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Fig. 1 Basic strategy of blade root load test
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Table 1 ~ Material property parameters

E  EE]
GPa GPa GPa

G, Gl G,/
GPa GPa GPa

12 Vi Vi3

41.6 149 134 0.241 033 0268 5.05 505 5.05
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Fig. 3 Effect of blade material property parameters on stress and strain
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Table 2 Factor level of orthogonal test
KT E,/ E,/ v, G,/ Gyl G,/
GPa GPa GPa GPa GPa
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2 24.96 11.92 0.19 3.54 3.54 3.54
3 20.12 1490 024 5.05 5.05 5.05
4 33.28 17.88  0.28 6.57 6.57 6.57
5 37.44 2235 036  7.58 7.58 7.58
10 62.40
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material property parameters and stain
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Table 4  Parameter estimation of first-order regression of f,

AR o MHE BRiEDR2E JAI:N PlE

(6)

8.4760 0.2344 36.1636 0.0001
X 2.1762 0.1969 11.0506 0.0001
X -2.3914 0.1910 -12.5193 0.0001
X3 —-1.8082 0.1908 -9.4773 0.0001
X4 1.4275 0.1764 8.0931 0.0001
Xs -0.4820 0.1763 -2.7346 0.0090
X6 -0.7424 0.1791 -4.1440 0.0002
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Table 5 Parameter estimation of complete quadratic

regression of f,

8.3591 0.1804 46.3280 0.0001
X1 2.5845 0.3970 6.5096 0.0001
X6 2.08x10" 3.12x10" 0.6670 0.5117
X2 2.5947 0.2157 12.0267 0.0001
Xi3 1.0775 0.2176 4.9509 0.0001
Xs6 2.62x10" 3.81x10" 0.0690 0.9456
x,2 -1.4395 0.2484 -5.7953 0.0001
xi -2.58x10"  5.02x10" -0.5011 0.6213
xz -9.01x10" 1.29x10" -0.7008 0.4908
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Table 6 Regression variance analysis
Y5 PSS
EEPWiRis X FilE REL
PR FE FEL
S, —xalA 0.4595 0.9157 0.9039
[, EeEREIE 01769 0.9936 0.9858
f, ZREIEEIE  0.1179 0.9963 0.9937
£, EIH 0.2644 0.8642 0.8452
Lot EIE 0.0950 0.9908 0.9800
S, ZRENAEIE 0.0839 0.9910 0.9844
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Table 7 Relationship between stress, strain and load for

measurement point 1

FEEAE BEOUE RO Ry
kN-+m kN+m Pa m-m”
100 0 2.899x10° 6.717x10°°
200 0 5.798x10° 1.365x107°
5000 0 1.445x107 3.399x10™
100 200 3.115%10° 7.329x10°°
200 200 6.016x10° 1.416x107°
5000 200 1.447x107 3.406x10™*
100 1000 4.003x10° 9.408x10°°
200 1000 6.909x10° 1.625x107°
5000 1000 1.458x107 3.431x10™
W 7 AT A LR A

32 MR 4 B ) R B R 3R g SR X G 5 e A
J s UL, DI AT 1 AR g WA 4 28 0 R A B
S X RO I SR A D O, AT 1 T AR A Ak

FEE T AR IR 5 1) B PR R B SRR TR AN 2 A
PRJZE A AR 5 TR I 1 AR T A b A S A

7 1) de KR i, Gk LA BEU W A, i T FROT
3T PR I A A UL AR 1Y L T A 40 o

waREA R, RECT AR *’Eﬁﬁﬂﬁiftlj P 2
) o R AN A5 A B R 7 AR A X 4 B
S BB R I3 5 b — AN EUR% BRI A 3 Xfﬁﬁ-%jj%ﬁﬁi
TG A5 2 R 5 4 Ko EEE ) AR AR
HA 1, N AR 5 U ) Y T R G

F 1 FE S R 0 B R S AR 0. BRI,
R MR E S BOR AT, RS —4

0 AR -7 R R AT A5 2 429 B N AR - R O
Z (UK 6 F 04 k8 OB £%) . K 6 1, 04 ZEXt 0
AR RE S BN Cxn,,-ox ) BN AR 5 S48
KF (a0 FEAST UK N 3 T 6 A8 6 )
OB & At R EES 8 (&) 2, xg ) BB
TEHNBEZREELER., & (ra,r ) 5
(a2, oo o0 VAR IR A AERA R 2 ATAE R, 0A
2 LN AE S OB 4 LN AR AN, 7R T I
R RHE S HOT I TR SR ML ECRZ
S, BIVAT 5380 10 A2 55 48 m7 22 1] 1) ¢ FRAR AR -

A (9)
(e LT
A, k(tl_yxzs_%) — X N R R E MRS B
(w0, 000, IR AS 5 S JE S R IR M, ——
JisE AT
A
B
E‘( A 6, x), e x,)
Ea
= 4
JZ fa(xl’xz’ ”"xé)

M,
5 (%) e
K6 AR FR s A

Fig. 6 Relationship between strain and load
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Fig. 8 Strain distribution of blade root
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Table 8 Comparison of model results and simulation results
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RESEARCH ON BLADE LOAD IDENTIFICATION OF LARGE-SCALE

WIND TURBINES BASED ON “STRESS-LOAD” MODEL

Wang Chao', Dai Juchuan', Yang Xin', Wen Zejun’
(1. School of Mechanical Engineering , Hunan University of Science and Technology, Xiangtan 411201, China;

2. Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment , Xiangtan 411201, China)

Abstract: In order to solve the problem of on-line identification of blade load during the operation of wind turbines, a

load identification method based on blade root stress measurement is proposed. The influence of single blade property

parameters on blade root stress is analysed. Based on this, the orthogonal experiment of joint influence of multiple factors

is designed. Then, regression analysis is used to obtain the relationship model between blade property parameters and

stress. In the process of regression analysis, the regression correction equation is obtained by using the criterion of

“significance”. Subsequently, the relationship between blade root stress and blade load is established with a full

consideration of multiple load. As an example, a three-dimensional solid model of a wind turbine with 43 meter long

blade is constructed. Moreover, the distributed load and root stress on the blade are analysed by employing CFD and

ANASYS software. After that, the results of model calculation and finite element simulation are compared and analysed ,

which proves the feasibility of the "stress-load" model proposed.

Keywords: wind turbines; strain measurement; regression analysis; load identification; property parameter



