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(54) Yarn heating device
(57)  An object of the present invention is to provide
a structure of a yarn heating device suitable for a high-
speed heat processing of a yam.

The yarn heating device (5) comprises rollers (6a
and 6b) which a yarn (2) is wound around, induction heat-
ing coils (22 and 22) as a heating means, and electric
motors (21 and 21) for driving to rotate the rollers (6a and
6b). Each of the rollers (6a and 6b) includes a cylindrical
portion (31) which the yarn (2) is wound around and a
flange portion (32) for connecting the cylindrical portion
(31) with an output shaft (23) of the electric motor (21).
The induction heating coil (22) is disposed outside each
of the rollers (6a and 6b), and each of the rollers (6a and
6b) is heated by the induction heating coil (22) to heat
the yarn (2).

FIG. 2
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Description

[0001] The present invention relates to a structure of
a yarn heating device for heating a yarn while winding
the yarn around a peripheral surface of a roller.

[0002] As a yarn heating device of this type, there is
known, for example, a yarn heating device disclosed in
Patent Document 1 (Japanese Unexamined Patent Ap-
plication Publication No. 2000-256936 (refer to Fig. 1,
paragraphs 0011 and 0014)). The yarn heating device
disclosed in the Patent Document 1 includes a boss por-
tion engaged with a leading end of a driving shaft, and a
cylindrical roller main body, which is integrally connected
with the boss portion via a disk-like connecting section
(flange portion). The roller main body is attached to the
leading end of the driving shaft via the connecting section
and supported in a cantilever manner. A heater is ac-
commodated within the roller main body in a radial direc-
tion thereof, and the roller main body generates heat by
receiving energy from the heater.

[0003] Recently, there has been a greater demand for
a multi-end winding for winding a plurality of yarns simul-
taneously by a winder, and an increase in a winding
speed. In the above-described structure disclosed in the
Patent Document 1, since the connecting section and
the boss portion are disposed at the leading end side of
the driving shaft, in order to carry out the multi-end wind-
ing, the driving shaft is required to be elongated. Since
the connecting section and the boss portion are disposed
at the leading end side, a center of gravity of the roller is
located away from the connecting section and the boss
portion. Therefore, natural frequency during rotation of
the roller main body is lower. Consequently, it is difficult
to rotate the roller main body at a high speed. In order to
respond to the recently increasing demand for a multi-
end winding of yarns at a high speed, there has been still
room forimprovement. Since the heater is disposed with-
in the roller main body, there is such a disadvantage that
degree of freedom of designing is restricted. Therefore,
for example, the thickness of the driving shaft could not
be increased to improve the rigidity of the driving shaft.
[0004] The present invention has been made in view
of the above problems. An object of the presentinvention
is to provide a yarn heating device capable of increasing
degree of freedom of layout inside a roller and satisfac-
torily heating yarns.

[0005] The problems to be solved by the present in-
vention are as described above. Next, a description will
be made of means for solving the problems and effect of
such means.

[0006] According to a first aspect of the present inven-
tion, a yarn heating device includes rollers to be wound
with a yarn, heating means, and roller driving sections
for driving to rotate the respective rollers. Induction heat-
ing coils as the heating means are provided outside the
rollers, and the rollers are heated by the induction heating
coils to heat the yarn.

[0007] Accordingly, degree of freedom of layout inside
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the roller is increased. Since the rollers are heated by
the induction heating coils provided outside the rollers,
an outer peripheral surface of the rollers is most heated
(skin effect). Therefore, the yarn, which is wound around
the outer peripheral surface of the rollers, can be heated
efficiently. There is no restriction with respect to a position
where the heating means is provided. Further, since tem-
perature inside the rollers is prevented from rising, life of
auxiliary members therein can be extended.

[0008] In the yarn heating device described above, a
gap between the respective induction heating coils and
the respective rollers is preferably not less than 5 mm
and is preferably not more than 30 mm.

[0009] Accordingly, even when the yarnis accidentally
entangled around the rollers, a sufficient time can be ob-
tained until the entangled yam influences the induction
heating coils.

[0010] In the yarn heating device, the respective in-
duction heating coils preferably face a peripheral surface
of the respective rollers except a portion of the peripheral
surface where the yarn is wound around.

[0011] Accordingly, since the induction heating coils
do notinterfere when winding the yarn around the rollers,
the winding operation can be easily conducted.

[0012] Alternatively, the above-described yarn heating
device may be constructed as described below. That is,
at least a part of the induction heating coils is provided
to face a portion of the peripheral surface of the rollers
where the yarn is wound around. In an axial direction of
the respective rollers, a leading end of the respective
induction heating coils is positioned closer to a base end
side than a leading end of the rollers.

[0013] In this case, since the induction heating coils
are not provided at the leading end of the rollers, which
are used for threading the yarn, and the leading end of
the rollers is exposed, the yarn can be easily set in the
yarn heating device.

[0014] In the yarn heating device, a high-frequency
currentis preferably applied to the induction heating coils
to heattherollers. The high-frequency current is different
from a commercial power of 50 Hz or 60 Hz, and refers
to a power of substantially 1 kHz or more.

[0015] Accordingly, the gap between the respective
rollers and the respective induction heating coils can be
obtained sufficiently.

[0016] According to a second aspect of the present
invention, a yarn heating device having the following con-
struction is provided. That is, the yarn heating device
comprises rollers to be wound with a yarn, heating
means, and roller driving sections for driving to rotate the
respective rollers. The heating means is disposed out-
side the rollers. Each of the rollers includes a cylindrical
portion which the yarn is wound around and a flange por-
tion connecting the cylindrical portion with a shaft of the
respective roller driving sections. The flange portion is
positioned in a central area of the respective rollers in an
axial direction thereof.

[0017] Accordingly, the shaft can be shortened and a
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cantilever part of the rollers can be shortened. As aresult,
natural frequency of the system can be reduced. Conse-
quently, vibration is difficult to be generated even when
the rollers are lengthened and driven at a high speed.
[0018]

Fig. 1 is a schematic diagram showing an entire
structure of a draw spinning device having a yarn
heating device;

Fig. 2 is a partial cross-sectional perspective view of
the yarn heating device;

Fig: 3 is a partial cross-sectional side view of the
yarn heating device;

Fig. 4 is a perspective view of a yarn heating device
according to another embodiment; and

Fig. 5 is a side view of the yarn heating device ac-
cording to another embodiment.

[0019] Next, referringtoFig. 1toFig. 3, an embodiment
of the present invention will be described.

[0020] Fig. 1 shows the entire structure of a draw spin-
ning device (manufacturing device for synthetic fiber
yarn) having a yarn heating device 5 according to the
present embodiment. In the draw spinning device, a fil-
ament yarn (yarn) 2, which is discharged from a mouth
ring 1 and is in a state of molten polymer, is blown to cool
and solidify by a cooling unit 3, and is fed to the yarn
heating device 5 through an oiling device 4. The yarn
heating device 5 includes two rollers 6a and 6b arranged
vertically and respectively driven by electric motors. The
yarn 2 is heated while being wound around these rollers
6a and 6b. A detailed structure of the yarn heating device
5 will be described later.

[0021] A pull-up roller 7 is disposed to a downstream
of the yarn heating device 5. The pull-up roller 7 includes
a mainroller 7a and an auxiliary roller 7b. The main roller
7a is driven by a non-illustrated motor. A predetermined
speed difference is made between a rotation speed of
the main roller 7a of the pull-up roller 7 and a rotation
speed of the rollers 6a and 6b of the yarn heating device
5, thereby the yarn 2 is drawn between the yarn heating
device 5 and the pull-up roller 7. The main roller 7a of
the pull-up roller 7 is provided with a heater 8 to heat the
yarn 2. The heater 8 has the same structure as an induc-
tion heating coil 22 of the yarn heating device 5, which
will be described later. Further, the heater 8 may be omit-
ted.

[0022] A yarn guide 9 and a winding device 11 are
disposed to a further downstream side of the pull-up roller
7. The winding device 11 is provided with a spindle 12.
A plurality of cylindrical take-up bobbins 13 for winding
the yarn 2 can be set on the spindle 12 to wind a plurality
of the yarns 2 simultaneously. The winding device 11 is
further provided with a contact roller 10. The yarn 2 is
wound around the take-up bobbin 13 while the contact
roller 10 makes contact at an appropriate contact pres-
sure with an outer peripheral surface of the take-up bob-
bin 13 or an outer peripheral surface of a yarn layer
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formed by winding the yam 2 around the take-up bobbin
13. At this time, a winding speed is set to 6000 m/min,
for example.

[0023] Fig. 2 and Fig. 3 show a detailed structure of
the yam heating device 5. In addition to the two rollers
6a and 6b, the yarn heating device 5 includes electric
motors (roller driving sections) 21 and 21 and induction
heating coils (heating means) 22 and 22. The rollers 6a
and 6b are made of a metal. As shown in Fig. 2 and Fig.
3, each of the rollers 6a and 6b includes a cylindrical
portion 31 for winding the yarn 2 around an outer periph-
eral surface thereof, a flange portion (connecting section)
32, which is integrally formed with the cylindrical portion
31 and extends from an inner peripheral surface of the
cylindrical portion 31 in a radially contracting direction
(direction toward a center of the cylindrical portion 31),
and a boss portion (connecting portion) 33, which is
formed in a central area of the flange portion 32.

[0024] Each of the electric motors 21 and 21 has a
housing, and an output shaft (supporting shaft, driving
shaft, rotating shaft) 23 is rotatively provided via a non-
illustrated bearing in the housing. The output shaft 23
protrudes from the housing of each electric motor 21 in
a horizontal direction, and is supported by the housing
in a cantilever manner. The boss portion 33 of each of
the rollers 6a and 6b is fixed to the leading end of each
of the output shafts 23 via a nut 24. As a result, the output
shaft 23 of each of the electric motors 21 supports the
rollers 6a and 6b in a cantilever manner, respectively. By
driving the electric motors 21, the rollers 6a and 6b can
be rotated at a high speed of, for example, about 6000
m/min in a peripheral surface speed.

[0025] Theinduction heating coils 22 are disposed out-
side the rollers 6a and 6b. Each of the induction heating
coils 22 is fixed to a non-illustrated support and the hous-
ing of each of the electric motors 21, respectively. In par-
ticular, each of the induction heating coils 22 is attached
to the support supporting each of the electric motors 21
via a non-illustrated bracket, respectively. As shown in
Fig. 1 and Fig. 2, each induction heating coil 22 is formed
in an arc shape in its cross-section so as to partially cover
the outer periphery of the respective rollers 6a and 6b
(cylindrical portion 31). An appropriate gap g is formed
between the induction heating coil 22 and the roller 6a.
An appropriate gap g is formed between the induction
heating coil 22 and the roller 6b.

[0026] As shown in Fig. 3, heat pipes 35 extending in
an axial direction of the cylindrical portion 31 are provided
within each cylindrical portion 31. The heat pipes 35 are
arranged with an interval between the respective heat
pipes 35 in a circumferential direction. Accordingly, the
cylindrical portion 31 can be heated uniformly in its axial
direction.

[0027] Inthisarrangement, as shownin Fig. 2,theyarn
2, which is fed from the oiling device 4, is wound around
the two rollers 6a and 6b alternately in the following man-
ner. Specifically, the yarn 2 is first wound around a lower
half part adjacent to a base end of the lower roller 6b,
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then is wound around an upper half part of the upper
roller 6a, and is wound around the lower half part of the
lower roller 6b again, and this is repeated several times.
After being wound around the two rollers 6a and 6b sev-
eral times in a spiral manner (for example, five to seven
times), the yarn 2 is fed from a point adjacent to a leading
end of the lower roller 6b toward the pull-up roller 7 at
the downstream side. In Fig. 2 and Fig. 3, only single
yarn 2 is shown. However, a plurality of yarns 2 are ac-
tually wound in parallel.

[0028] The term "leading end" herein refers to, unless
otherwise noted, an end at a free end side (a side located
away from the housing of the electric motor 21) of the
output shaft 23, which is supported in a cantilever man-
ner, of the electric motor 21. The term "base end" herein
refers to an end at a supporting side (a side located at
the housing of the electric motor 21).

[0029] Inthe presentembodiment, one of the induction
heating coils 22 is disposed to cover a lower half part of
the outer peripheral surface of the upper roller 6a, that
is, to face the upper roller 6a except a portion where the
yarn 2 is wound. The other induction heating coil 22 is
disposed to cover an upper half part of the outer periph-
eral surface of the lower roller 6b, that is, to face the lower
roller 6b except a portion where the yarn 2 is wound.
[0030] Each of the induction heating coils 22 is con-
nected to an individual high-frequency power source 40
via a power supply line and supplied with a high-frequen-
cy Alternating Current (AC) power of, for example, about
30 kHz. Accordingly, eddy currents are generated in the
surface (outer peripheral surface of the cylindrical portion
31) of the metal rollers 6a and 6b in directions to eliminate
magnetic fields, which are generated by the coils 22. The
temperature of the surface of the rotating rollers 6a and
6b is increased to, for example, about 200°C by Joule
heat of the eddy currents. Thus, the outer peripheral sur-
face of each of the rollers 6a and 6b is heated in a non-
contact manner, and the yarn 2 wound around the outer
peripheral surface of the rollers 6a and 6b is heated.
[0031] The gap "g" between each of the rollers 6a and
6b and the respective induction heating coils 22 is pref-
erably not less than 5 mm, and not more than 30 mm.
When the gap "g" is less than 5 mm, the yarn 2 may be
stuck on the rollers 6a and 6b for some reason. Then,
the stuck yarn may influence the induction heating coils
22 in a short period of time, and a possibility of damage,
etc., caused on the induction heating coils 22 increases.
When the gap "g" exceeds 30 mm, the rollers 6a and 6b
may not be sufficiently heated by the induction heating
and the yarn 2 may not be heated sufficiently. In the
present embodiment, the gap "g" is set to 15 mm. Since
a high-frequency AC power is applied to each of the in-
duction heating coils 22 as described above, the surface
of the respective rollers 6a and 6b are heated satisfac-
torily even when the size of the gap g is as described
above.

[0032] Asshownin Fig. 3, in the present embodiment,
the flange portion 32 of each of the rollers 6a and 6b is
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disposed at a position where the flange portion 32 is en-
tirely overlapped with the respective induction heating
coils 22 in the axial direction of the rollers 6a and 6b as
observed along the radial direction of the rollers 6a and
6b. In other words, the thickness "t" of the flange portion
32 is overlapped so as to be included within the length
"w" of the induction heating coil 22 in the axial direction
as observed along the radial direction of the rollers 6a
and 6b. According to this arrangement, the outer periph-
eral surface of each of the rollers 6a and 6b is widely
covered with the respective induction heating coils 22,
thereby the outer peripheral surface of the rollers 6a and
6b is heated uniformly and efficiently, and the flange por-
tion 32 (boss portion 33) of the rollers 6a and 6b can be
set to an appropriate position.

[0033] In the present embodiment, the flange portion
32 is arranged at a substantially central position of the
rollers 6a and 6b in the axial direction thereof (central
area in the axial direction). Therefore, the boss portion
33 can be disposed at a position closer to the base end
than the arrangement of the Patent Document 1. Accord-
ingly, the length of the output shaft 23 of each electric
motor 21 can be reduced, and the center of gravity of the
rollers 6a and 6b can also be positioned closer to the
base end. As a result, the natural frequency of a system
including the rollers 6a and 6b and the output shaft 23
can be reduced. Accordingly, an arrangement, which
generates little vibration even when the rollers 6a and 6b
are driven to rotate at a high speed, can be achieved.
[0034] As described above, the yarn heating device 5
according to the present embodiment includes the rollers
6a and 6b which the yarn 2 is wound around, and the
electric motors 21 and 21 for driving to rotate the rollers
6a and 6b. The induction heating coils 22 are disposed
as heating means outside the rollers 6a and 6b. AC power
is applied to each of the induction heating coils 22 to heat
the rollers 6a and 6b, thereby heating the yarn 2. There-
fore, since the heating means is not required to be pro-
vided inside the rollers 6a and 6b, degree of freedom of
layout inside each of the rollers 6a and 6b is increased.
For example, diameter of each of the output shafts 23 of
the electric motors 21 and 21 may be increased, or the
flange portions 32 can be positioned easily at a central
area of the rollers 6a and 6b. Since the rollers 6a and 6b
are heated by the induction heating coils 22 disposed
outside of the rollers 6a and 6b, the outer peripheral sur-
face of the rollers 6a and 6b is heated the most (because
density of eddy currents is the highest). Resulting from
this skin effect, the yarn 2, which is wound around the
outer peripheral surface of the rollers 6a and 6b, is heated
efficiently. Meanwhile, an increase in the temperature
inside (central side of) the rollers 6a and 6b can be rel-
atively suppressed. Therefore, the heat conducted to the
output shaft 23 can be reduced. Accordingly, for exam-
ple, life of a non-illustrated bearing supporting the output
shaft 23 in the electric motor 21 is extended.

[0035] The gap g between each of the induction heat-
ing coils 22 and the respective rollers 6a and 6b is not
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less than 5 mm, and is not more than 30 mm. Accordingly,
it is possible to provide the yarn heating device 5, which
prevents the yarn 2 from being entangled around the in-
duction heating coils 22, and which can efficiently heat
the yarn 2.

[0036] Each of the induction heating coils 22 faces the
outer peripheral surface of the respective rollers 6a and
6b by avoiding the portion where the yarn 2 is wound.
Therefore, since the induction heating coils 22 do not
interfere when setting the yarn 2 with respect to the yarn
heating device 5, the yam 2 can be set easily. Although
the induction heating coils 22 have an arced shape, since
the rollers 6a and 6b are driven to rotate at a high speed
while being heated, the outer peripheral surface of the
rollers 6a and 6b is heated uniformly in the peripheral
direction, and unevenness does not generate in the heat-
ing of the yarn 2.

[0037] Each of the rollers 6a and 6b includes the cy-
lindrical portion 31 where the yarn 2 is wound around,
and the flange portion 32, which extends from the cylin-
drical portion 31 in the radially contracting direction to
connect the cylindrical portion 31 with the output shaft
23 of the electric motor 21. The flange portion 32 is dis-
posed at a position where the flange portion 32 overlaps
with the induction heating coil 22 in the axial direction of
the rollers 6a and 6b; i.e., in a central area of the rollers
6a and 6b in the axial direction. Therefore, since the
flange portion 32 (boss portion 33) is not required to be
disposed closer to the leading end of the rollers 6a and
6b, the length of the output shaft 23 of the electric motor
21 can be reduced. As a result, the natural frequency of
the system can be reduced and the arrangement suitable
for a high-speed rotation can be obtained. In the present
embodiment, the flange portion 32 is disposed at a po-
sition where the length of the rollers 6a and 6b (cylindrical
portion 31) is substantially bisected in its axial direction.
Accordingly, vibration is difficult to be generated even
when the rollers 6a and 6b are driven to rotate at a high
speed of 6000 m/min in peripheral surface speed.
[0038] As shown in Fig. 4 and Fig. 5, according to an-
other embodiment, the disposition of the induction heat-
ing coils 22 and 22 may be changed to cover an upper
half part of the upper roller 6a and a lower half part of the
lower roller 6b (portions where the yarn is wound). The
arrangement shown in. Fig. 4 and Fig. 5 is different from
the arrangement shown in Fig. 2 and Fig. 3 only in that
the shape and disposition of the induction heating coils
22 and 22. Other arrangements in Fig. 4 and Fig. 5 are
the same as Fig. 2 and Fig. 3.

[0039] According to the present embodiment, com-
pared to the arrangement shown in Fig. 2 and Fig. 3, the
outer peripheral surface of each of the rollers 6a and 6b
can be covered easily in a wider area. Thus, each of the
rollers 6a and 6b can be heated more uniformly and ef-
ficiently.

[0040] In addition, as shown in Fig. 5, the leading end
of the respective induction heating coils 22 is located at
a position slightly closer to the base end side by a length
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necessary for threading the yarn than the leading end of
the rollers 6a and 6b. In other words, the outer peripheral
surface at the end of the respective rollers 6a and 6b
(end portion at the free end side, which is supported in
a cantilever manner) is exposed without being covered
by the respective induction heating coils 22.

[0041] Accordingly, the yarn 2 can be set onto the yarn
heating device 5 only by winding the yarn 2 around the
exposed portion. That is, in the yam heating device 5 of
the present embodiment, a rotational axis line of the up-
per roller 6a and a rotational axis line of the lower roller
6b are not disposed in parallel with each other, and are
disposed at an angle slightly displaced with respect to
each other. Accordingly, when the yarn 2 is wound
around the exposed leading end portions while the rollers
6a and 6b are rotated, the yam 2 automatically moves
toward the base end side on the outer peripheral surfaces
of the rollers 6a and 6b (so as to enter into an inner side
of the induction heating coils 22). Finally, as shown in
Fig. 4, astate in which the yarn 2 is wound spirally around
the two rollers 6a and 6b at regular pitches can be ac-
complished automatically. As described above, the yarn
heating device 5 of the present embodiment is arranged
so that, when the yarn 2 is wound around the leading end
of the rollers 6a and 6b, the yarn is naturally threaded
through the yarn heating device 5. According to the
above-described arrangement, since the leading ends of
the rollers 6a and 6b are exposed, a yarn threading op-
eration can be carried out easily.

[0042] In the present embodiment, as shown in Fig. 5,
it is extremely preferable that the heat pipes 35 are em-
bedded in the cylindrical portion 31 of each of the rollers
6a and 6b and the leading end of the heat pipe 35 extends
to the exposed portion. Accordingly, the rollers 6a and
6b, including the leading end thereof, can heat the yarn
2 uniformly.

[0043] A preferred embodiment and another embodi-
ment of the present invention have been described. The
above-described arrangements are one of the examples
of the present invention. The present invention may be
modified, for example, as described below.

[0044] In place of the induction heating coil 22, for ex-
ample, another heating means such as aresistance heat-
er may be used. When using the resistance heater, since
the rollers 6a and 6b are heated from the outside, it is
advantageous because an increase in the temperature
in the central area of the roller can be restricted, and thus
the life of the bearing of the output shaft 23, etc., can be
extended.

[0045] The rollers 6a and 6b may be made of another
material having conductivity, in place of the metal.
[0046] The present invention may be modified to a
combined arrangement of the arrangements shown in
Fig. 2 and Fig. 4. That is, both of the upper half part and
the lower half part of the rollers 6a and 6b may be covered
by the induction heating coils 22.

[0047] Itis arbitrarily selectable, depending on circum-
stances, with respect to the dimensions of the rollers 6a
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and 6b and/or how many times the yarn 2 is wound
around the outer peripheral surface of the rollers 6a and
6b. Since the output shaft 23 of the electric motor 21 can
be shortened and natural frequency of the system can
be reduced, the arrangements of the above-described
embodiments are particularly suitable when using aroller
having a longer dimension in the axial direction (a roller
specified so that the yarn 2 can be wound a multiple
number of times), or when threading a large number of
yarns.

Claims
1. Avyarn heating device, comprising:

rollers to be wound with a yarn;

heating means; and

roller driving sections for driving to rotate the re-
spective rollers,

whereininduction heating coils as the heating means
are disposed outside the rollers, and the rollers are
heated by the induction heating coils to heat the yarn.

2. Theyarn heating device according to claim 1, where-
in a gap between the respective induction heating
coils and the respective rollers is not less than 5 mm
and is not more than 30 mm.

3. The yarn heating device according to claim 1 or 2,
wherein the respective induction heating coils face
a peripheral surface of the respective rollers except
a portion of the peripheral surface where the yarn is
wound around.

4. The yarn heating device according to claim 1 or 2,
wherein at least a part of the induction heating coils
is provided to face a portion of the peripheral surface
of the rollers where the yam is wound around, and
in an axial direction of the respectiverollers, aleading
end of the respective induction heating coils is posi-
tioned closer to a base end side than a leading end
of the respective rollers.

5. The yarn heating device according to any one of
claims 1 to 4, wherein a high-frequency current is
applied to the induction heating coils to heat the roll-
ers.

6. A yam heating device, comprising:
rollers to be wound with a yarn;
heating means; and
roller driving sections for driving to rotate the re-

spective rollers,

wherein the heating means is disposed outside the
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rollers,

each of therollers includes a cylindrical portion which
the yarn is wound around and a flange portion con-
necting the cylindrical portion with a shaft of the re-
spective roller driving sections, and

the flange portion is positioned in a central area of
the respective rollers in an axial direction of the roll-
ers.
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