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Abstract: To dynamically measure a two-dimensional rotation angle and overcome the shortcomings of
a complicated structure and high costs. a method based on laser collimation was proposed and a meas-
urement system was established. First, a method was proposed based on the key measurement re-
quirements. A collimated laser was used as a measurement datum and a remote position detector as a
detection device. Second, a measurement system was developed, each module was designed, and the
main modules were optimized. Third, the model was established completely after an algorithm was
produced. Finally, tests were performed and the obtained data were analyzed within & 2°. The experi-
mental results show that the stability of the system is positive, the measurement repeatability error is 1 prad,
the X-and Y-axis nonlinearity errors are 1. 8% and 1. 7%, respectively, and the dynamic band response [re-
quency is better than 200 Hz within &= 0.01°. The study confirms that the system basically offers high preci-
sion, high repeatability, high stability, and a dynamic measurement of a two-dimensional rotation angle,
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Fig.1 Simplified model of measurement principle of

one-dimensional angles
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Fig. 2  Structure diagram of two-dimensional rota-
tion angle based on laser collimation meas-

urement system
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Fig. 3 Photo of two-dimensional rotation angle dy-
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Tab.1 Parameters of DH-HN250 laser
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Fig. 4 Software interface of test system
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Tab. 2 Angle shifts in X and Y directions while laser
point to PSD directly (mrad)

WRME  wm/AME O WEIRE CPIEE X

X 0.599 0. 586 0.013 0.593 0. 004

Y —0.416 —0.422 0.006 —0.418 0. 001
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Tab. 3 Data analysis of angle shift in 5 minutes (mrad)
B S/ME VSR P bREE

X 0.012 —0.006 0.018 0.002 0. 005

Y 0.008 —0.003 0.011 0.002 0. 002
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Tab.4 Main parameters of JS2204 galvanometer
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Tab.5 Experimental data of X-axis rotation calibration

i o/mrad AX/mm
1 0.020 0.046
2 0.100 0.226
3 0. 200 0. 488
4 0. 300 0.710
5 0. 400 0.924
6 0. 500 1.170
7 0. 600 1. 418
8 0.700 1. 646
9 0. 800 1. 882
10 0. 900 2.086
11 1. 000 2.296
12 1. 100 2.538
13 1. 200 2.754
14 1.300 3. 040
15 1. 400 3.280
16 1. 500 3.492
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Fig.5 Calibration curve of X-axis calibration
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Fig. 6 Calibration curve of Y-axis calibration
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Tab. 6 Data analysis on X-axis repeatability
(mrad)

em  mRME R/AME BESRE FHE ARz

0.05  0.053 0.049 0.004 0.051  0.001

0.1  0.098 0.093 0.005 0.096 0.001

0.5  0.500 0.496 0.004 0.499  0.001
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Tab. 7 Data analysis on Y-axis repeatability

(mrad)
WM RKME m/MME WBhIRME P bR

0. 05 0.054  0.050  0.004  0.052  0.001
0.1 0.099 0.095 0.004 0.098 0.001
0.5 0.506  0.501  0.005 0.504  0.001
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Fig. 7 Data curve of X-axis nonlinearity

] BE M, 2 W0 4R B AR R L8 Y Bl i B
0.1 mrad. % 2:5 s 2 VK, i 5% B K5 ol ) i 1Y
£ R A RHE L S 30 P, 2 Hl i an | 8
PR . St iR EHER IR ZE N 1.7,

'l’
.j--
1 7
.""
0.5} ¥
A
— A
= P
2 0 P
1] g
z rd
0.5} .
J‘!
-1 £
1.5 < v : s y v
5 10 15 20 25 30
Angle/mrad

P8 Y fl AR e B g Kol th 2k

Fig. 8 Data curve of Y-axis nonlinearity
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Fig. 9 Data curve of X-axis dynamic measurement
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Fig. 10 Data curve of Y-axis dynamic measurement
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