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(54) HEATER

(57) An object of the present invention is to suppress
the decrease in temperature of end portions of a heating
unit in a yarn running direction and to further evenly heat
a yarn running in the heating unit.

A heat source 51 is provided to extend in the yarn
running direction, and configured to generate heat when
an electric current is supplied to a resistive element 51a.
The heat source 51 is configured to heat the heating unit
provided with a yarn running space in which the yarn
runs. The heat source 51 includes: an entrance-side

FIG.7

heating part 71 and an exit-side heating part 73 which
are configured to heat both end portions of the heating
unitinthe yarn running direction, respectively; and a cent-
er heating part 72 at which the watt density of the resistive
element 51a is lower than that at each of the en-
trance-side heating part 71 and the exit-side heating part
73. In this regard, the entrance-side heating part 71, the
center heating part 72, and the exit-side heating part 73
are aligned in the yarn running direction.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a heater con-
figured to heat a yarn.

[0002] A known heater is configured to heat a yarn
formed of synthetic fibers, in a processor configured to
perform various processes such as yarn combining and
false twisting. Patent Literature 1 (Japanese Laid-Open
Patent Publication No. 2006-022411) discloses a yarn
heater (heater) which is provided in a yarn combining
machine configured to combine two yarns and which in-
cludes a heating body (heating unit) provided along a
yarn running direction. The heating body is provided with
a running groove along the yarn running direction. Inside
the heating body, a sheathed heater (heat source) is pro-
vided along the yarn running direction. This heating body
performs the transmission of heat generated by the
sheathed heater, so that a yarn running in a space inside
the running groove can be heated.

SUMMARY OF THE INVENTION

[0003] The above-described yarn heater is configured
to turn on/off a current giving circuit configured to supply
an electric current to the sheathed heater based on the
temperature of the heating body, which is detected by a
sensor. The heating body is configured to radiate the
heat from its end portions in the yarn running direction,
where an entrance and an exit are provided for the yarn
running in the running groove. With this arrangement,
the temperature of the end portions of the heating body
in the yarn running direction is easily decreased as com-
pared to that of the center of the heating body in the yarn
running direction.

[0004] Therefore, when the current giving circuit is
turned on/off to adjust the temperature of this center of
the heating body to a temperature which is suitable for
heating the yarn, the temperature of these end portions
of the heating body is decreased to be equal to or less
than the suitable temperature for heating the yarn. As a
result, the yarn cannot be properly heated. Meanwhile,
when the temperature of the end portions of the heating
body is adjusted to the suitable temperature for heating
the yarn, the center of the heating body is excessively
heated. As aresult, unnecessary power consumption oc-
curs. In the heating body, when the temperature of the
center is different from that of the end portions, the yarn
is unevenly heated. As a result, the quality of the yarn
may be deteriorated.

[0005] An object of the present invention is to provide
a heater which is able to suppress the decrease in tem-
perature of end portions of a heating unitin a yarn running
direction and to further evenly heat a yarn running in the
heating unit.

[0006] According to a first aspect of the invention, a
heater includes: a heat source of a resistance-heating
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type, which extends in a yarn running direction and which
is configured to generate heat when an electric current
is supplied to a resistive element; a heating unit in which
ayarn running space is provided and which is heated by
the heat source, a yarn running in the yarn running space;
asensor configured to detect the temperature of the heat-
ing unit; and a controller programmed to switch, based
on an output signal of the sensor, between a state in
which an electric current is supplied to the resistive ele-
ment and a state in which an electric current is not sup-
plied to the resistive element. In this regard, the heat
source includes: a first part configured to heat at least
one of end portions of the heating unit on at least one
side in the yarn running direction of the heating unit; and
a second part at which the watt density of the resistive
element is lower than the watt density of the resistive
element at the first part, the first part and the second part
being aligned in the yarn running direction.

[0007] According to this aspect of the present inven-
tion, even though the temperature of the at least one end
portion of the heating unit in the yarn running direction is
relatively easily decreased, the at least one end portion
of the heating unit is heated by the first part of the heat
source. In the heat source, an amount of heat generated
at the first part at which the watt density of the resistive
elementis relatively high is larger than an amount of heat
generated at the second part at which the watt density
of the resistive element is relatively low. It is therefore
possible to heatthe atleastone end portion of the heating
unit in the yarn running direction with a relatively large
amount of heat. As a result, the decrease in temperature
of the at least one end portion of the heating unit on the
one side in the yarn running direction is suppressed, and
the yarn running in the heating unitis further evenly heat-
ed.

[0008] According to a second aspect of the invention,
the heater is arranged so that the first part is configured
to heat the both end portions of the heating unit in the
yarn running direction.

[0009] According to this aspect of the present inven-
tion, even though the temperature of the both end por-
tions of the heating unit in the yarn running direction is
relatively easily decreased, these end portions of the
heating unit are heated by the first part at which the watt
density of the resistive element of the heat source is rel-
atively high. It is therefore possible to suppress the de-
crease in temperature of the both end portions of the
heating unit in the yarn running direction.

[0010] According to a third aspect of the invention, the
heater is arranged so that the yarn running space is in-
clined so that one end portion of the yarn running space
on one side in the yarn running direction is lower than
the other end portion of the yarn running space on the
other side in the yarn running direction, and the heat
source includes the first part configured to heat the at
least one end portion of the heating unit on the one side
in the yarn running direction of the heating unit.

[0011] According to this aspect of the present inven-
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tion, because the yarn running space is inclined so that
the one end portion of the yarn running space on the one
side in the yarn running direction is lower than the other
end portion of the yarn running space on the other side
in the yarn running direction, air heated in the yarn run-
ning space is moved toward an upper end portion of the
yarn running space, i.e., toward an end portion of the
yarn running space on the other side in the yarn running
direction of the yarn running space. Therefore, the tem-
perature at the at least one end portion of the heating
unit on the one side in the yarn running direction of the
heating unit is relatively easily decreased. Even though
the temperature at the at least one end portion of the
heating unit on the one side in the yarn running direction
of the heating unit is relatively easily decreased, this end
portion of the heating unit is heated by the first part at
which the watt density of the resistive element of the heat
source is relatively high. Itis therefore possible to reliably
suppress the decrease in temperature of the at least one
end portion of the heating unit on the one side in the yarn
running direction.

[0012] According to a fourth aspect of the invention,
the heater is arranged so that the heating unit includes
a yarn contacted portion which extends in the yarn run-
ning direction and which has a yarn contacted surface
with which the yarn running in the yarn running space
makes contact.

[0013] In the present invention, the decrease in tem-
perature of end portions of the yarn contacted surface in
the yarn running direction is suppressed. It is therefore
possible to stably heat the yarn by causing the yarn to
make contact with the yarn contacted surface.

[0014] According to a fifth aspect of the invention, the
heater is arranged so that the heating unit contains a
metal material, and the watt density of the resistive ele-
ment at each of the first part and the second part is equal
to or less than 3.0 [W/cm?].

[0015] According to this aspect of the present inven-
tion, the heating unit which is a heating target of the heat
source contains the metal material, and the watt density
of the resistive element is equal to or less than 3.0
[W/cm?2] at each of the first part and the second part. It
is therefore possible to suppress the occurrence of a
phase change and a chemical change at the heating unit.
This contributes to a long life of the heat source.

[0016] According to a sixth aspect of the invention, the
heater is arranged so that a difference in heat source
capacity between the first part and the second part is
equal to or more than 40 [W] and equal to or less than
45 [W].

[0017] According to this aspect of the present inven-
tion, when the difference in heat source capacity between
the first part and the second part is equal to or more than
40 [W] and equal to or less than 45 [W], temperature
distribution of the yarn contacted surface of the heating
unit is further equalized in the yarn running direction. It
is therefore possible to reliably suppress the yarn from
being unevenly heated, and thus production of high-qual-
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ity yarns is enabled.

[0018] According to a seventh aspect of the invention,
the heater is arranged so that the heat source is a
sheathed heater in which the resistive element is sur-
rounded by a pipe.

[0019] According to this aspect of the present inven-
tion, when the sheathed heater in which the resistive el-
ement is surrounded by the pipe is used as the heat
source, the heat source is easily applied to the heater.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a profile of a false-twist texturing machine
of an embodiment of the present invention.

FIG. 2 is a schematic diagram of the false-twist tex-
turing machine, expanded along paths of yarns.
FIG. 3 shows a first heater.

FIG. 4 is a cross section taken along a line IV-IV in
FIG. 3.

FIG. 5 is a cross section taken along a line V-V in
FIG. 4.

FIG. 6 is a cross section taken along a line VI-VI in
FIG. 4.

FIG. 7 shows a heat source.

FIG. 8 is a table showing conditions of a comparison
test between Example 1, Example 2, and Compar-
ative Example.

FIG. 9 is a graph showing temperature distribution
of a yarn contacted surface in each of heat sources
of Example 1, Example 2, and Comparative Exam-
ple.

FIG. 10 is a graph showing power consumption of
each of the heat sources of Example 1, Example 2,
and Comparative Example.

FIG. 11 is a table showing conditions of Example 3.
FIG. 12 is a graph showing temperature distribution
of a yarn contacted surface in a heat source of Ex-
ample 3.

FIG. 13 is a cross section taken along a line in a
direction orthogonal to a base longitudinal direction
of a first heater of a modification.

FIG. 14 shows a heat source of a first heater of the
modification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] The following will describe a false-twist textur-
ing machine 1 of a preferred embodiment of the present
invention, with reference to FIG. 1. Hereinafter, a vertical
direction to the sheet of FIG. 1 is defined as a base lon-
gitudinal direction, and a left-right direction to the sheet
is defined as a base width direction. A direction orthog-
onal to the base longitudinal direction and the base width
direction is defined as an up-down direction (vertical di-
rection) in which the gravity acts. In this regard, the base
longitudinal direction and the base width direction are
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substantially in parallel to a horizontal direction.
(Overall Structure of False-Twist Texturing Machine 1)

[0022] The false-twist texturing machine 1 is able to
perform false twisting of yarns Y (i.e., to false-twist the
yarns Y) made of synthetic fibers such as nylon (polya-
mide fibers) and polyester. The false-twist texturing ma-
chine 1 includes a yarn supplying unit 2 for supplying the
yarns Y, a processing unit 3 configured to false-twist the
yarns Y supplied from the yarn supplying unit 2, and a
winding unit 4 configured to wind the yarns Y processed
by the processing unit 3 onto winding bobbins Bw. Com-
ponents of the yarn supplying unit 2, the processing unit
3, and the winding unit 4 are aligned to form plural lines
(see FIG. 2) in the base longitudinal direction. The base
longitudinal direction is a direction orthogonal to a run-
ning plane (plane of FIG. 1) of the yarns Y. The running
plane of the yarns Y is formed of the yarn paths extending
fromthe yarn supplying unit 2 to the winding unit4 through
the processing unit 3.

[0023] The yarn supplying unit 2 includes a creel stand
5retaining yarn supply packages Ps. The yarn supplying
unit 2 is configured to supply the yarns Y to the processing
unit 3. The processing unit 3 is configured to false-twist
the yarns Y supplied from the yarn supply packages Ps.
In the processing unit 3, the following members are
placed in this order from the upstream side in a yarn
running direction: each first feed roller 11; each twist-
stopping guide 12; each first heater 13 (equivalent to a
heater of the present invention); each cooler 14; each
false-twisting device 15; each second feed roller 16; each
interlacing device 17; each third feed roller 18; a second
heater 19; and each fourth feed roller 20. The winding
unit 4 includes winding devices 21. Each winding device
21 is configured to wind a yarn Y false-twisted by the
processing unit 3 onto a winding bobbin Bw, so as to form
a wound package Pw.

[0024] The false-twist texturing machine 1 includes a
main base 8 and a winding base 9 which are spaced
apart from each other in the base width direction. The
main base 8 and the winding base 9 extend to be sub-
stantially identical in length in the base longitudinal di-
rection. The main base 8 and the winding base 9 oppose
each other in the base width direction. An upper part of
the main base 8 is connected to an upper part of the
winding base 9 by a supporting frame 10. Each device
forming the processing unit 3 is mainly attached to the
main base 8 or the supporting frame 10. Each device
forming the winding unit 4 is mainly attached to the wind-
ing base 9. The main base 8, the winding base 9, and
the supporting frame 10 form a working space A in which
an operator performs an operation such as yarn thread-
ing to each device. The yarn paths are formed so that
the yarns Y mainly run around the working space A.
[0025] The false-twist texturing machine 1 includes
units termed spans each of which includes a pair of the
main base 8 and the winding base 9 provided to oppose
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each other. In one span, processing units (which are also
termed spindles) in which yarn paths are formed to pass
the devices forming the processing unit 3 are aligned in
the base longitudinal direction. With this arrangement, in
one span, the yarns Y running while being aligned in the
base longitudinal direction can be simultaneously false-
twisted. In the false-twist texturing machine 1, the spans
are placed in a left-right symmetrical manner to the sheet,
with a center line C in the base width direction of the main
base 8 being set as a symmetry axis. The main base 8
is shared between the left span and the right span.

(Processing Unit)

[0026] The following will describe the structure of the
processing unit 3 with reference to FIG. 1 and FIG. 2.
Each first feed roller 11 is configured to unwind a yarn Y
from one yarn supply package Ps attached to the yarn
supplying unit 2 and to send the yarn Y to one first heater
13. As shown in FIG. 2, each first feed roller 11 is con-
figured to send, e.g., a single yarn Y to the first heater
13. Alternatively, each first feed roller 11 may be able to
send plural adjacent yarns Y to the downstream side in
the yarn running direction. Each twist-stopping guide 12
prevents twisting, which is applied to a yarn Y by one
false-twisting device 15, from being propagated to the
upstream side of each twist-stopping guide 12 in the yarn
running direction.

[0027] Each first heater 13 is configured to heat yarns
Y which are sent from some first feed rollers 11, to a
predetermined processing temperature. As shown in
FIG. 2, each first heater 13 is able to heat, e.g., two yarns
Y. Each first heater 13 will be detailed later.

[0028] Each cooler 14 is configured to cool a yarn Y
heated by one first heater 13. As shown in FIG. 2, each
cooler 14 is configured to cool, e.g., a single yarn Y. Al-
ternatively, each cooler 14 may be able to simultaneously
cool plural yarns Y. Each false-twisting device 15 is pro-
vided downstream of one cooler 14 in the yarn running
direction, and configured to twist a yarn Y. Each false-
twisting device 15 is, e.g., a so-called disc-friction false-
twisting device. However, the disclosure is not limited to
this. Each second feed roller 16 is configured to send a
yarn Y processed by one false-twisting device 15 to one
interlacing device 17. The conveyance speed of convey-
ing the yarn Y by each second feed roller 16 is higher
than the conveyance speed of conveying the yarn Y by
each first feed roller 11. The yarn Y is therefore drawn
and false-twisted between the first feed roller 11 and the
second feed roller 16.

[0029] Each interlacing device 17 is configured to in-
terlace a yarn Y. Each interlacing device 17 has, e.g., a
known interlace nozzle configured to interlace the yarn
Y by means of an airflow.

[0030] Each third feed roller 18 is configured to send,
to the second heater 19, a yarn Y running on the down-
stream side of one interlacing device 17 in the yarn run-
ning direction. As shown in FIG. 2, each third feed roller
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18 is configured to send, e.g., a single yarn Y to the sec-
ond heater 19. Alternatively, each third feed roller 18 may
be able to send pluraladjacentyarnsY to the downstream
side in the yarn running direction. The conveyance speed
of conveying the yarn Y by each third feed roller 18 is
lower than the conveyance speed of conveying the yarn
Y by each second feed roller 16. The yarn Y is therefore
relaxed between the second feed roller 16 and the third
feed roller 18.

[0031] The second heater 19 is configured to heat
yarns Y sent from some third feed rollers 18. The second
heater 19 extends along the vertical direction, and is pro-
vided for each of the spans. Each fourth feed roller 20 is
configured to send a yarn Y heated by the second heater
19 to one winding device 21. As shown in FIG. 2, each
fourth feed roller 20 is able to send, e.g., a single yarn Y
to the winding device 21. Alternatively, each fourth feed
roller 20 may be able to send plural adjacent yarns Y to
the downstream side in the yarn running direction. The
conveyance speed of conveying the yarnY by each fourth
feed roller 20 is lower than the conveyance speed of con-
veying the yarn Y by each third feed roller 18. The yarn
Y is therefore relaxed between the third feed roller 18
and the fourth feed roller 20.

[0032] In the processing unit 3 arranged as described
above, each yarn Y drawn between the first feed roller
11 and the second feed roller 16 is twisted by the false-
twisting device 15. The twist formed by the false-twisting
device 15 propagates to the twist-stopping guide 12, but
does not propagate to the upstream side of the twist-
stopping guide 12 in the yarn running direction. The yarn
Y which is twisted and drawn is heated by the first heater
13 and thermally set. After that, the yarn Y is cooled by
the cooler 14. Theyarn'Y is untwisted on the downstream
side of the false-twisting device 15 in the yarn running
direction. However, the yarn Y is maintained to be wavy
in shape on account of the thermal setting described
above (i.e., crimp contraction of the yarn Y is maintained).
[0033] Afterbeingfalse-twisted, theyarnY isinterlaced
by the interlacing device 17 while being relaxed between
the second feed roller 16 and the third feed roller 18. The
yarn Y is then guided to the downstream side in the yarn
running direction. Furthermore, the yarn Y is thermally
processed by the second heater 19 while being relaxed
between the third feed roller 18 and the fourth feed roller
20. Finally, the yarn Y sent from the fourth feed roller 20
is wound by the winding device 21.

(Winding Unit)

[0034] The following will describe the structure of the
winding unit 4 with reference to FIG. 2. The winding unit
4 includes plural winding devices 21. Each winding de-
vice 21 is able to wind a yarn Y onto one winding bobbin
Bw. The winding device 21 includes a fulcrum guide 41,
atraverse unit 42, and a cradle 43. The fulcrum guide 41
is a guide functioning as a fulcrum when the yarn Y is
traversed. The traverse unit 42 is able to traverse the
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yarn Y by means of a traverse guide 45. The cradle 43
is configured to rotatably support the winding bobbin Bw.
A contact roller 46 is provided in the vicinity of the cradle
43. The contact roller 46 is configured to apply a contact
pressure to a surface of one wound package Pw by mak-
ing contact with the surface of the wound package Pw.
In the winding unit 4 arranged as described above, the
yarn Y sent from the fourth feed roller 20 described above
is wound onto the winding bobbin Bw by each winding
device 21 so as to form the wound package Pw.

(First Heater)

[0035] The following will detail each first heater 13 with
reference to FIG. 3 to FIG. 7. As shown in FIG. 3, the
first heater 13 extends in a predetermined extending di-
rection orthogonal to the base longitudinal direction. In
the presentembodiment, the extending directionisin par-
allel to the base width direction.

[0036] The first heater 13 is configured to heat at least
one running yarn Y. In the present embodiment, the first
heater 13 is able to heat, e.g., two yarns Y (yarns Ya and
Yb: see FIG. 4). One end portion on one side in the ex-
tending direction of the first heater 13 is provided with an
entrance 13a into which yarns Y are sent from some first
feed rollers 11. Meanwhile, the other end portion on the
other side in the extending direction of the first heater 13
is provided with an exit 13b from which the heated yarns
Y are sent out. In the present embodiment, the position
of the entrance 13a is substantially identical with that of
the exit 13b in the up-down direction.

[0037] As shown in FIG. 4 and FIG. 5, the first heater
13 includes: a heat source 51; a heating unit 52; a sensor
57 configured to detect the temperature of the heating
unit 52; a current giving circuit 58; heat insulating mate-
rials 59; a box 60; and a controller 100. The first heater
13 is configured to simultaneously heat the yarns Ya and
Yb by causing the running yarns Ya and Yb to make
contactwith the heating unit 52 heated by the heat source
51.

[0038] The heat source 51 is a sheathed heater, and
includes a resistive element 51a which is a coiled Ni-
chrome wire, etc. and a pipe 51b surrounding the resistive
element 51a as shown in FIG. 7. The heat source 51
extends along the extending direction. In other words,
the heat source 51 extends in the yarn running direction.
The heat source 51 will be detailed later. As shown in
FIG. 4 and FIG. 5, the heat source 51 is connected to
the current giving circuit 58. The current giving circuit 58
is provided for supplying an electric current to the resis-
tive element 51a of the heat source 51. The heat source
51 is configured to generate Joule heat in such a way
that the current giving circuit 58 supplies an electric cur-
rent to the resistive element 51a.

[0039] The current giving circuit 58 is electrically con-
nected to the controller 100. The controller 100 is pro-
grammed to turn on/off the current giving circuit 58 based
on an output signal of the sensor 57, so as to switch
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between a state in which an electric current is supplied
to the resistive element 51a and a state in which an elec-
tric current is not supplied to the resistive element 51a.
With this arrangement, the controller 100 is able to control
the heating temperature of the first heater 13 (the tem-
perature of a yarn contacted surface 56 described later).
The controller 100 may be electrically connected not only
to the first heater 13, but also to other devices forming
the false-twist texturing machine 1.

[0040] The heating unit 52 is heated by the heat gen-
erated by the heat source 51. The heating unit 52 con-
tains a metal material. As shown in FIG. 5, the heating
unit 52 extends in the extending direction along the heat
source 51. In other words, the heating unit 52 extends in
the yarn running direction. The heating unit 52 includes,
e.g., two heating members 53 (heating members 53a and
53b) and two yarn contacted portions 54 (yarn contacted
portions 54a and 54b). The heating member 53a and the
yarn contacted portion 54a are members for heating the
yarnYa. The heatingmember 53b and the yarn contacted
portion 54b are members for heating the yarn Yb. (i) The
members for heating the yarn Ya and (ii) the members
for heating the yarn Yb are provided to oppose each other
over the heat source 51 in, e.g., the base longitudinal
direction.

[0041] The following will describe the members for
heating the yarn Ya. The heating member 53a is made
of a metal material such as yellow copper whose specific
heat is high. The heating member 53a extends in the
extending direction along the heat source 51. In other
words, the heating member 53a extends in the yarn run-
ning direction. The heating member 53ais in contact with
the heat source 51. For example, the heating member
53a is provided on one side of the heat source 51 in the
base longitudinal direction (in a left part of the sheet of
FIG. 4). The heating member 53a includes, e.g., one slit
55 (slit 55a) extending in the extending direction (yarn
running direction). The slit 55a is reverse U-shaped in a
cross section orthogonal to the extending direction. The
slit 55ais open on the lower side in the up-down direction.
In the slit 55a, one yarn contacted portion 54 (yarn con-
tacted portion 54a) is housed.

[0042] The yarn contacted portion 54a is a long mem-
ber made of, e.g., SUS. The yarn contacted portion 54a
extends along the extending direction. In other words,
the yarn contacted portion 54a extends in the yarn run-
ning direction. The yarn contacted portion 54a is fixed to
the heating member 53a while being in contact with the
heating member 53a. The temperature of the yarn con-
tacted portion 54a is increased by the heat transmitted
from the heat source 51 through the heating member
53a. The yarn contacted portion 54a has one yarn con-
tacted surface 56 (yarn contacted surface 56a) for caus-
ing a yarn Y to make contact therewith. The yarn con-
tacted surface 56a is oriented to the lower side in the up-
down direction. As shown in FIG. 6, in a cross section
orthogonal to the base longitudinal direction, the yarn
contacted surface 56a is substantially U-shaped and
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curved to form a concave toward the lower side in the
up-down direction. As shown in FIG. 4, when viewed in
the extending direction, the yarn contacted surface 56a
is reverse U-shaped and curved to form a convex toward
the upper side in the up-down direction.

[0043] One yarn running space 50 (50a) in which the
yarn Ya runs is provided below the yarn contacted sur-
face 56a. The yarn running space 50a is surrounded by
(i) wall surfaces defining the slit 55a of the heating mem-
ber 53a and (ii) the yarn contacted surface 56a of the
yarn contacted portion 54a. The yarn running space 50a
is open on the lower side in the up-down direction. The
yarn Ya which is sent into the first heater 13 through the
entrance 13a runs in the yarn running space 50a while
being in contact with the yarn contacted surface 56a.
[0044] The following will describe the members for
heating the yarn Yb. For example, the heating member
53b is provided on the other side of the heat source 51
in the base longitudinal direction (in a right part of the
sheet of FIG. 4). The heating member 53b is in contact
with the heat source 51. The heating member 53b in-
cludes a slit 55b which is identical in shape with the slit
55a. In the slit 55b, the yarn contacted portion 54b struc-
tured in the same manner as the yarn contacted portion
54a is housed. The yarn contacted portion 54b has a
yarn contacted surface 56b which is identical in shape
with the yarn contacted surface 56a. A yarn running
space 50b which is identical in shape with the yarn run-
ning space 50ais provided below the yarn contacted sur-
face 56b. The details of these members will be omitted.
[0045] As shown in FIG. 4 and FIG. 5, the sensor 57
is provided in the vicinity of a central part of the heat
source 51 in the extending direction. To be more specific,
the sensor 57 is provided in a concave portion 52a formed
at the heating member 53a as shown in FIG. 4. The con-
cave portion 52a extends along the up-down direction,
and is open to the upper surface of the heating member
53a. The sensor 57 is provided to be aligned with the
heat source 51 in the base longitudinal direction. The
concave portion 52a in which the sensor 57 is provided
may be formed at the heating member 53b. The concave
portion 52a may be open to the lower side of the heating
member 53 in the up-down direction.

[0046] The heating unit52 is housed inthe box 60. The
box 60 is a hollow member which is rectangular parallel-
epiped in shape and which is long in the extending direc-
tion. As shown in FIG. 4, an opening 61 is formed on a
side wall of the box 60 on the lower side in the up-down
direction. The opening 61 allows the slits 55 of two heat-
ing members 53 to communicate with the outside of the
box 60. As shown in FIG. 5 and FIG. 6, openings 62 and
63 are respectively formed on both side walls of the box
60 in the extending direction. The openings 62 and 63
also allow the slits 55 of two heating members 53 to com-
municate with the outside of the box 60.

[0047] The heat insulating materials 59 are provided
to fill gaps between the box 60 and the heating unit 52
housed in the box 60. The heat insulating materials 59
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cover (i) both wall surfaces of the heating unit 52 in the
base longitudinal direction and (ii) both wall surfaces of
the heating unit 52 in the up-down direction. There is no
heatinsulating material 59 below the yarn running spaces
50. In addition to that, both wall surfaces of the heating
unit 52 in the extending direction are not covered by the
heat insulating materials 59 and are exposed to the out-
side air.

[0048] WhentheyarnsY properly run, (i) the positional
relationship between the first heater 13 and the twist-
stopping guide 12 and (ii) the positional relationship be-
tween the first heater 13 and the cooler 14 are appropri-
ately arranged so that the yarns Y reliably make contact
with the respective yarn contacted surfaces 56. The up-
ward force is applied to the yarns Y running along the
yarn contacted surfaces 56, so as to press the yarns Y
onto the yarn contacted surfaces 56. This prevents the
yarns Y from moving away from the yarn contacted sur-
faces 56.

[0049] In the first heater 13 arranged as described
above, the running yarns Y make contact with the re-
spective yarn contacted surfaces 56 so as to receive heat
from the heating unit 52 through the yarn contacted sur-
faces 56. In this way, the yarns Y are heated. The tem-
perature of each yarn Y is adjusted to an appropriate
processing temperature in such a way that the type,
brand (thickness), and running speed of the yarn Y and
the heating temperature of the first heater 13 are properly
set.

(HEAT SOURCE)

[0050] The following will detail the heat source 51 with
reference to FIG. 7. A heating part of the heat source 51
is formed of three parts, i.e., an entrance-side heating
part 71, a center heating part 72, and an exit-side heating
part 73 (hereinafter, these parts may be simply referred
toas theparts 71, 72, and 73). The entrance-side heating
part 71, the center heating part 72, and the exit-side heat-
ing part 73 are aligned in this order from one side toward
the other side in the extending direction. The entrance-
side heating part 71 is configured to heat one end portion
of the heating unit 52 on one side in the extending direc-
tion (yarn running direction). The center heating part 72
is configured to heat a central part of the heating unit 52
in the extending direction. The exit-side heating part 73
is configured to heat the other end portion of the heating
unit 52 on the other side in the extending direction (yarn
running direction).

[0051] The watt density of the resistive element 51a at
the center heating part 72 is lower than that at each of
the entrance-side heating part 71 and the exit-side heat-
ing part 73. The entrance-side heating part 71 and the
exit-side heating part 73 are equivalent to a "first part" of
the presentinvention. The center heating part 72 is equiv-
alent to a "second part" of the present invention. In the
present embodiment, the watt density of the resistive el-
ement 51a at the entrance-side heating part 71 is equal
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to that at the exit-side heating part 73. In the present
embodiment, the watt density of the resistive element
51a at each of these parts 71, 72, and 73 is equal to or
less than 3.0 [W/cm?Z].

[0052] Hereinafter, a difference of heat source capac-
ity (the capacity of the heat source) between (i) each of
the entrance-side heating part 71 and the exit-side heat-
ing part 73 and (ii) the center heating part 72 will be simply
referred to as a "difference of heat source capacity". In
this regard, a difference of heat source capacity between
(i) each of the entrance-side heating part 71 and the exit-
side heating part 73 and (ii) the center heating part 72 is
equivalent to a "difference of heat source capacity be-
tween the first part and the second part" of the present
invention.

(Comparison Test)

[0053] The present inventor performed a comparison
test between cases (Examples 1 and 2) in each of which,
as in the present embodiment, the watt density of a re-
sistive element of a heat source was not uniform and a
case (Comparative Example) in which the watt density
of a resistive element of a heat source was uniform.
[0054] In the extending direction of each heat source,
the length of a part corresponding to the entrance-side
heating part 71 is defined as the length L1, the length of
a part corresponding to the center heating part 72 is de-
fined as the length L2, and the length of a part corre-
sponding to the exit-side heating part 73 is defined as
the length L3. The lengths L1, L2, and L3 are equal to
one another in the comparison test. The diameter of each
heater (equivalent to the diameter of the pipe 51b) is sub-
stantially constantin the extending direction, and surface
areas of the parts corresponding to the entrance-side
heating part 71, the center heating part 72, and the exit-
side heating part 73 are equal to one another. A surface
area of each of the parts corresponding to the entrance-
side heating part 71, the center heating part 72, and the
exit-side heating part 73 is defined as a surface area S
[cm2]. The heat source capacity of the part corresponding
to the entrance-side heating part 71 is defined as the
heat source capacity W1 [W], the heat source capacity
of the part corresponding to the center heating part 72 is
defined as the heat source capacity W2 [W], and the heat
source capacity of the part corresponding to the exit-side
heating part 73 is defined as the heat source capacity
W3 [W]. The watt density of the part corresponding to
the entrance-side heating part 71 is defined as W1/S
[W/cm?], the watt density of the part corresponding to the
center heating part 72 is defined as W2/S [W/cmZ], and
the watt density of the part corresponding to the exit-side
heating part 73 is defined as W3/S [W/cm?Z]. In regard to
the watt density, the magnitude relationship between
these parts is (W1/S)=(W3/S)>(W2/S) .

[0055] FIG. 8 is atable showing conditions of the com-
parison test. As shown in the table of FIG. 8, (i) the heater
diameter D (diameter of the heater: equivalent to the di-
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ameter of the pipe 51b) and (ii) the lengths L1, L2, and
L3 of the parts corresponding to the parts 71, 72, and 73
are the same between Example 1, Example 2, and Com-
parative Example. To be more specific, the heater diam-
eter D is 1.2 [cm]. Each of the lengths L1, L2, and L3 is
30 [cm]. Thatis, the heating length (L1+L2+L3)is 90 [cm].
The surface area S [cm?2] of each of the parts correspond-
ing to the entrance-side heating part 71, the center heat-
ing part 72, and the exit-side heating part 73 is approxi-
mately 113.1 [cm2]. The heat source capacity of the entire
heat source is 900 [W].

[0056] Inregard to the heat source of Example 1, each
of the heat source capacity W1 [W] of the part corre-
sponding to the entrance-side heating part 71 and the
heat source capacity W3 [W] of the part corresponding
to the exit-side heating part 73 is 315 [W] as shown in
the table of FIG. 8. The heat source capacity W2 [W] of
the part corresponding to the center heating part 72 is
270 [W]. As described above, the surface area S [cm?]
of each of the parts corresponding to the entrance-side
heating part 71, the center heating part 72, and the exit-
side heating part 73 is 113.1 [cm?] . Therefore, each of
the watt density (W1/S) of the part corresponding to the
entrance-side heating part 71 and the watt density
(W3/S) of the part corresponding to the exit-side heating
part 73 is approximately 2.79 [W/cm?2]. The watt density
(W2/8) of the part corresponding to the center heating
part 72 is approximately 2.39 [W/cm2]. That is, the watt
density of each of the parts corresponding to the parts
71, 72, and 73 is equal to or less than 3.0 [W/cm?] in
Example 1. A difference of heat source capacity is 45 [W].
[0057] Inregard to the heat source of Example 2, each
of the heat source capacity W1 [W] of the part corre-
sponding to the entrance-side heating part 71 and the
heat source capacity W3 [W] of the part corresponding
to the exit-side heating part 73 is 325 [W] as shown in
the table of FIG. 8. The heat source capacity W2 [W] of
the part corresponding to the center heating part 72 is
250 [W]. As described above, the surface area S [cm?]
of each of the parts corresponding to the entrance-side
heating part 71, the center heating part 72, and the exit-
side heating part 73 is 113.1 [cm?] . Therefore, each of
the watt density (W1/S) of the part corresponding to the
entrance-side heating part 71 and the watt density
(W3/S) of the part corresponding to the exit-side heating
part 73 is approximately 2.87 [W/cm?]. The watt density
(W2/8) of the part corresponding to the center heating
part 72 is approximately 2.21 [W/cm2]. That is, the watt
density of each of the parts corresponding to the parts
71, 72, and 73 is equal to or less than 3.0 [W/cmZ?] in
Example 2. A difference of heat source capacity is 75
[W]. A difference of heat source capacity in the heat
source of Example 2 is larger than that in the heat source
of Example 1.

[0058] Inregard to the heat source of Comparative Ex-
ample, each of the heat source capacity W1 [W] of the
part corresponding to the entrance-side heating part 71,
the heat source capacity W2 [W] of the part correspond-
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ing to the center heating part 72, and the heat source
capacity W3 [W] of the part corresponding to the exit-
side heating part 73 is 300 [W] as shown in the table of
FIG. 8.

[0059] FIG. 9is a graph of temperature distribution of
a yarn contacted surface in the extending direction of
each of the heat sources of Example 1, Example 2, and
Comparative Example when the set temperature is ad-
justed to 200 [°C] (when the temperature of a heating
unit is detected by a sensor and controlled to be 200
[°C]). When Example 1, Example 2, and Comparative
Example are compared to one another in the graph of
FIG. 9, Comparative Example with the heat source in
which the watt density of the resistive element is uniform
has the largest degree of decrease in temperature of both
end portions of the yarn contacted surface in the extend-
ing direction (yarn running direction). As compared to
Example 1 in the graph, Example 2 with the heat source
in which a difference of heat source capacity is large has
a smaller degree of decrease in temperature of both end
portions of the yarn contacted surface in the extending
direction (yarn running direction).

[0060] In each of the heat sources of Comparative Ex-
ample and Example 1, the temperature of the yarn con-
tacted surface is the highest at the center of the yarn
contacted surface in the extending direction and is de-
creased toward both end portions of the yarn contacted
surface in the extending direction. Meanwhile, in the heat
source of Example 2, the temperature of the yarn con-
tacted surface is high at peak points provided on both
sides of the center of the yarn contacted surface in the
extending direction and is relatively low at a part between
these two peak points. This is because of the size of a
difference of heat source capacity. In the heat source of
Example 1, a difference of heat source capacity is 45
[W]. In the heat source of Example 2, a difference of heat
source capacity is 75 [W]. That is, in the heat source of
Example 2, the temperature of the yarn contacted surface
is high atthe peak points and low between the peak points
because a difference of heat source capacity is relatively
high, i.e., because an amount of heat generated at the
parts corresponding to the entrance-side heating part 71
and the exit-side heating part 73 is much larger than that
at the part corresponding to the center heating part 72.
In other words, the temperature of the yarn contacted
surface in the heat source of Example 2 is high at the
peak points and low between the peak points because
both sides of the center of the yarn contacted surface in
the extending direction are heated by the heat generated
at the parts corresponding to the entrance-side heating
part 71 and the exit-side heating part 73. As such, a dif-
ference of heat source capacity is preferably equal to or
less than 45 [W] in order (i) to further equalize the tem-
perature distribution of each yarn contacted surface in
the extending direction and (ii) to reliably suppress the
yarn from being unevenly heated. When a difference of
heat source capacity is equal to or less than 45 [W], the
difficulty in production of each heat source is reduced
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and a lot of heat sources are easily produced.

[0061] FIG. 10is a graph showing power consumption
of each of the heat sources of Example 1, Example 2,
and comparative example when the set temperature in
a loadless state (a state in which a yarn Y is not heated)
is adjusted to 200 [°C]. When Examples 1 and 2 with the
heat sources in each of which the heat source capacity
of the resistive element is not uniform are compared to
Comparative Example with the heat source in which the
heat source capacity of the resistive element is uniform,
power consumption is almost identical between them as
shown in FIG. 10. To be more specific, the power con-
sumption of the heat source of Example 1 is 104.7 [W]
and slightly larger than that (103.3 [W]) of the heat source
of Comparative Example. Meanwhile, the power con-
sumption of the heat source of Example 2 is 103.1 [W]
and slightly smaller than that (103.3 [W]) of the heat
source of Comparative Example.

[0062] As described above, when Examples 1 and 2
and Comparative Example are compared to each other,
each of Examples 1 and 2 has a smaller degree of de-
crease in temperature of both end portions of the yarn
contacted surface in the extending direction (yarn run-
ning direction). Therefore, even when the set tempera-
ture in each of the heat sources of Examples 1 and 2 is
lower than that in the heat source of Comparative Exam-
ple, each of the heat sources of Examples 1 and 2 main-
tains the temperature of both end portions of the yarn
contacted surface in the extending direction (yarn run-
ning direction) to be a temperature suitable for heating
the yarn. As such, the settemperature in each of the heat
sources of Examples 1 and 2 can be low. Therefore, the
power consumption of each of the heat sources of Ex-
amples 1 and 2 is reduced as compared to that of the
heat source of Comparative Example.

(Example 3)

[0063] In each of Examples 1 and 2 of the above-de-
scribed comparison test, the lengths L1, L2, and L3 of
the parts corresponding to the parts 71, 72, and 73 of the
heat source are equal to one another. The present in-
ventor also checked a case (Example 3) in which the
lengths L1, L2, and L3 of the parts corresponding to the
parts 71, 72, and 73 were different from one another.

[0064] FIG. 11 is a table showing conditions of Exam-
ple 3. The table of FIG. 11 shows that the heater diameter
D is 1 [cm]. The length L1 of a part corresponding to the
entrance-side heating part 71 is 33 [cm], the length L2
of a part corresponding to the center heating part 72 is
29 [cm], and the length L3 of a part corresponding to the
exit-side heating part 73 is 33 [cm]. That is, the heating
length (L1+L2+L3) is 95 [cm]. The surface area of the
part corresponding to the entrance-side heating part 71
is defined as the surface area S1 [cm?2], and the surface
area of the part corresponding to the exit-side heating
part 73 is defined as the surface area S3 [cm?2]. Each of
the surface areas S1 and S3 is 103.7 [cm2]. The surface
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area of the part corresponding to the center heating part
72 is defined as the surface area S2 [cm?] . The surface
area S2is 91.1 [cm?] .

[0065] The heat source capacity W1 [W] of the part
corresponding to the entrance-side heating part 71 is 280
[W], the heat source capacity W2 [W] of the part corre-
sponding to the center heating part 72 is 240 [W], and
the heat source capacity W3 [W] of the part correspond-
ing to the exit-side heating part 73 is 280 [W]. In Example
3, the heat source capacity of the entire heat source is
800 [W]. With these arrangements, each of the watt den-
sity (W1/S1) of the part corresponding to the entrance-
side heating part 71 and the watt density (W3/S3) of the
part corresponding to the exit-side heating part 73 is ap-
proximately 2.7 [W/cm?2]. The watt density (W2/S2) of the
part corresponding to the center heating part 72 is ap-
proximately 2.6 [W/cm?2]. As such, the watt density of
each of the parts corresponding to the parts 71, 72, and
73 is equal to or less than 3.0 [W/cmZ2]. Furthermore, a
difference of heat source capacity is 40 [W].

[0066] FIG. 12 is a graph of temperature distribution
of a yarn contacted surface in the extending direction of
the heat source of Example 3 when the set temperature
is adjusted to 200 [°C] (when the temperature of a heating
unit is detected by a sensor and controlled to be 200
[°C]). As compared to the heat source of Comparative
Example shown in the graph of FIG. 9, the heat source
of Example 3 shown in the graph of FIG. 12 has a suffi-
ciently small degree of decrease in temperature of both
end portions of the yarn contacted surface in the extend-
ing direction (yarn running direction). As compared to
Examples 1 and 2 shown in the graph of FIG. 9, the tem-
perature at the center of the yarn contacted surface in
the extending direction (yarn running direction) is slightly
small (by approximately 1 °C) in Example 3 shown in the
graph of FIG. 12. This is because of the influence of in-
dividual differences between temperature sensors. Ac-
cording to the results of Examples 1 to 3, when (i) the
watt density of the heating part of the heat source is equal
to or less than 3.0 [W/cm?] and (i) a difference of heat
source capacity is equal to or more than 40 [W] and equal
to or less than 45 [W], the decrease in temperature of
both end portions of the heating unit in the extending
direction (yarn running direction) is sufficiently sup-
pressed.

(Characteristics of Embodiment)

[0067] The first heater 13 of the present embodiment
includes: the heat source 51 which extends in the yarn
running direction and which is configured to generate
heat when an electric current is supplied to the resistive
element 51a; the heating unit52in which the yarn running
spaces 50, in which yarns Y run, are provided and which
is heated by the heat source 51; the sensor 57 configured
to detect the temperature of the heating unit 52; and the
controller 100 configured to switch, based on an output
signal by the sensor 57, between a state in which an
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electric current is supplied to the resistive element 51a
and a state in which an electric current is not supplied to
the resistive element 51a. The heat source 51 has: the
entrance-side heating part 71 and the exit-side heating
part 73 which are configured to heat the end portions of
the heating unit 52 in the yarn running direction; and the
center heating part 72 at which the watt density of the
resistive element 51a is lower than that at each of the
entrance-side heating part 71 and the exit-side heating
part 73. In this regard, the entrance-side heating part 71,
the center heating part 72, and the exit-side heating part
73 are aligned in the yarn running direction.

[0068] With this arrangement, even though the tem-
perature of the end portions of the heating unit 52 in the
yarn running direction is relatively easily decreased,
these end portions are heated by the entrance-side heat-
ing part 71 and exit-side heating part 73 of the heat source
51. In the heat source 51, an amount of heat generated
at each of the entrance-side heating part 71 and the exit-
side heating part 73 at each of which the watt density of
the resistive element 51a is relatively high is larger than
an amount of heat generated at the center heating part
72 at which the watt density of the resistive element 51a
is relatively low. It is therefore possible to heat the end
portions of the heating unit 52 in the yarn running direction
with a relatively large amount of heat. As a result, the
decrease in temperature of the end portions of the heat-
ing unit 52 in the yarn running direction is suppressed,
and the yarns Y running in the heating unit 52 are further
evenly heated.

[0069] Inthefirstheater 13 of the presentembodiment,
the heat source 51 has the entrance-side heating part 71
and the exit-side heating part 73 which are configured to
heat the respective end portions of the heating unit 52 in
the yarn running direction. With this arrangement, even
though the temperature of both end portions of the heat-
ing unit 52 in the yarn running direction is relatively easily
decreased, these end portions are heated by the en-
trance-side heating part 71 and the exit-side heating part
73 at each of which the watt density of the resistive ele-
ment 51a of the heat source 51 is relatively high. It is
therefore possible to suppress the decrease in temper-
ature of both end portions of the heating unit 52 in the
yarn running direction.

[0070] Inthefirstheater 13 of the presentembodiment,
the heating unit 52 includes the yarn contacted portions
54 which extend in the yarn running direction and which
have the respective yarn contacted surfaces 56 with
which the yarns Y running in the yarn running spaces 50
make contact. With this arrangement, the decrease in
temperature of both end portions of each yarn contacted
surface 56 in the yarn running direction is suppressed. It
is therefore possible to stably heat a yarn Y by causing
the yarn Y to make contact with the yarn contacted sur-
face 56.

[0071] Inthefirstheater 13 of the presentembodiment,
the heating members 53 and the yarn contacted portions
54 form the heating unit 52 and are made of a metal
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material. In other words, the heating unit 52 contains a
metal material. The watt density of the resistive element
51a at each of the entrance-side heating part 71, the
center heating part 72, and the exit-side heating part 73
is equal to or less than 3.0 [W/cmZ2]. The watt density
needs to be set in accordance with the type of a material
of a heating target. In the present embodiment, the heat-
ing unit 52 which is a heating target of the heat source
51 contains a metal material. It is therefore possible to
suppress the occurrence of a phase change and a chem-
ical change at the heating unit 52, by controlling the watt
density to be equal to or less than 3.0 [w/cm?] . This con-
tributes to a long life of the heat source 51.

[0072] A difference of heat source capacity between
each of the entrance-side heating part 71 and exit-side
heating part 73 and the center heating part 72 is prefer-
ably equal to or more than 40 [W] and equal to or less
than 45 [W], in order (i) to further equalize the tempera-
ture distribution of each yarn contacted surface 56 of the
heating unit 52 in the extending direction (yarn running
direction) and (ii) to reliably suppress the yarns Y from
being unevenly heated. However, a difference of heat
source capacity may be less than 40 [W] or more than
45 [W] .

[0073] Inthefirstheater 13 of the presentembodiment,
the heat source 51 is a sheathed heater in which the
resistive element 51a is surrounded by the pipe 51b.
When the sheathed heater in which the resistive element
51a is surrounded by the pipe 51b is used as the heat
source 51, the heat source 51 is easily applied to the first
heater 13.

[0074] The embodiment of the presentinvention is de-
scribed hereinabove. However, the specific structure of
the present invention shall not be interpreted as to be
limited to the above described embodiment. The scope
of the present invention is defined not by the above em-
bodiment but by claims set forth below, and shall encom-
pass the equivalents in the meaning of the claims and
every modification within the scope of the claims.
[0075] In the embodiment above, the heating part of
the heat source 51 is formed of three parts, i.e., the en-
trance-side heating part 71, the center heating part 72,
and the exit-side heating part 73. However, the disclosure
is not limited to this. The heating part of the heat source
51 may be suitably arranged as long as it is formed of at
least two parts which are different from one another in
watt density of the resistive element 51a. For example,
(i) the watt density of the resistive element 51a at the
center heating part 72 may be equal to that at the exit-
side heating part 73 and (ii) the watt density of the resis-
tive element 51a at each of the center heating part 72
and the exit-side heating part 73 may be lower than that
at the entrance-side heating part 71. Alternatively, (i) the
watt density of the resistive element 51a at the entrance-
side heating part 71 may be equal to that at the center
heating part 72 and (ii) the watt density of the resistive
element 51a at each of the entrance-side heating part 71
and the center heating part 72 may be lower than that at
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the exit-side heating part 73.

[0076] FIG. 13 shows a first heater 113 of one modifi-
cation of the embodiment above. In the first heater 113,
each yarn running space 50 (50a) is inclined so that its
one end portion on one side in the extending direction
(yarn running direction) is lower than its the other end
portion on the other side in the extending direction (yarn
running direction). Among both end portions of the yarn
running space 50a in the extending direction (yarn run-
ning direction), an end portion on the entrance 13a side
is provided to be lower than an end portion on the exit
13b side as shown in FIG. 13. Among both end portions
of the yarn running space 50a in the extending direction
(yarn running direction), the end portion on the 13b side
may be alternatively provided to be lower than the end
portion on the entrance 13a side.

[0077] FIG. 14 shows a heat source 151 provided in
the first heater 113. The heat source 151 is formed of
two parts, i.e., afirst part 171 configured to heat one end
portion of the heating unit 52 on one side in the extending
direction (yarn running direction) and a second part 172
at which the watt density of the resistive element 51a is
lower than that at the first part 171. The first part 171 and
the second part 172 are aligned in the extending direction
(yarn running direction).

[0078] As described above, when the yarn running
space 50 is inclined so that its one end portion on one
side (its end portion on the entrance 13a side) in the yarn
running direction is lower than its the other end portion
on the other side (its end portion on the exit 13b side) in
the yarn running direction, air heated in the yarn running
space 50 is moved toward an upper end portion of the
yarn running space 50, i.e., toward the other end portion
of the yarn running space 50 on the other side in the yarn
running direction. Therefore, the temperature at one end
portion of the heating unit 52 on one side in the yarn
running direction is relatively easily decreased. In the
modification, even though the temperature at one end
portion of the heating unit 52 on one side in the yarn
running direction is relatively easily decreased, this end
portion of the heating unit 52 is heated by the first part
171 at which the watt density of the resistive element51a
of the heat source 151 is relatively high. It is therefore
possible to reliably suppress the decrease in temperature
of one end portion of the heating unit 52 on one side in
the yarn running direction.

[0079] In the embodiment above, the watt density of
the resistive element 51a at the entrance-side heating
part 71 is equal to that at the exit-side heating part 73.
However, the disclosure is not limited to this. The watt
density of the resistive element 51a at the entrance-side
heating part 71 may be different from that at the exit-side
heating part 73.

[0080] In the embodiment above, the watt density of
the resistive element 51a at each of the entrance-side
heating part 71, the center heating part 72, and the exit-
side heating part 73 is equal to or less than 3.0 [W/cmZ].
However, the disclosure is not limited to this. The watt
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density of the resistive element 51a at each of the en-
trance-side heating part 71, the center heating part 72,
and the exit-side heating part 73 may be suitably ar-
ranged as long as the watt density of the resistive element
51a at the center heating part 72 is lower than that at
each of the entrance-side heating part 71 and the exit-
side heating part 73. In the modification of the embodi-
ment above, the watt density of the resistive element51a
at each of the first part 171 and the second part 172 may
be suitably arranged as long as the watt density of the
resistive element 51a at the second part 172 is lower
than that at the first part 171. The watt density of the
resistive element 51a may be larger than 3.0 [W/cm?] at
one of or all of the parts 71, 72, and 73.

[0081] Inthe embodimentabove, the heatingmembers
53 and the yarn contacted portions 54 form the heating
unit 52 and are made of a metal material. However, the
disclosure is not limited to this. The heating unit 52 may
be suitably arranged as long as it contains a metal ma-
terial. For example, all of or a part of each heating mem-
ber 53 may be made of a material different from a metal
material. Examples of the material different from a metal
material include a composite material including fibers
such as carbon fibers. That is, examples of the material
different from a metal material include a composite ma-
terial of carbon fibers and graphite and a composite ma-
terial of carbon fibers and resin.

[0082] In the first heater 13 of the embodiment above,
the yarns Y are heated in a contact manner such that the
running yarns Y are heated while being in contact with
the yarn contacted surfaces 56 of the yarn contacted por-
tions 54. However, the disclosure is not limited to this. In
the heater of the presentinvention, a yarn may be heated
in a contactless manner such that the yarn running in a
yarn running space is heated by gas in the yarn running
space heated by a heating unit.

[0083] Inthe embodiment above, the sheathed heater
is used as the heat source 51. However, the disclosure
is not limited to this. The heat source 51 may be suitably
arranged as long as it is a heat source of a resistance-
heating type, which is configured to generate heat when
an electric current is supplied to the resistive element
51a.

[0084] In the embodiment above, the heater of the
present invention is applied to the false-twist texturing
machine 1 configured to false-twist the yarns Y. However,
the disclosure is not limited to this. The heater of the
presentinvention is applicable to a processor configured
to perform, for yarns formed of synthetic fibers, various
processes such as yarn combining in addition to false
twisting.

Claims
1. A heater (13, 113) comprising: a heat source (51,

151) of a resistance-heating type, which extends in
a yarn running direction and which is configured to
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generate heat when an electric current is supplied
to a resistive element (51a);

a heating unit (52) in which a yarn running space
(50) is provided and which is heated by the heat
source (51, 151), a yarn (Y) running in the yarn
running space (50) ;

a sensor (57) configured to detect the tempera-
ture of the heating unit (52); and

a controller (100) programmed to switch, based
on an output signal of the sensor (57), between
a state in which an electric current is supplied
to the resistive element (51a) and a state in
which an electric current is not supplied to the
resistive element (51a), and

the heat source (51, 151) including:

a first part (71, 73, 171) configured to heat
at least one of end portions of the heating
unit (52) on at least one side in the yarn
running direction of the heating unit (52);
and

a second part (72, 172) at which the watt
density of the resistive element (51a) is low-
er than the watt density of the resistive ele-
ment (51a) at the first part (71,73, 171), the
first part (71, 73, 171) and the second part
(72, 172) being aligned in the yarn running
direction.

The heater (13) according to claim 1, wherein, the
first part (71, 73) is configured to heat the both end
portions of the heating unit (52) in the yarn running
direction.

The heater (113) according to claim 1, wherein, the
yarn running space (50) is inclined so that one end
portion of the yarn running space (50) on one side
in the yarn running direction is lower than the other
end portion of the yarn running space (50) on the
other side in the yarn running direction, and

the heat source (151) includes the first part (171)
configured to heat the atleast one end portion of the
heating unit (52) on the one side in the yarn running
direction of the heating unit (52).

The heater (13, 113) according to any one of claims
1 to 3, wherein, the heating unit (52) includes a yarn
contacted portion (54) which extends in the yarn run-
ning direction and which has a yarn contacted sur-
face (56) with which the yarn (Y) running in the yarn
running space (50) makes contact.

The heater (13, 113) according to claim 4, wherein,
the heating unit (52) contains a metal material, and
the watt density of the resistive element (51a) ateach
ofthe firstpart (71, 73, 171) and the second part (72,
172) is equal to or less than 3.0 [W/cmZ].
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6.

The heater (13, 113) accordingto claim 4 or 5, where-
in, a difference in heat source capacity between the
first part (71, 73, 171) and the second part (72, 172)
is equal to or more than 40 [W] and equal to or less
than 45 [W].

The heater (13, 113) according to any one of claims
1 to 6, wherein, the heat source (51, 151) is a
sheathed heater in which the resistive element (51a)
is surrounded by a pipe (51b).
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FIG.4
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FIG.8

COMPARATIVE
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FIG.11
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