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High-Efficient Evaluation Method of the Thermal Deviation Characteristic of Machining Center
by All Axes Motions
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In order to answer the needs for high accuracy and efficiency of machine tools in recent years, thermal deformation
has become an important issue. Therefore many studies for suppressing, estimating and compensating the thermal
deformation have been carried out. Moreover, the establishment of accurate and efficient measurement and evaluation
method of the thermal deformation is also strongly demanded. In the present study, the method to evaluate
independently and efficiently the thermal displacement characteristics due to the linear motion of each axis was
considered for machining centers. As a result, we have concluded as followed. (1) We could propose All Axis Motion
Test (AAMT) method that can evaluate independently and simultaneously the thermal displacement characteristics due
to the movement of the each linear axis. (2) AAMT method can be said to be valid, since the experimental results based
on this method agrees well with the test result from the single axis motion test. (3) Significantly high efficiency of the
measurement and evaluation of thermal displacement of the machining centers is possible by AAMT method

Key Words : Thermal Deformation, Machining Center, Machine Tool, Linear Motion, Measurement and Evaluation
Method
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Fig.1 Measurement system of thermal deformation
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Fig.2 Sensor fixture
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Fig.3 Flow of All Axis Motion Test
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Fig.4 The method to eliminate the thermal deviation
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Fig.5 Concept of physical model for thermal deviation
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Fig.6 Thermal deviation caused by All Axis Motion Test
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Fig.7 Estimated and experimental deviation caused by X-axis motion
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Fig.8 Estimated and experimental deviation caused by Z-axis motion

— 85 — ©2013 The Japan Society of Mechanical Engineers



EENEENC LD~ =0 Tk o X OBERLRRIE O SR RN E 4611

ZIT, BERICSDOERTOLERIZONT, RETLTHS. K9a), (b), @FThzh, Yl
MIEITDH X, Y, ZEFROBIEAREME, HFHEERR O R L R L ORLIZE D Th D, FH YXZ
OAHEBRRER, AR HEEE B OBEMHEME R LT A, Y Bl 7 WX ellEE R I C SV T H
HRETRBRICAHY L TRY, W& —%T 2135 THHA, WEITE, Bum OENHTEY, iR Liz%s
FREEEDZEMN I D Z L3 yhnD . T, SEEEERE & HEnEEiL, B3 mpIciT-oTlY, 2To
ARPRENE R LTI o 72 Z ERFAEL T D b0 L lbis. LEER->T, 2oL 5 R EEEICA
AU, Jeloor U 2ilEEhainic & 2 #EE & EigEEERIC X 2HEM L 0z, RO E B 2 b,
I TCRRELIHEEITIZLAR LD L FE X 5.

30 T 30
——L(All axis)
20 ——R(All axis) 20
E i . £
=1 1 |\ |- L(Single axis) =
> 0 7] - R(Single axis) > 10 — T
] o o e e
_§ 0 f=—= s 0 :;iﬁggﬂ(/ — L(All axis)
= k] C(All axis)
5_1 0 5_10 — R(All axis)
-0+ r  r r | | | = L(Single axis)
-20 C(Single axis) ]
-30 -30 === R(Single axis)
0 60 120 180 240 300 0 60 120 180 240 300
Time t min Time t min
(@) Thermal deviation of X axis direction (b) Thermal deviation of Y axis direction
30
20
€
:- 10 —
'g 0 i — L(All axis)
2 C(All axis)
.g -10 —R(All axis)
e [ e R B L(Single axis)
-20 C(Single axis)
----- R(Single axis)
-30 .
0 60 120 180 240 300
Time t min

(c) Thermal deviation of Z axis direction

Fig.9 Experimental deviation caused by Y-axis motion
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