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of the first movement member into a rotational amount,
and a second movement member that engages the rotary
body, moves in a direction orthogonal to the movement
direction of the first movement member by the movement
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Description
TECHNICAL FIELD
[0001] This disclosure relates to a sewing machine.
BACKGROUND DISCUSSION

[0002] As this type of background discussion, a sewing machine shown in JP 2008-245728A (Reference 1) is known.
This sewing machine includes two or more variable resistors having characteristics in which the relationship between
the stepping amount of a stepping plate provided inside a pedal formed by a foundation and the stepping plate, and a
resistance value varies, and switching means for alternatively switching a variable resistor to be connected to a control
device of the sewing machine out of the two or more variable resistors, Moreover, a link that comes into slidable contact
with a variable resistor, and a tension spring coupled to one end of the link and the other end of the link are provided.
The link is moved upward by the tension spring. Additionally, a compression spring that biases the stepping plate so as
to be kept away from the foundation is provided inside the pedal. If the stepping plate is stepped on by an operator, the
other end of the link moves, and the resistance value that determines the rotational frequency of a sewing machine
motor changes so that sewing speed can be controlled.

[0003] Additionally, as the background discussion, a sewing machine shown in Japanese Utility Model Registration
No. 1587171 (Reference 2) is known. This sewing machine is provided with a variable resistor provided inside a pedal
formed by a foundation and a stepping plate, a link that comes into slidable contact with the variable resistor, and a
tension spring coupled to one end of the link and the other end of the link. The link is moved upward by the tension
spring. Additionally, a compression spring that biases the stepping plate so as to be kept away from the foundation is
provided inside the pedal. If the stepping plate is stepped on by an operator, the other end of the link moves, and the
resistance value that determines the rotational frequency of a sewing machine motor changes so that sewing speed can
be controlled.

[0004] However, in the sewing machine of Reference 1, since a component force in an oblique direction is to be
generated in a link mechanism that transmits a user’s (also including a seller) foot controller stepping force to the variable
resistor, and transmission efficiency becomes low, there is a problem in that a user’s stepping force may become great
and operativity may become poor.

[0005] Additionally, the same problem as the sewing machine of Reference 1 occurs also in the sewing machine of
Reference 2.

[0006] This disclosure has performed in view of the above problems, and a need thus exists for a sewing machine
that can operate a variable resistor with a high transmission efficiency.

SUMMARY

[0007] In order to solve the above-described problems, according to a first aspect of this disclosure, there is provided
is a sewing machine including a foot controller in which a stepping portion is displaceable according to a user’s stepping
amount; a moving device that is built in the foot controller and moves according to the displacement amount of the
stepping portion; a variable resistor that is built in the foot controller and is capable of changing a resistance value
according to the movement amount of the moving device; and a motor that causes to change a sewing speed according
to the resistance value of the variable resistor. The moving device has a first movement member that is pressed by the
stepping portion and moves in a stepping direction of the foot controller; a rotary body that engages the first movement
member, and converts the movement amount of the first movement member into a rotational amount; and a second
movement member that engages the rotary body, moves in a direction orthogonal to the movement direction of the first
movement member by the movement amount according to the rotational amount of the rotary body, and changes the
resistance value of the variable resistor according to the movement amount thereof.

[0008] According to the first aspect, the sewing machine of this disclosure is configured so that the moving device
includes the first movement member that moves in the stepping direction of the foot controller, the rotary body that
converts the movement amount of the first movement member into a rotational amount, and the second movement
member that converts the rotational amount of the rotary body in a direction orthogonal to the movement direction of
the first movement member and moves, and is configured to change the resistance value of the variable resistor when
the second movement member moves in the direction orthogonal to the movement direction of the first movement
member. Thereby, a component force in an oblique direction is not generated among the first movement member, the
rotary gear, and the second movement member, and the variable resistor can be operated with a high transmission
efficiency.

[0009] Additionally, a second aspect of this disclosure has a configuration in which the first movement member has
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a first rack that is pressed by the stepping portion and moves in the stepping direction of the foot controller, the rotary
body has a gear that engages the first rack and converts the movement amount of the first rack into a rotational amount,
the second movement member has a second rack that engages the rotary body, and converts the rotational amount of
the gear in the direction orthogonal to the movement direction of the first rack so as to move, and the variable resistor
includes a variable resistor lever that engages a variable resistor lever operating portion provided at one end of the
second rack, moves together with the second rack, and changes the resistance value of the variable resistor.

[0010] According to the second aspecct, the sewing machine of this disclosure is configured so that the first movement
member has the first rack, the rotary body has the gear that converts the movement amount of the first rack into a
rotational amount, the second movement member has the second rack that converts the rotational amount of the gear
in the direction orthogonal to the first movement direction and moves, and the resistance value of variable resistor is
changed by the variable resistor lever of the variable resistor via the variable resistor lever operating portion provided
at one end of the second rack. Thereby, the transmission efficiency of forces among the first rack, the gear, and the
second rack can be further improved, and the variable resistor can be operated with a high transmission efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and additional features and characteristics of this disclosure will become more apparent from
the following detailed description considered with the reference to the accompanying drawings, wherein:

Fig. 1 is a perspective view of a sewing machine of an embodiment disclosed here;

Fig. 2 is an appearance view of the foot controller of the embodiment disclosed here as viewed from the oblique
upward direction;

Fig. 3 is an appearance view of the foot controller of the embodiment disclosed here as viewed from the oblique
downward direction;

Fig. 4 is an explanatory view of the foot controller of the embodiment disclosed here;

Figs. 5A and 5B are structural views of the moving device of the embodiment disclosed here, and Fig. 5A is a
structural view of the overall moving device and Fig. 5B is a structural view of a movement direction changing
mechanism portion in the moving device;

Figs. 6A and 6B are schematic views of the foot controller of the embodiment disclosed here, and a graph of the
relationship between a stepping amount and load;

Fig. 7 is a cross-sectional view of a foot controller of the background discussion;

Figs. 8A and 8B are explanatory views of the force relationship of the foot controller of the background discussion,
and Fig. 8A is an explanatory view of the stepping power and load of the foot controller and Fig. 8B is a graph of
the relationship between the stepping amount and load of the foot controller; and

Fig. 9 is an explanatory view for the calculation based on a schematic view of the foot controller of the background
discussion.

DETAILED DESCRIPTION

[0012] An embodiment disclosed here and an embodiment of the background discussion will be explained with refer-
ence to the attached drawings.

Embodiment Disclosed Here

[0013] Fig. 1 is a perspective view of a sewing machine 1 of an embodiment disclosed here. The sewing machine 1
is placed on a table 8, a foot controller 10 is placed on a floor surface 9, and the sewing machine 1 and the foot controller
10 are electrically connected by harness 2. The sewing machine 1 has a motor 6 and a board 5 built therein. The board
5 is electrically connected to the motor 6 via the harness 2 and an inner wire 7 via a connector 3 (refer to Fig. 2).
[0014] Fig. 2 is an appearance view of the foot controller 10 of the embodiment disclosed here as viewed from the
oblique upward direction. The foot controller 10 includes a base casing 11 that comes into contact with the floor surface
9, a stepping casing 12 (stepping portion) that is turnably press-fitted to and engaged with the base casing 11 via a
turning shaft 11a formed integrally with the base casing 11, and the harness 2 that passes through a first harness through
hole 11b formed integrally in the rear surface of the base casing 11, and electrically transmits a signal generated in the
foot controller 10 to a main body 1. The harness 2 has the connector 3 that electrically connects the main body 4 and
harness 2 of the sewing machine 1 at one end thereof. The stepping casing 12 has a first harness escape recess 11c
having an opening portion equal to or slightly larger than the first harness through hole 11b at a position that overlaps
the first harness through hole 11b when being stepped.

[0015] In addition, the harness 2 can also be passed through a second harness through hole 11d or a third harness
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through hole 11f formed integrally in a side surface of the base casing 11, instead of the first harness through hole 11b.
The stepping casing 12 has a second harness escape recess 11e and a third harness escape recess 11g similarly to
the first harness recess 11c so that the harness is not disconnected even if the position where the harness 2 is taken
out from the base casing 11 is changed,

[0016] Fig. 3 is an appearance view of the foot controller 10 of the embodiment disclosed here as viewed from the
oblique downward direction. A harness through groove 11h that communicates with the first harness through hole 11b,
afourth harness through hole 11i that communicates with the harness through groove 11h, and a harness storage portion
11j that communicates with the fourth harness through hole 11i are formed integrally with the base casing 11 at the back
of the base casing 11 of the foot controller 10. The harness storage portion 11j is provided with two harness presser
guides 11k for preventing the harness 2 from jumping out of the harness storage portion 11j when the harness 2 is
rounded into a small ring shape and stored in the harness storage portion 11j when the sewing machine 1 is not used.
The harness through groove 11h is provided with four harness presser guides 11l for preventing the harness 2 from
jumping out of the harness through groove 11h when the harness 2 is inserted therethrough.

[0017] Fig. 4 is an explanatory view of the foot controller 10 of the embodiment disclosed here. A mount 21 is attached
to the back of the inside of the base casing 11, and a vertical rack 22 (a first movement member or a first rack) is attached
into a vertical rack guide 21a of the mount 21. The vertical rack 22 is attached so as to become substantially right-angled
to the inner bottom surface of the base casing 11. An upper portion of the vertical rack 22 is formed so as to have a
circular-arc cross-section.

[0018] Figs. 5A and 5B are structural views of the moving device 20 disclosed here. Fig. 5A is a structural view of the
overall moving device 20, and Fig. 5B is a structural view of a movement direction changing mechanism portion 26 in
the moving device 20. The vertical rack 22, a horizontal rack 24 (a second movement member or a second rack), a gear
23 (rotary body), and a variable resistor 25 are attached to the mount 21, and form the moving device 20. The vertical
rack 22 is attached into the vertical rack guide 21a via a first mount slide groove 22b, the horizontal rack 24 is attached
into a horizontal rack guide 21b via a second mount slide groove 24b, the gear 23 is attached into a gear guide 21e via
a gear turning shaft 23c (not shown), and the variable resistor 25 is attached below the horizontal rack 24. A first rack
portion 22c¢ of the vertical rack 22 engages a gear 23a of the gear 23. The gear 23a is formed integrally with a pinion
23b to form the gear 23. The pinion 23b engages a second rack portion 24a formed integrally with the horizontal rack
24. The horizontal rack 24 integrally forms a variable resistor lever operating portion 24c that operates a variable resistor
lever 25a of the variable resistor 25 on the lower side thereof. A moving device return spring 22e is engaged between
the mount 21 and the vertical rack 22. Here, in order to set the pushing force of the vertical rack 22 small, the diameter
of the gear 23a is made larger than the diameter of the pinion 23b.

[0019] In addition, as the pushing force of the vertical rack 22 is set small, it is also possible to make the diameter of
the gear 23a smaller than the diameter of the pinion 23b for a user who selects to keep the relationship between a
stepping amount and sewing speed from being keen. Moreover, it is also possible to meet user's demands by changing
the module of the gear 23a and the pinion 23b instead of adjusting the diameter of the gear 23a and the pinion 23b.
[0020] The operation of the sewing machine of the embodiment disclosed here will be described below.

[0021] Figs. 6A and 6B are schematic views of the foot controller 10 of the embodiment disclosed here, and a graph
of the relationship between stepping amount and load. The first rack portion 22¢ of the vertical rack 22, the gear 23a of
the gear 23, the pinion 23b formed integrally with the gear 23, and the second rack portion 24a of the horizontal rack
24 form the mechanism portion 26. When a user or a worker (hereinafter unified as a user) steps on the stepping casing
12 with stepping power P, the vertical rack 22 can perform vertical adjustment movement within a range of a movement
amountL1. The horizontal rack 24 can perform right and left adjustment movement within a range of a movement amount
L2 in synchronization with the adjustment movement by the gear 23a. If the user makes the stepping power P to the
stepping casing 12 large, the moving device return spring 22e is compressed and the horizontal rack 24 moves leftward
in the drawing. If the user makes the stepping power P to the stepping casing 12 small, the moving device return spring
22e is extended and the horizontal rack 24 moves rightward in the drawing. The variable resistor lever operating portion
24c formed integrally with the horizontal rack 24 is engaged with the variable resistor lever 25a of the variable resistor
25, and performs right and left adjustment movement of the variable resistor lever 25a in accordance with the movement
of the horizontal rack 24. The stepping amount L1 is movable from zero to Lmax. The movement amount of the variable
resistor lever 25a of the variable resistor 25 can be adjusted from zero to L2 according to the stepping amount L1. The
relationship between the stepping power P according to the stepping amount L1 and a compressive force F applied to
the moving device return spring 22e becomes like the graph of Fig. 6B.

[0022] The effects of the sewing machine of the embodiment disclosed here will be described below.

[0023] According to first problem solving means, the sewing machine 1 of the embodiment is configured so that the
moving device 20 includes the vertical rack 22 that moves in the stepping direction of the foot controller 10, the gear 23
that converts the movement amount L1 of the vertical rack 22 into a rotational amount, and the horizontal rack 24 that
converts the rotational amount of the gear 23 in a direction orthogonal to the movement direction of the vertical rack 22
and moves by L2, and is configured to change the resistance value of the variable resistor 25 when the horizontal rack
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24 moves in the direction orthogonal to the movement direction of the vertical rack 22. Thereby, a component force in
an oblique direction is not generated among the vertical rack 22, the gear 23, and the horizontal rack 24, and the variable
resistor 25 can be operated with a high transmission efficiency. That is, in the foot controller 110 of the background
discussion, a maximum stepping force is required by about 3.57 times a compressive force (the setting value of a spring
force) Fmax applied to the moving device return spring 122e (refer to Fig. 9). In contrast, in the foot controller 10 of the
embodiment, the maximum stepping force is merely 0.87 times the compressive force (the setting value of the spring
force) Fmax applied to the moving device return spring 22e so that easy operation can be made. This is based on the
following three reasons. The first reason is that, in the foot controller 10 of the embodiment, meshing portions of a gear
that is involved in the process in which the user’s stepping power P is converted into the compressive force Fmax applied
to the moving device return spring 22e are present in the mechanism portion 26 in only two places between the vertical
rack 22 and the gear 23 and between the gear 23 and the horizontal rack 24. The second reason is that the conversion
efficiency of the meshing portion of each gear is as high as about 98%. The third reason is that output is amplified to
1.2 times according to the amplification factor of the mechanism portion 26. (Since the detailed calculation of the stepping
force in the foot controller 110 of the background discussion is described in the description of operation of the background
discussion, refer to that). Moreover, it is also possible to make the stepping load to the user’s stepping amount L1 linear
like the graph of Fig. 6B. Thereby, the user easily catches the correlation between the stepping amount L1 and the
sewing speed linearly, and can operate the sewing machine 1 with a high precision more closely to s natural feeling. In
addition, since most of the mechanism portion 26 of the embodiment can be constituted from resin parts called poly-
oxymethylene (POM) with high strength and excellent lubricity, the user can be provided with cheap products. The foot
controller 10 of the embodiment can be manufactured more cheaply than that of the background discussion in which
two variable resistors, a changeover switch, and an accessory circuit are built. The foot controller 10 of the embodiment
can realize functions equivalent to a multifunctional sewing machine having a computer built therein, with a configuration
that is easier than that of the background discussion by preparing a plurality of microcomputer control patterns in
combination with the multifunctional sewing machine.

[0024] According to second problem solving means, the sewing machine 1 of the embodiment is configured so that
the moving device 20 includes the vertical rack 22 that moves in the stepping direction of the foot controller 10, the gear
23 that converts the movement amount L1 of the vertical rack 22 into a rotational amount, the horizontal rack 24 that
converts the rotational amount of the gear 23 in the direction orthogonal to the stepping direction of the vertical rack 22
and moves by the movement amount L2, and the variable resistor lever 25a that changes the resistance value of the
variable resistor 25 when the horizontal rack 24 moves. Thereby, the transmission efficiency of forces among the vertical
rack 22, the gear 23, and the horizontal rack 24 can be further improved, and the variable resistor 25 can be operated
with a high transmission efficiency.

Additional Iltem 1

[0025] In the sewing machine 1 of the embodiment, the movement direction of the moving device 20 is changed from
the direction orthogonal to the turning shaft 11a of the stepping portion of the foot controller 10 to a parallel direction.
This is because the size of the moving device 20 can be reduced as the conversion efficiency of the mechanism portion
26 is improved. Thereby, it is possible to form the harness storage portion 11j at a position on the turning shaft 11a side
in the direction orthogonal to the turning shaft 11a of the stepping portion of the foot controller 10. By forming the harness
storage portion 11j, it is possible to round the harness 2 into, for example, a small ring shape to store the harness to the
harness storage portion 11j when the sewing machine 1 is not used, and organizing of the sewing machine 1 can be
made easier.

Embodiment of the Background Discussion

[0026] Fig. 7 is a cross-sectional view of a foot controller 110 of the background discussion. The foot controller 110
is provided with a base casing 111 (foundation) that comes into contact with a floor surface 109, a stepping casing 112
(stepping plate) that is turnably born about a base casing turning shaft 111a (fulcrum shaft E) provided at one end of
the base casing 111, a variable resistor 125 that is provided inside the foot controller 110 (pedal) formed by the stepping
casing 112 and the base casing 111, a front arm 111b (link) that has one end turnably coupled to a mount 121 (link
foundation), a rear arm 111c (link) that has one end turnably coupled to the other end of the front arm 111b and the
other end coming into a slidable contact with a variable resistor lever 125a of the variable resistor 125, and a moving
device return spring 122e (tension spring) that is coupled to one end of the front arm 111b and the other end of the rear
arm 111c. A coupling portion between the front arm 111b and the rear arm 111¢c moves upward as one end of the front
arm 111b and the other end of the rear arm 111c are drawn to each other by the moving device return spring 122e, and
is brought into pressure contact with the rear surface of the stepping casing 112 via a roller 111d turnably provided at
the coupling portion. Additionally, a second moving device return spring 122f that biases the stepping casing 112 so as
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to be kept away from the base casing 111 on the base casing turning shaft 111a is provided inside the foot controller
110, and the stepping casing 112 and the base casing 111 are locked to each other by convex portions provided at tips
thereof, respectively, so as to approach and separate from each other within a predetermined range. Then, if the stepping
casing 112 is stepped on by a user, the other end of the rear arm 111¢c moves, and the resistance value that determines
the rotational frequency of the sewing machine motor 6 changes by the variable resistor 125 so that the sewing speed
can be controlled.

[0027] The operation of the sewing machine of the background discussion will be described below.

[0028] Figs.8A and 8B are explanatory views of the force relationship of the foot controller of the background discussion.
Fig. 8Ais an explanatory view of the stepping force and load of the foot controller and Fig. 8B is a graph of the relationship
between the stepping amount and load of the foot controller. Fig, 9 is an explanatory view for the calculation based on
a schematic view of the foot controller of the background discussion. If a user steps on the stepping casing 112 and
applies stepping power P to the coupling portion between the front arm 111b and the rear arm 111c, the rear arm 111c
is pushed out backward by a movement amount L4 against the resultant force F of the moving device return spring 122e
and the second moving device return spring 122f. The stepping amount L3 is movable from zero to Lmax. The movement
amount of the variable resistor lever 125a of the variable resistor 125 can be adjusted from zero to L4 according to the
stepping amount L3. If the user makes the stepping power P to the stepping casing 112 large, the moving device return
spring 122e and the second moving device return spring 122f are compressed and the variable resistor lever 125a
moves leftward in the drawing. If the stepping power P to the stepping casing 112 is made small, the moving device
return spring 122e and the second moving device return spring 122f are extended by the resultant force of the moving
device return spring 122e and the second moving device return spring 122f, and the variable resistor lever 125a moves
rightward in the drawing. The relationship among the stepping power P, the resultant force F, and the stepping amount
L3 in this case becomes like the graph of Fig. 8B. That is, in the foot controller 10 of the background discussion, the
maximum stepping force is required to be about 3.57 times the resultant force (the setting value of a spring force) Fmax
of the moving device return spring 122e and the second moving device return spring 122f. If the frictional resistance
force of the sliding portion is included in this calculation value, it is expected that a force of 4 times or more the force of
the embodiment is required. Additionally, the stepping load to the user’s stepping amount L3 increases abruptly from a
certain point like the graph.

[0029] Here, a calculation example of the graph of Fig. 8B will be described. In Fig. 9, it is assumed that A=20 mm is
established and ®1 changes within a range from 50 ° to 5°,

[0030] First, the relationship among angles is clarified as follows.

[0031]

(1) ©2=180-90-01=90-01
(2) sin®3=(C-Bcos®1)/AB3=sin"((C-Bcos®1)/A) from (C-Beos®1)/sin@3=A/sin90°

(3) ©4=180-02-03=180-80-01)(sin"((C-Bcos@1)/A)) =90+@1-sin”((C-Beos®1 )/A)

(4) ®5=180-90-6:3=90-sin""((C-Bcos®1)/A)

It is easy to calculate the stepping amount from these angles. Next, the relationship among forces is clarified as follows.
[0032]

() “F2=(PsinB3/sind4)=(P(C-Bcosb1))/(A _o sin(90+61-5in-1((C-BeosB1)/A))) from
F2/sin © 3=P/sin 8 47,
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(&) : “F=(((C-Bcos 8 1) Poos 0
I/(A__sirt 90+ 0 1-sin-1((C-Bos 0 1YAW)=(C-Beos 0 1) * Peos 0 1)/Acos( 0 1 sin-1(C-Beos € LIA))
from F4=~F2cos 6 17, '

(7) F1={Psin(80-011))(sin(80+@1-sin™((C-Bcos@1 YA))) from F1/sin@2=P/sin@4

(8)
F3=F1cos@5=(Psin(80-01)-coa(80-ain{(G-Beos®1)/A)/(sin(20+1-sin" (C-Beos®1 YA)))=Pcos®
1-sin(sin™{(C-Boos@1 YA))(cos(@1-sin((C-Beos@1/A)))
=((C-Beos®1)Peos®@1)/(Acos(@1-sin ((C-Beos®@1YA))

(9) P=2F3=2((C-Bcos@1) Peos@1)/(Acos(@1-sin” ((C-Beos®1 YA))) from Fi=F4

The graph of Fig. 8B can be derived from the relationship among the angles, stepping amounts, and forces that are
shown above.

[0033] The principles, preferred embodiment and mode of operation of the present invention have been described in
the foregoing specification. However, the invention which is intended to be protected is not to be construed as limited
to the particular embodiments disclosed. Further, the embodiments described herein are to be regarded as illustrative
rather than restrictive. Variations and changes may be made by others, and equivalents employed, without departing
from the spirit of the present invention. Accordingly, it is expressly intended that all such variations, changes and equiv-
alents which fall within the spirit and scope of the present invention as defined in the claims, be embraced thereby.
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A foot controller for a sewing machine in which a stepping portion is displaceable according to a user’s stepping
amount;

a moving device that is built in the foot controller and moves according to the displacement amount of the stepping
portion;

a variable resistor that is built in the foot controller and is capable of changing a resistance value according to the
movement amount of the moving device; and

a motor that causes to change a sewing speed according to the resistance value of the variable resistor,

wherein the moving device includes;

a first movement member that is pressed by the stepping portion and moves in a stepping direction of the foot
controller;

a rotary body that engages the first movement member, and converts the movement amount of the first movement
member into a rotational amount; and

a second movement member that engages the rotary body, moves in a direction orthogonal to the movement
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direction of the first movement member by the movement amount according to the rotational amount of the rotary
body, and changes the resistance value of the variable resistor according to the movement amount thereof.

The foot controller for a sewing machine according to Claim 1,

wherein the first movement member has a first rack that is pressed by the stepping portion and moves in the stepping
direction of the foot controller,

the rotary body has a gear that engages the first rack and converts the movement amount of the first rack into a
rotational amount,

the second movement member has a second rack that engages the rotary body, and converts the rotational amount
of the gear in the direction orthogonal to the movement direction of the first rack and move, and

the variable resistor includes a variable resistor lever that engages a variable resistor lever operating portion provided
atone end of the second rack, moves together with the second rack, and changes the resistance value of the variable
resistor.

A sewing machine comprising a foot controller according to Claim 1 or
Claim 2.
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