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Design Improvement on Wind Turbine Blade of Medium Scale
HAWT by Considering IEC 1400-1 Specification

C. D. Kong* - S. H. Jeong* - B. S. Jang* - J. H. Bang*

ABSTRACT

Because the previous design procedure for the composite wind turbine blade structure using trial and
error method takes long time, a improved design procedure by using the program based on classical
laminate theory was proposed to reduce the inefficient element. According to the improved design
procedure, limitation of strains, stresses and displacements specified by international standard specification
IEC1400-1 for the composite wind turbine blade were applied to sizing the structural configuration by
using the rule of mixture and the principal stress design technique with a simplified turbine blade.
Structural safety for strength and buckling stability was confirmed by the developed amalysis program
based on the laminate theory to minimize the design procedure. After modifying the preliminary design
result with additional structural components such as skin, foam sandwich and mounting joints, stresses,
strains, displacements, natural frequency, buckling load and fatigue life were analyzed by the finite
element method. Finally these results were confirmed by comparing with TEC1400-1 specification.
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Table. 1 Type Class of WECS
Class | i i v S

Ve | 50ns | 425m/s | 375ms | 30m's | user
Vy | 10ms | 85mis | 75m/s | 6mis | define
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T 5
Vy: a3 37 TS

2.1.2 eHNA|%
Tz HEEHojof F AMAFE Hub
A FEAHA (DS FE3tn F 2 A (2)
2g Hgahajof rpOY
Y= Ymo " 1Cy M)
where, 7y, = QWHA BZaH A FHAF
~ 1.35 dnkdl kA



H43 M35, 2000. 9 [EC1400-1 w2

2 e B TYF FHUNE ST dAMY A7 3

CZa = 1.5 5}%’8‘
Cu=1.1 €¢xa#%
1= 1.1 T3 (hand lay-up) S A =

Ci,=1.1 ¥ 48 EZA=E
Yiw = Ymo* 1ICj » 2)

o K

1

where, C,,= N¥
N=1x10% cycle
=10 AN 24 BEAR
Cyp=11 2287
C4b=1.]. d B HHu ARARE
4% BEAR
73

AHg
C5b=1.1 A3 = 23R

3. FRMAEE

B dApo e ZAFTH FAE steza®
}7] $)5te] Table 2 o & 2

T 21g Y8t

i
tlo
b
~
>

Table. 2 Aerodynamic Load 'Case

Load | Wind

" rder itions R
case | condition Order conditio emark

normal plus centrifugal| rated wind
Casel | 12.5 m/s load speed

Case2| 20 m/s | gust( (° ~ +45° )

max load in

operation
cut-out wind
Case3| 25 mfs | gust( 0° ~ +45°) speed
Cased| 55 mfs storm limit load
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L Design input data J
L

[ First structural sizing by Netting Rule I

Resizing by Rule of Mixture

S

Strength analysis by program Laml4a | No
SF=>5

Yes —r

Buckling analysis No
SF>1
Yes ]

Design results

(Ex, width, thickness, material, etc)

Fig. 1 Preliminary Design Proceeding
for Composite Wind Turbine Blade
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Table. 3 Sectional Dimensions of Blade for
Preliminary Design

Station R |0.286 | 0.368 | 0.449 | 0.51/ 0.592 | 0.674 | 0.755 | 0.837

b/[mm] 1031 | 941 | 851 | 783| 692 | 602 | 512 | 421

b, [mml] 803 | 661 | 526 | 465] 363 | 273 | 214 | 158

Table. 4 Force and Moment Acting on Blade Section

Station 0.286 |0.36810.449| 0.51 |0.592(0.674|0.755|0.837

F.IkNICF 325.7 |307.4]268.6(239.9{213.7{173.2|131.4| 84.8
* .

F,[kNT | 904 |828|77.0| 713|651 (572|442 |31.1
Shear force

M. [kN-m]| 1083.4 [902.7|737.11583.1|440.5|310.2|195.8| 107.4
Moment
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where, A : Section Area
X : Tension Strength

X, : Compressible Strength

Fig. 2 Conceptual Sectional Configuration by
Structural Design
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Fig. 3 Basic Configuration of Blade Main Spar
and Forces Acting on Blade Section
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where, 7, : Actual stress

T,y : Allowable stress
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Table. 5 Conceptual Design Resulis for Spar

Station Spar Flange Spar Web

0.286R [( 0 )is | s 16.24t
0368R |(0° ) |s 1624t
0449R |(0° )5 |s 174t
05IR (0% )5 |s 174t
0592R {( 0" ys|s 174t
0.674R | ( 0% ) | s 18.56t
0755R [(0° )is|s 17.4t
0.837R |(0° )ys|s 17.4t

+45° )15 10.8t
145° ) |5 108t
+45° Yo | s 12t
+45° Jio | s 12t
45 o | 12t
145" )]s 144t
£45° )y | 132t
+45° yu|s 132t

~|~ |~~~ |~ |~ |~

4.4 31575 (Load Intensity)si4]
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& FEF7] 939 d5A= e 389
o AWHA B EAE BEB 2ok
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where, E,; : Individual Flange Modulus

E, : Equivalent Isotropic Modulus

Fig. 4 Stresses Acting on Spar Flange

Table. 6 Load Intensity Distribution on Spar Flange

Staion | 0286 | 0.368 | 0449 | 051 | 0.592 | 0.674 | 0.755 | 0837

Ny |-1141 | -1278 | -1478 | -1439 | -1590 | -1733 | -1651 | -1506
(N/m

Nys | 55| 62 | 72| 76| 8 | 104 | 102 97
(N/m

U= Ny s New)

el $ Y Fig 5% Uu A2 oA
N » Ny ® AXE Aape
Table 73} %D}.

Table. 7 Load Intensity Distribution on Spar Web

Stzﬁion 0.286 | 0.368 | 0.449 | 0.51 | 0.592 | 0.674 | 0.755 | 0.837

N, | 987 [-110.5]-132.6|-129.1|-142.6 | -174.8 | -162.9 | -148.6
(N/r

Nyyo | 1132|1259 | 147 | 154.2 ] 1804 | 2105 | 207.4 | 197.7

wa = O w total * tw (7)

F, b,!  E.
Nyw= szxyf+T by- -

4

where, E,, : Individual Web Modulus

E. : Equivalent Isotropic Modulus

Fig

. 5 Stress Acting on Web
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Table. 8 Laminate Analysis Results by Lami4a

RF(Spar Flange) RF(Web)
Station [ 51 piy Last Py | Ist Ply | Last Pl
Failure Failure Failure Failure
0.286R 6.77 17.0 5.03 13.8
0.368R 6.05 15.2 4.50 124
0.449R 5.60 14.1 4.16 11.7
0.51R 575 14.5 428 114
0.592R 5.21 13.1 3.87 9.9
0.674R 5.10 129 379 10.0
0.755R 5.02 12.6 373 95
0.837R 5.50 139 4.09 100
4.5 #=zsiy
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Table. 9 Useful Derived Values for Buckling Analysis

Flange Web
Station
(DuD)"®| Dyy+2D| (DyDp)** | Dip+2Dg

0.286R 7.097E6 3.050E6 0.762E6 1.564E6
0.368R 7.097E6 3.050E6 0.762E6 1.564E6
0.449R 8.729E6 3.751E6 1.046E6 2.145E6
0.51R 8.729E6 3.751E6 1.046E6 2.145E6
0.592R 8.729E6 3.751E6 1.046E6 2.145E6
0.674R 1.059E7 4.552E6 1.807E6 3.707E6
0.755R 8.729E6 3.751E6 1.392E6 2.856E6
0.837R 8.729E6 3.751E6 1.392E6 2.856E6
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25 zdA e HEeE Ade Fig 49 2
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Ni = Ny critical )
N —_ 1{0(1)111)22)0.5 C7IZ(DIZ+2D66)
xeritical = Fe +- ) (10)
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Table. 10 Buckling Reduction Factor for Spar Flange

Station R |0.286 | 0.368 | 0.449 { 0.51 | 0.592 | 0.674 | 0.755 | 0.837

RF. 13 1 14 | 18 122 |25 |37 | 44 | 72

452 2m} #o| FZFsHM

9 zZA4E = Fig 59 22 sEHEUE 7
gate o& 2HY HEFARE FESAY
nyw = ny critical (11)
N yeritica @b
ESDU 80023(2)01] x xycritical e o )
1 (DuDzz)O's s
O:] ny crilical'% E}'%ﬂ}' QO] 7‘“(‘1'6‘]'%1;}‘
135 - (D Dp)°*?
nycriticalz (allb 22) (12)

Table. 11 Buckling Reduction Factor for Web

Station | 286 | 0.368 | 0.449 | 0.51 | 0.592 | 0.674 |0.755(0.837

* 0.066 { 0.072 | 0.103 |0.120| 0.140 | 0.261 |0.276|0.409

** 0.165 | 0.180 | 0.258 {0.300| 0.350 | 0.653 |0.910/0.858

* : RF (8.S.B.C), ** : Modified B.R.F(Fixed B.C)
Table 112 #2 YARF t@ gst3el
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Table. 12 Critical Buckling Load
Case Case 1 Case 2
Critical Buckling
1.043E6 N 5.74E5 N
Load
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Table. 13 Comparison of Stress Analysis between
Critical Buckling Load and 25m/s Load

Buckling Buckling Max. stress at
Case S.F.
Rocation Stress Max. load
Case
. 0.72 /R 355.5MPa 61MPa 5.83
Case
2 0.76 /R 133.4MPa 68.03MPa 1.96
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Fig. 12 Campbell diagram
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Table. 15 Material Property

UD-GFRP | +45 °-GFRP |  Foam
E, ( N/mm?) | 35700 20000 70
o recros e Eg ( N/mm2) 10600 2000 70
Gy ( N/mm?)| 2810 1450 19
Fig. 11 Buckling analysis result for case2 v 0.27 027 02
X, ( N/mm?) 711 367.3 1.896
Table. 14 Result of static analysis
X. ( N/mm?| 1200 411 0.896
[
- Load Case 125
ggallﬁ'tms ms 20 mfs | 25 mfs | 55 m/s Y, ( N/mmz) 38 135.5 1.896
144y T 2148 | 20757 | 1287 2
Max. 5‘;‘*85 Skin || 583 | 2358 | 242 | 134 Yo (N/mm’) | 183 141 0896
o APal 4107 | 7256/ | 71377 | 433 )
CEEHA) | spar | AL T2 T B S (N/mm® | 657 23 08
Max. Displacement
on Tip [m] 1.31 1.96 1.99 1.15 o g/cma) 1.8 1.87 0.052
Clearance from Tower 67% 51% 50% 7% Ply thick’ t, 058 03 125
X ; {(mm)
T(s;".;w.“ F;’L‘“E 212 | 143 | 141 | 222
fiteria (SF.) en 00199 00184 -
Max | Sxx | 255 ] 165 | 16 | 284
Spar | e e -0.0336 -0.02055 -
Failure 162 | 1055 | 979 | 1674
Criteria | > i 0.0036 0.06775
SF) | gy | 833 | 596 | 562 | 956 i ‘ '
) Tensile 1656 | 2413 | 2518 | 1195 €2 -0.0173 -0.0705 -
Strain
[1e] Compressive | 1422 | 2191 | 2274 | 1041 2 0.0234 0.01586 -




