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Online measurement and compensation of six-degree-of-freedom errors

for Z-axis of micro-nano CMMs
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and Opto-electronics Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: There is a lack of a universal and readily integrable online measurement and compensation scheme for six-
degree-of-freedom (6-DOF) errors along the Z-axis of micro-nano coordinate measuring machines (CMMs). To address this
challenge, this study introduces a synchronous measurement method for the axis of micro Z-axis linear and angular errors
based on laser interferometry and autocollimation principles, and establishes a spatial error compensation model under Z-
axis 6-DOF influence based on the Abbe principle and the Bryan principle. An in-situ and on-line Z-axis 6-DOF error
measurement system based on the measurement method was developed and applied to a micro-nano CMM. Measurements
were performed along the Z-axis on a grade 0 gauge block with a nominal thickness of 8 mm using the CMM. The results
show that the measurement standard deviation and indication error are reduced by 54.6% and 54.3%, respectively, after
compensation. This method, compensation model and the system provide a reliable solution for improving the measure-
ment and machining accuracy of coordinate measuring machine(CMM) and other precision equipment.
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1.2 iWE A AR DL I F0 7 3 BRI

R i e P 00 £ v A BT DL S0, A 5 T e
B RS AR DURF (L) 4nf&l 2 fir
N, FEIRIEA 0, 5B DU LIRS Eae 5 A
A ABT DL R2E NS, = L, - tanf, =~ L, - 0,



<162 - HE. MiXSK#

20265 46 % % 1

‘_ 0{\: = Lil .tarlgil = Lil ’ H{I

I .,5_;_ e
(BT L R) VT
4 ' IMJ\E(L)
-0 ket PR

FH
K2 oA I e P A B DR 2%

Fig.2  Abbe error in displacement measurement
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Fig.3 Bryan error in the straightness error measurement
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Fig.6 Measurement principle diagram of angular errors
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