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Characteristics Analysis of Thermal Deformation for Machine Tools
with respect to Operating Conditions
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Abstract

In metal cutting, the machining accuracy is more affected by thermal errors than by geometric errors. This
paper models of the thermal errors for error analysis and develops on-the-machine measurement system by
which the volumetric error are measured and compensated. The thermal error is modeled by means of
angularity errors of a column and thermal drift error of the spindle unit which are measured by the touch
probe unit with a star type styluses, a designed spherical ball artifact, and five gap sensors. In order to analyze
the thermal characteristics under several operating conditions, experiments performed with the touch probe
unit and five gap sensors on the vertical and horizontal machining centers.
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Fig. 1 Set-up the gap sensor and Invar test bar
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Fig.2 Experimantal codition 1
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Fig.3 Experimantal codition 2
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Fig.4 Trends of temperature under experimantal codition
1 on the vertical and horizontal machining center
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Fig.5 Trends of temperature under experimantal codition
2 on the horizontal machining center



PIG.02002(Invar-Gapsensor)
T .
- R T 2. -
o “.‘{:th:“.' “l,::,-«":;x!“‘-.-‘“n - )Y(:
.vs"\-,.’,"""‘ —— %2
20+ . -*y2
——z
-0
60
80
-100
T T T Tt

Divpiscementurm]

0 & 10 10 200 0
Spindie Rotating Time [Min]

PIN.O2205(Gep senmor-irvar, 08.24. 07:00-18.00)
40

asssssttietaatting | s, —o— X1
.

B T e

et ., L

T T T
3 4 5 8 7T B 9 W0 11 12
Spindie Rotating Time{Hour]

Fig.6 Trends of thermal error under
experimantal codition 1 and 2
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Fig.7 Spindle slope by means of the thermal errors
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Fig.8 Estimated results for thermal errors in Z axes by
neural network model



