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Modeling and Measurement of Thermal Errors for
Machining Center using On-Machine Measurement System

Jae-Jong Lee* and Min-Yang Yang**

ABSTRACT

One of the major limitations of productivity and quality in metal cutting is the machining accuracy of machine tools.
The machining accuracy is affected by geometric errors, thermally-induced errors, and the deterioration of the machine
tools. Geometric and thermal errors of machine tools should be measured and compensated to manufacture high quality
products. 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 and a
designed spherical ball artifact (SBA). Experiments, performed with the developed measurement system, show that the
system provides a high measuring accuracy, with repeatability of +2pm in X, Y and Z directions.

It is believed that the developed measurement system can be also applied to the machine tools with CNC
controller. In addition, machining accuracy and product quality can be improved by using the developed measurement
system when the spherical ball artifact is mounted on the modular fixture.
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Fig. 2 Configuration of the star type probe
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Table 1 Specifications of the inspection system

Coi’:;;::l s Specifications
Machine Tools Horizontal Machining Center
Laser
Interferometer HPS528A

TempScan/1000
32 input channels
Temperature
Logger 8Mby.te memory
Pre-trigger / Post-trigger
RS-232C / IEEE488
MP7 (Ranishaw)
Optical type
Touch Probe MI7 Interface unit
Star type Stylus (L=50mm)
Leitz PMM (Brown & Sharpe)
CMM Ul(m) = 0.5 + L/700
U3(/m) = 0.8 + L/700
L Sphericity : 0.1ym ~ 0.4¢m
Spherical Ball Dl;ametery: 25.3998mm ~ 25.4mm
Artifact
Super Invar : a =1.2e-6
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