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Datum axis fitting for tolerances based on 3D convex hulls
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Abstract: According to the characteristics of datum axis measurement by using a Coordinate Measur-
ing Machine (CMM), a method based on 3D convex hulls was proposed to realize the datum plane fit-
ting. Firstly, the 3D convex hulls of discrete sampling points were rapidly constructed by using "gift
encapsulated algorithm" based on the computational geometric theory. According to the definition of
datum axis in Datum Reference Frames (DRF), the constrained degrees of freedom as well as the
method to establish the datum axis were determine by the priority of datum axis and the features of
other datum. Then, the mathematical equation of datum axis was used to resolve the constrained axis
into a rotational vector and a translational vector and then to establish mathematical models with con-
strained datum axis rotation and constrained datum axis translation. Finally, the variable domain of
datum axis was obtained by using 3D convex hulls based on material requirements. The experiment
demonstrate that the results of datum axis determined by proposed method is the same as that of the
CMM least square method in an unconstrained axis processing, however, it has more different as cop-

ared with that in a constrained axis processing. Fortunately, the method ensures the relative position
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relationship between the constrained axes, and it accords with the principle of establishing datum axes

and meets the requirements of engineering applications

Key words: datum axis fitting; computational geometry; 3D convex hull; Coordinate Measuring Ma-

chine(CMM)
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Fig.1 Measuring coordinate system
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Fig.5 Axis’s rotation degrees is constrained
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Sampling points of the second datum axis (mm)
a M 2 o) 32 2 3 33 23 a Vi 2 x5 Vs 25
30.52 0. 00 5.00 30.03 0.00 10.00 30.82 0.00 15.00 30.12 0.00 20.00 30.09 0.00 25.00
26.38 14.65 5.00 26.33 14.66 10.00 26.59 14.44 15.00 26.48 14.81 20.00 26.56 14.79 25.00
16.61 26.05 5.00 16.38 25.70 10.00 16.27 25.80 15.00 16.55 25.86 20.00 16.41 25.94 25.00
2.15 30.92 5. 00 2.19 30.11 10.00 2.15 30.47 15.00 2.14 30.46 20.00 2.17 30.01 25.00
—12.81 27.68 5.00—12.73 27.30 10.00—12.55 27.83 15.00—12.58 27.65 20.00—12.51 27.91 25.00
—24.16 18.27 5.00—24.52 18.23 10.00—24.39 17.99 15.00—24.27 18.46 20.00—24.59 18.31 25.00
—29.73 4. 31 5.00—29. 87 4,31 10.00—30.17 4,36  15.00—30. 25 4.28 20.00—30.47 4.36  25.00
—28.29—10.55 5.00—28.55—10.73 10.00—28.74—10.79 15.00—28.35—10.72 20.00—28.99—10.83 25.00
—19.62—23.03 5.00—19.96—22.96 10.00—20.04—22.75 15.00—19.80—23.35 20.00—19.71—23.04 25.00
—6.47—29.95 5.00 —6.52—29.90 10.00 —6.41—30.16 15.00 —6.53—29.71 20.00 —6.52—30.13 25.00
8.74—29.21 5. 00 8.67—29.01 10.00 8.54—29.23 15.00 8.69—29.19 20.00 8.68—28.91 25.00
21.84—21. 86 5.00 21.43—21.40 10.00 21.37—21.59 15.00 21.49—21.18 20.00 21.58—21.27 25.00
29.00 —8.45 5.00 29.72 —8.64 10.00 29.48 —8.54 15.00 28.93 —8.49 20.00 29.32 —8.61 25.00
29.96 6.62 5.00 30.20 6.53 10.00 29.63 6.56 15.00 29.83 6.60 20.00 29.86 6.50 25.00
FEZEAEWE CRER
Sampling points of the third datum axis (mm)
X M 2] X2 N2 22 X3 3 3 Xy Vi P X5 Vs 25
115. 82 0.10 5.00 115.97 0.09 10.00 115.07 0.04 15.00 115.08 0.04 20.00 115.75 0.09 25.00
112.13 14.82 5.00 112.20 14.49 10.00 111.53 14.52 15.00 111.70 14.70 20.00 111.99 14.59 25.00
101.58 25.42 5.00 101.48 25.36 10.00 101.30 25.97 15.00 101.24 25.72 20.00 101.58 25.62 25.00
87.19 30.66 5.00 87.16 30.51 10.00 87.17 30.56 15.00 87.18 30.25 20.00 87.19 30.13 25.00
72.48 28.01 5.00 72.34 28.12 10.00 72.23 27.66 15.00 72.13 27.71 20.00 72.14 27.77 25.00
60.85 18.08 5.00 60.86 18.07 10.00 60.43 18.31 15.00 60.49 17.97 20.00 60.95 18.35 25.00
54. 36 4. 34 5.00 55.27 4.24 10.00 55.14 4.34 15.00 55.30 4.34 20.00 54.73 4.34  25.00
56.44—10. 86 5.00 56.59—10.57 10.00 55.99—10.54 15.00 56.76—10.65 20.00 56.59—10.73 25.00
64.93—23.21 5.00 64.91—22.92 10.00 65.25—23.26 15.00 65.32—22.97 20.00 65.08—23.20 25.00
78.67—29. 33 5.00 78.55—29.87 10.00 78.55—30.23 15.00 78.60—30.27 20.00 78.63—29.63 25.00
93.78—29.47 5.00 93.57—29.69 10.00 93.60—29.58 15.00 93.62—29.63 20.00 93.57—29.62 25.00
106. 80—21. 61 5.00 106.83—21.86 10.00 106.86—21.32 15.00 106.84—21.69 20.00 106.64—21.37 25.00
114.65 —8.65 5.00 114.04 —8.47 10.00 113.95 —8.65 15.00 114.63 —8.45 20.00 114.48 —8.53 25.00
114. 38 6. 64 5.00 115,17 6.54 10.00 114.87 6.66 15.00 114.43 6.59 20,00 114.98 6.61 25.00
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