstream
side of the non-heating roller in the yarn running direction.
The yarn is drawn between the non-heating roller and
the heating roller in such a spun yarn drawing apparatus.

SUMMARY OF THE INVENTION

[0004] In a known spun yarn drawing apparatus con-
figured to draw a nylon yarn, a heating effect of a Nelson-
type roller is increased by winding the yarn onto the Nel-
son-type roller several times while changing the position
of the yarn in the axial direction of the Nelson-type roller.
Therefore, a force in the axial direction is applied to the
yarn wound onto the Nelson-type roller, and yarn swing
easily occurs. The spun yarn drawing apparatus which
is able to draw the nylon yarn is also required to suppress
the power consumption of a heater.

[0005] Anobjectofthe presentinventionisto suppress
yarn swing and the increase in power consumption in a
spun yarn drawing apparatus.

[0006] According to a first aspect of the invention, a
spun yarn drawing apparatus is configured to draw a run-
ning yarn spun out from a spinning apparatus. The spun
yarndrawing apparatus comprises: three or more heating
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rollers onto which the yarn is wound at a winding angle
of less than 360 degrees and which are configured to
heat and send the yarn to a downstream side in a yarn
running direction; and a thermal insulation box housing
the three or more heating rollers, the three or more heat-
ing rollers include: a most upstream heating roller pro-
vided on the most upstream side in the yarn running di-
rection among the three or more heating rollers; a most
downstream heating roller provided on the most down-
stream side in the yarn running direction among the three
or more heating rollers; and one or more intermediate
heating rollers which are provided downstream of the
most upstream heating roller and upstream of the most
downstream heating roller in the yarn running direction,
and the thermal insulation box includes: one or more cir-
culators which are respectively provided around one or
more predetermined upstream heating rollers among two
or more upstream heating rollers including the most up-
stream heating roller and the one or more intermediate
heating rollers and each of which is configured to cause
a roller accompanied flow to circulate around the entire
circumference of each of the one or more predetermined
upstream heating rollers. In this regard, rotation of the
each of the one or more predetermined upstream heating
rollers generates the roller accompanied flow which is an
accompanied flow, the one or more predetermined up-
stream heating rollers include the one or more interme-
diate heating rollers, and the one or more circulators are
provided to correspond to all of the one or more interme-
diate heating rollers.

[0007] According to this aspect, because the three or
more heating rollers are provided, the yarn is sufficiently
heated without using a Nelson roller in which yarn swing
is likely to occur. The yarn swing is therefore suppressed
as compared to a case where the Nelson roller is provid-
ed. According to this aspect, the one or more circulators
cause roller accompanied flows to circulate around the
one or more predetermined upstream heating rollers so
that gas heated by the one or more predetermined up-
stream heating rollers is suppressed from escaping from
the thermal insulation box through an exit of the yarn.
This increases a heat retaining effect of the thermal in-
sulation box. The roller accompanied flows are circulated
by the one or more circulators so that gas of the roller
accompanied flows is kept heated by the one or more
predetermined upstream heating rollers. This increases
a heat retaining effect around each predetermined up-
stream heating roller, and thus increases that of each
predetermined upstream heating roller itself. Therefore,
the increase in power consumption is suppressed in the
spun yarn drawing apparatus while the yarn swing is sup-
pressed.

[0008] When the yarnenters the thermalinsulation box
through an entrance formed at the thermal insulation box,
an accompanied flow (hereinafter, this will be referred to
as the yarn accompanied flow) generated by running of
the yarn also flows into the thermal insulation box. The
most upstream heating roller is easily cooled by such
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cool air flowing into the thermal insulation box from out-
side. Because the one or more intermediate heating roll-
ers are relatively close to the most upstream heating roll-
er, heat from the one or more intermediate heating rollers
is transmitted to the most upstream heating roller side
by increasing the heat retaining effect of each interme-
diate heating roller. It is therefore possible to increase
the heat retaining effect of the most upstream heating
roller.

[0009] According to this aspect, the heat retaining ef-
fect of the thermal insulation box is effectively increased.
[0010] According to a second aspect of the invention,
the spun yarn drawing apparatus of the first aspect is
arranged such that one of the one or more circulators is
apredetermined circulator, in a cross section taken along
a line orthogonal to a rotational axis direction of a prede-
termined heating roller which is one of the one or more
predetermined upstream heating rollers and which is pro-
vided to correspond to the predetermined circulator, a
part of an outer circumferential surface of the predeter-
mined heating roller is a contact surface with which the
yarn is in contact, the most upstream part of the contact
surface in the yarn running direction is a contact start
point, the most downstream part of the contact surface
in the yarn running direction is a contact end point, an-
other part of the outer circumferential surface is a con-
tactless surface with which the yarn is not in contact, an
upstream yarn path is provided upstream of the contact
start point in the yarn running direction, a downstream
yarn pathis provided downstream ofthe contact end point
in the yarn running direction, and the predetermined cir-
culator includes an accompanied flow collecting surface
which is provided to face the contactless surface, which
is provided between the upstream yarn path and the
downstream yarn path in a circumferential direction of
the predetermined heating roller, and which includes (i)
a first point which is an endpoint closest to the contact
end point in the circumferential direction and (ii) a second
point which is an endpoint closest to the contact start
point in the yarn running direction.

[0011] According to this aspect, the accompanied flow
collecting surface makes it possible to suppress a roller
accompanied flow from flowing radially outward of the
outer circumferential surface because of a centrifugal
force. It is therefore possible to effectively circulate the
roller accompanied flow with a simple structure.

[0012] According to athird aspect of the invention, the
spun yarn drawing apparatus of the second aspect is
arranged such that, in the cross section, afirst virtual line
segment connects the first point to the second point, a
second virtual line segment connects the center of the
predetermined heating roller in a radial direction of the
predetermined heating roller to the first point, and an an-
gle between the first virtual line segment and the second
virtual line segment is an acute angle.

[0013] According to this aspect, a roller accompanied
flow flowing in the vicinity of the first point is guided by
the accompanied flow collecting surface so as to flow
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inward in the radial direction and in the circumferential
direction. This allows the roller accompanied flow to
smoothly flow along the accompanied flow collecting sur-
face.

[0014] According to a fourth aspect of the invention,
the spun yarn drawing apparatus of the second or third
aspect is arranged such that, in the cross section, the
shortest distance between the outer circumferential sur-
face and the accompanied flow collecting surface is 11
mm or more and 88 mm or less.

[0015] When a gap between the outer circumferential
surface and the accompanied flow collecting surface is
too narrow, a flow rate of a circulatable roller accompa-
nied flow is small. Meanwhile, when the gap between the
outer circumferential surface and the accompanied flow
collecting surface is toowide, the roller accompanied flow
is unlikely to be suppressed from flowing radially outward
due to the centrifugal force. As aresult, an airflow is easily
disturbed. The disturbance of the airflow may cause yarn
breakage. According to this aspect, the shortest distance
between the outer circumferential surface and the ac-
companied flow collecting surface is 11 mm or more and
88 mm or less. It is therefore possible to suppress the
above-described problems.

[0016] According to a fifth aspect of the invention, a
spun yarn drawing apparatus is configured to draw a run-
ning yarn spun out from a spinning apparatus. The spun
yarndrawing apparatus comprises: three ormore heating
rollers onto which the yarn is wound at a winding angle
of less than 360 degrees and which are configured to
heat and send the yarn to a downstream side in a yarn
running direction; and a thermal insulation box housing
the three or more heating rollers, the three or more heat-
ing rollers include: a most upstream heating roller pro-
vided on the most upstream side in the yarn running di-
rection among the three or more heating rollers; a most
downstream heating roller provided on the most down-
stream side in the yarn running direction among the three
or more heating rollers; and one or more intermediate
heating rollers which are provided downstream of the
most upstream heating roller and upstream of the most
downstream heating roller in the yarn running direction,
the thermal insulation box includes: one or more circula-
tors which are respectively provided around one or more
predetermined upstream heating rollers among two or
more upstream heating rollers including the most up-
stream heating roller and the one or more intermediate
heating rollers and each of which is configured to cause
a roller accompanied flow to circulate around the entire
circumference of each of the one or more predetermined
upstream heating rollers. In this regard, rotation of the
each of the one or more predetermined upstream heating
rollers generates the roller accompanied flow which is an
accompanied flow, one of the one or more circulators is
a predetermined circulator, in a cross section taken along
a line orthogonal to a rotational axis direction of a prede-
termined heating roller which is one of the one or more
predetermined upstream heating rollers and which is pro-
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vided to correspond to the predetermined circulator, a
part of an outer circumferential surface of the predeter-
mined heating roller is a contact surface with which the
yarn is in contact, the most upstream part of the contact
surface in the yarn running direction is a contact start
point, the most downstream part of the contact surface
in the yarn running direction is a contact end point, an-
other part of the outer circumferential surface is a con-
tactless surface with which the yarn is not in contact, an
upstream yarn path is provided upstream of the contact
start point in the yarn running direction, a downstream
yarn pathis provided downstream ofthe contact end point
in the yarn running direction, the predetermined circulator
includes an accompanied flow collecting surface which
is provided to face the contactless surface, which is pro-
vided between the upstream yarn path and the down-
stream yarn path in a circumferential direction of the pre-
determined heating roller, and which includes (i) a first
pointwhich is an endpoint closest to the contact end point
in the circumferential direction and (ii) a second point
which is an endpoint closest to the contact start point in
the circumferential direction. Furthermore, in the cross
section, the shortest distance between the outer circum-
ferential surface and the accompanied flow collecting
surface is 11 mm or more and 88 mm or less.

[0017] When a gap between the outer circumferential
surface and the accompanied flow collecting surface is
too narrow, a flow rate of a circulatable roller accompa-
nied flow is small. Meanwhile, when the gap between the
outer circumferential surface and the accompanied flow
collecting surface is too wide, the roller accompanied flow
is unlikely to be suppressed from flowing radially outward
duetothe centrifugal force. As aresult, an airflow is easily
disturbed. The disturbance of the airflow may cause yarn
breakage. According to this aspect, the shortest distance
between the outer circumferential surface and the ac-
companied flow collecting surface is 11 mm or more and
88 mm or less. It is therefore possible to suppress the
above-described problems.

[0018] According to a sixth aspect of the invention, the
spun yarn drawing apparatus of the fifth aspect is ar-
ranged such that, in the cross section, a first virtual line
segment connects the first point to the second point, a
second virtual line segment connects the center of the
predetermined heating roller in a radial direction of the
predetermined heating roller to the first point, and an an-
gle between the first virtual line segment and the second
virtual line segment is an acute angle.

[0019] According to this aspect, a roller accompanied
flow flowing in the vicinity of the first point is guided by
the accompanied flow collecting surface so as to flow
inward in the radial direction and in the circumferential
direction. This allows the roller accompanied flow to
smoothly flow along the accompanied flow collecting sur-
face.

[0020] According to a seventh aspect of the invention,
the spun yarn drawing apparatus of the fifth or sixth as-
pectis arranged such thatthe one or more predetermined
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upstream heating rollers include the one or more inter-
mediate heating rollers.

[0021] Whenthe yarn enters the thermalinsulation box
through an entrance formed at the thermal insulation box,
an accompanied flow (hereinafter, this will be referred to
as the yarn accompanied flow) generated by running of
the yarn also flows into the thermal insulation box. The
most upstream heating roller is easily cooled by such
cool air flowing into the thermal insulation box from out-
side. Because the one or more intermediate heating roll-
ers are relatively close to the most upstream heating roll-
er, heat from the one or more intermediate heating rollers
is transmitted to the most upstream heating roller side
by increasing the heat retaining effect of each interme-
diate heating roller. It is therefore possible to increase
the heat retaining effect of the most upstream heating
roller.

[0022] According to an eighth aspect of the invention,
a spun yarn drawing apparatus is configured to draw a
running yarn spun out from a spinning apparatus. The
spun yarn drawing apparatus comprises: three or more
heating rollers onto which the yarn is wound at a winding
angle of less than 360 degrees and which are configured
to heat and send the yarn to a downstream side in a yarn
running direction; and a thermal insulation box housing
the three or more heating rollers, the three or more heat-
ing rollers include: a most upstream heating roller pro-
vided on the most upstream side in the yarn running di-
rection among the three or more heating rollers; a most
downstream heating roller provided on the most down-
stream side in the yarn running direction among the three
or more heating rollers; and one or more intermediate
heating rollers which are provided downstream of the
most upstream heating roller and upstream of the most
downstream heating roller in the yarn running direction,
the thermal insulation box includes: one or more circula-
tors which are respectively provided around one or more
predetermined upstream heating rollers among two or
more upstream heating rollers including the most up-
stream heating roller and the one or more intermediate
heating rollers and each of which is configured to cause
a roller accompanied flow to circulate around the entire
circumference of each of the one or more predetermined
upstream heating rollers. In this regard, rotation of the
each of the one or more predetermined upstream heating
rollers generates the roller accompanied flow which is an
accompanied flow, one of the one or more circulators is
a predetermined circulator, in a cross section taken along
a line orthogonal to a rotational axis direction of a prede-
termined heating roller which is one of the one or more
predetermined upstream heating rollers and which is pro-
vided to correspond to the predetermined circulator, a
part of an outer circumferential surface of the predeter-
mined heating roller is a contact surface with which the
yarn is in contact, the most upstream part of the contact
surface in the yarn running direction is a contact start
point, the most downstream part of the contact surface
in the yarn running direction is a contact end point, an-
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other part of the outer circumferential surface is a con-
tactless surface with which the yarn is not in contact, an
upstream yarn path is provided upstream of the contact
start point in the yarn running direction, a downstream
yarn pathis provided downstream ofthe contact end point
in the yarn running direction, the predetermined circulator
includes an accompanied flow collecting surface which
is provided to face the contactless surface, which is pro-
vided between the upstream yarn path and the down-
stream yarn path in a circumferential direction of the pre-
determined heating roller, and which includes (i) a first
pointwhich is an endpoint closest to the contact end point
in the circumferential direction and (ii) a second point
which is an endpoint closest to the contact start point in
the circumferential direction. Furthermore, in the cross
section, afirst virtual line segment connects the first point
to the second point, a second virtual line segment con-
nects the center of the predetermined heating roller in a
radial direction of the predetermined heating roller to the
first point, and an angle between the first virtual line seg-
ment and the second virtual line segment is an acute
angle.

[0023] According to this aspect, a roller accompanied
flow flowing in the vicinity of the first point is guided by
the accompanied flow collecting surface so as to flow
inward in the radial direction and in the circumferential
direction. This allows the roller accompanied flow to
smoothly flow along the accompanied flow collecting sur-
face.

[0024] According to a ninth aspect of the invention, the
spun yarn drawing apparatus of the eighth aspect is ar-
ranged such that the one or more predetermined up-
stream heating rollers include the one or more interme-
diate heating rollers.

[0025] When the yarnentersthe thermalinsulation box
through an entrance formed at the thermal insulation box,
an accompanied flow (hereinafter, this will be referred to
as the yarn accompanied flow) generated by running of
the yarn also flows into the thermal insulation box. The
most upstream heating roller is easily cooled by such
cool air flowing into the thermal insulation box from out-
side. Because the one or more intermediate heating roll-
ers are relatively close to the most upstream heating roll-
er, heat from the one or more intermediate heating rollers
is transmitted to the most upstream heating roller side
by increasing the heat retaining effect of each interme-
diate heating roller. It is therefore possible to increase
the heat retaining effect of the most upstream heating
roller.

[0026] According to atenth aspect of the invention, the
spun yarn drawing apparatus of any one of the second
to ninth aspects is arranged such that, in the cross sec-
tion, a virtual upstream straight line contains the contact
start point and partially overlaps the upstream yarn path,
a virtual downstream straight line contains the contact
end point and partially overlaps the downstream yarn
path, the virtual upstream straight line is line-symmetric
with the virtual downstream straight line about a prede-
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termined symmetry axis, and the first point is provided
between the symmetry axis and the virtual downstream
straight line.

[0027] According to this aspect, the first point is pro-
vided in the vicinity of the contact end point. With this
arrangement, an accompanied flow flowing in the vicinity
of the contact end point is easily taken in (collected) by
the accompanied flow collecting surface. It is therefore
possible to effectively circulate aroller accompanied flow.
[0028] According to an eleventh aspect of the inven-
tion, the spun yarn drawing apparatus of any one of the
second to tenth aspects is arranged such that, in the
cross section, the accompanied flow collecting surface
forms a line segment connecting the first point to the sec-
ond point, is curved and protrudes outward of the line
segmentin the radial direction of the predetermined heat-
ing roller, or is bent and protrudes outward of the line
segmentin the radial direction of the predetermined heat-
ing roller to form an obtuse angle.

[0029] According to this aspect, a roller accompanied
flow smoothly flows along the accompanied flow collect-
ing surface.

[0030] According to a twelfth aspect of the invention,
the spun yarn drawing apparatus of the eleventh aspect
is arranged such that the accompanied flow collecting
surface forms the line segment in the cross section.
[0031] According to this aspect, the accompanied flow
collecting surface is flat. The accompanied flow collecting
surface is therefore formed by a simple process as com-
pared to a case where the accompanied flow collecting
surface is curved or bent.

[0032] Accordingtoathirteenthaspectoftheinvention,
the spun yarn drawing apparatus of any one of the second
to twelfth aspects is arranged such that the predeter-
mined circulator includes an accompanied flow regulat-
ing surface provided to enclose the contact surface in
the circumferential direction.

[0033] According to this aspect, the accompanied flow
regulating surface makes it possible to suppress a roller
accompanied flow from flowing radially outward of the
outer circumferential surface because of a centrifugal
force.

[0034] According to a fourteenth aspect of the inven-
tion, the spun yarn drawing apparatus of the thirteenth
aspectis arranged such that a virtual half-line whose end-
point is the first point and which passes the second point
intersects with the accompanied flow regulating surface
in the cross section.

[0035] According to this aspect, a roller accompanied
flow guided by the accompanied flow collecting surface
is supplied toward the accompanied flow regulating sur-
face. Itis therefore possible to further effectively circulate
the roller accompanied flow.

[0036] According to a fifteenth aspect of the invention,
the spun yarn drawing apparatus of any one of the second
to fourteenth aspects is arranged such that, when an in-
tersection between (i) the virtual half-line whose endpoint
is the first point and which passes the second point and
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(ii) a yarn path of the yarn running toward the contact
start point is a third point in the cross section, a third
virtual line segment connects the second pointto the third
point, afourth virtual line segment connects the third point
to the contact start point, and an angle between the third
virtual line segment and the fourth virtual line segment
is an obtuse angle in the cross section.

[0037] According to this aspect, a roller accompanied
flow guided by the accompanied flow collecting surface
is prevented from flowing in a direction opposite to a
traveling direction of the yarn. It is therefore possible to
suppress the yarn swing.

[0038] According to a sixteenth aspect of the invention,
the spun yarn drawing apparatus of any one of the first
to fifteenth aspects is arranged such that the one or more
circulators are configured to cause roller accompanied
flows to circulate around the one or more predetermined
upstream heating rollers respectively so that a layer flow
along the yarn running direction is generated around the
each of the one or more predetermined upstream heating
rollers.

[0039] According to this aspect, a roller accompanied
flow circulates around each predetermined upstream
heating roller so as to cause a stable layer flow. There-
fore, even when a flow rate of circulating gas is large, the
yarn swing is suppressed.

[0040] Accordingto a seventeenth aspect of the inven-
tion, the spun yarn drawing apparatus of any one of the
firstto sixteenth aspects is arranged such that the thermal
insulation box includes: a partition portion provided be-
tween (i) a downstream heating roller which is one of the
most downstream heating roller and the one or more in-
termediate heating rollers and (ii) the most upstream
heating roller; and a returning path causing a down-
stream space provided on the downstream heating roller
side of the partition portion to communicate with an up-
stream space provided on the most upstream heating
roller side of the partition portion.

[0041] The most upstream heating roller is easily
cooled by cool air flowing in from an entrance of the yarn,
which is formed at the thermal insulation box. According
to this aspect, high-temperature air in the downstream
space is supplied to the upstream space through the re-
turning path. Itis therefore possible to effectively increase
the heat retaining effect of the most upstream heating
roller.

[0042] According to an eighteenth aspect of the inven-
tion, the spun yarn drawing apparatus of any one of the
first to seventeenth aspects is arranged such thatthe one
or more predetermined upstream heating rollers include
the most upstream heating roller.

[0043] According to this aspect, the heat retaining ef-
fect of the most upstream heating roller is increased. It
is therefore possible to effectively reduce the power con-
sumption.

[0044] According to a nineteenth aspect of the inven-
tion, the spun yarn drawing apparatus of any one of the
first to eighteenth aspects is arranged such that the ther-
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mal insulation box includes: an exit of the yarn; and a
shielding portion which extends toward a most down-
stream contact surface and which is configured to block
a yarn accompanied flow generated by the yarn running
toward the exit, a part of an outer circumferential surface
of the most downstream heating roller being the most
downstream contact surface onto which the yarn is
wound.

[0045] According to this aspect, the shielding member
makes it possible to suppress the yarn accompanied flow
from flowing out from the thermal insulation box through
the exit. It is therefore possible to increase the heat re-
taining effect of the thermal insulation box.

[0046] According to atwentieth aspect ofthe invention,
the spun yarn drawing apparatus of the nineteenth aspect
is arranged such that, in a cross section orthogonal to a
rotational axis direction of the most downstream heating
roller, a part of the outer circumferential surface of the
most downstream heating roller is a most downstream
contactless surface onto which the yarn is not wound,
and the thermal insulation box includes a most down-
stream accompanied flow collecting surface which is pro-
vided to face the most downstream contactless surface
and which is provided between (i) a yarn path provided
upstream of the most downstream contact surface in the
yarn running direction and (ii) a yarn path provided down-
stream of the most downstream contact surface in the
yarn running direction.

[0047] According to this aspect, the most downstream
accompanied flow collecting surface allows a part of a
roller accompanied flow of the most downstream heating
roller to return to the upstream side in the yarn running
direction. It is therefore possible to suppress the roller
accompanied flow from flowing out from the thermal in-
sulation box through the exit. It is therefore possible to
increase the heat retaining effect of the thermal insulation
box.

[0048] According to a 21st aspect of the invention, the
spun yarn drawing apparatus of any one of the first to
twentieth aspects is arranged such that the yarn is drawn
on the upstream side of the most upstream heating roller
in the yarn running direction.

[0049] According to this aspect, because the three or
more heating rollers are provided downstream of an area
where the yarn is drawn in the yarn running direction, the
yarn is sufficiently gripped. With this arrangement, the
tension applied to the drawn yarn is suppressed from
causing the yarn to slip on the three or more heating
rollers. It is therefore possible to further suppress the
yarn swing.

[0050] According to a22nd aspect of the invention, the
spun yarn drawing apparatus of the 21st aspect further
includes an outside roller which is provided outside the
thermal insulation box and upstream of the three or more
heating rollers in the yarn running direction and onto
which the yarn which is not drawn yet is wound. In this
regard, the yarn is drawn between the outside roller and
the most upstream heating roller in the yarn running di-
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rection.

[0051] According to this aspect, the thermal insulation
box makes it possible to suppress heat transfer between
the outside roller and the most upstream heating roller.
Therefore, even when the heating temperature of the out-
side roller is significantly different from that of the most
upstream heating roller, the influence of a temperature
difference is suppressed.

[0052] According to a 23rd aspect of the invention, the
spun yarn drawing apparatus of the 22nd aspect is ar-
ranged such that the outside roller is a non-heating roller
which does not heat the yarn.

[0053] Accordingto this aspect, the outside roller is the
non-heating roller and does not need to be heated. With
this arrangement, the outside roller does not need to be
housed in the thermal insulation box. Therefore, the in-
ternal structure of the thermal insulation box is freely de-
signed as compared to a case where, e.g., heatingrollers,
which are different in set temperature from the three or
more heating rollers, are housed in the thermal insulation
box.

[0054] According to a 24th aspect of the invention, the
spun yarn drawing apparatus of any one of the first to
23rd aspects is arranged such that each of the three or
more heating rollers is a thermal setting roller for ther-
mally setting the drawn yarn.

[0055] Accordingto thisaspect, because three or more
thermal settingrollers are provided, the yarnis sufficiently
and thermally set without using a Nelson roller in which
the yarn swing is likely to occur.

[0056] According to a 25th aspect of the invention, the
spun yarn drawing apparatus of any one of the first to
24th aspects is arranged such that the yarn is made of
nylon.

[0057] The presentinvention is especially effective to
draw the nylon yarn.

BRIEF DESCRIPTION OF THE DRAWINGS
[0058]

[FIG. 1] FIG. 1 is a schematic diagram of a spun yarn
take-up machine including a spun yarn drawing ap-
paratus of an embodiment.

[FIG. 2] FIG. 2 is a cross section of the spun yarn
drawing apparatus.

[FIG. 3] Each of FIGs. 3(a) and 3(b) is an enlarged
view of a second heating roller and its surroundings.
[FIG. 4] FIG. 4 shows a simulation result of a flow
rate of fluid in a thermal insulation box.

[FIG.5] FIG. 5is a table showing conditions of a fluid
analysis in Examples and Comparative Examples,
and results of the fluid analysis under each set of
conditions.

[FIG. 6] FIG. 6 shows the conditions and analysis
results of the fluid analysis in regard to Examples 1
to 6, which are picked up and reordered from the
table of FIG. 5.
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[FIG. 7] FIG. 7 shows the conditions and analysis
results of the fluid analysis in regard to Examples
and Comparative Examples regarding the existence
of a returning path and are picked up from the table
of FIG. 5.

[FIG. 8] Each of FIGs. 8(a) and 8(b) is used for ex-
plaining Comparative Examples.

[FIG.9]FIG. 9is a cross section of a spun yarn draw-
ing apparatus of a modification.

[FIG. 10] FIG. 10 is a cross section of a spun yarn
drawing apparatus of another modification.

[FIG. 11] FIG. 11 is a table showing the conditions
of a fluid analysis in modifications, and results of the
fluid analysis under each set of conditions.

[FIG. 12] Each of FIGs. 12(a) and 12(b) is an en-
larged view of a second heating roller of another
modification and its surroundings.

[FIG. 13] Each of FIGs. 13(a) and 13(b) is a sche-
matic diagram of a spun yarn drawing apparatus of
another modification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0059] The following will describe an embodiment of
the present invention. The up-down direction, left-right
direction, and front-rear direction shown in FIG. 1 are
respectively the up-down direction, left-right direction,
and front-rear direction relative to a spun yarn take-up
machine 1. The up-down direction (the up-down direction
in the plane of FIG. 1) is in parallel to a vertical direction
in which the gravity acts. The left-right direction (the left-
right direction in the plane of FIG. 1) is a predetermined
direction orthogonal to the up-down direction. The front-
rear direction (a direction perpendicular to the plane of
FIG. 1) is orthogonal to both the up-down direction and
the left-right direction. A direction in which each yarn Y
described below runs is referred to as a yarn running
direction.

(Spun Yarn Take-Up Machine)

[0060] The following will describe the structure of the
spun yarn take-up machine 1 including a spun yarn draw-
ing apparatus 3 of the present embodiment, with refer-
enceto FIG. 1. FIG. 1 is a schematic diagram of the spun
yarn take-up machine 1. The spun yarn take-up machine
1 is structured so that yarns Y spun out from a spinning
apparatus 2 are drawn by a spun yarn drawing apparatus
3 and then are wound up by a yarn winding apparatus 4.
[0061] The spinning apparatus 2 is configured to pro-
duce nylon yarns Y by continuously spinning out molten
polymer made of nylon (e.g., nylon 6 or nylon 66). FIG.
1 shows only one yarn Y. Each yarn Y is, e.g., a multi-
filament yarn formed of plural filaments f. Alternatively,
each yarnY may be formed of one filamentf. To the yarns
Y spun out from the spinning apparatus 2, oil is applied
by an oil guide 10. The yarns Y are then sent to the spun
yarn drawing apparatus 3.
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[0062] The spun yarndrawing apparatus 3 is an appa-
ratus for drawing the yarns Y. The spun yarn drawing
apparatus 3 is provided below the spinning apparatus 2.
As shown in FIG. 1, for example, the spun yarn drawing
apparatus 3 includes a non-heating roller group 11, a
heating roller group 12, and a thermal insulation box 13.
TheyarnsY are drawn between plural non-heating rollers
21 included in the non-heating roller group 11 and plural
heating rollers 31 included in the heating roller group 12.
Each heating roller 31 is a thermal setting roller for ther-
mally setting the drawn yarns Y. The heating rollers 31
are housed in the thermal insulation box 13.

[0063] The thermal insulation box 13 includes an en-
trance 13a and an exit 13b. The entrance 13ais an open-
ing formed in order to introduce the yarns Y into the ther-
mal insulation box 13. A part of an accompanied flow
(hereinafter, yarn accompanied flow) generated by run-
ning of the yarns Y flows into the thermal insulation box
13 through the entrance 13a. The exit 13b is an opening
formed in order to take the yarns Y, which are drawn and
heated, out from the thermal insulation box 13. A part of
a yarn accompanied flow flows out from the thermal in-
sulation box 13 through the exit 13b. The spun yarn draw-
ing apparatus 3 will be detailed later.

[0064] The yarns Y drawn by the spun yarn drawing
apparatus 3 are sent to the yarn winding apparatus 4 via
a guide roller 14. The yarn winding apparatus 4 is con-
figured to wind the yarns Y onto the respective winding
bobbins Bw, so as to form plural packages P.

[0065] A series of steps of spinning out, drawing, and
winding of the yarns Y is performed by the spun yarn
take-up machine 1 structured as described above.

(Spun Yarn Drawing Apparatus)

[0066] The following will detail the spun yarn drawing
apparatus 3 with reference to FIG. 1 and FIG. 2. FIG. 2
is a cross section of the spun yarn drawing apparatus 3,
which is orthogonal to the front-rear direction.

[0067] Asdescribedabove, forexample,the spunyarn
drawing apparatus 3 includes the non-heating roller
group 11, the heating roller group 12, and the thermal
insulation box 13. The non-heating roller group 11 is con-
figured to take up the oiled yarns Y, and to send the yarns
Y to the heating roller group 12 without heating the yarns
Y. Alternatively, an unillustrated take-up roller may be
provided between the oil guide 10 and the non-heating
roller group 11 in the yarn running direction. As shown
in FIG. 1 and FIG. 2, for example, the non-heating roller
group 11 includes the non-heating rollers 21. The non-
heating rollers 21 are provided outside the thermal insu-
lation box 13. The non-heating rollers 21 may be housed
in a thermal insulation box (not illustrated) different from
the thermal insulation box 13. Each non-heating roller 21
is, e.g., a known godet roller. Each non-heating roller 21
is rotationally driven by an unillustrated motor. The rota-
tional axis direction of the non-heating rollers 21 is sub-
stantially parallel to, e.g., the front-rear direction. That s,
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the rotational axes of the non-heating rollers 21 are sub-
stantially parallel to one another. Each non-heating roller
21 includes an outer circumferential surface 21a (see
FIG. 1) onto which the yarns Y are wound. The yarns Y
are aligned and wound onto the outer circumferential sur-
face 21ain the rotational axis direction of each non-heat-
ingroller21. The yarns'Y are wound onto the non-heating
rollers 21 in order from the upstream side in the yarn
running direction, at a winding angle of less than 360
degrees. As the non-heatingrollers 21, three non-heating
rollers 21 are provided (see FIG. 1) in the present em-
bodiment. As the three non-heating rollers 21, a first non-
heating roller 22, a second non-heating roller 23, and a
third non-heating roller 24 (an outside roller of the present
invention) are provided in this order from the upstream
side in the yarn running direction. The number of the non-
heating rollers 21 is not limited to this.

[0068] The heatingrollergroup 12is configuredto draw
the yarns Y with the non-heating roller group 11, and to
thermally set the drawn yarns Y. As shown in FIG. 1 and
FIG. 2, for example, the heating roller group 12 includes
the heating rollers 31. The heating rollers 31 are housed
in the thermal insulation box 13. Being similar to the non-
heatingrollers 21, each heating roller 31 is, e.g., a known
godet roller. Each heating roller 31 is rotationally driven
by an unillustrated motor. The rotational axis direction of
the heating rollers 31 is substantially parallel to, e.g., the
front-rear direction. That is, the rotational axes of the
heatingrollers 31 are substantially parallel to one another
and to the rotational axes of the non-heating rollers 21.
Each heating roller 31 includes an outer circumferential
surface 31a (see FIG. 2) onto which the yarns Y are
wound. Theyarns Y are aligned and wound onto the outer
circumferential surface 31ain the rotational axis direction
of each heating roller 31. Each heating roller 31 includes
an unillustrated heater. The heater includes, e.g., an un-
illustrated coil. The heater is configured to heat the outer
circumferential surface 31a of each heating roller 31 by
means of Joule heat when power is supplied to the coil.
The heating temperatures of the heating rollers 31 (i.e.,
the set temperatures of outer circumferential surfaces
31a of the heating rollers 31) are substantially identical
with one another. The heating temperature of each heat-
ingroller 31 is, e.g., 50 to 250 °C. The yarns Y are wound
onto the heating rollers 31 in order from the upstream
side in the yarn running direction, at a winding angle of
less than 360 degrees. As the heating rollers 31, three
heating rollers 31 are provided in the present embodi-
ment. As the three heating rollers 31, a first heating roller
32, a second heating roller 33, and a third heating roller
34 are provided in this order from the upstream side in
the yarn running direction.

[0069] Among the heating rollers 31, the first heating
roller 32 (the most upstream heating roller and an up-
stream heating roller in the presentinvention)is provided
on the most upstream side in the yarn running direction.
For example, the first heating roller 32 is provided below
the remaining two heating rollers 31. Among the non-
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heating rollers 21, the third non-heating roller 24 is pro-
vided on the most downstream side in the yarn running
direction. The first heating roller 32 is provided immedi-
ately downstream of the third non-heating roller 24. The
first heating roller 32 is configured to draw the yarns Y
with the third non-heating roller 24. The yarn feeding
speed of the first heating roller 32 is set to be higher than
that of the third non-heating roller 24. The yarns Y are
drawn on account of a difference in yarn feeding speed
between the first heating roller 32 and the third non-heat-
ing roller 24. In the present embodiment, the yarns Y are
drawn on the upstream side of the first heating roller 32
in the yarn running direction.

[0070] The second heating roller 33 (the upstream
heating roller, a predetermined upstream heating roller,
apredetermined heating roller, and an intermediate heat-
ing roller in the present invention) is provided down-
stream of the first heating roller 32 and upstream of the
third heating roller 34 in the yarn running direction. For
example, the second heating roller 33 is provided above
and to the right of the first heating roller 32. For example,
the second heating roller 33 is provided to the right of
and slightly below the third heating roller 34. The yarn
feeding speed of the second heating roller 33 is substan-
tially identical with that of the first heating roller 32.
[0071] Among the heating rollers 31, the third heating
roller 34 (a downstream heating roller and the mostdown-
stream heating roller in the presentinvention) is provided
on the most downstream side in the yarn running direc-
tion. For example, the third heating roller 34 is provided
immediately above the first heating roller 32. For exam-
ple, the third heating roller 34 is provided to the left of
and slightly above the second heating roller 33. The yarn
feeding speed of the third heating roller 34 is substantially
identical with, e.g., that of the first heating roller 32 and
that of the second heating roller 33. However, the yarn
feeding speed of the third heating roller 34 is not limited
to this.

[0072] The rotational direction of each of the first heat-
ing roller 32, the second heating roller 33, and the third
heating roller 34 is indicated by arrows in FIG. 2, for ex-
ample. To be more specific, for example, the rotational
direction of the first heating roller 32 is a clockwise direc-
tion in a cross section orthogonal to the front-rear direc-
tion. In this cross section, the rotational direction of the
second heating roller 33 is opposite to that of the first
heating roller 32 (i.e., is a counterclockwise direction). In
this cross section, the rotational direction of the third heat-
ing roller 34 is opposite to that of the second heating roller
33 and the same as that of the first heating roller 32 (i.e.,
is a clockwise direction).

[0073] The thermal insulation box 13 is a box for sup-
pressing heat of the heating rollers 31 from escaping to
the outside. As shown in FIG. 2, the thermal insulation
box 13 includes a circumferential wall 41, a backside wall
42, flow control members 43 to 46, shielding members
47 and 48, a returning path 49, and a front door (not
illustrated) . The internal space of the thermal insulation
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box 13 is filled with gas (air) whose pressure is substan-
tially identical with that of gas (air) in the space outside
the thermal insulation box 13.

[0074] The circumferential wall 41 is a wall-like mem-
ber surrounding the heating rollers 31 in a cross section
orthogonal to the front-rear direction (see FIG. 2). The
circumferential wall 41 includes inner wall surfaces 41a
to 41h which are provided to surround the heating rollers
31. Theinnerwall surfaces 41ato41h extend along, e.g.,
the front-rear direction (a direction perpendicular to the
plane of FIG. 2).

[0075] An example of a specific arrangement of the
inner wall surfaces 41a to 41h is described below. As
shown in FIG. 2, the inner wall surface 41a is provided
to the right of the first heating roller 32, faces to the left,
and extends along the up-down direction. The inner wall
surface 41ais provided immediately above the entrance
13a. The inner wall surface 41b is provided to the right
of the first heating roller 32, faces to the left, and extends
along the up-down direction. The inner wall surface 41b
is provided immediately below the entrance 13a. The in-
ner wall surface 41c is provided below the first heating
roller 32, faces up, and extends along the left-right direc-
tion. Arightend of the inner wall surface 41cis connected
to a lower end of the inner wall surface 41b. The inner
wall surface 41d is provided to the left of the first heating
roller 32 and the third heating roller 34, faces to the right,
and extends along the up-down direction. A lower end of
the inner wall surface 41d is connected to a left end of
the inner wall surface 41c. The inner wall surface 41e is
provided to the right of the first heating roller 32 and below
the second heatingroller 33, faces up, and extends along
the left-right direction. A left end of the inner wall surface
41eis connected to an upper end of the inner wall surface
41a. The inner wall surface 41f is provided to the right of
the second heatingroller 33, faces to the left, and extends
along the up-down direction. A lower end of the inner wall
surface 41f is connected to a right end of the inner wall
surface41e. Theinnerwall surface 41gis provided above
the second heating roller 33 and the third heating roller
34, faces down, and extends along the left-right direction.
A left end of the inner wall surface 41g is connected to
an upper end of the inner wall surface 41d. The inner
wall surface 41h is provided to the right of the second
heating roller 33, faces to the left, and extends along the
up-down direction. The inner wall surface 41his provided
immediately above the exit 13b. An upper end of the inner
wall surface 41h is connected to a right end of the inner
wall surface 41g. The arrangement of the inner wall sur-
faces 41a to 41h is not limited to the above-described
arrangement.

[0076] The backside wall 42 (see FIG. 2) is a wall pro-
vided behind the circumferential walls 41. The backside
wall 42 is a plate-shaped member provided to be, e.g.,
substantially perpendicular to the front-rear direction.
The backside wall 42 is connected to rear ends of the
inner wall surfaces 41a to 41h. The position of a motor
(notillustrated) configured to rotationally drive each heat-
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ing roller 31 is fixed relative to, e.g., the backside wall 42.
[0077] The flow control members 43 to 46 (see FIG. 2)
are members for adjusting airflows in the thermal insu-
lation box 13. To be more specific, the flow control mem-
bers 43 to 46 are members for mainly adjusting the
above-described yarn accompanied flow and an accom-
panied flow generated by the rotation of each heating
roller 31 (hereinafter, a roller accompanied flow). The
flow control members 43 to 46 are formed by, e.g., bend-
ing plate-shaped members. Alternatively, at least one of
the flow control members 43 to 46 may be formed by,
e.g., cutting a block-shaped member. The flow control
members 43 to 46 extend along, e.g., the front-rear di-
rection (a direction perpendicular to the plane of FIG. 2).
The flow control members 43 to 46 are fixed to, e.g., the
backside wall 42.

[0078] AsshowninFIG. 2, the flow control member 43
is provided to enclose a left part of the first heating roller
32. The flow control member 43 extends substantially in
the up-down direction. For example, the flow control
member 43 is provided above and distanced from the
inner wall surface 41c in the up-down direction. For ex-
ample, the flow control member 43 is provided to the right
ofthe inner wall surface 41d and distanced from the inner
wall surface 41d in the left-right direction. With this ar-
rangement, the returning path 49 is formed between the
flow control member 43 and the inner wall surface 41d.
[0079] AsshowninFIG. 2, the flow control member 44
is provided to mainly enclose a lower part of the second
heating roller 33. The flow control member 44 extends
substantially in the left-right direction. For example, ap-
proximately the entire flow control member 44 is provided
above the inner wall surface 41e. For example, a shield-
ing portion 44a extending to the vicinity of an outer cir-
cumferential surface 32a of the first heating roller 32 is
provided at a left end portion of the flow control member
44. The yarns Y are not wound onto a part of the outer
circumferential surface 32a, and the shielding portion 44a
extends toward this part of the outer circumferential sur-
face 32a. The shielding portion 44ais configured to shield
a roller accompanied flow of the first heating roller 32 so
that the roller accompanied flow is suppressed from re-
turning to the entrance 13a side. A right end of the flow
control member 44 is connected to, e.g., a lower part of
the inner wall surface 41f. The flow control member 44
and the inner wall surface 41f form an accompanied flow
regulating surface 51 described later.

[0080] AsshowninFIG. 2, the flow control member 45
is provided to mainly enclose an upper part of the second
heating roller 33. The flow control member 45 extends
substantially in the left-right direction. For example, the
flow control member 45 is provided above the second
heating roller 33 and below the inner wall surface 41g in
the up-down direction. For example, a shielding portion
45a extending to the vicinity of an outer circumferential
surface 34a of the third heating roller 34 is provided at a
leftend portion of the flow control member 45. The shield-
ing portion 45a is configured to shield a roller accompa-
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nied flow of the third heating roller 34 so that the roller
accompanied flow returns to the second heating roller 33
side. A right end of the flow control member 45 is con-
nected to, e.g., an upper end portion of the inner wall
surface 41f. The flow control member 45, the inner wall
surface 41f, and the flow control member 44 form the
accompanied flow regulating surface 51 described later.
[0081] Asshownin FIG. 2, the flow control member 46
(a partition portion of the present invention) is provided
to separate thefirstheating roller 32 from the third heating
roller 34 in the up-down direction. The flow control mem-
ber 46 extends substantially in the left-right direction. For
example, approximately the entire flow control member
46 is provided above the first heating roller 32 and below
the third heating roller 34 (i.e., between the first heating
roller 32 and the third heating roller 34) in the up-down
direction. For example, the flow control member 46 is
provided to the right of the inner wall surface 41d and
distanced from the inner wall surface 41d in the left-right
direction.

[0082] The shielding member 47 is configured to block
a yarn accompanied flow generated by running of the
yarns Y entering the thermal insulation box 13 through
the entrance 13a. The shielding member 47 is, e.g., a
plate-shaped member. The shielding member 47 is fixed
to, e.g., the inner wall surface 41c and the backside wall
42. The yarns Y are wound onto a part of the of the outer
circumferential surface 32a, and the shielding member
47 extends toward this part of the outer circumferential
surface 32a in the circumferential direction of the first
heating roller 32.

[0083] The shielding member 48 (a shielding portion
of the presentinvention)is configured to suppress a yarn
accompanied flow and a roller accompanied flow of the
third heating roller 34 from flowing out from the exit 13b
by blocking the yarn accompanied flow and this roller
accompanied flow. The shielding member 48 is, e.g., a
plate-shaped member. The shielding member 48 is fixed
to, e.g., the inner wall surface 41d and the backside wall
42. The yarns Y are wound onto a part of the outer cir-
cumferential surface 34a of the third heating roller 34 (the
mostdownstream contact surface 34b), and the shielding
member 48 extends from an upper part of the inner wall
surface 41d toward this part of the outer circumferential
surface 34a.

[0084] Thereturning path49is, e.g., a path for allowing
air near the third heating roller 34 to return to the vicinity
of the first heating roller 32. The returning path 49 causes
a space (a downstream space of the present invention)
on the third heating roller 34 side of the flow control mem-
ber 46 to communicate with a space (an upstream space
of the presentinvention) on the first heating roller 32 side
of the flow control member 46. An entrance 49a of the
returning path 49 is formed between the inner wall sur-
face 41d and a left end of the flow control member 46.
An exit 49b of the returning path 49 is formed between
(i) a lower end of the flow control member 43 and (ii) the
inner wall surfaces 41c and 41d.
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[0085] The frontdoor (notillustrated) is a door for clos-
ing the front of the thermal insulation box 13. The front
door is arranged to make contact with a front end surface
of the circumferential wall 41. A slight gap is formed be-
tween the front door and the heating rollers 31.

[0086] Furthermore, the thermal insulation box 13 in-
cludes an outlet (not illustrated) for exhausting gas in-
cluding oil mist applied to the yarns Y. A flow rate of gas
exhausted from the outlet is sufficiently smaller than that
of gas flowing in from the entrance 13a and that of gas
flowing out from the exit 13b. The outlet is not further
detailed in this description.

[0087] The spun yarn drawing apparatus 3 described
above is required to suppress (i) yarn swing and (ii) in-
crease in power consumption of the heaters. In regard
to the yarn swing, the spun yarn drawing apparatus 3
includes the three heating rollers 31 (e.g., godet rollers)
as described above. With this arrangement, the nylon
yarns Y are sufficiently heated without using a known
Nelson-type roller in which the yarn swing is likely to oc-
cur. lt is therefore possible to suppress the yarn swing.
The power consumption of the heaters can be reduced
by, e.g., increasing a heat retaining effect of the thermal
insulation box 13 and that of the heating rollers 31. The
heat retaining effect of the thermal insulation box 13 and
that of the heating rollers 31 can be increased by sup-
pressing, e.g., the escape of heat of the thermal insulation
box 13 and/or the entry of cool air from the outside of the
thermal insulation box 13. In order to reduce the power
consumption, the spun yarn drawing apparatus 3 is struc-
tured as described below.

(Details of Spun Yarn Drawing Apparatus)

[0088] The following will describe the details of the
spun yarn drawing apparatus 3 with reference to FIG.
3(a) and FIG. 3(b). Each of FIG. 3(a) and FIG. 3(b) is an
enlarged view of the second heating roller 33 and its sur-
roundings. Hereinafter, the rotational axis direction of the
second heating roller 33 is simply referred to as the ro-
tational axis direction. The radial direction of the second
heating roller 33 is simply referred to as the radial direc-
tion. The circumferential direction of the second heating
roller 33 is simply referred to as the circumferential di-
rection. The yarns Y are in contact with a part of an outer
circumferential surface 33a of the second heating roller
33, and this part of the outer circumferential surface 33a
is referred to as a contact surface 33b (indicated by a
bold line in FIG. 3 (a)) in a cross section orthogonal to
the rotational axis direction (see FIG. 3(a) and FIG. 3(b);
hereinafter, the above-described cross section). The
yarns Y are not in contact with another part of the outer
circumferential surface 33a, and this part of the outer
circumferential surface 33ais referred to as a contactless
surface 33c (indicated by a bold line in FIG. 3(b)) in the
above-described cross section. The most upstream part
of the contact surface 33b in the yarn running direction
is referred to as a contact start point PS (see FIG. 3(a))
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in the above-described cross section. The most down-
stream part of the contact surface 33b in the yarn running
direction is referred to as a contact end point PE (see
FIG. 3(a)) in the above-described cross section. The
paths of the yarns Y are referred to as yarn paths.
[0089] The following will describe a structure for in-
creasing the heat retaining effect of the thermal insulation
box 13. As shown in FIG. 3(a), a circulator 50 (a prede-
termined circulator of the present invention) is provided
in the vicinity of the second heating roller 33 in order to
cause a roller accompanied flow of the second heating
roller 33 to circulate around the second heating roller 33.
The circulator 50 is formed by, e.g., the above-described
inner wall surface 41f of the circumferential wall 41 and
the flow control members 44, 45, and 46. The circulator
50 includes, e.g., the accompanied flow regulating sur-
face 51 (indicated by bold lines in FIG. 3(a)) and an ac-
companied flow collecting surface 52 (indicated by a bold
line in FIG. 3(b)).

[0090] The accompanied flow regulating surface 51 is
a surface for suppressing aroller accompanied flow flow-
ing in the vicinity of the contact surface 33b from flowing
outward in the radial direction. The accompanied flow
regulating surface 51 is formed by, e.g., the inner wall
surface 41f and the flow control members 44 and 45. For
example, the accompanied flow regulating surface 51 is
provided outside the contact surface 33b in the radial
direction so as to enclose the contact surface 33b in the
circumferential direction. In this case, the phrase "en-
close the contact surface 33b" means that the accompa-
nied flow regulating surface 51 extends to cover at least
the contact surface 33b in the circumferential direction.
In other words, the accompanied flow regulating surface
51 extends at least from the position of one end of the
contact surface 33b to that of the other end of the contact
surface 33b in the circumferential direction. The accom-
panied flow regulating surface 51 makes it possible to
prevent, e.g., a roller accompanied flow from flowing to-
ward the exit 13b (see FIG. 2) .

[0091] The accompanied flow collecting surface 52 is
a surface for allowing a roller accompanied flow flowing
in the vicinity of the contactless surface 33c to be guided
in the circumferential direction and to return to the up-
stream side in the yarn running direction (i.e., to be col-
lected). The accompanied flow collecting surface 52 is
formed of, e.g., the flow control member 46. To be more
specific, for example, a guide portion 46a is formed at a
right end portion of the flow control member 46 so as to
be substantially triangular in shape in the above-de-
scribed cross section. In the guide portion 46a, the ac-
companied flow collecting surface 52 is closest to the
contactless surface 33c in the radial direction. The ac-
companied flow collecting surface 52 faces the contact-
less surface 33c in the radial direction in the above-de-
scribed cross section. The accompanied flow collecting
surface 52 is distanced from the accompanied flow reg-
ulating surface 51 in the circumferential direction. To be
more specific, the contactless surface 33c is provided
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between (i) yarn paths (hereinafter, these yarn paths are
referred to as upstream yarn paths) provided upstream
of the contact start point PS in the yarn running direction
and (ii) yarn paths (hereinafter, these yarn paths are re-
ferred to as downstream yarn paths) provided down-
stream of the contact end point PE in the yarn running
direction. The accompanied flow collecting surface 52 is
straight (substantially linear) in the above-described
cross section.

[0092] The following will describe a detailed example
of the accompanied flow collecting surface 52 with ref-
erenceto FIG. 3(a) and FIG. 3(b). In the above-described
cross section, a part of the accompanied flow collecting
surface 52 is closest to the contact end point PE in the
circumferential direction and defined as a first point P1.
Furthermore, another part of the accompanied flow col-
lecting surface 52 is closest to the contact start point PS
in the circumferential direction and defined as a second
point P2. In the above-described cross section, the ac-
companied flow collecting surface 52 forms a line seg-
ment L1 (indicated by a bold line in FIG. 3(b)) which is
substantially linear and which connects the first point P1
to the second point P2. Typically, a line segment is a
straight line with both ends.

[0093] Hereinafter, each line segment, etc. contained
in a surface formed by a member is simply referred to as
a line segment, etc. Meanwhile, each line segment, etc.
which is independent from the member and which is vir-
tually drawn is referred to as a virtual line segment, etc.
[0094] As shown in FIG. 3(a), a virtual straight line
which contains the contact start point PS and which par-
tially overlaps the upstream yarn paths is defined as a
virtual upstream straight line VLu in the above-described
cross section. A virtual straight line which contains the
contact end point PE and which partially overlaps the
downstream yarn paths is defined as a virtual down-
stream straight line VLd in the above-described cross
section. The center of the second heating roller 33 in the
radial direction is referred to as a center point PC in the
above-described cross section. In the above-described
cross section, the virtual upstream straight line VLu is
line-symmetric with the virtual downstream straight line
VLd about, e.g., a predetermined symmetry axis VLs
passing the center point Pc. The first point P1 is provided
between the symmetry axis VLs and the virtual down-
stream straight line VLd in the above-described cross
section.

[0095] As shown in FIG. 3(b), a virtual line segment
connecting the first point P1 to the second point P2 is
defined as a first virtual line segment VL1 in the above-
described cross section. In the present embodiment, the
first virtual line segment VL1 overlaps the line segment
L1. A virtual line segment connecting the above-de-
scribed center point Pc to the first point P1 is defined as
a second virtual line segment VL2. In this regard, for ex-
ample, an angle 61 between the first virtual line segment
VL1 and the second virtual line segment VL2 is an acute
angle.
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[0096] A virtual half-line VHL whose endpoint is the
first point P1 and which passes the second point P2 in-
tersects with, e.g., the accompanied flow regulating sur-
face 51 in the above-described cross section. Typically,
a half-line is a straight line with only one endpoint.
[0097] An intersection between the virtual half-line
VHL and yarn paths of the yarns Y running toward the
contact start point PS (see FIG. 3(b)) is defined as a third
point P3 in the above-described cross section. A virtual
line segment connecting the second point P2 to the third
point P3 is defined as a third virtual line segment VL3. A
virtual line segment connecting the third point P3 to the
contact start point Ps is defined as a fourth virtual line
segment VL4. An angle 62 between the third virtual line
segment VL3 and the fourth virtual line segment VL4 is,
e.g., an obtuse angle.

[0098] The circulator50 structured as described above
makes it possible to cause a roller accompanied flow to
circulate around the entire second heating roller 33 in the
circumferential direction (indicated by a dashed-line ar-
row A1 of FIG. 3(a)). This suppresses a roller accompa-
nied flow generated around the second heating roller 33
from moving away from the second heating roller 33 be-
cause of a centrifugal force and flowing out from the exit
13b. This roller accompanied flow includes air heated by
the second heating roller 33. That is, the flow-out of heat-
ed air from the exit 13b is suppressed by the circulator
50. By suppressing the flow-out of the heated air from
the exit 13b, the decrease in pressure of the thermal in-
sulation box 13 is also suppressed. As a result, cool air
in the space outside the thermal insulation box 13 is sup-
pressed from flowing in through the entrance 13a. Be-
cause the roller accompanied flow circulates and is kept
heated by the second heating roller 33, the decrease in
temperature of the second heating roller 33 and its sur-
roundings is effectively suppressed. With these arrange-
ments, the heat retaining effect of the thermal insulation
box 13 is increased.

[0099] The circulator 50 allows the roller accompanied
flow to smoothly circulate without being blocked. That s,
the circulator 50 is configured to cause the roller accom-
panied flow to circulate around the second heating roller
33 so that a layer flow along the yarn running direction
is generated around the second heating roller 33. It is
therefore possible to further suppress the yarn swing.

(Fluid Analysis and Evaluation of Power Consumption)

[0100] The present inventors performed fluid analysis
regarding a heat retaining effect of the circulator 50 in
the thermal insulation box 13. Furthermore, the present
inventors evaluated how much power consumption of the
heaters of the heating rollers 31 was reduced by this heat
retaining effect. The following will describe the details.

[0101] To begin with, the following will describe the
contents of fluid analysis (hereinafter, this may be simply
referred to as analysis), the setting of conditions, and
analysis results mainly with reference to FIG. 4 to FIG.
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8(b). FIG. 4 shows a simulation result of a flow rate of
fluid. FIG. 5 is a table showing (i) later-described condi-
tions of Examples 1 to 7 and Comparative Examples 1
to 3, and (ii) results of the fluid analysis under each set
of conditions. FIG. 6 shows the analysis results of the
fluid analysis in regard to Examples 1 to 6, which are
picked up from the table of FIG. 5 and which are reordered
in an ascending order of a later-described distance D.
FIG. 7 shows the conditions and analysis results of the
fluid analysis in regard to Examples and Comparative
Examples regarding the existence of the returning path
49 and are picked up from the table of FIG. 5. FIG. 8(a)
is used for explaining Comparative Example 1. FIG. 8(b)
is used for explaining Comparative Example 2.

[0102] The present inventors created a model of the
above-described spun yarn drawing apparatus 3 (i.e.,
the non-heating roller group 11, the heating roller group
12, and the thermal insulation box 13) by using a typical
software for the fluid analysis. The presentinventors per-
formed a simulation of a flow rate of fluid mainly in the
thermal insulation box 13 (see FIG. 4). The present in-
ventors set the following conditions to be constant: the
number, sizes, positions, and circumferential speeds of
the non-heating rollers 21 belonging to the non-heating
roller group 11; and the number, sizes, positions, and
circumferential speeds of the heating rollers 31 belonging
to the heating roller group 12. As a reference, the number
of the heating rollers 31 was set to three. The diameter
of each heating roller 31 was set to 300 mm. The ar-
rangement of the heating rollers 31 was the same as
described above (see FIG. 2). The circumferential speed
of each heating roller 31 was set to 4690 m/min. The
outlet (for exhausting gas including mist) of the thermal
insulation box 13 was closed. These conditions were set
for the sake of convenience. Note that the heat retaining
effect of the thermal insulation box 13 and that of each
heating roller 31 are not significantly affected by these
conditions.

[0103] AsshowninFIG.5,thefollowingitems areitems
of the setting of conditions of the fluid analysis in Exam-
ples 1 to 7 and Comparative Examples 1 to 3: the exist-
ence of the circulator 50; the size of the later-described
distance D; and the existence of the returning path 49.
To begin with, the present inventors varied a condition
regarding the internal structure of the thermal insulation
box 13. To be more specific, Examples 1 to 6 ware set
to have different shortest distances each of which was
the shortest distance (the distance D shown in FIG. 3(b))
between the accompanied flow collecting surface 52 and
the outer circumferential surface 33a in the above-de-
scribed cross section. The distance D is the smallest dis-
tance between a given point on the accompanied flow
collecting surface 52 and a given point on the outer cir-
cumferential surface 33a in the above-described cross
section. To be more specific, as shown in FIG. 3(b), the
distance D is the shortest distance between (i) a virtual
tangent VL5 which is a given tangent to the outer circum-
ferential surface 33a and which is in parallel to the ac-
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companied flow collecting surface 52 and (ii) the accom-
panied flow collecting surface 52. For the sake of con-
venience, when the condition of the distance D was var-
ied, the present inventors changed three sides of a tri-
angle of the guide portion 46a in the above-described
cross section while maintaining angles of the triangle.
Except the above-described points, Examples 1 to 6 and
Comparative Example 1 and 2 are not different from the
spun yarn drawing apparatus 3.

[0104] The following describes a specific value of the
distance D in each Example. To be more specific, the
distance D is 44 mm in Example 1. The distance D is 11
mm in Example 2. The distance D is 16.5 mmin Example
3. The distance D is 19 mm in Example 4. The distance
D is 22 mm in Example 5. The distance D is 88 mm in
Example 6. That s, the analysis results were obtained in
regard to Examples in each of which the distance D was
11 mm or more and 88 mm or less.

[0105] For comparisonto Examples 1to 6, the present
inventors performed the analysis in Comparative Exam-
ples 1 and 2 under the following conditions. In Compar-
ative Example 1, the present inventors performed the
analysis while the circulator 50 was not provided in the
vicinity of the second heating roller 33. To be more spe-
cific, as shown in FIG. 8(a), a shielding member 53 is
provided so as to extend from the accompanied flow col-
lecting surface 52 to the outer circumferential surface
33a in Comparative Example 1. In this case, a roller ac-
companied flow does not smoothly circulate around the
second heating roller 33. Except the absence of the cir-
culator 50, the analysis conditions of Comparative Ex-
ample 1 are the same as those of Example 1 (see FIG.
5). In Comparative Example 2, the presentinventors per-
formed the analysis while the distance D was zero. To
be more specific, as shown in FIG. 8(b), a guide portion
46a1 is provided instead of the guide portion 46ain Com-
parative Example 2. The guide portion 46a1 includes an
accompanied flow collecting surface 52a, with the dis-
tance D being substantially zero. In this case, a roller
accompanied flow almost never circulates around the
second heating roller 33. In Comparative Example 2, al-
though the circulator 50 is "PRESENT" (shown in paren-
theses in FIG. 5), the circulator 50 does not function sub-
stantially.

[0106] The present inventors performed the analysis
in order to check whether the returning path 49 may not
be provided in the thermal insulation box 13. Irrespective
of whether the returning path 49 was provided in the ther-
mal insulation box 13, whether the presence of the cir-
culator 50 made an improvement was analyzed as com-
pared to cases where the circulator 50 was not provided.
The present inventors performed the analysis as follows
in regard to Example 7 and Comparative Example 3 in
each of which the returning path 49 was not provided (to
be more specific, the entrance 49a was closed) . Except
the absence of the returning path 49, the analysis con-
ditions of Example 7 are the same as those of Example
1 (see FIG. 5 and FIG. 7). Except the absence of the
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returning path 49, the analysis conditions of Comparative
Example 3 are the same as those of Comparative Exam-
ple 1 (see FIG. 5 and FIG. 7).

[0107] The present inventors evaluated a simulation
result (see FIG. 4) of a flow rate of fluid (air) in the thermal
insulation box 13. FIG. 4 shows a simulation result of
Example 1 as representative one. In the shown simula-
tion result, the flow velocity of airis low in dark areas (i.e.,
the flow rate of air is small) and high in white areas (i.e.,
the flow rate of air is large). The present inventors
checked whether a whirl was generated in the thermal
insulation box 13 in regard to each simulation result, and
determined whether an airflow was disturbed in each set
of conditions. The disturbance of the airflow may cause
yarn breakage. The present inventors evaluated the dis-
turbance of the airflow in three stages, i.e., "ABSENT",
"SLIGHTLY PRESENT", and "PRESENT" (see FIG. 5
and FIG. 6). When the disturbance of the airflow was
evaluated as "ABSENT" or "SLIGHTLY PRESENT", the
presentinventors performed a final determination in con-
sideration of a heat retaining effect described later.
Meanwhile, when the disturbance of the airflow is eval-
uated as "PRESENT", the present inventors made a de-
termination as "NG", irrespective of the magnitude of the
heat retaining effect.

[0108] As areference of the heat retaining effect of the
thermal insulation box 13, the present inventors obtained
simulation values of a flow velocity of air (hereinafter, this
will be simply referred to as the flow velocity) at three
points in the thermal insulation box 13 (see FIG. 5 to FIG.
7). These three points are a point in the vicinity of the
entrance 13a, a point in the vicinity of the exit 13b, and
apointin the vicinity of the above-described second point
P2 (see FIG. 3(b)). The unit of the flow velocity is m/s.
When the reference symbol of the flow velocity in the
vicinity of the entrance 13ais a minus sign, cool gas flows
in the thermal insulation box 13 through the entrance
13a. When the reference symbol of the flow velocity in
the vicinity of the exit 13b is a plus sign, warm gas flows
out from the thermal insulation box 13 through the exit
13b. The closer the flow velocity in the vicinity of the en-
trance 13a is to zero, the smaller an amount (flow rate)
of cool gas flowing in from the entrance 13ais. The closer
the flow velocity in the vicinity of the exit 13b is to zero,
the smaller an amount (flow rate) of warm gas flowing
out from the exit 13b is. When the flow velocity in the
vicinity of the second point P2 is large, a flow rate of gas
circulated by the circulator 50 is large.

[0109] The presentinventors set evaluation criteria of
the flow velocity at the above-described three points as
follows. When the flow velocity in the vicinity of the en-
trance 13a was -0.50 m/s or more, the flow velocity was
determined as good (i.e., the flow rate of cool air was
small). When the flow velocity in the vicinity of the exit
13b was 0.50 m/s or less, the flow velocity was deter-
mined as good (i.e., the flow rate of warm air was small).
When the flow velocity in the vicinity of the second point
P2 was 2.00 m/s or more, the flow velocity was deter-
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mined as good (i.e., the flow rate of circulating gas was
large). When the flow velocity at each point is determined
as good, the heatretaining effect of the thermal insulation
box 13 is high. When (i) the flow velocity was evaluated
as good at all points and (ii) the disturbance of the airflow
was determined as "ABSENT" or "SLIGHTLY
PRESENT", a determination was made as "OK" or better
than "OK". When (i) the flow velocity was - 0.35 m/s or
more in the vicinity of the entrance 13a, 0.35 m/s or less
in the vicinity of the exit 13b, and 2.50 m/s or more in the
vicinity of the second point P2 and (ii) the disturbance of
the airflow was determined as "ABSENT", the present
inventors made a determination as "VG (very good)". In
this regard, "VG" is better than "OK".

[0110] The following will describe analysis results and
evaluation results. As shown in FIG. 5 and FIG. 6, for
example, the flow velocity was -0.35 m/s or more in the
vicinity of the entrance 13a, 0.35 m/s or less in the vicinity
of the exit 13b, and 2.50 m/s or more in the vicinity of the
second point P2 in Example 1. Furthermore, the distur-
bance of the airflow was "ABSENT". The present inven-
tors determined that Example 1 was "VG". Similarly, the
present inventors determined that Examples 2, 3, 4, 6 as
"OK" and Example 5 were "VG". As described above,
Examples 1 to 6 in each of which the circulator 50 and
the returning path 49 were provided were determined as
"OK" or "VG".

[0111] The following analysis results were obtained in
regard to Example 7 in which the thermal insulation box
13 was provided with the circulator 50 and not provided
with the returning path 49. In Example 7, the flow velocity
was - 0.50 m/s in the vicinity of the entrance 13a, -0.49
m/s in the vicinity of the exit 13b, and 4.50 m/s in the
vicinity of the second point P2. Furthermore, the distur-
bance of the airflow was "ABSENT". The present inven-
tors determined that Example 7 was "OK".

[0112] Meanwhile, in Comparative Example 1 (see
FIG. 5), the flow velocity was less than 2.00 m/s in the
vicinity of the second point P2. Furthermore, the distur-
bance of the airflow was "PRESENT". The present in-
ventors determined that Comparative Example 1 was
"NG". In Comparative Example 2 (see FIG. 5), the flow
velocity was not calculated in the vicinity of the second
point P2. Furthermore, the disturbance of the airflow was
"PRESENT". The present inventors determined that
Comparative Example 2 was "NG". In Comparative Ex-
ample 3, the flow velocity was -0.70 m/s in the vicinity of
the entrance 13a and 0.72 m/s in the vicinity of the exit
13b. Furthermore, the flow velocity was not calculated in
the vicinity of the second point P2. In addition to that, the
disturbance of the airflow was "PRESENT". The present
inventors determined that Comparative Example 3 was
"NG".

[0113] These results showed that, by providing both
the circulator 50 and the returning path 49 at the thermal
insulation box 13, a very good flow velocity (flow rate)
was obtained while the yarn swing was suppressed. Even
when the returning path 49 was not provided in the ther-
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mal insulation box 13, a good flow velocity (flow rate) was
obtained because of the circulator 50 while the yarn swing
was suppressed.

[0114] The following will describe the evaluations and
results of power consumption of the heaters. The present
inventors created an apparatus corresponding to Exam-
ple 1 and that corresponding to Comparative Example
1, and then measured and calculated the total power con-
sumption of the heaters of the three heating rollers while
rollers of each apparatus were driven under conditions
similar to the analysis conditions. The surface tempera-
ture of each heating roller was setto 170 °C. In Example
1, the total power consumption was 1.4kW. In Compar-
ative Example 1, the total power consumption was
2.1kW. This showed that the power consumption was
reduced at least in Example 1 as compared to Compar-
ative Example 1. In this regard, except the absence of
the circulator 50, the conditions of Comparative Example
1 are the same as those of Example 1 as described
above. Because the circulator 50 is provided in each of
other Examples, the power consumption is presumably
reduced in other Examples.

[0115] Asdescribed above, because the three heating
rollers 31 are provided in the present embodiment, the
yarns Y are sufficiently heated without using a Nelson
roller inwhich the yarn swing is likely to occur. Therefore,
the yarn swing is suppressed as compared to a case
where the Nelson roller is provided. In the present em-
bodiment, the circulator 50 causes a roller accompanied
flow to circulate around the second heating roller 33 so
that the gas heated by the second heating roller 33 is
suppressed from escaping from the thermal insulation
box 13 through the exit 13b of the yarns Y. This increases
the heat retaining effect of the thermal insulation box 13.
A roller accompanied flow is circulated by the circulator
50 so that air of a roller accompanied flow is kept heated
by the second heating roller 33. This increases a heat
retaining effect around the second heating roller 33, and
thus increases that of the second heating roller 33 itself.
Therefore, the increase in power consumption is sup-
pressed in the spun yarn drawing apparatus 3 while the
yarn swing is suppressed.

[0116] The three heating rollers 31 may have different
yarn feeding speeds. With this arrangement, the tension
applied to the yarns Y is intentionally increased, or the
yarns Y are intentionally relaxed. This makes it possible
to control yarn quality.

[0117] Arolleraccompanied flow circulates around the
second heating roller 33 so as to cause a stable layer
flow. Therefore, even when the flow rate of circulating
gas is large, the yarn swing is suppressed.

[0118] The accompanied flow collecting surface 52
makes it possible to suppress a roller accompanied flow
from flowing outward of the outer circumferential surface
33ain the radial direction because of a centrifugal force.
It is therefore possible to effectively circulate a roller ac-
companied flow with a simple structure.

[0119] The first point P1 is provided in the vicinity of
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the contact end point PE. With this arrangement, an ac-
companied flow flowing in the vicinity of the contact end
point PE is easily taken in (collected) by the accompanied
flow collecting surface 52. It is therefore possible to ef-
fectively circulate a roller accompanied flow.

[0120] The angle 61 between the first virtual line seg-
ment VL1 and the second virtual line segment VL2 is an
acute angle. With this arrangement, aroller accompanied
flow flowing in the vicinity of the first point P1 is guided
by the accompanied flow collecting surface 52 so as to
flow inward in the radial direction and in the circumfer-
ential direction. This allows a roller accompanied flow to
smoothly flow along the accompanied flow collecting sur-
face 52.

[0121] The accompanied flow collecting surface 52
forms the line segment L1 connecting the first point P1
to the second point P2. This allows a roller accompanied
flow to smoothly flow along the accompanied flow col-
lecting surface 52. Furthermore, the accompanied flow
collecting surface 52 is formed by a simple process as
compared to a case where the accompanied flow collect-
ing surface 52 is curved or bent.

[0122] The circulator 50 includes the accompanied
flow regulating surface 51. With this arrangement, aroller
accompanied flow is further suppressed from flowing out-
ward of the outer circumferential surface 33a in the radial
direction because of a centrifugal force.

[0123] The virtual half-line VHL intersects with the ac-
companied flow regulating surface 51. With this arrange-
ment, a roller accompanied flow guided by the accom-
panied flow collecting surface 52 is supplied toward the
accompanied flow regulating surface 51. It is therefore
possible to further effectively circulate a roller accompa-
nied flow.

[0124] The angle 62 between the third virtual line seg-
ment VL3 and the fourth virtual line segment VL4 is an
obtuse angle. With this arrangement, a roller accompa-
nied flow guided by the accompanied flow collecting sur-
face 52 is prevented from flowing in a direction opposite
to a traveling direction of the yarns Y. It is therefore pos-
sible to suppress the yarn swing.

[0125] The shortest distance (distance D) between the
outer circumferential surface 33a and the accompanied
flow collecting surface 52 is preferably 11 mm or more
and 88 mmorless. With this arrangement, alarge amount
of a roller accompanied flow is circulated.

[0126] The most upstream one (i.e., the first heating
roller 32) of the heating rollers 31 in the yarn running
direction is easily cooled by cool air flowing in from the
entrance 13a formed in the thermal insulation box 13. In
this regard, the thermal insulation box 13 preferably in-
cludes the returning path 49. With this arrangement, high-
temperature gas in the vicinity of the third heating roller
34 is supplied to the vicinity of the first heating roller 32
through the returning path 49. It is therefore possible to
effectively increase the heat retaining effect of the first
heating roller 32. However, even when the returning path
49 is not provided in the thermal insulation box 13, the
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increase in power consumption is suppressed because
of the circulator 50 while the yarn swing was suppressed.
[0127] Thecirculator 50 is provided around the second
heating roller 33. When the yarns Y enter the thermal
insulation box 13 through the entrance 13a, a yarn ac-
companied flow also flows in the thermal insulation box
13. Among the three heating rollers 31, the most up-
stream first heating roller 32 in the yarn running direction
is easily cooled by such cool air entering the thermal in-
sulation box 13 from outside. Because the second heat-
ing roller 33 is relatively close to the first heating roller
32, heat from the second heating roller 33 is transmitted
to the first heating roller 32 side by increasing the heat
retaining effect of the second heating roller 33. Itis there-
fore possible to increase the heat retaining effect of the
first heating roller 32.

[0128] The shielding member 48 makes it possible to
suppress a yarn accompanied flow from flowing out from
the thermal insulation box 13 through the exit 13b. It is
therefore possible to increase the heat retaining effect of
the thermal insulation box 13.

[0129] TheyarnsY are drawn on the upstream side of
the first heating roller 32 in the yarn running direction.
Because three or more heating rollers 31 are provided
downstream of an area where the yarns Y are drawn in
the yarn running direction, the yarns Y are sufficiently
gripped. With this arrangement, the tension applied to
the drawn yarns Y is suppressed from causing the yarns
Y to slip on the heating rollers 31. It is therefore possible
to further suppress the yarn swing.

[0130] The thermalinsulation box 13 makes it possible
to suppress heat transfer between the third non-heating
roller 24 and the first heating roller 32. Therefore, even
when the heating temperature of the third non-heating
roller 24 is significantly different from that of the first heat-
ing roller 32, the influence of a temperature difference is
suppressed.

[0131] Itisunnecessary to heat the non-heatingrollers
21, the thermal insulation box 13 does not need to house
the non-heating rollers 21. Therefore, the internal struc-
ture of the thermal insulation box 13 is freely designed
as compared to a case where, e.g., heating rollers (not
illustrated) are housed in the thermal insulation box 13
instead of the non-heating rollers 21. In this regard, the
unillustrated heating rollers are different in set tempera-
ture from the heating rollers 31.

[0132] Three or more thermal setting rollers (heating
rollers 31) are provided. It is therefore possible to ther-
mally set the yarns Y sufficiently without using a Nelson
roller in which the yarn swing is likely to occur.

[0133] The arrangement of the present embodiment is
especially effective to draw the nylon yarns Y.

[0134] 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.
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(1) In the embodiment above, the circulator 50 is
provided to correspond to the second heating roller
33. An accompanied flow collecting surface 45b (see
FIG. 9; the most downstream accompanied flow col-
lecting surface of the present invention) may be pro-
vided to correspond to the third heating roller 34. For
example, when viewed in the front-rear direction (the
axial direction of the third heating roller 34), the ac-
companied flow collecting surface 45b is provided
to be closer to the exit 13b than the center of the
third heating roller 34 is. The yarns Y are not wound
onto a part (the most downstream contactless sur-
face 34c) of the outer circumferential surface 34a of
the third heating roller 34, and the accompanied flow
collecting surface 45b is provided to face the most
downstream contactless surface 34c. The yarns Y
are wound onto another part (the most downstream
contact surface 34b) of the outer circumferential sur-
face 34a, and the accompanied flow collecting sur-
face 45b is provided between (i) yarn paths provided
upstream of the most downstream contact surface
34b in the yarn running direction and (ii) yarn paths
provided downstream of the most downstream con-
tact surface 34b in the yarn running direction. This
modification is referred to as Modification 1 (see FIG.
11). In Modification 1, the above-described distance
D is 44 mm and identical with that in Example 1. In
Modification 1, the returning path 49 is provided in
the thermal insulation box 13. In a table of FIG. 11
showing analysis results, a cellinthe "OTHERS" col-
umn stores "CONDITION A" with respect to the row
of Modification 1. The "CONDITION A" indicates that
the accompanied flow collecting surface 45b is pro-
vided. In Modification 1, the flow velocity of gas was
-0.23 m/s in the vicinity of the entrance 13a and 0.21
m/s in the vicinity of the exit 13b. The analysis results
of Modification 1 ware very good. The presentinven-
tors determined that Modification 1 was "VG". As
such, the accompanied flow collecting surface 45b
allows a part of a roller accompanied flow of the third
heating roller 34 to return to the upstream side in the
yarn running direction. It is therefore possible to sup-
press a roller accompanied flow from flowing out
from the thermal insulation box 13 through the exit
13b.

[0135] When a modification has the same structure as
Modification 1 except that the returning path 49 is not
provided in the thermal insulation box 13, this modifica-
tion is referred to as Modification 2. In Modification 2, the
flow velocity of gas was -0.49 m/s in the vicinity of the
entrance 13a and 0.48 m/s in the vicinity of the exit 13b.
The analysis results of Modification 2 ware good. The
present inventors determined that Modification 2 was
"OK".

[0136] (2) In the embodiment above, the circulator 50
is provided to correspond to the second heating roller 33.
Another circulator may be provided to correspond to the
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first heating roller 32. In this case, the first heating roller
32 is equivalent to the predetermined upstream heating
roller of the present invention in addition to the second
heating roller 33. To be more specific, as shown in FIG.
10, the following surfaces are included in an accompa-
nied flow regulating surface of the present invention: the
inner wall surface 41c; and a wall surface 43a of the flow
control member 43 on the first heating roller 32 side. In-
stead of the shielding portion 44a, an accompanied flow
collecting surface 44Ma is formed at a left end portion of
a flow control member 44M provided instead of the flow
control member44. The accompanied flow collecting sur-
face 44Ma is curved along the outer circumferential sur-
face 32a of the first heating roller 32. In this modification,
a backward flow prevention wall 54 may be provided in
the vicinity of the entrance 13a so that, e.g., air is pre-
vented from flowing backward in the thermal insulation
box 13 and flowing out from the entrance 13a. The back-
ward flow prevention wall 54 may be provided with an
accompanied flow collecting surface 54a which is func-
tionally identical with the accompanied flow collecting
surface 44Ma. In this modification, the above-described
shielding member 47 (see FIG. 2) is not provided. This
modification is referred to as Modification 3 (see FIG.
11). In Modification 3, the distance D is 44 mm and iden-
tical with that in Example 1. In Modification 3, the return-
ing path 49 is provided in the thermal insulation box 13.
In a table of FIG. 11 showing analysis results, a cell in
the "OTHERS" column stores "CONDITION B" with re-
spect to the row of Modification 3. The "CONDITION B"
indicates that a circulator is provided to correspond to
the first heating roller 32. In Modification 3, the flow ve-
locity of gas was -0.28 m/s in the vicinity of the entrance
13a and 0.28 m/s in the vicinity of the exit 13b. The anal-
ysis results of Modification 3 ware very good. The present
inventors determined that Modification 3 was "VG". This
modification makes it possible to increase the heat re-
taining effect of the most upstream first heating roller 32.
It is therefore possible to effectively reduce the power
consumption. According to the analysis results of Modi-
fications 1 and 2, good analysis results are presumably
obtained also in a structure where the returning path 49
is not provided in the thermal insulation box 13.

[0137] In this modification, the circulator 50 corre-
sponding to the second heating roller 33 may not be pro-
vided. For example, only a circulator corresponding to
the first heating roller 32 may be provided.

[0138] In this modification, the thermal insulation box
13 may be structured so as to satisfy both the above-
described conditions A and B. Also in this case, the cir-
culator 50 corresponding to the second heating roller 33
may not be provided.

[0139] (3)Inthe embodiment above, the accompanied
flow collecting surface 52 forms the line segment L1 con-
necting thefirst point P1 to the second point P2. However,
the disclosure is not limited to these arrangements. For
example, as shown in FIG. 12(a) and FIG. 12(b), an ac-
companied flow collecting surface 52C may be provided
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instead of the accompanied flow collecting surface 52 in
acirculator 50C provided instead of the circulator 50. The
accompanied flow collecting surface 52C may be provid-
ed in a guide portion 46C provided instead of the guide
portion 46a. The accompanied flow collecting surface
52C may be curved to protrude outward of the above-
described line segment L1 in the radial direction. Alter-
natively, instead of the accompanied flow collecting sur-
face 52C, abent surface (not illustrated) may be provided
so as to protrude outward of the line segment L1 in the
radial direction. In this case, a bending angle of the bent
surface is preferably an obtuse angle in a cross section
orthogonal to the front-rear direction.

[0140] (4) In the embodiment above, the spun yarn
drawing apparatus 3 includes the non-heating roller
group 11. However, the disclosure is not limited to these
arrangements. A heating roller (not illustrated; the out-
side roller of the present invention) whose set tempera-
ture is lower than that of each heating roller 31 may be
provided instead of or in addition to the non-heating roller
group 11. The yarns Y may be drawn between such a
heating roller and the first heating roller 32. Alternatively,
aroller may not be provided upstream of the first heating
roller 32 in the yarn running direction.

[0141] (5) In the embodiment above, the shortest dis-
tance (distance D) between the outer circumferential sur-
face 33a and the accompanied flow collecting surface 52
is 11 mm or more and 88 mm or less in the above-de-
scribed cross section. However, the disclosure is not lim-
ited to these arrangements. In the predetermined up-
stream heating roller of the present invention, the dis-
tance D may be less than 11 mm or more than 88 mm
as long as a roller accompanied flow is circulated around
the predetermined upstream heating roller.

[0142] (6) In the embodiment above, the first point P1
is provided between the symmetry axis VLs and the vir-
tual downstream straightline VLd in the above-described
cross section. However, the disclosure is not limited to
these arrangements. The first point P1 may not be pro-
vided between the symmetry axis VLs and the virtual
downstream straight line VLd.

[0143] (7) In the embodiment above, the angle 61 is
an acute angle in the above-described cross section.
However, the disclosure is not limited to these arrange-
ments. The angle 81 may be an obtuse angle. The angle
02 is an obtuse angle in the above-described cross sec-
tion. However, the disclosure is not limited to these ar-
rangements. The angle 82 may be an acute angle.
[0144] (8) In the embodiment above, the virtual half-
line VHL intersects with the accompanied flow regulating
surface 51 in the above-described cross section. How-
ever, the disclosure is not limited to these arrangements.
The virtual half-line VHL may not intersect with the ac-
companied flow regulating surface 51.

[0145] (9) In the embodiment above, the circulator 50
includes the accompanied flow regulating surface 51 and
the accompanied flow collecting surface 52. However,
the disclosure is not limited to these arrangements. For



33 EP 4 386 119 A2 34

example, a part of the circulator 50 may be formed on
the backside wall 42 or the front door (not illustrated).
That is, a path of air may be formed by providing a part
ofthe backside wall 42 which partially protrudes rearward
or afront door which partially protrudes forward. The path
of air allows a roller accompanied flow to circulate around
the upstream heating roller.

[0146] (10)Inthe embodimentabove, the circulator 50
is configured to cause a layer flow. However, the disclo-
sure is not limited to these arrangements. The circulator
50 may not be configured to cause a layer flow.

[0147] (11)Inthe embodimentabove, the heatingroller
group 12 includes the three heating rollers 31. However,
the number of the heating rollers 31 is not limited to this.
The following will describe a specific example with refer-
ence to FIG. 13(a) and FIG. 13(b). A spun yarn drawing
apparatus 3A (see FIG. 13(a)) may include, e.g., four
heating rollers 61 instead of the three heating rollers 31.
That is, a spun yarn drawing apparatus (the reference
numeral is omitted) may include three or more heating
rollers (the reference numeral is omitted). The spun yarn
drawing apparatus 3A may include a thermal insulation
box 70 which is long in a lateral direction instead of the
thermal insulation box 13. The thermal insulation box 70
includes an entrance 70a and exit 70b of the yarns Y. As
the four heating rollers 61, the thermal insulation box 70
may house a first heating roller 62, a second heating
roller 63, a third heating roller 64, and a fourth heating
roller 65 in this order from the upstream side in the yarn
running direction. The first heating roller 62 is equivalent
to the most upstream heating roller and the upstream
heating rollerin the presentinvention. Each of the second
heating roller 63 and the third heating roller 64 is equiv-
alent to the upstream heating roller, the predetermined
upstream heating roller, and the intermediate heatingroll-
er in the present invention. The fourth heating roller 65
is equivalent to the most downstream heating roller of
the presentinvention. That is, the number of intermediate
heating rollers is not limited to one and may be two (or
two or more). The first heating roller 62, the second heat-
ing roller 63, the third heating roller 64, and the fourth
heating roller 65 may be staggered in, e.g., the left-right
direction. An accompanied flow regulating surface 71a
may be provided to correspond to the first heating roller
62. A circulator 72 may be provided to correspond to the
second heating roller 63. The circulator 72 may include
an accompanied flow regulating surface 72a and an ac-
companied flow collecting surface 72b. A circulator 73
may be provided to correspond to the third heating roller
64. The circulator 73 may include an accompanied flow
regulating surface 73a and an accompanied flow collect-
ing surface 73b. That is, circulators may be respectively
provided to correspond to all intermediate rollers. This
effectively increases a heat retaining effect of the thermal
insulation box 70. An accompanied flow regulating sur-
face 74a may be provided to correspond to the fourth
heating roller 65. A spun yarn drawing apparatus 3B (see
FIG. 13(b)) may include a thermal insulation box 80 which
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is long in a longitudinal direction instead of the thermal
insulation box 70. In the thermal insulation box 80, the
first heating roller 62, the second heating roller 63, the
third heating roller 64, and the fourth heating roller 65
may be staggered in, e.g., the up-down direction. That
is, the arrangement of the heating rollers 61 is not limited.
The number of the heating rollers 61 may be more than
four. Five or more heating rollers 61 may be provided
(not illustrated).

[0148] (12) The presentinvention may be applied to a
heating roller (not illustrated) which is not a thermal set-
ting roller.

[0149] (13)Inthe embodiment above, the yarns Y are
made of nylon. However, the disclosure is not limited to
these arrangements. In addition to the nylon yarns Y, the
spun yarn drawing apparatus 3 may be configured to
draw a yarn (not illustrated) which can be drawn.

Claims

1. A spun yarn drawing apparatus (3) configured to
draw a running yarn (Y) spun out from a spinning
apparatus (2), the spun yarn drawing apparatus (3)
comprising:

three or more heating rollers (31) onto which the
yarn (Y)is wound at a winding angle of less than
360 degrees and which are configured to heat
and send the yarn (Y) to a downstream side in
a yarn running direction; and

a thermal insulation box (13) housing the three
or more heating rollers (31),

the three or more heating rollers (31) including:

a most upstream heating roller (32) provid-
ed on the most upstream side in the yarn
running direction among the three or more
heating rollers (31);

a most downstream heating roller (34) pro-
vided on the most downstream side in the
yarn running direction among the three or
more heating rollers (31); and

one or more intermediate heating rollers
(33) which are provided downstream of the
most upstream heating roller (32) and up-
stream of the most downstream heating roll-
er (34) in the yarn running direction,

the thermal insulation box (13) including:

one or more circulators (50) which are
respectively provided around one or
more predetermined upstream heating
rollers (33) among two or more up-
stream heatingrollers (32, 33) including
the most upstream heating roller (32)
and the one or more intermediate heat-
ingrollers (33) and each of which is con-
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figured to cause a roller accompanied
flow to circulate around the entire cir-
cumference of each of the one or more
predetermined upstream heating roll-
ers (33), rotation of the each of the one
or more predetermined upstream heat-
ing rollers (33) generating the roller ac-
companied flow which is an accompa-
nied flow,

the one or more predetermined up-
stream heating rollers (33) including the
one or more intermediate heating roll-
ers (33), and

the one or more circulators (50) being
provided to correspond to all of the one
or more intermediate heating rollers
(33).

2. The spun yarn drawing apparatus (3) according to

claim 1, wherein,

one of the one or more circulators (50) is a pre-
determined circulator (50),

in a cross section taken along a line orthogonal
to a rotational axis direction of a predetermined
heating roller (33) which is one of the one or
more predetermined upstream heating rollers
(33) and which is provided to correspond to the
predetermined circulator (50),

a part of an outer circumferential surface (33a)
of the predetermined heating roller (33) is a con-
tact surface (33b) with which the yarn (Y) is in
contact, the most upstream part of the contact
surface (33b) in the yarn running direction is a
contact start point (PS), the most downstream
part of the contact surface (33b) in the yarn run-
ning direction is a contact end point (PE),
another part of the outer circumferential surface
(33a) is a contactless surface (33c) with which
the yarn (Y) is not in contact, an upstream yarn
path is provided upstream of the contact start
point (PS) in the yarn running direction, a down-
stream yarn path is provided downstream of the
contact end point (PE) in the yarn running direc-
tion, and the predetermined circulator (50) in-
cludes an accompanied flow collecting surface
(52) which is provided to face the contactless
surface (33c), which is provided between the up-
stream yarn path and the downstream yarn path
in a circumferential direction of the predeter-
mined heating roller (33), and which includes (i)
a first point (P1) which is an endpoint closest to
the contact end point (PE) in the circumferential
direction and (ii) a second point (P2) which is an
endpoint closest to the contact start point (PS)
in the circumferential direction.

3. The spun yarn drawing apparatus (3) according to
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claim 2, wherein, in the cross section, a first virtual
line segment (VL1) connects the first point (P1) to
the second point (P2), a second virtual line segment
(VL2)connects the center of the predetermined heat-
ing roller (33) in a radial direction of the predeter-
mined heating roller (33) to the first point (P1), and
an angle (61) between the first virtual line segment
(VL1) and the second virtual line segment (VL2) is
an acute angle.

The spun yarn drawing apparatus (3) according to
claim 2 or 3, wherein, in the cross section, the short-
est distance between the outer circumferential sur-
face (33a) and the accompanied flow collecting sur-
face (52) is 11 mm or more and 88 mm or less.

A spun yarn drawing apparatus (3) configured to
draw a running yarn (Y) spun out from a spinning
apparatus (2), the spun yarn drawing apparatus (3)
comprising:

three or more heating rollers (31) onto which the
yarn (Y)is wound at a winding angle of less than
360 degrees and which are configured to heat
and send the yarn (Y) to a downstream side in
a yarn running direction; and

a thermal insulation box (13) housing the three
or more heating rollers (31),

the three or more heating rollers (31) including:

a most upstream heating roller (32) provid-
ed on the most upstream side in the yarn
running direction among the three or more
heating rollers (31);

a most downstream heating roller (34) pro-
vided on the most downstream side in the
yarn running direction among the three or
more heating rollers (31); and

one or more intermediate heating rollers
(33) which are provided downstream of the
most upstream heating roller (32) and up-
stream of the most downstream heating roll-
er (34) in the yarn running direction,

the thermal insulation box (13) including:

one or more circulators (50) which are
respectively provided around one or
more predetermined upstream heating
rollers (33) among two or more up-
stream heatingrollers (32, 33) including
the most upstream heating roller (32)
and the one or more intermediate heat-
ingrollers (33) and each of which is con-
figured to cause a roller accompanied
flow to circulate around the entire cir-
cumference of each of the one or more
predetermined upstream heating roll-
ers (33), rotation of the each of the one
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or more predetermined upstream heat-
ing rollers (33) generating the roller ac-
companied flow which is an accompa-
nied flow,

one of the one or more circulators (50)
being a predetermined circulator (50),
in a cross section taken along a line or-
thogonal to a rotational axis direction of
a predetermined heating roller (33)
which is one of the one or more prede-
termined upstream heating rollers (33)
and which is provided to correspond to
the predetermined circulator (50),

a part of an outer circumferential sur-
face (33a) of the predetermined heating
roller (33) being a contact surface (33b)
with which the yarn (Y) is in contact, the
most upstream part of the contact sur-
face (33b) in the yarn running direction
being a contact start point (PS), the
most downstream part of the contact
surface (33b) in the yarn running direc-
tion being a contact end point (PE),
another part of the outer circumferential
surface (33a) being a contactless sur-
face (33c) with which the yarn (Y) is not
in contact, an upstream yarn path being
provided upstream of the contact start
point (PS) in the yarn running direction,
adownstream yarn path being provided
downstream of the contact end point
(PE) in the yarn running direction, the
predetermined circulator (50) including
an accompanied flow collecting surface
(52) which is provided to face the con-
tactless surface (33c), which is provid-
ed between the upstreamyarn path and
the downstream yarn path in a circum-
ferential direction of the predetermined
heating roller (33), and which includes
(i) a first point (P1) which is an endpoint
closest to the contact end point (PE) in
the circumferential direction and (ii) a
second point (P2) which is an endpoint
closest to the contact start point (PS) in
the circumferential direction, and

in the cross section, the shortest dis-
tance between the outer circumferen-
tial surface (33a) and the accompanied
flow collecting surface (52) being 11
mm or more and 88 mm or less.

The spun yarn drawing apparatus (3) according to
claim 5, wherein, in the cross section, a first virtual
line segment (VL1) connects the first point (P1) to
the second point (P2), a second virtual line segment
(VL2) connects the center of the predetermined heat-
ing roller (33) in a radial direction of the predeter-
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8.

mined heating roller (33) to the first point (P1), and
an angle (61) between the first virtual line segment
(VL1) and the second virtual line segment (VL2) is
an acute angle.

The spun yarn drawing apparatus (3) according to
claim 5 or 6, wherein, the one or more predetermined
upstream heating rollers (33) include the one or more
intermediate heating rollers (33).

A spun yarn drawing apparatus (3) configured to
draw a running yarn (Y) spun out from a spinning
apparatus (2), the spun yarn drawing apparatus (3)
comprising:

three or more heating rollers (31) onto which the
yarn (Y)is wound at a winding angle of less than
360 degrees and which are configured to heat
and send the yarn (Y) to a downstream side in
a yarn running direction; and

a thermal insulation box (13) housing the three
or more heating rollers (31),

the three or more heating rollers (31) including:

a most upstream heating roller (32) provid-
ed on the most upstream side in the yarn
running direction among the three or more
heating rollers (31);

a most downstream heating roller (34) pro-
vided on the most downstream side in the
yarn running direction among the three or
more heating rollers (31); and

one or more intermediate heating rollers
(33) which are provided downstream of the
most upstream heating roller (32) and up-
stream of the most downstream heating roll-
er (34) in the yarn running direction,

the thermal insulation box (13) including:

one or more circulators (50) which are
respectively provided around one or
more predetermined upstream heating
rollers (33) among two or more up-
stream heatingrollers (32, 33) including
the most upstream heating roller (32)
and the one or more intermediate heat-
ingrollers (33) and each of which is con-
figured to cause a roller accompanied
flow to circulate around the entire cir-
cumference of each of the one or more
predetermined upstream heating roll-
ers (33), rotation of the each of the one
or more predetermined upstream heat-
ing rollers (33) generating the roller ac-
companied flow which is an accompa-
nied flow,

one of the one or more circulators (50)
being a predetermined circulator (50),
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in a cross section taken along a line or-
thogonal to a rotational axis direction of
a predetermined heating roller (33)
which is one of the one or more prede-
termined upstream heating rollers (33)
and which is provided to correspond to
the predetermined circulator (50),

a part of an outer circumferential sur-
face (33a) of the predetermined heating
roller (33) being a contact surface (33b)
with which the yarn (Y) is in contact, the
most upstream part of the contact sur-
face (33b) in the yarn running direction
being a contact start point (PS), the
most downstream part of the contact
surface (33b) in the yarn running direc-
tion being a contact end point (PE),
another part of the outer circumferential
surface (33a) being a contactless sur-
face (33c) with which the yarn (Y) is not
in contact, an upstream yarn path being
provided upstream of the contact start
point (PS) in the yarn running direction,
adownstream yarn path being provided
downstream of the contact end point
(PE) in the yarn running direction, the
predetermined circulator (50) including
an accompanied flow collecting surface
(52) which is provided to face the con-
tactless surface (33c), which is provid-
ed between the upstreamyarn path and
the downstream yarn path in a circum-
ferential direction of the predetermined
heating roller (33), and which includes
(i) a first point (P1) which is an endpoint
closest to the contact end point (PE) in
the circumferential direction and (ii) a
second point (P2) which is an endpoint
closest to the contact start point (PS) in
the circumferential direction, and

in the cross section, a first virtual line
segment (VL1) connecting the first
point (P1) to the second point (P2), a
second virtual line segment (VL2) con-
necting the center of the predetermined
heating roller (33) in a radial direction
of the predetermined heating roller (33)
to the first point (P1), and an angle (61)
between the first virtual line segment
(VL1) and the second virtual line seg-
ment (VL2) being an acute angle.

The spun yarn drawing apparatus (3) according to
claim 8, wherein, the one or more predetermined up-
stream heating rollers (33) include the one or more
intermediate heating rollers (33).

10. The spun yarn drawing apparatus (3) according to
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12.

13.

14.

15.

40
anyoneofclaims2t09, wherein, in the cross section,

a virtual upstream straight line (VLu) contains
the contact start point (PS) and partially overlaps
the upstream yarn path, a virtual downstream
straightline (VLd) contains the contact end point
(PE)and partially overlaps the downstream yarn
path, the virtual upstream straight line (VLu) is
line-symmetric with the virtual downstream
straight line (VLd) about a predetermined sym-
metry axis (VLs), and

the first point (P1) is provided between the sym-
metry axis (VLs) and the virtual downstream
straight line (VLd).

The spun yarn drawing apparatus (3) according to
any one of claims 2 to 10, wherein, in the cross sec-
tion,

the accompanied flow collecting surface (52) forms
a line segment (L1) connecting the first point (P1) to
the second point (P2), is curved and protrudes out-
ward of the line segment (L1) in the radial direction
of the predetermined heating roller (33), or is bent
and protrudes outward of the line segment (L1) in
the radial direction of the predetermined heating roll-
er (33) to form an obtuse angle.

The spun yarn drawing apparatus (3) according to
claim 11, wherein, the accompanied flow collecting
surface (52) forms the line segment (L1) in the cross
section.

The spun yarn drawing apparatus (3) according to
any one of claims 2 to 12, wherein, the predeter-
mined circulator (50) includes an accompanied flow
regulating surface (51) provided to enclose the con-
tact surface (33b) in the circumferential direction.

The spun yarn drawing apparatus (3) according to
claim 13, wherein, a virtual half-line (VHL) whose
endpoint is the first point (P1) and which passes the
second point (P2) intersects with the accompanied
flow regulating surface (51) in the cross section.

The spun yarn drawing apparatus (3) according to
any one of claims 2 to 14, wherein, when an inter-
section between (i) the virtual half-line (VHL) whose
endpoint is the first point (P1) and which passes the
second point (P2) and (ii) a yarn path of the yarn (Y)
running toward the contact start point (PS) is a third
point (P3) in the cross section,

a third virtual line segment (VL3) connects the sec-
ond point (P2) to the third point (P3), a fourth virtual
line segment (VL4) connects the third point (P3) to
the contact start point (PS), and an angle (©2) be-
tween the third virtual line segment (VL3) and the
fourth virtual line segment (VL4) is an obtuse angle
in the cross section.
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The spun yarn drawing apparatus (3) according to
any one of claims 1 to 15, wherein, the one or more
circulators (50) are configured to cause roller accom-
panied flows to circulate around the one or more pre-
determined upstream heatingrollers (33) respective-
ly so that a layer flow along the yarn running direction
is generated around the each of the one or more
predetermined upstream heating rollers (33).

The spun yarn drawing apparatus (3) according to
any one of claims 1 to 16, wherein, the thermal in-
sulation box (13) includes:

a partition portion (46) provided between (i) a
downstream heating roller (34) which is one of
the most downstream heating roller (34) and the
one or more intermediate heating rollers (33)
and (ii) the most upstream heating roller (32);
and

a returning path (49) causing a downstream
space provided on the downstream heating roll-
er (34) side of the partition portion (46) to com-
municate with an upstream space provided on
the most upstream heating roller (32) side of the
partition portion (46).

The spun yarn drawing apparatus (3) according to
any one of claims 1 to 17, wherein, the one or more
predetermined upstream heating rollers (32, 33) in-
clude the most upstream heating roller (32).

The spun yarn drawing apparatus (3) according to
any one of claims 1 to 18, wherein, the thermal in-
sulation box (13) includes:

an exit (13b) of the yarn (Y); and

a shielding portion (48) which extends toward a
most downstream contact surface (34b) and
whichis configured to block a yarn accompanied
flow generated by the yarn (Y) running toward
the exit (13b), a part of an outer circumferential
surface (34a) of the most downstream heating
roller (34) being the most downstream contact
surface (34b) onto which the yarn (Y) is wound.

The spun yarn drawing apparatus (3) according to
claim 19, wherein,

in a cross section orthogonal to a rotational axis
direction of the most downstream heating roller
(34),

a part of the outer circumferential surface (34a)
of the most downstream heating roller (34) is a
most downstream contactless surface (34c) on-
to which the yarn (Y) is not wound, and the ther-
mal insulation box (13) includes a most down-
stream accompanied flow collecting surface
(45b) which is provided to face the most down-
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22.

23.

24.

25.

42

stream contactless surface (34c) and which is
provided between (i) a yarn path provided up-
stream of the most downstream contact surface
(34b) in the yarn running direction and (ii) a yarn
path provided downstream of the most down-
stream contact surface (34b) in the yarn running
direction.

The spun yarn drawing apparatus (3) according to
any one of claims 1 to 20, wherein, the yarn (Y) is
drawn on the upstream side of the most upstream
heating roller (32) in the yarn running direction.

The spun yarn drawing apparatus (3) according to
claim 21, further comprising an outside roller (24)
which is provided outside the thermal insulation box
(13)and upstream of the three ormore heating rollers
(31) in the yarn running direction and onto which the
yarn (Y) which is not drawn yet is wound, wherein,

the yarn (Y) is drawn between the outside roller (24)
and the most upstream heating roller (32) in the yarn
running direction.

The spun yarn drawing apparatus (3) according to
claim 22, wherein, the outside roller (24) is a non-
heating roller which does not heat the yarn (Y).

The spun yarn drawing apparatus (3) according to
any one of claims 1 to 23, wherein, each of the three
or more heating rollers (31) is a thermal setting roller
for thermally setting the drawn yarn (Y).

The spun yarn drawing apparatus (3) according to
any one of claims 1 to 24, wherein, the yarn (Y) is
made of nylon.
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ANALYSIS CONDITIONS AND ANALYSIS RESULTS

CRCLATOR | D |RETURNG B I L —
NEAR SECOND | [mm] |  PATH | ,dfo
HEATING ROLLER ENTRAVCE] EXIT | POINT P2
EXAMPLE | PRESENT | 44 |PRESENT| ABSENT | 032 | 083 | 292 VG
EXAMPLE 2 PRESENT | 11 |PRESENT |SUGHTLYPRESENT| 0.38 | 039 | 2.2 oK
EXAMPLE 3 PRESENT | 165 |PRESENT| ABSENT | 037 | 087 | 242 oK
EXAMPLE 4 PRESENT | 19 |PRESENT| ABSENT | 036 | 087 | 263 OK
EXAMPLE 5 PRESENT | 22 |PRESENT| ABSENT | 032 | 082 | 302 VG
EXAMPLE 6 PRESENT | 88 |PRESENT |SUGHTLYPRESENT| 0.31 | 081 | 346 oK
EXAMPLE 7 PRESENT | 44 | ABSENT | ABSENT | 050 | 049 | 450 OK
COWPARATNEEWAWFLE 1| ABSENT — |PRESENT| PRESENT | -0.38 | 089 | 077 NG
COPARTVEEWPLEZ]  (PRESENT) | 0 |PRESENT| PRESENT | -039 | 041 | - NG
COWPARATEEAAWFLES|  ABSENT — | ABSENT | PRESENT | 070 072 | - NG
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FIG.6
(REORDERED) EXAMPLES 1 TO 6

GRCULATOR | D |RETURIING DISTURBANGE | FLOW YTy o

NEAR SECOND | [mm] | PATH | ypoeiow

HEATING ROLLER ENTRANCE[_EXIT | POINT P2
EXAMPLE 2 PRESENT 11 [PRESENT |SUGHTLY PRESENT| 038 | 0.39 |  2.32 OK
EXAMPLE 3 PRESENT 165 |PRESENT| ABSENT |-037 | 037 | 232 0K
EXAMPLE 4 PRESENT 19 |PRESENT| ABSENT [-036 | 037 | 263 0K
EXAMPLE 5 PRESENT 22 |PRESENT| ABSENT |-032] 032 | 302 VG
EXAMPLE | PRESENT 44 |PRESENT| ABSENT |-032 | 033 | 292 VG
EXAMPLE 6 PRESENT 88 | PRESENT |SUGHTLYPRESENT| 031 | 0.31 |  3.36 0K
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INFLUENCE OF EXISTENCE OF RETURNING PATH

EXISTENCE OF
CRCULATOR | D _ |Rerupung| DISTURBANGE | FLOW TELOCITY
NEAR SECOND | [mm] | PATH | ,0f oy
HEATING ROLLER ENTRAVCE]_EXIT | POINT P2
EXAMPLE | PRESENT | 44 |PRESENT| ABSENT | 032 | 033 | 282 VG
EXAMPLE7 |  PRESENT | 44 | ABSENT | ABSENT | -050| 049 | 450 oK
CONPARETVEENWPEI | ABSENT — |PRESENT| PRESENT | 038 | 039 | 077 NG
COWPARATIEERPLES | ABSENT — | ABSENT | PRESENT | 070 | 072 | - NG
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FIG.8
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FIG.9
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FIG.10
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FIG.11

ANALYSIS RESULTS OF MODIFICATIONS

EXISTENGE OF

DISTURBANCE FLOW VELOCITY

CIRCULATOR D [RETURNING)| o1pERS OF [m/s] DETERMINATION

NEAR SECOND | [mm] | PATH -

HEATING ROLLER ENTRANCE] EXIT | POINT P2

EXAMPLE 1 PRESENT 4 |PRESENT| - ABSENT | 032 | 033 | 292 VG

MODIFICATION 1| PRESENT 44 |PRESENT|CONDITONA| ABSENT | -023 | 021 | 296 VG
MODIFICATION 2| PRESENT 44 | ABSENT [CONDITIONA| ABSENT | -049 | 048 | 494 oK
MODIFICATION 3| PRESENT 44 |PRESENT|CONDIONB| ABSENT | -028 | 028 | 3.77 VG
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FIG.12
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