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(54) Machine tool, sensor module, and measuring method

(57) A turret lathe for machining a workpiece held by
a spindle, the turret lathe comprising: a turret tool post
having tool holding faces; a sensor for measuring dimen-
sions of the workpiece; and a support strut which is
mounted on one of the tool holding faces, holds the sen-
sor and extends and shortens a sensor distance which
is a distance between the one of the tool holding faces
and the sensor in a radial direction of the turret tool post,
wherein, while the sensor distance is shortened, a length
of the support strut in the radial direction is such that the
support strut and the sensor do not interfere with another
structural element of the turret lathe when the turret tool
post rotates.
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Description

BACKGROUND OF THE INVENTION

�(1) Field of the Invention

�[0001] The present invention relates to machine tools
that perform metal machining with cutting tools held by
a turret tool post, and particularly relates to a technique
for measuring the dimensions of workpieces to be ma-
chined.

�(2) Description of the Related Art

�[0002] One of conventionally available machine tools
is a turret lathe having a turret that is a rotatable tool-
selection mechanism.
�[0003] FIG. 21 is an external perspective view showing
an example of a common conventional turret lathe. As
FIG. 21 shows, a turret lathe 200 includes a spindle 2
and a turret 3.
�[0004] The spindle 2 is supported by a headstock 5
provided on a bed 4, and rotates while holding a work-
piece (not shown) with a spindle chuck 6.
�[0005] The turret 3 includes a turret tool post 7, an in-
dexing mechanism 8, and a turret slide 9.
�[0006] The turret tool post 7 has tool holding faces 10
around its rotation axis, and is rotatably supported by the
indexing mechanism 8.On each of the tool holding faces
10, a tool 11, such as a tool bit and a drill, is inserted
through a tool station 11a.
�[0007] The rotation axis of the spindle 2 and the rota-
tion axis of the turret tool post 7 are connected with a
straight line parallel to the X- �axis.
�[0008] The indexing mechanism 8 is provided on the
turret slide 9, and, through a motor, rotates the turret tool
post 7.As a result, the indexing mechanism 8 positions
a specific tool holding face 10 on the workpiece side.
�[0009] FIG. 22 is an elevation view showing a position-
al relationship between the turret tool post 7 and the spin-
dle 2 of the turret lathe 200.
�[0010] As FIG. 22 shows, the turret tool post 7 rotates
so that the tool 11 for machining the workpiece 12 comes
to a position on the workpiece 12 side and on the straight
line which goes through the rotation axis of the spindle
2 and which is parallel to the X-�axis. In other words, the
tool 11 is indexed.
�[0011] Further, through a motor, the indexing mecha-
nism 8 moves the turret tool post 7 along the Z-�axis di-
rection parallel to the rotation axis of the spindle 2.
�[0012] The turret slide 9 is provided on the bed 4 to be
movable along the X-�axis direction orthogonal to the Z-
axis direction. The turret slide 9 moves along the X-�axis
direction together with the turret tool post 7 and the in-
dexing mechanism 8 through a motor.
�[0013] Such movement of the turret tool post 7 along
the X- and Y-�axis directions allows the workpiece 12 held
by the rotatable spindle 2 to be machined by the tool 11

indexed on the workpiece 12 side.
�[0014] The above described structure is normally
placed in a housing (not shown), and workpieces are
machined therein.
�[0015] Some machine tools such as turret lathes have
a function to measure the dimensions of workpieces in
the machine tools.
�[0016] This function enables the dimension measure-
ment to be performed without having to take out the work-
pieces outside the machine tool, and thus the work effi-
ciency improves.
�[0017] Further, by measuring displacement of work-
pieces and/or displacement of the machine tool caused
by changes in the in-�machine environment such as a
variation in the temperature, and by calibrating a control
amount for the machine tool according to the measured
displacement, it is possible to ensure highly accurate di-
mension measurement.
�[0018] For example, a turret lathe is available which
has a function for measuring workpiece diameters with
a sensor mounted on a tool holding face of the turret tool
post through a tool station or through similar fitting equip-
ment.
�[0019] With such a turret lathe, one or more positions
on the outer circumference of a workpiece positioned
closer to the turret tool post than to the rotation axis of
the spindle are measured using the sensor, and the di-
ameter is calculated from the measured values.
�[0020] Such a calculation method is adopted because
it has been impossible to extend the maximum rotation
radius of the turret tool post having tool stations and tools.
�[0021] FIG. 23 is a diagram showing the maximum ro-
tation radius and a movable range of the turret tool post
having tool stations in a common turret lathe.
�[0022] As FIG. 23 shows, with the conventional turret
lathe 200, the turret tool post 7 moves along the X-�axis
within a range that the tool 11 positioned at a cutting
position moves slightly beyond the rotation axis of the
spindle 2.
�[0023] Such an X-�axial, movable range of the turret
tool post 7 raises no problem for boring and cutting the
outer circumference of the workpiece 12, and so on.
�[0024] However, when the sensor is mounted on fitting
equipment such as the tool station 11a, it is substantially
impossible to measure the position on a side opposite to
the turret tool post 7 with the rotation axis of the spindle
2 positioned in between.
�[0025] Obviously, if the fitting equipment is radially
long, it is possible to measure a lateral position of the
workpiece beyond the rotation axis of the spindle 2.
�[0026] However, the maximum rotation radius R of the
turret tool post 7 having fitting equipment such as the tool
station 11a, and tools and the like held by such fitting
equipment is desired to be short.
�[0027] This is to prevent the fitting equipment and the
tools and so on from interfering with other structural el-
ements of the machine tool when the turret tool post 7
rotates; to achieve size reduction of the entire turret lathe
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200; to ensure that the tools are positioned accurately
with respect to the turret tool post 7; and so on.
�[0028] As stated above, when the workpiece diameter
is calculated through measurement of a position on one
side of the workpiece outer circumference with respect
to the rotation axis of the spindle 2, distortions of work-
pieces and/or the machine tool caused by changes in the
in-�machine environment such as a variation in the tem-
perature make it difficult to obtain accurate values.
�[0029] In view of the above, a turret lathe has been
proposed which has a mechanism for direct measure-
ment of workpiece diameters through measurement of
both ends of each workpiece diameter (refer to Patent
Reference 1: Japanese Unexamined Utility Model Appli-
cation Publication No. 07-3902, for example).
�[0030] FIGS. 24A and 24B are schematic diagrams
each showing an example of a conventional turret tool
post having a mechanism for direct measurement of
workpiece diameters. FIG. 24A is an anterior view and
FIG. 24B is a top view.
�[0031] A turret lathe 50 shown in FIGS. 24A and 24B
has an arm 31 at the front of the turret tool post 7.The
arm 31 is rotatably supported by a non-�rotating member
located at the center of the turret tool post 7.Further, a
sensor 32 is mounted at the tip portion of the arm 31.
�[0032] The length of the arm 31 is sufficient for the
sensor 32 to measure the position of one end (P2) of the
diameter of the workpiece 12, out of both ends (P1 and
P2), which is on a side opposite to the turret tool post 7
with the rotation axis of the spindle 2 positioned in be-
tween, when the turret tool post 7 approaches the spindle
2.
�[0033] With such a structure, the turret lathe 50 is ca-
pable of measuring the positions of both ends P1 and P2
of the diameter of the workpiece 12 as shown in FIG.
24B. The diameter of the workpiece 12 can be derived
from the difference between P1 and P2 obtained in such
a manner.
�[0034] However, the conventional technique does not
achieve size reduction of the turret lathe, because the
arm on which the sensor is mounted is provided sepa-
rately from the turret tool post.
�[0035] In addition, as FIGS. 24A and 24B show, the
rotating radius of the arm is relatively long, which may
disable the placement of the arm itself.
�[0036] Furthermore, the arm provided at the front of
the turret tool post is liable to hinder tool replacement.

SUMMARY OF THE INVENTION

�[0037] The present invention has been conceived in
view of such problems of the prior art described above,
and it is an object of the present invention to provide a
machine tool which performs in-�machine measurement
of workpiece dimensions and is capable of accurate
measurement of workpiece diameters while achieving
size reduction of the machine tool.
�[0038] Moreover, it is also an object of the present in-

vention to provide a sensor module mounted on a ma-
chine tool and capable of accurate measurement of work-
piece diameters while enabling size reduction of the ma-
chine tool.
�[0039] In order to overcome the problems of the prior
art described above, the machine tool of the present in-
vention is a machine tool for machining a workpiece held
by a spindle, the machine tool comprising: a turret tool
post having tool holding faces; a sensor for measuring
dimensions of the workpiece; and a distance-�extending-
and-�shortening mechanism mounted on one of the tool
holding faces, the distance-�extending-�and-�shortening
mechanism holding the sensor and extending and short-
ening a sensor distance which is a distance between the
one of the tool holding faces and the sensor in a radial
direction of the turret tool post, wherein, while the sensor
distance is shortened, a length of the distance-�extending-
and-�shortening mechanism in the radial direction is such
that the distance-�extending- �and-�shortening mechanism
and the sensor do not interfere with another structural
element of the machine tool when the turret tool post
rotates.
�[0040] According to this structure, the sensor is mount-
ed on a tool holding face of the turret tool post through
the distance-�extension- �and-�shortening mechanism.
While the sensor distance is shortened, the distance-�ex-
tension-�and-�shortening mechanism and the sensor do
not hinder the turret tool post from rotating.
�[0041] Further, when the sensor distance is extended,
the sensor can be positioned on a side beyond the rota-
tion axis of a spindle from the viewpoint of the turret tool
post. As a result, the measurement of the positions of
both ends of the diameter of workpieces held by the spin-
dle is possible.
�[0042] Thus, the present invention can provide a ma-
chine tool which performs in-�machine measurement of
workpiece dimensions and is capable of accurate meas-
urement of workpiece diameters while achieving size re-
duction.
�[0043] Further, it may be that the distance-�extending-
and-�shortening mechanism includes an arm which rota-
tionally moves, the distance- �extending- �and-�shortening
mechanism extending and shortening the sensor dis-
tance through a rotational movement of the arm with the
sensor held on an end of the arm.
�[0044] Furthermore, it may be that the distance-�ex-
tending-�and-�shortening mechanism includes a support
strut which extends and retracts in the radial direction,
the distance-�extending-�and-�shortening mechanism ex-
tending and shortening the sensor distance through ex-
tension and retraction of the support strut with the sensor
held on an end of the support strut, � the end being on a
side opposite to the one of the tool holding faces.
�[0045] As described, the distance-�extension- �and-
shortening mechanism according to the present inven-
tion may be a mechanism that extends and shortens the
sensor distance through a rotational or linear movement,
that is, a mechanism that changes the radial position of
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the sensor through a rotational or linear movement.
�[0046] Moreover, it may be that while the sensor dis-
tance is extended, the length of the distance-�extending-
and-�shortening mechanism in the radial direction when
a workpiece with a maximum diameter that the spindle
can hold is held by the spindle is such that the sensor is
positioned on a side opposite to the turret tool post with
the workpiece positioned in between, and the sensor de-
tects positions of both ends of a diameter of the workpiece
through a movement of the turret tool post while the sen-
sor distance is extended by the distance- �extending-�and-
shortening mechanism, the ends of the diameter being
on a plane which includes a rotation axis of the turret tool
post and a rotation axis of the spindle.
�[0047] As described, since the length of the distance-
extension-�and-�shortening mechanism in the extended
state is determined according to the maximum diameter
of the workpiece to be machined by the machine tool,
accurate measurement of the workpiece diameter is pos-
sible irrespective of types of workpieces held by the spin-
dle.
�[0048] Furthermore, the machine tool may further
comprises a control unit configured to: cause the dis-
tance-�extending-�and- �shortening mechanism to extend
the sensor distance; and move the turret tool post so that
a distance between the sensor and the workpiece varies,
when the turret tool post is at a rotation position at which
the sensor is on a side towards the workpiece.
�[0049] Having such a control unit that controls the ro-
tation positions of the turret tool post and the operation
of the distance-�extension- �and- �shortening mechanism,
such as extension and retraction of the distance-�exten-
sion-�and-�shortening mechanism, enables accurate and
efficient measurement of workpiece diameters, for ex-
ample.
�[0050] The present invention can be embodied not only
as such a machine tool, but also as a sensor module
used for such a machine tool.
�[0051] In addition, the present invention can also be
embodied as a method for measuring workpiece diame-
ters with characteristic operational steps performed by
the machine tool and sensor module of the present in-
vention. Further, the present invention may be embodied
as a control program that causes a machine tool and a
sensor module to execute such steps.
�[0052] Furthermore, the present invention may be em-
bodied as a recording medium on which such a control
program is recorded. In addition, such a control program
may be distributed via a transmission medium such as
the Internet, and/or a recording medium such as DVD.
�[0053] According to the machine tool of the present
invention, direct measurement of workpiece diameters
is possible using a sensor mounted on a turret tool post
via an extension-�and- �shortening mechanism. Further,
the extension-�and-�shortening mechanism and the like
neither wastefully occupies the in-�machine space nor hin-
ders the rotation of the turret tool post.
�[0054] As described, the present invention provides a

machine tool capable of accurate in- �machine measure-
ment of workpiece diameters while achieving size reduc-
tion. In addition, the present invention provides a sensor
module and a measuring method that bring about such
advantageous effects for a machine tool.

FURTHER INFORMATION ABOUT TECHNICAL 
BACKGROUND TO THIS APPLICATION

�[0055] The disclosure of Japanese Patent Application
No. 2007-303137 filed on November 22, 2007 including
specification, drawings and claims is incorporated herein
by reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0056] These and other objects, advantages and fea-
tures of the invention will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings that illustrate a specific embod-
iment of the invention. In the Drawings:�

FIG. 1 is a perspective view showing the external
appearance of a turret lathe according to Embodi-
ment 1 of the present invention;
FIG. 2 is an enlarged perspective view showing the
external appearance of a sensor module in a retract-
ed state according to Embodiment 1;
FIG. 3 is an enlarged perspective view showing the
external appearance of a sensor module in an ex-
tended state according to Embodiment 1;
FIG. 4 is a block diagram showing the fundamental,
functional structure of a turret lathe according to Em-
bodiment 1;
FIG. 5 is an enlarged elevation view showing the
external appearance of a sensor module in a retract-
ed state according to Embodiment 1;
FIG. 6 is an enlarged elevation view showing the
external appearance of a sensor module in an ex-
tended state according to Embodiment 1;
FIG. 7 is a schematic diagram showing an example
of operational flow for measuring, by a turret lathe
of Embodiment 1, the diameter of a workpiece;
FIG. 8 is an enlarged perspective view showing the
external appearance of a sensor module according
to Embodiment 2 of the present invention;
FIG. 9 is an enlarged perspective view showing the
external appearance of the sensor module with its
arm rotated 90° from the state shown in FIG. 8;
FIG. 10 is an enlarged perspective view showing the
external appearance of the sensor module with its
arm further rotated 90° from the state shown in FIG.
9;
FIG. 11 is an enlarged elevation view showing the
external appearance of a sensor module with a sen-
sor distance shortened according to Embodiment 2;
FIG. 12 is a plan view showing the structure of a
sensor module according to Embodiment 2;
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FIG. 13 is a perspective view showing the external
appearance of a cam;
FIG. 14 is a diagram showing an overview of the
inner structure of a gearbox;
FIG. 15 is a schematic diagram showing how a cam
moves;
FIG. 16 is a diagram showing the closed states of a
first cover piece and a second cover piece;
FIG. 17 is a diagram showing the states of a first
cover piece and a second cover piece before they
are completely open;
FIG. 18 is a diagram showing the states of a first
cover piece and a second cover piece when they are
completely open;
FIG. 19 is a diagram showing a flow of sensor module
operations when a first cover piece and a second
cover piece are opening;
FIG. 20 is a diagram showing an example of a posi-
tional relationship between a sensor module and a
workpiece at the time of measuring the workpiece
diameter;
FIG. 21 is an external perspective view showing an
example of fundamental elements of a common con-
ventional turret lathe;
FIG. 22 is an elevation view showing a positional
relationship between a turret tool post and a spindle
of a common conventional turret lathe;
FIG. 23 is a diagram showing the maximum rotation
radius and a movable range of a turret tool post in a
common conventional turret lathe;
FIG. 24A is an anterior view of fundamental elements
of a conventional turret tool post having a mecha-
nism for measuring workpiece diameters; and
FIG. 24B is a top view corresponding to FIG. 24A.

DESCRIPTION OF THE PREFERRED EMBODIMENT �
(S)

(Embodiment 1)

�[0057] A turret lathe according to Embodiment 1 of the
present invention, which is an example of a machine tool,
shall be described in detail with reference to the drawings.
�[0058] First, with reference to FIGS. 1 to 3, the struc-
ture of the turret lathe according to Embodiment 1 shall
be described.
�[0059] FIG. 1 is a perspective view showing the exter-
nal appearance of the turret lathe according to Embodi-
ment 1 of the present invention.
�[0060] As FIG. 1 shows, the basic structure of a turret
lathe 1 is the same as that of the common, conventional
turret lathe 200 shown in FIG. 21. More specifically, the
turret lathe 1 includes a spindle 2 that rotates while hold-
ing a workpiece, a turret 3 that is a rotatable, tool-�selec-
tion mechanism, and so on.
�[0061] Unlike the turret lathe 200, however, the turret
lathe 1 further includes a sensor module 20 as a charac-
teristic, structural element.

�[0062] The sensor module 20 has a support strut 22
that extends and retracts radially of the turret tool post 7
and a sensor 24 for measuring workpiece dimensions,
and is capable of extending and retracting as a whole.
�[0063] Further, in the same manner as the tool station
11a, the sensor module 20 is mounted on a tool holding
face 10 of the turret tool post 7.
�[0064] In other words, the sensor 24 is mounted on the
turret tool post 7 as though it is a tool.
�[0065] It is to be noted that in the turret lathe 1 of the
present embodiment, the rotation axis of the spindle 2
and that of the turret tool post 7 are parallel. Further, a
plane that includes these two rotation axes is parallel to
the X-�axis.
�[0066] FIG. 2 is an enlarged perspective view showing
the external appearance of the sensor module 20 in a
retracted state according to Embodiment 1.
�[0067] As FIG. 2 shows, the sensor module 20 in-
cludes: a base 21 mounted on the tool holding face 10;
the support strut 22 extending radially of the turret tool
post 7 from the base 21; and a sensor 24 fixed to the
support strut 22 in a position for measurement.
�[0068] The support strut 22 includes a strut leg 22a
and a strut head 22b which are separated from each oth-
er. The strut leg 22a includes an actuator (not shown)
having a movable part 32 that reciprocates along the di-
rection in which the support strut 22 extends. The strut
head 22b is mounted on the movable part 32 of the ac-
tuator.
�[0069] The actuator causes the support strut 22 to ex-
tend and retract. More specifically, the entire sensor mod-
ule 20 extends and retracts radially of the turret tool post
7.
�[0070] The sensor 24 is held at an end of the support
strut 22, which extends and retracts radially of the turret
tool post 7, opposite to the other end on the tool holding
face 10 side.
�[0071] This allows extension and shortening of a sen-
sor distance, that is, the distance between the tool holding
face 10 and the sensor 24 along the radial direction of
the turret tool post 7.
�[0072] It should be noted that the support strut 22 and
the actuator realize the distance-�extension- �and-�shorten-
ing mechanism of the machine tool and sensor module
of the present invention.
�[0073] Further, in the present embodiment, an air cyl-
inder is used as the actuator.�
In some cases, the turret tool post 7 is supplied with air
for blowing chips and so on. In such cases, the air sup-
plied to the turret tool post 7 is used for driving the air
cylinder. As a result, the sensor module 20 can be ex-
tended and retracted.
�[0074] FIG. 3 is an enlarged perspective view showing
the external appearance of the sensor module 20 in an
extended state according to Embodiment 1.
�[0075] As FIG. 3 shows, the extension of the support
strut 22 leads to the extension of the entire sensor module
20.
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�[0076] The sensor 24 in the present embodiment is a
touch sensor that detects a contact with an object.
�[0077] The sensor 24 detects the positions of both
ends of the diameter of the workpiece 12 through the
movement of the turret tool post 7 with the sensor module
20 in the extended state.
�[0078] The turret lathe 1 or a computer or the like con-
nected to the turret lathe 1 calculates the difference be-
tween the positions of both ends of the diameter of the
workpiece 12 detected in the above described manner,
to obtain the diameter of the workpiece 12.
�[0079] Such extension and retraction of the sensor
module 20 and the movement and the like of the turret
tool post 7 are controlled by a control unit included in the
turret lathe 1.
�[0080] FIG. 4 is a block diagram showing the funda-
mental, functional structure of the turret lathe 1 according
to Embodiment 1.
�[0081] As FIG. 4 shows, the turret lathe 1 includes a
mechanism unit 40 having the above described turret
tool post 7 and others, and a control unit 41 as funda-
mental, functional structural elements.
�[0082] The control unit 41 has a function to control op-
erations of the mechanism unit 40.The mechanism unit
40 is embodied as, for example, a computer having ele-
ments such as a Central Processing Unit (CPU), a stor-
age device, and an interface that inputs and outputs in-
formation.
�[0083] For example, when the workpiece diameter is
to be measured, the control unit 41 causes extension of
the sensor module 20 from the retracted state, in the case
where the turret tool post 7 is at a rotation position where
the sensor 24 is on the workpiece side. The control unit
41 further causes a movement of the turret tool post 7
so that the distance between the sensor 24 and the work-
piece varies.
�[0084] In accordance with such control, the sensor
module 20 extends and the turret tool post 7 moves, so
that the positions of both ends of the workpiece diameter
are measured.
�[0085] It is to be noted that the operations of the control
unit 41 can be programmed in such a manner that the
measurement of the workpiece diameter is performed at
a predetermined timing, e.g. before, during, or after ma-
chining the workpiece.
�[0086] Next, with reference to FIGS. 5 and 6, the fol-
lowing shall describe an advantageous effect produced
through the extension and retraction of the sensor mod-
ule 20.
�[0087] FIG. 5 is an enlarged elevation view showing
the external appearance of the sensor module 20 in a
retracted state according to Embodiment 1.
�[0088] It is to be noted that two points P1 and P2 on
the outer circumference of the workpiece 12 shown in
FIG. 5 are on a plane that includes the rotation axis of
the spindle 2 (i.e. the rotation axis of the workpiece 12)
and the rotation axis of the turret tool post 7.In other
words, the distance between P1 and P2 is the workpiece

diameter.
�[0089] In FIG. 5, the plane is represented by a straight
line going through the rotation axis of the spindle 2 and
the rotation axis of the turret tool post 7, and is parallel
to the X-�axis.
�[0090] P1 is an example of a first end whose position
is to be measured by the measuring method of the
present invention, and P2 is an example of a second end.
�[0091] As FIG. 5 shows, the length of the support strut
22 in the radial direction of the turret tool post 7 is such
that the support strut 22 and the sensor 24 do not interfere
with other structural elements of the turret lathe 1 when
the turret tool post 7 rotates while the support strut 22 is
retracted, that is, while the sensor distance is shortened.
In other words, it is such a length that the entire sensor
module 20 does not interfere with other structural ele-
ments.
�[0092] For example, as long as the length of the sup-
port strut 22 in the retracted state is such that the support
strut 22 and the sensor 24 fit in the maximum rotation
radius (R1) of the turret tool post 7 with tools held, the
rotation of the turret tool post 7 does not cause interfer-
ence between the sensor module 20 and other structural
elements.
�[0093] Therefore, when the support strut 22 is in the
retracted state, that is, when the sensor distance is short-
ened, the turret tool post 7 can freely rotate for workpiece
machining, tool replacement, and so on without being
influenced by the sensor module 20.
�[0094] As FIG. 5 shows, there may be a case where
the sensor module 20 partially extends off R1 when R1
is specified as the distance between the rotation axis of
the turret tool post 7 and the tip portion of the tool station
11a.
�[0095] Even in such a case, there is no impact on the
rotation of the turret tool post 7 as long as the sensor
module 20 is in an area where the sensor module 20
does not interfere with other structural elements (non-
interference area) when the turret tool post 7 rotates.
�[0096] More specifically, the length of the support strut
22 in the retracted state is sufficient as long as the support
strut 22 and the sensor 24 fit in the non-�interference area.
�[0097] To put it differently, the length of the support
strut 22 when the sensor distance is shortened is suffi-
cient as long as the rotation of the turret tool post 7 is not
hindered.
�[0098] Here, the turret tool post 7 can move in the X-
axis direction to the extent that R1 extends slightly beyond
the rotation axis of the spindle 2.Therefore, even when
the support strut 22 is retracted, it is still possible to meas-
ure the position of P1, which is closer to the turret tool
post 7 compared with the other end of the diameter of
the workpiece 12.
�[0099] However, the position of P2, which is the other
end of the diameter farther from the turret tool post 7,
cannot be measured.
�[0100] In view of the above circumstance, the turret
lathe 1 of the present embodiment enables measurement
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of the P2 position using the sensor 24 through the exten-
sion of the support strut 22.
�[0101] FIG. 6 is an enlarged elevation view showing
the external appearance of the sensor module 20 in an
extended state according to Embodiment 1.
�[0102] As FIG. 6 shows, the sensor 24 is outside R1
when the sensor module 20 extends radially of the turret
tool post 7 through the extension of the support strut 22.
�[0103] In such a manner, the sensor 24 can be posi-
tioned beyond the rotation axis of the spindle 2 through
the extension of the sensor module 20 and the approach
of the turret tool post 7 towards the spindle 2.In other
words, the sensor 24 can be positioned on a side opposite
to the turret tool post 7 with respect to the rotation axis
of the spindle 2.
�[0104] This enables the measurement of the P2 posi-
tion, which is the farther end of the diameter of the work-
piece 12 from the turret tool post 7 compared with the
other end of the diameter.
�[0105] For example, a case is assumed where the
maximum diameter of workpieces that the spindle 2 can
hold is approximately 100 mm. In such a case, when the
support strut 22 is in the extended state and the sensor
24 is positioned 60 mm approximately outside R1, the
measurement of the P2 position using the sensor 24 is
possible.
�[0106] More specifically, while the sensor distance is
extended, the length of the support strut 22 in the radial
direction of the turret tool post 7 when a workpiece with
the maximum diameter that the spindle 2 can hold is held
is such that the sensor 24 can be positioned on a side
opposite to the turret tool post 7 with the workpiece po-
sitioned in between.
�[0107] With such a length of the support strut 22 in the
extended state, the measurement of workpiece diame-
ters is possible even when, for example, various sized
workpieces are machined in succession.
�[0108] Next, with reference to FIG. 7, operations per-
formed by the turret lathe 1 for measuring workpiece di-
ameters shall be described.
�[0109] FIG. 7 is a schematic diagram showing an ex-
ample of operational flow for measuring, by the turret
lathe 1 of Embodiment 1, the diameter of the workpiece
12.The series of operations shown in FIG. 7 is controlled
by the above described control unit 41 through execution
of a predetermined program.
�[0110] First, the turret tool post 7 rotates so that the
sensor module 20 is positioned on the workpiece 12 side.
�[0111] The rotation position of the turret tool post 7 at
this time is such that the sensor 24 is positioned on a
straight line going through the rotation axis of the spindle
2 and the rotation axis of the turret tool post 7 (refer to
FIG. 5).
�[0112] Next, with the sensor distance extended, the
turret tool post 7 moves towards the spindle 2 in a direc-
tion parallel to the X-�axis. As a result of this movement,
the sensor 24 detects a contact with the workpiece 12 to
measure the P1 position.

�[0113] Next, the turret tool post 7 moves towards the
front in a direction parallel to the Z-�axis (in the downward
direction in FIG. 7). Furthermore, the turret tool post 7
moves in a direction (the left direction in FIG. 7) parallel
to the X-�axis and towards the side opposite to P1 with
the rotation axis of the spindle 2 positioned in between.
This movement brings the sensor 24 to a position beyond
the workpiece 12.
�[0114] Next, the turret tool post 7 moves towards the
back in a direction parallel to the Z-�axis (in the upward
direction in FIG. 7). Furthermore, the turret tool post 7
moves in a direction parallel to the X-�axis towards the
spindle 2 (the right direction in FIG. 7). As a result of this
movement, the sensor 24 detects a contact with the work-
piece 12 to measure the P2 position.
�[0115] Through such operations, the turret lathe 1 of
the present embodiment can measure the diameter of
the workpiece held by the spindle 2.
�[0116] Specifically, the diameter can be measured
through direct measurement of both ends of the work-
piece diameter. Such direct measurement allows the di-
ameter values to be accurately obtained.
�[0117] Further, the sensor module 20 that performs
such measurement is mounted on a tool holding face 10
of the turret tool post 7 in the same manner as a tool such
as a tool bit.
�[0118] That is to say, the sensor module 20 is mounted
on the turret lathe 1 in such a manner that the space in
the turret lathe 1 is not wastefully occupied, and that ac-
curate measurement of workpiece diameters is possible.
�[0119] Further, the sensor module 20 is retracted ex-
cept for when the workpiece diameters are measured.
Thus, the sensor module 20 does not hinder the rotation
of the turret tool post 7.
�[0120] Furthermore, the sensor module 20 can be de-
veloped independently. Thus, with a change in the shape,
size or the like of the base 21, the sensor module 20 can
be used in various turret lathes for in-�machine measure-
ment of workpiece dimensions.
�[0121] As described above, the turret lathe 1 of the
present embodiment is a machine tool capable of per-
forming accurate measurement of workpiece diameters
while achieving size reduction.� Furthermore, the sensor
module 20 of the present embodiment brings about such
advantageous effects for a machine tool.
�[0122] Although the turret lathe 1 has been described
above as an example of the machine tool of the present
invention, the present invention is not limited to the
present embodiment.
�[0123] Those skilled in the art will readily appreciate
that many modifications are possible in the present em-
bodiment without materially departing from the novel
teachings and advantages of this invention. Accordingly,
all such modifications are intended to be included within
the scope of this invention.
�[0124] For example, in the present embodiment, the
workpiece dimensions measured by the sensor module
20 are the workpiece diameters, and are, to be more
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specific, the outer diameters of workpieces as shown in
FIG. 7.
�[0125] Further, other workpiece dimensions may be
measured using the sensor module 20.For example, the
bore diameter, that is, the diameter of a hole made by
boring, may be measured using the sensor module 20.
�[0126] As stated above, the sensor module 20 can po-
sition the sensor 24 on both ends of the outer diameter
of a workpiece held by the spindle 2.That is to say, the
sensor module 20 can position the sensor 24 on both
ends of a workpiece inner diameter which is shorter than
the outer diameter, and thus the value of the inner diam-
eter can be accurately measured.
�[0127] Moreover, in the present embodiment, an air
cylinder is used to serve as an actuator. However, a so-
lenoid or an electric motor may be used as an actuator.
�[0128] Further, the sensor 24 may be other than a
touch sensor; it may be a sensor that optically measures
the shape, position, and so on of workpieces, or a sensor
that measures a property value such as a temperature,
instead of dimensions.
�[0129] Moreover, examples of the machine tool having
a turret tool post serving as a rotatable tool-�selection
mechanism include machining centers and so on, as well
as turret lathes. Therefore, machine tools other than tur-
ret lathes also can measure the dimensions of objects to
be machined, using the sensor module of the present
invention.

(Embodiment 2)

�[0130] As Embodiment 2 of the present invention, a
turret lathe 100 shall be described. The turret lathe 100
includes a sensor module 120 capable of extending and
shortening the sensor distance through rotation of an arm
122 having the sensor 24 on its end.
�[0131] The turret lathe 100 is another example of the
machine tool of the present invention.
�[0132] It is to be noted that the fundamental structure
of the turret lathe 100 according to Embodiment 2 is the
same as that of the turret lathe 1 of Embodiment 1.Thus,
the following description shall center on the sensor mod-
ule 120 which is a characteristic, structural element of
the turret lathe 100 according to Embodiment 2.
�[0133] First, with reference to FIGS. 8 to 11, the fun-
damental structure of the sensor module 120 according
to Embodiment 2 shall be described.
�[0134] FIG. 8 is an enlarged perspective view showing
the external appearance of the sensor module 120 ac-
cording to Embodiment 2 of the present invention.
�[0135] The sensor module 120 includes: a base 121;
the arm 122 which is rotatably mounted on the base 121;
a gearbox 123 that rotates together with the arm 122; a
driving unit 124 that drives the arm 122 to rotate; a first
cover piece 125 and a second cover piece 126 that cover
the sensor 24 (not shown in FIG. 8); and a rear cover
127 mounted to the tip portion of the arm 122.
�[0136] FIG. 8 shows the sensor module 120 with the

sensor distance shortened by accommodating the arm
122 inward. From this state, the driving unit 124 can make
the arm 122 rotate 180°.
�[0137] The rotation of the arm 122 results in an exten-
sion of the distance between the sensor 24 held at the
tip portion of the arm 122 and the tool holding face 10.
�[0138] FIG. 9 is an enlarged perspective view showing
the external appearance of the sensor module 120 with
the arm 122 rotated 90° from the state shown in FIG. 8.
�[0139] FIG. 10 is an enlarged perspective view show-
ing the external appearance of the sensor module 120
with the arm 122 further rotated 90° from the state shown
in FIG. 9.
�[0140] As FIG. 9 shows, with the rotation of the arm
122, the first cover piece 125 and the second cover piece
126 open.
�[0141] Further, as FIG. 10 shows, when the arm 122
rotates 180° from the state shown in FIG. 8, the sensor
distance is extended, and the first cover piece 125 and
the second cover piece 126 completely open.
�[0142] As described, the sensor module 120 rotates
the arm 122 to bring the sensor 24 to a position, in the
radial direction of the turret tool post 7, away from the
tool holding face 10.In other words, the sensor module
120 can extend the sensor distance.
�[0143] The extension of the sensor distance enables
direct measurement of both ends of the workpiece diam-
eter using the sensor 24.
�[0144] It is to be noted that the driving unit 124 is struc-
tured with an air cylinder and a rack and pinion, for ex-
ample, and is capable of rotating the arm 122 using the
air cylinder serving as a driving source.
�[0145] Further, when an air cylinder is used for the driv-
ing unit 124, the air supplied to the turret tool post 7 for
blowing chips, for example, can be used as described
above.
�[0146] The arm 122 together with the driving unit 124
realizes the distance-�extending-�and-�shortening mecha-
nism of the machine tool and sensor module of the
present invention.
�[0147] When the arm 122 rotates 180° in the opposite
direction from the state shown in FIG. 10, the sensor
distance is shortened, and the first cover piece 125 and
the second cover piece 126 close as shown in FIG. 8.
�[0148] In the present embodiment, such opening and
closing operation of the first cover piece 125 and the sec-
ond cover piece 126 is achieved through the gearbox
123 and a link mechanism. Detailed description of the
link mechanism shall be provided later.
�[0149] It is to be noted that when the sensor module
120 is in a state where the sensor distance is shortened,
the length of the sensor module 120 in the radial direction
of the turret tool post 7 is such that the sensor module
120 does not interfere with other structural elements of
the machine tool.
�[0150] FIG. 11 is an enlarged elevation view showing
the external appearance of the sensor module 120 with
the sensor distance shortened according to Embodiment
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2.
�[0151] As FIG. 11 shows, in the present embodiment,
when the sensor module 120 is in a state where the sen-
sor distance is shortened, the sensor module 120 par-
tially extends off the above mentioned maximum rotation
radius R1.
�[0152] However, because the sensor module 120 is
within a non-�interference area (circle denoted by R2 in
FIG. 11), the sensor module 120 does not hinder the
turret tool post 7 from rotating.
�[0153] As described, in the same manner as the sensor
module 20 of Embodiment 1, the sensor module 120 of
Embodiment 2 is mounted on the turret tool post 7 in such
a manner that the rotation of the turret tool post 7 is not
hindered.
�[0154] Further, when the sensor module 120 is at a
cutting position on the workpiece side, the arm 122 ro-
tates so that the sensor distance is extended. This allows
the direct measurement of the workpiece diameter.
�[0155] Next, with reference to FIGS. 12 to 18, the struc-
ture and operations of the sensor module 120 of Embod-
iment 2 shall be described.
�[0156] FIG. 12 is a plan view showing the structure of
the sensor module 120 according to Embodiment 2.
�[0157] As FIG. 12 shows, the sensor module 120 in-
cludes a cam 128 and slide members 129 as well as
other structural elements such as the above described
arm 122.
�[0158] The driving unit 124 includes a drive shaft 124a
parallel to the rotation axis of the turret tool post 7, that
is, parallel to the Z- �axis.
�[0159] The arm 122 is joined to the drive shaft 124a,
and the driving unit 124 is capable of rotating the arm
122 through the drive shaft 124a.
�[0160] The gearbox 123 mounted to the arm 122 ro-
tates together with the arm 122.With this rotation, gears
in the gearbox 123 rotate, causing the cam 128 to move
along the direction parallel to the Z-�axis.
�[0161] Such movement of the cam 128 causes the
slide members 129, which are joined to the cam 128, to
move along the same direction.
�[0162] It is to be noted that the slide members 129 can
slide with respect to the arm 122 and the gearbox 123
only along the direction parallel to the Z-�axis direction.
Therefore, the cam 128 joined to the slide members 129
does not rotate with respect to the arm 122 and the gear-
box 123.
�[0163] FIG. 13 is a perspective view showing the ex-
ternal appearance of the cam 128.
The cam 128 includes: a cam groove 128a with which a
protrusion on the inner circumference of a gear in the
gearbox 123 engages and along which the protrusion
slides; and a slide member attachment portion 128b at
which the slide members 129 are attached.
�[0164] FIG. 14 is a diagram showing an overview of
the inner structure of the gearbox 123.
As FIG. 14 shows, the gearbox 123 includes a gearcase
123a, a first gear 123b, a second gear 123c, and a third

gear 123d.
�[0165] Out of the three gears, only the first gear 123b
does not rotate with respect to the base 121.More spe-
cifically, the first gear 123b is fixed to a cylinder 121a
(refer to FIG. 12) of the base 121.
�[0166] Therefore, when the gearbox 123 rotates
around the drive shaft 124a, the first gear 123b rotates
relative to the gearcase 123a.
�[0167] Further, a protrusion 123e is formed on the in-
ner circumference of the third gear 123d, and the protru-
sion engages with the cam groove 128a of the cam 128
inserted in a hole formed inward of the third gear 123d.
The direction of the cam groove 128a is slant with respect
to the rotating face of the third gear 123d.
�[0168] In this structure, when the third gear 123d ro-
tates, the cam 128 that does not rotate with respect to
the gearbox 123 moves along the direction parallel to the
Z- �axis, that is, the direction towards the rear or front of
FIG. 14.
�[0169] For example, with a clockwise rotation of the
drive shaft 124a as shown in FIG. 14, the gearbox 123
also rotates in the same direction.
�[0170] At this time, the first gear 123b fixed to the base
121 rotates counterclockwise with respect to the gear-
case 123a.
�[0171] The rotating force of the first gear 123b is trans-
mitted to the third gear 123d through the second gear
123c, causing the third gear 123d to rotate counterclock-
wise. As a result, the cam 128 moves along the direction
parallel to the Z-�axis.
�[0172] FIG. 15 is a schematic diagram showing how
the cam 128 moves.
�[0173] As FIG. 15 shows, the protrusion 123e moves
along the direction perpendicular to the Z- �axis while trac-
ing the cam groove 128a. As a result, the cam 128 moves
along the direction parallel to the Z-�axis.
�[0174] For example, when the left side of FIG. 15 is
assumed to be the rear of FIG. 14, the clockwise rotation
of the gearbox 123 causes the third gear 123d to rotate
counterclockwise. As a result, the cam 128 moves to-
wards the front of FIG. 14 (right in FIG. 15).
�[0175] On the other hand, the counterclockwise rota-
tion of the gearbox 123 causes the cam 128 to move
towards the rear of FIG. 14 (left in FIG. 15).
�[0176] With such movement of the cam 128, the slide
members 129 move, causing the first cover piece 125
and the second cover piece 126 to open and close
through the link mechanism.
�[0177] FIG. 16 is a diagram showing the closed states
of the first cover piece 125 and the second cover piece
126.
�[0178] As FIG. 16 shows, the first cover piece 125 is
rotatably joined with the rear cover 127 through a first pin
125a, and rotates around the first pin 125a that serves
as a rotation axis.
�[0179] Further, the second cover piece 126 is rotatably
joined with the rear cover 127 through a second pin 126a,
and rotates around the second pin 126a that serves as
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a rotation axis.
�[0180] Both the first cover piece 125 and the second
cover piece 126 are joined with the slide members 129
through a link.
�[0181] When the cam 128 moves from the state shown
in FIG. 16 towards the sensor 24, that is, towards the
right side of FIG. 16, the slide members 129 also move
to the right.
�[0182] The right movement of the slide members 129
causes the first cover piece 125 to rotate upward of FIG.
16 through the link mechanism. Further, the second cov-
er piece 126 is caused to rotate downward. In other
words, the first cover piece 125 and the second cover
piece 126 rotate in order to open.
�[0183] As described, with the right movement of the
cam 128, the first cover piece 125 and the second cover
piece 126 gradually open to reach their states shown in
FIG. 18 through the states shown in FIG. 17.
�[0184] FIG. 17 is a diagram showing the states of the
first cover piece 125 and the second cover piece 126
before they are completely open, and FIG. 18 shows their
states when they are completely open.
�[0185] As FIG. 18 shows, since both the first cover
piece 125 and the second cover piece 126 rotate only
90° approximately, these cover pieces do not hinder the
measurement of workpiece dimensions by the sensor 24.
�[0186] In addition, even when dust such as chips exists
in the cover pieces, it can be removed to the outside of
the cover pieces. In other words, it is possible to prevent
dust accumulation inside the cover pieces.
�[0187] It is to be noted that a left movement of the cam
128 from the state shown in FIG. 18 causes the first cover
piece 125 and the second cover piece 126 to return to
their states shown in FIG. 16.
�[0188] FIG. 19 is a diagram showing a flow of opera-
tions of the sensor module 120 performed when the first
cover piece 125 and the second cover piece 126 are
opening.
�[0189] It is to be noted that the top part of FIG. 19 cor-
responds to FIG. 16, the middle part to FIG. 17, and the
bottom part to FIG. 18.
�[0190] The top part of FIG. 19 shows the state where
the sensor distance is the shortest. The 90° rotation of
the arm 122 from this state leads to the state shown in
the middle part of FIG. 19. The further 90° rotation of the
arm 122 leads to the state shown in the bottom part of
FIG. 19.
�[0191] In such a manner, the rotation of the arm 122
causes the first cover piece 125 and the second cover
piece 126 to gradually open through the above described
link mechanism.
�[0192] As shown in the bottom part of FIG. 19, when
the sensor distance is extended, the arm 122 stops ro-
tating to allow the measurement of the dimensions of the
workpiece 12 to start.
�[0193] FIG. 20 is a diagram showing an example of a
positional relationship between the sensor module 120
and the workpiece 12 at the time of measuring the diam-

eter of the workpiece 12.
�[0194] As FIG. 20 shows, when the arm 122 rotates to
cause the sensor distance to extend, the measurement
is possible not only of the P1 position closer to the turret
tool post 7 compared with the P2 position, but also of the
P2 position farther to the turret tool post 7.In other words,
the direct measurement of the diameter of the workpiece
12 is possible.
�[0195] The movement of the turret tool post 7 at the
time of measurement of the diameter of the workpiece
12 is the same as that shown in FIG. 7.
�[0196] More specifically, with the sensor distance ex-
tended, the turret tool post 7 repeats the movement to-
wards the direction parallel to the X-�axis and the move-
ment towards the direction parallel to the Z-�axis, so that
the P1 and P2 positions are measured.
�[0197] It is to be noted that as with the extension and
retraction of the support strut 22, for example, of Embod-
iment 1, the rotation of the arm 122 and the movement
of the turret tool post 7 are controlled by the control unit
41.
�[0198] Through such operations, the turret lathe 100
of Embodiment 2 directly measures the diameter of the
workpiece held by the spindle 2, in the same manner as
the turret lathe 1 of Embodiment 1.Such direct measure-
ment allows the diameter values to be accurately ob-
tained.
�[0199] Further, as with the sensor module 20 of Em-
bodiment 1, the sensor module 120 of Embodiment 2
neither wastefully occupies the space in the turret lathe
100 nor hinders the rotation of the turret tool post 7.
�[0200] Furthermore, the arm 122 rotates to extend the
sensor distance only when necessary, in order to allow
the direct measurement of the workpiece dimensions.
�[0201] Furthermore, the sensor module 120 can also
be developed independently. Thus, with a change in the
shape, size or the like of the base 121, the sensor module
120 can be used in various turret lathes for in-�machine
measurement of workpiece dimensions.
�[0202] As described above, the turret lathe 100 of Em-
bodiment 2 is a machine tool capable of performing ac-
curate measurement of workpiece diameters while
achieving size reduction. Furthermore, the sensor mod-
ule 120 of the present embodiment brings about such
advantageous effects for a machine tool.
�[0203] In the present embodiment, the drive shaft 124a
serving as the rotation axis of the arm 122 of the sensor
module 120 is parallel to the rotation axis of the turret
tool post 7.However, the drive shaft 124a may be oriented
to a different direction.
�[0204] That is to say, the drive shaft 124a may be ori-
ented to any direction as long as the rotation of the arm
122 does not hinder the rotation of the turret tool post 7
but allows the extension and shortening of the sensor
distance to enable the direct measurement of the diam-
eter of a target workpiece.
�[0205] Further, workpiece dimensions other than di-
ameters may be measured using the sensor module
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120.For example, the bore diameter, that is, the diameter
of a hole made by boring, may be measured.
�[0206] Further, the driving source of the driving unit
124 may be a solenoid or an electric motor, instead of
the air cylinder.
�[0207] Further, the sensor 24 may be other than a
touch sensor; it may be a sensor that optically measures
the shape, position, and so on of workpieces. Further-
more, the sensor 24 may be a sensor that measures a
property value such as a temperature, instead of dimen-
sions.
�[0208] Moreover, a machine tool other than a turret
lathe can measure the dimensions of workpieces to be
machined, using the sensor module 120 of Embodiment
2.
�[0209] Although only some exemplary embodiments
of this invention have been described in detail above,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodi-
ments without materially departing from the novel teach-
ings and advantages of this invention. Accordingly, all
such modifications are intended to be included within the
scope of this invention.

INDUSTRIAL APPLICABILITY

�[0210] The machine tool according to the present in-
vention can be widely used as a machine tool, such as
a turret lathe and a machining center, having a turret
serving as a tool-�selection mechanism.
�[0211] Furthermore, the sensor module according to
the present invention can be widely used as a mechanism
for measuring dimensions of workpieces in a machine
tool having a turret serving as a tool-�selection mecha-
nism.

Claims

1. A machine tool for machining a workpiece held by a
spindle, said machine tool comprising: �

a turret tool post having tool holding faces;
a sensor for measuring dimensions of the work-
piece; and
a distance-�extending-�and- �shortening mecha-
nism mounted on one of said tool holding faces,
said distance-�extending-�and-�shortening mech-
anism holding said sensor and extending and
shortening a sensor distance which is a distance
between the one of said tool holding faces and
said sensor in a radial direction of said turret tool
post,

wherein, while the sensor distance is shortened, a
length of said distance-�extending-�and-�shortening
mechanism in the radial direction is such that said
distance- �extending-�and- �shortening mechanism and

said sensor do not interfere with another structural
element of said machine tool when said turret tool
post rotates.

2. The machine tool according to Claim 1,
wherein said distance-�extending-�and-�shortening
mechanism includes an arm which rotationally
moves, said distance-�extending-�and-�shortening
mechanism extending and shortening the sensor
distance through a rotational movement of said arm
with said sensor held on an end of said arm.

3. The machine tool according to Claim 1,
wherein said distance-�extending-�and-�shortening
mechanism includes a support strut which extends
and retracts in the radial direction, said distance-�ex-
tending-�and-�shortening mechanism extending and
shortening the sensor distance through extension
and retraction of said support strut with said sensor
held on an end of said support strut, the end being
on a side opposite to the one of said tool holding
faces.

4. The machine tool according to Claim 1,
wherein, while the sensor distance is extended, the
length of said distance-�extending-�and-�shortening
mechanism in the radial direction when a workpiece
with a maximum diameter that the spindle can hold
is held by the spindle is such that said sensor is po-
sitioned on a side opposite to said turret tool post
with the workpiece positioned in between, and
said sensor detects positions of both ends of a di-
ameter of the workpiece through a movement of said
turret tool post while the sensor distance is extended
by said distance- �extending- �and-�shortening mecha-
nism, the ends of the diameter being on a plane
which includes a rotation axis of said turret tool post
and a rotation axis of the spindle.

5. The machine tool according to Claim 4, further com-
prising
a control unit configured to: cause said distance-�ex-
tending-�and-�shortening mechanism to extend the
sensor distance; and move said turret tool post so
that a distance between said sensor and the work-
piece varies, when said turret tool post is at a rotation
position at which said sensor is on a side towards
the workpiece.

6. A sensor module mounted on one of tool holding
faces provided on a turret tool post of a machine tool,
said sensor module comprising: �

a sensor for measuring dimensions of a work-
piece; and
a distance-�extending-�and-�shortening mecha-
nism which holds said sensor, and extends and
shortens a sensor distance which is a distance
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between the one of the tool holding faces and
said sensor in a radial direction of the turret tool
post,

wherein, while the sensor distance is shortened, a
length of said distance-�extending-�and-�shortening
mechanism in the radial direction is such that said
distance- �extending-�and- �shortening mechanism and
said sensor do not interfere with another structural
element of the machine tool when the turret tool post
rotates.

7. The sensor module according to Claim 6,
wherein said distance-�extending-�and-�shortening
mechanism includes an arm which rotationally
moves, said distance-�extending-�and- �shortening
mechanism extending and shortening the sensor
distance through a rotational movement of said arm
with said sensor held on an end of said arm.

8. The sensor module according to Claim 6,
wherein said distance-�extending-�and-�shortening
mechanism includes a support strut which extends
and retracts in the radial direction, said distance-�ex-
tending- �and- �shortening mechanism extending and
shortening the sensor distance through extension
and retraction of said support strut with said sensor
held on an end of said support strut, the end being
on a side opposite to the one of the tool holding faces.

9. A method for measuring a diameter of a workpiece
using a sensor, said method being for use in a ma-
chine tool that machines, with a tool held by a turret
tool post, the workpiece held by a spindle,�
wherein said turret tool post has tool holding faces
on one of which a distance-�extending-�and- �shorten-
ing mechanism is mounted, the distance- �extending-
and-�shortening mechanism holding the sensor and
extending and shortening a sensor distance which
is a distance between the one of the tool holding
faces and the sensor in a radial direction of the turret
tool post, and
said method comprises: �

rotating the turret tool post so that the sensor is
positioned on a side towards the workpiece;
extending the sensor distance, performed by the
distance-�extending-�and-�shortening mecha-
nism;
measuring a position of a first end using the sen-
sor by moving the turret tool post while the sen-
sor distance is extended, the first end being clos-
er to the turret tool post than a second end is,
the first end and the second end being both ends
of the diameter of the workpiece and positioned
on a plane which includes a rotation axis of the
turret tool post and a rotation axis of the spindle;
and

measuring a position of the second end using
the sensor by moving the turret tool post while
the sensor distance is extended.

10. The method according to Claim 9,
wherein the distance-�extending-�and-�shortening
mechanism includes an arm which rotationally
moves and has an end by which the sensor is held,
and
in said extending, the sensor distance is extended
through a rotational movement of the arm.

11. The method according to Claim 9,
wherein the distance-�extending-�and-�shortening
mechanism includes a support strut which is exten-
sible, the support strut having an end by which the
sensor is held, the end being opposite to another
end on a side towards the one of the tool holding
faces, and
in said extending, the sensor distance is extended
through extension of the support strut.

12. A computer program recorded on a computer-�read-
able recording medium for controlling an operation
of a machine tool that machines a workpiece held
by a spindle,�
wherein the machine tool includes: �

a turret tool post having tool holding faces;
a sensor for measuring dimensions of the work-
piece; and
a distance-�extending-�and-�shortening mecha-
nism mounted on one of the tool holding faces,
the distance-�extending-�and-�shortening mecha-
nism holding the sensor and extending and
shortening a sensor distance which is a distance
between the one of the tool holding faces and
the sensor in a radial direction of the turret tool
post, and
said computer program causes a computer to
execute: �

rotating the turret tool post so that the sen-
sor is positioned on a side towards the work-
piece;
extending the sensor distance, performed
by the distance- �extending- �and-�shortening
mechanism;
measuring a position of a first end using the
sensor by moving the turret tool post while
the sensor distance is extended, the first
end being closer to the turret tool post than
a second end is, the first end and the second
end being both ends of the diameter of the
workpiece and positioned on a plane which
includes a rotation axis of the turret tool post
and a rotation axis of the spindle; and
measuring a position of the second end us-
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ing the sensor by moving the turret tool post
while the sensor distance extended.

Amended claims in accordance with Rule 137 �(2)
EPC.

1. A sensor module (20, 120) for use in a machine
tool (1, 100) comprising tool holding faces (10) pro-
vided on a turret tool post (7), said sensor module
(20, 120) comprising:�

a sensor (24) for measuring dimensions of a
workpiece, characterized in that, said sensor
module (20, 120) is mounted on one of the tool
holding faces (10) provided on the turret tool
post (7) of the machine tool (1, 100), and said
sensor module (20, 120) further comprising:�

a distance- �extending- �and- �shortening
mechanism (22, 122) which holds said sen-
sor (24), and extends and shortens a sensor
distance which is a distance between the
one of the tool holding faces and said sensor
(24) in a radial direction of the turret tool
post (7),
wherein, while the sensor distance is short-
ened, a length of said distance- �extending-
and- �shortening mechanism (22, 122) in the
radial direction is such that said distance-
extending- �and- �shortening mechanism (22,
122) and said sensor (24) do not interfere
with another structural element of the ma-
chine tool when the turret tool post (7) ro-
tates.

2. The sensor module according to claim 1,
wherein said distance-�extending-�and-�shortening
mechanism (22, 122) includes an arm which rota-
tionally moves, said distance-�extending-�and-�short-
ening mechanism (22, 122) extending and shorten-
ing the sensor distance through a rotational move-
ment of said arm with said sensor (24) held on an
end of said arm.

3. The sensor module according to claim 1,
wherein said distance-�extending-�and-�shortening
mechanism (22, 122) includes a support strut which
extends and retracts in the radial direction, said dis-
tance-�extending-�and- �shortening mechanism (22,
122) extending and shortening the sensor distance
through extension and retraction of said support strut
with said sensor (24) held on an end of said support
strut, the end being on a side opposite to the one of
the tool holding faces (10).

4. A machine tool (1, 100) for machining a workpiece
(12) held by a spindle (2), said machine tool (1, 100)

comprising: �

a turret tool post (7) having tool holding faces
(10), characterized in that, said machine tool
further comprises
a sensor module according to one of claims 1
to 3 mounted on one of said tool holding faces
(10).

5. The machine tool according to claim 4,
wherein, while the sensor distance is extended, the
length of said distance-�extending-�and-�shortening
mechanism (22, 122) in the radial direction when a
workpiece (12) with a maximum diameter that the
spindle (2) can hold is held by the spindle (2) is such
that said sensor (24) is positioned on a side opposite
to said turret tool post (7) with the workpiece (12)
positioned in between, and
said sensor (24) detects positions of both ends of a
diameter of the workpiece (12) through a movement
of said turret tool post (7) while the sensor distance
is extended by said distance-�extending-�and-�short-
ening mechanism (22, 122), the ends of the diameter
being on a plane which includes a rotation axis of
said turret tool post (7) and a rotation axis of the
spindle (2).

6. The machine tool according to claim 5, further
comprising
a control unit (41) configured to: cause said distance-
extending-�and-�shortening mechanism (22, 122) to
extend the sensor distance; and move said turret
tool post (7) so that a distance between said sensor
(24) and the workpiece (12) varies, when said turret
tool post (7) is at a rotation position at which said
sensor (24) is on a side towards the workpiece (12).

7. A method for measuring a diameter of a workpiece
(12) using a sensor (24), said method being for use
in a machine tool (1, 100) that machines, with a tool
held by a turret tool post (7), the workpiece (12) held
by a spindle (2), characterized in that, �
wherein said turret tool post (7) has tool holding faces
(10) on one of which a distance-�extending-�and-
shortening mechanism (22, 122) is mounted, the dis-
tance-�extending-�and-�shortening mechanism (22,
122) holding the sensor (24) and extending and
shortening a sensor distance which is a distance be-
tween the one of the tool holding faces (10) and the
sensor (24) in a radial direction of the turret tool post
(7), and
said method comprises:�

rotating the turret tool post (7) so that the sensor
(24) is positioned on a side towards the work-
piece (12);
extending the sensor distance, performed by the
distance-�extending-�and-�shortening mechanism
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(22, 122);
measuring a position of a first end using the sen-
sor (24) by moving the turret tool post (7) while
the sensor distance is extended, the first end
being closer to the turret tool post (7) than a sec-
ond end is, the first end and the second end
being both ends of the diameter of the workpiece
(12) and positioned on a plane which includes
a rotation axis of the turret tool post (7) and a
rotation axis of the spindle (2); and
measuring a position of the second end using
the sensor (24) by moving the turret tool post (7)
while the sensor distance is extended.

8. The method according to claim 7,
wherein the distance-�extending-�and- �shortening
mechanism (22, 122) includes an arm which rota-
tionally moves and has an end by which the sensor
(24) is held, and
in said extending, the sensor distance is extended
through a rotational movement of the arm.

9. The method according to claim 7,
wherein the distance-�extending-�and- �shortening
mechanism (22, 122) includes a support strut which
is extensible, the support strut having an end by
which the sensor (24) is held, the end being opposite
to another end on a side towards the one of the tool
holding faces (10), and
in said extending, the sensor distance is extended
through extension of the support strut.

10. A computer program recorded on a computer-
readable recording medium for controlling an oper-
ation of a machine tool (1, 100) that machines a work-
piece (12) held by a spindle (2), �
wherein the machine tool (1, 100) includes:�

a turret tool post (7) having tool holding faces
(10); and
a sensor (24) for measuring dimensions of the
workpiece (12) characterized in that, said ma-
chine tool further includes
a distance-�extending-�and- �shortening mecha-
nism (22, 122) mounted on one of the tool hold-
ing faces (10), the distance-�extending- �and-
shortening mechanism (22, 122) holding the
sensor (24) and extending and shortening a sen-
sor distance which is a distance between the
one of the tool holding faces (10) and the sensor
(24) in a radial direction of said turret tool post
(7), and
said computer program causes a computer to
execute: �

rotating the turret tool post (7) so that the
sensor (24) is positioned on a side towards
the workpiece (12);

extending the sensor distance, performed
by the distance- �extending- �and-�shortening
mechanism (22, 122);
measuring a position of a first end using the
sensor (24) by moving the turret tool post
(7) while the sensor distance is extended,
the first end being closer to the turret tool
post (7) than a second end is, the first end
and the second end being both ends of the
diameter of the workpiece (12) and posi-
tioned on a plane which includes a rotation
axis of the turret tool post (7) and a rotation
axis of the spindle (2); and
measuring a position of the second end us-
ing the sensor (24) by moving the turret tool
post (7) while the sensor distance is extend-
ed.
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