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Ultrasonic multi-feature fusion bolt stress measurement method based on ELM

Chen Ping,Shang Qiuxian, Yu Xin, Yin Aijun

(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China)

Abstract: This paper proposes an ultrasonic multi-feature fusion bolt stress measurement method based on extreme learning machine
(ELM) to address the non-linearity and ill-posedness issues in traditional ultrasonic bolt stress measurement. Firstly, based on the
theory of acoustic elasticity and scattering theory, ultrasonic feature parameters such as the acoustic time difference of ultrasonic waves
and the attenuation coefficient of longitudinal waves in polycrystalline materials within the Rayleigh scattering range are extracted from
ultrasonic echo signals. Then, by vector dimension reduction, the acoustic time difference, attenuation coefficient and effective load
length are selected as the input feature vector to establish an ELM-based ultrasonic multi-feature fusion bolt stress measurement model. A
bolt axial stress ultrasonic measurement experimental platform is set up to measure the stresses of bolts of different materials and
specifications. The results are compared with those of traditional ultrasonic measurement methods to verify the limitations of traditional
ultrasonic detection methods. The measurement results and precision of ELM are compared with other machine learning methods,
including back propagation ( BP) and support vector regression (SVR). The results show that the method proposed in this paper
effectively overcomes the shortcomings of traditional ultrasonic measurement methods, which can measure the stress of bolts of different
materials and specifications, and has higher measurement accuracy (with an average relative error of 3. 86% ) and better generalization
ability.
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Fig.1 Diagram of ultrasonic wave propagation inside bolt
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Fig.2 Ultrasonic echoes under different stresses
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Table 2 Pearson correlation coefficient between ultrasonic

parameter and stress
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Table 3 Pearson correlation coefficient between ultrasonic

parameters
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Fig.4 The construction process of the ELM measurement

model of stress
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Table 5 Parameter calibration results of TOF method

R RERKE/mm UERE BIEEE PRRER P

87.54 0.5500  3.1818

A 89. 05 0.568 2 0 0.566 5 1.363 6
94. 68 0.5812  0.909 1
35.00 0.2682 -2.27217

B 44.00 0.3614 2.5000 0.3606  0.757 6C
55.77 0.4523 2.0455
31.57 0.2227 -0.909 1

C 32.80 0.2273 0.2273 0.2317 0
33.58 0.2432  0.681 8

x6 ERRIEESHMREER
Table 6 Parameter calibration results of attenuation
coefficient method

B RERKE/mm UARPE BIEEE PRRER PR

87.54 0. 006 5 8.006 7

A 89.05 0.007 5 8.016 7  0.007 4 8.049 8
94. 68 0.008 3 8.126 0
35.00 0.0109 17.957 7

B 44.00 0.0140 18.1188 0.0142 18. 106 1
55.77 0.0176  18.241 9
31.57 0.0080 14.908 6

C 32.80 0.0086 14.9858 0.008 4 14.993 9
33.58 0.008 7 15.087 2
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Table 7 Measurement results of TOF method

MHEZ5 R/ MPa

SEBRE/ MPa
A, B, C,
20 15.25 16. 39 21.58
40 41.75 44.12 21.58
60 59.38 57.98 43.16
80 85.85 71.85 64. 74
100 103.51 85.72 86. 32
120 129. 99 99. 58 129. 48
140 156. 46 127.31 129. 48
160 182. 94 127.31 151. 06
180 200. 59 155. 04 172. 64
200 218.25 182.78 194. 24
IR R/ % 9.49 12.51 14.28

R8 RBRVEMELR

Table 8 Measurement results of attenuation coefficient method

MR 25 R/ MPa

SEPRE/ MPa
A, B, C,
20 34.10 30. 18 15. 45
40 25.16 30. 37 27.37
60 64.19 53. 61 56. 44
80 83.90 85. 14 64. 04
100 101. 86 92.23 103. 44
120 116. 15 125. 14 124. 36
140 139. 20 147. 94 128.92
160 157.33 179. 11 173.93
180 183. 94 182. 11 185. 94
200 208.72 205. 46 193. 04
YRR ZE /% 13.33 12.56 11.07

FOE I R BTG, R 9 AT, T ELM (8
P ZRRIE A S R DL SO [R) R R SR A4 B 7 )
RS RIXHR R RN 5.82% , %% 7 F1 8 K3, He
DS EAH G R 22 8 /N T TOF 36 MU R 80k . %7
B B J7 ik R il AR RIRRAE A Al A, KoK
PR T IEOREE YRR T TOF 3 A v 22 5500 I+ i I
LRz AL RE ) 2255 SR R
3.2 ARENMBEIEXNEMEELLE
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Table 9 Measurement results of ELM multi-feature

fusion method

W25 5/ MPa
SEBR{E/ MPa
A1 B1 Cl
20 18. 84 23.13 16.31
40 42.88 36. 02 46.21
60 64.98 56. 74 54.82
80 81.05 81.27 80. 03
100 99. 82 99. 11 96. 75
120 116.42 117.18 114. 89
140 136. 18 135. 42 148.25
160 161.59 158.91 159.25
180 178.52 17.43 180. 09
200 192.72 193.45 196. 75
SRS R/ % 3.34 4.45 5.82
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Fig. 11 Measurement results of three models
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Fig. 12 Analysis of measurement errors for three models
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Table 10 Measurement mean-related error of three models

Bl gk R MR/ %

ELM 5.33
YILRIE BP 7.38

SVR 13.63
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Fig. 14 Measurement results of ELM algorithm for

new specimens
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