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Bolt preload measurement based on acoustic elasticity method with

correlation processing
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(Institute of System Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: In order to measure the bolt preload with acoustoelasticity accurately under the low
voltage excitation, a signal processing method based on correlation operation is utilized to process the
echo signal. In this method, the ultrasonic propagation time is obtained by comparing the most similar
position of the transmitted wave in the echo, so as to measure the preload. The correlation operation can
suppress the noise, which can realize the measurement of transmission time under the condition of low
SNR. At the same time, the method combined with interpolation can improve the resolution of time
measurement. The Linear Frequency Modulation(LFM) pulse is chosen as the emission wave to test the
preload of the bolt using acoustoelasticity under different voltage excitation. The maximum error is below
2.9%. The test results show that the method can realize the accurate measurement of ultrasonic
propagation time under the condition of low voltage excitation, and the resolution of time measurement
can be improved by combining the interpolation method.
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Fig.1 Schematic diagram of calculating ultrasonic transmission time
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Fig.2 Comparison of correlation results of different types of sinusoidal pulses
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Fig.4 Transmitting wave,receiving wave and correlation results
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Tablel Results under different emission pulses

excitation Ist/us 2nd/us 3rd/us 4th/us Sth/ps repeatability/ns
9V (10~20) MHz 9423 6 9.424 0 9.4232 9.4240 9.424 4 0.9
6V (10~20) MHz 9.424 0 9.4232 94228 94240 9.423 6 1.0
3V (10~20) MHz 9.424 0 9.424 0 9.424 4 94232 94228 1.3
9V (5~10) MHz 9.4200 94196 94192 9.419 6 9.4200 0.7
6V (5~10) MHz 94188 94196 9.4200 9.420 4 94192 1.3
3V (5~10) MHz 9.420 0 9.420 0 9.420 0 9.4192 94188 1.1
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Fig.5 Received waveforms by different voltage excitation and correlation results
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Table2 Validation results of interpolation method to improve time measurement resolution
excitation 1st/us 2nd/ps 3rd/us 4th/us Sth/us
oV standard 9.423 6 9.424 0 9.423 2 9.424 0 9.424 4
interpolation 9.423 6 9.424 0 9.423 2 9.424 4 9.424 4
6V standard 9.424 0 9.423 2 9.422 8 9.424 0 9.423 6
interpolation 9.424 4 9.423 2 9.422 8 9.423 6 9.423 2
3V standard 9.424 0 9.424 0 9.424 4 9.423 2 9.422 8
interpolation 9.424 0 9.424 0 9.424 0 9.422 8 9.422 8
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Fig.6 Force loading device of acoustic elasticity
test

o 7o s

= *—SNR45.7 dB

e o SNR31.8dB

* SNR 13.7dB
L L 1 1 1 1 I

&
Qo
2 £ 300
- SNR 57.2dB g
_ S 250
20 = SNR46.6dB § g
B + SNR25.1dB e £ 200
= . 15
g 15 -~ g
& o 2 150
S0k A g
(] @
2 ”/,/'/ £ 100
& 5k o ot
o S 50 4‘
odb—1 1 1 1 1 1 1 1 § r
1 2 3 4 5 6 7 8 9 10 2
loading force/N b=}
B

Fig.7 Result of phase detection method
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Fig.10 Error of LFM wave in different frequency bands
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