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Fig. 1 Structure diagram of contact
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Table 2 Contact pressure of relay 1

5 )] E EIREET IS

7 F TN ASCIRHH/mN B F TR RHE/mN A HE/mN i

1 340 331.2 -2.59% 250 244.5 -2.20%
2 300 321.4 7.13% 260 242.1 -6.88%
3 340 344.2 1.24% 230 238.1 3.52%
4 380 354.5 —6.71% 250 240.4 -3.84%
5 360 356.7 -0.92% 260 238.3 -8.35%
6 370 358.8 -3.03% 220 238.8 8.55%
7 340 355.8 4.65% 250 239.1 -4.36%
8 390 361.5 -7.31% 240 245.5 2.29%
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Table 3 Contact pressure of relay 2
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1 380 361.4 —4.89% 230 244.8 6.43%
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3 340 344.8 1.41% 250 230.2 -7.92%
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5 380 359.2 5.47% 240 229.8 -4.25%
6 400 371.5 -7.12% 220 231.3 5.14%
7 380 360.3 -5.18% 260 248.4 -4.46%
8 390 364.6 -6.51% 280 262.2 -6.36%
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Contact pressure measurement method for railway relays based on feature
recognition and IWOA-Elman modeling

LI Wenhua', QU Daokuan', WANG Xin’>, WANG Yi *, YANG Xinglin‘, NIAN Wang’

(1. State Key Lab of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300401, China;
2. Shenyang Railway Signal Co., Ltd., Shenyang, Liaoning 110025, China; 3. Standards & Metrology Research Institute,
China Academy of Railway Sciences Corporation Limited, Beijing 100081, China; 4. Shougang Jingtang
United Iron & Steel Co., Ltd., Tangshan, Hebei 063210, China)

Abstract: To overcome the drawbacks of the current manual contact pressure measurement method for railway relays, such as sus-
ceptibility to subjective influences and potential secondary damage to the relay, this paper proposes a relay non-contact pressure measure-
ment method based on feature recognition technology and an Elman neural network optimized by the improved whale optimization algo-
rithm (IWOA). Based on an initial analysis of the structure and motion process of relays, a mechanical model was established to replicate
the supporting structure of the static contact reeds, from which the elastic force calculation formula was derived. Feature recognition tech-
nology was then utilized to identify motion images and tracked the target, allowing for the extraction of the kinematic parameters of the
moving and static contacts. These parameters were used to calculate the elastic force generated by reed deformation. To reduce the influ-
ence of the supporting structure’s shape, an IWOA-Elman neural network model was constructed. The final correction and solving pro-
cess for contact pressure was achieved by inputting the three influencing factors: the elastic force of the static contact reed, the moving
contact displacement, and the initial acceleration. Experimental results showed that the proposed method simultaneously measured the
upper and lower pressures at 8 relay contacts within 120 s, with errors below 10%, significantly outperforming traditional manual meth-
ods. The proposed method greatly improves measurement efficiency, accuracy, and stability by eliminating human subjectivity, and dis-
plays good consistency in repeated measurements. The research outcomes provide practical ideas and technical references for the auto-
matic measurement of railway relay parameters.

Keywords: reply; feature recognition; contact pressure; neural network; mathematical model
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