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for Large-Scale Conical
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Abstract  According to the characters of large-scale conical workpieces, a novel rapid on-machine geometric
measurement system integrating three-dimensional (3D) laser scanning and virtual environments is proposed. In the
system, key parts of upper surface of two ends of workpiece are fast captured by two static laser scanners. Vertical
and horizontal virtual datum planes are respectively established based on the characters of end planes in order to
construct 3D virtual measurement space. The positions of end points are then identified and located by the respect of
their height features. Thus, both the center and the diameter of end planes can be obtained by the use of space
projection theory and least square method. The height and the taper half-angle can be calculated by the geometric
relationship of the center of end planes in 3D measurement space, respectively. The experiments on several typical
large-scale conical workpieces are performed. Results indicate that the system can offer the resolution less than
10 pm, measuring precision over 100 pm to the height and the diameter, and it can offer the resolution less than
0.001°, measuring precision over 0. 010" to the taper half-angle. According to the actual operation results, this
proposed measuring system based on human-computer interaction can be well acceptable for application as on-line
geometric detection for large-scale conical workpieces in industrial production.
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Table 1 Parameters of conical workpieces measured by CMM

Conical  Diameter (large end) /mm Diameter (small end) /mm  Height /mm  Half-angle ~ Type of end

A 385.134 251. 328 506. 061 7.531° Solid
B 371. 347 248.569 492. 508 7.105° Empty
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Table 2 Results of dimensional measurements of conical A and B

. Conical A Conical B

Hme 2R, /mm 2R,/mm h /mm  Half-angle 2R,/mm 2R,/mm h /mm  Half-angle

1 385.106  251.244  506.063 7.534° 371.286  248.512 492,517 7.105°

2 385.064  251.317  506.051 7.526° 371.317  248.496 492,485 7.108°

3 385.092 251. 336 506. 042 7.528° 371. 342 248. 472 492. 541 7.110°

4 385.122  251.213  506.049 7.537° 371.306  248.504 492,473 7.107°

B 385. 148 251. 389 506. 036 7.530° 371. 273 248.523 492.528 7.103°

6 385.075 251. 311 506.071 7.529° 371. 324 248.531 492.508 7.106°

7 385.094  251.230  506.085 7.533° 371.352  248.509  492.553 7.108

8 385.151  251.327  506.067 7.532° 371.246  248.483  492.498 7.104°

9 385.096 251. 261 506.015 7.533° 371. 269 248. 504 492. 471 7.105°

10 385.168  251.276  506.073 7.536° 371.285  248.536  492.521 7.103°
Average 385.111  251.293  506.055 7.532° 371.300  248.507  492.510 7.106°
Root mean square error 0.042 0. 068 0.020 0.003° 0. 064 0.072 0.029 0.003°
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Fig. 12 Influence of working time on the localization

of marked end point
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