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Experimental study on ultrasonic measurement and calibration of

axial stress of wind turbine bolt
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Abstract: According to the basic principle of ultrasonic guided wave method to measure the axial stress of
bolts, a simple and effective sound velocity calibration test system is established. The influence of the delay error
and temperature error of the test system on the measurement accuracy of different test methods is analyzed
through experiments. The actual test of 10.9 grade 42CrMoA wind power bolt axial stress shows that the
measurement error of ultrasonic longitudinal wave real method is less than 4+ 2%, and that of longitudinal and
transverse wave joint measurement is not more than + 5%, which can fully meet the requirements of engineering
application, and lay a technical foundation for the popularization and application of this technology in the field
of wind power.
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Fig. 1 Principle block diagram and test photo of ul-

trasonic measurement system for axial stress in bolts
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*1 ZRENOBENERSHFEMNRE FFRIEE 29.09 °C)

Table 1 Self delay error of ultrasonic measurement system for bolt axial stress (ambient

temperature 29.09 °C)

WS B Ts/ns KR T /ms iHEAEV/ (ms™1)

A Tsen/ns HiAMF 6T /ns KilfF Tren/ns K 0T /ns

1 51589.7 70910.9 5937.5 50458.7 1130.9 69780.0 1131.0
2 51588.9 70911.0 5937.2 50461.1 1127.8 69783.2 1127.8
3 51589.8 70912.0 5937.2 50461.4 1128.4 69783.6 1128.4
4 51590.0 70911.3 5937.5 50459.0 1131.0 69780.3 1131.0
5 51589.7 70911.9 5937.2 50461.4 1128.3 69783.6 1128.3
XA 51589.6 70911.4 5937.3 50460.4 1129.3 69782.2 1129.3
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Table 2 Effect of temperature of 422CrMoA M36 bolt on longitudinal wave velocity

R EE/°C 20.03 26.92 29.99 34.93 40.04 45.03 50.04 60.06 70.05 79.91
FIE /ns 70968.1 71019.1 71041.8 71080.3 71116.8 71153.7 71190.4 71266.2 71348.6  71429.2
P Z2E /ns 0 51 73.7 112.2 148.7 185.6 222.3 298.1 380.5 461.1

i/ (m-s™1) 5848.8 5844.6 5842.8 5839.6 5836.6 5833.6 5830.6 5824.4 5817.6 5811.1

PP R ar, 0.000104 0.000104 0.000106 0.000104 0.000104 0.000104 0.000104 0.000107 0.000108

%3 42CrMoA # T M 36 12428 B S A iR A9 S0
Table 3 Effect of temperature of 42CrMoA M36 bolt on shear wave velocity

e/ °C 19.85 25.01 29.98 34.88 40.13 44.96 49.95 60.12 69.85 78.94
A8 /ns 339385.7 339628.3 339872.4 340110.4 340341.4 340580.7 340826.0 341288.9 341781.6 342205.2

P 7 {H /ns 0 242.6 486.7 724.7 955.7 1195.0  1440.3  1903.2 23959  2819.5
Fi#/(ms™!) 31961  3193.8 31915  3189.3  3187.1
GRS AUES gt

3184.9 3182.6 3178.2 3173.7 3169.7

0.000138 0.000141 0.000142 0.000138 0.000140 0.000140 0.000138 0.000140 0.000139
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difference and temperature of 42CrMoA M36 bolt

under zero stress
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Fig. 4 Field calibration and measurement of axial

stress in bolts
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Table 4 Measurement results of axial force of M36 bolt

. RAENEE | RGIEN R o REREER
BN SR s f;;af/ns {éiggzj/w MR /% ‘"“ilz ;/kNE MR /%
0 169000.0 167823.6 0
37.2 169175.9 167999.9 38.3 3.1 37.6 1.1
61.8 169289.8 168113.8 63.1 2.2 61.9 0.2
86.4 169397.0 168221.0 86.4 0 84.7 —2.0
121.4 169572.1 168396.1 124.5 2.5 122 0.5
150.7 169707.4 168531.4 153.9 2.1 150.8 0.1
178.0 169834.8 168658.8 181.6 2.0 178 —0.02
212.6 170007.2 168831.2 219.1 3.1 214.7 1.0
238.7 170129.4 168953.4 245.7 2.9 240.8 0.9
272.3 170279.2 169103.2 278.3 2.2 272.7 0.2
301.1 170406.8 169230.8 306.0 1.6 299.9 —0.4
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Table 5 Measurement results of axial force of M36 bolt

_ NIl _— R EN GBS . EXR N

BTN B s éﬁ;ﬁl B /s 1; gg/js J“;ml”iif/”kﬁi R /% @ij ﬁ’/ﬁk R

0 169000.0 167536.6 308360.6 306556.7 1.84 0.01

37.2 169175.9 167713.0 308430.9 306627.0 41.27 10.9 38.75 4.2
61.8 169289.8 167827.0 308473.8 306670.0 67.22 8.7 64.28 4.1
86.4 169397.0 167934.1 308557 306753.1 85.78 —-0.7 81.74 —5.4
121.4 169572.1 168109.2 308602.5 306798.6 128.82 6.1 124.46 2.5
150.7 169707.4 168244.5 308715.7 306911.8 151.31 0.4 145.40 —-3.5
178.0 169834.8 168372.0 308764.6 306960.7 180.68 1.5 174.27 —2.1
212.6 170007.2 168544.3 308819.2 307015.3 222.28 4.6 215.36 1.3
238.7 170129.4 168666.5 308875.5 307071.6 249.40 4.5 241.82 1.3
272.3 170279.2 168816.3 308947.9 307144.0 282.32 3.7 273.87 0.6
301.1 170406.8 168943.8 308990.2 307186.3 313.25 4.0 304.38 1.1
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Fig. 5 Comparison of relative errors of bolt axial

force measured by longitudinal waves
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