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Abstract: Rotor blades are important devices that affect the power performance, efficiency of energy
conversion, and loading and dynamic stability of wind turbines. Therefore, considering the characteristics of a
wind turbine system is important for achieving optimal blade design. When a design is complete, a design
evaluation should be performed to verify the structural integrity of the proposed blade in accordance with
international standards or guidelines. This paper presents a detailed exposition of the evaluation items and
acceptance criteria required for the design certification of wind turbine blades. It also presents design
evaluation results for a 2-MW blade (KR40.1b). Analyses of ultimate strength, buckling stability, and tip
displacement were performed using FEM, and Miner's rule was applied to evaluate the fatigue life of the
blade. The structural integrity of the KR40.1b blade was found to satisfy the design standards.
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Table 1 Design specifications

Item Value
rated power 2000 kW
rated wind speed 11.05 m/s
rotor diameter 82 m

hub diameter 1.8 m
number of blade 3

type class IEC Ila
material GFRP/epoxy
TSR 7.8

swept area 5278.3 m’
rotor speed(rated) 17.47 rpm
rotor speed(max.) 20.65 rpm
rotor speed(min.) 11.13 rpm
inverter range +30 %
max. tip speed 75 m/s

- s @ Protective layers & Skins
— « Apply gel-coat
+ Apply multi-axial fabrics on skin section
@ BR(Blade Root)
—— « Apply multi-axial fabrics on BR section
+ Lay-up the fabrics with specified taper off pattern
e ® Girder & Trailing edge reinforcement
—_— + Apply UD on girder & T/E reinforcement section
+ Lay-up the fabrics with specified taper off patterm
= @ Foam core
— + Apply foam on L/E & T/E section
+ Apply specified foam thickness
® BR(Blade Root)
- + Apply multi-axial fabrics on BR section
+ Lay-up the fabrics with specified taper off pattem
— ® Extra Root
= + Apply multi-axial fabrics on BR section
« Lay-up the fabrics with specified taper off pattern

Fig. 1 Sequential lay-up drawing of the blade
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Table 2 Aerodynamic shape of KR40.1b blade

posi- .
/R . chord | twist Lo
tion airfoil
[-] [mm] | [deg]

[mm]
0.0220 900 2,100 | 14.17 Cylinderl
0.0300 | 1,230 | 2,100 | 14.17 Cylinder2
0.0600 | 2,460 | 2,209 | 14.17 Transition
0.0800 | 3,280 | 2,282 | 14.17 Transition
0.1000 | 4,100 | 2,330 | 14.17 Transition
0.1500 | 6,150 | 2,454 | 14.17 Transition
0.1865 | 7,647 | 2,623 | 14.17 | DU00-W2-401
0.2000 | 8,200 | 2,731 | 13.90 | DU00-W2-401
0.2500 | 10,250 | 2,843 | 11.77 | DU00-W2-401
0.2773 | 11,369 | 2,803 | 10.23 | DU00-W2-350
0.3000 | 12,300 | 2,742 | 9.08 | DU00-W2-350
0.3500 | 14,350 | 2,555 | 6.92 | DU00-W2-350
0.3714 | 15,227 | 2,463 | 6.14 | DU00-W2-300
0.4000 | 16,400 | 2,336 | 5.22 | DU00-W2-300
0.4500 | 18,450 | 2,118 | 3.92 | DU00-W2-300
0.4830 | 19,803 | 1,986 | 3.25 | DU91-W2-250
0.5000 | 20,500 | 1,924 | 2.96 | DU91-W2-250
0.5500 | 22,550 | 1,766 | 2.27 | DU91-W2-250
0.5885 | 24,129 | 1,673 | 1.89 DU93-W-210
0.6000 | 24,600 | 1,650 | 1.80 DU93-W-210
0.6500 | 26,650 | 1,577 | 1.49 DU93-W-210
0.7000 | 28,700 | 1,539 | 1.28 DU93-W-210
0.7071 | 28,991 | 1,536 | 1.26 | NACA-64618
0.7500 | 30,750 | 1,524 | 1.14 | NACA-64618
0.8000 | 32,800 | 1,509 | 1.01 NACA-64618
0.8500 | 34,850 | 1,458 | 0.85 NACA-64618
0.9000 | 36,900 | 1,317 | 0.62 | NACA-64618
0.9200 | 37,720 | 1,218 | 0.49 | NACA-64618
0.9400 | 38,540 | 1,087 | 0.35 NACA-64618
0.9500 | 38,950 | 1,006 | 0.27 | NACA-64618
0.9600 | 39,360 | 915 0.18 | NACA-64618
0.9800 | 40,180 | 695 | -0.01 | NACA-64618
1.0000 | 41,000 10 -0.23 | NACA-64618
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Table 3 Acceptance criteria and partial safety factor

Evaluation items Criteria for structural safety S.F. for loads S.F. for materials
. . FF: 135/ 1.1 FF: 2.205
Laminate failure IRF(Inverse Reserve Factor) < 1 FF- 1 FF- 1764
Tip displacement Tip displacement < Tower clearance x 0.7 | 1 1
Linear analysis: load factor > 1 1.35 / 1.1 Skin: 2,045
. . Core: 1.865
Buckling analysis Skin: 1.636
Non-linear analysis: load factor > 1 1.35 / 1.1 Core: 1.492
Core failure analysis | IRF(Inverse Reserve Factor) < 1 1.35 /1.1 1.492

Table 4 Material properties

Modulus of elasticity

Materials p

/ 3 EL ET y GLT

(process) (g/cm’) (GPa) | (GPa) LT (GPa)
GFRP UD

. 1.94 43.1 | 132 | 0.24 | 3.62
(Infusion)
GFRP Tri.

. 1.83 243 | 124 | 026 | 73
(Infusion)

PVC Core 0.20 0.30 | 0.30 | 0.29 | 0.08

LR --I- ”E !

# IUHI? Hlli\
|

o

Section division

]

Meshing

Fig. 4 Finite element modelling of KR40.1b

Mx min: 0.77 m (edgewise) Mx max: 0.73 m (edgewise)

Minimum 36% margin for
allowable tip displacement

My min: 3.74 m (flapwise)

Fig. 5 Evaluation result on the tip displacement
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Fig. 12 Evaluation procedure for fatigue failure
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Fig. 13 Methods for evaluation of fatigue failure
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Table 5 Blade sections for fatigue evaluation

Sect | Position | Chord Twist

23.229 | 1673.0 | 1.888 DU212
28.091 | 1536.0 | 1.262

ion [m] (m] (deg] Airfoil
1 3.539 2523.0 | 14.173 Transition
2 6.474 2994.6 | 14.173 DU401
3 10.469 | 2803.0 | 10.228 DU350
4 14.327 | 2463.0 | 6.137 DU300
5 18.903 | 1986.0 | 3.251 DU250
6

7

NACA64618

Table 6 Fatigue evaluation result of spar cap

Sect Spar cap
ion My M,
[-] Max Min Max Min

1 5.41E-19 | 2.53E-21 | 2.08E-10 | 3.10E-10
6.17E-20 | 1.50E-22 | 8.81E-12 | 3.07E-11
2.94E-24 | 5.37E-26 | 1.00E-10 | 3.70E-10
6.07E-20 | 1.08E-22 | 1.83E-09 | 1.80E-08
6.23E-31 | 2.43E-21 | 2.77E-07 | 1.20E-06
1.02E-21 | 1.83E-27 | 5.90E-07 | 9.33E-07
7.66E-23 | 2.17E-27 | 8.07E-07 | 2.95E-07
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Table 7 Fatigue evaluation result of trailing edge

Sect Trailing edge

ion My M,

[-] Max Min Max Min
1 | 3.19E-15 | 2.73E-15 | 2.18E-14 | 8.39E-22
2 | 5.16E-19 | 6.70E-15 | 2.16E-19 | 1.59E-28
3 | 5.69E-18 | 4.28E-15 | 8.41E-15 | 2.56E-23
4 | 2.38E-17 | 4.02E-14 | 1.22E-14 | 1.18E-20
5 | 2.29E-08 | 2.51E-14 | 7.78E-32 | 2.64E-09
6 | 8.20E-13 | 4.72E-15 | 1.23E-15 | 9.78E-11
7 | 2.43E-20 | 3.27E-17 | 1.69E-17 | 4.82E-10
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Fig. 14 Summary of ultimate strength evaluation
results of KR40.1b blade model
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