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(54) CUTTING MACHINE

(57) A cutting machine of the present invention in-
cludes a main shaft having a spindle that rotates, a sensor
that is provided on the main shaft to measure a vibration
entailing the rotation of the spindle and transmit a signal
corresponding to the measured vibration, and a control-

ler. The controller includes a receiver that receives a sig-
nal from the sensor, and a diagnoser that identifies an
abnormal vibration when a value of the measured vibra-
tion exceeds a predetermined threshold value.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a cutting ma-
chine.

Description of the Related Art

[0002] There are conventional cutting machines
known in the art that are used to make artificial teeth,
etc., by way of a cut process, for example. Japanese
Laid-Open Patent Publication No. 2017-94436, for ex-
ample, discloses a cutting machine including a holder
that holds a workpiece, a spindle (main shaft) for rotating
a machining tool, a mechanism for three-dimensionally
translating the holder and the spindle, and a mechanism
for rotating the holder in two directions.
[0003] With a cutting machine such as that disclosed
in Japanese Laid-Open Patent Publication No.
2017-94436, the spindle can possibly deteriorate and
break over use. When the spindle deteriorates or breaks,
it may lead to a significant breakdown of the cutting ma-
chine or may influence the quality of the cut object.

SUMMARY OF THE INVENTION

[0004] The present invention has been made in view
of such a problem, and an object thereof is to provide a
cutting machine that is capable of diagnosing the dete-
rioration or breakdown of the spindle.
[0005] A cutting machine disclosed herein includes: a
main shaft having a spindle that is configured to rotate;
a sensor that is provided on the main shaft to measure
a vibration entailing the rotation of the spindle and trans-
mit a signal corresponding to the measured vibration;
and a controller. The controller includes a receiver that
is configured to receive the signal from the sensor, and
a diagnoser that is configured to identify an abnormal
vibration when a value of the measured vibration exceeds
a predetermined threshold value.
[0006] With the cutting machine set forth above, it is
possible to measure a vibration entailing the rotation of
the spindle, and to diagnose the deterioration or break-
down of the spindle by identifying whether or not the vi-
bration is abnormal.
[0007] The above and other elements, features, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed
description of the preferred embodiments with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a perspective view of a cutting machine of
one embodiment.

FIG. 2 is a perspective view showing a cutting ma-
chine with the door open.

FIG. 3 shows a III-III cross section of FIG. 1.

FIG. 4 is a perspective view showing a configuration
of a holder member, a rotation mechanism and a
magazine.

FIG. 5 is a cross-sectional view showing a configu-
ration around a main shaft.

FIG. 6 is a block diagram of the cutting machine.

FIG. 7 is a graph showing the result of measuring
the initial vibration of the main shaft and the threshold
value.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0009] Cutting machines according to embodiments of
the present invention will now be described with refer-
ence to the drawings. Note that it is understood that the
embodiments described herein are not intended to limit
the present invention. Members and portions of like func-
tions are denoted by like reference signs, and redundant
descriptions will be omitted or shortened as necessary.
[0010] FIG. 1 is a perspective view of a cutting machine
10 of one embodiment. FIG. 2 is a perspective view show-
ing the cutting machine 10 with a door 30 of FIG. 1 open.
The terms "left", "right", "up" and "down", as used in the
description below, refer to these directions as seen from
the user being on the side of the door 30 of the cutting
machine 10. The direction from the user toward the cut-
ting machine 10 will be referred to as "rear", and the op-
posite direction as "front". The designations F, Rr, L, R,
U and D, as used in the figures, refer to front, rear, left,
right, up and down, respectively. It is assumed that where
the X axis, the Y axis and the Z axis are orthogonal to
each other, the cutting machine 10 of the present em-
bodiment is placed on a plane that is defined by the X
axis and the Y axis. Herein, the X axis extends in the
front-rear direction. The Y axis extends in the left-right
direction. The Z axis extends in the up-down direction.
Note however that these directions are defined merely
for the purpose of discussion, and do not in any way limit
how the cutting machine 10 is placed.
[0011] As shown in FIG. 1, the cutting machine 10 is
formed in a box shape. In the present embodiment, the
cutting machine 10 includes a housing 20 and the door
30. The housing 20 accommodates a holder member 70
(see FIG. 4) that holds the workpiece 200 (see FIG. 4),
a main shaft 60 (see FIG. 3) that rotates a tool 210 (see
FIG. 3), etc. The housing 20 has a bottom surface wall
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21, a front surface wall 22, a left side wall 23, a right side
wall 24, a top surface wall 25, and a back surface wall
26. Each member of the housing 20 is formed from a
steel plate, or the like. The bottom surface wall 21 is here-
in provided parallel to the XY plane. The bottom surface
wall 21 forms the bottom surface of the entire cutting
machine 10. The left side wall 23 is connected to the left
edge of the bottom surface wall 21. The left side wall 23
extends in the Z direction from the left edge of the bottom
surface wall 21. The right side wall 24 is connected to
the right edge of the bottom surface wall 21. The right
side wall 24 extends in the Z direction from the right edge
of the bottom surface wall 21. The back surface wall 26
is connected to the rear edge of the bottom surface wall
21. The back surface wall 26 extends in the Z direction
from the rear edge of the bottom surface wall 21. The left
edge and the right edge of the back surface wall 26 are
connected to the rear edge of the left side wall 23 and
the rear edge of the right side wall 24, respectively. The
top surface wall 25 is formed parallel to the bottom sur-
face wall 21, and is connected to the upper edge of the
left side wall 23, the upper edge of the right side wall 24
and the upper edge of the back surface wall 26. The front
surface wall 22 is connected to the front edge of the bot-
tom surface wall 21. The front surface wall 22 extends in
an upper diagonal direction from the front edge of the
bottom surface wall 21. Specifically, it extends upward
while being inclined rearward. The left edge of the front
surface wall 22 is connected to the front edge of the left
side wall 23. The right edge of the front surface wall 22
is connected to the front edge of the right side wall 24.
The height of the front surface wall 22 is less than the
left side wall 23 and the right side wall 24. Therefore, an
opening 20a is formed on the front surface of the housing
20.
[0012] The door 30 is provided in the opening 20a of
the housing 20. The door 30 can be opened and closed.
Specifically, the door 30 is attached to the housing 20 so
that the door 30 can slide in the up-down direction along
the front edge of the left side wall 23 and the front edge
of the right side wall 24. As the door 30 slides in the up-
down direction, the inside and the outside of the housing
20 communicate with each other through the opening
20a on the front side of the housing 20. Note that the
door 30 herein opens and closes by sliding in the up-
down direction, but it may be provided in various other
embodiments, e.g., it may be opened and closed in the
lateral direction. The door 30 is provided with a window
31, through which the inside of the housing 20 can be
seen.
[0013] The inside of the housing 20 is divided into a
plurality of areas by means of internal walls. FIG. 3 shows
a III-III cross section of FIG. 1. As shown in FIG. 2 and
FIG. 3, a lower surface wall 41, a rear wall 42, a partition
wall 43 and a rear partition wall 44 are provided as internal
walls inside the housing 20. The rear partition wall 44 is
arranged close to the back surface wall 26 inside the
housing 20, and extends in the up-down direction. The

rear partition wall 44 divides the inside of the housing 20
into the front-side area and the rear-side area. The rear-
side space defined by the rear partition wall 44 forms a
back-side area A1. A controller 100, etc., are accommo-
dated in the back-side area A1. The lower surface wall
41 and the rear wall 42 are arranged in the front-side
space defined by the rear partition wall 44. The lower
surface wall 41 is connected vertical to the front surface
wall 22 of the housing 20 at the upper edge of the front
surface wall 22. As described above, the front surface
wall 22 is inclined rearward, and the lower surface wall
41 arranged vertical to the front surface wall 22 is also
inclined with respect to the XY plane. Specifically, the
lower surface wall 41 is inclined downward while extend-
ing in the front-to-rear direction. The rear wall 42 is con-
nected vertical to the lower surface wall 41 at the rear
edge of the lower surface wall 41. As shown in FIG. 3,
the rear wall 42 extends in an upper diagonal direction
from the connection with the lower surface wall 41 and
is connected to the rear partition wall 44. The lower sur-
face wall 41, the rear wall 42, and a portion of the rear
partition wall 44 that is above the rear wall 42 together
form an internal space inside the housing 20. The internal
space is further divided into a process area A2 and a
control area A3 by means of the partition wall 43, which
is arranged vertical to the lower surface wall 41.
[0014] As shown in FIG. 2, the internal space defined
by the lower surface wall 41, the rear wall 42 and the rear
partition wall 44 is further divided left and right by the
partition wall 43. The left-side space is the process area
A2, where the workpiece 200 is cut. The right-side space
is the control area A3 that accommodates a driver for
controlling the rotation and movement of the holder mem-
ber 70 and a magazine 50, etc. A cover 45 is attached
to the front surface of the control area A3 for isolating
the control area A3 from the outside. The process area
A2 is larger than the control area A3.
[0015] As described above, the process area A2 and
the control area A3 are inclined downward while extend-
ing rearward with respect to the X direction and the Z
direction of the cutting machine 10. Accordingly, in the
process area A2, the direction vertical to the lower sur-
face wall 41 will be referred to as the Z1 direction. The
direction perpendicular to the front surface wall 22, which
is orthogonal to the lower surface wall 41, will be referred
to as the X1 direction. The X1 direction, the Y direction
and the Z1 direction are orthogonal to each other. More-
over, for the X1 direction and the Z1 direction, which are
orthogonal to each other, the front direction and the rear
direction along the X1 direction will be denoted as F1 and
Rr1, respectively, and the upper direction and the lower
direction along the Z1 direction as U1 and D1, respec-
tively. Note however that these directions are defined
merely for the purpose of discussion, and do not in any
way limit how the cutting machine 10 is placed.
[0016] As shown in FIG. 3, the holder member 70, a
rotation mechanism 80, the magazine 50, the main shaft
60, an X1 direction moving mechanism 91, a Y direction
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moving mechanism 92 and a Z1 direction moving mech-
anism 93 are arranged inside the process area A2. FIG.
4 is a perspective view showing a configuration of the
holder member 70, the rotation mechanism 80 and the
magazine 50. As shown in FIG. 4, in the present embod-
iment, the holder member 70 for holding the workpiece
200, the rotation mechanism 80 for rotating the holder
member 70, and the magazine 50 accommodating bar-
shaped tools 210 are assembled together.
[0017] The holder member 70 holds the workpiece
200. Herein, the workpiece 200 is formed in a circular
plate shape. The workpiece 200 is a material of an arti-
ficial tooth, for example. The holder member 70 is formed
in a semicircular arc shape. In the present embodiment,
the holder member 70 includes a screw (not shown), or
the like, and the workpiece 200 is secured as the user
tightens the screw, or the like.
[0018] The rotation mechanism 80 supports the holder
member 70. The rotation mechanism 80 includes a first
rotation shaft 81, a second rotation shaft 82, a third ro-
tation shaft 83, a support member 84, a first driver 85
and a second driver 86 (not shown in FIG. 4; see FIG.
6). As shown in FIG. 4, the first rotation shaft 81 and the
second rotation shaft 82 rotatably support the holder
member 70 from the F1 direction and the Rr1 direction,
respectively. The first rotation shaft 81 is connected to
the first driver 85, which is provided on the F1 direction
side of the holder member 70. There is no particular lim-
itation on the first driver 85, and it may be a motor, for
example. The first driver 85 rotates the first rotation shaft
81 in the direction T1 about the X1 axis. By the drive of
the first driver 85, the holder member 70 rotates in the
direction T1. The holder member 70 and the first driver
85 are supported by the support member 84, which is
formed in an L-letter shape. The support member 84 in-
cludes a first support portion 84a and a second support
portion 84b. The first support portion 84a extends in the
X1-axis direction. The second support portion 84b ex-
tends leftward from the rear edge of the first support por-
tion 84a. The front edge of the first support portion 84a
supports the first driver 85. The second support portion
84b supports the second rotation shaft 82. The third ro-
tation shaft 83 is connected to a central portion of the
first support portion 84a. The third rotation shaft 83 is
connected to the holder member 70 at a position that
corresponds to the center thereof in the X1-axis direction.
The third rotation shaft 83 is connected to the second
driver 86 not shown in FIG. 4 (see FIG. 6). By the drive
of the second driver 86, the third rotation shaft 83 rotates
the first support portion 84a of the support member 84 in
the direction T2 about the Y axis. By the rotation of the
support member 84 in the direction T2, the holder mem-
ber 70 also rotates in the direction T2.
[0019] As shown in FIG. 4, the magazine 50 supports
the holder member 70 via the third rotation shaft 83 and
the support member 84 of the rotation mechanism 80.
The magazine 50 is formed in a box shape. A plurality of
hole-shaped stockers 55 are formed on an upper surface

50a of the magazine 50. Each stocker 55 accommodates
a tool 210. In the present embodiment, the tool 210 is
inserted in the stocker 55 with an upper end portion 210a
thereof exposed. With a plurality of stockers 55 provided
on the magazine 50, various types of tools 210 can be
accommodated in the magazine 50. In the present em-
bodiment, ten stockers 55 are provided on the magazine
50. The ten stockers 55 are provided on the magazine
50 in two rows arranged in the Y-axis direction, each row
including five stockers arranged in the X1-axis direction.
[0020] The magazine 50 is secured on the X1 direction
moving mechanism 91 (not shown in FIG. 4; see FIG. 3)
provided on the right side. While there is no particular
limitation on the configuration of the X1 direction moving
mechanism 91, it for example includes a motor, a screw
feed mechanism, etc. The X1 direction moving mecha-
nism 91 is connected to the controller 100 and is control-
led by the controller 100. By the drive of the X1 direction
moving mechanism 91, the holder member 70 moves in
the X1 direction integral with the magazine 50. In this
process, the workpiece 200 held on the holder member
70 also moves in the X1 direction together with the holder
member 70.
[0021] Tools 210 are each a tool for cutting the work-
piece 200. Herein, bar-shaped tools 210 are used. As
shown in FIG. 4, the tool 210 is provided with a flange
210b. Herein, the flange 210b is shaped corresponding
to the hole-shaped stocker 55. When the tool 210 is ac-
commodated in the stocker 55, the flange 210b is fitted
into the stocker 55. As shown in FIG. 4, with the tool 210
inserted in the stocker 55, the upper end portion 210a
above the flange 210b protrudes from the stocker 55.
The upper end portion 210a is clamped by the main shaft
60. A cutter 210c (see FIG. 5) is provided below the flange
210b. In the present embodiment, there are tools 210
that have cutters 210c of various shapes. As the main
shaft 60, with the tool 210 clamped thereon, rotates about
the Z1 axis, the tool 210 also rotates about the Z1 axis.
The cutter 210c of the tool 210, which is rotating, comes
into contact with the workpiece 200, thus cutting the work-
piece 200.
[0022] The main shaft 60 clamps and rotates the tool
210. FIG. 5 is a cross-sectional view showing a configu-
ration around the main shaft 60. As shown in FIG. 5, the
main shaft 60 includes a spindle 61 that rotates, a driver
62 and a belt 63, and the spindle 61 includes a clamp
64. The driver 62 rotates the spindle 61. The driver 62
and the spindle 61 are connected via the belt 63.
[0023] The spindle 61 includes a rotation shaft 61a and
a casing 61b. The casing 61b includes a bearing, or the
like, and supports the rotation shaft 61a so that the rota-
tion shaft 61a can rotate about the Z1 axis. The casing
61b also allows the spindle 61 to be attached to the cut-
ting machine 10. The casing 61b is a cylindrical member,
for example.
[0024] A large portion of the rotation shaft 61a rotates
inside the casing 61b about the Z1 axis. Note however
that an upper end portion and a lower end portion of the
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rotation shaft 61a protrude out of the casing 61b. The
rotation shaft 61a is a cylindrical member extending in
the Z1 axis direction. The belt 63 is wound around a por-
tion of the rotation shaft 61a near the upper end thereof
that is projecting out of the casing 61b. The belt 63 is an
endless belt that transmits the power of the driver 62 to
the rotation shaft 61a. The tool 210 is clamped by the
clamp 64 on the lower end of the rotation shaft 61a. Al-
though the details will be described later, the rotation
shaft 61a includes the clamp 64 therein. The tool 210 is
clamped by the clamp 64, and rotates together with the
rotation of the rotation shaft 61a.
[0025] The driver 62 rotates the rotation shaft 61a of
the spindle 61. The driver 62 is a motor, for example. The
driver 62 includes a drive shaft 62a that rotates and a
pulley 62b. The pulley 62b is fixed to an end portion of
the drive shaft 62a in the D1 direction. The belt 63 is
wound around the pulley 62b of the driver 62. With the
belt 63 and the pulley 62b, the rotation shaft 61a of the
spindle 61 is connected to the drive shaft 62a of the driver
62 and rotates together with the rotation of the drive shaft
62a. The driver 62 is connected to the controller 100 and
is controlled by the controller 100. In accordance with the
control by the controller 100, the driver 62 rotates the
spindle 61 with specified timing and a specified number
of revolutions.
[0026] The clamp 64 clamps the tool 210. The clamp
64 is provided on the spindle 61. As shown in FIG. 5, the
clamp 64 includes a chuck 64a, a fastener 64b, a space-
defining member 64c, a movable plate 64d, and a shaft
64e.
[0027] The chuck 64a clamps the upper end portion
210a of the tool 210. The tip of the chuck 64a is divided
into three collets 64a1. The chuck 64a clamps the tool
210 by pinching the upper end portion 210a of the tool
210 by the three collets 64a1. Note however that the
number of the collet 64a1 does not need to be three, and
it may be two. It may alternatively be four or more. The
three collets 64a1 extend in the Z1 axis, and are con-
nected together at the upper end portion thereof. When
the tool 210 is clamped by the chuck 64a, the three collets
64a1 are arranged so as to surround the tool 210. In the
present embodiment, the outer surfaces of the three col-
lets 64a1 are inclined so as to flare out toward the distal
end thereof. Herein, the portion that flares out toward the
distal end is referred to as a flared portion 64a2.
[0028] The fastener 64b fastens the three collets 64a1
of the chuck 64a. By being fastened by the fastener 64b,
the chuck 64a can clamp the tool 210. Herein, the three
collets 64a1 of the chuck 64a are inserted into the fas-
tener 64b. The chuck 64a is movable in the up-down
direction (herein, the Z1 axis direction) relative to the fas-
tener 64b. Herein, as the chuck 64a moves in the U1
direction, the flared portion 64a2 moves into the fastener
64b. Thus, the gap between the three collets 64a1 de-
creases, thereby generating a force to clamp the tool
210. On the other hand, as the chuck 64a moves in the
D1 direction, the flared portion 64a2 of the chuck 64a

moves in the D1 direction of the fastener 64b. Therefore,
the gap between the three collets 64a1 increases, there-
by relaxing the fastening of the tool 210 by the chuck 64a.
[0029] In the present embodiment, the movement of
the chuck 64a in the up-down direction is done by ad-
justing the air in the space-defining member 64c. The
space-defining member 64c is provided above the chuck
64a and the fastener 64b. The space-defining member
64c defines a space 64c1 therein. An air feeder (not
shown) is connected to the space-defining member 64c.
Although there is no particular limitation on the type of
the air feeder, it is an air compressor, for example. The
air feeder generates compressed air to be fed into the
space 64c1. A solenoid valve (not shown) is provided on
a path that connects together the air feeder and the space
64c1. By opening/closing the solenoid valve, the amount
of air to be fed from the air feeder into the space-defining
member 64c is adjusted.
[0030] In the present embodiment, the movable plate
64d is arranged in the space 64c1 surrounded by the
space-defining member 64c. The movable plate 64d
moves in the up-down direction (the Z1 axis direction) in
the space 64c1. The movable plate 64d is connected to
the chuck 64a via the shaft 64e. The shape of the movable
plate 64d corresponds to the shape of the lateral cross
section of the space-defining member 64c. Herein, the
air from the air feeder is fed into a part of the space 64c1
that is above the movable plate 64d. Then, when the
amount of air fed into the space above the movable plate
64d increases, the movable plate 64d moves down (the
D1 direction). As the movable plate 64d moves in the D1
direction, the chuck 64a moves in the D1 direction. As
the chuck 64a moves in the D1 direction, the fastening
of the chuck 64a by the fastener 64b is relaxed, thereby
releasing the tool 210 from the chuck 64a. Note that the
chuck 64a and the movable plate 64d may be forced
upward (the U1 direction) by a spring (not shown). When
the air feeder is not feeding air into the space-defining
member 64c, the tool 210 is clamped by the three collets
64a1.
[0031] A sensor 65 is provided on the outer surface of
the casing 61b of the spindle 61. The sensor 65 measures
a vibration of the main shaft 60 entailing the rotation of
the spindle 61. The sensor 65 transmits a signal corre-
sponding to the measured vibration to the controller 100.
The signal is an analog current signal, for example. In
the present embodiment, the sensor 65 includes an ac-
celeration sensor. The acceleration sensor detects the
acceleration of the sensor itself when the sensor is moved
with an acceleration, and the magnitude of the vibration
of the main shaft 60 is herein measured in terms of ac-
celeration. For example, the acceleration sensor meas-
ures an acceleration based on a change in the distance
between a movable portion and a non-movable portion
when the movable portion moves due to the acceleration
applied thereto. The distance by which the movable por-
tion moves is measured based on, for example, a change
in capacitance, a distortion of a spring, etc. While there
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is no limitation on the principle of measurement of the
acceleration sensor, the measurement range may be
2000 m/s2 to 3000 m/s2 or more.
[0032] The location where the vibration of the main
shaft 60 is measured is preferably a location where it
vibrates reproducibly and with a great magnitude. It is
believed that when the magnitude of the vibration is great,
the measurement is less likely to be influenced by an
external disturbance and the measurement error is small-
er. The sensor 65 is attached near the lower end of the
casing 61b. With the casing 61b, the vibration entailing
the rotation of the spindle 61 can be greater near the
lower end than near the upper edge. While the acceler-
ation sensor can measure the acceleration separately in
the X1 direction, the Y direction and the Z1 direction, for
example, it is preferred to use the three-axis combined
acceleration for the X1 direction, the Y direction and the
Z1 direction.
[0033] As shown in FIG. 3, the main shaft 60 is moved
in the Y direction and the Z1 direction by the Y direction
moving mechanism 92 and the Z1 direction moving
mechanism 93, respectively. While there is no particular
limitation on the configuration of the Y direction moving
mechanism 92 and the Z1 direction moving mechanism
93, they for example each include a motor, a screw feed
mechanism, etc. The Y direction moving mechanism 92
and the Z1 direction moving mechanism 93 are each con-
nected to the controller 100 and controlled by the con-
troller 100. By the drive of the Y direction moving mech-
anism 92 and the Z1 direction moving mechanism 93,
the main shaft 60 moves in the Y direction and the Z1
direction. In this process, the tool 210 clamped by the
clamp 64 also moves in the Y direction and the Z1 direc-
tion together with the main shaft 60.
[0034] As shown in FIG. 1, the cutting machine 10 of
the present embodiment includes a control panel 110 on
the front surface wall 22 of the housing 20. The user uses
the control panel 110 to operate the cutting machine 10.
A display 111 is provided on the control panel 110. The
display 111 displays the screen indicating device status-
es, etc. Although not shown in the figure, the control panel
110 may also include operation buttons, a buzzer for
alarming the user, etc., other than the display 111. The
control panel 110 is electrically connected to the control-
ler 100.
[0035] The controller 100 is provided in the back-side
area A1. FIG. 6 is a block diagram of the cutting machine
10 of the present embodiment. As shown in FIG. 6, the
controller 100 is connected to the driver 62 and the clamp
64 of the main shaft 60, the sensor 65, the first driver 85
and the second driver 86 of the rotation mechanism 80,
the X1 direction moving mechanism 91, the Y direction
moving mechanism 92, and the Z1 direction moving
mechanism 93. The controller 100 includes a storage
101, a cut controller 102, a receiver 103, a diagnoser
104, an emergency stopper 105, and a warner 106.
[0036] There is no particular limitation on the configu-
ration of the controller 100. The controller 100 is a micro-

computer, for example. There is no particular limitation
on the hardware configuration of the microcomputer, but
the microcomputer for example includes an interface (I/F)
for receiving cut data, etc., from an external device such
as a host computer, a central processing unit (CPU) for
executing instructions of a control program, a ROM (read
only memory) storing a program to be executed by the
CPU, a RAM (random access memory) to be used as a
working area where the program is developed, and a
storage device such as a memory for storing various data.
[0037] The storage 101 stores cut data. The storage
101 temporarily stores the cut data transmitted from an
external computer, or the like, for example.
[0038] The cut controller 102 performs a cut process
based on the cut data stored in the storage 101. The cut
controller 102 controls the driver 62 and the clamp 64 of
the main shaft 60, the first driver 85 and the second driver
86 of the rotation mechanism 80, the X1 direction moving
mechanism 91, the Y direction moving mechanism 92
and the Z1 direction moving mechanism 93 to perform a
cut process on the workpiece 200 while changing the
positional relationship between the workpiece 200 and
the tool 210. In this process, the tool 210 is replaced with
another and the number of revolutions of the spindle 61
is changed as necessary.
[0039] The receiver 103 receives a signal from the sen-
sor 65. The controller 100 knows the magnitude of the
vibration of the main shaft 60 entailing the rotation of the
spindle 61 by receiving signals from the sensor 65 by
means of the receiver 103.
[0040] The diagnoser 104 identifies an abnormal vi-
bration of the main shaft 60 when the value of the vibration
measured by the sensor 65 exceeds a predetermined
threshold value. The method for setting the threshold val-
ue will be described later.
[0041] When the diagnoser 104 identifies an abnormal
vibration of the main shaft 60, the emergency stopper
105 stops the rotation of the spindle 61. The emergency
stopper 105 stops the rotation of the spindle 61 so that
the abnormal vibration of the main shaft 60 does not
cause a serious failure of the cutting machine 10 and that
the quality of the cut process does not deteriorate.
[0042] The warner 106 issues a warning when the di-
agnoser 104 identifies an abnormal vibration of the main
shaft 60. Herein, a warning is issued by displaying a warn-
ing message on the display 111 of the control panel 110
or an external display. By this warning message, the user
can know of the abnormal vibration of the main shaft 60.
Note however that the method of warning for letting the
user know of an abnormal vibration is not limited to the
warning message, but may be a sound from a buzzer, or
the like, for example. A plurality of means may be used
in combination.
[0043] With the cutting machine 10 of the present em-
bodiment, after the user sets the workpiece 200 on the
holder member 70, a cut process is performed by a pro-
cedure as follows. First, the cutting machine 10 selects
a tool 210. The controller 100 controls the X1 direction
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moving mechanism 91 and the Y direction moving mech-
anism 92 to move the main shaft 60 in the U1 direction
of a stocker 55 that accommodates a specified tool 210
therein. Moreover, the controller 100 controls the Z1 di-
rection moving mechanism 93 and the clamp 64 so that
the specified tool 210 is clamped by the clamp 64. If the
specified tool 210 is already clamped by the clamp 64,
this process may be omitted. If another tool 210 is
clamped, a process of returning this other tool 210 to a
stocker 55 may be performed first. Then, the controller
100 controls the X1 direction moving mechanism 91, the
Y direction moving mechanism 92 and the Z1 direction
moving mechanism 93 to place the tool 210 and the work-
piece 200 at specified positions, and controls the rotation
mechanism 80 so that the workpiece 200 takes a spec-
ified attitude. The driver 62 of the main shaft 60 is in-
structed to rotate the spindle 61 at a specified number of
revolutions. Thereafter, the cut process is performed con-
tinuously while varying the positional relationship be-
tween the workpiece 200 and the tool 210 and the attitude
of the workpiece 200 (also the rotation speed of the spin-
dle 61 in some cases). During the process, the tool 210
is changed to another specified tool 210 as necessary
before completing the cut process on the workpiece 200.
[0044] The spindle 61 of the main shaft 60 ages due
to the load thereon from the cut process. It may also
deteriorate or break down due to a large load applied
thereon other than aging. An example of the deterioration
or breakdown of the spindle 61 is an increase in shake
due to the bearing being worn out, decentering of the
spindle 61, etc. When the spindle 61 deteriorates or
breaks down, the vibration entailing the rotation of the
rotation shaft 61a may increase. It is not desirable to con-
tinue to use the main shaft 60 in such a condition.
[0045] In view of this, the cutting machine 10 of the
present embodiment is configured to measure the vibra-
tion of the main shaft 60 and to identify an abnormal vi-
bration of the main shaft 60 when the measured vibration
value exceeds a predetermined threshold value. Specif-
ically, the cutting machine 10 of the present embodiment
includes the sensor 65 that is provided on the main shaft
60 to measure the vibration entailing the rotation of the
spindle 61 and transmit a signal corresponding to the
measured vibration, the receiver 103 that receives the
signal from the sensor 65, and the diagnoser 104 that
identifies an abnormal vibration of the main shaft 60 when
the vibration value measured by the sensor 65 exceeds
a threshold value. In the present embodiment, the sensor
65 includes an acceleration sensor, and the vibration val-
ue is detected as an acceleration.
[0046] The threshold value used for identifying an ab-
normal vibration of the main shaft 60 is set based on a
vibration value that is pre-measured by the sensor 65.
More specifically, the threshold value is set to a value
that is obtained by multiplying the pre-measured vibration
value by a predetermined multiplication value. The meas-
urement of the vibration is performed when manufactur-
ing the cutting machine 10, for example. Note however

that the measurement may be performed at the start of
use. In any case, the vibration is measured when the
main shaft 60 has not deteriorated yet. Note that the
measurement of the vibration is herein performed for
each cutting machine 10 in view of the difference between
individual machines. However, if the individual difference
is small, the same value may be used for every machine.
[0047] FIG. 7 is a graph showing the result of measur-
ing the initial vibration of the main shaft 60 and the thresh-
old value. The horizontal axis of FIG. 7 is the number of
revolutions of the spindle 61. The vertical axis of FIG. 7
is the acceleration (vibration) of the main shaft 60. Graph
G1 of FIG. 7 is the measurement result of the initial vi-
bration when the tool 210 is not clamped by the clamp
64. Graph G2 is the threshold value of an abnormal vi-
bration when the tool 210 is not clamped by the clamp
64. As indicated by graph G1, the initial vibration is meas-
ured by varying the number of revolutions of the spindle
61. Although there is no limitation on the number of rev-
olutions of the spindle 61 for measurement, the meas-
urement may be performed from 1000 rpm to 30000 rpm
in increments of 1000 rpm, for example. Graph G1 is
obtained by interpolating between vibration values that
are measured while varying the number of revolutions of
the spindle 61. Graph G2 is obtained by multiplying the
vibration value of graph G1 by a predetermined multipli-
cation value. Therefore, the threshold value is also set
based on the number of revolutions of the spindle 61.
Although there is no limitation on the multiplication value
to be multiplied with the measurement value to obtain
the threshold value from the measured vibration value,
it may be set to about 1.2 to about 2, for example. Where
the tool 210 is not clamped, when the vibration of the
main shaft 60 measured by the sensor 65 exceeds the
threshold value represented by graph G2, the diagnoser
104 identifies an abnormal vibration of the main shaft 60.
Cases where the spindle 61 rotates with the tool 210
being not clamped include when the machine is warming
up, for example.
[0048] Graph G3 of FIG. 7 is the measurement result
of the initial vibration of the main shaft 60 when the tool
210 is clamped by the clamp 64. Graph G4 is the thresh-
old value of the abnormal vibration when the tool 210 is
clamped by the clamp 64. Graph G4 is obtained by mul-
tiplying the vibration value of graph G3 by a predeter-
mined multiplication value. As described above, in the
present embodiment, the initial vibration is measured
with the tool 210 being clamped by the clamp 64 and is
measured with the tool 210 being not clamped by the
clamp 64. It is possible to perform more detailed diag-
noses by separately diagnosing the vibration when the
tool 210 is clamped by the main shaft 60 and the vibration
when the tool 210 is not clamped by the main shaft 60.
[0049] In the present embodiment, the vibration of the
main shaft 60 is measured constantly while the spindle
61 is rotating. In this process, the controller 100 knows
whether or not the tool 210 is clamped by the clamp 64.
The controller 100 also knows the number of revolutions
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of the spindle 61. For example, if the tool 210 is clamped
by the clamp 64 and the number of revolutions is R1, the
threshold value of vibration is TV1 based on graph G4
of FIG. 7. In this condition, if the vibration measured by
the sensor 65 exceeds the threshold value TV1, the
measured vibration is identified as an abnormal vibration.
Note however that in view of the possibility that an ab-
normal measurement result is obtained due to an exter-
nal disturbance, or the like, it may be identified as an
abnormal vibration when the vibration measured by the
sensor 65 exceeds the threshold value TV1 for a prede-
termined period of time or longer.
[0050] In the present embodiment, when the diagnoser
104 identifies an abnormal vibration of the main shaft 60,
the rotation of the spindle 61 is stopped by the emergency
stopper 105. Moreover, a warning is issued by the warner
106. In the present embodiment, a warning is issued as
a warning message displayed on the display 111 of the
control panel 110 or an external display.
[0051] Thus, the cutting machine 10 of the present em-
bodiment includes the sensor 65 that is provided on the
main shaft 60 to measure the vibration entailing the ro-
tation of the spindle 61 and transmit a signal correspond-
ing to the measured vibration, the receiver 103 that re-
ceives the signal from the sensor 65, and the diagnoser
104 that identifies an abnormal vibration of the main shaft
60 when the vibration value measured by the sensor 65
exceeds a predetermined threshold value. In the present
embodiment, the sensor 65 includes an acceleration sen-
sor, and the vibration value is detected as an accelera-
tion. With the cutting machine 10 of the present embod-
iment, it is possible to know when the main shaft 60 has
an abnormal vibration due to aging or other reasons.
[0052] The threshold value is set based on a vibration
value that is pre-measured by the sensor 65. That is, the
threshold value is set based on the vibration value meas-
ured before there is an apparent deterioration of the main
shaft 60. Thus, it is possible to check the abnormal vi-
bration, irrespective of the individual difference between
cutting machines 10. Specifically, the threshold value is
a value obtained by multiplying the pre-measured vibra-
tion value by a predetermined multiplication value.
[0053] Moreover, the threshold value is set in accord-
ance with the number of revolutions of the spindle, and
includes a threshold value for when the tool 210 is
clamped by the clamp 64 and a threshold value for when
the tool 210 is not clamped by the clamp 64. The vibration
value of the main shaft 60 normally varies depending on
the number of revolutions and also on whether or not the
tool 210 is clamped. It is possible to perform more de-
tailed diagnoses because the threshold value is set in
accordance with the number of revolutions of the spindle
61 and the threshold value includes a threshold value for
when the tool 210 is clamped by the clamp 64 and another
threshold value for when the tool 210 is not clamped by
the clamp 64.
[0054] In the present embodiment, when the diagnoser
104 identifies an abnormal vibration of the main shaft 60,

the emergency stopper 105 stops the rotation of the spin-
dle 61. Therefore, it is possible to prevent a serious failure
of the cutting machine 10 and the loss of the workpiece
200 due to machining defect. When the diagnoser 104
identifies an abnormal vibration of the main shaft 60, the
warner 106 issues a warning. Thus, the user can know
when the main shaft 60 has an abnormal vibration.
[0055] A cutting machine according to one embodi-
ment has been described above. However, these em-
bodiments are merely preferred examples, and are not
intended to limit the cutting machine disclosed herein.
For example, although the sensor 65 is attached to the
outer surface of the casing 61b of the spindle 61 in the
embodiment described above, the sensor 65 may be at-
tached to any position such that it is possible to detect
the vibration of the main shaft 60. There is no limitation
on the position at which the sensor 65 is attached. The
sensor 65 is not limited to those including an acceleration
sensor, but may be of any other type.
[0056] Although the vibration of the main shaft 60 is
measured while the spindle 61 is rotating in the embod-
iment described above, but the present invention is not
limited to this. For example, the vibration of the main shaft
60 may be measured only during a start-up inspection,
or the like. There is no limitation on when to measure the
vibration of the main shaft 60.
[0057] While one threshold value is set for when the
tool 210 is clamped by the main shaft 60 and another
threshold value for when the tool 210 is not clamped by
the main shaft 60 in the embodiment described above
(graph G2 and graph G4 in the case of FIG. 7), two or
more threshold values may be set for each case. For
example, there may be a first threshold value for issuing
a warning without stopping the rotation of the spindle 61,
and a second threshold value for stopping the rotation of
the spindle 61 and issuing a warning. In such a case, the
second threshold value may be set to be greater than
the first threshold value.
[0058] In the embodiments described above, the tool
210 is moved in the Y direction and the Z1 direction, and
the workpiece 200 is moved in the X1 direction and ro-
tated in two directions, i.e., the T1 direction and the T2
direction. However, the positional relationship between
the tool 210 and the workpiece 200 is relative, and there
is no limitation on how they are moved.
[0059] Moreover, the shape of the workpiece and the
shape of the tool are not limited to those described above,
and there is no limitation on the method by which the
holder member holds a workpiece, etc. The cutting ma-
chine may further include a dust collector for collecting
dust that is from cut processes, a workpiece changer for
automatically replacing workpieces. There is no particu-
lar limitation on the mechanical configuration of the cut-
ting machine.
[0060] While preferred embodiments of the present in-
vention have been described above, it is to be understood
that variations and modifications will be apparent to those
skilled in the art without departing from the scope of the
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present invention, which is to be determined solely by
the following claims.

Claims

1. A cutting machine (10) comprising:

a main shaft (60) having a spindle (61) that is
configured to rotate;
a sensor (65) that is provided on the main shaft
(60) to measure a vibration entailing the rotation
of the spindle (61) and transmit a signal corre-
sponding to the measured vibration; and
a controller (100), wherein:

the controller (100) includes:

a receiver (103) that is configured to re-
ceive a signal from the sensor (65); and
a diagnoser (104) that is configured to
identify an abnormal vibration when a
value of the measured vibration ex-
ceeds a predetermined threshold val-
ue.

2. The cutting machine (10) according to claim 1,
wherein the sensor (65) includes an acceleration
sensor.

3. The cutting machine (10) according to claim 1 or 2,
wherein the threshold value is set based on a vibra-
tion value that is pre-measured by the sensor (65).

4. The cutting machine (10) according to claim 3,
wherein the threshold value is obtained by multiply-
ing the pre-measured vibration value by a predeter-
mined multiplication value.

5. The cutting machine (10) according to any one of
claims 1 to 4, wherein the threshold value is set in
accordance with the number of revolutions of the
spindle (61).

6. The cutting machine (10) according to any one of
claims 1 to 5, wherein:

the spindle (61) includes a clamp (64) that is
configured to clamp a tool (210);
the threshold value includes a threshold value
for when the tool (210) is clamped by the clamp
(64) and another threshold value for when the
tool (210) is not clamped by the clamp (64).

7. The cutting machine (10) according to any one of
claims 1 to 6, wherein the controller (100) includes
an emergency stopper (105) that is configured to
stop the rotation of the spindle (61) when the diag-

noser (104) identifies an abnormal vibration.

8. The cutting machine (10) according to any one of
claims 1 to 7, wherein the controller (100) includes
a warner (106) that is configured to issue a warning
when the diagnoser (104) identifies an abnormal vi-
bration.
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