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Ultrasonic detection system of bolt fastening force based on ZYNQ

XU Wei, LU Yunyang, GUO Cuijuan, BAI Jinjun
(School of Electronic and Information Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In view of the defects of low sampling rate and insufficient measurement accuracy in existing ultrasonic detection

methods of bolt clamping force, the ultrasonic detection system of bolt fastening force based on ZYNQ was devel-
oped. Based on the principles of acoustoelastic effect and Hooke's law, the relationship between the bolt fasten-
ing force and ultrasonic transit time difference was deduced, and the temperature compensation was carried out.
The correlation method was adopted to calculate the transit time difference for the collected echo signals on
ZYNQ. The system calculated the output of the cross—correlation function quickly by FPGA, and carried out cu-
bic spline interpolation on the ARM side to obtain an accurate estimation of the transit time difference. The cali-
bration testing results showed that, compared to traditional correlation methods, the computing speed of this
system was greatly improved, and the time consumed for a single calculation of transit time difference was less
than 50 ws. The measurement resolution of ultrasonic transit time of the system was on the order of hundreds of
picoseconds. And the repeatability of the system’s dynamic calibration results was within £0.2%. Compared to

existing detection systems, this system has been significantly improved.

Key words: ultrasonic detection ; bolt fastening force ; ZYNQ; correlation method ; calibration testing
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Fig.2 Scheme of overall system
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Fig.3 Schematic of ultrasonic bolt fastening force

detection system
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Fig.5 Software block diagram of correlation method
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Tab.1 Experimental data of static calibration

SRR e /mm 7 I AR ] /s || WA BE /mm R 7 B ] /ms
5361.354 22 019.602
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5361.394 22 019.638
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47.20 7 974.648 181.48 30 656.744
7974497 30 656.627
7974419 30 656.595
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Fig.6 Experimental environment of temperature compensa-

-3

tion calibration

®2 BEMMERERRELE

Tab.2 Experimental data of temperature compensation

calibration
IR B /mm EE/C T R 7] /s
20.12 5 359.033
30.16 5 364.679
31.74 3991 5 370.224
50.53 5 376.157
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20.12 22 020.317
30.16 22 043.426
130.35 3991 22 065.876
50.53 22 090.253
60.03 22 112.034
20.12 30 656.357
30.16 30 688.534
181.48 3991 30 719.652
50.53 30 753.647
60.03 30 784.345
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Fig.8 Variation trend of ultrasonic transit time difference and

stress
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Tab.3 Experimental data of dynamic calibration

7SI AEAT KN AR PRI 25 s R ZEU(MPasns™) 1 SLIHEAE/KN

8.738 46.867 0.969 8.749
17.189 91.948 0.971 17.166
25.749 138.128 0.969 25.787
34.748 185.841 0.971 34.695
43.661 234.182 0.969 43.721

8.405 44952 0.971 8.392
17.856 95.476 0.972 17.825
24.613 131.576 0.972 24.565
34913 187.362 0.968 34.979
42.064 224.826 0.972 41.974
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