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(54) SEWING DEVICE

(67)  Asewing device includes a needle plate, a nee-
dle bar, a needle bar mechanism, a drive shaft motor, a
presser bar, a detector, a processor, and a memory. The
detector is configured to detect a detected thickness, the
detected thickness being a thickness of the sewing object
pressed by the presser foot. The memory is configured
to store computer-readable instructions that, when exe-
cuted by the processor, instruct the processor to perform
processes. The processes include detection processing

of acquiring the detected thickness detected by the de-
tector, acquisition processing of acquiring a reference
thickness, the reference thickness being a thickness of
one of one layer of the sewing object and a plurality of
layers of the sewing object used as a reference, compar-
ison processing of comparing the detected thickness and
the reference thickness, and notification control process-
ing of notifying a comparison result of the comparison
processing.

FIG. 10

7
-/
11

UpP

REAR <—I—> FRONT

DOWN

G

P

T2

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 889 333 A1 2

Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority to Japanese Pat-
ent Application No. 2020-060891 filed March 30, 2020,
the content of which is hereby incorporated herein by
reference in its entirety.

BACKGROUND

[0002]
vice.
[0003] Aknownsewingdevice is provided with apress-
er foot that presses a cloth in the vicinity of a stitch for-
mation position. The presser foot is mounted on the lower
end of a presser bar, and the presser bar can move be-
tween araised position in which the presser foot releases
the cloth, and a pressing position in which the presser
foot presses the cloth. When the presser foot moves, a
distance between a part of the presser bar and a refer-
ence changes in a stable manner. A position sensor de-
tects a position of the presser foot in the pressing position.
Based on an output value of the position sensor, the sew-
ing device sets sewing conditions of the sewing device
in accordance with a cloth thickness.

The present disclosure relates to a sewing de-

SUMMARY

[0004] The above-described sewing device automati-
cally calculates the sewing conditions of the sewing de-
vice depending on the cloth thickness, and performs sew-
ing. Also, when a sewing object of a cloth thickness that
is notintended by an operator is sewn, the sewing device
automatically sets the sewing conditions depending on
the cloth thickness, and thus the operator does not notice
that the sewing object of the unintended thickness is be-
ing sewn.

[0005] Embodiments of the broad principles derived
herein provide a sewing device that improves conven-
ience for an operator when performing sewing in accord-
ance with a thickness of a sewing object.

[0006] Embodiments provide a sewing device that in-
cludes a needle plate, a needle bar, a needle bar mech-
anism, a drive shaft motor, a presser bar, a detector, a
processor, and a memory. The needle plate is a plate on
which a sewing object is to be placed. The needle bar
extends in an up-down direction and on a lower end of
which a sewing needle is mountable. The needle bar
mechanism is configured to move the needle bar up and
down. The drive shaft motor is configured to drive the
needle bar mechanism. The presser bar is a bar on a
lower end of which a presser foot is mountable, and the
presser bar configured to press, using the presser foot,
the sewing object placed on the needle plate, from above.
The detectoris configured to detect a detected thickness,
the detected thickness being a thickness of the sewing
object pressed by the presser foot. Thea memory is con-
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figured to store computer-readable instructions that,
when executed by the processor, instruct the processor
to perform processes. The processes include detection
processing of acquiring the detected thickness detected
by the detector, acquisition processing of acquiring a ref-
erence thickness, the reference thickness being a thick-
ness of one of one layer of the sewing object and a plu-
rality of layers of the sewing object used as a reference,
comparison processing of comparing the detected thick-
ness and the reference thickness, and notification control
processing of notifying a comparison result of the com-
parison processing. The operator can refer to the com-
parison result notified by the sewing device, and, using
the comparison result, can verify whether or not the sew-
ing object placed on the needle plate and pressed by the
presserfootis the sewing objectintended by the operator.
Thus, compared to known art, the sewing device can
improve convenience for the operator when performing
sewing in accordance with the thickness of the sewing
object.

[0007] In this aspect of the sewing device, the compu-
ter-readable instructions may further instruct the proces-
sor to perform a process that includes warning threshold
value acquisition processing of acquiring a warning
threshold value to be compared with a difference be-
tween the detected thickness and the reference thick-
ness. The notification control processing may include is-
suing a warning when the difference between the detect-
ed thickness and the reference thickness is equal to or
greater than the warning threshold value. By setting the
warning threshold value as appropriate, the sewing de-
vice can notify the operator that the sewing object of the
thickness not intended by the operator is placed on the
needle plate. By referring to the warning, the operator
can avoid sewing the sewing object that is not intended
by the operator, for example.

[0008] In this aspect of the sewing device, the compu-
ter-readable instructions may further instruct the proces-
sor to perform processes that include change threshold
value acquisition processing of acquiring a change
threshold value smaller than the warning threshold value,
and condition changing processing of changing sewing
conditions in accordance with the detected thickness
when the difference between the reference thickness and
the detected thickness is smaller than the warning thresh-
old value and is equal to or greater than the change
threshold value. By setting the warning threshold value
and the change threshold value as appropriate, the sew-
ing device can automatically change the sewing condi-
tions in accordance with the detected thickness, when
the difference between the reference thickness and the
detected thickness is not large enough to issue the warn-
ing but it is not appropriate for the operator to perform
the sewing using the sewing conditions set based on the
reference thickness. The sewing device can reduce an
amount of time and effort required for the operator to
change the sewing conditions during the sewing.
[0009] In this aspect of the sewing device, the compu-
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ter-readable instructions may further instruct the proces-
sor to perform processes that include enabling threshold
value acquisition processing of acquiring an enabling
threshold value smaller than the warning threshold value,
and enabling setting processing of enabling a penetration
improvement function for improving penetration of the
sewing object by the sewing needle, by driving the drive
shaft motor using an conduction pattern different from
when sewing the sewing object of the reference thick-
ness, when the difference between the reference thick-
ness and the detected thickness is smaller than the warn-
ing threshold value, and a value obtained by subtracting
the reference thickness from the detected thickness is
smaller than the enabling threshold value. By setting the
warning threshold value and the enabling threshold value
as appropriate, the sewing device can automatically en-
able the penetration improvement function, when the dif-
ference between the reference thickness and the detect-
edthicknessis notlarge enough for the operator to cancel
the sewing, but it is difficult for the sewing needle to pen-
etrate the sewing object when sewing using the sewing
conditions set based on the reference thickness. The
sewing device can reduce an amount of time and effort
required for the operator to enable the penetration im-
provement function during the sewing.

[0010] In this aspect of the sewing device, the compu-
ter-readable instructions may further instruct the proces-
sor to perform a process that includes sewing stop
processing of stopping the driving of the drive shaft motor
when the different between the reference thickness and
the detected thickness acquired during the driving of the
drive shaft motor is equal to or greater than the warning
threshold value. By setting the warning threshold value
as appropriate, the sewing device can avoid continuing
the sewing of the sewing object of the thickness not in-
tended by the operator.

[0011] Inthisaspectofthe sewingdevice, the detection
processing may include detecting the detected thickness
before a start of the driving of the drive shaft motor, and
the notification control processing may include perform-
ing the notification of the comparison result between the
reference thickness and the detected thickness detected
before the start of the driving of the drive shaft motor.
The operator can refer to the comparison result notified
by the sewing device, and, using the comparison result,
can verify before performing the sewing whether or not
the sewing object placed on the needle plate and pressed
by the presser foot is the sewing object intended by the
operator. Thus, compared to known art, the sewing de-
vice can further improve convenience for the operator
when performing the sewing in accordance with the thick-
ness of the sewing obj ect.

[0012] Inthisaspectofthe sewingdevice, the detection
processing may include detecting the detected thickness
during driving of the drive shaft motor, and the notification
control processing may include issuing a warning when
the detected thickness detected during the driving of the
drive shaft motor changes. When the detected thickness
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detected during the driving of the drive shaft motor chang-
es, the sewing device can notify the operator using a
notification. The operator can refer to the notification and
can respond appropriately in accordance with whether
or notthe change in thickness is intended by the operator.
[0013] Inthisaspectofthe sewingdevice, the detection
processing may include detecting the detected thickness
during the driving of the drive shaft motor, and the com-
puter-readable instructions may further instruct the proc-
essorto perform a process thatincludes condition chang-
ing processing of changing sewing conditions in accord-
ance with the detected thickness when the detected
thickness detected during the driving of the drive shaft
motor changes. When the detected thickness detected
during the driving of the drive shaft motor changes, the
sewing device can automatically change the sewing con-
ditions in accordance with the detected thickness. The
sewing device can reduce an amount of time and effort
required for the operator to change the sewing conditions
during the sewing.

[0014] Inthisaspectofthe sewingdevice, the detection
processing may include detecting the detected thickness
during the driving of the drive shaft motor, and the noti-
fication control processing may include performing noti-
fication that the sewing object is not present between the
needle plate and the presser foot when the detected
thickness detected during the driving of the drive shaft
motor is smaller than a predetermined value. The com-
puter-readable instructions may further instruct the proc-
essor to perform a process that includes sewing stop
processing of stopping the driving of the drive shaft motor
when the detected thickness detected during the driving
of the drive shaft motor is smaller than the predetermined
value. The sewing device can perform the notification
that the sewing object is not present between the needle
plate and the presser foot, and can stop the driving of
the drive shaft motor. The sewing device can avoid con-
tinuation of the driving of the drive shaft motor after sew-
ing to the end of the sewing object.

[0015] In this aspect of the sewing device, the compu-
ter-readable instructions may further instruct the proces-
sor to perform a process that includes warning threshold
value acquisition processing of acquiring a warning
threshold value used in comparing a difference between
the detected thickness and the reference thickness, and
the acquisition processing includes acquiring a plurality
of reference thicknesses during the driving of the drive
shaft motor in a setting order. The comparison process-
ing may include comparing the detected thickness and
the reference thickness that is next in the setting order
when the detected thickness detected during the driving
of the drive shaft motor changes, and the notification con-
trol processing may include issuing a warning when the
difference between the detected thickness and the ref-
erence thickness that is next in the setting order is equal
to or greater than the warning threshold value. When
sewing the sewing object for which the thickness chang-
es during the sewing, the sewing device can prevent a
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location at which the thickness changes from being de-
tected as an abnormality. When the sewing device has
detected the change in the detected thickness, the sew-
ing device compares the reference thickness that is next
in the setting order with the detected thickness, and thus
can also appropriately compare the reference thickness
and the detected thickness during the sewing of the sew-
ing object for which the thickness changes during the
sewing.

[0016] In this aspect of the sewing device, the memory
may store a plurality of combinations of the reference
thickness during the driving of the drive shaft motor and
the setting order, and the acquisition processing may in-
clude acquiring, in the setting order, the plurality of com-
binations stored in the memory. When sewing the sewing
objectforwhich the thickness changes during the sewing,
the sewing device can prevent a location at which the
thickness changes from being detected as an abnormal-
ity. When the sewing device has detected the change in
the detected thickness, the sewing device compares the
reference thickness that is next in the setting order with
the detected thickness, and thus can also appropriately
compare the reference thickness and the detected thick-
ness during the sewing of the sewing object for which
the thickness changes during the sewing.

[0017] In this aspect of the sewing device, the compu-
ter-readable instructions may further instruct the proces-
sor to perform a process that includes storage control
processing of setting the detected thickness detected by
the detector as the reference thickness, and storing the
plurality of combinations of the reference thickness and
the setting order in the memory. The sewing device can
store the plurality of combinations of the reference thick-
ness and the setting order, using the detected thickness
detected by the detector as the reference thickness.
Compared to a device that acquires combinations of the
reference thickness and the setting order from another
device, the sewing device can reduce an impact of a
mounting error of the detector with respect to the sewing
device or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments will be described below in detail
with reference to the accompanying drawings in which:

FIG. 1 is a perspective view of a sewing device;
FIG. 2 is a perspective view of part of an internal
structure of the sewing device;

FIG. 3 is a front view of part of the internal structure
of the sewing device;

FIG. 4Ais a left side view of part of the internal struc-
ture of the sewing device when a presser mechanism
is in a needle lowered position, and FIG. 4B is a left
side view of part of the internal structure ofthe sewing
device when the presser mechanism is in a needle
raised position;

FIG. 5 is a block diagram of an electrical configura-
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tion of the sewing device;

FIG. 6 is a flowchart of sewing processing;

FIG. 7 is a flowchart of setting processing;

FIG.8is aflowchart of pre-sewing detection process-
ing;

FIG. 9 is a flowchart of during sewing detection
processing;

FIG. 10 is an explanatory diagram of a thickness of
a sewing object of a first specific example; and
FIG. 11 is an explanatory diagram of the sewing ob-
ject of a second specific example.

DETAILED DESCRIPTION

[0019] A physical configuration of a sewing device 1
according to the present invention will be explained. In
the following explanation, left and right, front and rear,
and up and down directions indicated by arrows in the
diagrams are used. As shown in FIG. 1 and FIG. 2, the
sewing device 1 is a union-feed sewing machine, and is
provided with a bed portion 2, a pillar 3, an arm portion
4, and a head portion 5. The bed portion 2 includes a
needle plate 14 in an upper surface thereof, and houses
a shuttle mechanism, a feed mechanism 36, and a feed
adjustment mechanism 37. The shuttle mechanism is
driven by the rotation of a lower shaft 40, and causes a
lower thread and an upper thread to be entwined below
the needle plate 14. The lower shaft 40 rotates in syn-
chronization with a drive shaft 31, due to a belt 35
stretched between the drive shaft 31 and the lower shaft
40. As shown in FIG. 2 to FIG. 4A, and FIG. 4B, the feed
mechanism 36 is provided with an up-down feed shaft
38, an eccentric link 69, an eccentric rod (not shown in
the drawings), a converter 66, a horizontal feed shaft 39,
alink mechanism 53, and a feed dog 17. The feed mech-
anism 36 drives the feed dog 17 in synchronization with
the lower shaft 40 and moves a sewing object in a con-
veyance direction by a predetermined feed amount. The
conveyance direction is a rearward direction and a front-
ward direction. The lower shaft 40, the up-down feed
shaft 38, and the horizontal feed shaft 39 extend in the
left-right direction. The up-down feed shaft 38 is posi-
tioned in front of the horizontal feed shaft 39. The up-
down feed shaft 38 is coupled to the lower shaft 40 via
the eccentric link 69 that is eccentric with respect to a
shaft center of the lower shaft 40. The eccentric rod is
provided so as to be eccentric with respect to the lower
shaft 40, to the right of the eccentric link 69. The converter
66 is coupled to a rear end portion of the eccentric rod
that is provided so as to be eccentric with respect to the
lower shaft 40, and transmits the rotation of the lower
shaft 40, which is generated by the rotation of the drive
shaft 31, to the horizontal feed shaft 39. The left end of
the up-down feed shaft 38, and the left end of the hori-
zontal feed shaft 39 are coupled to the feed dog 17, via
the link mechanism 53. The feed adjustment mechanism
37 is provided with a feed adjustment motor 24, an inter-
mediate shaft 28, the converter 66, a cam lever 67, a
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cam disk 65, and the horizontal feed shaft 39. The inter-
mediate shaft 28 extends in the left-right direction, and
is coupled to the horizontal feed shaft 39 via the converter
66. The intermediate shaft 28 includes the cam lever 67
on a right end portion thereof, and the cam lever 67 is
coupled to the cam disk 65 provided on an output shaft
of the feed adjustment motor 24. The feed adjustment
motor 24 is a pulse motor. By rotating the output shaft,
the feed adjustment motor 24 changes a rotation amount
of the horizontal feed shaft 39 via the cam disk 65, the
camlever 67, the intermediate shaft 28, and the converter
66, and adjusts a feed amount in the front-rear direction
of the sewing object by the feed mechanism 36. When
the lower shaft 40 rotates in synchronization with the ro-
tation of the drive shaft 31, the up-down feed shaft 38
and the horizontal feed shaft 39 swing, and the feed dog
17 rotates while drawing an elliptical trajectory in the
counterclockwise direction or the clockwise direction in
a left side view.

[0020] As shown in FIG. 1 and FIG. 2, the pillar 3 ex-
tends upward from the right end portion of the bed portion
2, and houses a drive shaft motor 21, a presser motor
22, the belt 35, and a drive link 41. The drive shaft motor
21 rotates the drive shaft 31. The presser motor 22 is a
pulse motor provided to the left and to the rear of the
drive shaft motor 21, and adjusts a downward pressing
pressure applied to the sewing object by an outer presser
foot 11 mounted on the lower end of an outer presser bar
10. The presser motor 22 can also move the outer presser
foot 11 up and down. The drive link 41 is coupled to the
horizontal feed shaft 39 and a needle bar rocking shaft42.
[0021] The arm portion 4 extends to the left from the
upper end portion of the pillar 3. The front face of the arm
portion 4 is provided with a display portion 15, input por-
tions 16 and 19, and a tensioner 13. The display portion
15 is a liquid crystal display that displays an image, and
the input portion 16 is a touch panel provided in the front
face of the display portion 15 that can input various com-
mands to a control portion 90 (refer to FIG. 5). The input
portion 19 is provided to the right of the display portion
15, and is a switch that inputs various commands to the
control portion 90. The tensioner 13 includes a thread
tension solenoid 25 (referto FIG. 5), and a predetermined
tension is imparted to the upper thread by the driving of
the thread tension solenoid 25. The arm portion 4 houses
the thread tension solenoid 25, an alternating vertical
movement amount adjustment motor 23, the drive shaft
31, a presser shaft 26, the needle bar rocking shaft 42,
an intermediate shaft 27, a rocking shaft 45, and an al-
ternating vertical movement amount adjustment mecha-
nism 50. The thread tension solenoid 25 is a proportional
solenoid, and the sewing device 1 can adjust the tension
imparted to the upper thread by adjusting a drive voltage
supplied to the thread tension solenoid 25. The alternat-
ing vertical movement amount adjustment motor 23 is a
pulse motor provided to the left of the drive shaft motor
21 and the presser motor 22. The drive shaft 31, the
presser shaft 26, the needle bar rocking shaft 42, the
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intermediate shaft 27, and the rocking shaft 45 extend in
the left-right direction. The right end portion of the drive
shaft 31 is connected to the drive shaft motor 21, and the
left end portion of the drive shaft 31 is connected to a
needle bar mechanism 32. The presser shaft 26 is posi-
tioned to the rear of the drive shaft 31, and a fan gear 64
is included on the right end portion of the presser shaft
26. The fan gear 64 meshes with a pinion 61 provided
on an output shaft of the presser motor 22, and is rotated
by the driving of the presser motor 22. Thus, the presser
shaft 26 is rotated by the driving of the presser motor 22.
The left end portion of the presser shaft 26 is connected
to a presser mechanism 44. The right end portion of the
needle bar rocking shaft 42 is connected to the drive link
41, and the left end portion of the needle bar rocking shaft
42 is connected to a swinging mechanism 34. The alter-
nating vertical movement amount adjustment mecha-
nism 50 is provided with the alternating vertical move-
ment amount adjustment motor 23, a cam mechanism
62, the intermediate shaft 27, a converter 63, and the
rocking shaft45. An output shaft of the alternating vertical
movement amount adjustment motor 23 is coupled to the
intermediate shaft 27 via the cam mechanism 62. The
intermediate shaft 27 is coupled to the rocking shaft 45
via the converter 63. By rotating the output shaft, the
alternating vertical movement amount adjustment motor
23 changes a swing amount of the rocking shaft 45 via
the cam mechanism 62, the intermediate shaft 27, and
the converter 63, and adjusts an alternating vertical
movement amount. The alternating vertical movement
amount is an amount of a vertical movement, from the
needle plate 14, when a center presser bar 8 and the
outer presser bar 10 alternately move up and down in
synchronization with the rotation of the drive shaft 31.
[0022] The head portion 5 is provided on the left end
portion of the arm portion 4, and a thread take-up lever
12 is provided in the front face thereof. The thread take-
up lever 12 pulls up the upper thread, and creates a knot
with the lower thread. The head portion 5 houses the
needle bar mechanism 32, a thread take-up lever mech-
anism 33, the presser mechanism 44, the swinging
mechanism 34, and a detector 49. The needle bar mech-
anism 32 is coupled to the drive shaft 31 and moves a
needle bar 6 up and down. The thread take-up lever
mechanism 33 moves the thread take-up lever 12 up and
downin synchronization with the rotation of the drive shaft
31.

[0023] As shownin FIG. 2to FIG. 4A and FIG. 4B, the
presser mechanism 44 is coupled to the left end portion
of the presser shaft 26, and is provided with the outer
presserbar 10, the center presser bar 8, the rocking shaft
45, links 46, 47, and 70, a triangular lever 48, an urging
member 51, an adjustment member 52, the converter
63, and an eccentric rod 68. The outer presser bar 10
extends in the up-down direction, and the outer presser
foot 11 can be mounted on or detached from the lower
end thereof. The center presser bar 8 extends in the up-
down direction to the front of the outer presser bar 10. A
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center presser foot 9 can be mounted on or detached
from the lower end of the center presser bar 8. The left
end of the rocking shaft 45 is coupled to the link 46 that
extends in the up-down direction. The lower end of the
link 46 is coupled to the rear end of the link 47 that extends
in the front-rear direction. The triangular lever 48 has a
triangular shape in a left side view, and one of the three
corner portions thereof is coupled to the front end of the
link 47. Of the three corner portions of the triangular lever
48, the remaining two corner portions are coupled to the
outer presser bar 10 and the link 70. One end portion of
the link 70 is coupled to the triangular lever 48, and the
other end portion is coupled to the center presser bar 8.
The urging member 51 is a coil-shaped compression
spring, is placed around the outer presser bar 10, and
presses the outer presser bar 10 downward. The adjust-
ment member 52 is cylindrically shaped, and the urging
member 51 is inserted through the inside of the adjust-
ment member 52 such that the adjustment member 52
can move up and down. The adjustment member 52 is
driven up and down by the driving of the presser motor
22, and adjusts a downward pressing pressure applied
to the outer presser bar 10 by the urging member 51.
The converter 63 is coupled to the rear end portion of the
eccentric rod 68 provided so as to be eccentric with re-
spect to the drive shaft 31. The converter 63 transmits
the rotation of the drive shaft 31 by the driving of the drive
shaft motor 21 to the rocking shaft 45, and swings the
rocking shaft 45. When the rocking shaft 45 swings due
to the rotation of the drive shaft 31, the link 46 swings
around the rocking shaft 45. The link 47 operates in the
front-rear direction in accordance with the swinging of
the link 46, and causes the outer presser bar 10 and the
center presser bar 8 to operate in the up-down direction
via the triangular lever 48. As shown in FIG. 4A, when
the link 47 has moved to the front, the outer presser bar
10 rises, and the center presser bar 8 descends. As
shown in FIG. 4B, when the link 47 has moved to the
rear, the outer presser bar 10 descends and the center
presser bar 8 rises. In synchronization with the rotation
of the drive shaft 31, the presser mechanism 44 moves
the outer presser bar 10 and the center presser bar 8 in
an opposite phase, namely, moves the outer presser bar
10 and the center presser bar 8 alternately up and down,
and presses the sewing object from above toward the
needle plate 14 using the outer presser foot 11 and the
center presser foot 9 alternately.

[0024] The swinging mechanism 34 is coupled to the
needle bar rocking shaft 42, and, in synchronization with
the rotation of the drive shaft 31, the swinging mechanism
34 swings the needle bar 6 and the center presser bar 8
in the conveyance direction of the sewing object, by an
amount corresponding to a swinging amount of the nee-
dle bar rocking shaft 42. As shown in FIG. 4A, a state in
which the lower end of a sewing needle 7 is below the
needle plate 14, the outer presser foot 11 is in a position
above and separated from the needle plate 14, and the
center presser foot 9 is in a position closer to the feed
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dog 17, is referred to as the presser mechanism 44 being
in a needle lowered position. During a period in which
the presser mechanism 44 is in the needle lowered po-
sition, the sewing device 1 swings the needle bar 6, the
center presser bar 8, and the feed dog 17 to the rear in
a statein which the sewing needle 7 is piercing the sewing
object. As shown in FIG. 4B, a state in which the lower
end of the sewing needle 7 is above the needle plate 14,
the outer presser foot 11 is in a position closer to the
needle plate 14, and the center presser foot 9 is in a
position above and separated from the needle plate 14,
is referred to as the presser mechanism 44 being in a
needle raised position. During a period in which the
presser mechanism 44 is in the needle raised position,
the sewing device 1 swings the needle bar 6, the center
presser bar 8, and the feed dog 17 to the front in a state
in which the sewing needle 7 is not piercing the sewing
object.

[0025] The detector 49 is configured to output, to the
control portion 90, a detection result corresponding to
the thickness of the sewing object. The detector 49 is a
magnetic sensor provided on the head portion 5, for ex-
ample, and is configured to detect a vertical position of
a magnetic body 71 provided on a presser bar holder 60.
The presser bar holder 60 supports the outer presser bar
10 so as to be movable in the up-down direction. On the
lower portion of the head portion 5, the sewing device 1
is provided with the needle bar 6 that is moved up and
down by the driving of the drive shaft motor 21, the outer
presser bar 10, and the center presser bar 8. The needle
bar 6 extends in the up-down direction to the front of the
center presser bar 8, and the sewing needle 7 can be
mounted on and detached from the lower end of the nee-
dle bar 6. A thread spool supplies the upper thread to an
eye of the sewing needle 7.

[0026] An electrical configuration of the sewing device
1 will be explained with reference to FIG. 5. The control
portion 90 of the sewing device 1 includes a CPU 91, a
ROM 92, a RAM 93, a, an input/output interface (1/0) 95,
drive circuits 81 to 86, and the like. The CPU 91 performs
overall control of operation of the sewing device 1. The
ROM 92 stores, in advance, programs and the like for
executing various processing. The RAM 93 temporarily
stores various pieces of information generated during the
execution of the various processing. The storage device
94 is non-volatile, and stores various setting values. The
storage device 94 stores a number of layers table 96, a
setting table 97, and a threshold value table 98. The
number of layers table 96 stores correspondences be-
tween areference thickness, a number of layers, the feed
amount, the thread tension, the pressing pressure, the
alternating vertical movement amount, and a number of
revolutions. The reference thickness is a thickness that
is used as a reference of the sewing object in which a
number of layers are overlaid, as indicated by the number
of layers. The feed amount is an amount by which the
sewing object is transported by the feed mechanism 36
during a period in which the drive shaft 31 rotates once,
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and is adjusted by the driving of the feed adjustment mo-
tor 24. The thread tension is an amount indicating the
pressure applied to the upper thread, and is adjusted by
the driving of the thread tension solenoid 25. The press-
ing pressure is an amount corresponding to a pressure
applied downward on the sewing object by the outer
presser foot 11 mounted on the lower end of the outer
presserbar 10, and is adjusted by the driving of the press-
er motor 22. The alternate rising amount is an amount
corresponding to a height, from the needle plate 14, when
the outer presser bar 10 and the center presser bar 8 are
alternately moved up and down by the presser mecha-
nism 44, and is adjusted by the driving of the alternating
vertical movement amount adjustment motor 23. The
number of revolutions is a number of revolutions of an
output shaft of the drive shaft motor 21. The setting table
97 stores correspondences between a setting order and
the reference thicknesses. The setting order corre-
sponds to an order of sewing of the sewing objects of the
reference thicknesses. The threshold value table 98
stores various threshold values. The tables 96 to 98 may
be stored in a peripheral device connected to the sewing
device 1, in another of the sewing devices 1, orin a cloud.
The tables 96 to 98 may be configured such that the
tables 96 to 98 can be viewed, changed, or set using the
sewing device 1, or a PC, smartphone or the like con-
nected to the sewing device 1.

[0027] Each of the drive circuits 81 to 86 is connected
to the I/O 95. The drive circuit 81 is connected to the drive
shaft motor 21 and drives the drive shaft motor 21 using
a control command from the CPU 91. The drive circuit
82 is connected to the feed adjustment motor 24 and
drives the feed adjustment motor 24 using a control com-
mand from the CPU 91. The drive circuit 83 is connected
to the alternating vertical movement amount adjustment
motor 23 and drives the alternating vertical movement
amount adjustment motor 23 using a control command
from the CPU 91. The drive circuit 84 is connected to the
presser motor 22 and drives the presser motor 22 using
a control command from the CPU 91. The drive circuit
85 is connected to the thread tension solenoid 25 and
drives the thread tension solenoid 25 using a control com-
mand from the CPU 91. The drive circuit 86 is connected
to the display portion 15 and drives the display portion
15 using a control command from the CPU 91.

[0028] Encoders 56 to 59, the input portions 16 and
19, a pedal 18, and the detector 49 are connected to the
1/0 95. The encoder 56 detects a rotation position and a
rotation speed of the drive shaft 31 that is connected to
the output shaft of the drive shaft motor 21, and inputs
detection results to the 1/0 95. The encoder 57 detects
arotation position and a rotation speed of the output shaft
of the feed adjustment motor 24 and inputs detection
results to the I/O 95. The encoder 58 detects a rotation
position and a rotation speed of the output shaft of the
alternating vertical movement amount adjustment motor
23 and inputs detection results to the I/O 95. The encoder
59 detects a rotation position and a rotation speed of the
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output shaft of the presser motor 22 and inputs detection
results to the I/O 95. The input portions 16 and 19 detect
various commands and input detection results to the I/O
95. The pedal 18 detects an operation direction and an
operation amount of the pedal 18 and inputs detection
results to the I/0 95. The detector 49 inputs the detection
result corresponding to the thickness of the sewing object
to the 1/0O 95.

[0029] Sewing processing will be explained with refer-
encetoFIG.6toFIG. 11, and using two specificexamples
shown in FIG. 10 and FIG. 11. In the sewing processing,
the CPU 91 compares the detection result of the detector
49 with the reference thickness stored in the storage de-
vice 94, and performs processing in accordance with a
comparison result. A first specific example shown in FIG.
10 is an example in which the number of layers of a sew-
ing object W1 during the sewing changes, in order, from
two layers to three layers, and then to four layers. In the
sewing processing of the first specific example, when the
CPU 91 detects the changes in the detected thickness
during the sewing, the CPU 91 reads the reference thick-
ness that is next in the setting order from among the
reference thicknesses stored in the setting table 97, and
performs processing to compare the detected thickness
with the reference thickness. The detected thickness is
the thickness, detected by the detector 49, of the sewing
object pressed by the outer presser foot 11. A second
specific example shownin FIG. 11 is an example in which
the number of layers of a sewing object W2 does not
change during the sewing, but the thickness of the sewing
object W2 changes. In the sewing processing of the sec-
ond specific example, the CPU 91 uses the reference
thickness corresponding to the detected thickness or to
currently set sewing conditions, and performs processing
to compare the detected thickness with the reference
thickness. The sewing processing is started when a pow-
er supply to the sewing device 1 is turned on. The CPU
91 reads out a sewing processing program from the ROM
92 to the RAM 93, and performs the sewing processing.
The CPU 91 performs the sewing processing of the two
specific examples on mutually different occasions, but in
order to simplify the explanation, the sewing processing
of the two specific examples is explained in parallel.
[0030] As shown in FIG. 6, the CPU 91 performs ini-
tialization processing (step S1). Based on the detection
result of the input portion 16, the CPU 91 determines
whether or not a sewing command has been detected
(step S2). When an operator performs sewing using the
sewing device 1, the operator operates the input portion
16 and inputs the sewing command. When the sewing
command has not been detected (no at step S2), the
CPU 91 determines whether or not a setting command
has been detected, based on the detection result of the
input portion 16 (step S5). When the operator sets at
least one of a setting of the number of layers table 96, a
setting of the setting table 97, or a setting of the threshold
value table 98, the operator operates the input portion
16 and inputs the setting command. When the setting
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command has not been detected (no at step S5), the
CPU 91 performs processing at step S14. When the set-
ting command has been detected (yes at step S5), the
CPU 91 performs setting processing (step S6). In the
setting processing, the CPU 91 performs the setting of
the number of layers table 96, the setting of the setting
table 97, or the setting of the threshold value table 98 in
accordance with the command of the operator. The op-
erator operates the input portion 16 and inputs the com-
mand to perform at least one of the setting of the number
of layers table 96, the setting of the setting table 97, or
the setting of the threshold value table 98.

[0031] As shown in FIG. 7, in the setting processing,
based on the detection result of the input portion 16, the
CPU 91 determines whether or not the command has
been detected to set the number of layers table 96 (step
S21). The thickness of the sewing obj ect detected by
the detector 49 becomes larger the greater the number
of sewing obj ects overlaid on each other. For example,
the operator inputs the command to set the number of
layers table 96 when the operator wishes to store, in the
number of layers table 96, a correspondence between
the thickness of the sewing object detected by the de-
tector 49 and the number of layers overlaid in the sewing
object. When the command to set the number of layers
table 96 has been detected (yes at step S21), the CPU
91 determines whether or not the presser mechanism 44
is in the needle raised position, based on the detection
result of the input portion 16 (step S22). When the presser
mechanism 44 is in the needle raised position, the outer
presser bar 10 on which the outer presser foot 11 is
mounted is in a lowered position close to the needle plate
14. The operator places the single sewing object or a
predetermined number of overlaid sewing objects on the
needle plate 14 as a reference, disposes the presser
mechanism 44 in the needle raised position, and oper-
ates the input portion 16 to input a signal indicating that
the presser mechanism 44 is disposed in the needle
raised position. The CPU 91 continues the determination
atstep S22 untilitis detected that the presser mechanism
44 is in the needle raised position (no at step S22). When
it has been detected that the presser mechanism 44 is
in the needle raised position (yes at step S22), the CPU
91 sets the detected thickness, which is the detection
result of the detector 49, as the reference thickness (step
S23). Based on the detection result of the input portion
16, the CPU 91 acquires the number of layers of the
sewing object specified by the operator (step S24). The
CPU 91 associates the reference thickness set at step
S23 with the number of layers acquired at step S24 and
stores the associated data in the number of layers table
96 (step S25). The detected thickness detected at step
S23 changes due to the settings of the sewing device 1
at the time of detection, and thus, the CPU 91 may store
the settings of the sewing device 1 at the time of detection
in association with the reference thickness and the
number of layers. The CPU 91 determines whether or
not a command to end the setting of the number of layers
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table 96 has been detected, based on the detection result
of the input portion 16 (step S26). When the command
to end the setting of the number of layers table 96 has
not been detected (no at step S26), the CPU 91 returns
the processing to step S22. When the command to end
the setting of the number of layers table 96 has been
detected (yes at step S26), the CPU 91 performs
processing at step S48.

[0032] When the command to set the number of layers
table 96 has not been detected (no at step S21), the CPU
91 determines whether or not the command to set the
setting table 97 has been detected, based on the detec-
tion result of the input portion 16 (step S31). When the
operator, for example, tries to sew the sewing object for
which the number of layers of the sewing object changes
during the sewing, or the sewing object for which the
thickness of the sewing object changes during the sew-
ing, the operator operates the input portion 16 to input
the command to set the setting table 97. When the com-
mand to set the setting table 97 has been detected (yes
at step S31), the CPU 91 sets a variable N, which indi-
cates the setting order, to zero (step S32). The CPU 91
adds one to the variable N and updates the variable N
(step S33). In the same manner as at step S22, the CPU
91 determines whether or not the presser mechanism 44
is in the needle raised position (step S34), and continues
the determination at step S34 until it is detected that the
presser mechanism 44 is in the needle raised position
(no at step S34). When it is detected that the presser
mechanism 44 is in the needle raised position (yes at
step S34), the CPU 91 sets the detected thickness, which
is the thickness detected by the detector 49, as the ref-
erence thickness (step S35). The CPU 91 takes the var-
iable N as the setting order, and stores the correspond-
ence between the setting order and the reference thick-
ness set at step S35 in the setting table 97 (step S36).
The CPU 91 determines whether or not a command has
been detected to end the setting of the setting table 97,
based on the detection result of the input portion 16 (step
S37). When the command to end the setting of the setting
table 97 has not been detected (no at step S37), the CPU
91 returns the processing to step S33. When the com-
mand to end the setting of the setting table 97 has been
detected (yes at step S37), the CPU 91 performs
processing at step S48.

[0033] When the command to set the setting table 97
has not been detected (no at step S31), the CPU 91 de-
termines whether or notthe command to set the threshold
value table 98 has been detected, based on the detection
result of the input portion 16 (step S41). When the com-
mand to set the threshold value table 98 has not been
detected (no at step S41), the CPU 91 performs the
processing at step S48. When the command to set the
threshold value table 98 has been detected (yes at step
S41), the CPU 91 determines whether or not a command
to set a warning threshold value has been detected,
based on the detection result of the input portion 16. (step
S42). The warning threshold value is used in processing
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to determine whether or not to issue a warning in accord-
ance with the comparison result between the thickness
of the sewing object detected by the detector 49 before
the start of sewing or during the sewing and the reference
thickness. When the command to set the warning thresh-
old value has been detected (yes at step S42), the CPU
91 sets the warning threshold value based on the detec-
tion result of the input portion 16, and stores the warning
threshold value in the threshold value table 98 (step S43).
When the command to set the warning threshold value
has not been detected (no at step S42), or after step S43,
the CPU 91 determines whether or not a command to
set a change threshold value has been detected, based
on the detection result of the input portion 16 (step S44).
The change threshold value is used in processing to de-
termine whether or not the sewing condition is to be
changed in accordance with a comparison result be-
tween the thickness of the sewing object detected by the
detector 49 before the start of sewing or during the sewing
and the reference thickness. When the command to set
the change threshold value has been detected (yes at
step S42), the CPU 91 sets the change threshold value
based on the detection result of the input portion 16, and
stores the change threshold value in the threshold value
table 98 (step S45).

[0034] Whenthe command to setthe change threshold
value has not been detected (no at step S44), or after
step S45, the CPU 91 determines whether or not a com-
mand to set an enabling threshold value has been de-
tected, based on the detection result of the input portion
16. (step S46). The enabling threshold value is used in
processing to determine whether or not to enable a pen-
etration improvement function in accordance with the
comparison result between the thickness of the sewing
objectdetected by the detector 49 before the start of sew-
ing or during the sewing, and the reference thickness.
The CPU 91 of the present example improves the pen-
etration of the sewing object by the sewing needle 7 by
driving the drive shaft motor 21 using a specific conduc-
tion pattern that is different from when sewing the sewing
object of the reference thickness. A known conduction
pattern may be employed as appropriate as the specific
conduction pattern, and the specific conduction pattern
may include conduction and a conduction interruption,
for example. During the conduction, a current that is larg-
er than a current conducted to the drive shaft motor 21
when the number of revolutions of the drive shaft motor
21 is higher than a predetermined number of revolutions
is supplied for a longer period of time than a period of
time from a timing at which the sewing needle 7 is stopped
to a timing at which the sewing needle 7 is moved forward
by starting the conduction to the drive shaft motor 21.
During the conduction interruption, the supply of the cur-
rent is cut off for a predetermined time period after the
conduction. The specific conduction pattern may be a
pattern in which a predetermined cycle in a rotation di-
rection of the drive shaft motor 21 is reversed within a
range before the sewing needle 7 reaches a top dead
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center or a bottom dead center at which an operation
direction of the sewing needle 7 is reversed.

[0035] When the command to set the enabling thresh-
old value has been detected (yes at step S46), the CPU
91 sets the enabling threshold value based on the de-
tection result of the input portion 16, and stores the en-
abling threshold value in the threshold value table 98
(step S47). When the command to set the enabling
threshold value has not been detected (no at step S46),
or after step S47, the CPU 91 determines whether or not
a command has been detected to end the setting
processing, based on the detection result of the input
portion 16 (step S48). When the command to end the
setting processing has not been detected (no at step
S48), the CPU 91 returns the processing to step S21.
When the command to end the setting processing has
been detected (yes at step S48), the CPU 91 ends the
setting processing and returns the processing to the sew-
ing processing shown in FIG. 6.

[0036] When the setting command has not been de-
tected (no at step S5), or after step S6, the CPU 91 per-
forms the processing at step S14. When the sewing com-
mand has been detected (yes at step S2), in the same
manner as at step S22, the CPU 91 determines whether
or not the presser mechanism 44 is in the needle raised
position (step S3), and continues the determination at
step S3 until it is detected that the presser mechanism
44 is in the needle raised position (no at step S3). When
it is detected that the presser mechanism 44 is in the
needle raised position (yes at step S3), the CPU 91 per-
forms pre-sewing detection processing (step S4). In the
pre-sewing detection processing, the CPU 91 performs
processing in accordance with a comparison result be-
tween the detected thickness of the sewing object based
on the detection result of the detector 49 before the start
of the sewing and the reference thickness stored in the
storage device 94.

[0037] As shown in FIG. 8, the CPU 91 detects the
detection result of the detector 49 as the detected thick-
ness and stores the detected thickness in the RAM 93
(step S51). The CPU 91 detects a detected thickness
T11 for the sewing object W1 of the first specific example,
and stores the detected thickness T11 in the RAM 93.
The CPU 91 detects a detected thickness T21 for the
sewing object W2 of the second specific example, and
stores the detected thickness T21 in the RAM 93. The
CPU 91 acquires the reference thickness (step S62). In
the first specific example, the CPU 91 acquires a refer-
ence thickness T2 that corresponds to 1 in the setting
order. In the second specific example, of the reference
thicknesses stored in the number of layers table 96, the
CPU 91 acquires the reference thickness T2 when the
number of layers is two layers, which is closest to the
detected thickness T21 detected at step S51. The CPU
91 compares the detected thickness acquired atstep S51
and the reference thickness acquired at step S62 (step
S63). A method of comparing the detected thickness and
the reference thickness may be set as appropriate. The
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CPU 91 of the present example calculates a difference
obtained by subtracting the reference thickness acquired
at step S62 from the detected thickness acquired at step
S51. The CPU 91 may compare the detected thickness
with the reference thickness, for example, and may cal-
culate the number of layers of the sewing object placed
on the needle plate 14. The CPU 91 may calculate, as
the thickness of the sewing object, a value obtained by
subtracting the detected thickness when the needle plate
14 is in contact with the outer presser foot 11 from the
detected thickness when the sewing object placed on the
needle plate 14 is pressed by the outer presser foot 11.
The CPU 91 refers to the threshold value table 98 and
acquires a warning threshold value H1 (step S64). The
CPU 91 may acquire the warning threshold value H1
store in the threshold value table 98 of the storage device
94, may acquire the warning threshold value H1 input by
the operator based on the detection result of the input
portion 16, or may acquire the warning threshold value
H1 from another device (another sewing device, for ex-
ample). The CPU 91 determines whether or not an ab-
solute value of the difference calculated at step S63 is
equal to or greater than the warning threshold value H1
acquired at step S64 (step S65). When the absolute value
of the difference is equal to or greater than the warning
threshold value H1 (yes at step S65), the CPU 91 issues
the warning (step S66). For example, the CPU 91 dis-
plays, on the display portion 15, an error message read-
ing "Fabric thickness abnormality warning." The CPU 91
stores, in the RAM 93, a disable sewing setting that does
not allow the sewing to be started (step S67).

[0038] When the absolute value of the different is not
equal to or greater than the warning threshold value H1
(no at step S65), the CPU 91 refers to the threshold value
table 98 and acquires a change threshold value H2 (step
S71). In a similar manner to step S64, a method of ac-
quiring the change threshold value H2 may be changed
as appropriate. The change threshold value H2 of the
present example is a value smaller than the warning
threshold value H1. The CPU 91 determines whether or
not the absolute value of the difference calculated at step
S63is equal to or greater than the change threshold value
H2 acquired at step S71 (step S72). When the absolute
value of the difference is equal to or greater than the
change threshold value H2 (yes at step S72), the CPU
91 refers to the number of layers table 96 and sets the
sewing conditions in accordance with the detected thick-
ness detected at step S51 (step S73). As the sewing
conditions, the CPU 91 of the present example sets the
feed amount, the thread tension, the pressing pressure,
the alternating vertical movement amount, and the
number of revolutions to conditions in accordance with
the detected thickness. When the absolute value of the
difference is not equal to or greater than the change
threshold value H2 (no at step S72), or after step S73,
the CPU 91 refers to the threshold value table 98 and
acquires an enabling threshold value H3 (step S74). In
a similar manner to step S64, a method of acquiring the
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enabling threshold value H3 may be changed as appro-
priate. The enabling threshold value H3 of the present
example is a value smaller than the warning threshold
value H1. The enabling threshold value H3 may be the
same as the change threshold value H2 or may be a
value different from the change threshold value H2.
[0039] The CPU 91 determines whether or not the dif-
ference calculated at step S63 is equal to or greater than
the enabling threshold value H3 acquired at step S74
(step S75). When the difference is equal to or greater
than the enabling threshold value H3 (yes at step S75),
the CPU 91 enables the penetration improvement func-
tion (step S76). When the difference is not equal to or
greater than the enabling threshold value H3 (no at step
S75), or after step S76, the CPU 91 performs notification
of the comparison result at step S63 between the detect-
ed thickness and the reference thickness (step S77). For
example, the CPU 91 may display, on the display portion
15, the number of layers of the sewing object placed on
the needle plate 14, may display the difference calculated
at step S63 on the display portion 15, or may be display
the thickness of the sewing object on the display portion
15. When the CPU 91 changes the sewing conditions at
step S73, the CPU 91 may perform notification of the
sewing conditions after the change. The CPU 91 may
perform notification of a setting status of the penetration
improvement function. The detected thickness detected
at step S51 changes based on the settings of the sewing
device 1 at the time of detection, such as the pressing
pressure, positions of the feed dog 17 and the outer
presser foot 11, and the like, and thus, a comparison
content may be displayed along with the settings at the
time of detection. The CPU 91 may display the difference
between the detected thickness and the reference thick-
ness using a numerical value, a ratio, or the like, or may
display the detected thickness and the reference thick-
ness together. The CPU 91 may display the comparison
result using characters, or using a graphic. The CPU 91
stores, in the RAM 93, a sewing permission setting that
allows the start of the sewing (step S78). After step S67
or step S78, the CPU 91 ends the pre-sewing detection
processing, and returns the processing to the sewing
processing shown in FIG. 6.

[0040] After step S4, the CPU 91 refers to the RAM 93
and determines whether or not the sewing permission
setting is stored in the RAM 93 (step S7). When the dis-
able sewing setting is stored in the RAM 93 (no at step
S7), the CPU 91 performs the processing at step S14.
When the sewing permission setting is stored in the RAM
93 (yes at step S7), the CPU 91 determines whether or
not the sewing start command has been detected (step
S8). At the start of the sewing, the operator depresses
the pedal 18, and the pedal 18 inputs the sewing start
command to the control portion 90. When the sewing
start command has not been detected (no at step S8),
the CPU 91 determines whether or not a cancel com-
mand has been detected that cancels the sewing
processing based on the detection result of the input por-
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tion 16 (step S15). For example, when the operator takes
into account a notification result at step S77 and re-po-
sitions the sewing object, the operator operates the input
portion 16 and inputs the cancel command. When the
cancel command has not been detected (no at step S15),
the CPU 91 returns the processing to step S8. When the
cancel command has been detected (yes at step S15),
the CPU 91 performs the processing at step S14.
[0041] When the sewing start command has been de-
tected (yes at step S8), the CPU 91 starts the sewing
using the sewing conditions in accordance with the de-
tected thickness (step S9). In the first and second specific
examples, the CPU 91 refers to the number of layers
table 96 and acquires the sewing conditions correspond-
ing to the reference thickness T2. When the CPU 91 has
changed the sewing conditions at step S4, the CPU 91
acquires the sewing conditions after the change. The
CPU 91 drives the thread tension solenoid 25 in accord-
ance with the sewing conditions and adjusts the thread
tension. The CPU 91 drives the feed adjustment motor
24 in accordance with the sewing conditions and adjusts
the feed amount. The CPU 91 drives the alternating ver-
tical movement amount adjustment motor 23 in accord-
ance with the sewing conditions and adjusts the alternat-
ing vertical movement amount. The CPU 91 drives the
presser motor 22 in accordance with the sewing condi-
tions and adjusts the pressing pressure. The CPU 91
drives the drive shaft motor 21 in accordance with the
sewing conditions, adjusts the number of revolutions,
and, when the penetration improvement function is ena-
bled, controls the conduction pattern of the drive shaft
motor 21.

[0042] The CPU 91 determines whether or not a sew-
ing stop command has been detected (step S10). When
stopping the sewing, the operator releases the depres-
sion of the pedal 18, and the pedal 18 inputs the sewing
stop command to the control portion 90. The CPU 91
also detects the sewing stop command when a sewing
stop setting is stored in the RAM 93. When the sewing
stop command has been detected (yes at step S10), the
CPU 91 stops the driving of the thread tension solenoid
25 and the drive shaft motor 21, and stops the sewing
using the sewing conditions in accordance with the de-
tected thickness (step S11). When the sewing stop com-
mand has not been detected (no at step S10), the CPU
91 determines whether or not it is a detection timing,
based on the detection result of the encoder 56 (step
S12). The CPU 91 of the present example performs dur-
ing-sewing detection processing taking a time at which
a rotation angle of the drive shaft 31 is a predetermined
angle as the detection timing. The predetermined angle
is, for example, an angle when the presser mechanism
44 is in the needle raised position. When it is not the
detection timing (no at step S12), the CPU 91 returns the
processing to step S10. When it is the detection timing
(yesatstep S12),the CPU 91 performs the during-sewing
detection processing (step S13). In the during-sewing
detection processing, the CPU 91 performs processing
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in accordance with the comparison result between the
detected thickness of the sewing object based on the
detection result of the detector 49 during the sewing, and
the reference thickness stored in the storage device 94.
[0043] In the during-sewing detection processing
shown in FIG. 9, the same step numbers are assigned
to the processing that is the same as that of the pre-
sewing detection processing shown in FIG. 8, and an
explanation thereof will be omitted or simplified. The CPU
91 detects the detection result of the detector 49 as the
detected thickness (step S51). The CPU 91 refers to the
threshold value table 98 of the storage device 94 and
acquires a thickness threshold value (step S52). The
thickness threshold value is a threshold value for detect-
ing that the sewing object is not present between the
needle plate 14 and the outer presser foot 11, and is set
while taking into account a detection accuracy of the de-
tector 49 and the like. The CPU 91 determines whether
or not the detected thickness detected at step S51 is
equal to or greater than the thickness threshold value
(step S53). When the detected thickness is not equal to
or greater than the thickness threshold value (no at step
S53), the CPU 91 performs notification that the thickness
of the sewing object is zero (step S54). For example, the
CPU 91 displays, on the display portion 15, an error mes-
sagereading "There is no fabric between the needle plate
and the outer presser foot." The CPU 91 stores the sew-
ing stop setting in the RAM 93 (step S55), ends the dur-
ing-sewing detection processing, and returns the
processing to the sewing processing shown in FIG. 6.
[0044] When the detected thickness is equal to or
greater than the thickness threshold value (yes at step
S53), the CPU 91 determines whether or not the detected
thickness has changed (step S56). For example, the CPU
91 determines that the detected thickness has changed
when an absolute value of a difference between the de-
tected thickness detected in the preceding during-sewing
detection processing or pre-sewing processing and
stored in the RAM 93, and the detected thickness detect-
ed in the current during-sewing detection processing and
stored in the RAM 93 is equal to or greater than a thick-
ness change threshold value stored in the threshold val-
ue table 98. The thickness change threshold value may
be set as appropriate taking into account the detection
accuracy of the detector 49, and is a value smaller than
the warning threshold value H1, the change threshold
value H2, and the enabling threshold value H3, for ex-
ample.

[0045] When the CPU 91 has acquired the detected
thickness T12 in the first specific example (step S51, yes
at step S53), the CPU 91 determines that the detected
thickness has changed (yes at step S56), and issues a
warning (step S57). For example, the CPU 91 displays,
on the display portion 15, a message reading "Thickness
change detected." The CPU 91 refers to the setting table
97 and determines whether the next setting order is
stored in the setting table 97 (step S58). In the first spe-
cific example, the CPU 91 determines that the next set-
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ting order is stored (yes at step S58), sets the sewing
conditions to the sewing conditions corresponding to 2
that is next in the setting order (step S59), and acquires
a reference thickness T3 that corresponds to 2 in the
setting order (step S60). The CPU 91 compares the de-
tected thickness T12 detected at step S51 with the ref-
erence thickness T3 acquired at step S60, and calculates
the difference between the detected thickness T12 and
the reference thickness T3 (step S63). The CPU 91 refers
to the threshold value table 98, acquires the warning
threshold value H1 (step S64), and determines that the
absolute value of the difference calculated at step S63
is not equal to or greater than the warning threshold value
H1 (no at step S65). The CPU 91 refers to the threshold
value table 98, acquires the change threshold value H2
(step S71), and determines that the absolute value of the
difference calculated at step S63 is not equal to or greater
than the change threshold value H2 (no at step S72).
The CPU 91 refers to the threshold value table 98, ac-
quires the enabling threshold value H3 (step S74), and
determines that the difference calculated at step S63 is
not equal to or greater than the enabling threshold value
H3 (no at step S75). The CPU 91 performs notification
of a comparison result at step S63 (step S77), ends the
during-sewing detection processing, and returns the
processing to the sewing processing shown in FIG. 6.
[0046] When the CPU 91 has acquired the detected
thickness T13 in the first specific example (step S51, yes
at step S53), the CPU 91 determines that the detected
thickness has changed (yes at step S56), and issues the
warning (step S57). The CPU 91 refers to the setting
table 97 and determines that the next setting order is
stored in the setting table 97 (yes at step S58), sets the
sewing conditions to the sewing conditions correspond-
ing to 3 that is next in the setting order (step S59), and
acquires a reference thickness T1 that corresponds to 3
in the setting order (step S60). The CPU 91 compares
the detected thickness T13 detected at step S51 with the
reference thickness T1 acquired at step S60, and calcu-
lates the difference between the detected thickness T13
and the reference thickness T1 (step S63). The CPU 91
refers to the threshold value table 98, acquires the warn-
ing threshold value H1 (step S64), and determines that
the absolute value of the difference calculated at step
S63 is equal to or greater than the warning threshold
value H1 (yes at step S65). The CPU 91 issues the warn-
ing (step S66), and stores the sewing stop setting in the
RAM 93 (step S68). The CPU 91 ends the during-sewing
detection processing, and returns the processing to the
sewing processing shown in FIG. 6.

[0047] When the CPU 91 has acquired a detected
thickness T22 in the second specific example (step S51,
yes at step S53), the CPU 91 determines that the detect-
ed thickness has not changed (no at step S56), ends the
during-sewing detection processing, and returns the
processing to the sewing processing shown in FIG. 6.
When the CPU 91 has acquired a detected thickness
T23 in the second specific example (step S51, yes at
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step S53), the CPU 91 determines that the detected thick-
ness has changed (yes at step S56), and issues the warn-
ing (step S57). The CPU 91 refers to the setting table 97
and determines that the next setting order is not stored
in the setting table 97 (no at step S58). The CPU 91
acquires the detected thickness T2 corresponding to the
current sewing conditions (step S62). The CPU 91 com-
pares the detected thickness T23 detected at step S51
with the reference thickness T2, and calculates the dif-
ference between the detected thickness T23 and the ref-
erence thickness T2 (step S63). The CPU 91 refers to
the threshold value table 98, acquires the warning thresh-
oldvalue H1 (step S54), and determines that the absolute
value of the difference calculated at step S63 is not equal
to or greater than the warning threshold value H1 (no at
step S65). The CPU 91 refers to the threshold value table
98, acquires the change threshold value H2 (step S71),
and determines that the absolute value of the difference
calculated at step S63 is equal to or greater than the
change threshold value H2 (yes at step S72). As the sew-
ing conditions corresponding to the detected thickness
T23 detected at step S51, the CPU 91 changes to the
sewing conditions corresponding to the reference thick-
ness T3 that is closest to the detected thickness T23, in
the number of layers table 96 (step S73). The CPU 91
refers to the threshold value table 98, acquires the ena-
bling threshold value H3 (step S74), and determines that
the difference calculated at step S63 is equal to or greater
than the enabling threshold value H3 (yes at step S75).
The CPU 91 enables the penetration improvement func-
tion (step S76). When the difference calculated at step
S63 is not equal to or greater than the enabling threshold
value H3 (no at step S75), the CPU 91 may disable the
penetration improvement function. The CPU 91 performs
the notification of the comparison result at step S63 (step
S77), ends the during-sewing detection processing, and
returns the processing to the sewing processing shown
in FIG. 6.

[0048] Afterstep S13,the CPU 91 returns the process-
ing to step S10. The CPU 91 determines whether or not
an operation to turn off the power supply to the sewing
device 1 has been detected (step S14). When the oper-
ation to turn off the power supply has not been detected
(no at step S14), the CPU 91 returns the processing to
step S2. When the operation to turn off the power supply
has been detected (yes at step S14), the CPU 91 ends
the sewing processing.

[0049] In the sewing device 1 of the above-described
embodiment, each of the sewing device 1, the needle
bar 6, the sewing needle 7, the outer presser bar 10, the
outer presser foot 11, the needle plate 14, the drive shaft
motor 21, the needle bar mechanism 32, the detector 49,
and the storage device 94 is, respectively, an example
of a sewing device, a needle bar, a sewing needle, an
outer presser bar, an outer presser foot, a needle plate,
a drive shaft motor, a needle bar mechanism, a detector,
and a storage portion of the present invention. Step S62
is an example of acquisition processing of the present
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invention. Step S63 is an example of comparison
processing of the presentinvention. Step S57, step S66,
and step S77 are an example of notification control
processing of the present invention. Step S64 is an ex-
ample of warning threshold value acquisition processing
of the present invention. Step S71 is an example of
change threshold value acquisition processing of the
presentinvention. Step S59 and step S73 are an example
of condition changing processing of the present inven-
tion. Step S74 is an example of enabling threshold value
acquisition processing of the presentinvention. Step S76
is an example of enabling setting processing of the
present invention. Step S68, step S10, and step S11 are
an example of sewing stop processing of the present
invention. The Step S55 is an example of the sewing stop
portion of the present invention. Step S36 is an example
of storage control processing of the present invention.
[0050] The sewingdevice 1is provided with the needle
plate 14, the needle bar 6, the needle bar mechanism
32, the drive shaft motor 21, the outer presser bar 10,
the detector 49, and the CPU 91. The sewing object is
placed on the needle plate 14. The needle bar 6 extends
in the up-down direction, and the sewing needle 7 can
be mounted on the lower end thereof. The needle bar
mechanism 32 moves the needle bar 6 up and down.
The drive shaft motor 21 drives the needle bar mecha-
nism 32. The outer presser foot 11 can be mounted on
the lower end of the outer presser bar 10, and the sewing
object placed on the needle plate 14 is pressed, from
above, by the outer presser foot 11. The detector 49 is
configured to detect the detected thickness, which is the
thickness of the sewing object pressed by the outer
presser foot 11. The CPU 91 acquires the detected thick-
ness detected by the detector 49 (step S51). The CPU
91 acquires the reference thickness, which is the thick-
ness of the one layer or the plurality of layers of the sewing
object and which is used as the reference (step S62, step
S60). The CPU 91 compares the detected thickness with
the reference thickness (step S63). The CPU 91 performs
the notification of the comparison result (step S77). Since
the sewing device 1 performs the natification of the com-
parison result between the detected thickness and the
reference thickness, the operator can refer to the com-
parison result notified by the sewing device 1, and, using
the comparison result, can verify whether or not the sew-
ing object placed on the needle plate 14 and pressed by
the outer presser foot 11 is the sewing object intended
by the operator. Thus, compared to known art, the sewing
device 1 canimprove convenience for the operator when
performing the sewing in accordance with the thickness
of the sewing object.

[0051] The CPU 91 acquiresthe warning threshold val-
ue H1 to be compared with the difference between the
detected thickness and the reference thickness (step
S64). When the difference between the detected thick-
ness and the reference thickness is equal to or greater
than the warning threshold value H1 (yes at step S65),
the CPU 91 issues the warning (step S66). By setting the
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warning threshold value H1 as appropriate, the sewing
device 1 can notify the operator that the sewing object
of a thickness not intended by the operator is placed on
the needle plate 14. By referring to the warning, the op-
erator can avoid sewing the sewing object that is not in-
tended by the operator.

[0052] The CPU 91 acquires the change threshold val-
ue H2 that is smaller than the warning threshold value
H1 (step S71). When the difference between the detected
thickness and the reference thickness is smaller than the
warning threshold value H1 (no at step S65), and is equal
to or greater than the change threshold value H2 (yes at
step S72), the CPU 91 changes the sewing conditions in
accordance with the detected thickness (step S73). By
setting the warning threshold value H1 and the change
threshold value H2 as appropriate, the sewing device 1
can automatically change the sewing conditions in ac-
cordance with the detected thickness, when the differ-
ence between the reference thickness and the detected
thickness is not large enough to issue the warning but it
is not appropriate for the operator to perform the sewing
using the sewing conditions set based on the reference
thickness. The sewing device 1 can reduce an amount
of time and effort required for the operator to change the
sewing conditions during the sewing. The sewing device
1 can set the thread tension in accordance with the de-
tected thickness, and thus, can perform the sewing while
taking into account a degree of friction between the sew-
ing obj ect and the upper thread that accords with the
thickness of the sewing obj ect. The sewing device 1 sets
the pressing pressure in accordance with the detected
thickness and can thus perform the sewing while appro-
priately pressing the sewing object. The sewing device
1 sets the alternating vertical movement amount in ac-
cordance with the detected thickness and can thus re-
duce the possibility of not being able to surmount a
stepped portion, and can suppress the occurrence of
noise resulting from an impact between the stepped por-
tion and the outer presser foot 11. The sewing device 1
adjusts the number of revolutions of the drive shaft motor
21 in accordance with the detected thickness and can
thus increase the possibility that the sewing is completed
in an assumed operation time.

[0053] The sewing device 1 acquires the enabling
threshold value H3 that is smaller than the warning
threshold value H1 (step S74). When the difference be-
tween the reference thickness and the detected thick-
ness is smaller than the warning threshold value H1 (no
at step S65) and the difference that is the value obtained
by subtracting the reference thickness from the detected
thickness is equal to or greater than the enabling thresh-
old value H3 (yes at step S75), the sewing device 1 en-
ables the penetration improvement function, which im-
proves the penetration of the sewing object by the sewing
needle 7 (step S76), by driving the drive shaft motor 21
using the conduction pattern that s differentto when sew-
ing the sewing object of the reference thickness. In gen-
eral, when the penetration ofthe needle bar 6 with respect
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to the sewing object is insufficient, the sewing needle 7
cannot penetrate the sewing object and a sewing defect
occurs. When the penetration of the needle bar 6 with
respect to the sewing order is excessive, noise increases,
which is unpleasant for the operator. By setting the warn-
ing threshold value H1 and the enabling threshold value
H3 as appropriate, the sewing device 1 can automatically
enable the penetration improvement function when the
difference between the reference thickness and the de-
tected thickness is not large enough to issue the warning,
but it is difficult for the sewing needle 7 to penetrate the
sewing object when the sewing is performed using the
sewing conditions set based on the reference thickness.
The sewing device 1 can reduce an amount of time and
effort required for the operator to enable the penetration
improvement function during the sewing. The sewing de-
vice 1 can suppress a deterioration in sewing quality
caused by a lack of penetration of the needle bar 6.
[0054] When the difference between the reference
thickness and the detected thickness acquired during the
driving of the drive shaft motor 21 is equal to or greater
than the warning threshold value H1, the sewing device
1 stops the driving of the drive shaft motor 21 (step S68,
yes atstep S10, step S11). By setting the warning thresh-
old value H1 as appropriate, the sewing device 1 can
avoid continuing to sew the sewing object of the thickness
that is not intended by the operator.

[0055] The CPU 91 of the sewing device 1 detects the
detected thickness before starting the driving of the drive
shaft motor 21 based on the detection result of the de-
tector 49 (step S51 in FIG. 8), and performs notification
of the comparison result of the reference thickness with
the detected thickness detected before the start of the
driving of the drive shaft motor 21 (step S77 in FIG. 8).
The operator can refer to the comparison result notified
by the sewing device 1, and, using the comparison result
by the sewing device 1, can verify before performing the
sewing whether or not the sewing object placed on the
needle plate 14 and pressed by the outer presser foot 11
is the sewing object intended by the operator. Thus, com-
pared to known art, the sewing device 1 can further im-
prove convenience for the operator when performing the
sewing in accordance with the thickness of the sewing
object.

[0056] The CPU 91 of the sewing device 1 detects the
detected thickness during the driving of the drive shaft
motor 21 based on the detection result of the detector 49
(step S51 in FIG. 9), and issues the warning when the
detected thickness detected during the driving of the
drive shaft motor 21 has changed (yes at step S56, step
S57). When the detected thickness detected during the
driving of the drive shaft motor 21 has changed, the sew-
ing device 1 can let the operator know through the noti-
fication. The operator can refer to the notification by the
sewing device 1 and can respond appropriately in ac-
cordance with whether or not the change in the detected
thickness is intended by the operator. For example, as a
result of the warning issued by the sewing device 1, the
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operator can ascertain that the sewing object has unin-
tentionally been removed from between the needle plate
14 and the outer presser foot 11. For example, as aresult
ofthe warningissued by the sewing device 1, the operator
can notice that the sewing object is being sewn while
being unintentionally folded over.

[0057] The CPU 91 of the sewing device 1 detects the
detected thickness during the driving of the drive shaft
motor 21 based on the detection result of the detector 49
(step S51 in FIG. 9), and, when the detected thickness
detected during the driving of the drive shaft motor 21
has changed (yes at step S56), the CPU 91 changes the
sewing conditions in accordance with the detected thick-
ness (step S59, step S73). When the detected thickness
has changed during the driving of the drive shaft motor
21, the sewing device 1 can automatically change the
sewing conditions in accordance with the detected thick-
ness. The sewing device 1 can reduce an amount of time
and effort required for the operator to change the sewing
conditions during the sewing.

[0058] The CPU 91 of the sewing device 1 detects the
detected thickness during the driving of the drive shaft
motor 21 based on the detection result of the detector 49
(step S51 in FIG. 9), and, when the detected thickness
detected during the driving of the drive shaft motor 21 is
smaller than a predetermined value (no at step S53), the
CPU 91 performs the notification that the sewing object
is not present between the needle plate 14 and the outer
presser foot 11 (step S54). Further, when the detected
thickness detected during the driving of the drive shaft
motor 21 is smaller than the predetermined value, the
CPU 91 stops the driving of the drive shaft motor 21 (step
S55). The sewing device 1 can perform the notification
that the sewing object is not present between the needle
plate 14 and the outer presserfoot 11 and stop the driving
of the drive shaft motor 21. The sewing device 1 can
avoid continuation of the driving of the drive shaft motor
21 after sewing to the end of the sewing object.

[0059] The CPU 91 of the sewing device 1 acquires
the plurality of reference thicknesses of the setting order
during the driving of the drive shaft motor 21 (step S60),
and, when the detected thickness detected during the
driving of the drive shaft motor 21 has changed, the CPU
91 compares the detected thickness with the reference
thickness that is next in the setting order (step S63).
When the difference between the detected thickness and
the reference thickness that is next in the setting order
is equal to or greater than the warning threshold value
H1 (yes at step S65), the CPU 91 issues the warning
(step S66). When sewing the sewing object for which the
thickness changes during the sewing, the sewing device
1 can prevent a location at which the thickness changes
from being detected as an abnormality. When the sewing
device 1 has detected the change in the detected thick-
ness, the sewing device 1 compares the reference thick-
ness that is next in the setting order with the detected
thickness, and can thus also appropriately compare the
reference thickness and the detected thickness during
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the sewing of the sewing object for which the thickness
changes during the sewing. By referring to the notification
result of the sewing device 1, the operator can notice,
even when repeatedly sewing the same sewing pattern
many times, for example, that the sewing object has been
removed from between the needle plate 14 and the outer
presser foot 11, that the sewing has been performed in
a state in which the sewing object is folded over uninten-
tionally, that the sewing has been performed erroneously
using a plurality of layers of the sewing object, that the
type of the sewing object is wrong, or the like.

[0060] The sewing device 1 is provided with the stor-
age device 94 that stores a plurality of combinations of
the reference thickness during the driving of the drive
shaft motor 21 and the setting order. The CPU 91 ac-
quires the plurality of combinations stored in the setting
table 97 of the storage device 94, in the setting order
(step S60). When sewing the sewing object for which the
thickness changes during the sewing, as in the first spe-
cific example shown in FIG. 10, the sewing device 1 can
avoid detecting the location at which the thickness chang-
es as an abnormality. When the sewing device 1 detects
the change in the detected thickness, the sewing device
1 compares the reference thickness that is next in the
setting order with the detected thickness, and thus can
also appropriately compare the reference thickness with
the detected thickness when sewing the sewing object
for which the thickness changes during the sewing.
[0061] The CPU 91 of the sewing device 1 sets the
detected thickness detected by the detector 49 as the
reference thickness (step S23), and stores the plurality
of combinations of the reference thickness and the set-
ting orderin the storage device 94 (step S25). The sewing
device 1 can store the plurality of combinations of the
reference thickness and the setting order, using the de-
tected thickness detected by the detector 49 as the ref-
erence thickness. Compared to a device that acquires
combinations of the reference thickness and the setting
order from another device, the sewing device 1 can re-
duce an impact of a mounting error of the detector 49
with respect to the sewing device 1 or the like.

[0062] The present invention is not limited to the
above-described embodiment. The type of the sewing
device 1 may be changed as appropriate, such as a lock
stitch sewing machine, a vertical feed sewing machine,
or the like. The sewing device 1 need not necessarily be
provided with the center presser bar and the center press-
erfoot. The method of detecting the thickness of the sew-
ing object by the detector 49 may be changed as appro-
priate, and the detector 49 may be a proximity displace-
ment sensorthatis one of an optical type, an eddy-current
type, an ultrasonic type, or a contact type, for example.
The placement of the detector 49 and the detection timing
may be changed as appropriate.

[0063] The program including the instructions to cause
the sewing processing, to be executed may be stored in
the storage device 94 of the sewing device 1 until the
CPU 91 executes the program. Therefore, an acquisition
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method of the program, an acquisition route, and the de-
vice that stores the program may each be changed as
appropriate. The program to be executed by the CPU 91
may be received from another device via a cable or wire-
less communication, and may be stored in a storage de-
vice, such as a flash memory. Examples of the other de-
vice include a PC and a server connected via a network.
[0064] A part or all of the respective steps of the main
processing performed by the sewing device 1 may be
performed by another electronic device (an ASIC, for ex-
ample). The respective steps may be performed through
distributed processing by a plurality of electronic devices
(a plurality of CPUs, for example). The respective steps
performed by the sewing device 1 can be changed in
order, omitted or added, as necessary. An aspect in
which an operating system (OS) or the like operating on
the sewing device 1 performs a part or all of the main
processing on the basis of a command from the CPU 91
is also included in the scope of the present disclosure.
For example, the following modifications may be added
to the main processing, as appropriate.

[0065] The sewing device 1 may or may not change
the sewing conditions in accordance with the detected
thickness of the sewing object. The sewing device 1 may
enable the penetration improvement function in accord-
ance with the detected thickness of the sewing object,
may disable the penetration improvement function, or
may not change the setting. When the sewing device 1
changes the sewing conditions in accordance with the
detected thickness of the sewing object, the sewing con-
ditions that are the target of the change may be changed
as appropriate in accordance with the configuration of
the sewing device 1. The sewing device 1 may issue the
comparison result and the warning using a desired meth-
od, such as a voice output, a warning illumination, or the
like. The method of setting at least one of the number of
layers table 96, the setting table 97, and the threshold
value table 98 may be changed as appropriate. The sew-
ing device 1 may change or omit the processing using at
least one of the warning threshold value H1, the change
threshold value H2, the enabling threshold value H3, the
thickness threshold value, and the thickness change
threshold value. The sewing device 1 may omit the
processing at step S68 shown in FIG. 9, for example,
and when the absolute value of the difference between
the detected thickness and the reference thickness is
equal to or greater than the warning threshold value H1
(yes at step S65), the sewing device 1 may issue the
warning only (step S66) and need not necessarily stop
the sewing. The method of setting at least one of the
warning threshold value H1, the change threshold value
H2, the enabling threshold value H3, the thickness
threshold value, and the thickness change threshold val-
ue may be changed as appropriate. At least one of the
warning threshold value H1, the change threshold value
H2, the enabling threshold value H3, and the thickness
change threshold value may be a value that changes in
accordance with the detected thickness or the reference
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thickness, may be avalue represented by amathematical
formula, may be a value stored in advance in a table, or
may be a value input by the operator.

[0066] The sewing device 1 may omit the processing
at step S55 shown in FIG. 9, for example, and when the
detected thickness is not equal to or greater than the
thickness threshold value (no at step S53), the sewing
device 1 may issue the warning only (step S54) and need
not necessarily stop the sewing. The sewing device 1
may acquire the detected thickness at one of only before
the sewing and during the sewing, and may compare the
detected thickness with the reference thickness. The
sewing device 1 may omit the processing at step S56
and need not necessarily detect whether or not the de-
tected thickness has changed during the sewing. The
sewing device 1 may omit the processing at step S53 to
step S55, and need not necessarily detect that the sewing
object is not present between the needle plate 14 and
the outer presser foot 11, nor perform the notification.
The sewing device 1 need not necessarily store the set-
ting table 97, and may omit the processing at step S58
to step S60. The sewing device 1 need not necessarily
perform some or all of the setting processing shown in
FIG. 7, and may, forexample, set the reference thickness
as the detection result of the input portion 16. The sewing
device 1 may detect the detected thickness during the
sewing of the sewing object at a predetermined timing at
at least one of step S23 and step S35. At this time, since
the detected thickness changes in accordance with the
sewing conditions of the sewing device 1, the CPU 91
may store the sewing conditions together with the detect-
ed thickness at step S25 and step S36. The sewing con-
ditions may be selected as appropriate, for example, from
among the following conditions: a number of needles,
the presence or absence of a temporary stop, the pres-
ence or absence of a thread breakage, a change in a
feed amount, the presence or absence of a reverse ro-
tation of the rotation direction of the drive shaft 31, a
change in the thread tension, a change in the pressing
pressure, a change in the alternating vertical movement
amount, and a change in the number of revolutions.

Claims
1. A sewing device (1) comprising:

a needle plate (14) on which a sewing object is
to be placed;

a needle bar (6) extending in an up-down direc-
tion and on a lower end of which a sewing needle
is mountable;

a needle bar mechanism (32) configured to
move the needle bar up and down;

a drive shaft motor (21) configured to drive the
needle bar mechanism;

apresserbar (8) onalowerend of which apress-
er foot is mountable, and configured to press,
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using the presser foot, the sewing object placed
on the needle plate, from above;

a detector (49) configured to detect a detected
thickness, the detected thickness being a thick-
ness of the sewing object pressed by the presser
foot;

a processor (91); and

a memory (94) configured to store computer-
readable instructions that, when executed by the
processor, instruct the processor to perform
processes comprising:

detection processing (S51) of acquiring the
detected thickness detected by the detec-
tor;

acquisition processing (S62) of acquiring a
reference thickness, the reference thick-
ness being a thickness of one of one layer
of the sewing object and a plurality of layers
of the sewing object used as a reference;
comparison processing (S63) of comparing
the detected thickness and the reference
thickness; and

notification control processing (S57, S66,
S77) of notifying a comparison result of the
comparison processing.

2. The sewing device according to claim 1, wherein
the computer-readable instructions further instruct
the processor to perform a process comprising:
warning threshold value acquisition processing
(S64) of acquiring a warning threshold value to be
compared with a difference between the detected
thickness and the reference thickness, and
the notification control processing includes issuing
awarning when the difference between the detected
thickness and the reference thickness is equal to or
greater than the warning threshold value.

3. The sewing device according to claim 2, wherein
the computer-readable instructions further instruct
the processor to perform processes comprising:

change threshold value acquisition processing
(S71) of acquiring a change threshold value
smaller than the warning threshold value; and
condition changing processing (S73) of chang-
ing sewing conditions in accordance with the de-
tected thickness when the difference between
the reference thickness and the detected thick-
ness is smaller than the warning threshold value
and is equal to or greater than the change
threshold value.

4. Thesewingdevice accordingto claim 2 or 3, wherein
the computer-readable instructions further instruct
the processor to perform processes comprising:
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enabling threshold value acquisition processing
(S74) of acquiring an enabling threshold value
smaller than the warning threshold value; and
enabling setting processing (S76) of enabling a
penetration improvement function for improving
penetration of the sewing object by the sewing
needle, by driving the drive shaft motor using an
conduction pattern different from when sewing
the sewing object of the reference thickness,
when the difference between the reference
thickness and the detected thickness is smaller
than the warning threshold value, and a value
obtained by subtracting the reference thickness
from the detected thickness is smaller than the
enabling threshold value.

The sewing device according to any one of claims 2
through 4, wherein

the computer-readable instructions further instruct
the processor to perform a process comprising:
sewing stop processing (S68, S10, S11) of stopping
the driving of the drive shaft motor when the different
between the reference thickness and the detected
thickness acquired during the driving of the drive
shaft motor is equal to or greater than the warning
threshold value.

The sewing device according to claim 1, wherein
the detection processing includes detecting the de-
tected thickness before a start of the driving of the
drive shaft motor, and

the notification control processing includes perform-
ing the notification of the comparison result between
the reference thickness and the detected thickness
detected before the start of the driving of the drive
shaft motor.

The sewing device according to claim 6, wherein
the detection processing includes detecting the de-
tected thickness during driving of the drive shaft mo-
tor, and

the notification control processing includes issuing
awarning when the detected thickness detected dur-
ing the driving of the drive shaft motor changes.

The sewing device according to claim 6 or 7, wherein
the detection processing includes detecting the de-
tected thickness during the driving of the drive shaft
motor, and

the computer-readable instructions further instruct
the processor to perform a process comprising:
condition changing processing (S59) of changing
sewing conditions in accordance with the detected
thickness when the detected thickness detected dur-
ing the driving of the drive shaft motor changes.

The sewing device according to any one of claims 6
through 8, wherein
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the detection processing includes detecting the de-
tected thickness during the driving of the drive shaft
motor,

the notification control processing includes perform-
ing notification that the sewing object is not present
between the needle plate and the presser foot when
the detected thickness detected during the driving
of the drive shaft motor is smaller than a predeter-
mined value, and

the computer-readable instructions further instruct
the processor to perform a process comprising:
sewing stop processing (S55) of stopping the driving
of the drive shaft motor when the detected thickness
detected during the driving of the drive shaft motor
is smaller than the predetermined value.

The sewing device according to claim 1, wherein
the computer-readable instructions further instruct
the processor to perform a process comprising:
warning threshold value acquisition processing
(S64) of acquiring a warning threshold value used in
comparing a difference between the detected thick-
ness and the reference thickness,

the acquisition processing includes acquiring a plu-
rality of reference thicknesses during the driving of
the drive shaft motor in a setting order,

the comparison processing includes comparing the
detected thickness and the reference thickness that
is next in the setting order when the detected thick-
ness detected during the driving of the drive shaft
motor changes, and

the notification control processing includes issuing
awarning when the difference between the detected
thickness and the reference thickness that is next in
the setting order is equal to or greater than the warn-
ing threshold value.

The sewing device according to claim 10, wherein
the memory stores a plurality of combinations of the
reference thickness during the driving of the drive
shaft motor and the setting order, and

the acquisition processing includes acquiring, in the
setting order, the plurality of combinations stored in
the memory.

The sewing device according to claim 11, wherein
the computer-readable instructions further instruct
the processor to perform a process comprising:
storage control processing (S36) of setting the de-
tected thickness detected by the detector as the ref-
erence thickness, and storing the plurality of combi-
nations of the reference thickness and the setting
order in the memory.
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