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Abstract Rotary axis is considered as the basis for rotational motion. It is a key component in precision measuring,
machining and controlling equipments, and it plays a crucial role in high-end manufacturing, aerospace, and optical
analysis fields. Each rotary axis has six degree-of-freedom translational and rotational errors. To improve the
equipment accuracy, one of the commonly applied solutions is to measure the six degree-of-freedom errors and then
to establish the error compensation model to compensate these errors. The progress in methods to measure the
multi-degree-of-freedom motion errors in a rotary axis based on laser is reviewed, the principle, pros and cons of
these methods are analyzed, and the trend in the field is discussed as well.
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Fig. 1 Diagram of angular positioning error measurement based on autocollimator and polygon mirror
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Fig. 2 Diagram of angular positioning error measurement based on double corner cubes
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Fig. 3 Diagram of angular positioning error measurement based on Kretchmann's configuration
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Fig. 4 Diagram of angular positioning error measurement based on square prism
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Fig. 6 Diagram of angular positioning error measurement method based on reflective diffraction grating
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Table 1 Comparison of various muti-DOF error measurement methods

Accuracy of displacement Accuracy of rotation
Method error /pm error /(") Pros Cons
J, o J. €, e, €.
) o Short measurement range,
} High efficiency,
Collimator 0.5 0.5 0.5 0.4 0.4 0.4 error crosstalk,

low cost
complex structure

i High precision, -
Laser interferometry 0.1 0.1 0.1 0.2 0.2 0.2 ) Low efficiency
direct measurement

. . . error crosstalk,
Grating diffraction 1.2 - - 2.0 2.0 1.5 Low cost

complex structure

Low precision,

Laser tracker 3.0 3.3 22.0 2.5 1. 1.3 convenient installation
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Fig. 12 Multi-DOF error measurement method based on laser tracker
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