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(54) Double needle sewing machine

(67)  The presentinvention relates to a double needle
sewing machine (1). The double needle sewing machine
(1) includes a needle bar turning base (15) supporting
two needle bars (12L, 12R), a needle bar turning mech-
anism (30) configured to turn the two needle bars (12L,
12R), a clutch mechanism (50) configured to hold the two
needle bars (12L, 12R), an operating member (16) con-
figured release each of the two needle bars (12L, 12R)
from the clutch mechanism (50) individually, an actuator
(61) for switching the position of the operating member
(16), a differential transmission mechanism (63) config-
ured transmit the position switching operation from the
actuator (61) and to the operating member (16). The dif-
ferential transmission mechanism (63) includes an input
member (631) that turns by receiving the drive force from
the actuator (61), an output member (632) that turns to
apply the position switching operation to the operating
member (16), a transmission member (64) configured to
transmit the turning motion between the input member
(631) and the output member (632) such that the turning
direction of the turning motion is reversed, and a turning
support (65) supporting the transmission member (64)
such that the transmission member (64) revolves about
the center line (C). A turning motor (31) serving as a drive
source of the needle bar turning mechanism (30) is pro-
vided on the sewing machine frame (101), and a rotation
of the turning motor (31) is transmitted to the needle bar
turning base (15) and to the turning support (65) such
that the rotation ratio of the needle bar turning base (15)
to the turning support (65) is 2:1.
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Description

[0001] The presentinventionrelatestoadouble needle
sewing machine that includes two needle bars having
lower ends to which sewing needles are fixed, and forms
parallel two seams along a given shape.

[0002] In conventional double needle sewing ma-
chines, to form seams in a desired shape, the sewing
direction is changed by manually holding and moving a
cloth. In this sewing machine, generally, when forming
seams at a corner portion, the sewing machine is put into
a one-needle state by stopping the up-down movement
of a needle bar on the inner side of the corner portion
and a seam is formed only by a needle bar on the outer
side, and at the corner portion, the cloth is turned around
the needle bar on the outer side to form a seam of the
outside corner portion, and at a position corresponding
to the inside corner portion, the sewing machine is put
into a double-needle state so that the needle bar on the
inner side moves up and down again.

[0003] In recent years, a double needle sewing ma-
chine is being developed for automatically moving a
workpiece in the X-Y directions in accordance with sew-
ing pattern data to form two seams along a predetermined
shape.

[0004] For example, a related art sewing machine in-
cludes a needle bar turning base holding two needle bars
such that the needle bars are movable up and down,
needle bar turning base being supported by a sewing
machine frame so as to be turnable about a vertical axis,
and a shuttle base supporting two shuttles such that the
shuttles are turnable around the vertical axis. The sewing
machine forms two seams along a predetermined shape
by controlling a cloth that is moved along the predeter-
mined shape by a cloth holding frame such that the di-
rection in which the two needles are arranged is always
orthogonal to the line defining the predetermined shape
(see, e.g., KR2008-0089985A).

[0005] In this double needle sewing machine, for sew-
ing at a corner portion, a clutch mechanism for switching
the respective needle bars between an up-down movable
state and a stopped state and an actuator for making this
clutch mechanism perform a switching operation are
mounted on the needle bar turning base, and switching
between a one-needle state and a double-needle state
is performed by operating the actuator during the sewing
operation.

[0006] However, in the sewing machine described
above, the actuator for switching a clutch mechanism is
mounted on the needle bar turning base, so that the turn-
ing weight increases and obstructs high-speed sewing.
The motor for turning the needle bars may be replaced
with a large-sized motor, however, this poses a problem
which increases the size and cost of the sewing machine.
[0007] Further, because the actuator is mounted on
the needle bar turning base that turns, wiring for ener-
gizing the actuator is difficult, and for example, a special
component such as a slip ring is required, and this also
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increases the cost.

[0008] An object of the present invention is to provide
a double needle sewing machine that enables smooth
turning movements of two needles while enabling auto-
matic switching between a one-needle state and a dou-
ble-needle state.

[0009] According to an aspect of the presentinvention,
a double needle sewing machine comprises two needle
bars that move up and down along the vertical direction,
each of the needle bars holding a sewing needle; a nee-
dle up-down moving mechanism configured to move the
two needle bars up and down; a needle bar turning base
supporting the two needle bars such that the needle bars
are movable up and down, the needle bar turning base
being supported by a sewing machine frame such that
the needle bar turning base is turnable about a center
line extending along the vertical direction; a needle bar
turning mechanism including a turning motor as a drive
source and configured to turn the two needle bars via the
needle bar turning base; and a clutch mechanism con-
figured to hold the two needle bars and to transmit the
up-down movement from the needle up-down moving
mechanism to each of the two needle bars individually.
[0010] The sewing machine further comprises an op-
erating member configured to perform a position switch-
ing operation on the needle bar turning base to discon-
nect the transmission to each of the two needle bars
through the clutch mechanism individually; an actuator
attached to the sewing machine frame in a fixed manner
and serving as a drive source for the position switching
operation of the operating member; and a differential
transmission mechanism configured to receive a drive
force from the actuator and to transmit the position
switching operation to the operating member.

[0011] The differential transmission mechanism com-
prises an inputmember supported on the needle bar turn-
ing base such that the input member is turnable about
the center line by receiving the drive force from the ac-
tuator; an output member supported on the needle bar
turning base such that the output member is turnable
about the center line to apply the position switching op-
eration to the operating member; a transmission member
configured to transmit the turning motion between the
input member and the output member such that the turn-
ing direction of the turning motion is reversed; and a turn-
ing support supported on the needle bar turning base
such that the turning support is turnable about the center
line, the turning support supporting the transmission
member such that the transmission member revolves
about the center line.

[0012] The turning motor is attached to the sewing ma-
chine frame in a fixed manner. A rotation of the turning
motor is transmitted to the needle bar turning base and
to the turning support such that the rotation ratio of the
needle bar turning base to the turning support is 2:1.
[0013] The sewing machine may include a moving
mechanism configured to move a workpiece along a
plane orthogonal to the center line, and control means



3 EP 2 565 313 A1 4

for controlling the moving mechanism and the turning
motor to form two seams along a shape of a predeter-
mined sewing pattern.

[0014] The input member, the output member, and the
transmission member may be bevel gears.

[0015] The differential transmission mechanism may
further comprise a belt or a gear, and the transmission
member may transmit the turning motion between the
input member and the output member via the belt or the
gear.

[0016] The inputmember may comprise an input gear,
the output member may comprise an output gear, the
turning support may comprise a support plate supported
on the needle bar turning base such that the support plate
is turnable about the center line, and the transmission
member may comprise a rotary shaft supported rotatably
with respect to the support plate, a driven gear fixed and
supported on the rotary shaft and coupled to the input
gear, and an interlocking gear fixed and supported on
the rotary shaft and coupled to the output gear.

[0017] The turning support may comprise a sprocket
coupled to the turning motor via a timing belt, and a sup-
port plate provided integrally with the sprocket and sup-
porting the transmission member, and the sprocket may
be configured such that the rotation ratio of the needle
bar turning base to the sprocket is 2:1.

[0018] The turning support may further comprise a
sprocket coupled to the turning motor via a timing belt,
the support plate may be provided integrally with the
sprocket, and the sprocket may be configured such that
the rotation ratio of the needle bar turning base to the
sprocket is 2:1.

[0019] The needle bar turning base may comprise a
cylindrical upper support portion and a rectangular inter-
mediate portion, the differential transmission mechanism
may be disposed on the upper support portion, and the
operating member and the clutch mechanism may be
disposed on the intermediate portion.

[0020] Accordingtoan aspect of the presentinvention,
when the needle bar turning base turns, the turning sup-
port supporting the transmission member that transmits
the turning motion between the input member and the
output member turns half the turning angle of the needle
bar turning base. Thus, even when the input member on
the actuator side does not turn together with the needle
bar turning base so that a turning angle difference is
caused between the input member and the needle bar
turning base, the transmission member allows the output
member to turn by the same turning angle in the same
direction as the needle bar turning base. Therefore, the
operating member mounted on the needle bar turning
base is prevented from being displaced from a proper
position by the turning of the needle bar turning base.
[0021] That is, the operating member can be kept in
place at a proper position without mounting an actuator
for a position switching operation of the operating mem-
ber on the needle bar turning base.

[0022] Accordingly, the turning weight of the needle
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bar turning base can be reduced, and a high-speed op-
eration is realized without an increase in size of the motor
that performs the turning operation.

[0023] In addition, there is no need to mount an actu-
ator on the needle bar turning base, so that a special
component such as a slip ring for energizing the actuator
is not necessary, and the sewing machine manufacturing
cost can be reduced.

[0024] According to an aspect of the presentinvention,
the workpiece moving mechanism is provided, so that
sewing can be performed by automatically moving a
workpiece by the moving mechanism, and the needle bar
turning base is turned during the sewing operation with-
out affecting the position switching operation of the op-
erating member. That is, holding and releasing of the
needle bars can be can be properly carried out by the
clutch mechanism during the sewing operation that in-
volves moving of the workpiece.

[0025] In other words, even when two needle bars are
turned for forming two seams along the shape of a pre-
determined sewing pattern, the position switching oper-
ation of the operating member is not affected so that hold-
ing and releasing of the needle bars can be can be prop-
erly carried out by the clutch mechanism.

[0026] According to an aspect of the presentinvention,
bevel gears are used in the differential transmission
mechanism, so that the transmission member between
the inputmember and the output member can be realized
by one bevel gear, and the component cost can be re-
duced by the simplified configuration.

[0027] According to an aspect of the presentinvention,
by aligning all the rotation center lines of the input mem-
ber, the output member, and the sprocket and the gear
of the transmission member, these components can be
easily arranged on top of one another, so that the differ-
ential transmission mechanism can be made slim in the
turning center line direction.

[0028] Other aspects and advantages of the present
invention will be apparent from the following description,
drawings, and the claims.

[0029] The following description of embodiments of the
present invention describes the present invention in
greater detail with reference to the drawings including:

Fig. 1: a perspective view of a double needle sewing
machine according to an embodiment of the present
invention;

Fig. 2: a perspective view showing a configuration
of a needle bar mechanism inside an arm portion;
Fig. 3: a side view showing a configuration of the
periphery of the needle bars;

Fig. 4: a sectional view of a peripheral structure of
the needle bar in a section taken along the center of
the needle bar;

Fig. 5: a sectional view taken along the line T-T
shown in Fig. 3;

Fig. 6: a perspective view of a switching operation
mechanism and an operating member;
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Fig. 7: a sectional view taken along the line U-U

shown in Fig. 3;
Fig. 8: a sectional view taken along the line V-V
shown in Fig. 3;
Fig. 9: a sectional view taken along the line W-W
shown in Fig. 3;

Fig. 10A: an explanatory view showing a position
change of a small sprocket of a needle bar side dif-
ferential transmission mechanism at the time of a
turning operation of the needle bar turning base;
Fig. 10B: an explanatory view showing a position
change of an interlocking gear;

Fig. 10C: an explanatory view showing a position
change of a differential member;

Fig. 11: a configuration diagram schematically illus-
trating mechanical structures of a power transmis-
sion mechanism and a shuttle side differential trans-
mission mechanism of shuttles;

Fig. 12: a view showing an example of a sewing pat-
tern of two seams;

Fig. 13: a flowchart showing sewing control for form-
ing the sewing pattern shown in

Fig. 12;

Fig. 14A: a perspective view of a needle bar holder
support structure;

Fig. 14B: a perspective view of another example of
a needle bar holder support structure;

Fig. 14C: a plan view of another example of a needle
bar holder support structure;

Fig. 15: a control block diagram of the present em-
bodiment;

Fig. 16A: a side view of the needle bar; and

Fig. 16B: a front view of the needle bar. [0030] A
double needle sewing machine 1 according to an
embodiment of the present invention is an electronic
cycle sewing machine which includes a holding
frame 81 that holds a cloth as a workpiece to be
sewn, and forms two seams along a shape pattern
based on predetermined sewing data on the cloth
held by the holding frame 81 by moving the holding
frame 81 relative to two sewing needles 11.

[0030] In the following description, the directions or-
thogonal to the horizontal direction are defined as an
X-axis direction (left-right direction) and a Y-axis direction
(front-rear direction), and the direction orthogonal to the
X-axis direction and the Y-axis direction is defined as a
Z-axis direction.

[0031] The double needle sewing machine 1 includes
a sewing machine frame 101, a needle bar mechanism
shown in Fig. 2, a shuttle mechanism shown in Fig. 11,
and a cloth moving mechanism 80 (an example of a mov-
ing mechanism) that arbitrarily moves and positions a
cloth along the X-Y plane by holding the cloth.

[0032] Sewing Machine Frame

[0033] As shown in Fig. 1, the double needle sewing
machine 1 includes a sewing machine frame 101 having
a substantially U shaped external form when viewed from
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the X-axis direction. The sewing machine frame 101 in-
cludes an arm portion 101a extending in the Y-axis di-
rection, a bed portion 101b that is opposed to the arm
portion 101a below the arm portion and has a bed surface
flat along both X-axis and Y-axis directions, and a vertical
drum portion 101c that joins the arm portion 101a and
the bed portion 101b.

[0034] As shown in Fig. 2, in the arm portion 1013, an
upper shaft 22 that is disposed along the Y-axis direction
inside the arm portion 101 a and supported rotatably
around an axis on the casing of the arm portion 101a,
and a stitching motor 21 that is fixed and supported onto
the casing of the arm portion 101a inside or outside the
arm portion 101a, and has an output shaft (notillustrated)
directly coupled to one end portion of the upper shaft 22
to apply a rotative force thereto, are provided.

[0035] Needle Bar Mechanism

[0036] The needle bar mechanism includes an upper
metal M1 and a lower metal M2 that are fixed to the arm
portion 101a, two needle bars 12R and 12L that hold
sewing needles 11, respectively, on the lower end por-
tions thereof and move up and down, a needle up-down
moving mechanism 20 that moves the sewing needles
up and down by using a stitching motor 21 as a drive
source, a needle bar turning base 15 that supports the
two needle bars 12R and 12L movably up and down, a
needle bar turning mechanism 30 that turns the two nee-
dle bars 12R and 12L around a center line C along the
Z-axis direction via the needle bar turning base 15, a
clutch mechanism 50 that can be switched between a
holding state where the clutch mechanism holds the two
needle bars 12R and 12L individually to transmit an up-
down movement of the needle up-down moving mecha-
nism 20 and a state where the holding state is released,
a stopper mechanism 90 that locks (holds) the needle
bar 12R or 12L in the state where transmission by the
clutch mechanism 50 is released, and a switching oper-
ation mechanism 60 that switches the clutch mechanism
50 between the holding state and the releasing state.
[0037] Inthe upperand lower metals M1 and M2, sup-
port holes (not illustrated) in which cylindrical portions of
the upper and lower ends of the needle bar turning base
15 are fitted rotatably are formed along the axis, respec-
tively.

[0038] As shown in Fig. 16, in each of the intermediate
portions of the needle bars 12R and 12L, a groove portion
121 along the Z-axis direction is formed. In the upper and
lower end portions of the groove portion 121, groove-
shaped engagement holes 122 and 123 that cross the
groove portion 121 and are along the horizontal direction
(Y-axis direction) are formed. The lower engagement
hole 122 is for holding the needle bar 12L (12R) by the
clutch mechanism 50, and the upper engagement hole
123 is for holding the needle bar 12L (12R) by the stopper
mechanism 90.

[0039] Inside the groove portion 121, an oscillation
plate 124 is supported by the needle bar 12R or 12L so
as to oscillate around the intermediate portion, and is
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disposed so that the upper and lower end portions thereof
are opposed to the engagement holes 122 and 123, re-
spectively.

[0040] Needle Bar Turning Base

[0041] Asshownin Fig. 2, the needle bar turning base
15 includes an upper support portion 15A and a lower
support portion (not illustrated) that are cylindrical, re-
spectively, and an intermediate portion 15C.

[0042] The upper support portion 15A is fitted rotatably
in the upper metal M1 so that the upper end thereof
projects, and the lower support portion is fitted turnably
in the lower metal M2.

[0043] Through the upper support portion 15A and the
lower support portion, through holes 156L and 156R are
formed along the Z-axis direction at positions across the
turning center C at equal distances to the turning center
C of the needle bar turning base 15, and the needle bars
12R and 12L are inserted through the through holes 156L
and 156R movably up and down.

[0044] The intermediate portion 15C has rectangular
portions 151 formed by shaping the upper and lower ends
into rectangular shapes, and the portion between the up-
per and lower rectangular portions 151 is notched into a
substantially L shape in a cross sectional view, and in
one side wall portion 153 thereof, a slot 155 along the
Z-axis direction is formed.

[0045] On the upper end face of the upper rectangular
portion 151, a guide portion 151A rises in parallel to the
tangential direction (Y-axis direction) of an output gear
632 described later at a predetermined distance to the
output gear, and a groove portion 151 a along the tan-
gential direction is formed on a surface opposed to the
output gear 632.

[0046] Through the upper rectangular portion 151, a
through hole 157 is formed along the X-axis direction,
and a stopper member 91 of the stopper mechanism 90
is inserted therein.

[0047] Needle Up-Down Moving Mechanism

[0048] The needle up-down moving mechanism 20 in-
cludes the stitching motor 21 and the upper shaft 22, and
includes a needle bar crank 23 fixed to the other end
portion of the upper shaft 22, a crank rod 24 having one
end coupled to an eccentric position of the needle bar
crank 23, an annular needle bar holder 25 that is coupled
to the intermediate portions in the axial directions of the
needle bars 12R and 12L via the clutch mechanism 50
and has an outer peripheral groove 25a formed on the
outer peripheral surface, and an annular member 26 that
fits in the outer peripheral groove 25a of the needle bar
holder 25 and holds the needle bar holder 25 turnably
around the Z axis.

[0049] The rotation of the upper shaft 22 is converted
into up-down reciprocating movement by the needle bar
crank 23 and the crank rod 24 and transmitted to the
needle bar holder 25 and the annular member 26.
[0050] The annular needle bar holder 25 is disposed
so as to allow the intermediate portion 15C of the needle
bar turning base 15 to be inserted into a central opening

10

15

20

25

30

35

40

45

50

55

25b, and is fixed so that two pivot shafts 251 and 251
project to the inside of the central opening 25b along the
Y-axis direction. One pivot shaft 251 penetrates through
the slot 155 of the needle bar turning base 15 and projects
inward. When the two pivot shafts 251 and 251 are cou-
pled to the needle bars 12R and 12L via the clutch mech-
anism 50, the needle bars 12R and 12L are movable up
and down integrally with the needle bar holder 25.
[0051] The outer peripheral groove 25a is formed
across the entire circumference of the needle bar holder
25, and the annular member 26 fits in the outer peripheral
groove 25a slidably in the circumferential direction.
[0052] The annular member 26 has a half-ring shape,
and on both ends thereof, shaft portions 26a and 26b are
formed to project radially outward. One shaft portion 26a
penetrates through the lower end portion of the crank rod
24 turnably around the Y-axis direction and projects its
tip end, and on the projecting end, a rectangular square
piece 241 is axially supported. On the other shaft portion
26b, a rectangular square piece 261 is supported rotat-
ably around the Y-axis direction.

[0053] The square pieces 241 and 261 fit in guide
grooves (not illustrated) provided along the vertical di-
rection (Z-axis direction) on the casing of the arm portion
101a, respectively, and accordingly, the annular member
26 and the needle bar holder 25 are guided in the vertical
direction movably up and down while being kept horizon-
tally.

[0054] The annularmember 26 may have an arc shape
shaped by notching a part of a circle, or may have an
entire circular shape if the fitting performance is ignored.
[0055] Clutch Mechanism

[0056] The clutch mechanism 50 shown in Fig. 4 ba-
sically has the same configuration as that disclosed in
JP2006-141706A, and following are brief description
thereof.

[0057] The clutch mechanism 50 includes a holding
body 51 having two insertion holes formed in the Z-axis
direction through which the two needle bars 12R and 12L
are inserted, two clutch members 52 to be inserted into
circular support holes made to penetrate from the front
surface of the holding body 51 to the insertion holes, two
driven links 53 that advance and retreat the clutch mem-
bers 52 individually, two pressing springs 54 that apply
moving forces in the forward advancing direction to the
clutch members 52 individually via the driven links 53,
two lock claws 55 that lock the clutch members 52 in a
retreated state (at withdrawn positions), respectively, two
pressing springs 56 that press the lock claws 55 in locking
directions, respectively, and a release pin 57 into which
operations for releasing the locks of the lock claws 55
can be input from the outside.

[0058] The two insertion holes of the holding body 51
are formed along the X-axis direction, and support the
substantially cylindrical clutch members 52 slidably along
the X-axis direction.

[0059] The rear end portion of the clutch member 52
is coupled to the driven link 53, and the driven link 53
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presses the clutch member 52 toward the needle bar 12
side by the pressing spring 54. The clutch member 52 is
shaped so thatits tip end portion can be inserted into the
engagementhole 122 of the needle bar 12, and the press-
ing force of the pressing spring 54 keeps an engaged
state between the clutch member 52 and the engage-
ment hole 122 of the needle bar 12, and becomes a hold-
ing force that enables the clutch mechanism 50 to hold
the needle bar 12.

[0060] When the upper end portion of the driven link
53 is pressed downward, it retreats the clutch member
52 and releases the holding state of the needle bar 12
by the clutch mechanism 50.

[0061] When the clutch member 52 retreats, the lock
claw 55 that is normally pressed upward by the pressing
spring 56 locks the tip end portion of the clutch member
52 and restricts the clutch member 52 from moving for-
ward. Two lock claws 55 can release the locked states
of the clutch members 52 when the lock claws are
pressed downward by the release pin 57.

[0062] Switching Mechanism

[0063] When the needle bar 12 reaches the top dead
point of the up-down movement, the upper end portion
of the driven link 53 can press the projecting portion 161
of the operating member 16 supported slidably in the
Y-axis direction on the upper end portion of the interme-
diate portion 15C of the needle bar turning base 15 by
colliding with the projecting portion.

[0064] As shown in Fig. 6, the operating member 16
has rack teeth 16A formed on the upper portion one-side
surface so as to mesh with an output gear 632 described
later, and has a projecting portion 161 formed projecting
downward from the tip end of an arm 16B extending
downward in a substantially L shape. The operating
member 16 has a convex portion 162 formed along the
Y-axis direction on the side opposite to the rack teeth
16A, and this convex portion 162 fits in the groove portion
151a of the needle bar turning base 15. Accordingly the
operating member 16 is supported on the needle bar turn-
ing base 15 slidably along the tangential direction (Y-axis
direction) of a circle circumscribed around the outputgear
632.

[0065] The operating member 16 is slidable (movable)
along the groove portion 151a to a position P1 at which
the projecting portion 161 collides with the driven link 53
that releases the holding state of the left needle bar 12L,
a position P3 at which the projecting portion 161 collides
with the driven link 53 that releases the holding state of
the right needle bar 12R, and a position P2 at which the
projecting portion 161 collides with the release pin 57,
as shown in Fig. 3 by the solenoid 61 of the position
switching mechanism 60.

[0066] The operating member 16 releases the holding
state where the respective needle bars are held by the
clutch mechanism 50 by position switching on the needle
bar turning base 15.

[0067] Accordingly, the two needle bars 12R and 12L
can be held by the clutch mechanism 50 and released
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individually.

[0068] Stopper Mechanism

[0069] The stopper mechanism 90 includes, in Fig. 4,
a stopper member 91 that is inserted slidably in the axial
direction into a through hole 157 formed in the upper
rectangular portion 151 of the intermediate portion 15C,
a pressing spring 92 that presses the stopper member
91 toward the needle bar 12L side, and a cover body 93
that supports the pressing spring 92 on the rear side and
covers and closes the insertion hole of the stopper mem-
ber 91.

[0070] The tip end portion of the stopper member 91
is shaped so as to be inserted into the engagement hole
123 of the needle bar 12, and the pressing force of the
pressing spring 92 keeps an engaged state between the
stopper member 91 and the engagement hole 123 of the
needle bar 12 and becomes a holding force enabling the
stopper mechanism 90 to hold the needle bar 12.
[0071] However, the pressing force of the pressing
spring 92 of the stopper member 91 is set to be sufficiently
smaller than that of the pressing spring 54 of the clutch
member 52, and unless the clutch member 52 is in a
releasing state, the pressing spring 92 yields to pressing
of the clutch member 52 due to the oscillation plate 124,
so that the needle bar 12 is not held by the stopper mech-
anism 90. Specifically, the stopper mechanism 90 holds
only the needle bar 12 that has been released from hold-
ing by the clutch mechanism 50 according to collision of
the driven link 53 with the projecting portion 161 of the
operating member 16.

[0072] Needle Bar Turning Mechanism

[0073] The needle barturning mechanism 30 includes,
as shown in Fig. 3 and Fig. 5, a turning motor (needle
bar turning motor) 31 serving as a drive source of turning
of the needle bar turning base 15, and a transmission
mechanism that transmits turning of the turning motor 31
to the needle bar turning base 15.

[0074] The turning motor 31 is disposed inside the arm
portion 101a so that the motor shaft (not illustrated) is
along the Z-axis direction, and is fixed to the casing of
the arm portion 101a.

[0075] The transmission mechanism includes a main
driving sprocket 32 fixed to the motor shaft of the turning
motor 31, a driven sprocket 33 fixed to the upper end
portion of the upper support portion 151 of the needle
bar turning base 15, and a timing belt 34 wound between
the main driving sprocket 32 and the driven sprocket 33.
[0076] When the turning motor 31 is driven, the needle
bar turning base 15 is turned around its turning center
line C at a transmission ratio of 1 to 1 via the main driving
sprocket 32, the timing belt 34, and the driven sprocket
33.

[0077] Switching Operation Mechanism

[0078] The switching operation mechanism 60 is de-
scribed with reference to Fig. 6 to Fig. 9.

[0079] The switching operation mechanism 60 is a
mechanism for transmitting and applying a position
switching operation to the operating member 16 mounted
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on the needle bar turning base 15.

[0080] This switching operation mechanism 60 in-
cludes a solenoid 61 (an example of an actuator) that
can stop at three positions and is fixed and mounted in-
side the arm portion 101a, a rack member 62 provided
on the plunger of the solenoid 61, and a needle bar side
differential transmission mechanism 63 that transmits a
position switching operation from the solenoid 61 to the
operating member 16 through the rack member 62.
[0081] The solenoid 61 is controllable to selectively
stop at three positions, and each of the stop positions
correspond to the switching positions P1 to P3 of the
operating member 16 described above.

[0082] The rack member 62 can be advanced and re-
treated along the Y-axis direction by the solenoid 61, and
has rack teeth formed along the advancing and retreating
direction.

[0083] When the rack member 62 is stopped at each
position by the solenoid 61, the projecting portion 161 of
the operating member 16 must be stopped at each po-
sition of P1 to P3 described above.

[0084] On the other hand, the operating member 16 is
mounted on the needle bar turning base 15 that turns
during the sewing operation, however, the solenoid 61
that is a drive source for position switching of the oper-
ating member 16 is fixed to the sewing machine frame.
[0085] Differential Transmission Mechanism

[0086] The needle bar side differential transmission
mechanism 63 (a differential transmission mechanism)
includes an input gear 631 (an example of an input mem-
ber) that turns in response to an input of a drive force
from the solenoid 61 via the rack member 62, an output
gear 632 (an example of an output member) that applies
a position switching operation to the operating member
16 according to the turning, a transmission member 64
that reverses and transmits a rotative force between the
input gear 631 and the output gear 632, and a turning
support 65 (shown in Fig. 3) that supports the transmis-
sion member 64 so that the transmission member re-
volves around the turning center line C of the needle bar
turning base 15.

[0087] The input gear 631, the output gear 632, and
the turning support 65 all are supported turnably around
the turning center line C by the upper support portion 15A
formed on the upper end portion of the needle bar turning
base 15. The input gear 631 has a first gear portion 631a
on the upper side and a second gear portion 631b on the
lower side, and the gear portions have tooth profiles dif-
ferent from each other, however, they are formed inte-
grally. The rack member 62 meshes with the first gear
portion 631a, and a belt 644 is wound around the second
gear portion 631b (input sprocket).

[0088] Theinputgear 631 is positioned below the driv-
en sprocket 33 described above, and as shown in Fig.
7, the upper side first gear portion 631a formed on the
outer peripheral surface meshes with the rack member
62 described above. Therefore, the input gear 631 is sup-
ported turnably around the turning center with respect to
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the needle bar turning base 15 and coupled to the actu-
ator 61, and is rotated in conjunction with the actuator
61. The input gear 631 can turn independently of the
needle bar turning base 15.

[0089] The needle bar side differential transmission
mechanism 63 can keep the position of the operating
member 16 with respect to the needle bar turning base
15 constanteven when arelative turning angle difference
is caused between the needle bar turning base 15 and
the input gear 631 by the turning operation of the needle
bar turning base 15.

[0090] The turning support 65 shown in Fig. 3 and Fig.
7 includes a support plate 651 that supports the trans-
mission member 64 rotatably around the Z axis, and a
sprocket 652 (not illustrated in Fig. 6) which is fixed to
the upper surface of the support plate 651 and into which
turning is input by the turning motor 31.

[0091] The support plate 651 is circular and positioned
below the input gear 631, and is supported rotatably on
the upper support portion 15A of the needle bar turning
base 15 shown in Fig. 7.

[0092] The above-described transmission member 64
includes a rotary shaft 641 along the Z-axis direction, a
small sprocket (driven gear) 642 fixed to the upper end
portion of the rotary shaft 641, and an interlocking gear
643 fixed to the lower end portion of the rotary shaft 641.
[0093] The support plate 651 supports the rotary shaft
641 of the transmission member 64 rotatably, and on the
upper surface side thereof, the small sprocket 642 is dis-
posed, and on the lower surface side, the interlocking
gear 643 is disposed. On the upper surface side of the
support plate 651, the timing belt 644 is wound around
the small sprocket 642 and the second gear portion 631b
of the input gear 631, and the small sprocket 642 and
the input gear 631 rotate in conjunction with each other
in the same rotating direction. When the small sprocket
642 rotates, the interlocking gear 643 joined by the rotary
shaft 641 also rotates in the same direction by the same
angle amount.

[0094] The sprocket 652 has an opening at the center
portion, and the input gear 631 is inserted therein with
play.

[0095] The sprocket 652 is fixed to the upper surface

of the support plate 651 by screws not illustrated. The
above-described small sprocket 642 is disposed inside
a recessed portion formed on the upper surface of the
support plate 651, and is coupled to the second gear
portion 631b of the input gear 631 below the sprocket
652 by the belt 644.

[0096] This sprocket 652 is coupled to the main driving
sprocket 32 provided in the turning motor 31 of the needle
bar turning mechanism 30 by a timing belt 653.

[0097] Specifically, when the turning motor 31 is driv-
en, the turning motor turns the driven sprocket 33 that
turns the needle bar turning base 15 and the sprocket
652 that turns the turning support 65 simultaneously. The
effective diameters of the driven sprocket 33 and the
sprocket 652 are set so that the rotation angle amount



13 EP 2 565 313 A1 14

to be input into the turning support 65 from the turning
motor 31 becomes just 1/2 of the rotation angle amount
to be input into the needle bar turning base 15. The turn-
ing directions of these are set to the same direction. Spe-
cifically, when the turning motor 31 inputs a turning op-
eration into the needle bar turning base 15, a turning
angle that is half the turning angle to be input into the
needle bar turning base 15 is input into the turning sup-
port 65.

[0098] Thus, by applying turning to the sprocket 652
from the turning motor 31, the transmission member 64
supported by the support plate 651 can be revolved
around the turning center line C.

[0099] The output gear 632 is positioned below the
support plate 651, and meshes with the interlocking gear
643 of the transmission member 64 as shown in Fig. 9.
The effective diameter ratio of the input gear 631 to the
small sprocket 642 is designed to match the effective
diameter ratio of the output gear 632 to the interlocking
gear 643.

[0100] Accordingly, in astate where the turning support
65 is notrotated, when rotation of a predetermined angle
isinputintotheinputgear631, the output gear 632 rotates
by the same angle in the reverse rotating direction.
[0101] Hereinafter, an operating state of the needle bar
side differential transmission mechanism 63 when the
needle bar turning base 15 turns is described with refer-
ence to Fig. 10A to Fig. 10C.

[0102] Here, a case where the needle bar turning base
15 turns 180° clockwise while the solenoid 61 is in a
stopped state is illustrated.

[0103] First, as shown in Fig. 10A, when 180° clock-
wise turning is applied to the needle bar turning base 15
by the turning motor 31, 90° turning in the same direction
is applied to the turning support65. Accordingly, the small
sprocket 642 revolves 90° clockwise. At this time, the
small sprocket 642 is coupled to the input gear 631 being
stopped by the belt 644, so that the small sprocket 642
itself rotates counterclockwise by an angle of (diameter
of input gear 631/diameter of small sprocket) x 90°.
[0104] Accordingly, asshowninFig. 10B, the interlock-
ing gear 643 revolves and rotates in the same manner
as the small sprocket 642. As a result, to the output gear
632 meshing with the interlocking gear 643, clockwise
rotation (= 90°) equivalent to the revolving movement of
the interlocking gear 643 and clockwise rotation (= 90°)
according to rotation of the interlocking gear 643 are ap-
plied, and the output gear 632 turns 180° clockwise.
[0105] Specifically, when the needle bar turning base
15 is set as a reference, the input gear 631 turns 180°
counterclockwise relative to the needle bar turning base
15, however, the output gear 632 does not turn with re-
spect to the needle bar turning base 15.

[0106] As a result, as shown in Fig. 10C, no relative
angle change is caused between the output gear 632
and the operating member 16, so that the operating mem-
ber 16 does not move on the needle bar turning base 15,
and the projecting portion 161 thereof can be kept at a
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fixed position.

[0107] Even when the solenoid 61 operates and turns
the inputgear 631 during turning of the needle bar turning
base 15, the same operation as described above is ap-
plied, so that the projecting portion 161 of the operating
member 16 can be positioned at a proper position ac-
cording to the operation position of the solenoid 61.
[0108] Shuttle Mechanism

[0109] The shuttle mechanism includes two shuttles
13 and 13 for interlacing lower threads with upper threads
inserted through the sewing needles 11 and 11, a shuttle
side differential transmission mechanism 40 that in-
cludes an input shaft 41 and an output shaft 42 for trans-
mitting power from the stitching motor 21 to the shuttles
13 and 13 and can change and adjust a phase difference
between these shafts, and a power transmission mech-
anism 70 that transmits a torque from the stitching motor
21 to the input shaft 41 of the shuttle side differential
transmission mechanism 40.

[0110] Shuttle

[0111] Two shuttles 13 and 13 are so-called full rotary
vertical shuttles, and are disposed at diagonal positions
around the turning center line C of the needle bar turning
base 15 below the throat plate NP. The shuttles 13 and
13 are disposed at the same distance to each other as
that between the sewing needles 11 and 11 so as to
capture upper threads from the corresponding sewing
needles 11 and 11.

[0112] On the lower portion of each shuttle 13, a pivot
shaft 14 is provided, and each pivot shaft 14 is supported
rotatably around the Z axis by a shuttle base not illustrat-
ed. The shuttle base is fixed and mounted on the upper
portion of the turning base 43 of the shuttle side differ-
ential transmission mechanism 40, can revolve about the
center line C together with the turning base 43, and ac-
cordingly, two shuttles 13 and 13 turn and move about
the center line C to follow the revolving movements of
the two needle bars 12R and 12L according to the needle
bar turning base 15.

[0113] Power Transmission Mechanism

[0114] As shown in Fig. 11, the power transmission
mechanism 70 of the two shuttles 13 and 13 includes a
main driving sprocket 751 coupled to the output shaft of
the drive motor 71 that is a rotation drive source of the
shuttles 13, a driven sprocket 752 mounted on the input
shaft41 of the shuttle side differential transmission mech-
anism 40, and atiming belt 753 wound around the sprock-
ets 751 and 752 inside the bed portion 101b. Accordingly,
the rotation of the drive motor 71 is transmitted to the
shuttles 13 via the shuttle side differential transmission
mechanism 40.

[0115] Shuttle Side Differential Transmission Mecha-
nism
[0116] The shuttle side differential transmission mech-

anism 40 is supported on a support frame attached to
one end portion of the bed portion 101b below the needle
bars 12 and integrated with the sewing machine frame
101.
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[0117] The shuttle side differential transmission mech-
anism 40 has a function of transmitting a rotative force
from the drive motor 71 transmitted from the power trans-
mission mechanism 70 to the shuttles 13 to rotate the
shuttles around the pivot shafts 14, a function of turning
the positions of the shuttles 13 about the center line C,
and a function of correcting changes of the phases
around the pivot shafts 14 according to turning of the
positions of the shuttles 13.

[0118] Specifically, the shuttle side differential trans-
mission mechanism 40 includes the input shaft 41 into
which a rotative force is input from the stitching motor 21
via the power transmission mechanism 70, the output
shaft 42 that outputs the rotative force transmitted from
the input shaft 41 to the shuttle 13 side, an intershaft
transmission portion 44 that has a support frame 441 for
supporting the input shaft 41 and the output shaft 42 and
transmits the rotative force between these shafts, a shut-
tle transmission portion 45 that transmits the rotative
force to the pivot shafts 14 of the shuttles 13 from the
output shaft 42, a turning base 43 that holds the shuttle
base and is supported turnably about the center line C
by the sewing machine frame, and a turning application
mechanism 46 that applies a turning operation to the sup-
port frame 441 and the turning base 43.

[0119] The shuttle transmission portion 45 includes a
main driving sprocket 451 fixed and mounted to the upper
end portion of the output shaft 42 projecting from the
upper end portion of the turning base 43, a driven sprock-
et 452 that is adjacent to the main driving sprocket 451
and is fixed and mounted to the lower end portion of the
pivot shaft 14 of one shuttle 13, a driven sprocket 453
that is adjacent to the main driving sprocket 451 on the
side opposite to the driven sprocket 452 and is fixed and
mounted to the lower end portion of the pivot shaft 14 of
the other shuttle 13, a tension pulley 454 axially support-
ed around the Z axis on the upper surface of a top plate
portion 431, and a double-toothed timing belt 455 pro-
vided around these sprockets and tension pulley 454.
[0120] With this configuration, when the main driving
sprocket 451 rotates together with the output shaft 42,
the driven sprockets 452 and 453 are rotated in a direc-
tion opposite to that of the main driving sprocket 451 via
the double-toothed timing belt 455.

[0121] In the intershaft transmission portion 44, the
support frame 441 is supported turnably about the center
line C by the turning base 43 inside the turning base 43,
and the support frame 441 supports the input shaft 41
and the output shaft 42 rotatably about the center line C.
[0122] The intershaft transmission portion 44 includes
a first bevel gear 442 fixed and mounted to the opposed
end portion of the input shaft 41, a second bevel gear
443 fixed and mounted to the opposed end portion of the
output shaft 42, and a transmission body 445 that axially
supports a transmission bevel gear 444 that meshes with
both of the first and second bevel gears 442 and 443
opposed to each other.

[0123] With this structure, the intershaft transmission
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portion 44 forms a so-called differential gear mechanism.
[0124] The turning application mechanism 46 is fixed
and mounted to the lower end portion of the supportframe
441, and includes a first driven sprocket 461 into which
aturning force for the supportframe 441 isinput, a second
driven sprocket 462 which is fixed and mounted to the
lower end portion of the turning base 43 and into which
a turning force for the turning base 43 is input, a turning
motor 463 that becomes a turning drive source of the
support frame 441 and the turning base 43, a first main
driving sprocket 464 that inputs a turning force from the
turning motor 463 into the first driven sprocket 461, a
second main driving sprocket 465 that inputs a turning
force from the turning motor 463 into the second driven
sprocket 462, a timing belt 466 wound between the first
main driving sprocket 464 and the first driven sprocket
461, and a timing belt 467 wound between the second
main driving sprocket 465 and the second driven sprock-
et 462.

[0125] The first driven sprocket 461 and the second
driven sprocket 462 have effective diameters set to be
the same, and the first main driving sprocket 464 and the
second main driving sprocket 465 have effective diame-
ters the ratio of whichis setto 1 to 2. Specifically, a turning
angle that is applied to the support frame 441 by driving
the turning motor 463 becomes half the turning angle of
the turning base 43.

[0126] Further, the first main driving sprocket 464 and
the second main driving sprocket 465 are both fixed and
mounted to the output shaft of the turning motor 463, so
that these sprockets 464 and 465 are rotated always si-
multaneously in conjunction with each other.

[0127] Specifically, this intershaft transmission portion
44 is structured to obtain the same operation as that of
the needle bar side differential transmission mechanism
63.

[0128] The input gear 631 and the output gear 632 of
the needle bar side differential transmission mechanism
63 correspond to the first bevel gear 442 and the second
bevel gear 443 of the intershaft transmission portion 44,
and the transmission member 64 of the needle bar side
differential transmission mechanism 63 corresponds to
the transmission bevel gear 444 of the intershaft trans-
mission portion 44. The needle bar turning base 15 cor-
responds to the turning base 43, and the support frame
441 corresponds to the turning support 65.

[0129] Accordingly, atthe time of driving of the shuttles
13 and 13, when the two shuttles 13 and 13 are turned
aboutthe centerline C by the turning base 43, the support
frame 441 turns half the turning angle of the shuttles, and
the transmission bevel gear 444 turns together with the
support frame 441, so that the phase shift caused by
turning of the shuttles 13 and 13 can be corrected with
respect to the output shaft 42 side.

[0130] Specifically, without causing phase shift of the
shuttles 13, the shuttles 13 can be turned.

[0131] Cloth Moving mechanism

[0132] AsshowninFig. 1, the cloth movingmechanism
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80 includes a holding frame 81 that holds a workpiece
on the upper surface of the bed portion 101b, a support
arm 82 that supports the holding frame 81 movably up
and down, an X-axis motor XM (not illustrated) that
moves the holding frame 81 in the X-axis direction via
the support arm 82, and a Y-axis motor YM that moves
the holding frame 81 in the Y-axis direction via the support
arm 82.

[0133] With this configuration, the cloth moving mech-
anism 80 can move and position the workpiece to an
arbitrary position on the X-Y plane via the holding frame
81, so that needles can be made to fall to arbitrary posi-
tions for each stitch, and free stitches can be formed.
[0134] Controller

[0135] A controller 200 is described with reference to
the control block diagram of the present embodiment
shown in Fig. 15.

[0136] The controller 200 includes a ROM storing in
advance such as data on position coordinates showing
a sewing pattern and programs for executing a sewing
operation, a RAM that stores various set data input
through an operation panel (not illustrated) attached to
the sewing machine 1, and a CPU that executes a sewing
operation based on the data and programs.

[0137] To the controller 200, a stitching motor drive
circuit MD1 that drives the stitching motor 21 at a driving
speed corresponding to a sewing pattern or stops it, an
X-axis motor drive circuit MD2 that drives and stops the
X-axis motor XM, a Y-axis motor drive circuit MD3 that
drives and stops the Y-axis motor YM, a shuttle turning
motor drive circuit MD4 that drives and stops the turning
motor 46 (shuttle turning motor), a needle bar turning
motor drive circuit MD5 that drives and stops the turning
motor 31 (needle bar turning motor), and a switching so-
lenoid drive circuit SM that drives the solenoid 61 (switch-
ing solenoid) to the three positions described above are
connected. Into the motor drive circuits MD1 to MD5,
feedback signals from the motors are input, and the ro-
tation phases (rotation positions) of the motors can be
recognized.

[0138] Sewing Operation of Sewing Machine

[0139] According to the flowchart shown in Fig. 13, a
sewing operation for forming a sewing pattern of two
seams shown in Fig. 12 is described. The flowchart
shown in Fig. 13 is performed by the CPU of the controller
200.

[0140] First, driving amounts of the X-axis motor XM
and the Y-axis motor YM for making one sewing needle
11 fall onto needle fall positions for the respective stitches
are calculated from the position coordinate data (Step
S1).

[0141] Further, from the data of the driving amounts of
the X-axis motor XM and the Y-axis motor YM for the
respective stitches, the sewing advancing directions for
the respective stitches are obtained, and the turning an-
gles are calculated so that the needle bars 12R and 12L
and the shuttles 13 and 13 are arranged in directions
orthogonal to the advancing directions (Step S3).
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[0142] Then, the stitching motor 21 is driven to start
sewing with the sewing machine, and the X-axis motor
XM and the Y-axis motor YM are driven to advance sew-
ing in the predetermined sewing direction for each stitch,
and the turning motors 31 and 463 are controlled so that
the needle bars 12R and 12L and the shuttles 13 and 13
are arranged in the planned direction for each stitch (Step
S5).

[0143] When the current sewing position is any of the
determined corner points A1 to A4 of the sewing pattern
(Step S7), the position of the solenoid 61 is controlled to
release holding of the needle bar 12 that performs in-
ner-side sewing by the clutch mechanism 50, and the
sewing machine is switched into a one-needle sewing
state (Step S9).

[0144] Accordingly, sewing is performed with only one
needle bar 12R or 12L that is on the outer side (Step
S11). Specifically, effective one needle bar and the turn-
ing motors 31 and 463 are driven to turn 90° to form
stitches at a corner portion with one needle, and there-
after, the position of the solenoid 61 is controlled to restart
holding of both needle bars 12R and 12L by the clutch
mechanism 50, and accordingly, the sewing machine is
switched into a two-needle sewing state (Step S 13).
[0145] Then, sewing with both needle bars 12R and
12L is performed, and it is judged whether sewing has
reached the final stitch of the sewing pattern (Step S 15),
and when sewing reaches the final stitch, driving of all
motors are stopped and the sewing operation is ended.
In the case where the final stitch has not been reached,
the process returns to Step S5 and the sewing operation
is continued.

[0146] Advantages of Embodiment of Invention
[0147] Inthe double needle sewing machine 1, as de-
scribed above, in the differential transmission mecha-
nism 63 that transmits a position switching operation from
the solenoid 61 to the operating member 16, the turning
support 65 supporting the transmission member 64 that
reverses and transmits a rotative force between the input
gear 631 and the output gear 632 turns half the turning
angle of the needle bar turning base 15 when the needle
bar turning base 15 turns, so that even when the input
gear 631 that meshes with the rack member 62 does not
turn together with the needle bar turning base 15 and a
turning angle difference is caused between these, the
output gear 632 side can be turned by the same turning
angle in the same direction as those of the needle bar
turning base 15 by the transmission member 64. There-
fore, the position of the operating member 16 mounted
on the needle bar turning base 15 is not deviated by the
turning of the needle bar turning base 15.

[0148] Therefore, even without mounting the solenoid
61 on the needle bar turning base 15, the operating mem-
ber 16 can be kept at a correct position, so thatthe needle
bars 12 can be correctly held and released.

[0149] Accordingly, the turning weight of the needle
bar turning base 15 can be reduced, and without increas-
ing the size of the turning motor 31 that performs a turning
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operation, a high-speed operation is enabled, so that
higher-speed sewing can be realized.

[0150] Also, sincethere is no need to mount a solenoid
on the needle bar turning base 15, a special component
such as a slip ring for energizing the solenoid is not nec-
essary, and the sewing machine manufacturing cost can
be reduced.

[0151] The double needle sewing machine 1 includes
the cloth moving mechanism 80, and forms two seams
along a predetermined sewing pattern by controlling the
cloth moving mechanism 80 and the turning motors 31
and 463. At this time, the needle bars 12R and 12L also
turn according to the sewing advancing direction, and
even in this case, the position of the operating member
16 is not deviated by turning of the needle bar turning
base 15, so that holding and releasing of the needle bars
12 can be correctly performed by the operating member
16.

[0152] In the needle bar side differential transmission
mechanism 63 of the double needle sewing machine 1,
the transmission member 64 consists of the small sprock-
et 642 and the interlocking gear 643 that is a spur gear,
and the input gear 631 and the output gear 632 also con-
sist of spur gears, and the rotation axes of these sprocket
and gears are all directed in the Z-axis direction, so that
in this Z-axis direction, the needle bar side differential
transmission mechanism 63 can be easily thinned.
Therefore, even in a limited space around the needle
bars 12, the needle bar side differential transmission
mechanism 63 can be installed.

[0153] Modifications

[0154] In the needle bar side differential transmission
mechanism 63, the input gear 631 and the transmission
member 64 is joined by a timing belt, however, they may
be joined by a gear.

[0155] The transmission member 64 consists of the
small sprocket 642 and the interlocking gear 643 that is
a spur gear, and the rotation axes of these are directed
in the Z-axis direction same as the rotation axes of the
input gear 631 and the output gear 632, however, they
are not limited to this structure.

[0156] For example, in the needle bar side differential
transmission mechanism 63, like the shuttle side differ-
ential transmission mechanism 40, the input gear 631
and the output gear 632 may be bevel gears that are
concentric with each other and opposed to each other,
and the transmission member 64 may be a bevel gear
that meshes with the input gear 631 and the output gear
632 simultaneously.

[0157] In this structure, the transmission member 64
does not need to include members corresponding to the
input gear 631 and the output gear 632, respectively, and
power transmission is performed with a single bevel gear,
and this is advantageous for reduction in the number of
components.

[0158] On the contrary, the first and second bevel
gears 442 and 443 and the transmission body 445 of the
shuttle side differential transmission mechanism 40 may
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consist of the same members as the input gear 631, the
output gear 632, and the transmission member 64 con-
sisting of the small sprocket 642 and the interlocking gear
643 as in the case of the needle bar side differential trans-
mission mechanism 63.

[0159] Inthe above-described embodiment, as shown
in Fig. 14A, the semicircular annular member 26 fits in
the outer peripheral groove 25a of the needle bar holder
25 and transmits the up-down movement of the crank
rod 24 to the needle bar holder 25. Instead of this, for
example, as shown in Fig. 14B and Fig. 14C, use of an
annular member 106 larger than the outer periphery of
the needle bar holder 25, support shafts 107 and 107
provided on both end portions of the semicircular annular
member 106, first square pieces 261 and 241 provided
on the outer sides of the support shafts 107, and second
square pieces 108 and 108 provided on the inner sides
of the support shafts 107 is easily conceived. In this other
embodiment, the second square pieces 108 and 108 sup-
port the needle bar holder 25, and even when wear, etc.,
occurs, the second square pieces 108 can be replaced,
so that maintenance is easy.

[0160] The solenoid 61 may be an air solenoid or an
electromagnetic solenoid, or may be another actuator
thatcan be moved and positioned at three positions, such
as a stepping motor.

[0161] The configuration of the above-described em-
bodimentis most effectively used in a double needle sew-
ing machine that automatically moves a cloth to be sewn
in the X-Y directions, however, it may be applied to a
double needle sewing machine which is automatically
controlled to be driven and stopped so as to form a pre-
determined number of stitches, and in which a cloth to
be sewn is handled by hands although the cloth is moved
with a normal feed dog.

Claims
1. A double needle sewing machine (1) comprising:

two needle bars (12L, 12R) that move up and
down along the vertical direction (Z), each of the
needle bars (12L, 12R) holding a sewing needle
(11);

a needle up-down moving mechanism (80) (20)
configured to move the two needle bars (12L,
12R) up and down;

a needle bar turning base (15) supporting the
two needle bars (12L, 12R) such that the needle
bars (12L, 12R) are movable up and down, the
needle bar turning base (15) being supported
by a sewing machine frame (101) such that the
needle bar turning base (15) is turnable about a
center line (C) extending along the vertical di-
rection (2);

a needle bar turning mechanism (30) including
a turning motor (31) as a drive source and con-
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figured to turn the two needle bars (12L, 12R)
via the needle bar turning base (15); and

a clutch mechanism (50) configured to hold the
two needle bars (12L, 12R) and to transmit the
up-down movement from the needle up-down
moving mechanism (80) (20) to each of the two
needle bars (12L, 12R) individually,
characterized in that

the double needle sewing machine (1) further
comprises:

an operating member (16) configured to
perform a position switching operation on
the needle bar turning base (15) to discon-
nect the transmission to each of the two
needle bars (12L, 12R) through the clutch
mechanism (50) individually;

an actuator (61) attached to the sewing ma-
chine frame (101) in a fixed manner and
serving as a drive source for the position
switching operation of the operating mem-
ber (16); and

a differential transmission mechanism (63)
configured to receive a drive force from the
actuator (61) and to transmit the position
switching operation to the operating mem-
ber (16),

wherein the differential transmission mech-
anism (63) comprises:

an input member (631) supported on the needle
bar turning base (15) such thatthe inputmember
(631) is turnable about the center line (C) by
receiving the drive force from the actuator (61);
an output member (632) supported on the nee-
dle bar turning base (15) such that the output
member (632) is turnable about the center line
(C) to apply the position switching operation to
the operating member (16);

atransmission member (64) configured to trans-
mit the turning motion between the input mem-
ber (631) and the output member (632) such that
the turning direction of the turning motion is re-
versed; and

a turning support (65) supported on the needle
bar turning base (15) such that the turning sup-
port (65) is turnable about the center line (C),
the turning support (65) supporting the transmis-
sion member (64) such that the transmission
member (64) revolves about the center line (C),
wherein the turning motor (31) is attached to the
sewing machine frame (101) in a fixed manner,
and

wherein a rotation of the turning motor (31) is
transmitted to the needle bar turning base (15)
and to the turning support (65) such that the ro-
tation ratio of the needle bar turning base (15)
to the turning support (65) is 2:1.
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2. The double needle sewing machine (1) according to

claim 1, wherein the double needle sewing machine
(1) further comprises:

a moving mechanism (80) configured to move
a workpiece along a plane orthogonal to the
center line (C) and

control means (200) for controlling the moving
mechanism (80) and the turning motor (31) to
form two seams along a shape of a predeter-
mined sewing pattern.

The double needle sewing machine (1) according to
claim 1 or 2, wherein the input member (631), the
output member (632), and the transmission member
(64) are bevel gears.

The double needle sewing machine (1) according to
claim 1, wherein the differential transmission mech-
anism (63) further comprise a belt (644) or a gear,
and the transmission member (64) is configured to
transmit the turning motion between the input mem-
ber (631) and the output member (632) via the belt
(644) or the gear.

The double needle sewing machine (1) according to
claim 1, wherein the input member (631) comprises
an input gear,

the output member (632) comprises an output gear,
the turning support (65) comprises a support plate
(651) supported on the needle bar turning base (15)
such that the support plate (651) is turnable about
the center line (C), and

the transmission member (64) comprises a rotary
shaft (641) supported rotatably with respect to the
support plate (651), a driven gear (642) fixed and
supported on the rotary shaft (641) and coupled to
the input gear (631), and an interlocking gear (643)
fixed and supported on the rotary shaft (264) and
coupled to the output gear (632).

The double needle sewing machine (1) according to
claim 1, wherein the turning support (65) comprises
a sprocket (652) coupled to the turning motor (31)
via a timing belt (653), and a support plate (651) pro-
vided integrally with the sprocket (652) and support-
ing the transmission member (64), and

the sprocket (652) is configured such that the rotation
ratio of the needle bar turning base (15) to the sprock-
et (652) is 2:1.

The double needle sewing machine (1) according to
claim 5, wherein the turning support (65) further com-
prise a sprocket (652) coupled to the turning motor
(31) via a timing belt (653),

the support plate (651) is provided integrally with the
sprocket (652), and

the sprocket (652) is configured such that the rotation
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ratio of the needle barturning base (15) to the sprock-
et (652) is 2:1.

The double needle sewing machine (1) according to
claim 1 or 5, wherein the needle bar turning base
(15) comprises a cylindrical upper support portion
(15A) and a rectangular intermediate portion (15C),
the differential transmission mechanism (63) is dis-
posed on the upper support portion (15A), and

the operating member (16) and the clutch mecha-
nism (50) is disposed on the intermediate portion
(15C).
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