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Abstract: Measurement of solid rocket nozzle thrust line is one of a key technique in the field of
spacecraft precise installation and is a representative application of rotation axis line extraction of
rotational symmetric object. Given that the existing methods have the problems such as nonobjective,
poor reliability and low adaptability, an automatic solution for rotation axis extraction from 3D
scanned high density of point cloud data was proposed, in which all the surface points and their normal
vectors were utilized as constraints. Firstly, the normal vector of each point in point cloud was
calculated and unreliable points were eliminated according to the standard deviation value of local
planar fitting for normal vector calculation. Then, the initial value of rotation axis was achieved
through planar and spherical fitting of reference points which had same latitude with the randomly

selected reliable seed point. Finally, refinement result of rotation axis was calculated by solving the
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objective function listed based on the relationship between normal vectors of each reliable point and

the rotation axis. The test experiments were performed, and the accuracy and precision of the method

were verified by simulated and measured data. The experimental results indicate that the deflection

degree is under 0. 003° and the transverse distance is under 0. 02 mm, which satisfies the requirements

of rotation axis extraction of rotational symmetric object.
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(b) Point cloud of rocket nozzle and its sketch map
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Fig. 1 Rotary symmetric object
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Fig. 9 Simulated point cloud of rotating paraboloid
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Tab.1 Rotating axis extraction result of simulated data
FENLE OMFR (X107 m) FrIAR & (X107%)
Ik 5HERM/C) SEMEEE/mm
x y z n, n, n.
YA 0.140 0.008 —2.195 1. 807 0.102 999. 998 0.114 591 0.161
% I1E 0. 000 0. 000 —2.195 0. 000 0.001 999. 999 0. 000 062 0. 000
HAH 0. 000 0. 000 —2.195 0. 000 0.000 1 000.000 — —

3.2 RBEERIE

ARS8 K Creaform HandySCAN 3D™
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B R R AL 100 FIrzs) o 8 — W i 3R U

(a)Creaform HandySCAN 3D™ 941X
(a)Creaform HandySCAN 3D™ 3D scanner

Hiz (Datal) A7 4 699 505 4> 5, SF 25 A5 18] #H Ky
0.174 mm, & H 0. 054 mm CHE 32 J5) &8 5% /> — 7
THUL B A M 25 T RAR B, SO T R B L5
TRF AR 5 (Data2) £ 54 670 813 A4,
A4 A AR A 0. 177 mm, SN 0. 055 mm.,

Co) D o 45 21
(¢)Measurement result

(b) I 4 37 35

(b) Measurement scene
10 S

Fig. 10 Measured data
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Tab. 2 Trust line extraction result of the first scan

T8 A 5 A o il e A / ()

RBFS  RHMEF/mm Datal Data2
x y z x y 2
1 — 100. 782 1 96. 868 4 12.828 5 95.340 7 107.551 2 18.396 8
2 0.3 100. 754 2 96. 860 8 12. 800 6 95.335 1 107.563 8 18.407 1
3 0.4 100. 754 9 96. 847 6 12.794 0 95.323 1 107.577 2 18.416 4
4 0.5 100. 755 6 96. 843 4 12.792 2 95.320 5 107.588 8 18.426 7
5 0.6 100. 757 4 96. 840 3 12.792 1 95.317 2 107.598 7 18.435 2
6 0.7 100. 757 9 96. 838 1 12.791 3 95.315 6 107.601 7 18.437 6
7 0.8 100. 756 6 96. 839 5 12.791 0 95.314 9 107. 607 1 18.442 5
8 0.9 100. 759 2 96.837 7 12.792 2 95.315 2 107. 606 5 18.442 1
9 1.0 100. 762 8 96.837 0 12.794 8 95.316 5 107. 609 7 18.445 5
10 1.1 100. 757 8 96. 839 5 12.792 0 95.317 4 107.608 6 18.444 7
11 1.2 100. 762 3 96.837 8 12.794 9 95.320 0 107.608 9 18.445 9
12 1.3 100. 764 0 96.838 0 12.796 4 95.319 8 107. 609 1 18.446 0
13 1.4 100. 763 1 96. 838 5 12.796 0 95.322 8 107.606 9 18.444 8
14 1.5 100. 766 6 96.839 3 12.799 4 95.322 3 107. 604 8 18.442 6
15 2.0 100. 764 5 96. 846 0 12.801 2 95.334 5 107.595 7 18.437 6
16 2.5 100. 754 0 96. 855 2 12.797 4 95.346 6 107.582 7 18.428 8

17 3.0 100. 766 4 96. 865 7 12.813 7 95.359 3 107.573 5 18.424 0
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Fig. 11 Intersection angles between thrust line direction vectors and the three coordinate axes under different sampling rates
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