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(54) MACHINE TOOL

(57) A machine tool 1 includes a first main shaft 3a, a first drive source 9a for moving the first main shaft 3a in the
axial direction, a second main shaft 3b, a second drive source 9b for moving the second main shaft 3b in the axial
direction, and a control means C for carrying out a control so as to bring the workpiece W1 held by the first main shaft
3a and the workpiece W2 held by the second main shaft 3b into contact with each other while rotating them relative to
each other, thereby to carry out the friction-heating, and to stop the relative rotation of the pair of workpieces W1 and
W2 and move only the second main shaft 3b in the axial direction while holding the first main shaft 3a stationary, thereby
to carry out friction-welding of the pair of workpieces W1 and W2. The control means C controls the operation of the first
drive source 9a upon the friction-welding of the pair of workpieces W1 and W2, so as to maintain the axial position of
the first main shaft 3a.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to a machine tool capa-
ble of friction-welding a pair of workpieces.

BACKGROUND

[0002] Conventionally, there is known a machine tool
capable of friction-welding a pair of workpieces, including
a pair of spindles for holding respective workpieces and
a pair of drive sources for moving the respective spindles
in the axial direction, wherein the workpieces held by the
respective spindles are brought into contact with each
other while being relatively rotated so as to frictionally
heat the pair of workpieces, and then the relative rotation
is stopped to carry out the friction-welding (refer, for ex-
ample, to JPH 08-206926 A (PTL 1)).

CITATION LIST

Patent Literature

[0003] PTL 1: JPH 08-206926 A

SUMMARY

(Technical Problem)

[0004] There is known a machine tool wherein both of
the above-mentioned conventional spindles are provided
as being movable in the axial direction, though it is often
difficult to smoothly carry out the friction-welding by
means of the above-mentioned machine tool.
[0005] The present disclosure has been made in view
of the above-mentioned problem, and it is an object of
the present disclosure to provide a machine tool capable
of smoothly friction-welding a pair of workpieces.

(Solution to Problem)

[0006] According to the present disclosure, there is
provided a machine tool comprising a first spindle for
holding a workpiece, a first drive source for moving the
first spindle in an axial direction, a second spindle for
holding a workpiece, a second drive source for moving
the second spindle in the axial direction, and a control
means for controlling the rotation of the first spindle, the
rotation of the second spindle and the operation of the
second drive source, so as to bring the workpiece held
by the first main shaft and the workpiece held by the
second main shaft into contact with each other while ro-
tating them relative to each other, thereby to carry out
the friction-heating, and to stop the relative rotation of
the pair of workpieces and move only the second main
shaft in the axial direction while holding the first main
shaft stationary, thereby to carry out friction-welding of

the pair of workpieces, characterized in that the control
means is adapted to control the operation of the first drive
source so as to maintain the axial position of the first
spindle upon friction-welding of the pair of the workpiec-
es.
[0007] Preferably, in the machine tool of the present
disclosure with the above-mentioned configuration, the
inertia of a members driven by the first drive source and
moving in the axial direction together with the first spindle,
as a whole, is larger than the inertia of a members driven
by the second drive source and moving in the axial di-
rection together with the second spindle, as a whole.
[0008] Preferably, in the machine tool of the present
disclosure with the above-mentioned configuration, the
first drive source is an electric motor, and the machine
tool further comprises torque detecting means for detect-
ing the torque applied to the first drive source, and where-
in the control means is adapted to control the operation
of the first drive source upon the friction-welding of the
pair of workpieces, so as to resist the torque detected by
the torque detecting means.
[0009] Preferably, in the machine tool of the present
disclosure with the above-mentioned configuration, the
machine tool comprises a tool that can be moved under
the control by the control means, and the control means
is adapted to control the rotation of the first spindle, the
rotation of the second spindle and the relative movement
of the tool so that, after the pair of workpieces have been
friction-welded, the first spindle and the second spindle
are rotated in the same direction at the same rotation
speed, while the tool is moved relative to the workpieces,
thereby to carry out cutting process for cutting the work-
piece by means of the tool.
[0010] Preferably, in the machine tool of the present
disclosure with the above-mentioned configuration, the
control means is adapted to control the operation of the
second drive source so that, after stopping the relative
rotation of the pair of the workpieces and while maintain-
ing the first spindle stationary. only the second spindle
is moved to an axial position predetermined in consider-
ation of an upset distance.

(Advantageous Effect)

[0011] The present disclosure thus provides a ma-
chined tool wherein, when friction-welding is carried out,
one of the spindles is moved while the other of the spin-
dles is maintained stationary to carry out the friction-weld-
ing, thereby allowing the friction-welding to be carried out
smoothly, even when both spindles are movable in the
axial direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is an explanatory view schematically illustrat-
ing the configuration of the machine tool according
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to one embodiment of the present disclosure;
FIGS. 2A to 2C are explanatory views illustrating the
procedure of friction-welding of two workpieces; and
FIG. 3 is an explanatory view illustrating the state
wherein a cutting process is carried out for removing
burrs from the outer peripheral surface of the friction-
welded workpieces.

DETAILED DESCRIPTION

[0013] The machine tool 1 illustrated in FIG. 1 is pro-
vided with a function of joining a first workpiece W1 and
a second workpiece W2 by friction-welding, and a func-
tion of cutting (turning) the joined workpiece W3 consist-
ing of the friction-welded first and the second workpieces
W1 and W2. The machine tool 1 may be configured by
adding a friction-welding function to a lathe, such as a
CNC lathe.
[0014] The machine tool 1 has two spindles arranged
on a base 2, i.e., a first spindle 3a and a second spindle
3b. The first spindle 3a is rotatably supported by a first
headstock 4a, and the second spindle 3b is rotatably sup-
ported by a second headstock 4b. The first spindle 3a
and the second spindle 3b are arranged coaxially and
face each other with a predetermined interval.
[0015] The first spindle 3a is provided with a first clamp
5a at its tip, so that the first workpiece W1 can be held
by the first clamp 5a. The second spindle 3b is provided
with a second clamp 5b at its tip, so that the second work-
piece W2 can be held by the second clamp 5b.
[0016] The first spindle 3a is adapted to be rotationally
driven by a first electric motor 6a. By rotationally driving
the first spindle 3a with the first electric motor 6a, the first
workpiece W1 held by the first spindle 3a can be rotated.
The second spindle 3b is adapted to be rotationally driven
by a second electric motor 6b. By rotationally driving the
second spindle 3b with the second electric motor 6b, the
second workpiece W2 held by the second spindle 3b can
be rotated.
[0017] A first guide rail 7a extending in the axial direc-
tion (Z-axis direction) of the first spindle 3a is fixedly se-
cured to the base 2. A first saddle 8a fixedly secured to
the first headstock 4a is slidably attached to the first guide
rail 7a. A ball screw mechanism (not shown) is provided
between the first guide rail 7a and the first saddle 8a.
The ball screw mechanism is adapted to be rotationally
driven by the first drive source 9a for rotating and driving
the ball screw mechanism to move the first headstock 4a
in the axial direction (Z-axis direction) together with the
and the first spindle 3a.
[0018] A second guide rail 7b extending in the axial
direction (Z-axis direction) of the second spindle 3b is
fixedly secured to the base 2. A second saddle 8b fixedly
secured to the second spindle 4b is slidably attached to
the second guide rail 7b. A ball screw mechanism (not
shown) is provided between the second guide rail 7b and
the second saddle 8b. The ball screw mechanism is
adapted to be rotationally driven by the second drive

source 9b for rotating and driving the ball screw mecha-
nism to move the second spindle 3b in the axial direction
(Z-axis direction) together with the second spindle 4b.
[0019] In the present embodiment, servomotors (elec-
tric motors) are used as the first drive source 9a and the
second drive source 9b, respectively.
[0020] In the present embodiment, the first spindle 3a
is the front spindle, and the second spindle 3b is the rear
spindle. The outer diameter of the first spindle 3a, i.e.,
the front spindle, is larger than the outer diameter of the
second spindle 3b, i.e., the rear spindle. The weight of
the first spindle 3a is heavier than the weight of the sec-
ond spindle 3b. Further, the inertia of the members driven
by a first drive source 9a and moved in the axial direction
together with a first spindle 3a, including the first spindle
4a, the first clamp 5a, the first electric motor 6a, the first
saddle 8a, and the ball screw mechanism, etc., repre-
senting the difficulty for moving the indicated members
as a whole, is set to be larger than the inertia of the mem-
bers of the members driven by the second drive source
9b and moved in the axial direction together with the sec-
ond spindle 3b, including the second headstock 4b, the
second clamp 5b, the second electric motor 6b, the sec-
ond saddle 8b and the ball screw mechanism, etc., rep-
resenting the difficulty for moving the indicated members
as a whole.
[0021] The machine tool 1 includes a tool 10 for cutting
process. The tool 10 is mounted on the moving means
11 and adapted to be driven by the moving means 11 to
move at least in the cutting direction (X-axis direction)
and the feeding direction (Z-axis direction). By pressing
the blade portion 10a of the tool 10 against the first work-
piece W1, the second workpiece W2 or the joining work-
piece W3 in a state of being rotated at a machining rota-
tion speed corresponding to the cutting process, it is pos-
sible to subject the first workpiece W1, the second work-
piece W2 or the joined workpiece W3 to machining by
means of the tool 10.
[0022] The machine tool 1 has a control unit C as the
control means. The control unit C may be configured, for
example, by a microcomputer provided with storage
means, such as a CPU (Central Processing Unit) and a
memory. The control unit C is connected to the first elec-
tric motor 6a, the second electric motor 6b, the first drive
source 9a, the second drive source 9b and the moving
means 11.
[0023] An ammeter 12 is connected to the first drive
source 9a. The control unit C has a function as a torque
detecting means and is adapted to detect the torque ap-
plied to the first driving source 9a, based on the current
value of the first driving source 9a as detected by the
ammeter 12.
[0024] In the machine tool 1, the control unit C serves
to integrally control the rotation of the first spindle 3a and
the second spindle 3b and the operation of the first drive
source 9a and the second drive source 9b, that is, the
movement in the axial direction of the first spindle 3a and
the second spindle 3b, to thereby bring the first workpiece
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W1 held by the first spindle 3a and the second workpiece
W2 held by the second spindle 3b into friction-welding
with each other. The procedures for friction-welding the
first workpiece W1 and the second workpiece W2 by
means of the machine tool 1 will be described below.
[0025] First, as illustrated in FIG. 2A, the first spindle
3a is made to hold the first workpiece W1 by using the
first clamp 5a, and the second spindle 3b is made to hold
the second workpiece W2 by using the second clamp 5b.
As the first workpiece W1 and the second workpiece W2,
for example, a round bar made of steel may be used,
though the workpiece may be made of other metal ma-
terials, and the workpiece having various shapes may
also be used.
[0026] Next, the first spindle 3a is rotated at a prede-
termined rotation speed while the rotation of the second
spindle 3b is maintained stationary, so that the first work-
piece W1 held by the first spindle 3a and the second
workpieces W2 held by the second spindle 3b are rotated
relative to each other with a predetermined rotation
speed difference.
[0027] It should be noted that only the second spindle
3b may be rotated at a predetermined rotation speed
while the rotation of the first spindle 3a is stopped so as
to rotated the first workpiece W1 and the second work-
piece W2 relative to each other. Alternatively, the first
spindle 3a and the second spindle 3b may be rotated in
the same direction at different rotation speeds so as to
rotate the first spindle W1 and the second workpiece W2
relative to each other. Further alternatively, the first spin-
dle 3a and the second spindle 3b may be rotated in op-
posite directions at a rotation speed or the same rotation
speed so as to rotate the first workpiece W1 and the
second workpiece W2 relative to each other.
[0028] Next, in a state where the first workpiece W1
held by the first spindle 3a and the second workpiece W2
held by the second spindle 3b are rotated relative to each
other with a predetermined rotation speed difference, and
where the first spindle 3a is maintained stationary without
moving in the direction, the second drive source 9b is
operated to move the second spindle 3b in the axial di-
rection toward the first spindle 3a and bring the axial end
face of the first workpiece W1 into contact with the axial
end face of the second workpiece W2, as illustrated in
FIG. 2B. When the axial end face of the first workpiece
W1 comes into contact with the axial end face of the
second workpiece W2, due to the relative rotation be-
tween the first workpiece W1 and the second workpiece
W2 at the predetermined rotation speed difference, fric-
tion heat is generated between the axial end faces of the
first workpiece W1 and the second workpiece W2 to fric-
tionally heat the first workpiece W1 and the second work-
piece W2.
[0029] The difference in rotation speed between the
first workpiece W1 and the second workpiece W2 that
rotate relative to each other may be a difference in rota-
tion speed that can generate a frictional heat required for
frictional welding between the first workpiece W1 and the

second workpiece W2.
[0030] When the axial end faces of the first workpiece
W1 and the second workpiece W2 reach a predetermined
temperature due to the frictional heating, as illustrated in
FIG. 2C, the rotation of the first spindle 3a is stopped to
stop the relative rotation between the first workpiece W1
and the second workpiece W2, and the first spindle 3a
is maintained stationary without moving in the axial di-
rection. Then, the second drive source 9b is operated to
move only the second spindle 3b in the axial direction
further toward the main shaft 3a. As a result, the axial
end face of the second workpiece W2 is pressed against
the axial end face of the first workpiece W1 at a prede-
termined pressure (upset pressure) in the axial direction,
to achieve a friction-welding between the first workpiece
W1 and the second workpiece W2 with their axial end
surfaces as a joint surface.
[0031] When the axial end face of the second work-
piece W2 is pressed against the axial end face of the first
workpiece W1 at a predetermined pressure in the direc-
tion along the axial direction, the amount of movement
of the second spindle 3b in the axial direction is deter-
mined in advance, in consideration of an upset distance
(the length of the parts of the first workpiece W1 and the
second workpiece W2 extruded as burrs and shortened
by the joining), and the movement of the second spindle
3b is controlled so that it moves in the axial direction to
a position that takes the above-mentioned movement
amount into consideration. Specifically, the movement
of the second spindle 3b is controlled so as to reach an
axial position where the axial end surface of the second
workpiece W2 before joining assumes an axial position
that is closer to the first spindle 3a than the axial position
where the joining surface between the first workpiece W1
and the second workpiece W2 is formed.
[0032] In the machine tool 1 according to the present
embodiment, when the first workpiece W1 held by the
first spindle 3a and the second workpiece W2 held by
the second spindle 3b are frictionally welded to each oth-
er, in order to prevent the first spindle 3a from being
pushed and moved in the axial direction by the axially
moving second spindle 3b, the control unit C is adapted
to control the operation of the first drive source 9a so as
to hold the axial position of the first spindle 3a. That is,
the control unit C serves to control operation of the first
drive source 9a when the first workpiece W1 held by the
first spindle 3a and the second workpiece W2 held by
the second spindle 3b are frictionally welded to each oth-
er, so as not only to hold the first drive source 9a in a
stopped state, but also to generate a reaction force for
the first spindle 3a capable of resisting the pressing force
applied from the second spindle 3b to the first spindle
3a, thereby maintaining the first spindle 3a stationary,
without being moved in the axial direction. For example,
the control unit C is configured to detect the torque ap-
plied to the first drive source 9a as the first spindle 3a is
pushed by the second spindle 3b, based on the current
value of the first drive source 9a as detected by the am-
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meter 12, and to control the driving power supplied to the
first driving source 9a so that the first driving source 9a
generates the driving force against the torque.
[0033] In the machine tool 1 according to the present
embodiment, as described above, the control unit C is
configured to control the operation of the first drive source
9a when the first workpiece W1 held by the first spindle
3a and the second workpiece W2 held by the second
spindle 3b are friction-welded to each other, so as to
maintain the axial position of the first spindle 3a when
the second workpiece W2 is pressed against the first
workpiece W1 upon friction-welding, even if the first spin-
dle 3a is pushed by the axially moving second spindle
3b, is possible to maintain the first spindle 3a stationary.
By this, when the second workpiece W2 is pressed
against the first workpiece W1, the pressing force re-
quired for the friction-welding can be obtained, thereby
allowing the first workpiece W1 and the second work-
piece W2 to be smoothly friction-welded.
[0034] In particular, if the inertia of the members driven
by the first drive source 9a and moved in the axial direc-
tion together with the first spindle 3a, as a whole, is made
larger than the inertia of the members driven by the sec-
ond drive source 9b and moved in the axial direction to-
gether with the second spindle 3b, it becomes possible
to easily maintain the first spindle 3a stationary as the
first spindle 3a is pushed by the axially moving second
spindle 3b upon the friction-welding.
[0035] In the machine tool 1 according to the present
embodiment, since the torque applied to the first drive
source 9a is detected based on the current value as de-
tected by the ammeter 12, and the control unit C controls
the operation of the first drive source 9a to resist the
torque applied to the first drive source 9a, it is possible
to construct a control system for maintaining the first spin-
dle 3a in a stationary state with a simple configuration.
Thereby, it is possible to reduce the cost of the machine
tool 1.
[0036] As illustrated in FIG. 2C, when the first work-
piece W1 and the second workpiece W2 are friction-weld-
ed, the first workpiece W1 and the second workpiece W2
are integrated into a joined workpiece W3. There is gen-
erated a burr B on the outer peripheral surface of the joint
portion of the joined workpiece W3, as the portion sof-
tened by the frictional heat of the first workpiece W1 and
the second workpiece W2 is extruded radially outward
during the friction-welding.
[0037] In the machine tool 1 according to the present
embodiment, after the first workpiece W1 and the second
workpiece W2 have been nceed to each other, the control
unit C may integrally control the rotation of the first spindle
3a and the second spindle 3b and the movement of the
tool 10, so that the tool 10 is moved in the cutting direction
and the feeding direction by the moving means 11 while
rotating the first spindle 3a and the second spindle 3b in
the same direction at the same rotation speed, thereby
carrying out a cutting process for cutting the joined work-
piece W3, as illustrated in FIG. 3. By this, the blade por-

tion 10a of the tool 10 can be pressed against the burr B
of the joined workpiece W3 to remove the burr B from
the joined workpiece W3, without attaching and detach-
ing the joined workpiece W3 to and from the first spindle
3a and the second spindle 3b. Thus, the machining can
be carried out continuously after the friction-welding,
making it possible to reduce the machining time.
[0038] When the cutting process is continuously per-
formed subsequently to the friction-welding, after the first
workpiece W1 and the second workpiece W2 have been
heated by frictional heat, it is preferred to ensure that,
instead of stopping rotation of both first spindle 3a and
second spindle 3b, the rotation of the second spindle 3b
is started for rotating the first spindle 3a and the second
spindle 3b in the same direction at the same predeter-
mined rotation speed, so as to stop the relative rotation
of the first workpiece W1 and the second workpiece W2
while pressing the second workpiece W2 against the first
workpiece W1 in that state, to carry out the friction-weld-
ing. In this case, the predetermined rotation speed of the
first spindle 3a and the second spindle 3b in friction-weld-
ing is set to a rotation speed suitable for the cutting proc-
ess by means of the tool 10. According to this configu-
ration, after the friction-welding, the cutting process can
be carried out without stopping the rotation of the first
spindle 3a and the second spindle 3b, while rotating the
first spindle 3a and the second spindle 3b w at the pre-
determined rotational speed in the friction-welding. Thus,
since the cutting process can be carried out after the
pressure welding, without stopping the rotation of the first
spindle 3a and the second spindle 3b or adjusting the
rotation speed, while maintaining the rotation of the first
spindle 3a and the second spindle 3b at the predeter-
mined rotation speed, it is possible to further reduce the
processing time.
[0039] It goes without saying that the present disclo-
sure is not limited to the embodiments described above,
and various modifications may be made without depart-
ing from the scope of the present disclosure.
[0040] In the above-mentioned embodiment, the
torque applied to the first drive source 9a is detected
based on the current value detected by the ammeter 12,
and the control unit C controls the operation of the first
drive source 9a so as to resist the torque. However, the
configuration may be changed in various manner, pro-
vided that the operation of the first drive source 9a can
be controlled so as to maintain the axial position of the
first spindle 3a. Thus, for example, the operation of the
first drive source 9a may be controlled by means of the
control unit C, by detecting the pressing force applied by
the second spindle 3b to the first spindle 3a and resisting
that pressing force.
[0041] In the present embodiment, the machine tool 1
has a configuration in which the first spindle 3a is larger
in diameter than the second spindle 3b and heavier in
weight that the second spindle 3b, though the first spindle
3a and the second spindle 3b may be of the same diam-
eter and the same weight. Further, the inertia of the mem-
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bers driven by the first drive source 9a and moving in the
axial direction together with the first spindle 3a, as a
whole, may be same as, or smaller than the inertia of the
members driven by the second drive source 9b and mov-
ing in the axial direction together with the second spindle
3b, as a whole. In these cases, the pressing force applied
from the second spindle 3b to the first spindle 3a be-
comes relatively large, though the control unit C may con-
trol the operation of the first drive source 9a so as to
cause the first spindle 3a to generate a large reaction
force against the large pressing force, thereby maintain-
ing the first spindle 3a stationary to ensure that the first
workpiece W1 and the second workpiece W2 can be
smoothly subjected to friction-welding.
[0042] In the present embodiment, the motors for ro-
tating the first spindle 3a and the second spindle 3b have
been described as electric motors for transmitting rota-
tional driving force from the outside of each spindle. How-
ever, they may be configured as built-in motors that are
installed inside the first headstock 4a and the second
headstock 4b to rotate the first spindle 3a and the second
spindle 3b.
[0043] In the present embodiment, as illustrated in
FIGS. 2A to 2C, the first workpiece W1 held by the first
spindle 3a is rotated by the first electric motor 6a first of
all, and the second drive source 9b is then operated to
move the second spindle 3b in the axial direction toward
the first spindle 3a and bring the axial end face of the first
workpiece W1 into contact with the axial end face of the
second workpiece W2, as illustrated in FIG. 2B. However,
the configuration may be modified such that the second
drive source 9b is operated first of all to move the second
spindle 3b in the axial direction toward the first spindle
3a and bring the axial end face of the first workpiece W1
into contact with the axial end face of the second work-
piece W2, as illustrated in FIG. 2B, and then the first
workpiece W1 held by the first spindle 3a is rotated by
the first electric motor 6a to carry out the friction-heating.
[0044] In the present embodiment, the control unit C
is configured to control the operation of the first drive
source 9a so as to hold the axial position of the first spin-
dle 3a when, as illustrated in FIG. 2B, the axial end sur-
face of the second workpiece W2 is brought into contact
with the axial end surface of the first workpiece W1 (the
former), and also when, as illustrated in FIG. 2C, after
the first workpiece W1 and the second workpiece W2
have been frictionally heated, the axial end surface of
the second workpiece W2 is pressed in the axial direction
against the axial end surface of the first workpiece W1
with a predetermined pressure (the latter). However, the
control unit C may be configured to control the operation
of the first drive source 9a so as to hold the axial position
of the first spindle 3a only in the latter case, where a
larger pressing force is applied from the second spindle
3b to the first spindle 3 a.
[0045] In the present embodiment, in a state where the
first spindle W1 held by the first spindle 3a and the second
workpiece W2 held by the second spindle 3b are rotated

relative to each other with a predetermined rotation
speed difference, and only the second spindle 3b is
moved in the axial direction toward the first spindle 3a
while keeping the first spindle 3a stationary without mov-
ing in the axial direction, the axial end face of the first
workpiece W1 and the second workpiece W2 are brought
into contact with each other for frictional heating. How-
ever, the configuration may be modified such that, by
moving both the first workpiece W1 held by the first spin-
dle 3a and the second workpiece W2 held by the second
spindle 3b in the axial direction toward each other, in a
state of being relatively rotated with the predetermined
rotation speed difference, the axial end face of the first
workpiece W1 and the axial end faces of the second
workpiece W2 are brought into contact with each other
for frictional heating.
[0046] Further, in the present embodiment, after stop-
ping the rotation of the first spindle 3a to stop the relative
rotation between the first workpiece W1 and the second
workpiece W2, while the first spindle 3a is maintained
stationary without being moved in the axial direction, only
the second spindle 3b is moved further in the axial direc-
tion toward the side of the first spindle 3a, to press the
axial end face of the second workpiece W2 in the direction
along the axial direction against the axial end face of the
first workpiece W1 at a predetermined pressure (upset
pressure). However, the configuration may be modified
such that both the first main shaft 3a and the second
main shaft 3b are moved in the axial direction by a certain
distance so as to approach each other, for pressing the
axial end face of the second workpiece W2 against the
axial end face of the first workpiece W1 to some extent,
and then the movement of the first main shaft 3a is
stopped to maintain it stationary while only the second
main shaft 3b is further moved toward the first main shaft
3a, thereby pressing the axial end surface of the second
workpiece W2 in the axial direction against the axial end
surface of the first workpiece W1 at a predetermined
pressure (upset pressure).
[0047] In the present embodiment, the cutting process
for removing the burr B from the joined workpiece W3
has been described by moving the tool 10 so that the
blade portion 10a of the tool 10 is pressed against the
burr B of the joined workpiece W3. However, the config-
uration may be modified such that, under the control by
means of the control unit C, the main shafts 3a and 3b
are rotated in the same direction at the same rotation
speed while holding the joined workpiece W3, and the
respective main shafts 3a and 3b are moved synchro-
nously in the axial direction for removing the burr B with-
out moving the tool 10.
[0048] The first spindle 3a and the second spindle 3b
may be arranged coaxially with each other at the time of
friction-welding. In this case, they may be configured to
be movable in the horizontal direction perpendicular to
the axial direction (Z-axis direction).
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REFERENCE SIGNS LIST

[0049]

1: Machine tool
2: Base
3a: First spindle
3b: Second spindle
4a: First headstock
4b: Second headstock
5a: First clamp
5b: Second clamp
6a: First electric motor
6b: Second electric motor
7a: First guide rail
7b: Second guide rail
8a: First saddle
8b: Second saddle
9a: First drive source
9b: Second drive source
10: Cutting tool
10a: Blade
11: Moving means
12: Ammeter
W1: First workpiece
W2: Second workpiece
W3: Joined workpiece
C: Control unit (control means, torque detection

means)
B: Burr

Claims

1. A machined tool comprising:

a first spindle for holding a workpiece;
a first drive source for moving the first spindle in
an axial direction;
a second spindle for holding a workpiece;
a second drive source for moving the second
spindle in the axial direction; and
a control means for controlling the rotation of the
first spindle, the rotation of the second spindle
and the operation of the second drive source,
so as to bring the workpiece held by the first
main shaft and the workpiece held by the second
main shaft into contact with each other while ro-
tating them relative to each other, thereby to car-
ry out the friction-heating, and to stop the relative
rotation of the pair of workpieces and move only
the second main shaft in the axial direction while
holding the first main shaft stationary, thereby
to carry out friction-welding of the pair of work-
pieces, characterized in that:
the control means is adapted to control the op-
eration of the first drive source so as to maintain
the axial position of the first spindle upon friction-

welding of the pair of the workpieces.

2. The large machine tool according to claim 1, wherein
the inertia of a member, driven by the first drive
source and moving in the axial direction together with
the first spindle, as a whole, is larger than the inertia
of a member driven by the second drive source and
moving in the axial direction together with the second
spindle, as a whole.

3. The machine tool according to claim 1 or 2, wherein
the first drive source is an electric motor, and the
machine tool further comprises torque detecting
means for detecting the torque applied to the first
drive source, and wherein the control means is
adapted to control the operation of the first drive
source upon the friction-welding of the pair of work-
pieces, so as to resist the torque detected by the
torque detecting means.

4. The machine tool according to any one of claims 1
to 3, wherein the machine tool comprises a tool that
can be moved under the control by the control
means, and the control means is adapted to control
the rotation of the first spindle, the rotation of the
second spindle and the relative movement of the tool
so that, after the pair of workpieces have been fric-
tion-welded, the first spindle and the second spindle
are rotated in the same direction at the same rotation
speed, while the tool is moved relative to the work-
pieces, thereby to carry out cutting process for cut-
ting the workpiece by means of the tool.

5. The machine tool according to any one of claims 1
to 4, wherein the control means is adapted to control
the operation of the second drive source so that, after
stopping the relative rotation of the pair of the work-
pieces and while maintaining the first spindle station-
ary. only the second spindle is moved to an axial
position predetermined in consideration of an upset
distance.
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