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Abstract: An evaluating method by combination of particle swarm optimization and quasi-random se-
quence was proposed to detect precisely and evaluate the profile errors of freeform surfaces inspected
by Computer Aided Design (CAD) model-directed measuring. In order to solve the un-repetitive prob-
lem between design coordinate system and measurement coordinate system when a Coordinate Meas-
urement Machine (CMM) was used to inspect free form surfaces, Quasi Particle Swarm Optimization
(QPSO)was proposed to realize the precise localization between measured surface and design surface.
Then, according to the features of freeform surface form, the peak-valley error and root mean square
error were used to evaluate the freeform surface forms together. The computation method of the ob-
jective function was described,in which QPSO is used to match the measured surface and the design
surface and the detailed steps were established for solving parameter vectors by using QPSO. Finally,

by calculating the surface profile errors of simulation example and many practical measured parts, the
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results verify that the proposed method can locate precisely freeform surfaces and the evaluation precision

of freeform surface profile errors by the proposed method is higher 8% —15% than that by CMM software.

The method is suitable for the form error evaluation of high precise freeform surface parts.

Key words: freeform surface localization; profile error; CAD model; quasi-random sequence; particle

swarm optimization
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Tab. 3 Practical measured data mm

No X Y Z No X Y VA No X Y Z
1 —26.0858 —29.7598 —6.1530 35 2.8818 —2.9488 —8.3947 69 20.2844 18.6703 —13.501 3
2 —20.2895—29.7611 —5.1195 36 —2.9192 —2.9445 —8.7995 70 26.0848 18.6687 —13.946 6
3 —14.494 4 —29.760 9 —4.176 9 37 —8.721'1 —2.9394 —9.4007 71 26.0849 22.3565 —14.2896
4  —8.7001—29.760 4 —3.391 2 38—14.5269 —2.928 2 —10.1627 72 20.2820 22.3592 —13.8558
5 —2.904 3 —29.7623 —2.7822 39—20.3223 —2.9329—11.1158 73 14.4814 22.3639 —13.6306
6 2.890 8 —29.761 3 —2.3745 40—26.1212 —2.9255—12.1436 74 8.6839 22.361 7 —13.626 8
7 8.6854 —29.764 5 —2.183 8 41—26.1205 5.134 0 —14.466 3 75 2.884 8 22.3620 —13.8409
8 14.478 9 —29.764 3 —2.216 1 42—20.320 8 5.1295 —13.4400 76 —2.9114 22.3607 —14.2786
9 20,273 4 —29.767 1 —2.471 0 43—14.522 2 5.1250 —12.497 4 77 —8.704 7 22.3608 —14.906 3
10 26.066 0 —29.768 0 —2.9373 44 —8.7207 5.1217—11.7132 78—14.4991 22.3605 —15.7113
11 26.068 8 —24.545 5 —3.563 9 45 —2.919 14 5.119 3 —11.108 2 79—20.288 8 22.3613 —16.6709
12 20,277 4 —24.541 3 —3.094 1 46 2.880 6 5.118 2 —10.698 5 80—26.0853 22.3585 —17.7187
13 14.480 2 —24.5358 —2.8394 47 8.680 6 5.113 2 —10.503 1 81—26.0728 26.061 7 —17.926 3
14 8.683 0—24,.5355 —2.8066 48 14.4819 5.113 8 —10.530 4 82—20.2807 26.0665 —16.8810
15 2.888 0 —24.533 8 —2.9924 49 20.2829 5.106 7 —10.782 0 83—14.488 8 26.0634 —15.916 1
16 —2.909 6 —24.529 6 —3.3982 50 26.0827 5.100 0 —11.246 1 84 —8.698 2 26.0624 —15.1000
17 —8.708 4 —24.526 7 —4.003 5 51 26.082 1 12.322 8 —12.934 1 85 —2.906 8 26.0651 —14.466 9
18 —14.503 9 —24.5254 —4.783 5 52 20.2854 12.326 2 —12.475 4 86 2.887 5 26.0629 —14.027 8
19 —20.300 7 —24.524 9 —5.7201 53 14.482 1 12.330 5 —12.234 4 87 8.683 1 26.0658 —13.8046
20 —26.100 2 —24.521 3 —6.7558 54 8.6816 12.330 9 —12.216 0 88 14.4820 26.067 9 —13.801 4
21 —26.1195 —13.6429 —9.0789 55 2.8817 12.331 0 —12.4199 89 20.2829 26.0604 —14.0167
22 —20.3156 —13.650 0 —8.046 2 56 —2.917 3 12.329 2 —12.841 8 90 26.083 1 26.0581 —14.444 1
23 —14.5153 —13.6534 —7.1131 57 —8.716 9 12.329 7 —13.457 6 91 26.081 3 29.7578 —14.399 6
24 —8.7185 —13.6619 —6.3369 58—14.514 5 12.333 8 —14.246 5 92 20.2808 29.7625 —13.973 2
25 —2.918 1 —13.666 0 —5.737 3 59—20.311 4 12.333 8 —15.194 8 93 14.484 7 29.7681 —13.756 1
26 2.883 4 —13.668 6 —5.333 7 60—26.109 4 12.334 2 —16.225 8 94 8.6839 29.7691 —13.7754
27 8.682 8 —13.673 1 —5.150 2 61—26.094 8 18.669 9 —17.323 9 95 2.8901 29.7720 —14.006 0
28 14.481 7 —13.677 9 —5.1856 62—20.298 0 18.672 4 —16.274 1 96 —2.901 1 29.7742 —14.457 2
29 20.281 8 —13.686 0 —5.444 3 63—14.504 5 18.672 4 —15.326 4 97 —8.6898 29.7753 —15.099 3
30 26.075 3 —13.691 2 —5.913 8 64 —8.708 8 18.669 5 —14.529 4 98—14.477 4 29.776 4 —15.938 1
31 26.0815 —2.974 7 —8.961 2 65 —2.9126 18.671 9 —13.902 2 99—20.267 1 29.7779 —16.906 5
32 20.282 8 —2.9656 —8.4934 66 2.884 8 18.672 8 —13.473 9 100—26.0557 29.776 2 —17.949 3
33 14.483 6 —2.9577 —8.2411 67 8.6841 18.674 1 —13.263 2
34 8.683 8 —2.9553 —8.2078 68 14.4829 18.675 5 —13.271 5

6 % ®

Kl 4 F CAD A
Fig. 4 CAD model figure of parts
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