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Fig.1 Schematic diagram of ultrasonic measurement of bolt

axial force
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Fig.2 Distribution of test points for axial force of blade
root bolt
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Fig.3 Installation of ultrasonic sensor for bolt axial force

monitoring
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Fig.4 Strain gauge test calibration bolt
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Table 1 Root material properties
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Fig.5 Construction of finite element model of blade root
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Table 2 Maximum bending moment load at blade root under
different working conditions
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Fig.6 Boundary and load definition of blade root finite

element model
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Table 3 Monitoring data of bolt axial force under
preloading condition

R 7 0 SR A JOE AR et R A 22
EERE Bl 1 J3/kN Bl J3/kN H /%
1 175.5
2 180.4
189.5
12 178.9 174.7 2.4
22 191.0
24 168.3 162.7 3.4
26 189.3
27 195.3
35 160.8 164.8 -24
45 167.8
46 152.1
47 178.8 177.3 0.8
48 153.3
49 178.3
50 176.1
58 192.5 189.9 1.4
68
69 183.8
70
71 165.2
72 195.2
73 182.4
81 159.5 162.5 -1.8
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Table 4 Strain gauge test, ultrasonic test and finite element simulation of axial force variation of bolt under shimmy condition

i e AR e /MEIR
g 2 REARI R AR AT AR RS AR A BRI ko)
kN kN 1R 2/% fi5 5 R %1% kN kN R%/% iy ¥ R 2E/%
17.9 145 -16.7 -13.4
2 17.1 145 -16 -13.3
3 16.4 14.3 -154 -132
12 11.7 12.2 43 10.2 -12.8 -10.6 -11 3.8 -94 -113
22 2.7 13 -33 -1.2
24 -14 -1.8 28.6 -0.6 -57 -1.3 -13 0 -0.6 -53.8
26 -2.9 -2.6 3.3 24
27 -4.9 -3.6 3.9 33
35 -115 -126 9.6 -104 9.6 12.3 12.2 -0.8 9.7 -21.1
45 -14.1 -14.6 16.6 13.5
46 -15 -14.7 17.1 13.6
47 -16.3 -15.8 -3 -14.7 9.8 16.7 173 3.6 13.6 -18.6
48 -16.6 -14.6 17.3 13.5
58 -11.6 -12.1 43 -105 95 15.2 16 53 9.7 -36.2
68 -2.5 -1.7 1.2 15
69 0 -0.7 -2 0.6
71 25 13 22 -12
72 3.6 23 4.3 2.1
73 438 33 -55 -3
81 11.8 113 4.2 10.2 -13.6 -10.9 -10.7 -1.8 -9.4 -13.8
92 17.2 14.5 -16.8 -13.4
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Table 5 Comparison of strain gauge test, ultrasonic test and finite element simulation of bolt axial force variation under
swing condition

i S PR T /NS
;Z; BRI A Fi BRIC AR BRI R A A BRI AR
kN kN R#E% 5 5 R%/% kN kN 1R 2/ % 5 ¥t R #/%

1 24 0.8 1 -0.3
2 6.6 2.7 -0.02 -15
3 8.6 4.6 23 -2.7
12 20.7 21.4 3.4 21.9 5.8 -11.6 -12.1 43 -115 -0.8
22 57.3 38.9 -23.8 -16.7
24 64.6 62.7 29 39.2 -39.3 -20.8 -22.1 6.3 -16.8 -192
26 67.9 383 239 -16.5
27 64.2 37.3 -21.8 -16.2
35 50 51.7 3.4 21.9 -56.2 -12.6 -12 4.8 -11.6 -7.9
45 6.9 2.8 4.4 -15
46 3.1 0.9 -3.8 0.4
47 2.1 22 48 -1 -52.4 -1.7 -15 -11.8 0.7 -141
48 -5.6 -29 23 1.8
58 -155 -16.5 6.5 -19.7 27.1 13 13.6 4.6 11.8 92
68 -27.6 16.6
69 -46.9 -27.8 36.4 16.6
71 —49.1 -27.6 34.3 16.6
72 472 274 33.3 16.4
73 -46.2 27 30.8 16.2
81 2111 ~22.3 5.7 -20 =52 294 272 =15 11.8 159.9
92 0.02 -1 4.4 0.7
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Experimental study on ultrasonic monitoring of blade root bolt
load in static test of wind turbine blade

Yan Yong', Liu Chuda®
(1.Department of Aeronautical Machinery Manufacturing Engineering, Changsha Aeronautical Vocational and Technical

College, Changsha 410124, China; 2.Changsha Biaoneng Information Technology Co.,Ltd., Changsha 410205, China)

Abstract: By means of finite element analysis, strain gauge test and ultrasonic axial force test, the

load distribution of a wind turbine blade root bolt group under different working conditions was studied.

The results show that the finite element calculation model is more ideal and can not consider the

influence of additional load on bolt strength caused by centering error, perpendicularity error and

center plane offset during installation. The on—line ultrasonic monitoring technology of bolt axial force

based on the principle of acoustoelasticity is used to monitor the bolt group load of blade root in the

static load test of blade, which can provide guidance for strength calculation and design optimization of

blade root end connection, and lay a foundation for online monitoring of bolt load of wind turbine

blade.

Key words: wind turbine blade; blade root bolt; load; ultrasonic
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