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Research on the spectral-domain low-coherence measurement method for
multilayer transparent wind shield of aircraft
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(1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China;
2. School of Mechanical Engineering, Dalian University of Technology, Dalian 116086, China)

Abstract: The transparent windshield is a key structural part of the aircraft, which requires outstanding performance. To reduce weight, the
aircraft’s transparent windshield utilizes a heterogeneous multi-layer composite structure of ““organic glass-transparent polycarbonate-organic
glass” , where the performance is closely related to the thickness of each layer of the transparent windshield. Existing measurement methods
cannot meet the comprehensive requirements for efficient and high-precision layer-by-layer thickness measurement of the transparent
windshield. Therefore, a new method for spectral-domain low-coherence measurement of the multi-layer transparent windshield is proposed.
Firstly, by using the orthogonal dispersion to enhance dispersion capability, the measurement range is increased. Then, a mapping model
between the thickness of the transparent windshield and the spectral wavenumber is formulated, and the model parameters are calibrated with
high-precision parallel flat crystal. Finally, a measurement system is established. Experimental results show that the proposed method has a
maximum range exceeding 41 mm, with micrometer-level measurement accuracy, and a measurement speed less than 8 ms. It can meet the
requirements for thickness measurement of the multilayer aircraft transparent windshield.

Keywords : aircraft; transparent wind shield; spectral-domain low-coherence; thickness measurement
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Fig.2 Schematic diagram of low coherence

measurement system in spectral domain
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Fig.3 Diagram of spectral domain interference

signal of multi-layer transparent windshield
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Table 1 The results of parallel crystal thickness measurement

H= S PRIEEE/mm 4/ mm 125/ mm KPR/ mm FRifE 22/ mm HAXFIR 2R/ %
AT 2 40. 620 0 40.616 1 0.003 9 0.012 2 0.001 5 0.009 6
AT 3 16. 000 0 16.019 1 0.019 1 0.020 7 0.002 1 0.1195
AT 4 15.620 0 15.618 1 0.001 9 0.002 4 0. 000 063 0.012 6
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Table 2 Measurement results of each layer thickness of multi-layer transparent windshield

% 2R JE L/ mm DR/ mm FHJPRIE/ mm FRDRZE/mm FRUEZE/mm HIXTER 2/ %
L, 12.250 0 12.258 7 0.008 7 0.0157 0.003 6 0.078 1
L, 2.1200 2.1315 0.0115 0.020 3 0.004 9 0.541 1
L, 4.470 0 4.4828 0.012 8 0.014 0 0.002 0 0.286 0
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