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Online length measurement method for compensation chains via eddy
current sensing and peak detection
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(1. School of Mechanical Engineering, Nantong University, Nantong 226019, China; 2. Shenzhen Research
Institute, Nanjing University of Aeronautics and Astronautics, Shenzhen 518000, China)

Abstract : Traditional contact-based length measurement methods for elevator compensation chains suffer from inaccuracies caused by
slippage during fixed-length production. Furthermore, existing non-contact methods are unsuitable for these chains due to the low
flatness, poor reflectivity, and lack of distinctive features on their plastic coating. To solve these problems, this study developed a non-
contact online length measurement device for compensation chains based on eddy current sensing and a sliding-window peak detection
algorithm. First, the length calculation formula was derived from the chain’s link structure, and its measurement uncertainty was
analyzed to confirm the feasibility of the indirect measurement method based on counting links. Second, based on the cross-linked
structure of the internal iron rings, a quasi-sinusoidal signal is formed by the variation in distance between the iron rings and the sensor
probe as the rings pass an eddy current displacement sensor. The correspondence was established between the number of peaks in this
signal and the actual number of chain links. Third, a one-dimensional Kalman filter was used to process the acquired signal. An online
peak detection algorithm based on a sliding window was proposed, which accurately identifies the number of peaks in real-time under
limited hardware resources. Finally, the measurement device was constructed. It employs a dual-cylinder clamping mechanism and a
roller conveyor to reduce the interference of mechanical vibration on the acquired signal, achieving stable length measurement for various
types and sizes of compensation chains. Experiments conducted on an actual production line showed that when the chain speed is between
0.5 and 1.0 m/s, the device can measure different types and sizes of chains with a maximum relative error not exceeding 5%o. This
result verifies the feasibility of the method and the good stability and accuracy of the device.
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Fig. 1 Internal structure and dimensions of compensation chain
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Fig.2 Diagram of compensation chain contour signals
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Fig. 6 Structure of the compensation chain stabilizing device
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Fig. 7 Functional block diagram of the embedded control

system for length measurement
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Table 2 Measurement results of different devices

2 SRR B /m D52 ) JEBE B AE X eSS wiEpa) WItHE BT AR BT AR
¥J{H/m MEARE % RERHEE/ % W4/ m MERE/ % RERHEE/%
20.9 20. 81 4.31 0.38 20.95 2.39 0.19
A 52.1 51.39 13.63 0. 60 52.21 2.11 0.14
116.5 112.20 36.74 1.09 116. 93 3.69 0.20
15.4 15.33 4.55 0. 44 15.43 1.95 0.13
B 49.9 49. 30 12.02 0.75 50. 02 2.40 0.11
65.2 63. 87 20. 40 0.82 65. 40 3.07 0.14
19.5 19. 42 4.10 0.42 19. 54 2.05 0.16
C 41.1 40. 58 12. 65 0. 84 41.22 2.92 0.15
88.9 86. 60 25.87 1.21 89.25 3.26 0.13
21.2 21.09 5.19 0. 31 21.26 2.83 0. 14
D 55.6 54. 65 17.09 0. 81 55.78 3.24 0.12
98.4 96. 07 23.68 1.30 98. 81 4.17 0.16
®R3 AEEETHKER
Table 3 Measurement results at different speeds
e BATHARE bRkl FUEENRE J5 25 AR RS Ji 25 AR X W BOTREEAART B BN
B/ (mes™) /m ¥IE/m MR % BREFRUEZE/ % 34/ m MR % BR2EEFRUEZE/ %
0.5 20.9 20. 81 4.31 0.227 20. 98 3.83 0.169
0.6 20.9 20.79 5.26 0.237 20. 95 2.39 0.176
* 0.8 20.9 20.75 7.18 0.246 20. 96 2.87 0.112
1.0 20.9 20.72 8.61 0.239 20. 94 1.91 0.117
0.5 21.2 21.10 4.72 0.211 21.27 3.30 0.111
0.6 21.2 21.06 6. 60 0. 284 21.28 3.77 0. 160
’ 0.8 21.2 21.01 8. 96 0.313 21.25 2.36 0.189
1.0 21.2 20. 93 12.74 0. 325 21.29 4.25 0. 181

[FBARGER (10) T T AR RGF B9FMERE B 0.5~1.0 m/s JHUEEE il 46 2 I, Bl A2 B 1) 7 425 i
P AN 2 BE , AN GE A B XS I A S PREE R RS YT PR SRR I A o DR R A 25 *ﬁ%ﬁtﬂﬂﬂ(ﬁﬂ
JEAHE T A RN 4 FroR GEW] T I JRB AR GO (AT R 2 0 O, I AR P AR AR
itk SR AR A G o A 32 0 J32 8 A 9 BT PR 0 R 22 2 ¢
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Table 4 Uncertainty analysis results for the lengths
corresponding to various types and sizes of

compensation chains

WS K/ Xﬂj‘aﬁs FEMAH AHA J At
E75 S e SERE/mm ANHE /%

20.9 949 150.761 4 7.213

A 52.1 2 367 376.170 3 7.220
116.5 5295 841.061 2 7.224

15. 4 531 84.315 1 5. 475

B 49.9 1721 273.480 5 5.481
65.2 2248 357.253 8 5.479

19.5 796 126. 440 1 6. 484

C 41.1 1677 266. 486 2 6. 484
88.9 3628 576. 622 2 6. 486

21.2 954 151. 556 2 7. 149

D 55.6 2 504 397.948 2 7.157
98. 4 4432 704. 428 1 7.159
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4 # i
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