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Large-Distance Straight-Line Datum Construction Based on Laser Collimation

XIANG Pengkun', XIA Kun®, QIN Hualin’, YU Houyun', CHENG Jingming'
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)

[ABSTRACT] Aiming at the challenge of establishing a large-distance straight-line datum in aviation manufacturing,
assembly, and testing sites, a method for constructing a large-distance straight-line datum based on laser collimation and
multi-sensor fusion was proposed. The measurement and compensation optical paths were designed and the photoelectric
detection device was developed, using the collimated laser beam as the straight-line datum. The precise solution of the
target pose was achieved by detecting the spot coordinates of the collimated laser beam using position sensitive detector
(PSD) on the device, and combining them with the data from the tilt sensor. Experimental results indicated that the proposed
method can accurately measure pose variations encompassing two translational and three rotational degrees of freedom (5
DOF in total). Within a 5 m range, the positional measurement error was less than 6 pum and angular measurement error was
less than 0.003°, the effective operational distance was up to 50 m, fulfilling the accuracy requirements for establishing a
large-distance straight-line datum.

Keywords: Straight-line datum; Laser collimation; Position sensitive detector (PSD); Large-distance; Pose measurement
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Table 1 Repeated experiment results of beam spot coordinates in

horizontal direction mm
e K Egm %gm PSDIfiAk#5: | PSDIZA AR

1 72.571 72.474 —0.0258 0.0029
2 72.571 72.474 ~0.0252 0.0022
3 72.571 72.474 ~0.0249 0.0028
4 72.571 72.474 —0.0246 0.0019
5 72.571 72.474 —0.0246 0.0009
6 72.571 72.474 —0.0257 0.0023
7 72.571 72474 -0.0251 0.0016
8 72.571 72474 -0.0241 0.0016
9 72.571 72.474 —0.0245 0.0038
10 72.571 72.473 -0.0256 0.0025
B2z 0.0017 0.0029

P22 0.0006 0.0008
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Table 2 Repeated experiment results of beam spot coordinates in

vertical direction mm
e | K Egm gggm PSDI##iAk#s | PSDIA LR

1 72.589 72.543 —0.0577 0.0446
2 72.588 72.543 —0.0577 0.0461
3 72.586 72.543 —0.0575 0.0467
4 72.586 72.543 —0.0548 0.0460
5 72.585 72.543 —0.0544 0.0450
6 72.587 72.543 —0.0542 0.0443
7 72.584 72.543 —0.0542 0.0443
8 72.584 72.543 —0.0536 0.0451
9 72.581 72.543 —0.0595 0.0449
10 72.583 72.543 ~0.0550 0.0439
&= 0.0059 0.0028

PrifEZE 0.0020 0.0009

£3 AEMIZET PSD3 HABUELR
Table 3 Displacement measurement results under different pose
conditions of PSD3

5 AMEBE R A/ (°) AR i /mm
1 =3 0.0994
2 -3 0.1010
3 =2 0.1001
4 =2 0.1013
5 =il 0.0996
6 =1 0.0997
7 0 0.1008
8 0 0.1005
9 1 0.0997
10 1 0.0999
11 2 0.0995
12 2 0.0994
13 3 0.0988
14 3 0.1002

E= 0.0025
brifi2s 0.0007
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Fig.13 Experimental results of pose measurement stability
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Table 4 Pitch angle measurement results by pose measurement

device
5 B (°) Ay/mm
1 -3.0 ~2.0312
2 -25 ~1.7042
3 -20 —1.3941
4 ~15 ~1.0814
5 ~1.0 ~0.7553
6 -0.5 —0.3894
7 0 —0.0544
8 0.5 0.3034
9 1.0 0.6743
10 1.5 1.0288
11 2.0 13773
12 25 1.7502
13 3.0 2.0645
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Table 5 Yaw angle measurement results by pose measurement

device
Fe ST AT (°) Ax/mm
1 -3 -2.0118
2 -25 ~1.7016
3 -2.0 —1.3794
4 =13 —1.0444
5 -1.0 —0.6963
6 -0.5 ~0.3359
7 0 0.0313
8 0.5 0.3959
9 1.0 0.7502
10 1.5 1.0928
11 2.0 1.4221
12 25 1.7407
13 3.0 2.0481
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Fig.15 Measurement results of Euler angles by pose measurement

device
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Table 6 Repeated experiment results of pitch angle (°)
Fre P A AEAT £

1 0 —0.06093
2 0 -0.06113
3 0 —0.06093
4 0 —0.06199
5 0 —0.06099
6 0 —0.06173
7 0 —0.06137
8 0 —-0.06176
9 0 —0.06229
10 0 —0.06124
Wz 0.00136

FrifE2E 0.00048
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Table 7 Repeated experiment results of yaw angle (°)
Fe IR BT s
1 0 0.08894
2 0 0.08832
3 0 0.08826
4 0 0.08886
5 0 0.08882
6 0 0.08918
7 0 0.08827
8 0 0.08904
9 0 0.08804
10 0 0.08819
ez 0.00114
FrifE2E 0.00041
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Fig.16 Measurement of deflection angle of drive shaft
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