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(57)  The present invention provides an individual-
spindle-drive type textile machine wherein a plurality of
spindle units (U) are installed in a line, each spindle unit
having a drive motor (104), the plurality of drive motors
being driven by rotation speed control apparatuses
(144). To prevent a voltage drop even if a large number
of winding units are installed in a line the machine com-
prises a direct-current bus (147) having a first direct-cur-
rent voltage for driving force and connecting to said ro-

Individual-spindle-drive type textile machine with a plurality of spindles divided into units

tation speed control apparatuses, and a direct-current
voltage transforming means (143) for transforming said
first direct-current voltage into a second direct-current
voltage for control, and in that said plurality of rotation
speed control apparatuses (144) are divided into a plu-
rality of units, each of which includes a specified number
of these apparatuses, with said direct-current voltage
transforming means (143) provided for each of said
units (Fig. 8).
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Description
Field of the Invention

[0001] The present invention relates to an individual-
spindle-drive type textile machine wherein a plurality
spindle units are installed in a line, each spindle having
a spindle drive motor, the plurality of drive motors being
driven and controlled by rotation speed control appara-
tuses as disclosed in the parent patent EP 0 942 081
and according to the preamble of claim 1.

Background of the Invention

[0002] As shown in Figure 13, a conventional multi-
twister comprises a plurality of multi-twisting units each
having a spindle apparatus 301 a and a winding appa-
ratus 301b. The multi-twisting unit has a driving mech-
anism 310 for driving a winding drum 306, a traverse
guide 307, and a spindle 303. The spindle apparatus
301 a uses a belt 304 to transmit the driving force of a
drive motor 313 to the spindle 303 in order to twist yarn.
In addition, the winding apparatus 301 b winds a yarn
twisted by the spindle apparatus 301 a around a winding
package 305, while traversing the yarn via a feed roller
308 using the traverse guide 307.

[0003] The driving mechanism 310 mainly comprises
a drive motor 313, a plurality of pulleys 311, 312, 315,
316, 317, and 319, two belts 304 and 318. A single drive
motor 313 drives the winding drum 306, the traverse
guide 307, and the spindle 303. The output of the drive
motor 313 is transmitted through an output shaft 314,
the third pulley 315, the belt 318, the fifth pulley 317,
and the first pulley 311 to a running belt 304 to drive the
spindle 303. In addition, the output of the drive motor
313 is transmitted through the output shaft 314, the
fourth pulley 316, a belt 320, the sixth pulley 319, a
speed changing belt apparatus 350, a speed reducing
box 323, and a belt 330 to drive the winding drum 306.
Moreover, the rotation of a support shaft 326 is trans-
mitted via a belt 334 to a grooved drum 337, which then
rotates to move a cam shoe 339 along a groove 338,
thereby reciprocating the traverse guide 307.

[0004] When the single drive motor 313 drives the
spindle apparatus 301 a and the winding apparatus 301
b as in the conventional multi-twister the belts 304 and
320 rotate the plurality of pulleys. This configuration may
result in large mechanical losses and excessive power
consumption and may prevent the spindle from being
accurately kept at a predetermined rotation speed.
Thus, individual-spindle-drive type multi-twisters have
been developed in which different motors drive the spin-
dle drive system and the winding drum drive system, re-
spectively, and in which a spindle drive motor is provided
for each spindle apparatus to drive it independently.
[0005] However, in such a multi-twister, when power
stoppage causes each motor to be stopped (braked),
due to the inertia moment of the spindle drive system,
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which is larger than that of the winding drum drive sys-
tem, the motor for the spindle drive system rotates by
inertia for a certain period of time after the winding drive
system has stopped, resulting in twisting cuts caused
by excessive twisting of yarn.

[0006] Accordingly, multi-twisters are being devel-
oped that can decelerate and stop the spindle drive sys-
tem motor and the drum drive system motor synchro-
nously upon power stoppage to prevent twisting cuts.
[0007] Since, however, these multi-twisters use differ-
ent motors to drive the winding drum and the traverse
apparatus, the winding drum, the traverse apparatus
and the spindle drive system must all be operated in per-
fect synchronization in order to prevent a stitching (the
yarn becomes separated from the package.) or a
straight winding, thereby requiring sophisticated control.
[0008] In view of this problem, the parent patent pro-
vides an individual-spindle-drive type textile machine
that upon power stoppage can synchronously deceler-
ate and stop the spindle drive motor and the drum drive
motors using control mechanisms.

[0009] Thus, after a power stoppage has been detect-
ed due to a power supply voltage drop lasting a prede-
termined period of time, feedback control is provided
while the rotation speed of each motor is detected inde-
pendently for each rotation speed control apparatus.
This control is performed continuously until the motor
stops. This configuration eliminates the need to transmit
rotation speed signals between rotation speed control
apparatuses and the need to provide an external rota-
tion speed instruction means for each rotation speed
control apparatus. Further, this configuration can decel-
erate and stop each motor while synchronizing them to-
gether using simple control operations.

[0010] Since an individual-spindle-drive type multi-
twister has a spindle drive motor for each spindle, the
voltage of a voltage supply bus may decrease when a
large number of winding units are installed in a line. That
is, in, for example, the conventional individual-spindle-
drive type textile machine having a drive motor for each
spindle for twisting yarns, a voltage drop may occur to
preclude each spindle from being rotationally driven sta-
bly, thereby providing unstable twisting.

[0011] In view of this problem, the object of the
present invention is to provide an individual-spindle-
drive type textile machine that can prevent a voltage
drop even if alarge number of winding units are installed
in a line.

[0012] To achieve this object, the present invention
provides an individual-spindle-drive type textile ma-
chine as defined in the characterizing portion of claim 1.
[0013] Thus, voltage drops can be prevented, thus in-
creasing the number of winding units that can be in-
stalled in a line in the individual-spindle-drive type textile
machine.

[0014] Furthermore, it is proposed that the machine
comprises a central control apparatus that includes a
communication function and a relay device for unifying
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the rotation speed control apparatuses for the drive mo-
tor for each of said units, and in that said central control
apparatus and each of said rotation speed control ap-
paratuses are connected together via said relay device
using a communication line.

[0015] Thus, the central control apparatus can set pa-
rameters to control each motor for a large number of
rotation speed control apparatuses. Even if the number
of spindle units is increased, each rotation speed control
apparatus can control its motor reliably.

[0016] Each of said units may have an equal number
of said rotation speed control apparatuses connected to
a single direct-current voltage transforming means and
a single relay device.

[0017] Thus, the wiring between the direct-current
bus and communication line and each rotation speed
control apparatus can be simplified.

[0018] According to another embodiment the spindle
drive motor is a brushless motor having a built-in sensor
for detecting the rotational position of the rotor, the sen-
sor being incorporated in a stator section located around
a rotor that is a permanent magnet.

[0019] Thus, since the sensor for detecting the rota-
tional direction of the rotor is built into the motor, the ro-
tation of the motor can be controlled while reliably pre-
venting errors in detection caused by fiber dust. In ad-
dition, the use of the brushless motor can help make
each motor compact and improve motor efficiency.

Brief Description of the Drawings

[0020] Figure 1 describes an individual-spindle-drive
type multi-twister according to a first embodiment of the
parent patent.

[0021] Figure 2 describes a winding apparatus and a
spindle apparatus in an individual-spindle-drive type
multi-twister in Figure 1.

[0022] Figure 3 is a block diagram describing power
stoppage processing in an individual-spindle-drive type
multi-twister in Figure 1.

[0023] Figure4is aflowchart describing the operation
of the power stoppage processing in an individual-spin-
dle-drive type multi-twister.

[0024] Figure 5 describes an individual-spindle-drive
type multi-twister according to a second embodiment of
the parent patent and the present invention.

[0025] Figure 6 describes a winding apparatus and a
spindle apparatus in an individual-spindle-drive type
multi-twister shown in Figure 5.

[0026] Figure 7 is ablock diagram describing a control
system in an individual-spindle-drive type multi-twister
shown in Figure 5.

[0027] Figure 8 is a block diagram of a control system
according to the present invention.

[0028] Figure 9 describes an individual-spindle-drive
type multi-twister according to the present invention.
[0029] Figure 10 describes a winding apparatus and
a spindle apparatus in an individual-spindle-drive-type
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multi-twister shown in Figure 9.

[0030] Figure 11 is a block diagram describing the
control system in an individual-spindle-drive type multi-
twister shown in Figure 9.

[0031] Figure 12 describes activation times for a spin-
dle drive motor and a winding package in an individual-
spindle-drive type multi-twister shown in Figure 9.
[0032] Figure 13 describes a conventional multi-twist-
er.

Detailed Description of the preferred Embodiments

[0033] A first embodiment of the parent patent will be
described with reference to Figures 1 to 4.

[0034] An individual-spindle-drive type multi-twister 1
is composed of 80 to 308 yarn winding units U for the
corresponding spindle units installed in a line, as shown
in Figure 1. A single yarn winding unit U for the corre-
sponding spindle unit has a spindle apparatus 2 and a
winding apparatus 3 connected to the spindle apparatus
2 so that yarn on a single supply package 8 is wound
around a winding package P.

[0035] The spindle apparatus 2 has the supply pack-
age 8, a stationary plate 31, a tension apparatus 32, a
rotating disc 33, and a spindle drive motor 6 that twists
a yarn Y. The spindle drive motor 6 comprises a direct-
current brushless motor BLM, and the rotating disc 33
is disposed on its output shaft. The stationary plate 31
is provided on the rotating disc 33 so that a single supply
package 8 can be placed on the stationary plate 31. Fur-
thermore, the tension apparatus 32 is provided on the
supply package 8 to apply a predetermined tension to
yarn Y released from the supply package 8.

[0036] Thus, the spindle apparatus 2 places the yarn
Y unwound from the supply package 8 in the tension
apparatus 32 to apply a tension to it while using the drive
motor 6 to rotate the rotating disc 33 at a high speed to
balloon the yarn Y to a balloon guide 37. In addition, the
yarn Y is twisted once between the tension apparatus
32 and the rotating disc 33, and is twisted again between
the rotating disc 33 and the balloon guide 37.

[0037] As shown in Figure 2. the winding apparatus 3
has a winding drum 21, the winding package P, a
traverse guide 29, a feed roller 26, and a cradle 40 to
wind the yarn Y twisted by the spindle apparatus 2
around the winding package P. The winding package P
is rotatably supported by the cradle 40, and the winding
drum 21 pressure-contacts the winding package P.
Thus, after passing the yarn, which has been twisted
twice as described above, from the balloon guide 37
through the guide rollers 38 and 39 and the feed roller
26, the winding apparatus 3 winds the yarn around the
winding package P while traversing it using the traverse
guide 29.

[0038] As shown in Figure 1, the multi-twister has not
only the yarn winding unit U described above but also a
drive system 5 for driving the winding apparatuses 3
concurrently and a control system 7 for controlling each
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spindle apparatus 2 and each winding apparatus 3. The
drive system 5 has a winding drum drive motor 4, a first
pulley 10, a belt 113, a second pulley 12, a speed re-
ducing apparatus 11, a third pulley 16, a variable speed
changer 17, a fourth pulley 19, a belt 20, a fifth pulley
22, a sixth pulley 24, and a cam box 27. The drive sys-
tem 5 uses the driving force of the winding drum drive
motor 4 to rotate the winding drum 21 and the feed roller
26 of each yarn winding unit U while the traverse guide
29 moves reciprocally.

[0039] The winding drum drive motor 4 is an induction
motor 1M. The motor 4 has the first pulley 10 on its out-
put shaft, and the second pulley 12 is provided for the
motor 4 via the belt 13. The speed reducing apparatus
11 has a plurality of gears (not shown) and decelerates
at a specified rate while changing its rotational direction
when the driving force of the winding drum drive motor
4 is transmitted via the second pulley 12. In addition, the
speed reducing apparatus 11 has two output shafts 14
and 15 so as to receive force through one shaft while
outputting the force through two shafts. The third pulley
16 is fitted on the first output shaft 14, and the other out-
put shaft 15 is connected to the variable speed changer
17 to change a winding angle.

[0040] The fourth pulley 19 fitted on the support shaft
18 is connected to the third pulley 16 via the belt 20, and
the plurality of the winding drums 21 are provided on the
support shaft 18 at a predetermined interval. In addition,
the fifth pulley 22 is fitted on the support shaft 18 in a
line to the fourth pulley 19. The sixth pulley 24 fitted on
the support shaft 23 is connected to the fifth pulley 22,
and the plurality of the feed rollers 26 are provided on
the support shaft 23 at a predetermined interval. Thus,
the drive system 5 transmits a driving force reduced by
the speed reducing apparatus 11 to each winding drum
21 via the third pulley 16, the belt 20, and the fourth pul-
ley 19. The drive system 5 also transmits a driving force
to the feed roller 26 via the fifth pulley 22, the belt 25,
and the sixth pulley 24.

[0041] The variable speed changer 17 is connected
to the cam box 27, which transforms a rotational force
into a reciprocating motion. The reciprocating rod 28 is
connected to the cam box 27, and the traverse guides
29 are fitted on the reciprocating rod 28 at a predeter-
mined interval. Thus, the drive system 5 causes the
traverse guide 29 to reciprocate so as to traverse the
yarn 'Y twisted by the spindle apparatus 2 while winding
the yarn Y around the winding package P, which is ro-
tated while pressure-contacting the winding drum 21.
[0042] As shown in Figure 3, the control system 7 not
only controls the spindle apparatus 2 and the winding
apparatus 3 but also acts as a power stoppage process-
ing apparatus 7. The power stoppage processing appa-
ratus 7 has a body controlling device 48 and a plurality
of unit control sections 9 for controlling each spindle ap-
paratus 2 to execute power stoppage processing if the
drop in the voltage of an alternating current power sup-
ply 36 has lasted a predetermined period of time. The
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body controlling device 48 has a converter 41 that con-
verts the voltage of the alternating current power supply
36, ahost CPU 35 (a central processing apparatus) con-
stituting a stop instruction means, a power stoppage de-
tector 34 constituting a power stoppage detection
means, and an inverter 42 constituting a means for stop-
ping the winding drum drive motor. The body controlling
device 48 outputs a stop instruction concurrently to each
unit control section 9 and the inverter 42 for the winding
drum drive motor constituting the stopping means.
[0043] The power stoppage detector 34 is connected
to the host CPU 35 so that it can transmit a power stop-
page signal to the CPU 35 upon detecting that the de-
crease in the voltage of the alternating current power
supply 36 has lasted a predetermined period of time.
Upon receiving the power stoppage signal, the host
CPU 35 transmit a stop instruction directly and concur-
rently to each unit control section 9 and the winding
drum drive motor inverter 42 via the control signal line
53. In addition, the converter 41 has an AC/DC conver-
sion section 41a and a DC/DC conversion section 41 b,
and the winding drum drive motor inverter 42 is connect-
ed to the AC/DC conversion section 41 a via the direct-
current bus 47. The host CPU 35 is connected to the
DC/DC conversion section 41 b, and the section 41 b
transforms the direct-current voltage to 24 volts for use
in control operations executed by the host CPU 35.
[0044] Each unit control section 9 has 32 inverters 45
for the spindle drive motor, a single relay device 44, and
a single auxiliary power supply apparatus 43, and is con-
nected to the body controlling apparatus 48 via a com-
munication line 46. The 32 inverters 45 are connected
to the relay device 44 via a communication line 51. The
relay device 44 receives via the communication line 46
parameters output from the host CPU 35 and transmits
them to each of the 32 inverters 45 via the communica-
tion line 51. Conversely, the relay device 44 receives the
rotation speed of the spindle drive motor 6 output from
each inverter 45 or an instruction value for the motor 6,
and transmits the instruction value to the host CPU 35
via the communication line 46.

[0045] The 32 inverters 45 constituting each unit con-
trol section 9 are connected in series via a control power
supply line 49, a control signal line 50, and a communi-
cation line 51. A relay connector board 52 is interposed
between the group of 32 inverters and the auxiliary pow-
er supply apparatus 43, and the control power supply
line 49 is connected from the auxiliary power supply ap-
paratus 43 to the group of inverters and the relay device
44 via the relay connector board 52. In addition, the con-
trol signal line 50, disposed as the direct-current bus 47,
along the machine body from the host CPU 35 is con-
nected to the group of inverters and the relay device 44
via the relay connector board 52. In addition, the two
spindle drive motors 2 are connected to each inverter
45. Each inverter 45 has a regenerative circuit. The cir-
cuit outputs regenerative power generated by rapidly
decelerating the spindle drive motor 6 during power
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stoppage to the direct-current bus 47, which serves as
a drive power supply line a predetermined stop time is
set for each inverter beforehand.

[0046] The regenerative power is generated because,
upon power stoppage, the spindle drive motor 6 pro-
vides a large moment of inertia and acts as a generator.
[0047] Auxiliary power supply apparatuses 43 are
provided for each unit control section 9 and are connect-
ed via the direct-current bus 47. In addition, the auxiliary
power supply apparatus 43 has a direct-current trans-
former 43a, and during normal operation and power
stoppage, the apparatus 43 converts a direct-current
voltage supplied via the direct-current bus 47 into the
24 volts control voltage required to control the spindle
drive motor 6 so as to supply this voltage to the group
of inverters. The apparatus 43 supplies the 24 volts con-
trol voltage to each of the 32 inverters 45 via the control
power supply line 49. In addition, the auxiliary power
supply apparatus 43 has a capacitor 43b constituting a
storage means to store regenerative power so as to
maintain the control voltage over a longer period of time.
[0048] After receiving the stop instruction via the con-
trol signal line 50, each inverter 45 uses the control volt-
age from the auxiliary power supply apparatus 43 to
control each spindle drive motor 6 independently via
feedback, thereby allowing the motor 6 to decelerate
and stop within a preset stop time. In addition, after re-
ceiving the stop instruction via the control signal line 53,
the inverter 42 for the winding drum drive motor uses a
direct-current voltage on the direct-current bus 47 ob-
tained from regenerative power from the motor 6 to con-
trol the winding drum drive motor 4 independently via
feedback, thereby allowing the motor 4 to decelerate
and stop within a preset stop time. That is, the inverters
42 and 45 individually decelerate and stops the motors
4 and 6, respectively. The inverter 42 for the winding
drum drive motor has a direct-current transformer (not
shown) for generating the control voltage inside the in-
verter 42.

[0049] As described above, in the power stoppage
processing apparatus 7 according to this embodiment,
the body controlling apparatus 48 individually controls
the spindle drive motor 6 and the winding drum drive
motor 4 instead of obtaining the rotation speeds of the
motors 6 and 4 so as to control them synchronously.
Thus, the power stoppage processing apparatus 7 does
not need to receive the rotation speeds of the spindle
drive motor 6 and the winding drum drive motor 4, there-
by simplifying the wiring configuration and eliminating
the need for advanced control.

[0050] The operation of the individual-spindle-drive
type multi-twister, having the above configuration is de-
scribed with reference to the drawings.

[0051] As shown in Figure 1, when power is supplied
from the alternating current power supply 36 to the in-
verter 45 for the spindle drive motor via the converter
41 and the direct-current bus 47, the spindle drive motor
6 is driven to rotate each rotating disc 33 at the same
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rotation speed as that of each spindle drive motor 6.
When each rotating disc 33 rotates, the yarn Y unwound
from the supply package 8 enters the tension apparatus
32, which twists the yarn Y once while tensing it. The
yarn Y is twisted again and ballooned to the balloon
guide 37.

[0052] On the other hand, when power is supplied to
the inverter 42 via the direct-current bus 47, the winding
drum drive motor 4 is driven and its output is transmitted
to the support shafts 18 and 23 and the reciprocating
rod 18 via the pulleys 10, 12, 16, 19, 22, and 24, the
belts 13, 20, and 25, the speed reducing apparatus 11,
the variable speed changer 17, and the cam box 27. The
winding drum 21 and the feed roller 26 for each spindle
unit then rotate and the traverse guide 29 for each spin-
dle unit reciprocates.

[0053] When this rotation and reciprocating motion
occurs, the traverse guide 29 traverses the yarn Y, which
has been twisted twice by the spindle apparatus 2. The
yarn Y is then wound around the winding package P.
During traversing, the variable speed changer 17 cor-
rects the winding angle.

[0054] While the yarn Y is being wound around the
winding package P in this manner and when the power
stoppage detector 34 detects a decrease in power sup-
ply voltage (S1, YES), the host CPU 35 determines
whether the decrease has lasted a predetermined peri-
od of time (for example, 1 msec.) (S2). If not (S2, NO),
the power stoppage time is too short to affect the oper-
ation of the multi-twister 1, so the apparatuses 2 and 3
each resume normal operation (S3).

[0055] On the other hand, if at S2, the decrease has
lasted the predetermined period of time (for example,
over 1 msec.) (S2, YES), the host CPU 35 sends a stop
instruction concurrently via the control signal line 53 to
the inverter 42 for the winding drum drive motor and the
relay connector board 52 provided for each unit control
section 9. The stop instruction is then transmitted con-
currently to each inverter 45 from each relay connector
board 52 via the control signal line 50 (S4). After the
inverters 42 and 45 each have received the stop instruc-
tion, the power supply from the alternating current power
supply 36 to the spindle drive motor 6 and the winding
drum drive motor 4 is terminated.

[0056] Since the spindle drive motor 6 provides a
large inertia even after the power supply has stopped,
it can be operated as a generator to generate regener-
ative power by rapidly decelerating and stopping it within
the predetermined stop time. This regenerative power
is output from a regenerative circuit for each inverter 45
to the direct-current bus 47, which serves as a drive
power supply line, with part of the power supplied to
each inverter 45 via the auxiliary power supply appara-
tus 43 and the control power supply line 49 used as a
control voltage for the spindle drive motor 6. In addition,
the other regenerative power is supplied from the direct-
current bus 47 to the direct-current transformer (not
shown) inside the inverter 42 for the winding drum drive
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motor as a control voltage.

[0057] Thus, based on a rotation speed detected by
a built-in hall sensor incorporated in a stator located
around a rotor to detect the rotational position of the ro-
tor, each inverter 45 independently transmits and re-
ceives feedback control to and from the spindle drive
motor 6 to decelerate and stop the motor 6 within the
predetermined stop time. In addition, the inverter 42 for
the winding drum drive motor obtains the rotation speed
of the winding drum drive motor 4 from a pulse generator
30 provided separately from the motor 4 to independ-
ently transmit and receive feedback control to and from
the motor 4 in order to decelerate and stop the motor 4
within the predetermine stop time (S5). The each spin-
dle drive motor 6 and the winding drum drive motor 4
then synchronously decelerate and simultaneously stop
after the predetermined stop time (S6).

[0058] The control power supply line 49 in the multi-
twister 1 according to this embodiment supplies each
inverter 45 with a control voltage (24 volts) to control the
spindle drive motor 6. In addition, the control signal lines
50 and 53 transmit the stop instruction to all the inverters
42 and 45 upon the detection of a power stoppage, and
send a normal concurrent start or stop signal to the body.
Furthermore, the communication lines 46 and 51 allow
the host CPU 35 to monitor the rotation speed of each
motor 6 or an instruction value therefore or to set con-
trolling parameters for each of the inverters 42 and 45.
[0059] In the multi-twister 1 the winding drum 21 and
the traverse mechanisms 28 and 29 are mechanically
connected together using the cam box 27 and are driven
by a common winding drum drive motor 4.

[0060] Next, another embodiment of the parent patent
and the present invention will be described with refer-
ence to Figures 5to 7.

[0061] An individual-spindle-drive type multi-twister
101 is composed of 80 to 308 yarn winding units U for
the corresponding spindle units installed in a line, as
shown in Figure 5. A single yarn winding unit U for the
corresponding spindle unit has a spindle apparatus 102
and a winding apparatus 103 connected to the spindle
apparatus 102 so that yarn on a single supply package
108 is wound around a winding package P.

[0062] The spindle apparatus 102 has the supply
package 108, a stationary plate 131, a tension appara-
tus 132, a rotating disc 133, and a spindle drive motor
106 that twists the yarn Y. The spindle drive motor 106
comprises a direct-current brushless motor BLM and
has the rotating disc 133 on its output shaft. The station-
ary plate 131 is provided on the rotating disc 133 so that
the single supply package 108 can be placed on the sta-
tionary plate 131. Furthermore, the tension apparatus
132 is provided on the supply package 108 to apply a
predetermined tension to the yarn Y unwound from the
supply package 108.

[0063] Thus, the spindle apparatus 102 places the
yarn Y that is unwound from the supply package 108 in
the tension apparatus 132 to tense it while using the
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drive motor 106 to rotate the rotating disc 133 at a high
speed to balloon the yarn Y to a balloon guide 137. In
addition, the yarn Y is twisted once between the tension
apparatus 132 and the rotating disc 133, and is twisted
again between the rotating disc 133 and the balloon
guide 137.

[0064] As shown in Figure 6. the winding apparatus
103 has a winding drum 121, a winding package P, a
traverse guide 129, a feed roller 126 and a cradle 140
to wind the yarn Y twisted by the spindle apparatus 102
around the winding package P. The winding package P
is supported by the cradle 140 in a way that it is free to
rotate, and the winding drum 121 pressure-contacts the
winding package P. Thus, after passing the yarn twisted
twice as described above, from the balloon guide 137
through guide rollers 138 and 139 and the feed roller
126, the winding apparatus 103 winds the yarn around
the winding package P while traversing it using the
traverse guide 129.

[0065] As shown in Figure 4, the individual-spindle-
drive type multi-twister 1 has not only the yarn winding
unit U but also a drive system 105 for driving the winding
apparatuses 103 concurrently and a control system 107
for controlling each spindle apparatus 102 and each
winding apparatus 103. The drive system 105 has a
winding drum drive motor 104, a first pulley 110, a belt
111, a second pulley 112, a speed reducing apparatus
117, a third pulley 116, a fourth pulley 119, a belt 120, a
fifth pulley 122, a sixth pulley 124, a seventh pulley 113,
a belt 114, an eighth pulley 115, and a cam box 127. The
system 105 uses the driving force of the winding drum
drive motor 104 to rotate the winding drum 121 and feed
roller 126 of each yarn winding unit U while the traverse
guide 129 moves reciprocally.

[0066] The winding drum drive motor 104 is an induc-
tion motor 1M. The motor 104 has the first pulley 110 on
its output shaft, and the second pulley 112 is connected
to the motor 104 via the belt 111. The speed reducing
apparatus 117 has a plurality of gears (not shown) and
decelerates at a specified rate while changing its rota-
tional direction when the driving force of the winding
drum drive motor 104 is transmitted via the second pul-
ley 112. In addition, the speed reducing apparatus 117
has two output shafts so as to receive force through one
shaft while outputting force through two shafts. The third
pulley 116 is fitted on one of the output shafts, and the
seventh pulley 113 is fitted on the other output shaft.
[0067] The fourth pulley 119 fitted on the support shaft
118 is connected to the third pulley 116 via the belt 120,
and the plurality of winding drums 121 are provided on
the support shaft 118 at a predetermined interval. In ad-
dition, the fifth pulley 122 is fitted on the support shaft
118 in a line to the fourth pulley 119. The sixth pulley
124 fitted on the support shaft 123 is connected to the
fifth pulley 122, and the plurality of feed rollers 126 are
provided on the support shaft 123 at a predetermined
interval. Thus, the drive system 105 transmits a driving
force reduced by the speed reducing apparatus 117 to
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each winding drum 121 via the third pulley 116, the belt
120, and the fourth pulley 119, and also transmits a driv-
ing force to the feed roller 126 via the fifth pulley 122,
the belt 125, and the sixth pulley 124.

[0068] The speed reducing apparatus 117 is connect-
ed to the cam box 127 via the seventh pulley 113, the
belt 114, and the eighth pulley 115. The reciprocating
rod 128 is connected to the cam box 127 so as to convert
rotational force into reciprocating motion. The traverse
guides 129 are fitted on the reciprocating rod 28 at a
predetermined interval. Thus, the drive system 105
causes the traverse guide 129 to reciprocate so as to
traverse the yarn Y twisted by the spindle apparatus 102
while the yarn Y is wound around the winding package
P, which is rotated while pressure-contacting the wind-
ing drum 121.

[0069] As shown in Figure 6, the control system 107
has a body controlling apparatus 142 and a plurality of
unit control sections 109 for controlling each spindle ap-
paratuses 102, and constitutes a control system for the
individual-spindle-drive type multi-twister 101. The body
controlling apparatus 142 has a converter 135 that con-
verts the voltage of an alternating current power supply
134, a host CPU 136 constituting a central processing
unit, and a rotation speed control apparatus 141 for the
winding drum drive motor. The body controlling appara-
tus 142 outputs various control instructions concurrently
to each unit control section 109 and the rotation speed
control apparatus 141 for the winding drum drive motor.
[0070] The host CPU 136 transmits various parame-
ters and control instructions concurrently to each unit
control section 109 and the rotation speed control ap-
paratus 141 for the winding drum drive motor via a com-
munication line 146. The host CPU 136 also transmits
activation and stop instructions concurrently to each unit
control section 109 and the rotation speed control ap-
paratus 141 for the winding drum drive motor via a con-
trol signal line 153. In addition, the converter 135 has
an AC/DC conversion section 135a and a DC/DC con-
version section 135b, and the rotation speed control ap-
paratus 141 for the winding drum drive motor is connect-
ed to the AC/DC conversion section 135a via a direct-
current bus line 147. The host CPU 136 is connected to
the DC/DC conversion section 135b, and the DC/DC
conversion section 135b converts 290 volts into 24 volts
for use in control operations executed by the host CPU
136.

[0071] The rotation speed control apparatus 141 for
the winding drum drive motor receives a supply of a first
direct-current voltage of 290 volts via the direct-current
bus line 147 and uses parameters and control instruc-
tions received via the communication line 146 to inde-
pendently send feedback to the winding drum drive mo-
tor 104 based on the rotation speed measured by a
pulse generator PG148.

[0072] Each unit control section 109 has 32 rotation
speed control apparatuses 144 for the spindle drive mo-
tor, a single relay device 145, and a spindle direct-cur-
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rent transformer 143 constituting a single direct-current
voltage transforming means, and is connected to the
body controlling apparatus 142 via the communication
line 146. The 32 rotation speed control apparatuses 144
are connected to the relay device 145 via the commu-
nication line 146. The relay device 145 relays a control
instruction output from the host CPU 136 to transmit it
to each of the 32 rotation speed control apparatuses
144.

[0073] The said spindle direct-current transformer
143 is connected to the direct-current bus line 147 and
during normal operation, converts the first direct-current
voltage of 290 volts supplied via the direct-current bus
line 147 into a second direct-current voltage of 24 volts
for use in controlling the spindle drive motor 106.
[0074] The each rotation speed control apparatuses
144 for the spindle drive motor are connected in series
to the spindle direct-current transformer 143 via a con-
trol power supply line 149. A relay connector board 152
is interposed between the group of 32 rotation speed
control apparatuses and the spindle direct-current
transformer 143, and the control power supply line 149
is connected from the spindle direct-current transformer
143 to the group of rotation speed control apparatuses
and the relay device 145 via the relay connector board
152. In addition, a control signal line 153 disposed along
the body from the host CPU 136 is connected to the
group of rotation speed control apparatuses and the re-
lay device 145 via the relay connector board 152. In ad-
dition, the two spindle drive motors 102 are connected
to each rotation speed control apparatus 144, and each
rotation speed control apparatus 144 can receive a con-
trol instruction via the communication line 146, the relay
device 145, and the communication line 151 to inde-
pendently send feedback to control each spindle drive
motor 106 based on the rotation speed as determined
by the rotation speed detector 150. That is, a single ro-
tation speed control apparatus 144 drives and stops two
spindle drive motors 106. The rotation speed control ap-
paratuses 141 and 144 individually drive and stop the
motors 104 and 106, respectively.

[0075] The operation of the individual-spindle-drive
type multi-twister 101 having the above configuration is
described with reference to the drawings.

[0076] As shown in Figures 5 and 7, the alternating
current power supply 134 supplies the second direct-
current voltage of 24 volts to each rotation speed control
apparatus 144 via the converter 135, the direct-current
bus line 147, and the spindle direct-current transformer
143. In addition, the host CPU 136 transmits an activa-
tion instruction to the relay connector board 153 via the
control signal line 153, and the instruction is then sent
from the board 152 to the rotation speed control appa-
ratus 144 via the control signal line 154. Each spindle
drive motor 106 is concurrently driven based on the in-
struction from the rotation speed control apparatus 144
to rotate each rotating disc 133 at the same rotation
speed as in each motor 106. When each rotating disc
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133 rotates, the yarn Y unwound from the supply pack-
age 108 enters the tension apparatus 132, which twists
the yarn Y once while tensing it. The yarn Y is twisted
again and ballooned to the balloon guide 137.

[0077] On the other hand, the alternating current pow-
er supply 134 supplies the first direct-current voltage of
290 volts to the rotation speed control apparatus 141 via
the converter 135 and the direct-current bus line 147,
and the CPU 136 transmits the activation instruction to
the apparatus 141 via the control signal line 153. The
winding drum drive motor 104 is driven based on the
instruction from the rotation speed control apparatus
141. The output of the motor 104 is transmitted to the
support shafts 118 and 123 and the reciprocating rod
128 via the pulleys 110, 112, 116, 119, 122, and 124, the
belts 111, 114, 120, and 125, the speed reducing appa-
ratus 117, and the cam box 127 to rotate the winding
drum 121 and feed roller 126 of each spindle unit while
the traverse guide 129 of each spindle unit moves re-
ciprocally.

[0078] When this rotation and reciprocal motion oc-
curs, the yarn Y, which has been twisted twice by the
spindle apparatus 102, is wound around the winding
package P while traversing it using the traverse guide
129. During traversing, the speed reducing apparatus
117 corrects the winding angle.

[0079] During the above winding operation, the first
direct-current voltage is supplied to each spindle direct-
current transformer 143 via the direct-current bus 147
and each rotation speed control apparatus 144 can re-
liably receive the supply of the converted second direct-
current voltage, thereby preventing a voltage drop. In
addition, since the various parameters are transmitted
to the plurality of rotation speed control apparatuses 144
via the relay device 145, the central control apparatus
can set the parameters concurrently.

[0080] Next, the configuration of the control system
according to the invention will be described with refer-
ence to Figure 8.

[0081] This control system differs from the above con-
trol system and has a plurality of winding drum drive mo-
tors 104. Thus, the AC/DC converter 135a is provided
for each winding drum drive motor 104 and is directly
connected to the alternating current power supply 134.
The direct-current bus line 147 is connected to the each
AC/DC converter 135a and the plurality of unit control
sections 109 are connected to the body controlling ap-
paratus 142.

[0082] Each rotation speed control apparatus 141 for
the winding drum drive motor is connected to the host
CPU 136 via the communication line 146 and the control
signal line 153 to receive various parameters and acti-
vation and stop instructions. Even with a plurality of
winding drum drive motors 104, this configuration has
the advantage of enabling components corresponding
to added winding spindle units to be added using the
plurality of AC/DC converters 135a, the plurality of spin-
dle direct-current transformers 143, and the relay device
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145 and also using the direct-current bus line 147, the
communication line 146, and the control signal line 153
for relaying. This configuration thus reduces the number
of wiring steps required.

[0083] The control power supply line 149 in the indi-
vidual-spindle-drive type multi-twister 201 according to
this embodiment supplies each rotation speed control
apparatus 144 with the control voltage (24 volts) for con-
trolling the spindle drive motor 106. In addition, the con-
trol signal lines 153 and 154 transmit the activation or
stop instruction to all the rotation speed control appara-
tuses 141 and 144, and sends a normal concurrent start
or stop signal for the machine body. Furthermore, the
communication lines 146 and 151 allow the host CPU
136 to monitor the rotation speed of each motor 106 or
an instruction value therefore or to set controlling pa-
rameters for each of the rotation speed control appara-
tuses 141 and 144.

[0084] Although this embodiment has been described
in conjunction with the 32 rotation speed control appa-
ratuses 144 for the spindle drive motor constituting each
unit control section 109, the number of controlling appa-
ratuses 144 is not limited to 32.

[0085] In addition, although this embodiment has
been described in conjunction with the two spindle drive
motors 106 connected to the rotation speed control ap-
paratus 144 for the spindle drive motor, the number of
motors 106 is not limited to two.

[0086] Instead of the single supply package 108 pro-
vided for each yarn winding unit U a single supply pack-
age 108 and a plurality of supply packages 108 may be
provided. The rotation speed detector 150 is built into
the above direct-current brushless motor to detect the
rotation speed of this motor.

[0087] Next, a second embodiment of the present in-
vention will be described with reference to Figures 9 to
12.

[0088] An individual-spindle-drive type multi-twister
201 is composed of 80 to 308 yarn winding units U for
the corresponding spindle units installed in a line, as
shown in Figure 9. A yarn winding unit U for the corre-
sponding spindle unit has a spindle apparatus 202 and
a winding apparatus 203 connected to and installed on
the spindle apparatus 202 so that yarn on a single sup-
ply package 208 is wound around a winding package P.
[0089] The above spindle apparatus 202 has the sup-
ply package 208, a stationary plate 231, a tension ap-
paratus 232, a rotating disc 233, and a spindle drive mo-
tor 206 that twists yarn Y. The spindle drive motor 206
comprises a direct-current brushless motor BLM and
has the rotating disc 233 on its output shaft. The station-
ary plate 231 is provided on the rotating disc 233 so that
the single supply package 208 can be placed on the sta-
tionary plate 231. Furthermore, a tension apparatus 232
is provided on the supply package 208 to apply a pre-
determined tension to the yarn Y unwound from the sup-
ply package 208.

[0090] Thus, the spindle apparatus 202 places the
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yarnY that is unwound from the supply package 208 in
the tension apparatus 232 to tense it while using the
spindle drive motor 206 to rotate the rotating disc 233
at a high speed so as to balloon the yarn Y to a balloon
guide 237. In addition, the yarn Y is twisted once be-
tween the tension apparatus 232 and the rotating disc
233 and is twisted again between the rotating disc 233
and the balloon guide 237.

[0091] As shown in Figure 10. the above winding ap-
paratus 203 has a winding drum 221, the winding pack-
age P, a traverse guide 229, a feed roller 226, a cradle
240, and a winding package brake 230 to wind around
the winding package P the yarn Y twisted by the spindle
apparatus 202. The winding package P is rotatably sup-
ported by the cradle 240, and the winding drum 221
pressure-contacts the winding package P. Thus, after
passing the yarn twisted twice as described above, from
the balloon guide 237 through the guide rollers 238 and
239 and the feed roller 226, the winding apparatus 203
winds the yarn Y around the winding package P while
traversing it using the traverse guide 229.

[0092] The winding package brake 230 has a link arm
252 located between the winding package P and the
winding drum 221, a cylinder 253 that rotates the link
arm 252, and an electromagnetic valve SV248 that sup-
plies and ejects air to and from the cylinder 253. The
electromagnetic valve SV248 supplies air to the cylinder
253 to rotate the link arm 252 in order to allow the wind-
ing package P to contact or leave the winding drum 221.
Thus, by allowing the winding package P and the wind-
ing drum 221 to separate, this configuration prevents the
yarn 'Y from being wound to the winding package P de-
spite the rotation of the winding drum 221.

[0093] As shownin Figure 9, this multi-twister has not
only the above yarn winding unit U but also a drive sys-
tem 205 for each driving the winding apparatus 203 con-
currently and a control system 207 for controlling each
spindle apparatus 202 and each winding apparatus 203.
The drive system 205 has a winding drum drive motor
204, a first pulley 210, a belt 211, a second pulley 212,
a speed reducing apparatus 217, a third pulley 216, a
fourth pulley 219, a belt 220, a fifth pulley 222, a sixth
pulley 224, a seventh pulley 213, a belt 214, an eighth
pulley 215, and a cam box 227. The system 205 uses
the driving force of the winding drum drive motor 204 to
rotate the winding drum 221 and feed roller 226 of each
yarn winding unit U while the traverse guide 229 moves
reciprocally.

[0094] The above winding drum drive motor 204 is an
induction motor IM. The motor 4 has the first pulley 210
onits output shaft, and the second pulley 212 is provided
for the motor 4 via the belt 211. The above speed reduc-
ing apparatus 217 has a plurality of gears (not shown)
and decelerates at a specified rate while changing its
rotational direction, when the driving force of the winding
drum drive motor 204 is transmitted via the second pul-
ley 212. In addition, the speed reducing apparatus 217
has two output shafts so as to receive force through one
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shaft while outputting force through two shafts. The third
pulley 216 is fitted on one of the output shafts, and the
seventh pulley 213 is fitted on the other output shaft.
[0095] The fourth pulley 219 fitted on the support shaft
218 is connected to the third pulley 216 via the belt 220,
and the plurality of winding drums 221 are provided on
the support shaft 218 at a predetermined interval. In ad-
dition, the fifth pulley 222 is fitted on the support shaft
218 in a line to the fourth pulley 119. The sixth pulley
224 fitted on the support shaft 223 is connected to the
fifth pulley 222, and the plurality of feed rollers 226 are
provided on the support shaft 223 at a predetermined
interval. Thus, the drive system 205 transmits a driving
force reduced by the speed reducing apparatus 211 to
each winding drum 221 via the third pulley 216, the belt
220, and the fourth pulley 219, and also transmits a driv-
ing force to the feed roller 226 via the fifth pulley 222,
the belt 225, and the sixth pulley 224.

[0096] The speed reducing apparatus 217 is connect-
ed to the cam box 227 via the seventh pulley 213, the
belt 214, and the eighth pulley 215. The reciprocating
rod 228 is connected to the cam box 227 so as to convert
a rotational force into reciprocating motion. The traverse
guides 229 are fitted on the reciprocating rod 228 at a
predetermined interval. Thus, using a motion reciprocal
to that of the traverse guide 229, the drive system 205
traverses the yarn Y, which is twisted by the spindle ap-
paratus 202 while winding the yarn Y around the winding
package P, which is rotated while pressure-contacting
the winding drum 221.

[0097] As shown in Figure 11, the control system 207
has a body controlling apparatus 242 and a plurality of
unit control sections 209 for controlling each spindle ap-
paratus 202, and constitutes a control system for the in-
dividual-spindle-drive type multi-twister 201. The body
controlling apparatus 242 has a converter 235 that con-
verts the voltage of an alternating current power supply
234, a host CPU 236 constituting a central processing
unit, and an inverter (a rotation speed control apparatus)
241 for the winding drum drive motor. The body control-
ling apparatus 242 outputs various control instructions
concurrently to each unit control section 209 and the in-
verter 241 for the winding drum drive motor.

[0098] The host CPU 236 transmits various parame-
ters and control instructions concurrently to each unit
control section 209 and the inverter 241 for the winding
drum drive motor via a communication line 246. The
host CPU 136 also transmits activation and stop instruc-
tions concurrently to each control section 209 and the
inverter 241 for the winding drum drive motor via a con-
trol signal line 257. In addition, the converter 235 has
an AC/DC conversion section 235a and a DC/DC con-
version section 235b, and the inverter 241 for the wind-
ing drum drive motor is connected to the AC/DC con-
version section 235a via a direct current bus line 247.
The host CPU 236 is connected to the DC/DC conver-
sion section 235b, and the section 235b converts 290
volts into 24 volts for use in control operations executed
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by the host CPU 236.

[0099] The inverter 241 for the winding drum drive
motor receives a supply of a first direct-current voltage
of 290 volts via the direct-current bus line 247 and uses
parameters and control instructions received via the
communication line 246 to independently send feed-
back to control the winding drum drive motor 204 based
on the rotation speed measured by a pulse generator
PG254.

[0100] Each unit control section 209 has 32 inverters
(rotation speed control apparatuses) 244 for the spindle
drive motor, a single relay device 245, and a spindle ap-
paratus direct-current transformer 243, and is connect-
ed to the body controlling apparatus 242 via the com-
munication line 246. The 32 inverters 244 are connected
to the relay device 245 via the communication line 251.
The relay device 245 relays a control instruction output
from the host CPU 236 to transmit it to each of the 32
inverters 244.

[0101] Each spindle apparatus direct-current trans-
former 243 is connected to the direct-current bus line
247, and during normal operation, converts the first di-
rect-current voltage of 290 volts supplied via the direct-
current bus line 247 into a second direct-current voltage
of 24 volts for use for the controlling of the spindle drive
motor 206.

[0102] The 32inverters 244 for the spindle drive motor
are connected in series to the direct-current transformer
243 via a control power supply line 249. A relay connec-
tor board 256 is interposed between the group of 32 in-
verters and the spindle apparatus direct-current trans-
former 243, and the control power supply line 249 is con-
nected from the spindle apparatus direct-current trans-
former 243 to the group of inverters and the relay device
245 via the relay connector board 256. In addition, a
control signal line 257 disposed along the body from the
host CPU 236 is connected to the group of inverters and
the relay device 245 via the relay connector board 256.
In addition, the two spindle drive motors 202 are con-
nected to each inverter 244, and each inverter 244 can
receive a control instruction via the communication line
246, the relay device 245, and the communication line
251 to independently send feedback to control each
spindle drive motor 206 based on a rotation speed
measured by the rotation speed detector 255. That is,
the single inverter 244 drives and stops the two spindle
drive motors 206. The inverter 241 and 244 individually
drive and stop the motors 204 and 206, respectively.
[0103] Next, the integral part of the individual-spindle
drive type multi-twister 201 according to this embodi-
ment is described.

[0104] As shownin Figures 9 and 11, the inverter 244
for spindle drive motor has an activation controlling sec-
tion 244a and a clearing control section 244b to control
the activation of the spindle drive motor 206 and the
opening and closing of the electromagnetic valve
SV248. To start up each spindle drive motor 206 con-
currently, the activation controlling section 244a controls
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each spindle drive motor 206 so as to be activated slow-
ly in about 15 to 20 seconds. To start up any spindle
drive motor 206 during the winding of other spindle units,
the section 244a controls the motor 206 so as to be ac-
tivated rapidly in about 10 seconds.

[0105] In addition, to start up any spindle drive motor
206 during the winding of other spindle units, the clear-
ing control section 244b controls the electromagnetic
valve SV248 so that after the activation of this spindle
drive motor 206, the winding package brake 230 is
cleared after a predetermined period of time (2 sec-
onds).

[0106] In addition, an activation switch 250 constitut-
ing an operation means is connected to each inverter
244 for spindle drive motor so that to start up any spindle
drive motor 206 during the winding of other spindle units,
this switch 250 can be turned on to activate the spindle
drive motor 206.

[0107] The operation of the individual-spindle-drive
type multi-twister 201 of the above configuration is de-
scribed with reference to the drawings.

[0108] As shown in Figures 9 and 11, the alternating
current power supply 234 supplies 24 volts to each in-
verter 244 via the converter 235, the direct-current bus
247, and the spindle apparatus direct-current transform-
er 243. In addition, the host CPU 236 transmits an acti-
vation instruction to each relay connector board 256 via
the control signal line 257, and the instructions for the
spindle drive motor is then sent from the relay connector
board 256 to the inverter 244 via the control signal line
258. Each spindle drive motor 206 is concurrently driven
based on instructions from the activation controlling sec-
tion 244a in the rotation speed control apparatus 244 to
rotate each rotating disc 233 at the same rotation speed
as that of each motor 206. And each spindle drive motor
206 reaches to the predetermined speed of rotation
about 15 seconds after rotation begins while each rotat-
ing disc 233 rotates, the yarn Y unwound from the supply
package 208 enters the tension apparatus 232, which
twists the yarn Y once while tensing it. The yarn Y is
twisted again and ballooned to the balloon guide 237.
[0109] Onthe other hand, the alternating current pow-
er supply 234 supplies 290 volts to the inverter 241 for
the winding drum drive motor via the converter 235 and
the direct-current bus line 247, and the CPU 236 trans-
mits the activation instruction to the inverter 241 via the
control signal line 257. The winding drum drive motor
204 is driven based on the instruction from the inverter
241. The output of the motor 204 is transmitted to the
support shafts 218 and 223 and the reciprocating rod
228 via the pulleys 210, 212, 216, 219, 222, and 224,
the belts 211, 214, 220, and 225, the speed reducing
apparatus 217, and the cam box 227 to rotate the wind-
ing drum 221 and feed roller 226 of each spindle unit
while the traverse guide 229 of each spindle unit moves
reciprocally.

[0110] When this rotation and reciprocal motion oc-
curs, the yarn Y, which has been twisted twice by the
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spindle apparatus 202, is wound around the winding
package P while traversing it using the traverse guide
229. During the traversing, the speed reducing appara-
tus 217 corrects the winding angle.

[0111] As described above, when the yarn Y is cut
while being wound around the package P, a yarn cut
sensor (not shown) sends a motor stop signal to the in-
verter 244. Upon receiving this signal, the inverter 244
stops the spindle drive motor 206 while transmitting an
opening or closing signal to the electromagnetic valve
SV248. The valve SV248 is opened to feed air to the
cylinder 253 to rotate the link arm 252. Then, the link
arm 252 enters the area between the winding package
P and the winding drum 221 to brake the package P. At
this point, the winding drum 221, which is common to all
spindle units, continues rotating at the normal winding
speed.

[0112] Then, a piecing apparatus (not shown) pieces
the yarn, and when the yarn is ready for winding, the
operator turns on the activation switch 250 to cause the
spindle drive motor 206, which has been stopped, to ro-
tate again,(see Figure 11). Turning the switch 250 on
causes the activation control section 244a to activate
the motor 206 rapidly in about 10 seconds. Thus, the
winding package P stops to allow the yarn Y to be twist-
ed during the time it doesn't travel, thereby preventing
incompletely twisted twist yarn Y from being wound
around package P.

[0113] The clearing control section 244b transmits the
opening or closing signal to the electromagnetic valve
SV248 about two minutes after the activation of the spin-
dle drive motor 206. The electromagnetic valve SV248
is closed to reduce the pressure on the cylinder 253 to
rotate the link arm 252. Thus, the arm 252 leaves the
winding package P and winding drum 221 about two
seconds after the activation of the spindle drive motor
206, thereby clearing the braked condition of the pack-
age P.

[0114] Clearing the braked condition causes the wind-
ing package P to contact the winding drum 221, which
is rotating at the normal winding speed, so the package
P starts to rotate. About eight seconds after the start of
the rotation of the winding package P, the package P
reaches its rotation speed for normal operation. On the
other hand, the spindle drive motor 206 reaches the ro-
tation speed for normal operation about 10 seconds af-
ter rotation begins. In this manner, about 10 seconds
after the activation switch 250 is turned on, the motor
206 and the package P return to their normal rotation
speeds.

[0115] The control power supply line 249 in the multi-
twister 201 according to this embodiment supplies each
inverter 244 with the control voltage (24 volts) for con-
trolling the spindle drive motor 206. In addition, the con-
trol signal lines 257 and 258 transmit the activation or
stop instruction to all the inverters 241 and 244 upon the
detection of a power stoppage, and send a normal con-
current start or stop signal for the machine body. Fur-
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thermore, the communication lines 246 and 251 allow
the host CPU 236 to monitor the rotation speed of each
motor 206 or an instruction value therefore or to set con-
trolling parameters for each of the inverters 241 and
244,

[0116] To activate each spindle drive motor 206 con-
currently, the individual-spindle-drive type multi-twister
201 according to the invention simultaneously starts ac-
tivating the winding drum 221 common to all spindle
units and motors 206 and gradually accelerates them at
the same rate. This prevents the slippage between the
drum 221 and the winding package P, and thus the yarn
Y is cut upon activation. With respect to the operation
during the concurrent activation, when the power is
turned on, the package brake 230 is cleared to allow the
package P to contact the winding drum 221. Subse-
quently, both the winding drum 221 and the spindle ap-
paratus 202 begin to rotate.

[0117] Although this embodiment has been described
in conjunction with the clearing control section 244b that
clears the winding package brake 230 for predeter-
mined period of time (two seconds) after activation, it is
not limited in this respect. Based on the rotation speed
detected by the rotation speed detector 255 (Figure 11),
the clearing control section 244b may control the wind-
ing package brake 230 so as to be cleared when the
spindle drive motor 206 reaches a predetermined rota-
tion speed.

[0118] In addition, according to this embodiment,
about 15 to 20 seconds are required to activate the spin-
dle drive motors 206 concurrently, but the activation time
is not limited to these values. In addition, according to
this embodiment, about 10 seconds are required to ac-
tivate any spindle drive motor 206, but this activation
time is not limited to these values.

[0119] Although this embodiment has been described
in conjunction with 32 inverters 244 for the spindle drive
motor for consisting each unit control section 209, the
number of inverters 244 is not limited to 32.

[0120] In addition, although this embodiment has
been described in conjunction with the two spindle drive
motors 206 connected to the inverter 244, the number
of motors 206 is not limited to two.

[0121] Instead of the single supply package 208 pro-
vided for each yam winding unit U a plurality of supply
packages 208 may be provided. A rotation speed detec-
tor 255 is built into the direct-current brushless motor to
detect the rotation speed of this motor.

[0122] The invention provides an individual-spindle-
drive type textile machine wherein a plurality of spindle
units are installed in a line, each spindle unit having a
drive motor, the plurality of drive motors being driven by
rotation speed control apparatuses. The machine also
comprises a direct-current bus having a first direct-cur-
rent voltage for driving force and connecting the direct-
current bus to said rotation speed control apparatuses,
and direct-current voltage transforming means for trans-
forming the first direct-current voltage into a second di-
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rect-current voltage for control, the machine being con-
figured so that said plurality of rotation speed control ap-
paratuses are divided into a plurality of units each in-
cluding a specified number of these apparatuses, with
said direct-current voltage transforming means provid-
ed for each of said units.

[0123] Thus, the voltage drop can be prevented to in-
crease the number of winding units that can be installed
in a line in the individual-spindle-drive type textile ma-
chine.

[0124] The invention is configured so that the ma-
chine comprises a central control apparatus that in-
cludes a communication function and a relay device for
unifying the rotation speed control apparatuses for the
drive motors of each of said units. Moreover, said central
control apparatus and each of said rotation speed con-
trol apparatuses are connected together via said relay
device using a communication line.

[0125] Thus, the central control apparatus can set pa-
rameters to control each motor for a large number of
rotation speed control apparatuses. Even if the number
of spindle units is increased, each rotation speed control
apparatus can control its motor reliably.

[0126] Theinventionis configured so that each of said
units has an equal number of said rotation speed control
apparatuses connected to a single direct-current volt-
age transforming means and a single relay device.
[0127] The wiring between the direct-current bus and
communication line and each rotation speed control ap-
paratus can thus be simplified.

[0128] The presentinvention is configured so that the
spindle drive motor is a brushless motor having a built-
in sensor for detecting the rotational position of the rotor,
the sensor being incorporated in a stator section located
around a rotor that is a permanent magnet.

[0129] Thus, since the sensor for detecting the rota-
tional direction of the rotor is built into the motor, the ro-
tation of the motor can be controlled while reliably pre-
venting errors in detection caused by fiber dust. In ad-
dition, the use of the brushless motor can make each
motor more compact and improve its efficiency.

Claims

1. An individual-spindle-drive type textile machine
wherein a plurality of spindle units are installed in a
line, each spindle unit having a drive motor, the plu-
rality of drive motors being driven by rotation speed
control apparatuses,
characterized in that
the machine comprises a direct-current bus having
a first direct-current voltage for driving force and
connecting to said rotation speed control appara-
tuses, and a direct-current voltage transforming
means for transforming said first direct-current volt-
age into a second direct-current voltage for control,
and in that said plurality of rotation speed control
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apparatuses are divided into a plurality of units,
each of which includes a specified number of these
apparatuses, with said direct-current voltage trans-
forming means provided for each of said units.

An individual-spindle-drive type textile machine ac-
cording to Claim 1

characterized in that

the machine comprises a central control apparatus
that includes a communication function and a relay
device for unifying the rotation speed control appa-
ratuses for said drive motor for each of the units,
and in that said central control apparatus and each
of said rotation speed control apparatuses are con-
nected together via said relay device using a com-
munication line.

An individual-spindle-drive type textile machine ac-
cording to Claim 1 or Claim 2

characterized in that

each of said units has an equal number of said ro-
tation speed control apparatuses connected to a
single direct-current voltage transforming means
and a single relay device.

An individual-spindle-drive type textile machine ac-
cording to any one of Claims 1to 3

characterized in that

said spindle drive motor is a brushless motor having
a built-in sensor for detecting the rotational position
of the rotor, the sensor being incorporated in a stator
section located around a rotor that is a permanent
magnet.
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