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(54) DRIVE APPARATUS FOR SEWING MACHINE

(57) A drive apparatus (20) for a sewing machine (10)
includes: a motor (22) driving a sewing needle (14); a
first drive circuit (24) including a first switching element
(T1) connected to the motor; a second drive circuit (26)
including a second switching element (T2) connected to
the motor and the first switching element; a rotation speed
measuring unit (52) measuring a rotation speed of the
motor; and a controller (40) that performs a sewing con-

trol in which the second switching element is turned on,
and the motor is driven at a target rotation speed, in a
predetermined period during which the sewing control is
not executed, controls the drive circuits such that one of
the switching elements is turned on and the other is
turned off, and determines a failure determination in
which a short circuit failure of the drive circuit is deter-
mined.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to a drive apparatus for
sewing machine, more specifically relates to a drive ap-
paratus for a sewing machine including a motor, a first
drive circuit, a second drive circuit, a rotation measuring
unit, and a controller.

BACKGROUND DISCUSSION

[0002] In the related art, such a drive apparatus for a
sewing machine which is provided with a drive start
switch provided in a drive circuit of a sewing machine
motor, a speed adjustment circuit which includes a var-
iable resistor for speed adjustment and a switching ele-
ment cooperating with the variable resistor, a shutoff cir-
cuit which shuts off the drive circuit in a case where the
switching element is short-circuited has been proposed
(for example, refer to JP 2006-34674A). The shutoff cir-
cuit includes a thermal fuse connected to the drive circuit
of the sewing machine in series, and an electric resistor
which is adjacent to the thermal fuse and is connected
to the drive start switch in parallel. In such a shutoff circuit,
when the switching element is short-circuited in a state
where the drive start switch is turned off, a current flowing
into the electric resistor and the thermal fuse becomes
larger, and the thermal fuse is blown due to heat gener-
ation of the electric resistor, thereby forcibly blocking the
drive circuit of the sewing machine motor. With this, it is
possible to prevent abnormal high speed rotation of the
sewing machine motor.
[0003] However, in the above-described drive appara-
tus for a sewing machine, the electric resistor of the shut-
off circuit is connected to the drive start switch in parallel,
and thus the shutoff circuit can only detect the short circuit
of the switching element when a foot controller is not
operated. For this reason, when the user operates the
foot controller, even when the switching element is short-
circuited, it is not possible to prevent the abnormal high
speed rotation of the sewing machine motor. In addition,
in the above-described drive apparatus for a sewing ma-
chine, even when the drive start switch is turned off, a
minute current flows into the electric resistor connected
in parallel with the drive start switch, and thus energy
efficiency is deteriorated.
[0004] Thus, a need exists for a drive apparatus for a
sewing machine capable of appropriately determining a
failure of the drive circuit and preventing the abnormal
driving of a sewing needle.

SUMMARY

[0005] A drive apparatus for a sewing machine accord-
ing to an aspect of this disclosure adopts configurations
described below.
[0006] A drive apparatus for a sewing machine accord-

ing to an aspect of this disclosure includes a motor that
drives a sewing needle; a first drive circuit that includes
a first switching element which is connected to the motor
in series when viewed from a power supply; a second
drive circuit that includes a second switching element
which is connected to the motor and the first switching
element in series when viewed from the power supply; a
rotation speed measuring unit that measures a rotation
speed of the motor; and a controller that performs a sew-
ing control when a sewing motion is commanded, in
which the second drive circuit is controlled so as to turn
on the second switching element, and the first drive circuit
is controlled so as to drive the motor at a target rotation
speed by switching the first switching element, in a pre-
determined period during which the sewing control is not
executed, controls the first drive circuit and the second
drive circuit such that one of the switching elements of
the first switching element and the second switching el-
ement is turned on and the other switching element is
turned off, and determines a first failure determination
that determines a short circuit failure of the first drive
circuit or the second drive circuit based on whether or
not the rotation of the motor is detected by the rotation
speed measuring unit.
[0007] The drive apparatus for a sewing machine ac-
cording to the aspect of this disclosure is provided with
the motor, the first drive circuit that includes the first
switching element, the second drive circuit that includes
the second switching element, the rotation speed meas-
uring unit, and the controller. When the sewing motion is
commanded, the controller performs a sewing control in
which the second drive circuit is controlled so as to turn
on the second switching element and the first drive circuit
is controlled so as to drive the motor at a target rotation
speed by switching the first switching element. The first
switching element and the second switching element are
connected to the power supply and the motor in series.
For this reason, even if one switching element is short-
circuited, it is possible to prevent the motor from being
driven at an abnormal speed by turning off the other
switching element. Further, in a predetermined period
during which the sewing control is not executed, the con-
troller controls the first drive circuit and the second drive
circuit such that one of the switching elements of the first
switching element and the second switching element is
turned on and the other switching element is turned off,
and determines a short circuit failure of the first drive
circuit or the second drive circuit based on whether or
not the rotation of the motor is detected by the rotation
speed measuring unit. With this, it is possible to appro-
priately determine the short circuit failure of the first drive
circuit or the second drive circuit by using the rotation
speed measuring unit.
[0008] In the drive apparatus for a sewing machine ac-
cording to the aspect of this disclosure, the first failure
determination may be performed in the predetermined
period during which the sewing control is started after
the sewing motion is commanded. With this configura-
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tion, it is possible to preliminarily determine the failure of
the first drive circuit or the second drive circuit before
starting the sewing control.
[0009] In the drive apparatus for a sewing machine ac-
cording to the aspect of this disclosure, as the sewing
control, the controller may perform a low speed control
in which the first drive circuit and the second drive circuit
are controlled so as to drive the motor at a predetermined
rotation speed lower than the target rotation speed for a
predetermined time, and then perform a normal control
in which the first drive circuit and the second drive circuit
are controlled so as to drive the motor at the target rota-
tion speed, at least during execution of the low speed
control, perform a second failure determination in which
a short circuit failure of the first drive circuit is determined
based on whether or not a rotation speed measured by
the rotation speed measuring unit is higher than a first
rotation speed which is higher than the predetermined
rotation speed and is lower than a rated maximum rota-
tion speed of the motor, and at least during execution of
the low speed control, control the second drive circuit so
as to turn off the second switching element when the
rotation speed is higher than the first rotation speed. With
this configuration, it is possible to appropriately deter-
mine the failure of the first drive circuit before starting the
normal control. In addition, even when the first drive cir-
cuit failed to be short-circuited during the execution of
the low speed control, it is possible to prevent the sewing
needle from being driven at an abnormal speed.
[0010] In the drive apparatus for a sewing machine ac-
cording to the aspect of this disclosure, the controller may
perform a third failure determination in which a short cir-
cuit failure of the first drive circuit is determined based
on whether or not the rotation speed measured by the
rotation speed measuring unit is higher than a second
rotation speed which is higher than the target rotation
speed during the execution of the sewing control, and
control the second drive circuit so as to turn off the second
switching element when the rotation speed is higher than
the second rotation speed during the execution of the
sewing control. With this configuration, it is possible to
appropriately determine the failure of the first drive circuit
during the execution of the normal control. In addition,
even when the first drive circuit fails to be short-circuited
during the execution of the normal control, it is possible
to prevent the sewing needle from being driven at an
abnormal speed.
[0011] In the drive apparatus for a sewing machine ac-
cording to the aspect of this disclosure, in a case where
it is determined that the first switching element is short-
circuited, as the sewing control, the controller may control
the second drive circuit so as to drive the motor at the
target rotation speed by switching the second switching
element. With this configuration, even when a short cir-
cuit failure occurs in the first drive circuit, it is possible to
appropriately execute the sewing motion by the second
drive circuit.
[0012] In the drive apparatus for a sewing machine ac-

cording to the aspect of this disclosure, a display device
which is capable of displaying predetermined information
may be further included, in which the controller performs
a predetermined warning display on the display device
when an abnormal rotation of the motor is detected by
the rotation speed measuring unit. With this configura-
tion, when there is a risk of the failure in the first drive
circuit or the second drive circuit, it is possible to appro-
priately warn the user against the risk of the failure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

Fig. 1 a configuration diagram illustrating an outline
of a configuration of a sewing machine;
Fig. 2 is an explanatory diagram illustrating an elec-
tric connection relation of a drive apparatus for a sew-
ing machine;
Fig. 3 is a flowchart illustrating an example of a sew-
ing control routine;
Fig. 4 is a flowchart illustrating an example of a failure
determination routine;
Fig. 5 is an explanatory diagram illustrating changes
of a rotation speed and a switching state of transis-
tors of a DC motor with time; and
Fig. 6 is a flowchart illustrating a sewing control rou-
tine in Modified example.

DETAILED DESCRIPTION

[0014] Embodiments of this disclosure will be de-
scribed with reference to embodiments.

Embodiment

[0015] Fig. 1 is a configuration diagram illustrating an
outline of a configuration of a sewing machine 10, and
Fig. 2 is an explanatory diagram illustrating an electric
connection relation of a drive apparatus 20 for a sewing
machine. As illustrated in Fig. 1, the sewing machine 10
is configured to include a bed 11, a body 12 erected from
the right end of the bed 11, and an arm 13 extending to
the left in parallel to the bed 11 from an upper end of the
body 12.
[0016] A sewing needle 14 is provided at a tip end por-
tion of the arm 13 so as to extend downward. The sewing
needle 14 is connected to an upper shaft 50 (refer to Fig.
2) which is a main shaft extending from the tip end portion
(left end portion) to the proximal end portion (right end
portion) of the arm 13 via a needle rod (not shown), a
crank mechanism, and the like. The rotary shaft of a DC
motor 22 (refer to Fig. 2) is connected to the upper shaft
50 via a transmission mechanism, and the sewing needle
14 can move up and down by rotating the upper shaft 50
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by the DC motor 22 and converting the rotational motion
of the upper shaft 50 into the vertical motion of the needle
rod by the crank mechanism. In addition, the sewing nee-
dle 14 is swingable in the right and left direction orthog-
onal to a cloth feed direction by a rocking mechanism
(not shown) driven by the upper shaft 50. Further, as
illustrated in Fig. 2, a rotary encoder 52 including a slit
disk, a light emitting element and a light receiving element
is attached to the upper shaft 50, and when a signal from
the rotary encoder 52 is output to a controller 40, the
controller 40 can calculate a rotation speed of the upper
shaft 50, that is, a rotation speed V of the DC motor 22.
[0017] The bed 11 is provided with a needle plate 15
and a shuttle device (not shown) in the lower side of the
sewing needle 14. The shuttle device is driven by a driv-
ing force from a lower shaft (not shown) connected to the
upper shaft 50 via a transmission mechanism so as to
synchronously rotate with the upper shaft 50, and engag-
es an upper thread and a lower thread to form a stitch
by cooperation with the sewing needle 14. Note that, it
is possible to use a vertical shuttle and a horizontal shuttle
as the shuttle device.
[0018] In addition, an operation panel 30 is provided
on the front surface of the arm 13 as illustrated in Fig. 1.
The operation panel 30 is provided with a start or stop
switch 31 which is pushed so as to start and stop the
sewing, a setting selection switch 32 for switching various
setting menus including setting a pattern type, setting the
width of the pattern, setting the length of a stitch, and
setting a sewing speed, a setting amount change switch
(left switch and right switch) 33 for changing selection of
the pattern and numerical values of the setting, and a
display device (LED display device) 34 for display various
pieces of information including the selected pattern and
numerical values of the setting, a sewing speed, a warn-
ing display, an error display, and the like. In the embod-
iment, in a case of setting the sewing speed, when a user
pushes the left switch of the setting amount change
switch 33 after switching the setting menu over the setting
of the sewing speed by the setting selection switch 32,
it is possible to specify the slower sewing speed, and
when the right switch is pushed, it is possible to specify
the faster sewing speed.
[0019] In the embodiment, as illustrated in Fig. 2, the
drive apparatus 20 for a sewing machine is provided with
the DC motor 22, a first drive circuit 24 and a second
drive circuit 26 for driving the DC motor 22, and the con-
troller 40. The first drive circuit 24 includes a first transis-
tor T1 as a first semiconductor switching element con-
nected to the DC motor 22 in series when viewed from
a power supply 1. The second drive circuit 26 includes a
second transistor T2 as a second semiconductor switch-
ing element connected to the DC motor 22 and the first
transistor T1 in series when viewed from the power sup-
ply 1. Note that, as the first transistor T1 and the second
transistor T2, a bipolar transistor, MOSFET, and IGBT
can be used, for example. The power supply 1 is config-
ured to include a commercial power supply 2 and a rec-

tifier circuit 3 for rectifying an alternating current of the
commercial power supply 2 to a direct current. The rec-
tifier circuit 3 may be a full wave rectifier circuit, and may
be a half wave rectifier circuit.
[0020] The controller 40 is configured as a microproc-
essor centered on a CPU 41, and in addition to the CPU
41, is provided with a ROM 42 for storing a processing
program, a RAM 43 functioning as a work memory, a
timer 44, and an input and output port (not shown). A
rotary position signal from the rotary encoder 52, an op-
eration signal from the start or stop switch 31, an oper-
ation signal from the setting selection switch 32, and an
operation signal from the setting amount change switch
33 are input to the controller 40 via an input port. Further,
the controller 40 outputs drive signals to the first drive
circuit 24 (the first transistor T1) and the second drive
circuit 26 (second transistor T2), and a display signal to
the display device 34 via an output port.
[0021] Next, the operation of the drive apparatus 20
for a sewing machine configured as above will be de-
scribed. Fig. 3 is a flowchart illustrating an example of a
sewing control routine executed by the CPU 41 of the
controller 40, and Fig. 4 is a flowchart illustrating an ex-
ample of a failure determination routine executed by the
CPU 41 of the controller 40. These routines are repeat-
edly executed in parallel at predetermined time intervals
(for example, every several milliseconds) during which
the start or stop switch 31 is turned on and then the start
or stop switch 31 is turned off. First, the sewing control
routine will be described, and then the failure determina-
tion routine will be described.
[0022] When the sewing control routine is executed,
the CPU 41 of the controller 40, first, determines whether
or not the error of the first drive circuit 24 or the second
drive circuit 26 is determined in the failure determination
routine described below (whether or not the error is oc-
curring or not) (Step S100), and when determining that
the error is occurring, the sewing control is not executed,
and the sewing control routine is finished.
[0023] On the other hand, when it is determined that
the error is not occurring, it is determined whether or not
it is during the preparation period (Step S110), whether
or not it is during the low speed control period (Step
S120), and whether or not it is during the normal control
period (Step S130). Here, the preparation period is a
preparation period from the time when the start or stop
switch 31 is turned on to the time when the sewing is
started, and is predetermined, for example, as a period
of about 100 to 200 msec. The low speed control period
is a period for performing sewing start at a slow speed,
and is predetermined, for example, as a period of about
500 to 1000 msec. The normal control period is a period
during which the sewing motion is performed at the sew-
ing speed instructed by the user, and is started after the
low speed control period is finished. When determining
that it is during the preparation period, the sewing control
routine is finished. When determining that it is during the
low speed control period, the second drive circuit 26 is
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controlled so as to turn on the second transistor T2 (Step
S140), the first transistor T1 is switching controlled by
the duty ratio for rotating the DC motor 22 at a predeter-
mined low rotation speed Vlo (Step S150), and thereby
the sewing control routine is finished. In addition, when
determining that it is in the normal control period, the
second drive circuit 26 is controlled so as to turn on the
second transistor T2 (Step S160), the first transistor T1
is switching-controlled at the duty ratio for rotating the
DC motor 22 at the command rotation speed Vtg corre-
sponding to the command sewing speed commanded by
the setting selection switch 32 and the setting amount
change switch 33 (Step S170), and thereby the sewing
control routine is finished.
[0024] Next, the failure determination routine will be
described. When the failure determination routine is ex-
ecuted, the CPU 41 of the controller 40, first, determines
whether or not it is during a first determination period
(Step S200). Here, the first determination period is a fail-
ure determination period which is defined as the same
period as the above-described preparation period, and
determines the abnormal rotation of the DC motor 22 in
the preparation period, that is, a failure (short circuit) of
the first transistor T1 and a failure (short circuit) of the
second transistor T2. When determining that it is during
the first determination period, it is determined whether or
not it is during the failure determination period of the first
transistor T1 (Step S210), and whether or not it is during
the failure determination period of the second transistor
T2 (Step S220). Note that, the failure determination pe-
riod of the first transistor T1 and the failure determination
period of the second transistor T2 are provided within the
first determination period, and in the embodiment, it is
set such that the failure determination period of the first
transistor T1 is started when the first determination period
is started, and the failure determination period of the sec-
ond transistor T2 is started after the failure determination
period of the first transistor T1 is finished. When deter-
mining that it is during the failure determination period of
the first transistor T1, the first drive circuit 24 and the
second drive circuit 26 are controlled so as to turn off the
first transistor T1 and turn on the second transistor T2
(Step S230). On the other hand, when determining that
it is during the failure determination period of the second
transistor T2, the first drive circuit 24 and the second
drive circuit 26 are controlled so as to turn on the first
transistor T1 and turn off the second transistor T2 (Step
S240).
[0025] When one of the first transistor T1 and the sec-
ond transistor T2 is turned on and the other one is turned
off, it is determined whether or not the rotation speed V
of the DC motor 22 becomes greater than a first failure
determination threshold Vth1 (Step S250), and this situ-
ation is continuous during a first time t1 (for example, 10
to 20 msec) (Step S260). Here, the first failure determi-
nation threshold Vth1 is a threshold for determining
whether or not the DC motor 22 is rotated, and is defined
as a value slightly higher than a value of 0. As described

above, the first transistor T1 and the second transistor
T2 are connected to the power supply 1 and the DC motor
22 in series, and thus when one of the switching elements
is turned off, even when the other switching element is
turned on, the DC motor 22 is not supposed to be rotated.
However, in a case where one of the switching elements
is short-circuited, when the other switching element is
turned on, the DC motor 22 is rotated. Accordingly, it is
possible to determine whether or not one of the switching
elements is failed by determining whether or not the DC
motor 22 is rotated when one of the switching elements
is turned off and the other switching element is turned on
at the same time.
[0026] When determining that the rotation speed V of
the DC motor 22 becomes greater than a first failure de-
termination threshold Vht 1, and this situation is contin-
uous during the first time t1, it is determined that there is
a risk of failure (short circuit) in one of the switching ele-
ments, and in order to stop the abnormal rotation of the
DC motor 22, the first drive circuit 24 and the second
drive circuit 26 are controlled so as to turn off the first
transistor T1 and the second transistor T2 (Step S270).
Here, in the failure determination period of the first tran-
sistor T1, although the first drive circuit 24 is controlled
so as to turn off the first transistor T1, from the situation
where the DC motor 22 is rotated, it is determined that
there is a risk of the failure (short circuit) in the first tran-
sistor T1. Further, in the failure determination period of
the second transistor T2, although the second drive cir-
cuit 26 is controlled so as to turn off the second transistor
T2, from the situation where the DC motor 22 is rotated,
it is determined that there is a risk of the failure (short
circuit) in the second transistor T2. Subsequently, the
sewing speed abnormality and the warning display for
warning the user that the abnormal rotation (the sewing
speed) has occurred in the DC motor 22 are displayed
on the display device 34 (Step S280). In addition, a warn-
ing counter C indicating warning counts is incremented
by the value of 1 (Step S290) so as to determine whether
or not the value of the warning counter C is greater than
a threshold Cth (for example, 2, 3, or 4 times) (Step
S300). When the value of the warning counter C is de-
termined to be equal to or less than threshold Cth, the
failure determination routine is once finished, and when
the value of the warning counter C is determined to be
higher than the threshold Cth, the failure (the failure of
the first drive circuit 24 or the second drive circuit 26) of
the first transistor T1 or the second transistor T2 is se-
cured, the drive circuit abnormality and error display are
displayed on the display device 34 (Step S310), and
thereby the failure determination routine is finished. With
this, in Step S100 of the above-described sewing control
routine, it is determined that the error is occurring, and
thus any sewing motion will be prohibited regardless of
the operation of start or stop switch 31.
[0027] When determining that it is not during the first
determination period in Step S200, it is neither the failure
determination period of the first transistor T1 nor the fail-

7 8 



EP 3 336 232 A1

6

5

10

15

20

25

30

35

40

45

50

55

ure determination period of the second transistor T2 in
Steps S210 and S220, the rotation speed V of the DC
motor 22 is equal to or less than the first failure determi-
nation threshold Vth1 in Step S250, and the situation is
not continuous during the first time t1 in Step S260, it is
determined whether or not it is during a second determi-
nation period (Step S320), and it is during the third de-
termination period (Step S330). Here, the second deter-
mination period is a failure determination period for main-
ly determining the failure (short circuit) of the first tran-
sistor T1 in the low speed control period. In the embod-
iment, the second determination period is set to include
a period from the start of the preparation period to the
end of the low speed control period. In addition, the third
determination period is set to include a period from the
end of the second determination period until the end of
the sewing motion is commanded (until the next start or
stop switch 31 is turned off next).
[0028] When determining that it is during the second
determination period in Step S320, a second failure de-
termination threshold Vth2 is set (Step S340), and it is
determined whether the rotation speed V of the DC motor
22 is greater than the second failure determination
threshold Vth2 (Step S350), and this situation is contin-
uous during a second time t2 (for example, 50 to 100
msec) (Step S360). Here, the second failure determina-
tion threshold Vth2 during the second determination pe-
riod is defined as a higher speed than a low rotation speed
Vlo which is the target rotation speed of the DC motor 22
in the low speed control, and in the embodiment, is de-
fined as a half rotation speed of a rated maximum rotation
speed Vmax of the DC motor 22. Even when the rotation
speed V of the DC motor 22 is determined to be equal
to or less than the second failure determination threshold
Vth2, or the rotation speed V of the DC motor 22 is greater
than the second failure determination threshold Vth2, if
this situation is not continuous during the second time t2,
the failure determination routine is finished. On the other
hand, when the rotation speed V of the DC motor 22 is
greater than the second failure determination threshold
Vth2, and this situation is continuous during the second
time t2, it is determined that there is a risk of the failure
(short circuit) in the first transistor T1, and the process
proceeds to Step S270. Then, the first transistor T1 and
the second transistor T2 are turned off so as to stop the
abnormal rotation of the DC motor 22 and the sewing
speed abnormality and warning display are displayed on
the display device 34 (Steps S270 and S280). Subse-
quently, the warning counter C is incremented by the
value of 1 (Step S290) so as to determine whether or not
the value of the warning counter C is greater than the
threshold Cth (Step S300). When the value of the warning
counter C is determined to be equal to or less than thresh-
old Cth, the failure determination routine is once finished,
and when the value of the warning counter C is deter-
mined to be greater than the threshold Cth, the failure
(short circuit) of the first transistor T1 is secured, the drive
circuit abnormality and error display are displayed on the

display device 34 (Step S310), and thereby the failure
determination routine is finished.
[0029] When determining that it is during a third deter-
mination period in Step S330, the second failure deter-
mination threshold Vth2 is set (Step S370), and it is de-
termined whether the rotation speed V of the DC motor
22 is greater than the second failure determination
threshold Vth2 (Step S380), and this situation is contin-
uous during a third time t3 (for example, 50 to 100 msec)
(Step S390). Here, the second failure determination
threshold Vth2 during the third determination period is
defined as the higher speed than the command rotation
speed Vtg which is the target rotation speed of the DC
motor 22 in the normal control, and in the embodiment,
is defined as a rotation speed obtained by adding the
tolerance (maximum tolerance) α of the DC motor 22 to
the rated maximum rotation speed Vmax of the DC motor
22. Even when the rotation speed V of the DC motor 22
is determined to be equal to or less than the second failure
determination threshold Vth2, or the rotation speed V of
the DC motor 22 is greater than the second failure de-
termination threshold Vth2, if this situation is determined
not to be continuous during the third time t3, the failure
determination routine is finished. On the other hand,
when it is determined that the rotation speed V of the DC
motor 22 is greater than the second failure determination
threshold Vth2, and this situation is continuous during
the third time t3, it is determined that there is a risk of the
failure (short circuit) in the first transistor T1, and the proc-
ess proceeds to Step S270. Then, the first transistor T1
and the second transistor T2 are turned off so as to stop
the abnormal rotation of the DC motor 22 and the sewing
speed abnormality and warning display are displayed on
the display device 34 (Steps S270 and S280). Subse-
quently, the warning counter C is incremented by the
value of 1 (Step S290) so as to determine whether or not
the value of the warning counter C is greater than the
threshold Cth (Step S300). When the value of the warning
counter C is determined to be equal to or less than thresh-
old Cth, the failure determination routine is once finished,
and when the value of the warning counter C is deter-
mined to be greater than the threshold Cth, the failure
(short circuit) of the first transistor T1 is secured, the drive
circuit abnormality and error display are displayed on the
display device 34 (Step S310), and thereby the failure
determination routine is finished.
[0030] Fig. 5 is an explanatory diagram illustrating
changes of a rotation speed V and a switching state of
transistors T1 and T2 of a DC motor 22 with time. In the
sewing control, as illustrated in Fig. 5, when the start of
the sewing motion by turning on the start or stop switch
31 is commanded (time t1), after waiting for the prepa-
ration period to elapse (time t2), the low speed control in
which the first transistor T1 is switched at a relatively
small duty ratio is performed such that the second tran-
sistor T2 is turned on and the sewing is started at a low
rotation speed Vlo. When the low speed control period
has elapsed (time t4), the normal control in which the first
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transistor T1 is switching-controlled at a duty ratio is per-
formed such that the sewing speed becomes the com-
mand rotation speed Vtg commanded by the user in a
state where the second transistor T2 is subsequently
turned on. In addition, when the stop of the sewing motion
is commanded by turning off the start or stop switch 31
during the sewing motion (time t5), the first transistor T1
is switching-controlled at a small duty ratio, and the first
transistor T1 at a predetermined timing (time t6) is turned
off such that the sewing needle 14 is stopped at a position
on the upper side, and then the second transistor T2 is
turned off. The determination of each of the failures of
the first transistor T1 and the second transistor T2 is ex-
ecuted during different aspects of periods such as the
first determination period including the preparation peri-
od, the second determination period including the low
speed control period, and the third determination period
including the normal control period. That is, in the first
determination period, when one of the first transistor T1
and the second transistor T2 is turned on and the other
one is turned off, the determination of the failure is per-
formed by determining whether or not the rotation speed
V of the DC motor 22 is greater than the first failure de-
termination threshold Vth1 which is slightly higher than
the value of 0 (whether or not the DC motor 22 is rotated).
In addition, in the second determination period, the de-
termination of the failure is performed by determining
whether or not the rotation speed V of the DC motor 22
is greater than the second failure determination threshold
Vth2 which is a half value of the rated maximum rotation
speed Vmax. Further, in the third determination period,
the determination of the failure is performed by determin-
ing whether or not the rotation speed V of the DC motor
22 is greater than the second failure determination
threshold Vth2 obtained by adding the tolerance α of the
DC motor 22 to the rated maximum rotation speed Vmax.
As such, it is determined whether or not the abnormal
rotation is occurring in the DC motor 22 by using different
thresholds for each period, and thereby it is possible to
appropriately determine the failure of the first drive circuit
24 or the second drive circuit 26 in the whole period.
Particularly, the failure can be detected in the first deter-
mination period and the second determination period at
the start, and thus the failure can be detected while the
rotation of the upper shaft 50 and the DC motor 22 does
not become excessively fast.
[0031] When the sewing motion is commanded, the
drive apparatus 20 for a sewing machine of the above-
described example performs the sewing control in which
the second drive circuit 26 is controlled so as to turn on
the second transistor T2 and the first transistor T1 of the
first drive circuit 24 is switching-controlled so as to drive
the DC motor 22 at a target rotation speed. From the fact
that the first transistor T1 and the second transistor T2
are connected to the power supply 1 and the DC motor
22 in series, even when one of the switching elements
is short circuited, if the other switching element is turned
off, it is possible to prevent the DC motor 22 from being

driven with the abnormal rotation. In addition, in the prep-
aration period (the first determination period) during
which the sewing control is started after the sewing mo-
tion is commanded, it is determined whether or not the
DC motor 22 is rotated in a state where one of the switch-
ing element is turned on and the other switching element
is turned off, and thus it is possible to preliminarily deter-
mine the risk of failure (short circuit) of the first transistor
T1 and the second transistor T2 immediately before start-
ing the sewing control. In other words, it is possible to
determine the risk of failure earlier than the low speed
control period (the second determination period), the nor-
mal control period (the third determination period) (before
the rotation of the upper shaft 50 and the DC motor 22
becomes faster). In addition, in the preparation period
(the first determination period), when it is determined that
the DC motor 22 is rotated, the first transistor T1 and the
second transistor T2 are turned off, and thus it is possible
to prevent the sewing needle 14 from the being driven.
[0032] Further, the drive apparatus 20 for a sewing ma-
chine in the embodiment performs the low speed control
for switching-controlling of the first transistor T1 such that
the speed of sewing start becomes the low rotation speed
Vlo in a state where the second transistor T2 is turned
on, and at this time, when the rotation speed V of the DC
motor 22 is higher than the half speed of the rated max-
imum rotation speed Vmax, the first transistor T1 and the
second transistor T2 are turned off. With this, even during
the execution of the low speed control, it is possible to
determine the risk of the failure (short circuit) of the first
transistor T1. That is, it is possible to determine the risk
of the failure earlier than the normal control period (the
third determination period) (before the rotation of the up-
per shaft 50 and the DC motor 22 becomes faster), there-
by preventing the abnormal high speed rotation of the
DC motor 22.
[0033] Further, according to the drive apparatus 20 for
a sewing machine in the embodiment, the normal control
in which the first transistor T1 is switching-controlling
such that the sewing speed becomes the speed com-
manded by the user in the state where the second tran-
sistor T2 is turned on is executed, at this time, when the
rotation speed V of the DC motor 22 is higher than the
speed obtained by adding the tolerance α to the rated
maximum rotation speed Vmax, the first transistor T1 and
the second transistor T2 are turned off. With this, even
during the execution of the normal control, it is possible
to determine the risk of the failure (short circuit) of the
first transistor T1, thereby preventing the abnormal high
speed rotation of the DC motor 22.
[0034] In addition, when the abnormal rotation (abnor-
mality of the sewing speed) of the DC motor 22 is deter-
mined, the drive apparatus 20 for a sewing machine in
the embodiment can appropriately warn the user against
the risk of the failure of the first drive circuit 24 or the
second drive circuit 26 by displaying the warning display
on the display device 34. In addition, when the warning
count (warning counter C) reaches the threshold Cth, the

11 12 



EP 3 336 232 A1

8

5

10

15

20

25

30

35

40

45

50

55

error display is performed so as to prohibit the subse-
quent sewing control, and thereby it is possible to secure
high safety.
[0035] In the drive apparatus 20 for a sewing machine
in the embodiment, the sewing control is prohibited while
the error is occurring; however, the sewing control may
be allowed to be executed even while the error is occur-
ring. Fig. 6 is a flowchart illustrating a sewing control rou-
tine of a Modified example. The processes of the sewing
control routine in the Modified example which are the
same as those of the sewing control routine in the em-
bodiment are denoted by the same step numbers, and
description thereof will not be repeated.
[0036] In the sewing control routine of the Modified ex-
ample, when determining that the error is occurring in
step S100, it is determined whether or not the switching
element which is determined to be short-circuited is the
first transistor T1 (Step S100B). When determining that
the switching element which is determined to be short-
circuited is the first transistor T1, the process proceeds
to Step S110B, and it is determined if it is during the
preparation period, the low speed control period, or the
normal control period (Steps S110B to S130B). When
determining that it is during the preparation period, the
sewing control routine is finished. When determining that
it is during the low speed control period, the first drive
circuit 24 is controlled so as to turn on the first transistor
T1 and the second transistor T2 is switching-controlled
so as to rotate the DC motor 22 at the low rotation speed
Vlo (Steps S140B and S150B), the sewing control routine
is finished. When determining that it is during the normal
control period, the first drive circuit 24 is controlled so as
to turn on the first transistor T1 and the second transistor
T2 is switching-controlled so as to rotate the DC motor
22 at the command rotation speed Vtg (Steps S160B and
S170B), the sewing control routine is finished.
[0037] In Step S100B, when determining that the
switching element which is determined to be short-
circuited is not the first transistor T1, that is, the switching
element is the second transistor T2, similar to Steps S110
to S170 of the sewing control routine in the embodiment,
during the preparation period, the sewing control routine
is finished, and during the low speed control period or
the normal control period, the first transistor T1 is switch-
ing-controlled such that the DC motor 22 is rotated at the
rotation speed in response to each period in a state where
the second transistor T2 is short-circuited (turned on),
and thereby the sewing control routine is finished.
[0038] As such, in the sewing control routine of the
Modified example, when the short circuit occurred any
one of switching elements of the first transistor T1 and
the second transistor T2, the sewing control is supposed
to be performed by switching the other one of the switch-
ing elements, which is not short-circuited, in a state where
the aforementioned one of the switching elements is
short-circuited. With this, it is possible to appropriately
perform the sewing control on the short circuit of one of
the switching elements as well.

[0039] In the drive apparatus 20 for a sewing machine
in the embodiment, during the execution of the low speed
control, the second failure determination threshold Vth
is set to be the rotation speed which is the half of the
rated maximum rotation speed Vmax of the DC motor
22; however, the second failure determination threshold
is not limited to the aforementioned rotation speed. It may
be set to be any the rotation speed as long as it is the
rotation speed which is higher than the low rotation speed
Vlo and is lower than the rated maximum rotation speed
of the DC motor 22, for example, it may be set to be the
value slightly higher than the low rotation speed Vlo which
is the target rotation speed of the DC motor 22 in the low
speed control.
[0040] In the drive apparatus 20 for a sewing machine
in the embodiment, during the execution of the normal
control, the second failure determination threshold Vth
is set to be the speed obtained by adding the tolerance
α of the DC motor 22 to the rated maximum rotation speed
Vmax of the DC motor 22; however, the second failure
determination threshold is not limited to the aforemen-
tioned rotation speed. For example, it may be set as the
value slightly higher than the command rotation speed
Vtg which is the target rotation speed of the DC motor
22 in the normal control.
[0041] In the drive apparatus 20 for a sewing machine
in the embodiment, the second determination period for
determining the failure of the first transistor T1 during the
execution of the low speed control is set to be partially
the same as the first determination period; however, the
second determination period may be set not to be partially
the same as the first determination period.
[0042] In the drive apparatus 20 for a sewing machine
in the embodiment, in the sewing control, the low speed
control that controls the speed of the sewing start to be
low is executed; however, the low speed control is not
necessarily provided. In this case, there is no need to
provide the processes in Steps S120, S140, and S150
of the sewing control routine in Fig. 3 and the processes
in Steps S320 and S340 to S360 of the failure determi-
nation routine in Fig. 4.
[0043] In the drive apparatus 20 for a sewing machine
in the embodiment, in the preparation period during which
the sewing control is started after the sewing motion is
commanded, the first drive circuit 24 and the second drive
circuit 26 are controlled so as to turn on one of the switch-
ing elements and turn off the other switching element,
and the first failure determination for determining whether
or not the DC motor 22 is rotated is performed. However,
the first failure determination may be performed in any
type of period during which the sewing control is not ex-
ecuted.
[0044] In the drive apparatus 20 for a sewing machine
in the embodiment, during the execution of the low speed
control or the normal control, the short circuit failure of
the first transistor T1 is determined by determining wheth-
er or not the rotation speed V of the DC motor 22 is greater
than the second failure determination threshold Vth.
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However, an open failure of the first transistor T1 or the
second transistor T2 may be determined by determining
whether or not the rotation speed V of the DC motor 22
is lower than the target rotation speed (the low rotation
speed Vlo, and the command rotation speed Vtg).
[0045] In the drive apparatus 20 for a sewing machine
in the embodiment, the rotary encoder 52 (the rotation
speed measuring unit) is attached to the upper shaft 50
connected to the DC motor 22 via the transmission mech-
anism; however, the member to which the rotary encoder
52 is attached is not limited. For example, the rotary en-
coder 52 may be attached to the rotary shaft of the DC
motor 22, or may be attached to any rotation member
connected to the DC motor 22.
[0046] In the drive apparatus 20 for a sewing machine
in the embodiment, the rotary encoder 52 is used as the
rotation speed measuring unit for detecting the rotation
speed of the DC motor 22; however, the rotation speed
measuring unit is not limited thereto. For example, as
long as it is possible to detect the rotation speed of the
DC motor 22, any rotation speed measuring unit such as
an electromagnetic pickup may be used.
[0047] In the drive apparatus 20 for a sewing machine
in the embodiment, the first drive circuit 24 is provided
with the first transistor T1 as the first semiconductor
switching element which is connected to the DC motor
22 in series when viewed from the power supply 1, and
the second drive circuit 26 is provided with the second
transistor T2 as the second semiconductor switching el-
ement which is connected to the DC motor 22 and the
first transistor T1 in series when viewed from the power
supply 1, and as illustrated in Fig. 2, the power supply 1,
the DC motor 22, the first drive circuit 24, and the second
drive circuit 26 are connected in series in this order from
the top of Fig. 2. However, the connection is not limited
thereto. For example, the power supply 1, the first drive
circuit 24, the DC motor 22, and the second drive circuit
26 may be connected in series in this order from the top
of Fig. 2, or the power supply 1, the first drive circuit 24,
the second drive circuit 26, and the DC motor 22 may be
connected in series in this order.
[0048] In the drive apparatus 20 for a sewing machine
in the embodiment, the sewing needle 14 is driven by the
DC motor 22, and the DC motor 22 is driven by the first
drive circuit 24 and the second drive circuit 26; however,
a configuration in which the sewing needle 14 is driven
by an AC motor and the AC motor is driven by the first
drive circuit and the second drive circuit may be applied.
[0049] The correspondence between the main ele-
ments of the embodiment and the main elements of this
disclosure described in the section of means for solving
the problem will be described. In the embodiment, the
DC motor 22 corresponds to the "motor", the first drive
circuit 24 corresponds to the "first drive circuit", the sec-
ond drive circuit 26 corresponds to the "second drive cir-
cuit", the controller 40 which calculates the rotation speed
V of the DC motor 22 based on the signals from the rotary
encoder 52 and the rotary encoder 52 corresponds to

the "rotation speed measuring unit", and the controller
40 which executes the sewing control routine and the
failure determination routine corresponds to the "control-
ler".
[0050] Note that, the correspondence between the
main elements of the embodiment and the main elements
of this disclosure described in the section of means for
solving the problem is one example for specifically illus-
trating embodiment for carrying out this disclosure de-
scribed in the section of means for solving the problem
by example, and thus is not limited to the elements of
this disclosure described in the section of the means for
solving the problem. That is, the interpretation of this dis-
closure described in the section of the means for solving
the problem is to be made based on the description in
the aforementioned section, and the example is merely
one specific example of this disclosure described in the
section of the means for solving the problem.
[0051] Although the embodiments for carrying out this
disclosure have been described above, this disclosure
is not limited to these examples at all, and various mod-
ifications may be made without departing from the scope
of this disclosure.
[0052] This disclosure can be used in the manufactur-
ing industry of the drive apparatus for a sewing machine
and the like.
[0053] The principles, preferred embodiment and
mode of operation of the present invention have been
described in the foregoing specification. However, the
invention which is intended to be protected is not to be
construed as limited to the particular embodiments dis-
closed. Further, the embodiments described herein are
to be regarded as illustrative rather than restrictive. Var-
iations and changes may be made by others, and equiv-
alents employed, without departing from the spirit of the
present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which
fall within the spirit and scope of the present invention as
defined in the claims, be embraced thereby.

Claims

1. A drive apparatus (20) for a sewing machine (10)
comprising:

a motor (22) that drives a sewing needle (14);
a first drive circuit (24) that includes a first switch-
ing element (T1) which is connected to the motor
in series when viewed from a power supply (1);
a second drive circuit (26) that includes a second
switching element (T2) which is connected to
the motor and the first switching element in se-
ries when viewed from the power supply;
a rotation speed measuring unit (52) that meas-
ures a rotation speed of the motor; and
a controller (40) that performs a sewing control
when a sewing motion is commanded, in which
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the second drive circuit is controlled so as to turn
on the second switching element, and the first
drive circuit is controlled so as to drive the motor
at a target rotation speed by switching the first
switching element, in a predetermined period
during which the sewing control is not executed,
controls the first drive circuit and the second
drive circuit such that one of the switching ele-
ments of the first switching element and the sec-
ond switching element is turned on and the other
switching element is turned off, and determines
a first failure determination in which a short cir-
cuit failure of the first drive circuit or the second
drive circuit is determined based on whether or
not the rotation of the motor is detected by the
rotation speed measuring unit.

2. The drive apparatus for a sewing machine according
to Claim 1,
wherein the first failure determination is performed
in the predetermined period during which the sewing
control is started after the sewing motion is com-
manded.

3. The drive apparatus for a sewing machine according
to Claim 1 or 2,
wherein as the sewing control, the controller per-
forms
a low speed control in which the first drive circuit and
the second drive circuit are controlled so as to drive
the motor at a predetermined rotation speed lower
than the target rotation speed for a predetermined
time, and then performs a normal control in which
the first drive circuit and the second drive circuit are
controlled so as to drive the motor at the target ro-
tation speed,
at least during execution of the low speed control,
performs a second failure determination in which a
short circuit failure of the first drive circuit is deter-
mined based on whether or not a rotation speed
measured by the rotation speed measuring unit is
higher than a first rotation speed which is higher than
the predetermined rotation speed and is lower than
a rated maximum rotation speed of the motor, and
at least during execution of the low speed control,
controls the second drive circuit so as to turn off the
second switching element when the rotation speed
is higher than the first rotation speed.

4. The drive apparatus for a sewing machine according
to any one of Claims 1 to 3,
wherein the controller performs a third failure deter-
mination in which a short circuit failure of the first
drive circuit is determined based on whether or not
the rotation speed measured by the rotation speed
measuring unit is higher than a second rotation
speed which is higher than the target rotation speed
during the execution of the sewing control, and con-

trols the second drive circuit so as to turn off the
second switching element when the rotation speed
is higher than the second rotation speed during the
execution of the sewing control.

5. The drive apparatus for a sewing machine according
to any one of Claims 1 to 4,
wherein in a case where it is determined that the first
switching element is short-circuited, as the sewing
control, the controller controls the second drive cir-
cuit so as to drive the motor at the target rotation
speed by switching the second switching element.

6. The drive apparatus for a sewing machine according
to any one of Claims 1 to 5, further comprising:

a display device (34) which is capable of dis-
playing predetermined information,
wherein the controller performs a predetermined
warning display on the display device when an
abnormal rotation of the motor is detected by
the rotation speed measuring unit.
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