BASHE 108
2017410 A

FR P NE R = -y )
JOURNAL OF TONGJI UNIVERSITY(NATURAL SCIENCE)

Vol. 45 No. 10
Oct. 2017

TEHE. 0253-374X(2017)10-1491-07

DOI.:10.11908/j. issn. 0253-374x. 2017.10.011

£ R~T M A 4549 3F 2214 X 8% 23 B9 22 i
HALL, LT

(RIFFRF PR S REIR AR Be, b 201804

BE: P NoT e A S AEL o B s i, oAl
W AR VB R BR R Z B B OG R AR R i
BIAE. W = E N B AR L AR Ko B . 7E
b7 AT _E R R b W SR BB AL . S5 ARAR M, 5 AR OT
EARMEXT L, ZEAR S5 1) BE A AR 4 o BRI A WD 2 A KA 22
4854 s FEABIR T I BE B AR 23 mo 8 4R [X 488 14 W 4 KA
2 29%. WL KNGS RAB TEA RO BE , 7T R ML B 38
i AR AU o NI 5.

KR RALT R B4R BIAE; I NI
hESHEE . TB332;TQ313 NHERFRER . A

Effects of Structure Nonlinear on Full-Scale
Wind Turbine Blade Static Test
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201804, China)

Abstract: The effects of structure nonlinear on full-scale
wind turbine blade static test were studied in this paper.
First, the relationship between bending moment, strain,
stiffness and deflection were theoretically analyzed. Then,
full-scale blade was mounted on the test bench for extreme
load static test. As the blade was deformed during the loading
process, the loading angle, the radial, and tangential
deflection of the blade were changed because of the blade
structure nonlinear and torsional coupling. The loading force
angle and arm were measured by using the triangular method.
The strain gauges installed in the different section of the blade
were used to measure the local strain on the blade. The
results show that, compared with FEM target value, the
maximum deviation of stiffness in 4 m away root during static
test in flapwise direction is 48% and the maximum deviation
of stiffness in 23 m away root in edgewise direction is 29% .
The experimental results provide accurate stiffness data for

numerical model of wind turbine to load calculations.

ks B 2017-03—09

Key words: wind turbine blade; nonlinear; strain; static

test; stiffness

IRREAE by S €0 BB W 7E 5 B A 200 ) V2 A
RS % AL B B BHLT) S 3 K . B
BB KM &= B & LM A F 5 Adwen 8
MW RUBLA: = 14 B 7 88. 4 m B . BF VR R R
PLARZ R, FAE BB R B H B By W] S [H]
B A 42 XU RE 5% 16 0 IRVAR BE 54 sh BB I .0 B 14, 16
K Z BN RALAS S50 AR L FE B 3 il L AR o A A B 4
EALHALIR A 22 20, vk R B R L N e 3h
RERE R, KA BRERZE KR, MR RZ
AR XL R /Nl S 3 IRUHIL 3R 77 5 B A B 0 SR .
M e BRER AT T AR B A 2 A5 50 B SRR 1 &
W4, BT EZRNSEETE, itk
B 185 (e s BE B AR /I, AT BE S B 442 35 £ 7 XL
W 5 JF LA RUAHILIBE T Bt B0 JL 30 %6 17423 B . AR 9 XL
PR AT, i i 2 A0 28 0 # 3R I 3R AR B8 L WY
JE | P e .

BT N A A R i e 0SB 5 o, 1% 286
LR W 7 AR IR A AR SRk 4 BT R SR B 2D, T
BRI R B R SO BR. E AN &
H T B B o MR R R 44 L. Yang il
Poozesh 85| F e R A a4 R F ki 1 Bk
MAAAETE. ESCHR S MR T 48 m W 55 R 82
BEFN AR, I 5T E AT T L IR ETERET A
DNV-GL2015 i, ¢ FRbk &0 7E F a3l 72
B, 0 5 7ETE SR 7 W) 10096 i gk A, M AT
24. 2 mfvi B &AM RERBEIR. Jensen B4 34 m
MRS R NRER R, RS SRR
RS A A A RBRIRA EEHRE. Lee F5 30
G BRI ST AT 10 48, 3 m I 5 FEAT ER AR
MR TEIR T 1 N ER 3 70 %% I3 2% A B % 26

HfEE . WiHE 1983, B, &, RS RO @Rt RIHR. E-mail: pzj5275259@163. com
WIRAEE . BEP1953—), B, 88R, LA I, T#F L, TEI I AP R, E-mail: wiz@tongji. edu. cn



1492

Gl ¥ 1=y el )

RN

. Lee ORI 56. 5 m M H 9% 97 At , 4R 31
BRBa TS B IR, 0] A KA 2 T X
F R AR 57 R AT T SR

R L R e 2 s8OS 2 .
TA B B R e, 7 R ) ALK ) BRI RE o A 22
AR ZEAR KR Jm 23 12 B o R Rk e AR T ()
M AR5 R T BN B T i e A 5 R R AR
AR o S T 68 TN 8 PR ST IR 257 A A B3R 5 I e B A
- B G R AT TR S AR S AR TEPRA I
Fi W JEE I BT RR AR | 45 5 5 R R HL R SR R R 4
IF. W R 85 B HE R Mg R L bR 2 i fT S AR
TEAR PR 25 2 (6] 77 A i 22 o PR G A s B2l it 4 N~
M M T R B I A S SR

ASCHGER G A 2 MW RUAIL, T RC it 4 56. 5
o, XN A AR P A 2 L R BE L B BE R AR HE AT
AT » AR5 R RE it 1A T I i d g
=R M0 A BE A R BRI R ST F
ARL X B HE AR MR [ N A I A 2R
LR o 38 3 25 R AR AT LR AR B AR b 3 5 i
Fr M E L HEIA NI R S5 R OG5 W B 22
AT A A 7 AT I R 5 M AR 2 A X 5 R A R BE 1

.
1 RENT REMSHEERHXR

MERTE 100 i A S L B R A AR 2 fe] Y
KE RS R R AR,

E—{I( )8 v(z,t) }+

pA(z){ M(z.t) <h

A vz, 0 \M(z,t)ﬁﬁﬂﬂﬁnfﬁﬁﬁzﬁﬁﬁ z Y
Zit EBSE ST E i REE; () BB
P AC) R A 0 N .

BRI 8 B T A2 B R, TN

Viz,t)= ZV (=) fi () (2)

K.V fi (t)ja%z /l\éﬁﬁf%ﬁ
1313 541 A A 2R

o(x,t) _ M(z,t)r(z) _
E El(z)

2
Bl (o) (K252

El(2)

a? v(z,t) }

e(z,t)=

<>29V(z)f<z>

3

K cevo I 53518 = Bl B REAE B S IR A5
RREAR Fr BB A S R R R
FEE n ANEE AL E I R E A
(2, D=V () f1 )+ Vo () fo (D)F -+
V. () fn (D 4
RFEME 20, BIE vz O ARRA
v(24s2) =V1(2a) /1 )+ V(20 f2 ()F o+

Vn(zd)fn(t) (5)
RIRNAE I ESE 2 =2, i =1, n, 2z A0 Y
e Cra) =rs TVLED )+
ra PV f (et
ry Mf () (6)
f1(
S (8) _
So ()
r V(=) Vi (z1) *V, ()7
1 d2? n 2* n 2t
r 82V1 (z1) , aZVZ (z1) , 32Vn (z1)
z 9z* : a2’ : a2’ X
*Vi(21) *V3 (z1) I*V.(z1)
L z* " dz? " Azt
€1 (z152)
€2 (Z.z s1) N
€n (zn 9t)
MRTE 2z VE FRBE R
i(zdat) - [Vl (zd) 9V2 (zd) 9"'9Vn (zd)]‘
A% IV, 3V, 1
» 82V1 (z1) - 32V2 (z1) - 32Vn (z1)
z a2t : dz* : It X
'V I’V ’V,
s e h *
e1(z151)
€2 (2.2 1) (®)
En (zn’t)




EioM

WA, 5 2 ROT W R S5 St i R i 5 i 1493

2 MR &HIRLHE

2.1 RIS

R K E Dy 56. 5 m, XK B BE I A 1 B A
ARALFEE S AR 5] 2R 46 /)N, AR 1 BT 7R. AR
AR 10. 0 m {7 BARZ K&K, N 3. 4 m. BRI
FAEFEMAR 4. 0 m AERT 13, 0 m 7 B H P .

4.0¢ 120
. ” 18
3.5¢ —=—5k e
—e— [ERF ”
g 3.0+ > ?ﬂﬁ 7
= sk {12
s 110 &
e 2.0F 18 =
i &®
E
~ 16 =
W 1.5r 4
e J
1.0 12
10
0.5 12
! . . . . -4
0 10 20 30 40 50 60
PR AR /m

E1 MWz .EENERAEKEAFE ELNSH
Fig. 1 Chord, thick, twist parameter of blade
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Fig. 2 Nonlinear distribution of stiffness and mass
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Comparison of bending moment between test

and target value in flapwise direction
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and target value
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