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(54) Sewing machine

(57)  Asewing machine (10) comprises a throat plate
(40, 40A) formed with a needle hole (411, 421, 431A)
through which a sewing needle (11) passes, a moving
mechanism (60) configured to move a workpiece along
an upper surface of the throat plate (40, 40A), a needle
up-down moving mechanism (30) configured to move the
sewing needle (11), a shuttle mechanism (50) configured
to capture an upper thread (U) from the sewing needle
(11) below the throat plate (40, 40A) and to interlace the
upper thread (U) with a lower thread (D); a thread cutting
device (80, 80A) provided between the throat plate (40,
40A) and the shuttle mechanism (50) to cut the upper

and lower threads (U, D), a wiper mechanism (90) con-
figured to pull out, upwardly from the workpiece, a sewing
needle side portion of the upper thread (U) that has been
cut by the thread cutting device (80, 80A), a control device
(120), a remaining end cutoff mechanism (100, 100A)
disposed below the upper surface of the throat plate (40,
40A) and above the thread cutting device (80, 80A). The
remaining end cutoff mechanism (100, 100A) is config-
ured to cut off, after the lower thread (D) and the upper
thread (U) are cut by the thread cutting device (80, 80A),
remaining end portions of the lower thread (D) and the
upper thread (U) connected to the workpiece.

FIG. 10
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Description

[0001] The present invention relates to a sewing ma-
chine having a thread cutting device for cutting an upper
thread and a lower thread.

[0002] A sewing machine that forms stitches by knot-
ting an upper thread and a lower thread by cooperative
operation of a needle up-down moving mechanism and
a shuttle mechanism includes a thread cutting device to
cut the threads after performing thread sorting for sorting
the lower thread and the upper thread into a cloth-side
portion and a sewing needle side portion below a throat
plate. Most of such thread cutting devices are a turning
type in which a knife turns around the shuttle and a hor-
izontal type in which a knife moves along a horizontal
plane.

[0003] The turning type thread cutting device includes
a stationary thread cutting knife and a movable thread
cutting knife that are supported turnably around a hori-
zontal shuttle. When performing the cutting, the station-
ary thread cutting knife that is retreated from a stitch point
during the sewing advances to a position just before the
stitch point, and the movable thread cutting knife moves
in a direction opposite to the advancing direction of the
stationary thread cutting knife and reaches the advanced
position of the movable thread cutting knife while per-
forming the thread sorting at the stitch point and cuts the
lower thread and the cloth-side portion of the upper
thread (see, e.g., JPH07-155489A).

[0004] The horizontal type thread cutting device in-
cludes a movable thread cutting knife that turns back and
forth in a reciprocating manner along a horizontal plane
so as to pass through the stitch point, and a stationary
thread cutting knife provided near the stitch point. The
movable thread cutting knife performs the thread sorting
when turning forward, and when turning backward, cuts
the lower thread and the cloth-side portion of the upper
thread in cooperation with the stationary thread cutting
knife (see, e.g., JP2007-029437A).

[0005] However, each of the thread cutting devices de-
scribed above performs the thread cutting below the
throat plate. As a result, even if the thread cutting knife
is disposed close to the throat plate to set the cutting
position close to the stitch point, remaining end portions
(remaining threads) of sewing threads longer than the
thickness of the throat plate remain on the cloth after the
thread cutting. Therefore, when it is desired to minimize
the remaining end portions of the sewing threads, manual
cutting is necessary.

[0006] Cloth feeding by using a feed dog that projects
from and sinks below the throat plate has the following
problem. That is, in the thread cutting device, cutting is
performed when the sewing needle is positioned near
the top dead point so as to preventinterference between
the sewing needle and the thread cutting knife. On the
other hand, the feed dog performs feeding when the sew-
ing needle is higher than the throat plate, so that at the
cutting timing described above, as shown in Fig. 14A,
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the feed dog maximally projects from the throat plate and
pushes the cloth up from the throat plate. As a result, the
distance from the cloth to the thread cutting knife is in-
creased by the amount of pressing up by the feed dog
from the throat plate, so that remaining end portions of
the sewing threads become longer.

[0007] Further, when performing cloth feeding by using
a feed dog, if thread cutting is performed near the top
dead point of the sewing needle after the downward
movement of the needle in the final stitch, the feed dog
has already started cloth feeding, so that by the amount
offeeding, the distance from the cloth to the thread cutting
knife is increased, so that remaining end portions of the
sewing threads become longer. Further, the upper thread
that has been pulled down below the cloth at the time of
the final stitch is cut, so that at the stitch point of the final
stitch, no knot of the upper thread and the lower thread
is formed, and a remaining end portion of the upper
thread extends from the stitch point of the final stitch, and
aremaining end portion of the lower thread extends from
the stitch point of the stitch immediately before the final
stitch. Therefore, as shown in Fig. 13B, remaining end
portions extend from the two separate locations, which
deteriorates the sewing quality.

[0008] It is an object of the present invention to make
remaining end portions of upper and lower threads short-
er.

[0009] According to an aspect of the presentinvention,
asewing machine comprises a throat plate through which
a needle hole is formed to allow a sewing needle to pass
through the needle hole, a moving mechanism config-
ured to move a workpiece along an upper surface of the
throat plate, a needle up-down moving mechanism con-
figured to move the sewing needle up and down, a shuttle
mechanism configured to capture an upper thread from
the sewing needle below the throat plate and to interlace
the upper thread with a lower thread, a thread cutting
device provided between the throat plate and the shuttle
mechanism and configured to cut the lower thread and
the upper thread, a wiper mechanism configured to pull
out, upwardly from the workpiece, a sewing needle side
portion of the upper thread that has been cut by the thread
cutting device, and a control device configured to control
operations of the moving mechanism, the thread cutting
device and the wiper mechanism. The sewing machine
is characterized in that it further comprises a remaining
end cutoff mechanism disposed below the upper surface
of the throat plate and above the thread cutting device.
The remaining end cutoff mechanism is configured to cut
off, after the lower thread and the upper thread are cut
by the thread cutting device, remaining end portions of
the lower thread and the upper thread connected to the
workpiece.

[0010] With this configuration, the remaining end cutoff
mechanism is disposed below the upper surface of the
throat plate and above the thread cutting device, and this
remaining end cutoff mechanism cuts off the remaining
end portions of the lower thread and the upper thread on
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the workpiece side that has been cut by the thread cutting
device. Therefore, the finally remaining end portions of
the lower thread and the upper thread can be shortened.
[0011] The throat plate may have a double layer struc-
ture comprising an upper layer and a lower layer, and
the remaining end cutoff mechanism may comprise a cut-
off knife incorporated between the upper layer and the
lower layer to cut off, after the lower thread and the upper
thread are cut by the thread cutting device, the remaining
end portions of the lower thread and the upper thread
connected to the workpiece.

[0012] With this configuration, the cutoff knife of the
remaining end cutoff mechanism is incorporated be-
tween the upper and lower layers of the throat plate to
cut off the remaining end portions of the lower thread and
the upper thread on the workpiece side that has been cut
by the thread cutting device. Therefore, the length of the
finally remaining end portions of the lower thread and the
upper thread added due to the thickness of the throat
plate can be reduced.

[0013] The control device may be configured to control
a feeding amount of the moving mechanism such that
the feeding amount from a stitch point of a stitch imme-
diately before a final stitch, at which the threads are cut
by the thread cutting device, to a stitch point of the final
stitch is zero or smaller than an immediately previous
feeding amount.

[0014] With this configuration, the stitch point of the
final stitch becomes the same as or close to the stitch
point of the stitch immediately before the final stitch. This
prevents an increase in length of the remaining end por-
tions of sewing threads due to the movement of the work-
piece after the downward movement of the needle in the
final stitch. In addition, it is possible to avoid a situation
where the remaining end portion of the upper thread and
the remaining end portion of the lower thread extend from
separate locations. As a result, sewing quality can be
improved.

[0015] The moving mechanism may comprise a feed
dog configured to project from and to sink into an in-out
hole of the throat plate to feed the workpiece, and after
the lower thread and the upper thread are cut by the
thread cutting device, the control device may rotate a
sewing machine motor to reduce a projecting amount of
the feed dog from the throat plate and then control the
remaining end cutoff mechanism to cut off the remaining
end portions of the lower thread and the upper thread.
[0016] With this configuration, the remaining end por-
tions of the lower thread and the upper thread are cut off
after the projecting amount of the feed dog is reduced.
Therefore, the finally remaining end portions can be
made even shorter.

[0017] The control device may control the feeding
amount of the moving mechanism to form a given number
of stitches at a preset condensed stitching pitch when an
input of a thread cutting signal by a signal input means
is detected. With this configuration, a condensed stitch-
ing can be performed.
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[0018] The sewing machine may further comprise a
suctioning mechanism configured to perform suctioning
from below the needle hole of the throat plate. With this
configuration, dust below the throat plate can be collected
by the suctioning mechanism, so that operation failures
caused by adhesion of the dust to the peripheral mech-
anisms, etc., can be reduced. In addition, the remaining
end portions of the upper thread and the lower thread to
be cut off by the remaining end cutoff mechanism can be
stretched downward, so that the remaining end portions
can be cut off more reliably.

[0019] The suctioning mechanism may comprise a
suction nozzle configured to move toward and away from
the needle hole of the throat plate, and a nozzle driving
means for moving the suction nozzle toward and away
from the needle hole. With this configuration, the suction
nozzle can be moved toward and away from a position
below the throat plate at which various components are
disposed, so that interference between other compo-
nents and the suction nozzle can be suppressed, and
the respective operations can be stabilized.

[0020] The sewing machine may comprise a suction
control device configured to control the suctioning mech-
anism to start the suctioning at the time when or before
the suction nozzle reaches the needle hole of the throat
plate. With this configuration, dustaround the needle hole
can also be collected by the suction nozzle, so that the
region below the throat plate can be kept cleaner.
[0021] As described above, according to the present
invention, the remaining end portions of the upper thread
and the lower thread can be made shorter.

[0022] The following description of embodiments ofthe
present invention describes the present invention in
greater detail along with the drawings. The drawings in-
clude:
Fig. 1: a schematic configuration diagram of a sew-
ingmachine according to a firstembodiment
of the present invention;

a block diagram of a control system of the
sewing machine;

afrontview showing a configuration of a part
of a feed adjusting mechanism;

a perspective view showing a schematic
configuration of a thread cutting device;

a plan view showing a thread cutting state
made by a movable thread cutting knife and
a stationary thread cutting knife of the thread
cutting device;

a perspective view of a throat plate;

a plan view of a lower plate of the throat
plate and a remaining end cutoff mecha-
nism;

a bottom view (standby position state) of an
upper plate of the throat plate and a remain-
ing end cutoff mechanism;

a bottom view (cutting-off position state) of
the upper plate of the throat plate and a re-

Fig. 2:
Fig. 3:
Fig. 4:

Fig. 5:

Fig. 6:

Fig. 8:

Fig. 9:
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maining end cutoff mechanism;
aperspective view of the remaining end cut-
off mechanism;

aperspective view of the remaining end cut-
off mechanism viewed from a direction dif-
ferent from in Fig. 10;

a back view of a suctioning mechanism;
an explanatory view showing a state after
sewing thread cutting where zero-pitch con-
trol is performed;

an explanatory view showing a state after
sewing thread cutting where zero-pitch con-
trol is not performed;

an explanatory view showing lengths after
cutting-off sewing thread remaining end
portions when feed dog lowering control is
not performed;

an explanatory view showing lengths after
cutting-off sewing thread remaining end
portions when feed dog lowering control is
performed;

atiming chart showing a flow of sewing con-
trol of the sewing machine;

a bottom view showing another example of
the thread cutting device;

a perspective view showing another exam-
ple of the remaining end cutoff mechanism;
an explanatory view showing a state of sew-
ing threads before remaining end portions
thereof are cut off by another remaining end
cutoff mechanism;

an explanatory view showing a state of sew-
ing threads after remaining end portions
thereof are cut off by another remaining end
cutoff mechanism;

a plan view showing another example of the
remaining end cutoff mechanism and the
suctioning mechanism in which the throat
plate is not shown in a state before cutting
off the remaining end portions before start-
ing suctioning;

a plan view showing another example of the
remaining end cutoff mechanism and the
suctioning mechanism in which the throat
plate is not shown in a state before cutting
off the remaining end portions after starting
suctioning;

a plan view showing another example of the
remaining end cutoff mechanism and the
suctioning mechanism in which the throat
plate is not shown in a state after cutting off
the remaining end portions and after starting
suctioning; and

a flowchart showing operation control from
sewing to thread cutting and remaining end
cutting-off.
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Overall Configuration of Sewing Machine

[0023] Hereinafter, an embodiment of the present in-
vention is described in detail with reference to Fig. 1 to
Fig. 15. Fig 1 is a schematic configuration diagram of a
sewing machine 10 according to an embodiment of the
present invention, and Fig. 2 is a block diagram of a con-
trol system.

[0024] The sewing machine 10 is a so-called lockstitch
sewing machine, and includes a sewing machine frame
20, a needle up-down moving mechanism 30 configured
to move a needle bar 12 holding a sewing needle 11 up
and down, a throat plate 40 provided at a stitch point of
a bed portion 21 of the sewing machine frame 20, a shut-
tle mechanism 50 configured to interlace an upper thread
U of the sewing needle 11 with a lower thread D below
the throat plate 40, a feeding mechanism 60 as an ex-
ample of a moving mechanism configured to feed a work-
piece on the upper surface of the throat plate 40 at a
given feeding pitch, a feed adjusting mechanism 70 con-
figured to change the feeding pitch, a thread cutting de-
vice 80 configured to cut the upper thread U and the lower
thread D after the downward movement of the needle in
the final stitch, a wiper mechanism 90 configured to pull
out a sewing needle side portion U1 of the cut upper
thread U upwardly from the workpiece, a remaining end
cutoff mechanism 100 configured to cut off remaining
end portions of the upper thread U and the lower thread
D remaining on the workpiece after they are cut by the
thread cutting device 80, a suctioning mechanism 110
configured to perform suctioning from below the needle
holes 411, 421 of the throat plate 40, and a control device
120 configured to control operations of the structures de-
scribed above.

[0025] As for a thread tensioner and a thread take-up
lever, well known structures that are installed generally
in sewing machines can be employed, so that they are
omitted from the drawings and from the detailed descrip-
tion.

[0026] Hereinafter, configurations of the respective
structures described above will be described.

Sewing Machine Frame

[0027] The sewing machine frame 20 includes a bed
portion 21 positioned on the lower portion, a sewing ma-
chine vertical drum portion 22 erected upward from one
end portion of the bed portion 21, and an arm portion 23
extended along the bed portion 21 from the upper portion
of the sewing machine vertical drum portion 22.

[0028] Here, in description of the configuration of the
sewing machine 10, the up-down moving direction of the
needle bar 12 described later is defined as a Z-axis di-
rection, a direction orthogonal to the Z-axis direction and
parallel to the longitudinal direction of the bed portion 21
and the arm portion 23 is defined as a Y-axis direction,
and a direction orthogonal to both of the Z-axis direction
and the Y-axis direction is defined as an X-axis direction.
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When the sewing machine 10 is set on a horizontal plane,
the Z-axis direction is the vertical up-down direction, and
the X-axis direction and the Y-axis direction are horizon-
tal directions.

[0029] Inside the arm portion 23, a main shaft 32 di-
rected to be parallel to the longitudinal direction (Y-axis
direction) of the arm portion 23 is supported rotatably.
[0030] Insidethe bed portion 21, an up-down feed shaft
61 directed to be parallel to the longitudinal direction (Y-
axis direction) of the bed portion 21 is supported rotata-
bly.

[0031] Tothe mainshaft 32 and the up-down feed shaft
61, sprockets 33, 62 are fixedly provided, respectively,
and a torque is transmitted from the main shaft 32 to the
up-down feed shaft 61 via a toothed belt 63.

Needle Up-Down Moving Mechanism

[0032] The needle up-down moving mechanism 30 in-
cludes, as shown in Fig. 1, a sewing machine motor 31
consisting of a servo motor provided on the upper portion
of the sewing machine vertical drum portion 22, a main
shaft 32 that is connected to an output shaft of the sewing
machine motor 31 and rotates, a needle bar crank 34
fixedly provided to the end portion onthe sewing machine
face side of the main shaft 32, a crank rod 35 one end
portion of which is joined to a position eccentric from the
center of rotation according to the main shaft 32 of the
needle bar crank 34, and a needle bar 12 joined to the
other end portion of the crank rod 35 via a needle bar
connecting stud 36.

[0033] The needle bar 12 holds a sewing needle 11 on
the lower end portion, and is supported by the arm portion
23 in a manner enabling the needle bar 11 to move up
and down in a reciprocating manner along the Z-axis di-
rection.

[0034] The sewing machine motor 31 is a servo motor,
and includes an encoder 37 (see Fig. 2). The control de-
vice 120 detects a rotation speed of the sewing machine
motor 31 and a main shaft angle, etc., from the encoder
37, and controls the operation of the sewing machine
motor 31.

[0035] The basicconfigurations of the needle bar crank
34, the crank rod 35, and the needle bar connecting stud
36, etc., are basically the same as those widely known,
so that detailed description thereof is omitted.

Feeding Mechanism

[0036] The feeding mechanism 60 has basically the
same configuration as the one widely known, so that de-
tailed description thereof is omitted. That is, the feeding
mechanism 60 includes a feed dog 64 that projects and
sinks the tooth tips from and into in-out holes 412, 422
formed in the throat plate 40 to feed a workpiece along
the X-axis direction at a fixed feeding pitch (see Fig. 10),
a feed base that supports the feed dog 64, an up-down
feed shaft 61 that provides up-down reciprocating move-
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ment to the feed base, a horizontal feed shaft that pro-
vides horizontal reciprocating movement along the X-ax-
is direction to the feed base, a cam crank mechanism
that converts full rotation of the up-down feed shaft 61
into up-down reciprocating movement and transmits the
movement to the feed base, another cam crank mecha-
nism that converts full rotation of the up-down feed shaft
61 into reciprocating turning movement and transmits the
movement to the horizontal feed shaft, and a horizontal
feed arm that is fixedly provided to the horizontal feed
shaft and provides horizontal reciprocating movement to
the feed base.

[0037] To the feed base, up-down reciprocating move-
ment is provided from one end portion thereof, and hor-
izontal reciprocating movement is provided from the oth-
er end portion. Both of the up-down reciprocating move-
ment and the horizontal reciprocating movement are pro-
vided in the same cycle as that of the rotation of the sew-
ing machine motor 31, and accordingly, these are syn-
thesized and the feed dog 64 positioned in the middle of
the feed base orbits in a substantially oval orbit. When
moving in the upper portion of this oval movement, the
tooth tips of the feed dog 64 project from the in-out holes
of the throat plate 40 to perform the movement of feeding
the workpiece along the longitudinal direction of the oval.

Feed Adjusting Mechanism

[0038] The feed adjusting mechanism 70 includes, be-
tween the cam crank mechanism that transmits recipro-
cating turning movement to the horizontal feed shaft from
the up-down feed shaft 61 and the horizontal feed shaft
in the feeding mechanism 60, a feed adjuster not shown
which switches an amplitude of the reciprocating turning
angle and the phase between positive and negative
which are transmitted to the horizontal feed shaft accord-
ing to an inclination angle.

[0039] The inclination angle of the feed adjuster of the
feed adjusting mechanism 70 at which the feeding pitch
becomes zero is determined, and from this angle, as the
inclination angle increases in a fixed direction, the feed-
ing pitch in the forward feeding direction can be adjusted
to be longer, and as the inclination angle increases in the
opposite direction, the feeding pitch in the backward
feeding direction can be adjusted to be longer.

[0040] AsshowninFig.2andFig. 3, the feed adjusting
mechanism 70 includes a dial (not shown) from which a
feeding pitch is input to set the feeding pitch, a cam mem-
ber 71 supported inside the sewing machine vertical
drum portion 22 in a turnable manner and whose turning
angle changes in accordance with to the dial setting, a
feed adjusting shaft 77 one end of which is joined to the
dial and the other end of which comes into contact with
the cam member, a jointrod 72 that joins the cam member
71 and the feed adjuster, a feed adjusting spring (not
shown) downwardly biasing the jointrod 72, a condensed
stitching air cylinder 74 configured to adjust the angle of
the feed adjuster so as to obtain a predetermined con-
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densed stitching pitch smaller than the feeding pitch set
by the dial via the jointrod 72 and a lever arm 73, a zero-
pitch air cylinder 75 configured to switch the inclination
angle of the feed adjuster so that the feeding pitch be-
comes zero, and a backward feed solenoid 76 configured
to switch the inclination angle of the feed adjuster so that
the feeding direction changes from the forward direction
to the backward direction while maintaining the width of
the feeding pitch set with the dial or the feeding pitch for
condensed stitching.

[0041] Inthe case of the feed adjusting mechanism 70
shown in Fig. 3, by adjusting the contact position with the
cam member 71 by advancing or retreating the adjusting
shaft 77 (in the X-axis direction in Fig. 3) by the dial, the
inclination angle of the feed adjuster is adjusted via the
jointrod 72, and accordingly, the feeding pitch for normal
sewing is adjusted.

[0042] The feed adjuster and the mechanism for ad-
justing the angle of the feed adjuster are widely known
techniques, and for example, the feed adjustment mech-
anism disclosed in JP2007-202667A and
JP2011-101719A, can be used.

[0043] Operations of both of the condensed stitching
air cylinder 74 and the zero-pitch air cylinder 75 are con-
trolled by the control device 120 via a solenoid valve not
shown.

[0044] As shown in Fig. 3, by turning the lever arm 73
clockwise (in Fig. 3) by suctioning (moving rightward in
Fig. 3) the plunger, the condensed stitching air cylinder
74 turns the joint rod 72 clockwise (in Fig. 3) against the
feed adjusting spring to adjust the inclination angle of the
feed adjuster so as to obtain the pitch for condensed
stitching. By pushing back counterclockwise the lever
arm 73 turned by the condensed stitching air cylinder 74
by advancing (moving leftward in Fig. 3) the plunger, the
zero-pitch air cylinder 75 turns the joint rod 72 counter-
clockwise to adjust the inclination angle of the feed ad-
juster so as to obtain the zero pitch. Due to the structure
described above, when setting the feeding pitch to the
zero pitch, the suctioning operation of the condensed
stitching air cylinder 74 and the advancing operation of
the zero-pitch air cylinder 75 are always combined and
performed.

[0045] Inthe case of the feed adjusting mechanism 70
shown in Fig. 3, by the suctioning operation of the con-
densed stitching air cylinder 74, the joint rod 72 is turned
clockwise (in Fig. 3), and at the inclination angle of the
feed adjuster at this time, sewing with backward feeding
is performed at the pitch for condensed stitching.

Wiper Mechanism

[0046] The wiper mechanism 90 is the basically same
as the one widely known, and detailed description of re-
spective components thereof is omitted. This wiper
mechanism 90 includes a wiper 91 that is supported turn-
ably around the X-axis at a position adjacentto the needle
bar 12 at the tip end lower portion of the arm portion 23,
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and a wiper solenoid 92 that provides turning movement
to the wiper 91.

[0047] The wiper 91 has a lower end portion formed
into a hook shape, and is provided so that when the wiper
turns, its lower end portion passes through the lower side
of the sewing needle 11 being at an upper stop position
so as to slash the lower side. Accordingly, the sewing
needle side portion U1 of the upper thread U that has
been cut below the throat plate 40 by the thread cutting
device 80 can be pulled out upwardly from the workpiece.

Shuttle Mechanism

[0048] The shuttle mechanism 50 is a widely known
horizontal full rotary shuttle, and includes an inner shuttle
inside which a bobbin with the lower thread D wound
around is housed, an outer shuttle that rotates on the
outer periphery of the inner shuttle to capture the upper
thread U from the sewing needle 11, and a shuttle shaft
51 that provides a torque to the outer shuttle.

[0049] The shuttle shaft 51 is supported so as to be
parallel to the up-down feed shaft 61 and rotatable inside
the bed portion 21, and between the shuttle shaft 51 and
the up-down feed shaft 61, rotation in the reverse direc-
tion at a double speed is transmitted via a gear. That is,
the outer shuttle of the shuttle mechanism 50 rotates at
a speed twice the speed of the main shaft 32.

[0050] The inner shuttle and the outer shuttle are dis-
posed below the throat plate 40, and are designed so
that the hook of the outer shuttle passes through a posi-
tion perpendicularly below the needle holes 411, 421
formed through the throat plate 40.

Thread Cutting Device

[0051] The thread cuttingdevice 80includes, as shown
in Fig. 4, a movable thread cutting knife 81 and a station-
ary thread cutting knife 82 that cut the upper thread U
and the lower thread D in cooperation with each other,
an actuation mechanism that moves the movable thread
cutting knife 81 and the stationary thread cutting knife 82
in directions to make their blade portions 81a and 82a
butt against each other along the outer periphery of the
outer shuttle of the shuttle mechanism 50 by using the
sewing machine motor 31 as a drive source, and a thread
cutting solenoid 83 (see Fig. 2) that switches between
connection and disconnection of power transmission be-
tween the actuation mechanism and the sewing machine
motor 31.

[0052] The thread cutting device 80 can utilize a widely
known configuration disclosed in, for example,
JPHO07-1455489A, so that description of a part of the
thread cutting device 80 is omitted.

[0053] When the stationary thread cutting knife 82 per-
forms a cutting operation, the blade portion 82a thereof
is moved by the actuation mechanism to advance to a
position near a needle passing-through position below
the needle hole 421, and stands-by there.
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[0054] On the other hand, the movable thread cutting
knife 81 moves in a direction opposite to the advancing
direction of the stationary thread cutting knife 82 from the
side opposite to the stationary thread cutting knife 82
across the needle passing-through position below the
needle hole 421 so that the blade portion 81a passes
through the needle passing-through position below the
needle hole 421. Accordingly, the upper thread U and
the lower thread D are sandwiched by the blade portions
81a and 82a of the knives 81, 82, and cut at the needle
passing-through position below the needle hole 421.
[0055] Fig. 5 shows a shape around the blade portion
81a of the movable thread cutting knife 81. As shown in
the drawing, the movable thread cutting knife 81 includes
a handling portion 81b shaped to become sharp in the
direction of advancing for the cutting operation, and first
and second concave portions 81c and 81d formed on
both sides of the handling portion 81b.

[0056] The handling portion 81b enters the loop of the
upper thread U pulled out to the position below the throat
plate 40 by the outer shuttle when passing through the
needle passing-through position below the needle hole
421, and sorts the upper thread U into a sewing needle
side portion U1 and a workpiece side portion U2. As a
result, the sewing needle side portion U1 of the upper
thread is sorted to the first concave portion 81c, and the
workpiece side portion U2 and the lower thread D are
sorted to the second concave portion 81d.

[0057] On the edge portion on the inner side of the
second concave portion 81d of the movable thread cut-
ting knife 81, the blade portion 81a is formed, and the
blade portion 82a of the stationary thread cutting knife
82 is formed to be opposed to only the second concave
portion 81 d side of the movable thread cutting knife 81.
Therefore, only the workpiece side portion U2 and the
lower thread D sorted to the second concave portion 81d
are cut.

[0058] The actuation mechanism includes individual
support bodies that support the respective thread cutting
knives 81, 82 individually, concentrically with the shuttle
shaft51, and turnably, a knife shaft to which reciprocating
turning movement is transmitted from the sewing ma-
chine motor 31 via a clutch mechanism and a cam mech-
anism, and a plurality of link bodies that provide turning
movement to the individual support bodies in directions
opposite to each other from the knife shaft. Switching
between power connection and disconnection to the knife
shaft from the sewing machine motor 31 in the clutch
mechanism is performed by the above-described thread
cutting solenoid 83.

Throat Plate

[0059] The throat plate 40 is provided at a position that
is an upper portion of the bed portion 21 and below the
needle bar 12. This throat plate 40 has, as shown in Fig.
6, a vertically two-layer structure consisting of an upper
plate 41 and a lower plate 42.
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[0060] Both of the upper plate 41 and the lower plate
42 are plate bodies having semi-oval shapes, and the
lower plate 42 fits and is integrated with a concave portion
413 formed on the lower surface side of the upper plate
41 by screwing.

[0061] Inthese upper plate 41 and lower plate 42, the
needle holes 411, 421 and the in-out holes 412, 422 for
the feed dog 64 (see Fig. 10) are formed at positions that
become the same when the upper plate 41 and the lower
plate 42 are integrated.

[0062] The needle holes 411, 421 are formed just be-
low the sewing needle 11, and the in-out holes 412, 422
for the feed dog 64 are four in number two of which are
formed on the front side and the rear side on the same
line along the X-axis direction with respect to the needle
holes 411, 421, and the other two of which are formed
on both sides of the former two. The in-out holes 412,
422 are both formed into slits along the workpiece feeding
direction, and are structured to allow the tooth tip of the
feed dog 64 to move in the feeding direction inside.

Remaining End Cutoff mechanism

[0063] The remaining end cutoff mechanism 100 in-
cludes, as shown in Fig. 7 to Fig. 11, a stationary cutoff
knife 101 and a movable cutoff knife 102 as an example
of a cutoff knife incorporated between the upper plate 41
being an upper layer and the lower plate 42 being a lower
layer of the throat plate 40, a thread cutoff air cylinder
103 configured to actuate the movable cutoff knife 102,
and a knife actuation arm 105 having an end portion
joined to the plunger of the thread cutoff air cylinder 103
via a knuckle 104.

[0064] Fig. 7 is a plan view of the lower plate 42, and
Fig. 8 is a bottom view of the upper plate 41.

[0065] On the lower surface of the upper plate 41 and
the upper surface of the lower plate 42, concave portions
414 and 424 are formed around the needle holes 411,
421 and the in-out holes 412, 422 for the feed dog 64 to
enable interposition of the stationary cutoff knife 101 and
the movable cutoff knife 102.

[0066] In the concave portion 414 of the upper plate
41, the stationary cutoff knife 101 is disposed so that its
longitudinal direction is along the X-axis direction. Fur-
ther, the base end portion of the stationary cutoff knife
101 is fixed and supported by screwing to the concave
portion 414 formed on one end portion side of the in-out
hole 412 in the lower surface of the upper plate 41, and
from this base end portion, an extended portion extended
toward the needle hole 411 side to a position farther than
the needle hole 411 is formed. Further, in the extended
portion tip end of the stationary cutoff knife 101, a through
hole through which the sewing needle 11 is inserted is
formed at a position corresponding to the needle hole
411, and the portion on the tip end side of the inner edge
portion of the through hole is a blade portion 101a for
thread cutting-off.

[0067] The stationary cutoff knife 101 is substantially



13 EP 2 845 939 A1 14

entirely formed to be narrow in width so as not to interfere
with the feed dog 64 that projects from and sinks into the
in-out holes 412, and a slot 101b is formed in the station-
ary cutoff knife 101.

[0068] The movable cutoffknife 102 is disposed so that
its longitudinal direction is along the X-axis direction in
the concave portion 424 of the lower plate 42. A slot 425
is formed to pierce vertically the concave portion 424
formed on the other end portion side of the in-out hole
422 of the lower plate 42, and into this slot 425, a pin
105a (see Fig. 10) of the knife actuation arm 105 is in-
serted from below.

[0069] In the base end portion of the movable cutoff
knife 102, an insertion hole 102a into which the pin 105a
of the knife actuation arm 105 is inserted is formed. From
the base end portion of the movable cutoff knife 102, an
extended portion extended toward the needle hole 421
side to a position farther than the needle hole 421 is
formed. Further, in the movable cutoff knife 102, a slot
102bis formed across substantially the entire length from
the base end portion to a position close to the tip end of
the extended portion. Through the tip end side of this slot
102b, the sewing needle 11 that passes through the nee-
dle hole 421 can be inserted. Further, the portion on the
tip end side of the inner edge portion of the slot 102b is
a blade portion 102c for thread cutting-off.

[0070] A guide pin 415 projecting downward from the
lower surface of the upper plate 41 is inserted in the slot
102b of the movable cutoff knife 102. In the case where
the knife actuation arm 105 described later provides re-
ciprocating movement in the X-axis direction to the mov-
able cutoff knife 102, the guide pin 415 stabilizes the
reciprocating movement of the movable cutoff knife 102.
[0071] The movable cutoff knife 102 is formed to be
substantially entirely narrow in width so as notto interfere
with the feed dog 64 that projects from and sinks into the
in-out holes 412.

[0072] Further, the extended end portion of the station-
ary cutoff knife 101 overlaps the extended end portion of
the movable cutoff knife 102 from above, and the blade
portion 101a of the stationary cutoff knife 101 and the
blade portion 102c of the movable cutoff knife 102 are
disposed so as to be opposed to each other across the
needle holes 411, 421.

[0073] The movable cutoff knife 102 is provided with
movement so as to be pulled by the knife actuation arm
105 in a direction away from the stationary cutoff knife
101 as shown in Fig. 9 from the state where the blade
portions 101a and 102c are opposed to each other, and
accordingly, after cutting by the thread cutting device 80,
remaining end portions of the upper thread U and the
lower thread D inside the needle holes 411, 421 can be
cut off.

[0074] The knife actuation arm 105 and the thread cut-
off air cylinder 103 are supported by a slide plate 13 pro-
vided adjacent to the throat plate 40 in the bed portion
21 as shown in Fig. 10 and Fig. 11. In Fig. 10, the upper
plate 41 of the throat plate 40 is not shown.
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[0075] The knife actuation arm 105 is supported turn-
ably at its middle portion in the longitudinal direction by
a shoulder screw 106 attached to the lower surface side
of the slide plate 13, and one end portion thereof is joined
to the plunger of the thread cutoff air cylinder 103 via a
knuckle 104.

[0076] The other end portion of the knife actuation arm
105 is provided with a pin 105a projecting upward, and
this pin 105a is inserted in the insertion hole 102a of the
movable cutoff knife 102 as described above.

[0077] The thread cutoff air cylinder 103 can provide
turning movement to the knife actuation arm 105 by ad-
vancing and retreating movement of the plunger, and by
advancing the plunger from the retreated state, cutting-
off movement can be provided to the movable cutoff knife
102.

Suctioning mechanism

[0078] The suctioning mechanism 110 is disposed ad-
jacentto the shuttle mechanism 50 inside the bed portion
21 as shown in Fig. 12. This suctioning mechanism 110
includes a suction nozzle 111 and a nozzle moving air
cylinder 113 as a nozzle driving means that moves in a
reciprocating manner a support body 112 supporting the
suction nozzle 111 in a predetermined direction.

[0079] This suctioning mechanism 110 is provided for
more reliably cutting-off remaining end portions of the
upper thread U and the lower thread D by stretching the
remaining end portions downward when cutting-off the
remaining end portions, and for capturing the cut-off re-
maining end portions of the sewing threads by suctioning
from below the needle hole 421.

[0080] The suction nozzle 111 has a suction port
formed by opening the upper end portion, and the lower
end portion is connected to a negative pressure gener-
ation source via a dust collecting trap not shown. Be-
tween the trap of the suction nozzle 111 and the negative
pressure generation source, a suctioning solenoid valve
114 (see Fig. 2) is provided to enable switching between
start and stop of suctioning.

[0081] The upper end portion of the suction nozzle 111
is formed to curve along the outer periphery of the outer
shuttle so as to come close to the needle hole 421 of the
throat plate 40 while avoiding the shuttle mechanism 50.
[0082] The support body 112 supporting the suction
nozzle 111 is supported movably and horizontally inside
the bed portion 21, and can move the upper end portion
of the suction nozzle 111 from a position away from the
needle hole 421 of the throat plate 40 to the vicinity of a
position just below the needle hole 421.

[0083] The nozzle moving air cylinder 113 advances
and retreats the suction nozzle 111 according to the mov-
ing range of the support body 112. Accordingly, the suc-
tion nozzle 111 can be moved in a reciprocating manner
between a retreated position away from the needle hole
421 of the throat plate 40 and a suctioning position at
which the upper end portion of the suction nozzle 111
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approaches the vicinity of the position just below the nee-
dle hole 421.

Control System of Sewing Machine

[0084] As shown in Fig. 2, the control device 120 gen-
erally consists of a ROM 122 in which various programs
for various processing of control and judgment, etc., are
memorized and stored, a CPU 121 that performs various
arithmetic processing according to the various programs,
a RAM 123 to be used as a work memory for each
processing, and an EEPROM 124 storing various sewing
data and setting data.

[0085] To the control device 120, via a system bus and
a drive circuit, etc., the sewing machine motor 31 and
the encoder 37 of the needle up-down moving mecha-
nism 30, the backward feed solenoid 76, the condensed
stitching air cylinder 74, and the zero-pitch air cylinder
75 of the feed adjusting mechanism 70, the thread cutting
solenoid 83 of the thread cutting device 80, the thread
cutoff air cylinder 103 of the remaining end cutoff mech-
anism 100, the wiper solenoid 92 of the wiper mechanism
90, and the suctioning solenoid valve 114 and the nozzle
moving air cylinder 113 of the suctioning mechanism 110,
etc., are connected.

[0086] For controlling the condensed stitching air cyl-
inder 74, the zero-pitch air cylinder 75, the thread cutoff
air cylinder 103, and the nozzle moving air cylinder 113,
the control device 120 controls the solenoid valves that
actuate these in actuality, however, here, the respective
solenoid valves are not shown.

[0087] The sewing machine motor 31 is controlled via
a driver circuit, however, this is not shown, either.
[0088] To the control device 120, an operation input
portion 125 for inputting various settings relating to sew-
ing, and a pedal 126 as a signal input means for execu-
tion, etc., of sewing are connected.

[0089] In the operation input portion 125, for example,
whether or not condensed stitching described later is to
be performed, the condensed stitching pitch, the number
of stitches, and the forward/backward sewing direction,
etc., are set.

[0090] The pedal 126 commands and inputs to the con-
trol device 120 a sewing start signal in response to for-
ward stepping on the pedal, a sewing stop signal in re-
sponse to release of forward stepping, and a thread cut-
ting signal in response to backward stepping. In the case
where condensed stitching is set, when the pedal 126 is
stepped backward, thread cutting is performed after con-
densed stitching is performed.

Zero-Pitch Control

[0091] Here, various controls to be performed by the
control device 120 when sewing is stopped are de-
scribed.

[0092] First, when a signal input in response to back-
ward stepping on the pedal 126 is detected, the control
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device 120 performs a thread cutting operation. At this
time, the control device 120 sets a feeding pitch of zero
by controlling the feeding mechanism 60 such that the
stitch point of the final stitch at which thread cutting is
performed by the thread cutting device 80 becomes the
same (or substantially the same) as the stitch point of
the stitch immediately before the final stitch.

[0093] As in the conventional case, when thread cut-
ting is performed by the thread cutting device after feed-
ingis performed at the normal feeding pitch or condensed
stitching pitch until the final stitch, as shown in Fig. 13B,
no knot is formed by the downward movement of the
needle in the final stitch, so that the remaining end portion
of the upper thread U remaining on the workpiece hangs
down from the stitch point of the final stitch, and the re-
maining end portion of the lower thread D remaining on
the workpiece hangs down from the stitch point of one
stitch before that is at a distance of one pitch from the
stitch point of the final stitch.

[0094] On the other hand, when the above-described
zero-pitch control is performed, as shown in Fig. 13A, no
knot is formed for the final stitch, however, the upper
thread U and the lower thread D hang down from the
same stitch point, and the state where the remaining end
portion of the lower thread D hangs down from the stitch
point of one stitch before can be avoided. In addition, the
remaining end portions of the upper thread and the lower
thread can be prevented from being increased by the
length fed by the feeding mechanism 60 of the workpiece
during a period from the downward movement of the nee-
dle in one stitch before to the thread cutting.

Feed Dog Lowering Control

[0095] The control device 120 performs feed dog low-
ering control so that remaining end portions of the lower
thread D and the upper thread U are cut off by the re-
maining end cutoff mechanism 100 after the projecting
amount of the feed dog 64 from the upper surface of the
throat plate 40 when the lower thread D and the upper
thread U are cut by the thread cutting device 80 is reduced
by rotation of the sewing machine motor 31.

[0096] In Figs. 14, the symbol h denotes a position of
a cutting-off plane to be cut by the stationary cutoff knife
101 and the movable cutoff knife 102 inside the throat
plate 40.

[0097] The thread cutting device 80 cuts the upper
thread U and the lower thread D at a main shaft angle of
50 degrees (a so-called upper stop position, provided
that the needle bar top dead point is 0 degrees). Fig. 14A
shows a projecting state of the feed dog 64 at the main
shaft angle of 50 degrees. In this state, when the remain-
ing end cutoff mechanism 100 cuts off the remaining end
portions of the upper thread U and the lower thread D,
the final length L1 of the remaining end portions after
being cut off becomes substantially equal to a sum of the
projecting distance of the feed dog 64 from the upper
surface of the throat plate and the distance from the upper



17 EP 2 845 939 A1 18

surface of the throat plate to the cutting-off plane of the
respective cutoff knives 101, 102.

[0098] Inthe control device 120, during the period from
cutting of the upper thread U and the lower thread D by
the thread cutting device 80 to cutting-off of the remaining
end portions of the sewing threads by the remaining end
cutoff mechanism 100, the sewing machine motor 31 is
driven to rotate the main shaft forward so that the main
shaft angle changes from 50 degrees to 95 degrees.
[0099] Accordingly, as shown in Fig. 14B, the project-
ing amount of the feed dog 64 from the upper surface of
the throat plate 40 can be set to substantially zero, and
therefore, the final length L2 of the remaining end portions
of the upper thread U and the lower thread D after being
cut off can be shortened to be substantially equal to the
distance from the upper surface of the throat plate to the
cutting-off plane of the respective cutoff knives 101, 102.

Nozzle Drive Control

[0100] In addition, before the remaining end cutoff
mechanism 100 starts cutting-off, the control device 120
performs nozzle drive control to make the upper end por-
tion of the suction nozzle 111 complete the movement
from the retreated position distant from the needle holes
411, 421 of the throat plate 40 to the position just below
the needle holes 411, 421, and switch the suction nozzle
111 to a suctioning state during a period from the start
of movement of the suction nozzle 111 to at least com-
pletion of cutting-off by the remaining end cutoff mecha-
nism 100.

[0101] Accordingly, the suction nozzle 111 can collect
not only the cut-off remaining end portions of the upper
thread U and the lower thread D but also dust around the
moving range of the suction nozzle 111, so that the region
below the throat plate 40 can be cleaned up. The suc-
tioning is started at the time when or before the suction
nozzle 111 reaches the position directly below the needle
holes 411, 421 of the throat plate 40, so that suctioning
is started before the remaining end cutoff mechanism
100 cuts off the remaining end portions of the upper
thread U and the lower thread D, and therefore, the cut-
off remaining end portions of the upper thread U and the
lower thread D can be collected without omission.
[0102] Theremaining end portions of the upper thread
U and the lower thread D can be stretched downward
when they are cut off, so that the remaining end portions
of the upper thread U and the lower thread D can be more
reliably cut off by the remaining end cutoff mechanism
100.

Flow of Sewing Control of Sewing Machine

[0103] The flow of operation control from sewing to
thread cutting and cutting-off of sewing thread remaining
end portions in the sewing machine 10 is described with
reference to the timing chart shown in Fig. 15 and the
flowchart shown in Fig. 22. Here, it is assumed that set-
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ting is made so that condensed stitching is performed at
the end of sewing. In Fig. 15, "(LO)" denotes a lower stop
position of the main shaft angle, and "(UP)" denotes an
upper stop position.

[0104] First, when aforward stepping signal of the ped-
al 126 is detected (Step S1), the control device 120 starts
driving of the sewing machine motor 31 (Step S3). The
feeding mechanism 60 operates at a feeding pitch set
with the dial of the feed adjusting mechanism 70 as a
feeding pitch during this normal sewing.

[0105] Then, when forward stepping on the pedal 126
is released and an input of a thread cutting signal in re-
sponse to backward stepping is detected (Step S5), after
waiting for detection of the main shaft angle of 220 de-
grees by the encoder 37 (Step S7), the control device
120 actuates the condensed stitching air cylinder 74 in
adirection in which the plunger retreats (timing T1) (Step
S9). Accordingly, the feed adjuster of the feed adjusting
mechanism 70 is set to an inclination angle at which a
set condensed stitching pitch is obtained.

[0106] Then, when the last downward movement of
the needle in the given number of stitches of condensed
stitching is performed (Step S11), after waiting for detec-
tion of the main shaft angle of 220 degrees again by the
encoder 37 (Step S13), the control device 120 actuates
the zero-pitch air cylinder 75 in a direction in which the
plunger advances (timing T2) (Step S15).

[0107] Accordingly, the feed adjuster of the feed ad-
justing mechanism 70 is set to an inclination angle for
zero pitch, and the next downward movement of the nee-
dle in the final stitch is performed at the same position
as that of the last downward movement of the needle in
the condensed stitching (Step S17).

[0108] Next, after downward movement of the needle
in the final stitch, when the main shaft angle of 220 de-
grees is detected again by the encoder 37 (Step S19),
the control device 120 actuates the thread cutting sole-
noid 83 of the thread cutting device 80 to switch power
transmission between the actuation mechanism of the
thread cutting device 80 and the sewing machine motor
31 to a connected state (timing T3) (Step S21).

[0109] Accordingly, by the movable thread cutting knife
81 of the thread cutting device 80, the upper thread U is
sorted into a sewing needle side portion U1 and a work-
piece side portion U2 based on the handling portion 81b,
and further, by cooperative operation of the movable
thread cutting knife 81 and the stationary thread cutting
knife 82, the workpiece side portion U2 of the upper
thread U and the lower thread D are cut (Step S23).
[0110] Thereafter, at the main shaft angle of 50 de-
grees, the sewing machine motor 31 stops driving (timing
T4) (Steps S25 and S27), and after waiting for an elapse
of 120 msec from the detection of the main shaft angle
of 50 degrees by the encoder 37 (Step S29), the control
device 120 stops the thread cutting solenoid 83 (Step
S31) and switches the power transmission between the
actuation mechanism of the thread cutting device 80 and
the sewing machine motor 31 to a shut-off state (timing



19 EP 2 845 939 A1 20

T5).

[0111] At this timing T5, the control device 120 actu-
ates the wiper solenoid 92 of the wiper mechanism 90 to
turn the wiper 91 (Step S33). Accordingly, the sewing
needle side portion U1 of the upper thread U extending
from the sewing needle 11 to the workpiece can be pulled
out upwardly from the workpiece.

[0112] Then, the control device 120 actuates the noz-
zle moving air cylinder 113 at the timing of completion of
actuation of the wiper solenoid 92 to move the suction
nozzle 111 from the standby position toward the position
just below the needle holes 411, 421 (timing T6). At the
same timing, the suctioning solenoid valve 114 is opened
to start the movement and suctioning of the suction noz-
zle 111 (Step S35).

[0113] Then, after a prescribed time elapses, the suc-
tion nozzle 111 arrives at the position just below the nee-
dle hole 421, and at this timing, the control device 120
drives the sewing machine motor 31 (timing T7) (Step
S37) and continues driving of the sewing machine motor
31 until the main shaft angle reaches 95 degrees (timing
T8).

[0114] Accordingly, the tip end portion of the feed dog
64 projecting from the upper surface of the throat plate
40 lowers and substantially hides below the throat plate
40.

[0115] Then, when the main shaft angle of 95 degrees
is detected (Step S39), the control device 120 stops driv-
ing of the sewing machine motor 31 (Step S41), and with
almost no pause, actuates the thread cutoff air cylinder
103 of the remaining end cutoff mechanism 100 (Step
S43) to start a cutting-off operation of the movable cutoff
knife 102. Accordingly, remaining end portions of the up-
per thread U and the lower thread D are cut off, and the
cut-off remaining end portions are suctioned by the suc-
tion nozzle 111 disposed below.

[0116] Then, after the thread cutoff air cylinder 103 is
actuated for a prescribed time, the actuation is stopped
and the movable cutoff knife 102 is retreated (timing T9).
[0117] Thereafter, the control device 120 closes the
suctioning solenoid valve 114 to stop the suctioning state
of the suction nozzle 111 (Step S45), and drives the sew-
ing machine motor 31 reversely (timing T10) (Step S47).
[0118] Then, when the main shaft angle is returned to
50 degrees (Step S49), the control device 120 stops driv-
ing of the sewing machine motor 31 (timing T11) (Step
S51). At the same timing, the control device 120 advanc-
es the plunger of the condensed stitching air cylinder 74
and retreats the plungers of the zero-pitch air cylinder 75
and the nozzle moving air cylinder 113 and returns these
to the standby positions (Step S53).

[0119] Accordingly, sewing control of the sewing ma-
chine by the control device 120 is ended.

Advantageous Effects of Embodiment of the Invention

[0120] Asdescribed above, the sewing machine 10 in-
cludes the throat plate 40 through which the needle holes
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411, 421 are formed to allow the sewing needle 11 to
pass through the needle holes 411, 421, the feeding
mechanism 60 as an example of a moving mechanism
configured to move a workpiece along the upper surface
of the throat plate 40, the needle up-down moving mech-
anism 30 configured move the sewing needle 11 up and
down, the shuttle mechanism 50 configured to capture
the upper thread U from the sewing needle 11 and to
interlace the upperthread U with the lower thread D below
the throat plate 40, the thread cutting device 80 provided
between the throat plate 40 and the shuttle mechanism
50 and configured to cut the lower thread D and the work-
piece side portion of the loop of the upper thread U, and
the wiper mechanism 90 configured to pull out, upwardly
from the workpiece, the sewing needle side portion U1
of the loop of the upper thread U that has been cut by
the thread cutting device 80. The sewing machine 10
further includes a remaining end cutoff mechanism 100
disposed below the upper surface of the upper plate 41
of the throat plate 40 and above the thread cutting knives
81, 82 of the thread cutting device 80. After the thread
cutting operation by the thread cutting device 80, remain-
ing end portions of the lower thread D and the upper
thread U connected to the workpiece are cut off by the
remaining end cutoff mechanism 100.

[0121] Further, the throat plate 40 has a double layer
structure having the upper plate 41 and the lower plate
42 as upper and lower layers, and between the upper
plate 41 and the lower plate 42 of the throat plate 40, the
stationary cutoff knife 101 and the movable cutoff knife
102 as cutoff knives of the remaining end cutoff mecha-
nism 100 for cutting-off the remaining end portions of the
lower thread D and the upper thread U on the workpiece
side cut by the thread cutting device 80 are incorporated.
[0122] Inthe sewingmachine 10, after cutting the lower
thread D and the workpiece side portion of the upper
thread U by the thread cutting device 80, remaining end
portions of the lower thread D and the upper thread U on
the workpiece side are cut off by the stationary cutoff
knife 101 and the movable cutoff knife 102 of the remain-
ing end cutoff mechanism 100 incorporated in the throat
plate 40, so that remaining end portions of the lower
thread D and the upper thread U after the cutting-off proc-
ess can be made shorter than the length corresponding
to the thickness of the throat plate 40.

[0123] Inaddition, the sewing machine 10 includes the
control device 120 that performs zero-pitch control to
control the feeding amount of the feeding mechanism 60
as a moving mechanism so that the stitch point of the
final stitch at which thread cutting is performed by the
thread cutting device 80 becomes the same as the stitch
point of one stitch before.

[0124] Therefore, the state where the remaining end
portions of the upper thread U and the lower thread D
hang down from different positions can be avoided, and
the sewing quality can be further improved. Further, the
fedlength of the workpiece fed by the feeding mechanism
60 until the thread cutting after the downward movement
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of the needle in the final stitch can be prevented from
being added to the lengths of the remaining end portions
of the upper thread U and the lower thread D, so that the
remaining end portions of the upper thread U and the
lower thread D cut by the thread cutting device 80 can
be shortened.

[0125] Theremaining end portions of the upper thread
U and the lower thread D cut by the thread cutting device
80 are cut off so as to become shorter by the remaining
end cutoff mechanism 100, and by making shorter the
remaining end portions of the upper thread U and the
lower thread D in advance by the thread cutting device
80, the amount of waste to be produced by cutting off by
the remaining end cutoff mechanism 100 can be reduced.
The cut-off remaining end portions of the upper thread
U and the lower thread D are short, so that they can be
more reliably collected by the suctioning mechanism 110.
[0126] Further, the sewing machine 10 includes the
suctioning mechanism 110 that suctions remaining end
portions of the lower thread D and the upper thread U
cut-off below the throat plate 40.

[0127] Therefore, the remaining end portions of the
lower thread and the upper thread below the throat plate
40 can be collected by the suctioning mechanism 110,
and occurrence of operation failures, etc., due to adhe-
sion of the remaining end portions to the surrounding
mechanisms, etc., can be reduced.

[0128] Theremaining end portions of the upper thread
U and the lower thread D to be cut off by the remaining
end cutoff mechanism 100 can be suctioned and
stretched downward, so that they can be more reliably
cut off.

[0129] The suctioning mechanism 110 of the sewing
machine 10 includes the suction nozzle 111 that can ap-
proach and separate from the needle hole 421 of the
throat plate 40 and the nozzle moving air cylinder 113 as
a nozzle driving means that provides the approaching
and separating movement.

[0130] Therefore, during operation of the feed dog 64
or the shuttle mechanism 50, etc., the suction nozzle 111
can be retreated, and interference between these com-
ponents and the suction nozzle 111 can be reduced and
the mutual operations thereof can be stabilized.

[0131] The sewing machine 10 includes the control de-
vice 120 as a suction control device that controls the suc-
tioning mechanism 110 to start suctioning before the suc-
tion nozzle 111 reaches the needle hole 421 of the throat
plate 40.

[0132] Therefore, dust around the movement path of
the suction nozzle 111 can also be collected, and the
suctioning operation is started before the suction nozzle
111 arrives at the needle hole 421, so that the remaining
end portions of the upper thread U and the lower thread
D can be stretched downward and the cut-off remaining
end portions can be captured more reliably.

[0133] In the sewing machine 10, the feeding mecha-
nism 60 as a moving mechanism feeds a workpiece by
the feed dog 64 that is supplied with power from the sew-
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ing machine motor 31 and projects from and sinks into
the in-out holes 412, 422 of the throat plate 40, and the
control device 120 performs feed dog lowering control
by which remaining end portions of the lower thread D
and the upper thread U are cut off by the remaining end
cutoff mechanism 100 after the projecting amount of the
feed dog 64 from the throat plate 40 when cutting the
lower thread D and the workpiece side portion U2 of the
loop of the upper thread U by the thread cutting device
80 is reduced by rotating the sewing machine motor 31.
[0134] Therefore, after the projecting amount of the
feed dog 64 is reduced, remaining end portions of the
lower thread D and the upper thread U are cut off, so that
remaining end portions left even after cutting-off can be
made shorter.

[0135] During the period from the start of cutting of the
upper thread U and the lower thread D by the thread
cutting device 80 to the start of suctioning by the suction
nozzle, an upper thread clamping operation by the upper
thread clamping device described in JP-A-2008-018282
may be added although this is not described in the
present application.

Another Example of Thread Cutting Device

[0136] Fig. 16isabottomview ofanotherthread cutting
device 80A. The thread cutting device 80A having the
movable thread cutting knife and the stationary thread
cutting knife that are attached to a throat plate 40A as
shown in Fig. 16 is preferably used for a sewing machine
equipped with a moving mechanism other than the feed-
ing mechanism 60 using the feed dog 64.

[0137] This thread cutting device 80A includes a mov-
able thread cutting knife 81A that turns around the Z-axis,
a stationary thread cutting knife 82A that cuts the upper
thread U and the lower thread D in cooperation with the
movable thread cutting knife 81A, and a plurality of link
bodies 83A to 85A that transmit reciprocating turning to
the movable thread cutting knife 81 A by using the sewing
machine motor 31 or another actuator as a drive source.
[0138] The movable thread cutting knife 81A is dis-
posed so as to pass through a position below a needle
hole 441A when it turns, and has, on one side edge por-
tion, a thread sorting portion 811A that sorts the threads
into the sewing needle side portion U1 and the workpiece
side portion U2 of the loop of the upper thread U and the
lower thread D and an eyelet blade portion 812A, and
the other side edge portion is a capturing portion 813A
that captures the workpiece side portion U2 of the upper
thread U and the lower thread D and delivers these to
the stationary thread cutting knife 82A.

[0139] The stationary thread cutting knife 82A is pro-
vided in the turning range of the movable thread cutting
knife 81A, and on one side edge portion thereof, a blade
portion 821A is formed.

[0140] Asreciprocating turning is provided to the mov-
able thread cutting knife 81A from the drive source, when
it passes through the position below the needle hole 441A
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in the outward path of turning, the thread sorting portion
811A sorts the sewing needle side portion U1 of the loop
ofthe upper thread U to the inner side in the turning radius
and the workpiece side portion U2 and the lower thread
D to the outer side in the turning radius.

[0141] Then, when the movable thread cutting knife
81Aturns in the return path of turning, the workpiece side
portion U2 and the lower thread D sorted to the outer
side of the turning radius go around to the side of the
other side edge portion of the movable thread cutting
knife 81A, and are sandwiched and cut by the eyelet
blade portion 812A of the movable thread cutting knife
81A and the blade portion 821A of the stationary thread
cutting knife 82A.

[0142] Thisthread cutting device 80A can also be used
in the same manner as the thread cutting device 80 de-
scribed above.

[0143] Without limiting to the configuration in which the
movable thread cutting knife 81A turns within a horizontal
plane as in the case of the thread cutting device 80A, for
example, a thread cutting device including a movable
thread cutting knife that linearly moves in a reciprocating
manner within a horizontal plane is also applicable.

Another Example of Remaining End Cutoff Mechanism
and Suctioning mechanism

[0144] Another example of the remaining end cutoff
mechanism and the suctioning mechanism are described
with reference to Fig. 17 to Fig. 21.

[0145] Aremaining end cutoff mechanism 100A as an-
other example is preferably used for a sewing machine
equipped with a moving mechanism other than the feed-
ing mechanism 60 using the feed dog 64.

[0146] This remaining end cutoff mechanism 100A in-
cludes a stationary cutoff knife 101A and a movable cutoff
knife 102A as cutoff knives incorporated between an up-
per plate 41A being the upper layer and a lower plate
42A being the lower layer of the throat plate 40A, a thread
cutoff air cylinder 103A that actuates the movable cutoff
knife 102A, and a knife actuation member 104A joined
to the plunger of the thread cutoff air cylinder 103A.
[0147] The needle holes are not directly formed
through the upper plate 41A and the lower plate 42A of
the throat plate 40A, but at the stitch point, openings
411A, 421A larger than the needle holes are formed. To
the opening 411A at the stitch point of the upper plate
41A, an needle hole formed plate 43A through which a
needle hole 431A is formed is fixedly provided by screw-
ing. To the opening 421A at the stitch point of the lower
plate 42A, a needle hole guide 44A through which a nee-
dle hole 441A is formed (see Fig. 16) is fixedly provided
by screwing although this is not shown in Fig. 17. This
throat plate 40A has substantially the same functions as
those of the throat plate 40 described above.

[0148] The stationary cutoff knife 101A is attached to
the opening 411A of the upper plate 41A, and a through
hole through which the sewing needle is inserted is
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formed at a position overlapping the needle hole 431A,
and on the inner edge portion on one end side in the Y-
axis direction of the through hole, a blade portion 101 Aa
is formed.

[0149] The movable cutoff knife 102A is disposed so
that its longitudinal direction is along the X-axis direction
inside a concave portion 422A of the lower plate 42A.
This movable cutoff knife 102A is supported turnably
around the Z-axis with respect to the lower surface of the
upper plate 41A by a shoulder screw 105A.

[0150] Further, the upper surface of one end portion
of the movable cutoff knife 102A comes into sliding con-
tact with the lower surface of the stationary cutoff knife
101A, and in one end portion of the movable cutoff knife
102A, a through hole through which the sewing needle
is inserted is formed at a position overlapping the needle
hole 431A, and on the inner edge portion on the other
end side in the Y-axis direction of the through hole, a
blade portion 102Aa is formed.

[0151] In the concave portion 422A of the lower plate
42A, a through hole 423A piercing vertically is formed,
and under the through hole 423A, the knife actuation
member 104A is disposed. This knife actuation member
104A has a boss 104Aa formed on the upper surface,
and this boss 104Aa is inserted into a slot 102Ab of the
movable cutoff knife 102A through the through hole
423A.

[0152] The thread cutoffaircylinder 103A is fixedly pro-
vided to the lower surface side of the lower plate 42A so
that the advancing and retreating direction of the plunger
of this air cylinder 103A is along the Y-axis direction, and
this plunger is equipped with the knife actuation member
104A. Accordingly, the thread cutoff air cylinder 103A
turns the movable cutoff knife 102A via the knife actuation
member 104A, and accordingly, the end portion on which
the blade portion 102Aais formed can be advanced along
the Y-axis direction.

[0153] The thread cutoff air cylinder 103A is normally
in a state where the plunger thereof advances, and as
shown in Fig. 18A, the blade portion 101Aa of the sta-
tionary cutoff knife 101A and the blade portion 102Aa of
the movable cutoff knife 102A are opposed to each other
while sandwiching the upper thread U and the lower
thread D passing through the needle hole 431A. When
the plunger of the thread cutoff air cylinder 103A is moved
to retreat, as shown in Fig. 18B and Fig. 21, the movable
cutoff knife 102A advances toward the blade portion
101Aa side of the stationary cutoff knife 101A, and the
upper thread U and the lower thread D can be cut off by
their blade portions 101Aa and 102Aa.

[0154] The suctioning mechanism 110A is disposed
below the throat plate 40A inside the bed portion 21 as
shown in Fig. 19 to Fig. 21. This suctioning mechanism
110A includes a suction nozzle 111 A and a nozzle mov-
ing air cylinder 113A as a nozzle driving means that turns
a support arm 112A supporting the suction nozzle 111 A
in a predetermined direction and in a reciprocating man-
ner.
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[0155] One end portion of the suction nozzle 111A
opens and serves as a suction port, and the other end
portion is connected to the negative pressure generation
source via a dust collecting trap not shown. This suction
nozzle 111A is supported by the support arm 112A while
being inclined so that the suction port side becomes high-
er.

[0156] It is the same as in the suctioning mechanism
110 described above in that switching between start and
stop of suctioning can be made by a suctioning solenoid
valve not shown.

[0157] One end portion of the support arm 112A sup-
ports the suction nozzle 111A, and the other end portion
is joined to the plunger of the nozzle moving air cylinder
113A via a knuckle 115A.

[0158] This support arm 112A is supported turnably
around the Z-axis by the lower surface of the lower plate
42A of the throat plate 40A or the frame of the sewing
machine, and according to this turning, the support arm
112A can switch the suction port of the suction nozzle
111A between aretreated position away from the needle
hole 431A (position shown in Fig. 19) and a position near
the position just below the needle hole 431A (position
shown in Fig. 20 and Fig. 21).

[0159] The knuckle 115A and the other end portion of
the support arm 112A are joined via a slot not shown
formed in the other end portion of the support arm 112A.
[0160] Operations of the remaining end cutoff mecha-
nism 100A and the suctioning mechanism 110A can be
controlled in the same manner as of the remaining end
cutoff mechanism 100 and the suctioning mechanism
110 described above.

[0161] That s, after the upper thread U and the lower
thread D are cut by the thread cutting device, the sewing
needle side portion U1 of the upper thread U is pulled
out from the workpiece by the wiper mechanism 90, and
then, the suction nozzle 111A is turned from the retreated
position (state shown in Fig. 19) to the position near the
position just below the needle hole (state shown in Fig.
20) while suctioning. Then, in the state where the remain-
ing end portions of the upper thread U and the lower
thread D are stretched downward by the suction nozzle
111A, the movable cutoff knife 102A of the remaining
end cutoff mechanism 100A is turned to cut off the re-
maining end portions of the upper thread U and the lower
thread D (state shown in Fig. 21). The cut-off remaining
end portions of the upper thread U and the lower thread
D are collected by the suction nozzle 111A.

[0162] Thus, the remaining end cutoff mechanism
100A and the suctioning mechanism 110A can also be
used in the same manner as the remaining end cutoff
mechanism 100 and the suctioning mechanism 110 de-
scribed above.

[0163] Both of the thread cutting device 80A and the
remaining end cutoff mechanism 100A described above
are preferably used for a sewing machine using a moving
mechanism that does not use a feed dog, however, the
above-described suctioning mechanism 110A can be

10

15

20

25

30

35

40

45

50

55

14

preferably used in both of a sewing machine equipped
with a feeding mechanism 60 as a moving mechanism
using the feed dog 64 and a sewing machine using a
moving mechanism that does not use a feed dog.

Other Sewing Machines

[0164] The above-described sewing machine 10 is an
exemplification of a lockstitch sewing machine, however,
the thread cutting device 80, the remaining end cutoff
mechanism 100, the suctioning mechanism 110 or 110A,
and operation control of these can also be applied to
other types of sewing machines each equipped with a
feeding mechanism using a feed dog.

[0165] The above-described thread cutting devices 80
and 80A, remaining end cutoff mechanisms 100 and
100A, and suctioning mechanisms 110 and 110A, and
operation control of these can be applied to other types
of sewing machines each equipped with a moving mech-
anism other than a feeding mechanism using a feed dog.
[0166] Othertypes of sewing machines each equipped
with a moving mechanism other than a feeding mecha-
nism using a feed dog are, for example, sewing machines
(for example, buttoning sewing machines, electronic cy-
cle sewing machines, etc.) that arbitrarily move a work-
piece in an X-Y plane (or R-0 plane) as a moving mech-
anism that moves the workpiece.

[0167] In these sewing machines each equipped with
a moving mechanism, sewing is performed according to
sewing data for forming a predetermined sewing pattern,
so that when the zero-pitch control described above is
performed, after the downward movement of the needle
at a sewing end position determined according to the
sewing data, the downward movement of the needle in
the final stitch is performed at the same position, and
thereafter, the upper thread U and the lower thread D are
cut by the thread cutting device, and accordingly, pref-
erable thread cutting can be performed.

[0168] In the case of a sewing machine that arbitrarily
moves a workpiece within an X-Y plane (or R-8 plane),
trouble with a feed dog does not occur, so that the feed
dog lowering control is not performed.

Others

[0169] The thread cutting device is not limited to the
above-described one in which a thread cutting knife turns
around the Y-axis, and for example, a knife mechanism,
etc., in which a movable thread cutting knife moves within
a horizontal plane is also applicable.

[0170] As a shuttle of the shuttle mechanism 50, a hor-
izontal full rotary shuttle is exemplified, however, without
limiting to this, a horizontal shuttle or a semi-rotary shuttle
can also be used. However, in the case of a horizontal
shuttle, a knife mechanism in which a movable thread
cutting knife moves within a horizontal plane is preferably
used.

[0171] In the throat plate shown in Fig. 7 and Fig. 8,
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both of the upper plate and the lower plate have semi-
oval shapes, however, itis not necessary to form both of
the upper plate and the lower plate into semi-oval shapes
as long as the portion to be incorporated in the cutoff
knife is formed to have a two-layer structure consisting
of an upper plate and a lower plate.

[0172] Inthe presentapplication, air cylinders are used
as drive sources to adjust the angle of the feed adjuster
so as to obtain a condensed stitching pitch and a zero
pitch, however, solenoids can also be used. Similarly, air
cylinders are used as drive sources of the remaining end
cutoff mechanism and the nozzle approaching and sep-
arating movement, however, solenoids can also be used.
[0173] A solenoid is used as a drive source to switch
the inclination angle of the feed adjuster so that the feed-
ing direction switches from the forward direction to the
backward direction, however, an air cylinder can also be
used.

[0174] The zero-pitch air cylinder 75 of the feed adjust-
ing mechanism 70 switches the inclination angle of the
feed adjuster such that the feeding pitch becomes zero,
however, the pitch does not necessarily have to become
completely zero. For example, the inclination angle of
the feed adjuster may be switched such that the feeding
pitch becomes smaller than the immediately previous
feeding pitch (for example, the condensed stitching
pitch).

Claims
1. A sewing machine (10) comprising:

a throat plate (40, 40A) through which a needle
hole (411,421,431A) is formed to allow a sewing
needle (11) to pass through the needle hole
(411, 421, 431A);

a moving mechanism (60) configured to move
aworkpiece along an upper surface of the throat
plate (40, 40A);

a needle up-down moving mechanism (30) con-
figured to move the sewing needle (11) up and
down;

a shuttle mechanism (50) configured to capture
an upper thread (U) from the sewing needle (11)
below the throat plate (40, 40A) and to interlace
the upper thread (U) with a lower thread (D);

a thread cutting device (80, 80A) provided be-
tween the throat plate (40, 40A) and the shuttle
mechanism (50) and configured to cut the lower
thread (D) and the upper thread (U);

a wiper mechanism (90) configured to pull out,
upwardly from the workpiece, a sewing needle
side portion of the upper thread (U) thathas been
cut by the thread cutting device (80, 80A); and
a control device (120) configured to control op-
erations of the moving mechanism (60), the
thread cutting device (80, 80A) and the wiper
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mechanism (90),

characterized in that the sewing machine (10)
further comprises a remaining end cutoff mech-
anism (100, 100A) disposed below the upper
surface of the throat plate (40, 40A) and above
the thread cutting device (80, 80A),

wherein the remaining end cutoff mechanism
(100, 100A) is configured to cut off, after the low-
er thread (D) and the upper thread (U) are cut
by the thread cutting device (80, 80A), remaining
end portions of the lower thread (D) and the up-
per thread (U) connected to the workpiece.

The sewing machine (10) according to claim 1,
wherein the throat plate (40, 40A) has a double layer
structure comprising an upper layer (41, 41A) and a
lower layer (42, 42A), and

wherein the remaining end cutoff mechanism (100,
100A) comprises a cutoff knife (101, 101A, 102,
102A) incorporated between the upper layer (41,
41A) and the lower layer (42, 42A) to cut off, after
the lower thread (D) and the upper thread (U) are
cut by the thread cutting device (80, 80A), the re-
maining end portions of the lower thread (D) and the
upper thread (U) connected to the workpiece.

The sewing machine (10) according to claim 1 or 2,
wherein the control device (120) is configured to con-
trol a feeding amount of the moving mechanism (60)
such that the feeding amount from a stitch point of
a stitch immediately before a final stitch, at which the
threads (U, D) are cut by the thread cutting device
(80, 80A), to a stitch point of the final stitch is zero
or smaller than an immediately previous feeding
amount.

The sewing machine (10) according to any one of
the preceding claims, wherein the moving mecha-
nism (60) comprises a feed dog (64) configured to
project from and to sink into an in-out hole (412, 422)
of the throat plate (40) to feed the workpiece, and
wherein, after the lower thread (D) and the upper
thread (U) are cut by the thread cutting device (80),
the control device (120) rotates a sewing machine
motor (31) to reduce a projecting amount of the feed
dog (64) from the throat plate (40, 40A) and then
controls the remaining end cutoff mechanism (100)
to cut off the remaining end portions of the lower
thread (D) and the upper thread (U).

The sewing machine (10) according to any one of
the preceding claims, wherein the control device
(120) controls the feeding amount of the moving
mechanism (60) to form a given number of stitches
at a preset condensed stitching pitch when an input
of a thread cutting signal by a signal input means
(126) is detected.
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The sewing machine (10) according to any one of
the preceding claims, further comprising a suctioning
mechanism (110, 110A) configured to perform suc-
tioning from below the needle hole (411, 421, 431A)
of the throat plate (40, 40A).

The sewing machine (10) according to claim 6,
wherein the suctioning mechanism (110, 110A) com-
prises a suction nozzle (111, 111A) configured to
move toward and away from the needle hole (411,
421,431A) of the throat plate (40, 40A), and a nozzle
driving means (113, 113A) for moving the suction
nozzle toward and away from the needle hole (411,
421, 431A).

The sewing machine (10) according to claim 7, com-
prising a suction control device (120) configured to
control the suctioning mechanism (110, 110A) to
start the suctioning at the time when or before the
suction nozzle (111, 111A) reaches the needle hole
(411, 421, 431A) of the throat plate (40, 40A).
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