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Research on suspension wire type high-precision photoelectric inclination
sensor for automatic monitoring of arch dam deformation
LIU Dan', YAO Mengdi’, LI Xiangqian®, SHI Yicheng’, QU Kai*, LI Chuan®,
WEI Dongliang', YANG Qing', L1 Yi'
(1. College of Instrument Science and Technology, Xi'an Jiaotong University, Xi'an 710049, China; 2. China Three
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Wuhan 430010, China; 4. Shenyang University of Technology, Shenyang 110870, China)

Abstract: In response to the measurement requirements of a large-scale arch dam chain 3D deformation
measurement system, the technical specifications for inclination angle sensors were determined. A high-
precision photoelectric inclination sensor scheme based on suspension wire was studied, which used incoherent
collimated beams to form a measurement light field. The shadow spot of the suspension wire was amplified by
an optical system to form a clear image and projected onto a linear charge coupled device (CCD). Based on the
principle of spot position measurement, the displacement value of the shadow spot was obtained, and the tilt
angle value of the measurement point was calculated in reverse. At the same time, in response to the long-term
on-site operation requirements, a two-dimensional high-precision photoelectric inclination sensor structure was

designed. Test results show that the resolution and range indicators meet the design requirements, achieving
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high-precision inclination measurement with a range of 3 093 seconds and an accuracy of 0.432 seconds.

Key words: arch dam; three-dimensional deformation; chain measurement; linear CCD; inclination sensor
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Fig. 1 Spot position measurement principle
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Fig.2 Drive signal generation circuit of linear CCD device

TR ) X L 2R M CCD g A SR B 45 5 5
KANE 3 fras . B 3 AT TRR SH S @1 # ¢
#,01 5 02 (55 MM 180°,

ASCUA P i 4 5K B0 Jok o, 32 4% 67 AT 2 A
g HE 5 M, R E TCD1705 Y 9K 31 H S 755K .
HRE P 3 9K Bl 5 oK, Bt T an &l 4 J 7 i) g 1]
YiRe s me A& S iR PR S OC R . R
Kl 4 FnE S, BIAT A4 5 MCU AR 65, LLSE BLOK 2

Rs /\

e\ /\

oSl /\

082 V // KQQQ

E 3 TCD1705 MIEZH{ES
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Fig. 4 Port function assignment and waveform
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Table 1 Pulse position calculation pseudo code
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Fig. 6 Schematic diagram of spot position estimation circuit
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inclination sensor
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Table 2 Test results
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0 = arctan((P, — P,) Xk +b) (2)
] N o o - 6 0.10434 0.10441 0.00007
A kA b P LA, AP ROy oG, 7 0.12004 0.12014 0.00010
AN RS iV | DAY 1\ A e S S 5
Horpr —ANEOGIX [A] (P, P +100], H PFITP + 10052 PR 9 0.16006 0.16011 0.00005
i RSR kR b o A 2 S, 100 FR D00 5 25 1 3 o e v 10 0.18002 0.18013 0.00011
TR BT BE Lok U, W45 R 42 3 TR 1 0.20008 0.20016 0.00008
WA 3 T LA H, I BRI 4 0.432" 2o 02200 022016 000012
13 0.24005 0.24014 0.00009
R3 HTERNER
Table3 Metrology testing results 4 -Q-:Il:l: i

B R HE I BE 2 = 4R I B R SR 5K,

75 BRI BE/(°) WA EE/(°) B 2/(°)
1 0.00000 0.00000 0.00000
2 0.02003 0.02013 0.00010
3 0.04005 0.04015 0.00010
4 0.06007 0.06013 0.00006
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