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Abstract: To simplify the identification process of PIGEs in the rotary axes of five-axis machine tools
and to minimize the introduction of installation errors, this paper proposes a single-axis controlled measure-
ment method based on a double ball bar (DBB). The method enables rapid identification of all eight PIGEs
for a rotary axis using only two installation configurations, thereby reducing accuracy loss caused by re-
peated DBB setups and improving both efficiency and precision. A kinematic model based on screw theory
is developed to establish the PIGE error model and the DBB displacement relationship. The influence of in-
dividual PIGEs on the DBB trajectory is analyzed through simulation, which validates the effectiveness of
the proposed identification method. The effect of installation errors on experimental results is quantitatively
investigated , and all eight PIGEs are successfully identified. Comparative compensation experiments dem-
onstrate an 87.38% improvement in overall positioning accuracy. The proposed DBB-based method not
only streamlines the identification procedure but also achieves high accuracy.

Key words: five-axis machine tool; rotary axes; ballbar; screw theory; position-independent geomet-
ric errors (PIGEs)
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Fig.1 Schematic diagram of five-axis machine tool

structure and coordinate system establishment
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