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Design and Calibration of Visual Inspection Tool for Welded Pipe Flange End Face

LUO Yijin, LU Zhengyang, ZHANG Liyan
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

[ABSTRACT] In order to obtain the installation posture of flange end faces in multi-branch welded pipelines quickly and
accurately, a flexible measurement tool, together with a calibration procedure, is proposed for visual inspection. Each flange
end face is fixed by the measurement tool’s claw, whose scalability could adjust to various types of pipelines with different
diameters. In addition, the measurement tool possesses a good self-centering capability. A number of visual target points are
laid on the bottom of the measurement tool. By visually measuring the target points on the calibrated measurement tool, a
measurement coordinate system can be built up, which could represent the normal vector, the location of center point and
circumferential position of the flanges. The experiments show that the absolute location accuracy of the flanges end faces is
0.070mm, and the double standard deviation of repeated positioning is 0.044mm.
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Fig.1 Diagram of welded tube
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Fig.6 Movement simulation of traditional clamping jaw
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Fig.7 Sliding block and cone nut for circumferential location
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Fig.8 Locating circumferential position by measurement tool
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Table 1 Center coordinate deviation of the measurement tool mm
W T A4 P 1 {2 {3 i 4 {5 frE 6 g7
1 0.021 0.077 0.011 0.043 0.048 0.011 0.035
2 0.047 0.084 0.050 0.056 0.062 0.004 0.037
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Fig.12 Measurement tool calibration based on calibration board
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Table 2 Results of point sets registration

P v FHME /mm J7 2% /mm’
B ifE 1 0.006 2.134%10°
HeifE 2 0.015 3.596x 10°
B 3 0.012 2.811x10°
EoifE 4 0.014 5.682x10°
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Fig.14 Least square fitted circles of correspondence points
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Table 3 Center positions of fitted circles of correspondence points

it i X/mm Y/mm Z/mm

198 79.076 79.762 33.494

199 79.024 79.650 33.554

200 79.094 79.743 33.562

201 78.976 79.737 33.532

202 79.071 79.654 33.494
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Fig.16 Least square fitted lines of correspondence points
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Table 4 Deviation of lines fitted by correspondence points mm
ARG (A fi 2 ' 3 fi# 4 {8 5
1000 0.029 0.036 0.012 0.019 0.019
1001 0.002 0.001 0.003 0.002 0.002
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