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Analysis of Temperature Rise and Thermal Deformation
of an Ultra-Precision Machine for Machining Large-Surface Micro-Features
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Fig. 1 Schematic diagram of an ultra-precision machine

Table 1 Specifications of the ultra-precision machine

Dimensions 1,300x1,200%1,200 mm (C-axis table $440)
Guideway Hydrostatic guideway
Motor Coreless linear motor with 550 mm stroke
X-axis Feedback Laser scale with 5 nm resolution
Accuracy 0.3 pm (straight), +0.1 pm (position / repeatability)
Feedrate Max. 120 m/min
Guideway Hydrostatic guideway
Motor Coreless linear motor with 550 mm stroke
Y-axis Feedback Laser scale with 1 nm resolution
Accuracy 0.3 pum (straight), +0.1 um (position / repeatability)
Feedrate Max. 120 m/min
Guideway Hydrostatic guideway
Motor Linear motor with 120 mm stroke
Z-axis Feedback Laser scale with 1 nm resolution
Accuracy 0.2 pm (straight), +0.1 um (position / repeatability)
Feedrate Max. 120 m/min
Bearing Hydrostatic bearing
C-axis Motor Brushless 'DC Servo mot.or
Feedback Encoder with £2” resolution
Speed Max. 1,000 rpm
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Fig. 2 Temperature rise of the ultra-precision machine
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Fig. 3 Heat flux of the ultra-precision machine
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Fig. 4 Thermal deformation of the ultra-precision machine
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Fig. 5 Thermal displacement of the tool post due to table movement
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Fig. 6 Thermal displacement of the C-axis table due to table movement

Table 2 Max.displacement errors of the ultra-precision machine

X-axis movement|Y-axis movement|Z-axis movement
Tool X—ax_is 3.442 um 0.013 um 0.043 pm
post Y-aXl_s 0.198 um 0.250 um 0.022 pm
Z-axis 0.147 ym 0.911 um 0.060 um
Coaxis | XaXis 0.008 um 0.018 ym 0.001 pm
table | Y-axis 0.027 pm 0.514 um 0.004 pm
Z-axis 0.024 pm 0.056 um 0.003 pm
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