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Abstract: To resolve the conflict between large-stroke motion and high-precision measurement, a novel
cross-scale micro - nano coordinate measuring machine (CSMN-CMM) with a 100 mm X 100 mm X
100 mm measuring volume is presented. Unlike conventional coordinate measuring machines (CMMs) ,
the CSMN-CMM adopts an independent metrology system layout that satisfies the Abbe principle in all
three dimensions, thereby isolating the metrology system from motion-induced disturbances and eliminat-
ing Abbe error. The motion architecture comprises a 3D air-bearing macro-motion stage coupled with a

six-degree-of-freedom micro-motion stage; this macro-micro collaborative motion scheme improves mea-
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surement efficiency while enabling high-precision triggering and probing. For probing, either a high-preci-

sion 3D contact probe or a resonant probe is employed, with the resonant probe capable of using micro-

spheres down to 70 pm in diameter. Major error sources were addressed by developing a spatial error-com-

pensation model based on coordinate transformation and by applying error-separation techniques. Measure-

ment performance was assessed in accordance with ISO 10360-2, yielding a maximum permissible error
(MPE) better than 4= (250 nm+3.6X 10 °XL). Experimental results demonstrate sub-micron 3D mea-

surement accuracy and the ability to measure internal features as small as 100 pm. The proposed structural

design and enabling technologies represent a significant advance for high-precision 3D metrology.

Key words: micro-nano coordinate measuring machine; Abbe error-free; macro-micro motion systems;

precision measurement; error analysis
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Fig. 13 Repeatability measurement of 3D contact probe

in different directions
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Tab.2 Accuracy of 3D contact probe (nm)

Direction Repeatability Standard deviation
X+ 33.1 9.4
X— 41.8 13.4
Y+ 36.5 10.3
Y— 38.7 8.2
z 49.6 20.0
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BT X, Y R M Z ) ke A R
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Fig. 14 Microgroove measurement experiment
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Tab.3 Micro groove dimension measurement results

Number Measurement results/pm  Errors/nm
1 95. 064 123
2 95.028 87
3 94.852 —89
4 95. 047 106
5 95. 081 140
6 94.813 —128
7 94. 780 —161
8 95.059 118
9 95.035 94
10 94.835 — 106

Average 94.959 —
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Fig. 15 Physical diagram of standard gauge block mea-

surements in various directions
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Fig. 16 Indication errors of gauge blocks in various sizes
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