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Abstract: A novel rapid on-machine length measuring system based on 3D laser scanning was devel-
oped for mobile and large scale cylinder workpieces. By using the outstanding characters of laser scan-
ners on fast continuously acquiring the mass of measurement points in a very short time, the multi-
sensor fusion technique and a 2D error separation method were respectively introduced in this system
in a virtual environment. Virtual measurement datum planes were established based on virtual regis-
tration sites, which followed the variant surface of measurement target. Then, the 3D displacement
field measurements between end points and virtual measurement datum planes were built. A similar
cylinder workpiece measured by Coordinate Measuring Machine (CMM ) was applied to calibration of
the system. Finally, the experiments on the cylinder workpieces (1 000£25) mm with different diam-

eters were carried out to determine the accuracy and reliability of measuring system. The experimental
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results indicate that a workpiece with a diameter about 50 mm is perfectly measured in only 1 s with

the resolution less than 0. 010 mm and the measuring precision over 0. 050 mm. According to the actu-

al operation results, this proposed measuring system is characterized by high automation and high effi-

ciency, and can be well acceptable for application as online length detection for large scale workpieces

in industrial production.

Key words: large scale cylinder workpieces; laser scanning; virtual measurement datum; 3D displace-

ment field measurements; multi-sensor fusion
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Fig. 1 Principle of measurement for laser line scanning
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Fig. 2 Measurement mode for 3D displacement field
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Fig. 3 2D error separation mode
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Fig. 4 Length detection system for large scale cylinder
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Tab.1 Measurement results of cylindrical lengths

(mm)
HE THF5 :
A B C
1 989. 671 1.000.056  1014.525
2 989. 768 1.000.089 1 014.508
3 989. 720 1.000.089 1 014.525
4 989. 704 1.000.039  1014.525
5 989. 730 1.000.006 1014474
6 989. 694 1.000.023 1014458
7 989. 687 1000.040  1014.474
8 989. 753 1.000.007 1014, 442
9 989. 704 1.000.039 1 014.458
10 989. 736 1.000.089 1 014.525
TR B A% 47.012 50. 546 50. 040
PR AEA BE 989. 729 1.000.062  1014.492
S5 (8 989. 717 1.000.048 1 014.491
7 Wi 22 0.033 0. 036 0. 032
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Fig. 5 Influence of working time on the displacement
between end point and its corresponding virtu-

al datum plane
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