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(54) SPINDLE DRIVE

(57) The present invention relates to a spindle drive.
A spindle drive according to an exemplary embodi-

ment of the present invention includes: a body 12 that is
disposed at a side of a machine tool; a spindle 10 that is
disposed at the body, with a ring gear 16 disposed there-
under; a gear box 20 that is disposed at a side of the
body 12; a plurality of driven shafts 40 that is disposed
at the gear box 20 and engaged with the ring gear 16;
an idle shaft 30 that is disposed at the gear box 20 and
engaged with a plurality of driven gears 42 at a side; a
high-speed driving shaft 22 that is disposed at the gear
box 20 and drives the idle shaft 30 while changing the
speed by a driving force of a spindle motor 26; a low-
speed driving gear 80 that is disposed at the gear box
20, engaged with the driven shafts 40, and pressed by a
pressing unit 60 such that backlash is removed; a decel-
erator 50 that is disposed at the low-speed driving gear
80 and driven by a servomotor 52 to drive the low-speed
driving gear 80; and a clutch unit 90 that is disposed
between the servomotor 52 and the low-speed driving
gear 80 and controls power transmission of the servo-
motor.
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Description

[Technical Field]

[0001] The present invention relates to a spindle drive, and more particularly, to a spindle drive that rotates a spindle
where a workpiece is disposed.

[Background Art]

[0002] In general, in machining tools, machining is implemented by relative rotation between a workpiece and a tool,
the workpiece may be disposed, for example, on a chuck and rotary table, and a gear may be used as a transmission
element.
[0003] In particular, transmission by gears has a characteristic, heat generation.
[0004] Further, it is required to rotate the spindle at high, medium, and low rotation speed, in accordance with how
the workpiece will be machined. For example, the spindle may be rotated at a high or medium speed in simple turning
of the outer circumference of the workpiece and may be rotated at a low speed when machining a key groove or a pin
hole etc.
[0005] As described above, when the spindle is rotated at a high or medium speed, the spindle may function as a
main shaft, in which backlash may be generated, but it is not necessary to remove the backlash.
[0006] Further, accurate rotation is necessary when indexing or milling the workpiece disposed on the spindle, and
particularly, forward rotation and backward rotation may be repeated and the backlash should be removed for precision
machining.
[0007] However, as described above, when multi-machining is applied to one workpiece, for example, when machining
and milling of the outer circumference are performed, it is required first to rotate the spindle at a high speed and it is
required to precisely rotate the spindle at a low speed for milling; however, the spindles of the related art can perform
any one function in selection of a high speed or a low speed, such that the multi-machining cannot be performed.
[0008] Further, when a spindle (for example, a rotary table) that can be precisely rotated, with backlash removed, is
rotated at a high speed, more heat is generated by the operation of gears, such that it is difficult to smoothly machine
the workpiece.

[Disclosure]

[Technical Problem]

[0009] An object of the present invention is to provide a spindle drive that can perform multi-machining of a workpiece
by being allowed to control removing and returning backlash such that precise and high-speed rotation of a spindle is
possible.
[0010] The technical problems are not limited to the foregoing technical problems. Other technical problems, which
are not described, can clearly be understood by those skilled in the art from the following description.

[Technical Solution]

[0011] In order to achieve the above object, a spindle drive according to an exemplary embodiment of the present
invention includes: a body that is disposed at a side of a machine tool; a spindle that is disposed at the body, with a ring
gear disposed thereunder; a gear box that is disposed at a side of the body; a plurality of driven shafts that is disposed
at the gear box and engaged with the ring gear; an idle shaft that is disposed at the gear box and engaged with a plurality
of driven gears at a side; a high-speed driving shaft that is disposed at the gear box and drives the idle shaft while
changing the speed by a driving force of a spindle motor; a low-speed driving gear that is disposed at the gear box,
engaged with any one of the driven shafts, and pressed by a pressing unit such that backlash is removed; a decelerator
that is disposed at the low-speed driving gear and driven by a servomotor to drive the low-speed driving gear; and a
clutch unit that is disposed between the servomotor and the low-speed driving gear and controls power transmission of
the servomotor.
[0012] The spindle drive includes: a first transmission driving gear that is disposed at the upper portion of the driving
shaft; a second transmission driving gear that is disposed at the lower portion of the driving shaft by a spline and linearly
moves; a third transmission driving gear that is disposed at the driving shaft by a spline, linearly moves, and is engaged
with the first transmission driving gear; an actuator that is disposed at a side of the gear box and moves the second
transmission driving gear and the third transmission driving gear to predetermined positions; a first transmission driven
gear that is disposed at the upper portion of the idle shaft and engaged with the first transmission driving gear; and a
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second transmission driven gear that is disposed at the upper portion of the idle shaft and engaged with the second
transmission driving gear.
[0013] Further, the predetermined positions may be a high-speed position where the first transmission driving gear
and the third transmission driving gear are engaged and the second transmission driving gear and the second transmission
driven gear are disengaged such that high-speed power is transmitted, a neutral position where the first transmission
driving gear and the third transmission driving gear are disengaged and the second transmission driving gear and the
second transmission driven gear are disengaged such that power is not transmitted; and a low-speed position where
the first transmission driving gear and the third transmission driving gear are disengaged and the second transmission
driving gear and the second transmission driven gear are engaged such that medium-speed power is transmitted.
[0014] In addition, in the pressing unit, a cylinder chamber is formed at a side of the gear box, an up-down movable
shaft is disposed in the cylinder chamber, and the low-speed driving gear is disposed under the up-down movable shaft,
such that the up-down movable shaft is moved down by hydraulic pressure supplied to the chamber and presses the
low-speed driving gear.
[0015] Moreover, in the clutch unit, a first curvic coupling gear is formed at the lower end of the up-down movable
shaft, a second curvic coupling gear is formed at the lower end of the low-speed driving gear, a third curvic coupling
gear is formed at the upper portion, apart from the low-speed driving gear, and a curvic coupling member that is moved
up/down by hydraulic pressure is disposed, such that the third curvic coupling gear and the first and second curvic
coupling gears can be engaged or disengaged by the up-down movement of the curvic coupling member, thus controlling
power transmission.
[0016] The details of other exemplary embodiments are included in the detailed specification and the drawings.

[Advantageous Effects]

[0017] The spindle drive according to exemplary embodiments of the present invention can remove or keep backlash,
such that it is possible to rotate a spindle at a high speed by driving a spindle motor and precisely rotate the spindle at
a low speed by driving a servomotor.
[0018] Further, as described above, the spindle drive according to exemplary embodiments of the present invention
can change the speed into high speed and low speed, such that it is possible to more variously machine a workpiece.

[Description of Drawings]

[0019]

FIG. 1 is an exemplary plan view illustrating a spindle drive according to an exemplary embodiment of the present
invention.
FIG. 2 is an exemplary view illustrating arrangement of gears in the spindle drive according to an exemplary em-
bodiment of the present invention.
FIG. 3 is a view illustrating an example of driving a spindle at a high speed or a medium speed in the spindle drive
according to an exemplary embodiment of the present invention.
FIG. 4 is a view illustrating an example of precisely rotating a spindle at a low speed in the spindle drive according
to an exemplary embodiment of the present invention.
FIGS.5 and 6 are exemplary views illustrating removal of backlash in the spindle drive according to an exemplary
embodiment of the present invention.

<Explanation of Main Reference Numerals and Symbols>

[0020]

10: Spindle 12: Body
14: Main shaft 16: Ring gear
20: Gear box 22: High-speed driving shaft
24a: First transmission driving gear 24b: Second transmission driving gear
26: Spindle motor 30: Idle shaft
34a: First transmission driven gear 34b: Second transmission driven gear
36: First gear 40: Driven shaft
40a, 40b: First and second driven shafts42: Driven gear
46: Driving gear 50: Decelerator
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[Best Mode]

[0021] A spindle drive according to an exemplary embodiment of the present invention includes: a body 12 that is
disposed at a side of a machine tool; a spindle 10 that is disposed at the body, with a ring gear 16 disposed thereunder;
a gear box 20 that is disposed at a side of the body 12; a plurality of driven shafts 40 that is disposed at the gear box
20 and engaged with the ring gear 16; an idle shaft 30 that is disposed at the gear box 20 and engaged with a plurality
of driven gears 42 at a side; a high-speed driving shaft 22 that is disposed at the gear box 20 and drives the idle shaft
30 while changing the speed by a driving force of a spindle motor 26;a low-speed driving gear 80 that is disposed at the
gear box 20, engaged with the driven shafts 40, and pressed by a pressing unit 60 such that backlash is removed; a
decelerator 50 that is disposed at the low-speed driving gear 80 and driven by a servomotor 52 to drive the low-speed
driving gear 80; and a clutch unit 90 that is disposed between the servomotor 52 and the low-speed driving gear 80 and
controls power transmission of the servomotor.

[Mode for Invention]

[0022] Advantages and features of the present invention and methods to achieve them will be elucidated from exem-
plary embodiments described below in detail with reference to the accompanying drawings.
[0023] Like reference numerals designate like components throughout the specification.
[0024] Hereinafter, a spindle drive according to an exemplary embodiment of the present invention will be described
with reference to FIGS. 1 to 4.
[0025] In the accompanying drawings, FIG. 1 is an exemplary plan view illustrating a spindle drive according to an
exemplary embodiment of the present invention, FIG. 2 is an exemplary view illustrating arrangement of gears in the
spindle drive according to an exemplary embodiment of the present invention, FIG. 3 is a view illustrating an example
of driving a spindle at a high speed or a medium speed in the spindle drive according to an exemplary embodiment of
the present invention, and FIG. 4 is a view illustrating an example of precisely rotating a spindle at a low speed in the
spindle drive according to an exemplary embodiment of the present invention.
[0026] A spindle drive according to the exemplary embodiment of the present invention is disposed at one side in a
machine tool.
[0027] That is, a body 12 is disposed at a side of a machine tool, a main shaft 14 is coupled to the body 12, and a
spindle 10 is mounted on the main shaft 14.
[0028] In particular, the spindle 10 may be used like a rotary table and called a rotary table.
[0029] A ring gear 16 is disposed under the spindle 10, as shown in FIGS. 3 and 4.
[0030] Further, a gear box 20 may be disposed at a side of the body 12 and a plurality of shafts may be coupled to
the gear box 20.
[0031] A plurality of driving gears 46 may be engaged with the ring gear 16, as shown in FIGS. 1 and 2, and a driven
shaft 40 may be fitted in each of the driving gears 46.
[0032] That is, a plurality of driven shafts 40 may be disposed and may be coupled to a side of the gear box 20.
[0033] Further, driven gears 42 may be disposed under the driven shafts 40, respectively.
[0034] In addition, a single low-speed driving gear 80 may be engaged with the driven gears 42 and a first gear 36
may be engaged with any one of the driven gears 42.
[0035] A gear train engaged with the first gear 36 is configured to rotate the spindle 10 at a high or low speed and the
configuration will be described in detail with reference to FIG. 3.
[0036] Further, the gear train engaged with the low-speed driving gear 80 is configured to precisely rotate the spindle
10 at a low speed and the configuration will be described in detail with reference to FIG. 4.
[0037] As shown in FIG. 3, the first gear 36 is fitted on an idle shaft 30 and the idle shaft 30 is coupled to a side of the
gear box 20.
[0038] Further, first and second transmission driven gears 34a and 34b are disposed above and under the idle shaft 30.
[0039] In addition, a high-speed driving shaft 22 is disposed at one side of the gear box 20 and an actuator 23 is
disposed at the other side of the gear box 20.
[0040] A first transmission driving gear 24a is fitted on a side of the high-speed driving shaft 22 and a second trans-
mission driving gear 24b is fitted on the lower portion of the high-speed driving shaft 22 by a spline. Further, a third

(continued)

52: Servomotor 60: Pressing unit
70: Up-down movable shaft 80: Low-speed driving gear
90: Clutch unit
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transmission driving gear 24c is fitted on a side of the high-speed driving shaft 22 by a spline, between the first transmission
driving gear 24a and the second transmission driving gear 24b.
[0041] That is, the second and third transmission driving gears 24b and 24c are rotated by the rotation of the high-
speed driving shaft 22 and can move linearly along the spline formed on the high-speed driving shaft 22.
[0042] Further, the actuator 23 can move the second and third transmission driving gears 24b and 24c to predetermined
positions.
[0043] The predetermined positions may be a high-speed position, a neutral position, and a low-speed position.
[0044] The high-speed position may be a position where the first transmission driving gear 24a and the third trans-
mission driving gear 24c are engaged and the second transmission driving gear 24b and the second transmission driven
gear 34b are disengaged, such that high-speed power can be transmitted.
[0045] Further, the neutral position may be a position where the first transmission driving gear 24a and the third
transmission driving gear 24c are disengaged and the second transmission driving gear 24b and the second transmission
driven gear 34b are disengaged, such that transmission of power is prevented.
[0046] In addition, the low-speed position may be a position where the first transmission driving gear 24a and the third
transmission driving gear 24c are disengaged and the second transmission driving gear 24b and the second transmission
driven gear 34b are engaged, such that medium-speed power can be transmitted.
[0047] On the other hand, a plurality of sensors may be further disposed at a side of the actuator 23 and the sensors
can detect the extension/contraction positions of a rod of the actuator 23, at the predetermined positions.
[0048] Further, a belt and a pulley may be used as the elements that can receive power from a spindle motor 26 and
transmit the power, above the high-speed driving shaft 22.
[0049] Hereinafter, a configuration for accurate low-speed rotation is described with reference to FIGS. 4 and 5.
[0050] As shown in FIGS. 4 and 5, an up-down movable shaft 70 may be coupled to a side of the gear box and a
decelerator 50 may be disposed above the up-down movable shaft 70 and can reduce speed by receiving a driving force
from a servomotor 52.
[0051] Further, the power transmission elements for the decelerator 50 and the servomotor 52 may be a timing belt
and a timing pulley, such that it is possible to perform numerical control and control the amount of rotation by a desired
rotation angle.
[0052] In addition, the up-down movable shaft 70 may be moved down by a pressing unit 60 and power can be
transmitted or cut between the up-down movable shaft 70 and the low-speed driving gear 80 by a clutch unit 90.
[0053] In the pressing unit 60, a cylinder chamber is formed at a side of the gear box 20, the up-down movable shaft
70 is disposed in the cylinder chamber, and a plurality of hydraulic channels is formed in the cylinder chamber.
[0054] That is, as hydraulic pressure is supplied to any one hydraulic channel P3, the up-down movable shaft 70 may
be moved down, while as hydraulic pressure is supplied to another hydraulic channel P4, the up-down movable shaft
70 may be moved up.
[0055] On the other hand, as the up-down movable shaft 70 is moved up/down by the pressing unit 60, the decelerator
50 may also be moved up/down, such that a second sensor may be further disposed to detect the up/down positions of
the decelerator 50.
[0056] That is, the second sensor can detect the position of the up-down movable shaft 70 that is moved up/down by
the pressing unit 60, and for example, when a signal is detected from the second sensor, pressing may be being
performed, or when a signal is not detected from the second sensor, the pressing may have been stopped.
[0057] The low-speed driving gear 80 is fitted on the lower portion of the up-down movable shaft 70 and engaged with
the driven gears 42.
[0058] In the clutch unit 90, a first curvic coupling gear 70a is formed at the lower end of the up-down movable shaft
70, a second curvic coupling gear 80a is formed at the lower end of the low-speed driving gear 80, a third curvic coupling
gear 93 is formed at the upper portion, apart from the low-speed driving gear 80, and a curvic coupling member 92 that
is moved up/down by hydraulic pressure is disposed, such that the third curvic coupling gear 93 and the first and second
curvic coupling gears 70a and 80a can be engaged or disengaged by the up-down movement of the curvic coupling
member 92, thus controlling power transmission.
[0059] Further, a first sensor may be further disposed at a side of the curvic coupling member 92 and allows for
knowing whether the cutch unit 90 transmits or cuts power now, by detecting the up-down position of the curvic coupling
member 92.
[0060] The operation of the spindle drive having the configuration according to the exemplary embodiment of the
present invention is described in detail with reference to FIGS. 3 and 4.
[0061] First, rotating a spindle at a high or low speed to machine the outer circumference of a workpiece is described.
[0062] In this operation, since the power of a low-speed precise rotation member should be cut, the servomotor 52 is
kept stopped and the pressing member 60 operates to move up the up-down movable shaft 70 such that backlash is
generated between the driven gear 42 and the low-speed driving gear 80.
[0063] Further, the clutch unit 90 cuts the power, such that the low-speed driving gear 80 is kept idle, at the up-down
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movable shaft 70.
[0064] Thereafter, as a medium speed or a high speed is set, transmission is performed to fit to the set value, such
that the first driving gear 24a and the first transmission driven gear 34a are engaged or the second transmission driving
gear 24b and the second transmission driven gear 34b are engaged, thereby determining a speed.
[0065] Thereafter, as power is transmitted by the operation of the spindle motor 26, the spindle 10 is rotated at a high
speed or a low speed, in which backlash is generated between the ring gear 16 and the driven gears 42. Accordingly,
smooth operation, such as the operation of a general spindle, is achieved, such that machining or high-speed cutting of
the outer circumference of the workpiece is performed at the medium-speed or high-speed operation.
[0066] Hereafter, the operation of rotating the spindle at a low speed to perform milling or groove-machining of a
workpiece is described.
[0067] In this operation, since the power for the high-speed rotation member should be cut, the spindle motor 26 is
kept stopped and the transmission position becomes the neutral position, such that the idle shaft 30 and the first and
second transmission driven gears 34a and 34b fitted on the idle shaft 30 are kept idle.
[0068] Thereafter, the pressing unit 60 operates to move down the up-down movable shaft 70, such that backlash
between the driven gear 42 and the low-speed driving gear 80 is removed.
[0069] Removing the backlash is described in more detail.
[0070] The ring gear 16, the driven gears 42, and the low-speed driving gear 80 may be helical gears, in which the
teeth direction of the helical gears may be in the left line or the right line, but the backlash is the same regardless of the
teeth direction.
[0071] That is, as the low-speed driving gear 80 is pressed down, the teeth of the low-speed driving gear 80 and the
teeth of the driven gears 42 come in close contact with each other while the driven gears 42 are engaged with the ring
gear 16 at two positions, such that backlash is removed.
[0072] Therefore, since the backlash has been removed when the rotation of the low-speed driving gear 80 is changed
to the opposite direction, the ring gear can 16 directly rotate in the opposite direction, such that precise rotation is possible.
[0073] Further, the curvic coupling member 92 can be moved up or down by the operation of the clutch unit 90. FIG.
5 is an exemplary view showing when the curvic coupling member 92 has been moved up and FIG. 6 is an exemplary
view showing when the curvic coupling member 92 has been moved down.
[0074] That is, the servomotor 52 is driven, with the curvic coupling member 92 moved up. The servomotor 52 can
be rotated by low-speed precise numerical control.
[0075] Therefore, the power of the servomotor 52 is reduced at a low speed and transmitted to the ring gear 16 through
the low-speed driving gear 80 and the driven gear 42, such that the spindle 10 can be precisely rotated at a low speed.
[0076] As described above, the spindle drive according to the exemplary embodiment of the present invention can
rotate the common spindle 10 at a high speed or a medium speed, or can perform low-speed precise rotation control,
such that it can appropriately control the rotation of the spindle 10 in accordance with the characteristics of the work
while machining a workpiece. Therefore, it is possible to machine a workpiece with higher quality by more actively dealing
with machining of complicate shapes.
[0077] Although exemplary embodiments of the present invention have been described above with reference to the
drawings, it will be understood to those skilled in the art that the present invention may be implemented in various ways
without changing the spirit of necessary features of the present invention.
[0078] Therefore, the exemplary embodiments described above should be construed as being exemplified and not
limiting the present invention, the scope of the disclosure is characterized by the detailed description of the following
claims, and all changes and modifications from the meaning, range, and equivalent concept of claims should be construed
as being included in the present invention.

[Industrial Applicability]

[0079] A spindle drive according to an exemplary embodiment of the present invention may be used as the main shaft
of a lathe or as a rotary table, in a machine tool.

Claims

1. A spindle drive, comprising:

a body 12 that is disposed at a side of a machine tool;
a spindle 10 that is disposed at the body, with a ring gear 16 disposed thereunder;
a gear box 20 that is disposed at a side of the body 12;
a plurality of driven shafts 40 that is disposed at the gear box 20 and engaged with the ring gear 16;
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an idle shaft 30 that is disposed at the gear box 20 and engaged with a plurality of driven gears 42 at a side;
a high-speed driving shaft 22 that is disposed at the gear box 20 and drives the idle shaft 30 while changing
the speed by a driving force of a spindle motor 26;
a low-speed driving gear 80 that is disposed at the gear box 20, engaged with the driven shafts 40, and pressed
by a pressing unit 60 such that backlash is removed;
a decelerator 50 that is disposed at the low-speed driving gear 80 and driven by a servomotor 52 to drive the
low-speed driving gear 80; and
a clutch unit 90 that is disposed between the servomotor 52 and the low-speed driving gear 80 and controls
power transmission of the servomotor.

2. The spindle drive according to claim 1, comprising:

a first transmission driving gear 24a that is disposed at the upper portion of the driving shaft 22;
a second transmission driving gear 24b that is disposed at the lower portion of the driving shaft 22 by a spline
and linearly moves;
a third transmission driving gear 24c that is disposed at the driving shaft 22 by a spline, linearly moves, and is
engaged with the first transmission driving gear 24a;
an actuator 23 that is disposed at a side of the gear box 20 and moves the second transmission driving gear
24b and the third transmission driving gear 24c to predetermined positions;
a first transmission driven gear 34a that is disposed at the upper portion of the idle shaft 40 and engaged with
the first transmission driving gear 24a; and
a second transmission driven gear 34b that is disposed at the lower portion of the idle shaft 30 and engaged
with the second transmission driving gear 24b.

3. The spindle drive according to claim 2, wherein the predetermined positions are a high-speed position where the
first transmission driving gear 24a and the third transmission driving gear 24c are engaged and the second trans-
mission driving gear 24b and the second transmission driven gear 34b are disengaged such that high-speed power
is transmitted,
a neutral position where the first transmission driving gear 24a and the third transmission driving gear 24c are
disengaged and the second transmission driving gear 24b and the second transmission driven gear 34b are disen-
gaged such that power is not transmitted; and
a low-speed position where the first transmission driving gear 24a and the third transmission driving gear 24c are
disengaged and the second transmission driving gear 24b and the second transmission driven gear 34b are engaged
such that low-speed power is transmitted.

4. The spindle drive according to claim 1, wherein in the pressing unit 60, a cylinder chamber is formed at a side of
the gear box 20, an up-down movable shaft 70 is disposed in the cylinder chamber, and the low-speed driving gear
80 is disposed under the up-down movable shaft 70, such that the up-down movable shaft 70 is moved down by
hydraulic pressure supplied to the chamber and presses the low-speed driving gear 80.

5. The spindle drive according to claim 1, wherein in the clutch unit 90, a first curvic coupling gear 70a is formed at
the lower end of the up-down movable shaft 70, a second curvic coupling gear 80a is formed at the lower end of
the low-speed driving gear 80, a third curvic coupling gear 93 is formed at the upper portion, apart from the low-
speed driving gear 80, and a curvic coupling member 92 that is moved up/down by hydraulic pressure is disposed,
such that the third curvic coupling gear 93 and the first and second curvic coupling gears 70a and 80a can be
engaged or disengaged by the up-down movement of the curvic coupling member 92, thus controlling power trans-
mission.
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