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(54) SEWING MACHINE

(57)  The invention relates to a sewing machine (10).
The sewing machine (10) includes a main shaft which is
rotated by a motor (1) to move a sewing needle, a position
detecting means (14, 15) for detecting a rotation angle
of the main shaft as a main shaft angle, a thread cutting
mechanism (30) having a movable knife (31), a thread
cutting cam (51) having a cam groove (51a) formed along
acircumferential direction and rotating in synchronization

with the rotation of the main shaft, a cam follower (52)

configured to engage with the cam groove (51a) to move
the movable knife (31) in accordance with the cam groove
(51a), a thread cutting actuator (56) which switches the
cam follower (52) between an engaging position and a
disengaging position with respect to the thread cutting
cam (51), and a control means (100) for controlling the
thread cutting actuator (56) and the motor (1). The control
means (100) includes an operation timing determining
means for determining an operation start timing of the
thread cutting actuator (56) or the motor (1), based on at
least one of a rotation speed (v1, v2) of the motor (1) for
athread cutting operation and amain shaft stopped angle
(61) at which the main shaft has stopped immediately
before the thread cutting operation.
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Description

[0001] The present invention relates to a sewing ma-
chine including a thread cutting device configured to cut
a thread in accordance with a thread cutting cam.
[0002] Sewing machines, like the one described in JP
2007-181609 A, include a thread cutting device having
a thread cutting cam (a driver of a cam mechanism)
formed with a cam groove along a circumferential direc-
tion and rotated by a motor, a roller (a follower of the cam
mechanism) configured to engage with and disengage
from the cam groove of the thread cutting cam, a thread
cutting solenoid for engaging the roller with the grooved
cam, and a movable knife configured to cut a thread in
conjunction with the roller guided by the grooved cam.
The cam groove has an engaging section in which the
roller can be inserted into the cam groove to engage with
the cam groove and an operation section for giving a
cutting movement to the movable knife. The roller in a
disengaged condition cannot be fitted into the cam
groove from the operation section of the cam groove.
[0003] More specifically, while a main shaft of the sew-
ing machine rotates from a lower stop position, i.e. an
rotation angle of the main shaft at which a hook of the
shuttle starts capturing a sewing thread from a sewing
needle moving up from the lowest point, and stops at an
upper stop position, the thread cutting solenoid is oper-
ated at a given phase of the main shaft to engage the
roller with the cam groove, and the thread cutting cam
gives the cutting movement to the movable knife to cut
the thread.

[0004] The sewing machine is configured to perform
two different controls for thread cutting. That is, when a
pedal is backwardly operated (heel-pedaled) while the
main shaft is being stopped at the lower stop position,
the motor is driven to rotate the main shaft at a certain
speed and the thread cutting solenoid is turned on. When
the pedalis backwardly operated directly from a forwardly
pedaled condition while a sewing machine is being driv-
en, the thread cutting solenoid is turned on after decel-
erating the main shaft to a certain level.

[0005] In the thread cutting mechanism described
above, theroller can be reliably maintained engaged with
the cam groove of the thread cutting cam by completely
inserting the roller into the cam groove. Therefore, the
timing at which the thread cutting solenoid is to be acti-
vated is set in consideration of the time required for the
roller to be completely inserted into the cam groove after
turning on the thread cutting solenoid.

[0006] However,when stoppingthe mainshaftatapre-
determined lower stop position, a rotation phase of the
actually stopped position may deviate from the predeter-
mined lower stop position. For example, when the main
shaftis stopped after passing through the predetermined
lower stop position and the pedal is backwardly pedaled
to activate the thread cutting solenoid, the cam groove
opposed to the roller may already be in the operation
section by the time the roller reaches the cam groove. In
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such a case, the roller cannot be successfully inserted
into the cam groove, resulting in afailure of thread cutting
operation by the movable knife.

[0007] Some sewing machines are configured such
that the rotation speed of the motor during the thread
cutting operation is adjustable as needed, speeded down
for a stable cutting operation and speeded up for a quick-
er operation.

[0008] When the rotation speed of the motor during the
cutting operation is set to be high, the thread cutting cam
rotates at a high speed in conjunction with the motor. In
this case, the cam groove may be shifted from the en-
gaging section to the operation section before the roller
engaging operation is completed, causing a roller en-
gagement failure.

[0009] In the case of direct backward pedaling from
the forwardly pedaled position during sewing, the prob-
lems described above are more likely to occur.

[0010] Moreover, in some cases, a shuttle presser
called a "picker" is used during the thread cutting oper-
ation. The shuttle presser is operated interlockingly with
the roller by the thread cutting solenoid, and is butted
against a bobbin inside the shuttle from the outside of
the shuttle to prevent bobbin idling so that an appropriate
residual length of the thread is ensured. In such a case,
when the rotation speed of the motor during the thread
cutting is set to be low, the shuttle presser may be moved
toward the bobbin before the sewing needle is sufficiently
withdrawn upward from the shuttle, and may hit the sew-
ing needle. As a result, the shuttle presser may not func-
tion properly, or the shuttle presser or the sewing needle
may be damaged.

[0011] Itis an object of the presentinvention to provide
a sewing machine capable of performing an appropriate
thread cutting operation.

[0012] According to a first aspect of the present inven-
tion, a sewing machine includes a main shaft which is
rotated by a motor to move a sewing needle up and down;
a position detecting means for detecting a rotation angle
of the main shaft as a main shaft angle; a thread cutting
mechanism including a movable knife configured to cap-
ture a sewing thread and to cut the sewing thread; a
thread cutting cam having a cam groove formed along a
circumferential direction of the thread cutting cam and
rotating in synchronization with the rotation of the main
shaft; a cam follower configured to engage with and dis-
engage from the cam groove of the thread cutting cam
and to move the movable knife in accordance with the
cam groove while engaging with the cam groove; a thread
cutting actuator which switches the cam follower between
an engaging position and a disengaging position with re-
spect to the thread cutting cam; and a control means for
controlling the thread cutting actuator and the motor.
[0013] The sewing machine is characterized in thatthe
control means includes an operation timing determining
means for determining an operation start timing of the
thread cutting actuator or the motor, based on at least
one of a rotation speed of the motor for a thread cutting
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operation and a main shaft stopped angle at which the
main shaft has stopped immediately before the thread
cutting operation.

[0014] According to a second aspect of the present
invention, the sewing machine further includes a speed
setting means for setting the rotation speed of the motor
for the thread cutting operation. The operation timing de-
termining means determines an operation angle as the
operation start timing of the thread cutting actuator,
based on the rotation speed set by the speed setting
means, such that the operation of the thread cutting ac-
tuator to switch the cam follower to the engaging position
is completed at a target main shaft angle, and starts the
operation the thread cutting actuator when the main shaft
angle reaches the operation angle.

[0015] Accordingto a third aspect of the presentinven-
tion, the sewing machine further includes a shuttle press-
er configured to be butted against a bobbin inside a shut-
tle in conjunction with the cam follower by the operation
of the thread cutting actuator to stop a rotation of the
bobbin. The target main shaft angle, at which the oper-
ation of the thread cutting actuator to switch the cam fol-
lower to the engaging position is completed, is set within
an range from a main shaft angle, at which the shuttle
presser and the sewing needle become free from inter-
fering with each other, to a main shaft angle, at which
the switching of the cam follower to the engaging position
becomes inoperable.

[0016] According to a fourth aspect of the present in-
vention, the operation timing determining means in-
cludes an operation angle determining means for deter-
mining the operation angle based on the rotation speed
set by the speed setting means, an operation angle judg-
ing means for judging whether the main shaft angle has
reached the operation angle, and an actuator driving
means for driving the thread cutting actuator when the
operation angle judging means judges that the main shaft
angle has reached the operation angle.

[0017] According to a fifth aspect of the presentinven-
tion, the operation timing determining means is activated
in association with a backward pedaling operation of a
pedal from a forward pedaling position.

[0018] According to a sixth aspect of the present in-
vention, the control means adjusts a waiting time from
the operation start of the thread cutting actuator to the
operation start of the motor, based on one of the rotation
speed of the motor for the thread cutting operation and
the main shaft stopped angle.

[0019] According to a seventh aspect of the present
invention, the control means adjusts a waiting time from
the operation start of the thread cutting actuator to the
operation start of the motor, based on the rotation speed
of the motor for the thread cutting operation and the main
shaft stopped angle.

[0020] According to an eighth aspect of the present
invention, the control means performs the thread cutting
operation in association with a backward pedaling oper-
ation of a pedal from a neutral position.
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[0021] According to the first aspect of the present in-
vention, the operation start timing of the thread cutting
actuator or the motor is determined in accordance with
at least one of the rotation speed of the motor for the
thread cutting operation and the main shaft stopped an-
gle. Therefore, regardless of the rotation speed of the
motor during the thread cutting operation and the main
shaft stopped angle, the cam follower can be engaged
with the cam groove. Accordingly, a cutting failure can
be avoided and sewing work efficiency can be prevented
from being deteriorated.

[0022] According to the second aspect of the present
invention, the operation angle which as the operation
start timing of the thread cutting actuator is determined
in accordance with the rotation speed set by the speed
setting means such that the operation of the thread cut-
ting actuator to switch the cam follower to the engaging
position is completed at the target main shaft angle, and
when the main shaft angle reaches the operation angle,
the operation of the thread cutting actuator is started.
Therefore, even when the rotation speed of the motor
during the cutting control is optionally set, the main shaft
angle at which the operation ofthe thread cutting solenoid
to engage the cam follower is completed can be fixed,
so that similar effect as described above can be effec-
tively obtained.

[0023] According to the third aspect of the presentin-
vention, the fixed main shaft angle, at which the operation
of the thread cutting actuator to switch the cam follower
to the engaging position is completed, is set within the
range from the main shaft angle at which the shuttle
presser and the sewing needle become free from inter-
fering with each other, to the main shaft angle, at which
switching of the cam follower to the engaging position
becomes inoperable. Therefore, the shuttle presser can
be prevented from interfering with the sewing needle and
causing breakage.

[0024] According to the fourth aspect of the present
invention, the operation angle determining means for de-
termining the operation angle in accordance with the ro-
tation speed set by the speed setting means, the opera-
tion angle judging means for judging whether the main
shaft angle has reached the operation angle, and the
actuator driving means for driving the thread cutting ac-
tuator when the operation angle judging means judges
that the main shaft angle has reached the operation an-
gle, are provided. Therefore, the cam follower can be
more reliably engaged with the cam groove. Accordingly,
a cutting failure can be avoided and the sewing work
efficiency can be prevented from being deteriorated.
[0025] According to another aspect of the present in-
vention, upon the cutting control, the motor is stopped at
a predetermined needle lower stop position as a target.
Then, the main shaft stopped angle as an actually
stopped position is detected by the position detector,
and/or the preset rotation speed of the motor for the
thread cutting operation is read out.

[0026] By detecting the main shaft stopped angle, an
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angle to the start of a displacement section in which the
thread cutting cam applies a thread cutting operation to
the cam follower is given, so that when the angle to this
displacement section is small, adjustment is performed
to lengthen the waiting time from the operation start of
the thread cutting solenoid to the operation start of the
motor, and when the angle to the displacement section
is large, adjustment is performed to shorten the waiting
time from the operation start of the thread cutting solenoid
to the operation start of the motor.

[0027] From the presetrotation speed set of the motor,
it can be determined whether the time required to reach
the displacement section of the thread cutting camis long
or short from the operation start of the thread cutting so-
lenoid, so that when the rotation speed is low, adjustment
is performed to shorten the waiting time from the opera-
tion start of the thread cutting solenoid to the operation
start of the motor, and when the set rotation speed is
high, adjustment is performed to lengthen the waiting
time from the operation start of the thread cutting solenoid
to the operation start of the motor.

[0028] By performing either or both of the adjustments
described above, the risk of reaching the displacement
section of the thread cutting cam before the completion
of engagement of the cam follower with the cam groove
can be further be reduced, and the operation start timing
of the motor start timing is adjusted depending on the
situation, so that excessive delay can also be avoided,
whereby the cam follower engaging operation can ap-
propriately be made.

[0029] Other aspects and advantages of the present
invention will be apparent from the following description,
the drawings and the claims.

[0030] The following description of a preferred embod-
iment of the invention serves to explain the invention in
greater detail in conjoint with the drawings. These show:

Fig. 1: a block diagram of an overall configuration of
a sewing machine according to an embodi-
ment of the present invention;

Fig. 2: a bottom perspective view of the sewing ma-
chine with a bottom plate being removed;

Fig. 3: a bottom view of a thread cutting mechanism;

Fig. 4: a sectional view along the line V-V of Fig. 2;

Fig. 5: an enlarged bottom view showing a configu-
ration around a knife drive arm;

Fig. 6: a bottom view of a knife position adjuster;

Fig. 7: a flowchart of a sewing control;

Fig. 8: a diagram illustrating a change in a needle
bar height (vertical axis) with respect to the
main shaft angle (horizontal axis);

Fig. 9: an explanatory diagram of a table for speci-
fying a proper delay time, using a lower stop
angle 61 and a thread cutting rotation speed
v1 as parameters;

Fig. 10:  a flowchart of a first cutting control;

Fig. 11:  an explanatory diagram of a table for speci-

fying a proper timing (the main shaft angle)
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to start driving of the thread cutting solenoid,
using a thread cutting rotation speed v2 as a
parameter;

Fig. 12:  a flowchart of second cutting control;

Fig. 13:  an explanatory diagram of a table for deter-
mining proper thread cutting rotation speeds
V1 to V12 with respect to the lower stop angle
01; and

Fig. 14:  aflowchart of another example of the first cut-
ting control.

Overall Configuration of Sewing Machine

[0031] A sewing machine 10 according to an embodi-
ment of the present invention includes a sewing machine
frame including an arm portion and a bed portion 2 (Fig.
2), a main shaft (an upper shaft) coupled to a motor 1
(Fig. 1) and provided inside the arm portion along the
extending direction of the arm portion, a needle up-down
moving mechanism provided inside the arm portion and
having a known structure for moving a sewing needle up
and down in conjunction with the main shaft, and a hor-
izontal shuttle mechanism provided inside the bed por-
tion 2 and having a known structure for forming stitches
by entangling upper and lower threads in cooperation
with the sewing needle.

[0032] The sewing machine 10 further includes, as
shown in Fig. 2, a cloth feeding mechanism 20 including
a feed dog which protrudes from an opening formed in a
throat plate to feed a workpiece in a cloth feeding direc-
tion, a thread cutting mechanism 30 which includes a
movable knife 31 and a fixed knife 33 and cuts the upper
thread and the lower thread, and a thread cutting drive
mechanism 50 which applies a cutting operation to the
movable knife 31 of the thread cutting mechanism 30.
[0033] The sewing machine 10 further includes a con-
trol device 100 (control means) configured to control op-
erations of the respective components described above
as shown in Fig. 1.

[0034] Inthe following description, in a state where the
sewing machine 10 is placed on a horizontal surface, a
horizontal direction along the cloth feeding direction of
the feed dog is referred to as an X-axis direction, a hor-
izontal direction orthogonal to the X-axis direction is re-
ferred to as a Y-axis direction, and the vertical direction
is referred to as a Z-axis direction. As the front and rear
sides in the X-axis direction, the side on which an oper-
ator operates the sewing machine is referred to as "rear,"
and the opposite side is referred to as "front," and as the
left and right sides in the Y-axis direction, the left side as
viewed from the rear side in the X-axis direction is re-
ferred to as"left," and therightside is referred to as "right."
[0035] In this embodiment, "a thread cutting device"
includes the thread cutting mechanism 30 and the thread
cutting drive mechanism 50.



7 EP 3 006 615 A1 8

Horizontal Shuttle Mechanism

[0036] The horizontal shuttle mechanism includes a
shuttle shaft 11 supported rotatably along the Y-axis di-
rection inside the bed portion 2, and a full rotary shuttle
(not shown) coupled to the tip end of the shuttle shaft 11
and including an outer shuttle which rotates around the
axis of the shuttle shaft 11. The shuttle shaft 11 is coupled
to the motor 1 (Fig. 1) so as to rotate at a speed twice
the speed of the main shaft.

Cloth Feeding Mechanism

[0037] The cloth feeding mechanism 20 includes a
feed base 21 having a feed dog (not shown) provided on
the upper surface which protrudes from an opening of
the throat plate, an up-down feed shaft 22 which is driven
to rotate by the motor 1, a horizontal feed shaft 23 which
is rotated in a reciprocating manner by the motor 1, an
eccentric cam 24 fixed to the up-down feed shaft 22, an
up-down feed rod 25 having one end portion coupled to
an eccentric shaft of the eccentric cam 24 and the other
end portion coupled to the rear end portion of the feed
base 21, and a horizontal feed arm 26 which swings its
swinging end portion fixed to and supported on the hor-
izontal feed shaft 23 and coupled to the feed base 21 in
the front-rear direction. The up-down feed shaft 22 is cou-
pled to the main shaft via a belt not shown so that when
the main shaft rotates one revolution, the up-down feed
shaft 22 also rotates one revolution at the same period
as that of the main shaft.

[0038] The up-down feed shaft 22 is disposed closer
to the rear side (the operator side) than the shuttle shaft
11 inside the bed portion 2 and supported rotatably along
the Y-axis direction. A driven pulley with teeth not shown
is fixed to the up-down feed shaft 22, andis given atorque
via a timing belt with teeth from a driver pulley provided
on the main shaft of the needle up-down moving mech-
anism. Specifically, the up-down feed shaft 22 is driven
to rotate by the motor 1 via the main shaft, and the trans-
mission ratio is set so that the up-down feed shaft 22
rotates at a speed equal to that of the main shaft.
[0039] According to full rotation of the up-down feed
shaft 22, only the up-down movement component of the
revolving motion of the eccentric shaft of the eccentric
cam 24 is transmitted to the feed base 21 by the up-down
feed rod 25, and the feed base 21 moves up and down
at the same period as that of the up-down movement of
the sewing needle.

[0040] To the shuttle shaft 11 described above, a ro-
tating operation is applied from the up-down feed shaft
22 via a speed increasing gear train, and the rotating
operation at a speed twice the speed of the up-down feed
shaft 22 is applied.

[0041] The horizontal feed shaft 23 is disposed closer
to the front side than the shuttle shaft 11 inside the bed
portion 2, and supported rotatably along the Y-axis di-
rection. On the up-down feed shaft 22 described above,
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the eccentric rod holding an eccentric cam not shown
fixed to the up-down feed shaft 22 is provided, and a
driven arm not shown is fixed to the horizontal feed shaft
23. By coupling an end portion not on the eccentric cam
side of the eccentric rod and the swinging end portion of
the driven arm, a reciprocating rotation is applied to the
horizontal feed shaft 23 from the up-down feed shaft 22.
Specifically, to the horizontal feed shaft 23, a reciprocat-
ing rotation is applied by the motor 1 via the up-down
feed shaft 22 and the main shaft, and the transmission
ratio is set so that the reciprocating rotation period of the
horizontal feed shaft 23 becomes equal to the rotation
period of the up-down feed shaft 22.

[0042] Accordingly,tothe feedbase 21,areciprocating
up-down movement and a reciprocating forward-back-
ward movement are applied at the same period, and by
properly adjusting the phases of these, the feed base 21
moves in an oval course along the cloth feeding direction.
Then, the feed dog of the feed base 21 protrudes upward
from the opening of the throat plate in an upper section
of the oval movement, and the oval rotation direction of
the feed base 21 is adjusted so that the movement di-
rection at this time matches the cloth feeding direction,
and enables feeding of the workpiece on the throat plate
in the predetermined feeding direction.

Thread Cutting Device

[0043] The thread cutting device includes the thread
cutting mechanism 30 and the thread cutting drive mech-
anism 50.

[0044] In Fig. 3, the thread cutting mechanism 30 in-
cludes a main body frame 32 fixed to the bed portion 2,
a fixed knife 33 having an edge portion 33a on its tip end
portion and fixed to and supported on the main body
frame 32, a movable knife 31 including an edge portion
31a provided on its tip end portion and an engaging pro-
jection 31b provided so as to project from the upper sur-
face, and an actuation arm 34 which turns the movable
knife 31.

[0045] The movable knife 31 is axially supported on
the main body frame 32 by a shoulder screw 35 so as to
turn between a standby position shown by the alternate
long and two short dashed line and a most retreated po-
sition shown by the solid line. The movable knife 31 is
normally spaced from the shown stitch point S at the
standby position, and reciprocates when cutting (thread
cutting operation), and when moving forward, retreats to
the solid-line position and handles (divides) sewing
threads (upper thread and lower thread) to be cut, and
when returning, captures a sewing thread to be cut during
forward movement to the standby position, and cuts the
captured sewing thread at the standby position in coop-
eration with the fixed knife 33.

[0046] The edge portion 33a of the fixed knife 33 sand-
wiches and cuts a sewing thread with the edge portion
31a of the movable knife 31 when the movable knife 31
advances.
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[0047] The actuation arm 34 is axially supported rotat-
ably with respect to the main body frame 32 at a longitu-
dinal intermediate position by a shoulder screw 36, and
one end portion thereof is coupled to a second link body
61 of the thread cutting drive mechanism 50 described
later. On the other end portion of the actuation arm 34,
a groove-like notch 34a in which the engaging projection
31b of the movable knife 31 is fitted is formed, and the
movable knife 31 can be turned along with the rotation
of the actuation arm 34.

[0048] By thus forming the groove-like notch 34a, the
engaging projection 31b can move inside the notch 34a,
and a turning radius difference between the actuation
arm 34 and the movable knife 31 can be allowed.
[0049] In the thread cutting device, by rightward and
leftward advancing/retreating movements of the second
link body 61 of the thread cutting drive mechanism 50 in
Fig. 3, the end portion on the notch 34a side of the actu-
ation arm 34 turns leftward and then turns rightward, and
by turning the movable knife 31 in the same direction, a
thread cutting operation can be performed.

Thread Cutting Drive Mechanism

[0050] Asshownin Fig.2and Fig. 4, the thread cutting
drive mechanism 50 includes a thread cutting cam 51
fixed to the up-down feed shaft 22, a roller 52 (a cam
follower) engageable in the cam groove 51a of the thread
cutting cam 51, a knife drive arm 53 which retains the
roller 52 by an input portion 53a and turns in a recipro-
cating manner to transmit a cutting operation to the mov-
able knife 31, a pivot shaft 54 which supports the knife
drive arm 53, a clutch member 55 which applies a switch-
ing operation for switching from a withdrawn position at
which the roller 52 is not fitted in the cam groove 51a to
a fitting position at which the roller 52 is fitted in the cam
grove 51a via the knife drive arm 53, a thread cutting
solenoid 56 as a thread cutting actuator which becomes
a drive source of the switching operation of the clutch
member 55, a first stopper 57 which engages with the
knife drive arm 53 to prohibit forward turning of the drive
knife 31 when the roller 52 is at the withdrawn position,
a first link body 58 (link body) having one end portion
coupled to an output portion 53b of the knife drive arm
53, a knife position adjuster 59 as a knife position adjust-
ing means coupled to the other end portion of the first
link body 58, a second stopper 60 (stopper) the position
of which is adjustable and which stops the knife drive
arm 53 on one end side of the movement start side of
the movable knife 31 in the turning range, and a second
link body 61 (movable knife drive link) joining the knife
position adjuster 59 and the actuation arm 34 of the
thread cutting mechanism 30.

[0051] The thread cutting cam 51 is formed into a sub-
stantially disk shape as viewed in the Y-axis direction
and fixed to and supported on the up-down feed shaft 22
positioned at the center of the disk shape, and has a cam
groove 51a the depth direction of which is in the Y-axis
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direction and which is formed on a right end face perpen-
dicular to the up-down feed shaft 22.

[0052] Inthe cam groove 51a, a non-displaced section
at a fixed distance from the up-down feed shaft 22 as a
rotation center and a displacement section which grad-
ually approaches the up-down feed shaft 22 as a rotation
center and then returns to the point at the same distance
as that of the non-displaced section (only the non-dis-
placed section is shown in Fig. 4) continue to each other
in an endless annular shape. When the up-down feed
shaft 22 is at a shaft angle at which the roller 52 faces
the non-displaced section, the roller 53 enters or comes
out from the cam groove 51a. The roller 52 that has en-
tered the cam groove 51a receives an input of displace-
ment substantially in the Z-axis direction from the cam
groove 51a when it is in the displacement section, and
transmits this displacement to the knife drive arm 53. The
displacement section is formed in a main shaft angle
range from 285 degrees to 45 degrees described later,
and the section from 45 degrees to 285 degrees is the
non-displaced section.

[0053] As shownin Fig. 2 to Fig. 5, the knife drive arm
53 includes a cylindrical base portion 53c fixed to the
pivot shaft 54, the input portion 53a extended toward the
outer side in a turning radial direction from the base por-
tion 53c, the output portion 53b extended toward the outer
side in a turning radial direction different from the extend-
ing direction of the input portion 53a from the base portion
53c, and a position restricting projection 53d extended
toward the outer side in the turning radial direction in a
direction different from the directions of the input portion
53a and the output portion 53b from the base portion 53c.
Specifically, in the state where the knife drive arm 53 is
supported on the pivot shaft 54, the position restricting
projection 53d is extended substantially downward, the
input portion 53a is extended substantially toward the
front side in the X-axis direction, and the output portion
53b is extended substantially upward.

[0054] Further, the input portion 53a, the base portion
53c, and the position restricting projection 53d of the knife
drive arm 53 are positioned lower than the up-down feed
shaft 22, horizontal feed shaft 23, and the shuttle shaft
11, and the output portion 53b is positioned higher than
the up-down feed shaft 22, horizontal feed shaft 23, and
the shuttle shaft 11.

[0055] Insidethe bed portion 2, the up-down feed shaft
22, the horizontal fed shaft 23, and the shuttle shaft 11
are disposed parallel to each other, so that the inside of
the bed portion 2 is divided into a lower area and an upper
area by these shafts 22, 23, and 11, however, the knife
drive arm 53 is across these shafts 22, 23, and 11 from
the lower side to the upper side as described above, so
that it becomes possible that with respect to the knife
drive arm 53, the components (the clutch member 55,
the thread cutting solenoid 56, and the first stopper 57,
etc.) to be used for engaging or disengaging the roller 52
and the thread cutting cam 51 are disposed in the lower
area, and components (the first link body 58, the knife
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position adjuster 59, and the second link body 61, etc.)
which perform power transmission from the knife drive
arm 53 to the movable knife 31 are all disposed in the
upper area.

[0056] The knife drive arm 53 includes the input portion
53a and the output portion 53b which become turning
end portions extending in two directions with respect to
the pivot shaft 54, so that the knife drive arm 53 has a
bell crank structure. With this structure, when a turning
movement is input according to the cam groove 51a from
the roller 52 provided on the input portion 53a, the output
portion 53b also turns, and advancing and retreating
movements can be applied along the longitudinal direc-
tion (substantially X-axis direction) of the first link body
58 to the first link body 58 coupled to the output portion
53b along the tangential direction of the arc movement
locus of the turning.

[0057] The knife drive arm 53 has a projection 53e
formed along the Y-axis direction (referred to as an up-
down feed shaft direction). In the projection 53e, a
through hole is opened, and the pivot shaft 54 described
later is inserted through the through hole. Then, the knife
drive arm 53 is fixed to the pivot shaft 54 by a screw 70.
[0058] Instead of this, it is also easily conceivable that
the pivot shaft 54 is provided with two E-rings or two
thrust collars to support both ends in the Y-axis direction
of the knife drive arm 53. Itis also easily conceivable that
a stepped portion is provided on one end side of the pivot
shaft 54, and after the knife drive arm 53 is fitted, the
other end side is locked by an E-ring or the like. Thus,
the knife drive arm 53 is supported rotatably, and the
knife drive arm 53 movesin the Y-axis direction according
to movement in the Y-axis direction of the pivot shaft 54.
[0059] The pivot shaft 54 is supported at its both end
portions on the sewing machine frame by the bed portion
2 so as to become capable of advancing and retreating
along the Y-axis direction (up-down feed shaft direction)
and turning around the Y-axis. The pivot shaft 54 is en-
abled to advance and retreat along the Y-axis direction
by collars and bearings, etc., provided on the sewing ma-
chine frame.

[0060] Therefore, the knife drive arm 53 is capable of
advancing and retreating and turning similar to the pivot
shaft 54. The pivot shaft 54 is provided with a flange
portion 54a, and the pivot shaft 54 and the knife drive
arm 53 are always pressed rightward by a pressing spring
62 via the flange portion 54a.

[0061] On the other hand, the first stopper 57 has a
recess 57a on the right of the position restricting projec-
tion 53d, and an engagement maintaining projection 57b
projecting leftward for maintaining engagement of the
roller 52 in the cam groove 51a is formed adjacent to the
front side of the recess 57a.

[0062] As described above, the knife drive arm 53 is
always pressed rightward by the pressing spring 62, so
that the fitting of the position restricting projection 53d in
the recess 57a recessed rightward is maintained. Then,
when the position restricting projection 53d is pressed

10

15

20

25

30

35

40

45

50

55

leftward against the pressure of the pressing spring 62
by the thread cutting solenoid 56 and the clutch member
55, it can come out from the recess 57a, and further,
when the roller 52 retained by the input arm 53a of the
knife drive arm 53 is fitted in the cam groove 51a and a
turning movement is applied to the knife drive arm 53 so
as to move the position restricting projection 53d to the
front side by the displacement section of the cam groove
51a, the contact state (shown by the alternate long and
two short dashed line in Fig. 5) of the engagement main-
taining projection 57b is caused just to the right next to
the position restricting projection 53d, and the knife drive
arm 53 does not move rightward even if it is subjected
to a pressing force of the pressing spring 62, and the
roller 52 is also maintained so as not to come out from
the cam groove 51a.

[0063] As described above, the thread cutting solenoid
56 and the clutch member 55 are disposed in the lower
area. The clutch member 55 is axially supported rotatably
around the Z-axis by the bed portion 2 at the intermediate
portion in the longitudinal direction, and one turning end
portion thereof is a contact portion 55a which comes into
contact with the position restricting projection 53d of the
knife drive arm 53 to release the retaining state of the
first stopper 57 when it turns counterclockwise. Further,
the clutch member 55 has a thread tension releasing por-
tion 55b adjacent to the contact portion 55a and coupled
to a release wire 12 for releasing the thread tensioning
state of an upper thread tensioning device not shown.
When the contact portion 55a turns in the direction of
releasing the retaining state of the position restricting pro-
jection 53d, the thread tension releasing portion 55b is
actuated to release the thread tension concurrently.
[0064] To the vicinity of the other turning end portion
of the clutch member 55, a plunger of the thread cutting
solenoid 56 is coupled, and turning of the clutch member
55 is energized. When the thread cutting solenoid 56 is
not driven, the plunger projects, and when the thread
cutting solenoid 56 is driven, the plunger retracts and
energizes counterclockwise turning of the clutch member
55 in Fig. 2.

[0065] Further, to the other turning end portion of the
clutch member 55, a joint link member 63 for pulling the
shuttle presser 13 that blocks rotation of the bobbin
housed inside the inner shuttle of the shuttle mechanism
to a rotation blocking state is coupled. Accordingly, when
the thread cutting solenoid 56 turns the clutch member
55 counterclockwise in Fig. 2, the shuttle presser 13 is
concurrently turned to block rotation of the bobbin so as
to prevent the lower thread from being extended from the
bobbin and causing a cutting failure during thread cutting.
[0066] In Fig. 6, the knife position adjuster 59 includes
first and second turning pieces 64 and 65 (a plurality of
L-shaped turning links) superimposed on each other, and
these are coupled integrally by a joint screw 66, and the
two turning pieces 64 and 65 are axially supported around
the Z-axis direction concurrently by one shoulder screw
67. The first turning piece 64 has a turning end portion
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extended substantially leftward in the Y-axis direction,
and this turning end portion is coupled to an end portion
of the first link body 58. The second turning piece 65 has
a turning end portion extended substantially forward in
the X-axis direction, and this turning end portion is cou-
pled to an end portion of the second link body 61. Ac-
cording to this structure, the knife position adjuster 59
has a bell crank structure. Specifically, when advancing
and retreating movements of the first link body 58 sub-
stantially along the X-axis direction give a turning move-
mentto the first turning piece 64, the second turning piece
65 also turns in the same direction around the shoulder
screw 67 (pivot shaft), and advancing and retreating
movements can be applied to the second link body 61
substantially along the Y-axis direction.

[0067] A first turning piece 64 (first L-shaped turning
link) is energized to turn counterclockwise by a tension
spring 68 in Fig. 2, and on the other hand, on the coun-
terclockwise turning tip of the first turning piece 64, a
second stopper 60 is provided, and a state where the
first turning piece 64 is pressed against the second stop-
per 60 is maintained. A turning angle at which the first
turning piece 64 is retained by the second stopper 60 is
for maintaining a turning angle of the knife drive arm 53
so that the roller 52 comes to a position at which the roller
52 can enter the non-displaced section of the cam groove
51a via the first link body 58.

[0068] The second stopper 60 consists of a columnar
screw (set screw) 60a without a head, and a nut 60b for
fixing the screw position, and by screwing-in and tight-
ening the screw 60a with the nut 60b, the stop angle of
the first turning piece 64 can be adjusted. Specifically,
the second stopper 60 and the tension spring 68 function
as an initial position adjusting mechanism of the roller 52
(cam follower) capable of adjusting the initial position of
the roller 52.

[0069] Further, a second turning piece (second L-
shaped turning link) is coupled to the first turning piece
64 by a joint screw 66 via a slot 65a, and when the joint
screw 66 is loosened, the first turning piece 64 and the
second turning piece 65 are allowed to turn relative to
each other around a shoulder screw 67. In the tightened
state of the joint screw 66, when the initial position of the
roller 52 is adjusted by the second stopper 60 described
above, the entire knife position adjuster 59 turns and
causes the standby position of the movable knife 31 to
fluctuate, however, in this case, by adjusting turning of
only the second turning piece 65 by loosening the joint
screw 66, while the initial position of the roller 52 is prop-
erly adjusted, the standby position of the movable knife
31 can also be adjusted to a proper position.

[0070] As described above, in the present embodi-
ment, the first turning piece 64 and the second turning
piece 65 are used. Instead of this, it is easily conceivable
that one turning piece is used and given the same func-
tion by joining a link body 58 to one end side and joining
a movable knife drive link 61 described later to the other
end side.
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[0071] The stopper 60 is configured to come into con-
tact with the first turning piece 64, however, it is also
easily conceivable that the stopper 60 is configured to
come into contact with the link body 58 described later.
[0072] The link body 58 joins the knife drive arm 53
and the first turning piece 64 (first L-shaped turning link)
of the knife position adjuster 59, and has a function to
transmit advancing and retreating movements substan-
tially along the X-axis direction of the output portion 53b
of the knife drive arm 53 to the turning end portion of the
first turning piece 64. The output portion 53b of the knife
drive arm 53 is displaced in the X-axis direction and the
Z-axis direction due to the turning movement, and the
first turning piece 64 is displaced in the X-axis direction
and the Y-axis direction due to the turning movement.
Further, the position of the knife drive arm 53 is also
switched along the pivot shaft 54 (Y-axis direction).
[0073] Thus, on both end portions of the first link body
58, displacement is caused in various directions, so that
both end portions are connected to the knife drive arm
53 and the first turning piece 64 via spherical bearings
58a and 58b. Accordingly, even when displacement is
caused in various directions at both end portions, smooth
movement transmission can be realized.

[0074] The link body 58 is substantially orthogonal to
the shuttle shaft 11, and disposed between the shuttle
shaft 11 and the sewing machine bed upper surface 2a.
[0075] On the other hand, the second link body (mov-
able knife drive link) 61 joins the second turning piece 65
of the knife position adjuster 59 and the actuation arm
34 of the thread cutting mechanism 30, and has a function
to transmit advancing and retreating movements sub-
stantially along the Y-axis direction of the second turning
piece 65 to the turning end portion of the actuation arm
34. The second turning piece 65 and the actuation arm
34 are displaced in the X-axis direction and the Y-axis
direction due to turning, and these displacements coin-
cide with each other, so that unlike the first link body 58,
they do not need spherical bearings.

Control Device

[0076] Next, a control device 100 as a control means
of the sewing machine 10 and a control system of the
sewing machine 10 relating to the control device 100 will
be described with reference to Fig. 1.

[0077] The control device 100 includes a ROM 102
storing programs for executing various controls de-
scribed later of the sewing machine 10 and various set
data, a CPU 101 which executes various programs
stored in the ROM 102, a RAM 103 which becomes a
work area for temporarily storing data when executing
programs of the CPU 101, an EEPROM 104 for storing
various data the settings of which are changeable and
predetermined programs, a drive circuit 105 of the motor
1 described above, an operation panel 109 for inputting
various commands and settings into the sewing machine,
an interface circuit 106 of the operation panel 109, a
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thread cutting drive circuit 107 of the above-described
thread cutting solenoid 56, and a pedal sensor 108 pro-
vided in a pedal to input sewing start, interruption, and
thread cutting execution, etc., and detect a pedal oper-
ating position.

[0078] For the pedal described above, a neutral posi-
tion at which the pedal is positioned when it is not oper-
ated is set, and with reference to the neutral position, a
toe-side (front-side) pedaling operation (forward pedal-
ing) and a heel-side (rear-side) pedaling operation (back-
ward pedaling) are possible.

[0079] On the output shaft of the motor 1, an encoder
14 which outputs a pulse in increments of a micro angle
is provided, and on the main shaft which is driven to rotate
by the motor 1, a needle position detector 15 which out-
puts a signal ata predetermined angle is provided. These
are connected to the CPU 101, and from outputs from
these, the CPU 101 can always detect the rotation angle
of the main shaft (main shaft angle). That is, these func-
tion as "position detecting means."

Sewing Control

[0080] The control device 100 detects an input opera-
tion into the pedal from the pedal sensor 108, and exe-
cutes sewing control corresponding to the input opera-
tion.

[0081] Specifically, when a forward pedaling operation
is performed, according to detection by the pedal sensor
108, the motor 1 is started, and a sewing operation by
rotational driving of the main shaft at a speed correspond-
ing to the forward pedaling amount is performed, and
when the pedal is returned to the neutral position from
the sewing operation state, an operation to stop the motor
1 at the lower stop position that is a main shaft angle at
which the needle bar bottom dead center is passed
through and the hook of the shuttle starts capturing a
sewing thread is performed.

[0082] When a backward pedaling operation is per-
formed after the pedal is returned to the neutral position,
first cutting control is performed, and when backward pe-
daling is performed directly from the forward pedaling
state without stopping at the neutral position, second cut-
ting control is performed. The first and second cutting
controls constitute an operation timing determining
means.

[0083] Next, sewing control in which the CPU 101 ex-
ecutes a sewing control program stored in the ROM 102
will be described with reference to the flowchart shown
in Fig. 7.

[0084] In the sewing possible state of the sewing ma-
chine 10, detection of a forward pedaling operation is
performed by the pedal sensor 108 (Step S11), and when
forward pedaling is performed, at a rotation speed cor-
responding to the pedaling amount, the motor 1 is driven
to rotate, and sewing is started (Step S12).

[0085] During sewing, itis detected whether the pedal
has been operated to the neutral position (Step S13),
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and when an operation to the neutral position is detected,
the motor 1 is stopped so that the main shaft stops at the
lower stop position (Step S14).

[0086] Specifically, when an operation to the neutral
position is detected, the CPU 101 decelerates the motor
1, and after waiting for detection of the main shaft angle
showing the lower stop position from outputs of the nee-
dle position detector 15 and the encoder 14, the CPU
101 stops the motor 1.

[0087] Then, detection of forward pedaling is per-
formed in the stopped state of the motor 1 (Step S15),
and when forward pedaling is detected, the process is
returned to Step S12 and the motor 1 is driven to continue
sewing again.

[0088] When forward pedaling is not detected, detec-
tion of backward pedaling is performed (Step S16), and
when backward pedaling is not detected, the process is
returned to Step S15 and turns to a forward pedaling
detecting state. On the other hand, when backward pe-
daling is detected at Step S16, the CPU 101 executes
the first cutting control (Step S17), and then ends sewing.
[0089] On the other hand, in Step S13, when an oper-
ation to the neutral position is not detected, it is detected
whether a backward pedaling operation has been per-
formed directly after a forward pedaling state (Step S18).
[0090] When the backward pedaling operation is not
performed, the process returns to Step S13 and performs
detection of the neutral position again, and when a back-
ward pedaling operation is performed, the CPU 101 per-
forms second cutting control (Step S19), and then ends
sewing.

First Cutting Control

[0091] Next, the first cutting control to be performed by
the CPU 101 according to a first cutting control program
stored in the ROM 102 will be described. As shown in
Fig. 8, the first cutting control will be described by as-
suming that when the main shaft angle is 0 degrees, the
needle bar is positioned at the top dead center, and when
the main shaft angle is 180 degrees, the needle bar is
positioned at the bottom dead center.

[0092] In the first cutting control, in the state where the
motor 1 is stopped at the lower stop position, by a back-
ward pedaling operation, actuation of the thread cutting
solenoid 56 is started and the roller 52 is made to enter
and engage with the cam groove 51a of the thread cutting
cam 51, and after waiting for elapse of a predetermined
delay time (waiting time) from the start of driving of the
thread cutting solenoid 56, the motor 1 is started to per-
form thread cutting.

[0093] The thread cutting solenoid 56 has a time lag
from reception of a driving start command to the actual
start of driving due to influences of a load, etc., and fur-
ther, the roller 52 vibrates due to reaction when it is in-
serted in the cam groove 51 a, so that the engagement
(joining) is completed only after the vibration stops. Spe-
cifically, from the start of driving of the thread cutting so-
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lenoid 56 to completion, the above-described time lag
and the time until the vibration stops are taken.

[0094] When the motor 1 stops the main shaft at the
lower stop position, the actual stop position of the main
shaft fluctuates depending on various conditions, and
varies in the range of the rotation phase from 215 to 250
degrees of the main shaft (lower stop section).

[0095] On the other hand, the roller 52 of the thread
cutting drive mechanism 50 can be inserted in the cam
groove 51a only in the non-displaced section of the cam
groove 51a of the thread cutting cam 51, and in the dis-
placement section (cam operation section) of the cam
groove 51a, the position of the cam groove 51a deviates
with respect to the advancing and retreating direction of
the roller 52, and accordingly, the roller 52 cannot be
inserted in the cam groove 51a. Therefore, before reach-
ing the displacement section of the cam groove 51a by
restart of driving of the motor 1, the engagement of the
roller 52 in the cam groove 51a by the thread cutting
solenoid 56 must be completed.

[0096] Therefore, when the motor 1 is stopped at the
lower stop position, if the actual stop position deviates to
the displacement section side, that is, for example, when
it is stopped at 250 degrees, there is a possibility that the
roller 52 cannot be engaged with the cam groove.
[0097] The rotation speed of the motor 1 when cutting
athread (thread cutting rotation speed v1) can be option-
ally set in the range from 160 to 680 rpm from the oper-
ation panel 109 (speed setting means). The set value is
stored in the EEPROM 104, and read out when perform-
ing the first cutting control.

[0098] When the thread cutting rotation speed is set to
be high (for example, 680 rpm), the thread cutting cam
51 starts at a high speed, so that the operation speed of
the thread cutting solenoid 56 cannot catch up with the
speed of the thread cutting cam 51, and the engagement
of the roller 52 with the cam groove 51a may not be com-
pleted in time.

[0099] Therefore, in this first cutting control, the delay
time (waiting time) from the start of driving of the thread
cutting solenoid 56 to the thread cutting drive of the motor
1 is adjusted.

[0100] Further, the table data shown in Fig. 9 using the
lower stop angle 61 which is a stop position of the main
shaft and the value of the thread cutting rotation speed
v1 as parameters are stored in advance in the ROM 102
or the EEPROM 104.

[0101] Specifically, in the first cutting control, the CPU
101 specifies a proper delay time from the stored table
according to the lower stop angle 81 which is the actual
stop position of the main shaft detected from outputs of
the encoder 14 and the needle position detector 15 and
the value of the thread cutting rotation speed v1. Then,
by setting a difference corresponding to this delay time,
the thread cutting solenoid 52 and the sewing machine
1 are driven, the engaging operation of the roller 52 is
executed without excess and deficiency, and thread cut-
ting is performed.
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[0102] Inthe table described above, the values are set
so that the closer the lower stop angle 61 to the cam
operation section, the longer the delay time (ms), and
the higherthe thread cutting rotation speed v1, the longer
the delay time. In the table, the blank column indicates
a delay time of 0 ms.

[0103] The table may be prepared by repeating an ac-
tual measurement test and acquiring proper delay times
according to two parameters, or a time from each main
shaft angle in the lower stop section when the motor 1 is
driven at each thread cutting rotation speed to reach to
the cam operation section is calculated, and a proper
delay time is acquired by calculation.

[0104] Without limiting to this case where a delay time
is specified by referring to the table, a delay time may be
calculated by the above-described calculation each time
of the first cutting control.

[0105] The first cutting control program in which the
CPU 101 executes the first cutting control program will
be described with reference to the flowchart shown in
Fig. 10.

[0106] First, in a state where the motor 1 has already
stopped in the lower stop section, an actual lower stop
angle 01 is detected from outputs of the encoder 14 and
the needle position detector 15 (Step S31), and a set
value of the thread cutting rotation speed v1 stored in the
EEPROM 104 is read (Step S32).

[0107] Further, byreferringtothe table of Fig. 9, adelay
time T is determined from the lower stop angle 61 and
the thread cutting rotation speed v1 (Step S33).

[0108] Next, the thread cutting solenoid 56 is turned
on (Step S34), and an elapsed time t from driving is
clocked (step S35). Then, it is judged whether the
elapsed time thas exceeded the delay time T (Step S36),
and when the delay time T elapses, the motor 1 is driven
at the thread cutting rotation speed v1 (Step S37).
[0109] According to turning-on of the thread cutting so-
lenoid 56, the shuttle presser 13 is actuated via the joint
link member 63, and rotation of the bobbin housed inside
the inner shuttle of the shuttle mechanism is blocked.
[0110] Further, the thread tension releasing portion
55b of the clutch member 55 draws the release wire 12
to release the upper thread tensioning device.

[0111] The contact portion 55a of the clutch member
55 presses the position restricting projection 53d of the
knife drive arm 53 leftward and moves it to the outside
oftherecess 57a, and makes the roller 52 enter the inside
of the cam groove 51a of the thread cutting cam 51. At
this time, the non-displaced section of the cam groove
51a has come to the entering position of the roller 52, so
that the roller 52 smoothly enters and is engaged with
the inside of the cam groove 51a. The second stopper
60 is adjusted in advance.

[0112] Then, by driving the motor 1, the thread cutting
cam 51 rotates according to rotation of the up-down feed
shaft 22 interlocking with the main shaft, and when the
roller 52 comes to the cam operation section, the knife
drive arm 53 is turned counterclockwise in Fig. 4. Accord-
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ingly, via the first link body 58, the knife position adjuster
59 is rotated clockwise in Fig. 2.

[0113] As a result, the joining end portion of the actu-
ation arm 34 of the thread cutting mechanism 30 turns
rightward in Fig. 3 via the second link body 61 and turns
the movable knife 31 so thatthe movable knife 31 retreats
from the standby position. Specifically, the movable knife
31 moves from the position shown by the alternate long
and two short dashed line to the position shown by the
solid line in Fig. 3, and accordingly, it passes through the
stitch point and selects a thread to be cut.

[0114] Further, when thethread cuttingcam 51 rotates,
the roller moves to return to the second half section after
the displacement section, that is, to the non-displaced
section, and as aresult, the knife drive arm 53 turns clock-
wise in Fig. 4, and the knife position adjuster 59 is turned
counterclockwise in Fig. 2 via the first link body 58.
[0115] As a result, the joining end portion of the actu-
ation arm 34 of the thread cutting mechanism 30 turns
leftward in Fig. 3 via the second link body 61 and turns
the movable knife 31 so that the movable knife 31 ad-
vances from the retreated position to the standby posi-
tion, and the movable knife 31 is moved from the movable
knife position shown by the solid line to the position
shown by the alternate long and two short dashed line in
Fig. 3. Accordingly, the movable knife 31 passes through
the stitch point again, and further, carries a thread to be
cutto the edge portion 33a of the fixed knife 33 and cutsit.
[0116] During this operation, it is judged whether the
rotation angle 62 of the main shaft has reached a set
main shaft angle (for example, 53 degrees) which is the
upper stop position from outputs of the encoder 14 and
the needle position detector 15 (Step S38). When the
angle reaches the set main shaft angle, the motor 1 is
stopped (Step S39), and driving of the thread cutting so-
lenoid 56 is stopped (Step S40). Accordingly, the first
cutting control is ended.

Second Cutting Control

[0117] Next, second cutting control in which the CPU
101 executes a second cutting control program stored in
the ROM 102 will be described with reference to Fig. 8,
Fig. 11, and Fig. 12.

[0118] In the second cutting control, according to a
backward pedaling operation during a sewing operation
with a forward pedaling operation, a solenoid operation
angle 63 which is a main shaft angle at which driving of
the thread cutting solenoid 56 is started is determined
according to a thread cutting rotation speed v2 which is
a rotation speed when performing thread cutting of the
motor 1 set in advance, and at this solenoid operation
angle 63, driving of the thread cutting solenoid 56 is start-
ed to perform thread cutting. Accordingly, when the
thread cutting rotation speed v2 is set to any value, the
main shaft phase in which the engagement of the roller
52 with the cam groove 51a is completed can be set to
a fixed target angle A (refer to Fig. 8, for example, 230
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degrees).

[0119] Inthe second cutting control, the rotation speed
(thread cutting rotation speed v2) of the motor 1 in the
thread cutting operation can be optionally set in the range
from 180 to 500 rpm from the operation panel 109 (speed
setting means), and the set value is stored in the EEP-
ROM 104, and read out when performing thread cutting.
[0120] A time necessary from the start to completion
of the operation of the thread cutting solenoid 56 is fixed,
however, the rotation speed (thread cutting rotation
speed v2) of the motor 1 can be set to an arbitrary value,
so that when the timing (main shaft angle) to start driving
of the thread cutting solenoid 56 is fixed, the timing of
completion of the engagement of the roller 52 by the
thread cutting solenoid 56 varies according to the thread
cutting rotation speed v2 of the motor 1.

[0121] Specifically, when the thread cutting rotation
speed v2 of the motor 1 is set to be high, the thread
cutting solenoid 56 is actuated and the timing of comple-
tion of the engagement of the roller 52 with the cam
groove 51adelays, and the engagement may not be com-
pleted before the above-described cam operation sec-
tion.

[0122] On the other hand, when the thread cutting so-
lenoid 56 is actuated for thread cutting as described
above, in conjunction with this, the shuttle presser 13
performs a shuttle pressing operation. When the thread
cutting rotation speed v2 of the motor 1 is set to be low,
the shuttle pressing operation of the shuttle presser 13
by the thread cutting solenoid 56 which regularly starts
to operate is performed in an earlier rotation phase of the
main shaft, and the shuttle presser 13 may interfere
(come into contact) with the sewing needle which has
not sufficiently moved up. The main shaft angle at which
the shuttle presser 13 is likely to interfere (come into con-
tact) with the sewing needle is from 155 degrees to 205
degrees.

[0123] Therefore, in this second cutting control, ac-
cording to the set value of the thread cutting rotation
speed v2, the timing (main shaft angle) to start driving of
the thread cutting solenoid 56 is changed and adjusted,
and when the thread cutting rotation speed v2 is high,
driving of the thread cutting solenoid 56 is started at an
earlier main shaft angle, and when the thread cutting ro-
tation speed v2 is low, driving of the thread cutting sole-
noid 56 is started at a later main shaft angle.

[0124] Accordingly, when the set rotation speed v2 is
set to any value, the timing of completion of the engage-
ment of the roller 52 by the thread cutting solenoid 56 or
the operation timing of the shuttle presser 13 becomes
a fixed target timing.

[0125] The target timing is preferably set in a first pre-
determined section (220 degrees to 260 degrees) from
a main shaft angle (non-contact section at 205 degrees)
atwhich the shuttle presser 13 does not come into contact
with the sewing needle to a main shaft angle (285 de-
grees) at which the cam operation section starts.
[0126] The shuttle presser 13 is energized by a spring
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not shown, so that when the bobbin is pressed by the
shuttle presser 13, dumping (vibration) occurs. Due to
this dumping, a gap occurs between the shuttle presser
13 and the bobbin, and when the thread is pulled up, the
thread may not be latched on the shuttle presser 13 and
the thread remaining length on the needle side may be-
come short.

[0127] Inorderto prevent this, the target timing is more
preferably set in a second predetermined section (220
to 240 degrees) by considering the time until dumping
stops.

[0128] It is still more preferable that the engagement
of the roller 52 by the thread cutting solenoid 56 is com-
pleted at a predetermined main shaft angle (for example,
230 degrees) intermediate in the second predetermined
section.

[0129] The timing (main shaft angle) to start driving of
the thread cutting solenoid 56 with respect to the thread
cutting rotation speed v2 of the motor 1 is determined in
the table of Fig. 11, and the table is prepared in advance
in the EEPROM 104 or ROM 102.

[0130] In the table, the timing to start driving of the
thread cutting solenoid 56 becomes later as the thread
cutting rotation speed v2 becomes lower.

[0131] The above-described table may be prepared by
repeating an actual measurement test and acquiring a
proper driving start timing of the thread cutting solenoid
56 with respect to the thread cutting rotation speed v2,
or a time to reach to the target position A when the motor
1 is driven at each thread cutting rotation speed v2 is
calculated, and a proper driving start timing of the thread
cutting solenoid 56 is acquired by calculation.

[0132] Without limiting to this case where the delay
time is specified by referring to the table, the delay time
may be obtained by the above-described calculation
each time of the second cutting control.

[0133] In the flowchart shown in Fig. 12, the second
cutting controlin which the CPU 101 executes the second
cutting control program will be described.

[0134] Duringdriving of the sewing machine by forward
pedaling, when backward pedaling is performed at Step
S18 (Fig. 7), the set value of the thread cutting rotation
speed v2 stored in the EEPROM 104 is read out (Step
S61), and an operation to decelerate the motor 1 to the
readout thread cutting rotation speed v2 is performed
(Step S62).

[0135] Further, by referring to the table shown in Fig.
11, a solenoid operation rotation angle 63 corresponding
to the thread cutting rotation speed v2 is determined
(Step S63). Specifically, the CPU 101 functions as "op-
eration angle determining means" in Step S63.

[0136] Then,itisjudged whether the current main shaft
angle 6 has reached the solenoid operation angle 83 from
outputs of the encoder 14 and the needle position detec-
tor 15 (Step S64), and when it reaches 63, the thread
cutting solenoid 56 is driven (Step S65). Specifically, the
CPU 101 functions as "operation angle judging means"
in Step S64, and functions as "solenoid driving means"
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in Step S65.

[0137] According to driving of the thread cutting sole-
noid 56, the thread cutting mechanism 30 and the thread
cutting drive mechanism 50 operate in the same manner
as in the first cutting control to execute sewing thread
cutting.

[0138] Thereatfter, it is judged whether the current up-
per stop angle has reached the set main shaft angle (for
example, 53 degrees) of the upper stop position 62 from
outputs of the encoder 14 and the needle position detec-
tor 15 (Step S66), and when it reaches the set main shaft
angle, the motor 1 is stopped (Step S67), and the thread
cutting solenoid 56 is turned off (Step S68). Accordingly,
the second cutting control is ended.

Advantageous Effects

[0139] In the sewing machine 10, in the first cutting
control, accordingto adelay time T determined according
to the lower stop angle 61 and the thread cutting rotation
speed v1, control to delay the start of driving of the motor
1 from the start (start of driving) of the thread cutting
solenoid 56 is performed, so that failures in which the
cam operation section (displacement section) of the
thread cutting cam 51 is reached before the engagement
of the roller 52 in the cam groove 51a is completed can
be further avoided or reduced, and additionally, the re-
starting timing of the motor 1 is adjusted according to the
situation, so that excessive delay can also be avoided,
and the joining operation of the cam follower can be made
proper.

[0140] Inthe sewing machine 10, in the second cutting
control, driving of the thread cutting solenoid 56 is started
according to the solenoid operation angle 63 determined
according to the thread cutting rotation speed v2, so that
when the thread cutting rotation speed v2 is set to any
value, the engagement of the roller 52 by the thread cut-
ting solenoid 56 can be completed at the fixed target po-
sition A, and both of interference between the sewing
needle and the shuttle presser 13 due to excessively ear-
ly driving of the thread cutting solenoid 56 and delay of
the engagement of the roller 52 due to excessively late
driving of the thread cutting solenoid 56 can be effectively
avoided, and a stable thread cutting operation can be
performed.

Modifications

[0141] In the sewing machine 10, a cam mechanism
structured so that the roller 52 moves along the direction
of the rotation shaft of the thread cutting cam 51 and
engages with the cam groove 51a is adopted, however,
for example, a cam mechanism structured so that, for
example, a section as a part of the cam groove opens
toward the outer side in the rotation radial direction and
the roller moves toward the inner side in the rotation radial
direction from the opening and engages with the cam
groove can also be adopted. In this case, the cam mech-
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anism is not structured like the cam mechanism de-
scribed above in which the roller 52 is allowed to engage
with the cam groove only when the cam groove is in the
non-displaced section, however, the roller is allowed to
engage with the cam groove only in the section with the
opening, so that the rotational driving start timing of the
motor 1 with respect to the start of driving of the thread
cutting solenoid 56 is still an important point, and as in
the example described above, by properly adjusting the
waiting time based on the detected main shaft angle
when the motor 1 is stopped at the lower stop position
and the restart driving speed of the motor 1, the roller
joining operation to the thread cutting cam can be made
proper.

[0142] In the first cutting control, the delay time T is
determined according to both of the lower stop angle 61
and the thread cutting rotation speed v1, however, the
delay time may be determined according to either one of
the lower stop angle 61 and the thread cutting rotation
speed v1. To determine the delay time according to the
lower stop angle 01, it is also possible that instead of
making the thread cutting rotation speed v1 changeable
and adjustable to an arbitrary value, cutting may be per-
formed always at a fixed rotation speed.

[0143] In the first cutting control, control to determine
a delay time T based on a lower stop angle 61 and a
thread cutting rotation speed v1 is performed, however,
itis also possible thatinstead of making the thread cutting
rotation speed v1 optionally changeable and adjustable,
the control device 100 determines a proper thread cutting
rotation speed v1 according to a detected lower stop an-
gle 01, restarts driving of the motor 1 at this thread cutting
rotation speed v1, and performs sewing thread cutting
control.

[0144] In this case, preferably, in the EEPROM 104 of
the control device 100, a table determining proper thread
cutting set rotation speeds V1 to V12 with respect to the
respective values of the lower stop angle 61 to be de-
tected is prepared in advance (refer to Fig. 13), and by
referring to this table, the thread cutting rotation speed
v1is determined. Without limiting to the use of the table,
a thread cutting rotation speed v1 which does not cause
delay of completion of the engagement of the roller 52
may be calculated according to a rotation angle from a
lower stop angle 61 to reach to the cam operation section
based on a time necessary to complete the engagement
oftheroller 52 from the start of driving of the thread cutting
solenoid 56 and the lower stop angle 61.

[0145] Another example of the first cutting control ob-
tained by excluding the delay from the above-described
example will be described based on the flowchart of Fig.
14.

[0146] First, in the state where the motor 1 has already
stopped in the lower stop section, an actual lower stop
angle 01 is detected from outputs of the encoder 14 and
the needle position detector 15 (Step S81). Then, by re-
ferring to the table shown in Fig. 13, a thread cutting
rotation speed v3 corresponding to the lower stop angle
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01 is determined (Step S82).

[0147] Then, the thread cutting solenoid 56 is turned
on (Step S83), and without providing the above-de-
scribed delay time T, the motor 1 is driven at the thread
cutting rotation speed v3 (Step S84).

[0148] Accordingly, sewing thread cutting is executed.
[0149] Thereatfter, it is judged whether the current up-
per stop angle 62 has reached a set main shaft angle (for
example, 53 degrees) of the upper stop position 62 from
outputs of the encoder 14 and the needle position detec-
tor 15 (Step S85). When the angle reaches the set main
shaft angle, the motor 1 is stopped (Step S86), and the
thread cutting solenoid 56 is turned off (Step S87). Ac-
cordingly, the first cutting control is ended.

[0150] A solenoidis shown asan example of the thread
cutting actuator, however, other driving devices such as
an air-driven system or motor can also be used.

Claims
1. A sewing machine (10) comprising:

a main shaft which is rotated by a motor (1) to
move a sewing needle up and down;

a position detecting means (14, 15) for detecting
a rotation angle of the main shaft as a main shaft
angle;

a thread cutting mechanism (30) having a mov-
able knife (31) configured to capture a sewing
thread and to cut the sewing thread;

a thread cutting cam (51) having a cam groove
(51a) formed along a circumferential direction
of the thread cutting cam (51) and rotating in
synchronization with the rotation of the main
shaft;

a cam follower (52) configured to engage with
and disengage from the cam groove (51a) of the
thread cutting cam (51) and to move the mova-
ble knife (31) in accordance with the cam groove
(51a) while engaging with the cam groove (51a);
athread cutting actuator (56) which switches the
cam follower (52) between an engaging position
and a disengaging position with respect to the
thread cutting cam (51); and

a control means (100) for controlling the thread
cutting actuator (56) and the motor (1),
characterized in that the control means (100)
comprises an operation timing determining
means for determining an operation start timing
of the thread cutting actuator (56) or the motor
(1), based on at least one of a rotation speed
(v1, v2) of the motor (1) for a thread cutting op-
eration and a main shaft stopped angle (61) at
which the main shaft has stopped immediately
before the thread cutting operation, and

the control means (100) adjusts a waiting time
(T) from the operation start of the thread cutting
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actuator (56) to the operation start of the motor
(1), based on one of the rotation speed (v) of the
motor (1) for the thread cutting operation and
the main shaft stopped angle (61).

The sewing machine (10) according to claim 1,
wherein the control means (100) performs the thread
cutting operation in association with a backward pe-
daling operation of a pedal from a neutral position.
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FIG. 3
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FIG. 6
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FIG. 7
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FIG. 10
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FIG. 12
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FIG. 14
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