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(57) ABSTRACT 

A measuring machine having a base (10), a touch signal 
probe (P), a moving mechanism (20) for retaining the touch 
signal probe (P) movably in three-dimensional directions, 
and a controller (60) for controlling a movement of the 
moving mechanism (20) and for acquiring coordinates value 
of respective aXes based on a contact signal from the touch 
signal probe (P) to measure a dimension etc. of a workpiece 
based on the coordinates value is provided. Main structural 
members structuring the moving mechanism (20), more 
speci?cally, a column (21), a supporter (22), a X-beam (23), 
a Z-aXis structure (25) and a Z-aXis spindle (26) are made of 
aluminum or aluminum alloy including aluminum as main 
component, Which has large thermal conductivity, thereby 
making temperature distribution uniform to improve geo 
metrical accuracy. 
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MEASURING MACHINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a measuring 
machine such as a three-dimensional measuring machine 
and coordinates measuring machine. More speci?cally, it 
relates to a measuring machine having a base, a probe and 
a moving mechanism for relatively moving the base and the 
probe, in Which accuracy With respect to temperature change 
is guaranteed, and furthermore, a accuracy-guaranteed tem 
perature range can be extended. 

[0003] 2. Description of Related Art 

[0004] Conventionally, a measuring machine such as 
three-dimensional measuring machine and coordinates mea 
suring machine has been knoWn for measuring pro?le and 
dimension of a Workpiece. Generally, such measuring 
machine has a base, a probe, a moving mechanism for 
moving the probe relative to the base in three-dimensional 
directions (X, Y and Z-axis directions), and a controller for; 
controlling the movement of the moving mechanism; for 
acquiring coordinate value of respective axes When the 
probe contacts the Workpiece and; for measuring the dimen 
sion of the Workpiece based on the coordinate values. 

[0005] Usually, main structural members such as the base 
and the moving mechanism of this type of measuring 
machine are made of materials having rigidity required for 
the respective components. 

[0006] For instance, the base is made of stone, ceramics 
and castings and has a covering member for covering the 
circumference thereof. Both leg portions of a portal frame of 
the moving mechanism is made of castings, and beam 
spanning betWeen upper ends of the legs is made of ceram 
ics, the combination of the parts constituting the moving 
mechanism. 

[0007] HoWever, since the conventional measuring 
machine uses different material having rigidity required for 
respective portions, geometrical accuracy in temperature 
change is deteriorated. 

[0008] The deterioration in the geometrical accuracy is 
thought to be caused by folloWing reasons: 

[0009] (1) Deterioration in geometrical accuracy accord 
ing to difference in temperature distribution inside the 
machine 

[0010] Since the conventional measuring machine uses 
different material having rigidity required for respective 
portions, thermal conductivity differs in respective portions, 
thereby making the temperature distribution inside the 
machine uneven to deteriorate geometrical accuracy. 

[0011] (2) Deterioration in geometrical accuracy by 
attaching difference members 

[0012] Since members having different thermal expansion 
coef?cient are directly attached in respective portions of the 
conventional measuring machine, the expansion amount of 
respective members differ When the temperature changes, 
thereby causing the deterioration of the geometrical accu 
racy. 
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[0013] Some of the three-dimensional measuring 
machines have temperature correcting function, Which try to 
expand the range of temperature in Which the accuracy is 
guaranteed. 

[0014] HoWever, the temperature correcting function can 
not effectively performed as long as the aforesaid problem 
(deterioration of geometrical accuracy in temperature 
change) is not solved. 

SUMMARY OF THE INVENTION 

[0015] The object of the present invention is to provide a 
measuring machine for guaranteeing the geometrical accu 
racy in temperature change, thereby guaranteeing the accu 
racy in temperature accuracy and extending the range of 
temperature in Which the accuracy is guaranteed. 

[0016] A measuring machine according to the present 
invention has a base, a probe and a moving mechanism for 
relatively moving the base and the probe. The measuring 
machine is characteriZed in that a main structural member of 
the moving mechanism is made of aluminum or aluminum 
alloy including aluminum as main component. 

[0017] According to the above arrangement, since the 
main structural member of the moving mechanism is made 
of aluminum or aluminum alloy including aluminum as 
main component, Which have large thermal conductivity, 
temperature tracking ability against the temperature change 
can be improved, thereby making uniform temperature dis 
tribution of the entire machine. 

[0018] For instance, When the moving mechanism is made 
of a portal frame, a slider and a Z-axis spindle, the portal 
frame, the slider and the Z-axis spindle may be made of 
aluminum or aluminum alloy including aluminum as main 
component to make temperature distribution of the main 
structural member of the moving mechanism to be uniform. 

[0019] Accordingly, since the deterioration in geometrical 
accuracy in accordance With the temperature change can be 
restrained, the accuracy can be guaranteed irrespective of the 
temperature change and the accuracy-guaranteed tempera 
ture range can be extended. 

[0020] In the above, the moving mechanism preferably 
has ?rst moving mechanism for linearly moving the probe, 
second moving mechanism for moving the probe in a 
direction orthogonal With the moving direction of the ?rst 
moving mechanism, and third moving mechanism for mov 
ing the probe in a direction orthogonal With the moving 
direction of the ?rst moving mechanism and the second 
moving mechanism. 

[0021] Accordingly, the probe can be moved in three 
dimensional directions, thereby highly accurately measuring 
three-dimensional dimension of the Workpiece. 

[0022] Further, at least one of the ?rst, the second and the 
third moving mechanism preferably has a guide member 
?xed along the moving direction thereof, a slider movably 
provided to the guide member, a feed screW axis disposed to 
the guide member along the moving direction of the slider 
and having both ends being ?xed to the guide member, and 
a nut member screWed to the feed screW axis for moving the 
slider in a longitudinal direction of the feed screW axis by a 
rotation of the feed screW axis, the guide member being 
formed of aluminum or aluminum alloy having aluminum as 
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main component, and the feed screw axis being formed of 
steel and having an end portion supported to be slidable in 
an axial direction thereof. 

[0023] According to the above arrangement, since the feed 
screW axis can be slid in the axial direction thereof even 
When the guide member and the feed screW causes difference 
in expansion amount in accordance With the temperature 
change, the disadvantage caused by the difference of the 
thermal expansion rate of the guide member and the feed 
screW axis can be eliminated. 

[0024] Further, since the guide member is formed of 
aluminum or aluminum alloy having aluminum as main 
component, the temperature distribution of the main struc 
tural member of the moving mechanism can be made 
uniform. On the other hand, since the feed screW axis is 
formed of steel having large rigidity, the slide accuracy of 
the slider can be secured. 

[0025] When a member attached to the main structural 
member of the moving mechanism is made of a material 
other than aluminum or aluminum alloy having aluminum as 
main component, an elastic member is preferably inserted to 
the attachment portion of the main structural member and 
the member attached thereto. 

[0026] Accordingly, even When the main structural mem 
ber and the member attached thereto cause difference in 
expansion amount in accordance With the temperature 
change, the difference can be absorbed by the elastic defor 
mation of the elastic member, thereby solving the disadvan 
tage caused by the difference in thermal expansion rate 
betWeen the main structural member and the member 
attached thereto. 

[0027] Further, When the member attached to the main 
structural member of the moving mechanism is made of a 
material other than aluminum and aluminum alloy including 
aluminum as main component, the member attached to the 
main structural member of the moving mechanism prefer 
ably has an easily elastically deforming portion. 

[0028] Also in the above, even When the main structural 
member and the member attached thereto cause difference in 
expansion amount in accordance With the temperature 
change, the difference can also be absorbed by the elastic 
deformation of the elastic member, thereby solving the 
disadvantage caused by the difference in thermal expansion 
rate betWeen the main structural member and the member 
attached thereto. 

[0029] Another measuring machine according to the 
present invention has a base, a probe and a moving mecha 
nism for relatively moving the base and the probe, the base 
having a cover for covering the periphery thereof and a fan 
for circulating air to an inside and an outside of the cover. 

[0030] Accordingly, since the temperature distribution 
inside the cover for covering the base can be made uniform 
by the fan, the geometrical accuracy in temperature change 
can be guaranteed. 

[0031] Still another measuring machine according to the 
present invention has a base, a probe, a moving mechanism 
for moving the probe relative to the base, and a controller for 
controlling the movement of the moving mechanism. The 
measuring machine is characteriZed in having a thermal 
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insulating cover for covering the controller and a fan for 
discharging Waste heat from the controller to an outside 
thereof. 

[0032] According to the above, since the heat from the 
controller can be discharged to the outside by the fan, the 
bad in?uence by the heat can be restrained to the utmost, 
thereby also guaranteeing geometrical accuracy in tempera 
ture change. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a perspective vieW shoWing a three 
dimensional measuring machine according to an embodi 
ment of the present invention; 

[0034] FIG. 2 is an illustration of a driving system of an 
Y-axis moving mechanism according to the aforesaid 
embodiment; 

[0035] FIG. 3 is a cross section shoWing a support mecha 
nism for supporting an end of a ball screW axis of the driving 
system of the Y-axis moving mechanism shoWn in FIG. 2; 

[0036] FIG. 4 is a cross section shoWing another example 
of the support mechanism for supporting an end of the ball 
screW axis shoWn in FIG. 2; 

[0037] FIG. 5 is a perspective vieW shoWing a part of the 
moving mechanism in the aforesaid embodiment; 

[0038] FIG. 6 is a perspective vieW shoWing inner struc 
ture of FIG. 5; 

[0039] 
[0040] FIG. 8 is an illustration shoWing another example 
of FIG. 6; 

[0041] FIG. 9 is a cross section of a base in the aforesaid 

embodiment; 

FIG. 7 is a partial cross section of FIG. 6; 

[0042] FIG. 10 is perspective vieW shoWing a leg cover 
shoWn in FIG. 9; 

[0043] FIG. 11 is a perspective vieW shoWing a controller 
according to the aforesaid embodiment; and 

[0044] FIG. 12 is an exploded perspective vieW shoWing 
the controller according to the aforesaid embodiment. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENT(S) 
[0045] An embodiment in Which a measuring machine 
according to the present invention is applied to a three 
dimensional measuring machine Will be described beloW. 

General Arrangement 

[0046] As shoWn in FIG. 1, the three-dimensional mea 
suring machine according to the present invention has a base 
10, a touch signal probe P as a probe, a moving mechanism 
20 for moving the touch signal probe P in three-dimensional 
directions (X, Y and Z-axis directions) relative to the base 
10, and a controller 60 for controlling the movement of the 
moving mechanism 20 and for acquiring coordinates values 
of respective axes (X, Y and Z-axis) When the touch signal 
probe P contacts a Workpiece to measure a dimension etc. of 
the Workpiece based on the coordinates values. 
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[0047] The moving mechanism 20 has a column 21 and a 
supporter 22 disposed on both sides of the base 10 movably 
in back and forWard direction (Y-axis direction), a X-beam 
23 spanning over upper ends of the column 21 and the 
supporter 22, a slider 24 disposed along the X-beam 23 
movably in right and left directions (X axis direction), and 
a Z-axis spindle 26 elevatably disposed on the slider 24 
through a Z-axis structure 25. 

[0048] The column 21, the supporter 22 and the X-beam 
23 constitutes a Y-axis moving mechanism as ?rst axis 
moving mechanism for moving the touch signal probe P in 
Y-axis direction, the slider 24 constitutes a X axis moving 
mechanism as second axis moving mechanism for moving 
the touch signal probe P in X-axis direction orthogonal With 
the Y-axis direction, and the Z-axis structure 25 and the 
Z-axis spindle 26 constitutes a Z-axis moving mechanism as 
third moving mechanism for moving the touch signal probe 
P in Z-axis direction orthogonal With the Y-axis and the 
X-axis directions. 

[0049] [Measure against Temperature in X, Y and Z-axis 
moving mechanism] 
[0050] In the present embodiment, the main structural 
material of the X, Y and Z axis moving mechanism consti 
tuting the moving mechanism 20 is made of aluminum or 
aluminum alloy having aluminum as main component, 
Which has large thermal conductivity. More speci?cally, the 
column 21, the supporter 22 and the X-beam 23 constituting 
the Y-axis moving mechanism, the slider 24 constituting the 
X-axis moving mechanism, and the Z-axis structure 25 and 
the Z-axis spindle 26 constituting the Z-axis moving mecha 
nism is made of aluminum or aluminum alloy having 
aluminum as main component, Which have large thermal 
conductivity. 

[0051] Accordingly, since the material of the main struc 
ture constituting the moving mechanism is made of alumi 
num or aluminum alloy having aluminum as main compo 
nent, the temperature tracking ability against the 
temperature change can be improved, and consequently, the 
temperature distribution can be made uniform. Therefore, 
the geometrical accuracy in accordance With temperature 
change can be prevented from deterioration. Incidentally, the 
member made of aluminum or aluminum alloy having 
aluminum as main component, is not limited to the aforesaid 
speci?c structural member. It is preferable that all of the 
structural member except for portions required to be made of 
material other than aluminum or aluminum alloy having 
aluminum as main component should be made of the same 
material (aluminum or aluminum alloy having aluminum as 
main component). 

[0052] Further, the present embodiment has a displace 
ment sensor (composed of a scale and detector) for detecting 
the movement position (coordinates value) of respective axis 
moving mechanism, and a scale attachment plate (member 
for ?xing the scale) for ?xing the scale to main structural 
material of respective axes is made of the same material 
(aluminum or aluminum alloy having aluminum as main 
component). For instance, as shoWn in FIG. 1, the displace 
ment sensor for detecting the coordinate position in X-axis 
direction has the X-beam 23 and a scale attachment plate 27 
(a member for ?xing a scale 28) Which are made of the same 
material (aluminum or aluminum alloy having aluminum as 
main component). 
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[0053] [Measure against Temperature in Driving System 
of X, Y and Z-axis Moving Mechanism] 

[0054] The X, Y and Z-axis moving mechanism has a 
driving system for moving respective movable members. 
For instance, as shoWn in FIG. 2, the Y-axis moving 
mechanism has a guide member 31 ?xed along a moving 
direction thereof (Y-axis direction), a slider 32 movably 
disposed to the guide member 31, a ball screW axis 35 as a 
feed screW axis disposed on the guide member 31 along the 
moving direction of the slider 32 and having both ends being 
retained by the guide member 31 through the bearing 33 and 
34, a driving source 36 for rotating the ball screW axis 35, 
and a driving system 38 screWed to the ball screW axis 35, 
?xed to the slider 32 and composed of a nut member 37 for 
moving the slider 32 in a longitudinal direction of the feed 
screW axis 35 While moving by the rotation of the ball screW 
axis 35. 

[0055] The guide member 31 is made of aluminum or 
aluminum alloy having aluminum as main component, 
Which has large thermal conductivity. The ball screW axis 35 
is formed of steel having high rigidity. In other Words, the 
guide member 31 and the ball screW axis 35 are made of 
material having different thermal expansion rate. When 
materials having different thermal expansion rate are mutu 
ally attached, since expansion amount of the material in 
accordance With temperature change differ, there is a prob 
lem of ?exure caused on either one of the members. 

[0056] Accordingly, an end of the ball screW axis 35 is 
supported by a the guide member 31 through the bearing 33 
and the other end of the ball screW axis 35 is supported by 
the guide member 31 through the thrust bearing 34 for 
slidably retaining the other end of the ball screW axis 35 in 
axial direction. In other Words, as shoWn in FIG. 3, the other 
end of the ball screW axis 35 is supported by the guide 
member 31 rotatably and slidably in the axial direction by 
the thrust bearing 34, in Which a plurality of ball 34B is 
rotatably buried on inner Wall of a cylindrical retainer 34A. 

[0057] According to the above arrangement, even When 
the expansion amount of the ball screW axis 35 and the guide 
member 31 differ on account of temperature change, since 
the ball screW axis 35 slides in the axial direction thereof, the 
problem of ?exure is not caused to any one of the members. 

[0058] In the above, similar effect can be expected accord 
ing to another arrangement shoWn in FIG. 4, in Which a ball 
bearing 41 is ?tted to an end of the ball screW axis 35 and 
the ball bearing 41 is ?tted to a hole 43 formed on a bearing 
support 42 in “loose ?t”. More speci?cally, the ball bearing 
41 is ?tted to the hole 43 With a slight gap (e.g. clearance of 
approximately 5 pm) betWeen outer circumference of the 
ball bearing 41 and inner circumference of the hole 43 of the 
bearing support 42. 

[0059] [Measure against Z-axis Moving Mechanism] 
[0060] As shoWn in FIG. 5, the Z-axis moving mechanism 
has a Z-cover 51A and 51B for covering the Z-axis structure 
25, Which are ?xed to the Z-axis structure 25 by a bolt 52. 
More speci?cally, as shoWn in FIG. 6, brackets 53 and 54 
are ?xed on upper and loWer portion of the Z-axis structure 
25, tWo cover attachment plates 55 are oppositely ?xed 
betWeen the upper and the loWer brackets 53 and 54, and the 
Z-covers 51A and 51B are ?xed by the bolt 52 to the tWo 
cover attachment plates 55. In other Words, the cover 
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attachment plate 55 is attached to the Z-axis structure 25 as 
the main structural member of the Z-axis moving mecha 
nism through the brackets 53 and 54. 

[0061] The Z-axis structure 25 as the main structural 
member of the Z-axis moving mechanism is made of alu 
minum or aluminum alloy having aluminum as main com 
ponent, Which have large thermal conductivity and the cover 
attachment plate 55 attached to the Z-axis structure 25 
through the brackets 53 and 54 is made of material other 
than aluminum or aluminum alloy having aluminum as main 
component. In this case, since the materials having different 
thermal expansion rate are mutually attached, there is also a 
problem of ?exure caused to either one of the members in 
accordance With temperature change. 

[0062] Accordingly, as shoWn in FIG. 7, an elastic mem 
ber 56 such as rubber is disposed to attachment portion of 
the Z-axis structure 25 and the cover attachment plate 55, 
more speci?cally attachment portion of the brackets 53 and 
54 attached to the Z-axis structure 25 and the cover attach 
ment plate 55. 

[0063] Speci?cally, a hole 57 is formed on the bracket 53 
(54) attached to the Z-axis structure 25 and a distal large 
diameter portion 56A of the elastic member 56 is retained in 
the hole 57. On the other end of the elastic member 56, a 
large diameter portion 56B and a small diameter portion 56C 
are formed. After ?tting the small diameter portion 56C to 
a hole 58 formed on the cover attachment plate 55 With the 
large diameter portion 56B sandWiched therebetWeen, the 
bracket 53 attached to the Z-axis structure 25 and the cover 
attachment plate 55 are ?xed With the elastic member 56 
sandWiched therebetWeen by screWing a bolt 59 to the 
elastic member 56 from a side of the cover attachment plate 
55. 

[0064] According to the above arrangement, even When 
the expansion amount of the Z-axis structure 25 and the 
expansion amount of the cover attachment plate 55 cause 
difference on account of temperature change, since the 
difference can be absorbed by the elastic deformation of the 
elastic member 56, the problem of ?exure caused to either 
one of the members can be solved. 

[0065] In the above, similar effect can be obtained by 
forming an arm portion 55A of the cover attachment plate 55 
to facilitate the elastic deformation, as shoWn in FIG. 8. In 
other Words, loW-rigidity portion (a portion easy to be 
elastically deformed) may be formed to a part of the member 
attached to the main structural member to facilitate elastic 
deformation to obtain the similar effect. Speci?cally, the 
thickness to be elastically deformed may be locally 
decreased, or small holes may be linearly arranged. 

[0066] [Measure against Temperature on Base] 

[0067] As shoWn in FIG. 9, the base 10 has a leg 11 having 
a table 11A on an upper surface thereof (see FIG. 1) and a 
leg cover 12 covering periphery of the leg 11. 

[0068] As shoWn in FIG. 10, the leg cover 12 is formed in 
rectangular frame con?guration by plural cover members 
12A to 12H. More speci?cally, the leg cover 12 is made of 
a front cover member 12A, a right front cover member 12B, 
a left front cover member 12C, a right side cover member 
12D, a left side cover member 12D, a left side cover member 
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12E, a right rear cover member 12F, a left rear cover member 
12G and a rear cover member 12H. 

[0069] The front cover member 12A and the rear cover 
member 12H of the cover members 12A to 12H are formed 
of punching metal (perforated metal). Further, an accom 
modating portion 13 for accommodating the controller 60 is 
formed on a side thereof and surrounding Wall of the 
covering members has a plurality of fan 14A to 14G respec 
tively provided at a predetermined interval. 

[0070] Accordingly, When the fans 14A to 14G are actu 
ated, the air is inhaled from the holes of the front cover 
member 12A and the rear cover member 12H into the leg 
cover 12 and is exhausted to the outside of the leg cover 12 
through the fans 14A to 14G, thereby making the tempera 
ture distribution uniform inside the base. Accordingly, the 
geometrical accuracy in accordance With the temperature 
change can be guaranteed. 

[0071] [Measure against Temperature of Controller] 
[0072] As shoWn in FIG. 11 and 12, the controller 60 is 
accommodated in a rack 62 having a caster 61. An outside 
of the rack 62 is covered by a thermal insulating cover 63. 
The thermal insulating cover 63 has a main cover 64 
covering all sides of the rack 62 except for a front and 
bottom side thereof, and an auxiliary cover 65 covering the 
front side of the rack 62. A fan 66 for discharging the heat 
inside the cover 63 is provided on a side of the thermal 
insulating cover 63. 

[0073] Accordingly, since the heat from the controller 60 
is blocked by the thermal insulating cover 63 and is dis 
charged to the outside by the fan 66, bad in?uence by the 
heat can be restrained to the utmost, thereby guaranteeing 
the geometrical accuracy during the temperature change. 

[0074] Though a three-dimensional measuring machine is 
described in the aforesaid embodiment, the present inven 
tion can be applied to the other measuring instrument such 
as tWo-dimensional measuring machine as long as the touch 
signal probe P is movable relative to the base 10. Superior 
effect can be obtained by applying the present invention if 
mechanical change is caused by the temperature change. 

[0075] As the probe for the three-dimensional measuring 
machine, the touch signal probe P is not only to be used but 
a non-contact type probe may also be used. 

What is claimed is: 
1. A measuring machine having a base, a probe and a 

moving mechanism for relatively moving the base and the 
probe, Wherein a main structural member of the moving 
mechanism is made of aluminum or aluminum alloy includ 
ing aluminum as main component. 

2. The measuring machine according to claim 1, the 
moving mechanism comprising ?rst moving mechanism for 
linearly moving the probe, second moving mechanism for 
moving the probe in a direction orthogonal With the moving 
direction of the ?rst moving mechanism, and third moving 
mechanism for moving the probe in a direction orthogonal 
With the moving direction of the ?rst moving mechanism 
and the second moving mechanism. 

3. The measuring machine according to claim 2, Wherein 
at least one of the ?rst, the second and the third moving 
mechanism has a guide member ?xed along the moving 
direction thereof, a slider movably provided to the guide 
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member, a feed screw axis disposed on the guide member 
along the moving direction of the slider and having both 
ends being ?xed to the guide member, and a nut member 
screWed to the feed screW axis for moving the slider in a 
longitudinal direction of the feed screW axis by a rotation of 
the feed screW axis, 

the guide member being formed of aluminum or alumi 
num alloy having aluminum as main component, and 

the feed screW axis being formed of steel and having an 
end portion supported to be slidable in an axial direc 
tion thereof. 

4. The measuring machine according to claim 1, Wherein 
a member attached to the main structural member of the 
moving mechanism is made of a material other than alumi 
num or aluminum alloy having aluminum as main compo 
nent; and 

Wherein an elastic member is inserted to the attachment 
portion of the main structural member and the member 
attached thereto. 
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5. The measuring machine according to claim 1, Wherein 
a member attached to the main structural member of the 
moving mechanism is made of a material other than alumi 
num and aluminum alloy including aluminum as main 
component, the member having an easily elastically deform 
ing portion. 

6. A measuring machine having a base, a probe and a 
moving mechanism for relatively moving the base and the 
probe, the base having a cover for covering the periphery 
thereof and a fan for circulating air to an inside and an 
outside of the cover. 

7. Ameasuring machine having a base, a probe, a moving 
mechanism for moving the probe relative to the base, and a 
controller for controlling the movement of the moving 
mechanism, comprising; 

a thermal insulating cover for covering the controller and 
a fan for discharging Waste heat from the controller to 
an outside of thereof. 


