M AR M IT5, 5 34 &5 56 10 Applied Mathematics and Mechanics
2013 4% 10 H 15 H AR Vol.34,No.10,0ct.15,2013

X EHS:1000-0887(2013) 10-1040-08 © R FHBCER F1 2% 925 45, ISSN 1000-0887

MERMEXREX AN~
it N AR

T %, F B, TR

(1. B RS LR R Y90 WO HLBET T BORIF S B R S50, B at 2100165
2. BB A FRA R, 1095 o) 214174)

E: WKRBIKIHUTH 7 Bt Bk S 2508 f BE O i Se g 2 41 1 VR P e 20 s
BT Z R 08 Ty VR e S0 SR A g 2 e P B 2 T I SE PR RE RN, 25 1 T —Fh i AP
1.5 MW PrE g B s S it I 15  JF B0 B3R T 77 7 B9 45 R Bl J2 07 1 G B B FR
A, i T E A T F AT i ik T S TR A RO AL,

x # W i MERM: Jrertaiils

hESES. TM614; 0346 XHEFRER: A
DOI: 10.3879/j.issn.1000-0887.2013.10.004
5] =

F R, IR FCE i b R AL R 0 AR 24 15 BEHL Y 20% ~ 30%. R, BF 50 F1 SR A
SR SN ERCR A HT B Fr b X6 R AR X ¢ H AR R v KU e 5 A A 2 S B
i, KA AL R e o B e PG P o7 Fndc b i PERe L B AT i HPE R 1 3
TEAFAE S A MORE, FL S EEIGTR A RL Sy TC ORI B A A (T PRI LT ) | B A >R AN 1 7801 SR T
JI§ (unsaturated polyester resin, UPR) B3R I (epoxy resin, EPR) ' AN | #9581 kF 4 1] 5k
FHBRET 2 A E AT BT Ak 22 PR e P ERME RE AN 1 2= PR BB AR , (L L AR At , [0 i (R
M, HSABRAR S [A) A R B 2T 2 HAT 0k B2 R %5 AR ) 27 PE B L B 27 4 B I ARG 5 S5O0
R ARG BRI T HAE M A A i A R R R R T IF SR, HAZ AR N Vestas &
A, v E R S S AL B AT AR TE R 29 800 1 hm? (i T BEATACEL T AR Y 40% , BE
Paze e, B3R E BT AT B AR B4 1 ) S PR R A SRAT R AR 5 S ATt i A
AR M AR A | LA T At [ i 35 5 22 bR AR XUR ILZE 7™ o 9 B3 07 FHL PR G H 4 G

« UFSEHEA: 2013-04-23; f&iTHHA: 2013-09-06
BEEWB. EZRESIELMUITAET(973 11H]) (2014CB046200) 3 H 9k i 158 FEAEMIF I 55 9% & 300
%4x (NP2012102; NJ20130007 ; NJ20130008 ; NJ20130009 ) ; VT. 75 s Be AL e Bl st i TR ¢

Bhui H

fEEBAN . T (1982—) , 5 JTIUHEZL N, 1142 (Tel ; +86-25-84892069; E-mail ; wl2007@ nuaa. edu.
cn);
FEFDE(1962—) , 5 i+ #87 GEIRMEE . Tel : +86-25-84896138; E-mail ; tgwang @ nuaa.
edu.cn).

1040



T E S T R 1041

TERRBEIRAP I 4K, RIUXITHLAT M F (I TE A AR o I 2 55 ANERR A EL, AT BRI R
— ARSI HLIM: - i s O F B2 b 22—

ARSCE JS AT i BRGSO ——AT 2B B J1 2 PR RESE I th e, 383 T AT IR 2
PERERYSEACRHE, LA D JERl, TFRE T 1.5 MW RBEUXUCHALPTI A as i it A48 7 Has i bl
JE ) — B8RO, B i T B A T H AT R RS P ) — B8 BOARE R S ST 1.

1 PTEB I 122 R S

KR B R Gt 7eik T 2 A BRI T2 BUR AR S 345 A kAT 2 UM 2 th AT
Wh 4~7 SRR BTN T2 2B AR H W PERR L B AT B R R BR T2 il s Ay, Jf:
i BRELR A RS [ RS 1 2, 5 B B 27 4k 1) ) 24 P RE TR SR AR R, 772 R AR S R XU #L
W AR TR FE A RS2 R A R0 2 28y VT, %8 8 R e i A W PR g 45 1 Sk
[R5 NI BE  Possion HLEEHRJ12AERE , I 57 P RE L AT B 05 IO RHZ AT B PEBE , #7522
A AL REAR IV AR SR AR B R T 3R G SV RE I B , AR SCIE B T K 500 ~2 000 mm,
B 5~22 mm, JEHE 1~3 mm BT, IR SRR 20~ 50 mm BIPTZBUb , R HIAE )2
PERESE I A i
1.1 Bk

VR 12 e 00 S B G R A AN H 48 1008, I 00 I 7™ 4 4 B2 A IR 4 i b ik
3577 AR ( ASTM D 3500-2003 ) 12 A4 25 44 1 47 1 58 5 78 b 1 ( ASTM D 3501
2005 ) R 5E B, $7 RN 46 I 8B 0 i R an i 1 R,

(a) Huffsm (b) K5 ]
(a) After stretching (b) After compressing
1 PEBMERE SR I

Fig.1 Specimens of bamboo-based laminates for property test
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0.5r ¢ mitered bamboo-based laminates F1 RIRILASE

® bamboo-based laminates Table 1  Basic parameters of the rotor

5 04}
E= 0,=-0.059 4n+0.56
& v parameter value
7 © 03}
5 g) ’ types upwind/ pitch control
==
282 02F 5=-0.02332+02198 wind farm type T
[=RR7)
g M number of blades 3
5 01
radius of rotor R /m 41
0 \ , . , ,
2 3 4 5 6 7 rated rotational speed {2/ (r/min) 18.5
stress cycle # rated power P, /MW 1.5
B3 MR BRHER ST S-N 2k cut-in wind speed V,, /(m/s) 3
Fig.3 Fatigue S-N curves of standard and cut-out wind speed V,, /(m/s) 25

mitered bamboo-based laminates airfoil family DU/NACAG63 series
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Fig.8 Stress contour and deflection of the 1.5 MW bamboo-based blade
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Application of Bamboo-Based Laminates in the Design
of Large-Scale Wind Turbine Blades

WANG Long', LI Hui*, WANG Tong-guang'
(1. Jiangsu Key Laboratory of Hi-Tech Research for Wind Turbine Design ,
Nanging University of Aeronautics & Astronautics, Nanjing 210016, P.R.China;
2. Wuxi Wind Power Institute Ltd Co, Wuxi, Jiangsu 214174, P.R.China)

Abstract: From the viewpoint of material and structure in the design of large-scale wind tur-
bine bamboo-based blades, a series of mechanical property tests and basic characteristics of
bamboo-based laminates as the major enhancement materials for blade spars were briefly intro-
duced. Based on these material performance data, the aerodynamic and structural design of a
1.5 MW wind turbine bamboo-based blade in conventional form was carried out. Then, the
process of the blade structure-overlay was documented in some detail especially. For complete-
ness, some technical issues existing in the design of bamboo-based blade were discussed.

Key words: bamboo-based blade; bamboo-based laminates; material property experiment
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