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Research on Digital Combined Measurement Method of Aircraft Large Components Outline
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[ABSTRACT] In the face of the shape measurement tasks of some large components in modern aircraft assembly
and manufacturing process, problems such as difficulty in data fusion and large cumulative error may arise when using
handheld 3D Ilaser scanners alone. Therefore, a combined measurement method based on handheld 3D laser scanner and
photogrammetry system is proposed. The photogrammetry system was used to establish the global measurement coordinate
system, and the transformation relationship between the local visual angle measurement coordinate system and the global
coordinate system was obtained by matching the same visual points to realize the automatic stitching of local scanning
data of handheld 3D laser scanner. The quality analysis report of the large component shape was obtained by comparing
the measurement data model with the design prototype. Under the condition of ensuring the measurement efficiency, the
combined measurement method can improve the measurement accuracy of the profile surface. Taking the measurement and
analysis of the contour accuracy of a certain type of the front frame component as an example, the measurement accuracy
can reach 23.6 um, which proves that the scheme is effective and feasible.
Keywords: Large-scale metrology; Digital measuring equipment; 3D laser scanner; Digital photogrammetry; Combined
measurement
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Table 1 Performance analysis of measuring equipment
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Fig.1 Combined measuring system
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Fig.3 Processes of combined measurement
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Fig.4 Processing flow of measurement data
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Fig.6 Visual marker points data model and 3D coordinates
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Fig.7 Measured data of front frame contour
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Table 2 Feature data of round holes on the front frame surface
! ' | |

FHOAROL | AAWE | BN

DI EARE aiowis | R%wE | s
7 mm 4% /mm B /mm | HA/mm
[ 1 | 8.000 | 7.936 | 7.912 | 7.886
[&7] 2 | 8.000 | 7.884 | 7.869 | 7.838
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Fig.8 Deviation distribution of front frame outline
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Table 3 Vector table of front frame outline deviation mm
I N N N N R N R R A R

I w2z | RE A% | BEX | BEY 2%z | WX | gy Witz | WEX | WEY | W%EZ
1 0.7007 it | +1.2000 | 500.0000  —190.0385 | 28.5184 | 499.2993 | —190.0385 | 28.5184 | —0.7007 | 0.0000 | 0.0000
2 0.2568 i@t | +1.2000 | 500.0000 | —193.0904 | 79.5438 | 499.7432 | —193.0904 | 79.5438 | —0.2568 | 0.0000 | 0.0000
3 0.2783 it | +1.2000 | 500.0000  —168.3423 | 182.7820 | 499.7217 | —168.3423 | 182.7820 | —0.2783 | 0.0000 | 0.0000
4 1.2977 R | +1.2000 | 499.9745 | —178.2586 | 166.2338 | 498.6831 | —178.1314 | 166.2338 | —1.2914 | 0.1272 | 0.0000
5 0.0556 it | +1.2000 | 500.0000 | 119.2231 186.4882 | 499.9444 = 119.2231 186.4882 | —0.0556 | 0.0000 | 0.0000
6 —0.3495 | it | +£1.2000 | 485.9625 | 1455638 | 2143113 | 485.9543 | 145.6827 | 213.9827 | —0.0082 | 0.1189 | —0.3286
7 —-0.3158 | @i | +£1.2000 | 475.4761 | —198.6445 | 150.000 | 475.4761 | —198.6445 | 149.6842 | 0.0000 | 0.0000 | —0.3158
8 —-0.2262 | it | +1.2000 | 493.2512 | 73.2894 | —148.9444 | 4932512 | 73.3891 | —149.1474 | 0.0000 | 0.0997 | —0.2031
9 0.0053 it | +1.2000 | 479.1178 | —204.2683 5.3181 479.1178 | —204.2633 5.3199 0.0000 | 0.0049 | 0.0019
10 0.0906 iEat | +1.2000 | 485.3078 | 212.0000 | 113.3288 | 4853078 | 212.0906 | 113.3288 0.0000 | 0.0906 | 0.0000

x4 HIESMERE

Table 4 Deviation of front frame outline mm
!/ ! [/ /|

Bk LR | Bk F iz |

4% |

Rt | PR R

4.9961 | —4.9562 |
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