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A Comparative Study on Structural Performance of Wind Turbine Composite Blades
with Room-Temperature and Radiation Curing
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Abstract

In this paper, cross-sectional stiffnesses, static stresses, and dynamic natural frequencies are analyzed to examine the structural
performance of wind turbine composite blades. The material properties of composite materials are based on room-temperature and
radiation curing processes. The cross—sectional stiffnesses of composite blades are calculated by applying a beam theory with solid-
profile cross sections. The wind turbine blades are modeled with a finite element program, and static analyses are carried out to
check the maximum displacement and stress of the blades. In addition, dynamic analyses are performed to predict the rotating
natural frequencies of the composite blades including the effects of centrifugal force. By comparing these analysis results, mainly
owing to the material properties of composite materials, an improvement in the structural performance of the blades according to
the curing process is investigated.

Keywords - composite, wind turbine blade, room-temperature curing, radiation curing, structural analysis
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B 1S2 4 SEM A 2w
Mat A Mat B Mat C-1
(0] (+45) (0/+45/90)
E (GPa) 35.0 10.9 24.7
Stiffness E, (GPa) 14.0 10.9 24.7
G, (GPa) 4.1 11.8 8.5
Via 0.308 0.547 0.476
E' (MPa) 618.1 61.8 488.2
F° (MPa) 689.3 40.0 144.4
Strength | £ (\MPa) 56.2 61.8 488.2
F (MPa) 50.0 40.0 144.4
S, (MPa) 29.8 90.4 117.8
Density | # (kg/m’) | 1,910 1,920 1,910
B2 UAKY A3t SEA AlE 24 %
Mat A Mat B Mat C-2
(0 (+45)s | (0%/x45)
E (GPa) 45.5 15.1 34.5
Stiffness E, (GPa) 15.1 15.1 16.7
G, (GPa) 4.8 13.7 8.4
Via 0.226 0.559 0.444
F' [MPa) 873.9 110.1 704.9
F° (MPa) 533.8 110.1 449.2
Strength | F [\MPa) 80.9 110.1 270.7
F (MPa) 203.0 110.1 525.3
S, (MPa) 58.5 154.8 183.4
Density | © (kg/m’) 1,910 1,920 1,910
# 3 2Y0l= BUXN =4 #
BALTEK Steel
E (GPa] 3.6 196.0
Stiffness | ¢ (GPaJ 0.2 78.0
Via 0.3 0.3
F' (MPa] 13.2 613.0
Strength | F° (MPa) 12.9 7,080.0
S (MPa] 3.0 -
Density | © (kg/m’) 153 7,800
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4o R WAL Ask BgA) B Belolme] F2Y%E vl

3.2 Bdlol= v 4 Az 15
’2 1 - Rad-C
~ i —— RT-C
Fe gl Beolme] v 714 ghe] o] (v7) B B S
10
E Beol=e] 32 AAle] YoiA] w Fed Aot @ O
A S H2E $4 A=A 10kWHE 28 B3 F £ ]
Bylol=g Mdsiitl. WA Zo| 3.5m, Hul 7] HEY 2 57
2% 12.9°, =% 11.6kee AYLE et HY § ]
0.11m, #2& $7] 0.027m, ) Z=(chord) 0.418m, 0 e
2 FE (0.152m=zAN, Bao|= Zo] Hlgko 7 Mgz o7 H 0 05 1 15 2 25 3 35
Radial position (m
de Audoss tF A(multicel) Frolu, 27 al position (m)
~ 8 4 FUEAM Ey
(skin), 23} #(spar cap), 23 U(spar web), HF Ad
Az ARG Belol= Zo] Wekoz % 1370¢] WE Bl 4 B RadC

= AFesith 29 3& Zo] W 0.55m ARl 9]

& A BHe =AR Slolth. Fo SR NS
1

0.068meltt. 2845 53 A= 27 4.0mm, 23 7

2.0mm, 2% 9 1.0mme]t}.

Bending rigidity, EI,, (105 N'm?)
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o AE sl 38 A 24E ARES] frdte
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_a go]‘M U—% ] ]‘] © ]‘l‘a "1HH = 0 05 1 15 2 25 3 35
Z BB we} SR ALt d2 2 WA A Radial position (m)
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Bending rigidity, £/, (108 Nm?)
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YR L SEANE] ) HIEQZIA BEaxx o
40%76 [<3Ke] ME]' :131"}‘ ]E 678 wET 7{‘4 Z]'O] 0 05 1 15 2 25 3 3.5
7} WAEEA] skt o]= HIERIACE AY edAS) Radial position (m)
7P 2 93 vAEd, Mat C-13 Mat C-2(%d18 2 a2l 6 Zedd
2 245°F0] H|go] W) e Hd @A Fholl A9 Aol <,
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) Spar Cap I —» 2
- Skin _# o |
._g
Skin: Mat C-1 or Mat C-2 Pressure Side 80_ LR B LA B LR N LR B
Spar Cap: Mat C-1 or Mat C-2 and Mat A 0 0.5 1 ) 1.5 - 2 25 3 3.5
Spar Web: Mat C-1 or Mat C-2 and BALTEK Radial position (m)
13 3 10kWa S8t 23 Sefol= o a8 7 Sugd o,
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Radial position (m)

Torsional rigidity, GJ (105 N'm?)

O3 8 HIERZY W

A8 A Z2 MW (PATRAN)SZ 11,72470 AA,
12,2007 A48 4 24 (QUADA) S AlMgsle] At
3o s 2yS AN 2" 39 wHxd AAE A71

A

W 23 T A& AR A 04 AR dZH 3
th AA eFFd uel EYol= FE R Fauid 4
Jde HY ¥ 2HE 6,005N-m, Hh 9438 11,376N
S 72 718 524 Loadl, LoadllZ H&3IIT) o]
o} 22 sgxtde] FEHES o= A (span) B
o Adt 35 2 % 35S FHs| EXAAHL. F, 1070
o] A QA& (RBE)E AMEste] ald sles 4833
t} 3|He} RE RO BE AZd wlE AAzAL UF
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stezgdel ek AR st 534 Erlol=e WE ¥
= 29 99 2% 100 YEhiITh & 49 o] e A
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lem® FHof W97 STt AR 73t Eeol=
}74 36.9cm, 1.6cmel™, 72 Zsll vlg] Fx 7Hde]
FdEle] 25.7%, 31.3% #astad. 29 113 a8 12
stz wE Wil At Eelol=e] & aiM AR
W, Al 94897 +588s & 59 £ 60 e
Fb == ongh. WA st Bylel=9
, LoadllelA Z47t #Hdl 259MPa, 52.8MPa
&7 349MPa, 16.5MPa® §45-ge] A2 R
tach E3Als Aerle 5 Ul Tsai-Wu 3
& AF9] FHAd k& ALK (Christos, 2010), Loadl,
LoadIlelA Z¥z+ ¢ 733t 0.437, 0.0687, WAMd 743t
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3.69-001
3.32.001
2.96-001
2590011
2.22.001
185001
1.48-00111
\ 111001

QK 360001 o 0 0o
3.77-00

8.36-00

32 9 Load I0l 23t 22fo|= /(M)

1.59-00:
1.43-00:
1.27-00;

1.11-00:
9.55-00:

~1 .59-002 7.96-00

6.37-00:

4.78.00
Qx 3.19.00
1.60-00
1.42.00
22l 10 LoadIrofl oJst S&|0|= #2/(m)

Tensile Stress 2 59400
Max 0, : 259 MPa o 1.99+00

' 1.38+00:
7.68+00

1.59+00

-4.49+00
-1.06+00:

-1.67+00!
v -2.28+00)
-2.88+00!
-3.49+00)

32 11 Load I0of 2J§t S2iol= 83 EE(Pa)

i
{
R e s e e =™

5.28+00

Tensile Stress 4.59+00

Max 0O, : 52.8 MPa

3.89+00
3.20+00
2.51400
1.81+00
1.12+00

4.27+00
% -2.66+00f
-9.59+00f

-1.65+00

32 12 LoadIlof 2J5t Szjol= 83 TS (Pa)
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E 4 =8 =Seol= Ao #e H 7 42 { YA Fst 8ol IF AST
RT-C(A) | Rad-C(B) (A-B)/B RT-C(A) Rad-C(B) (A-B)/B
Load I |ulmax (cm) 46 .4 36.9 25.7% | 1st Flap (Hz) 6.2 7.6 18.4% 1
Loadll |ulmax (cm) 2.1 1.6 31.3% | 2nd Flap (Hz) 23.8 29.1 18.2% 1
1st Lag (Hz) 27.1 33.3 18.6% 1
E b S =20l /i QIESH 3rd Flap (Hz) 60.5 72.7 16.8% 1
RT-C(A) Rad-C(B) (A-B)/B 1st Torsion (Hz) 93.9 99.3 5.4% 1
o, [MPa) 246 259 5.0% 1
40
LoadI | 2 [MPa] 131 103 27.2% ] \["5~ 1stmode :
= |
o, (MPa) | 65.7 65.7 0.0% CI || ~=— 2nd mode |
=~ a0 I|—=— 3rd mode [
o, (MPa) 48.5 52.8 7.8%1 3 ! IV TS S |
Loadll | o, (Mpa) | 24.1 13.4 79.9% | g | —lo f——
6-P
7, (MPa) 8.7 9.2 5.3% 1 S 20+ ! =t
() 4 | — |
= | = [
E 6 g 22ol= 2o 2xe Bl | T g o By
RT-C(A) | Rad-C(B) | (A-B)/B S & g8 Bk %e
o, (MPa) 314 349 10.0% 1 | P e S
0 r====—T7— "+ ™ T — T T
Load I 9, (MPa) 158 98.6 60.2% | 0 30 60 90 120 150 180 210
7, (MPa) 58.5 60.8 3.8%1 Rotation velocity (rpm)
o, (MPa) 151 16.5 8.5% 1 % 15 &2 43 S¥ojls A M
LoadIl | ©, (MPa) 16.8 13.1 28.2% | i . ]
7, (MPa) 12.3 12.1 1.7% = : Mﬁ
i f = = I
‘S’ 30 : ¢
- ] ||—&— 1st mode [
%) | !l—e— 2nd mode !
[y | | 6-P
[) 55 ||—~— 3rd mode | A
> ! B
Py 4 | — |
= [ . [
T ] : o A2 3P
ERt = | o W——:@A]
T = D~ -
12 13 BR2E(1st Flap, 7.567Hz) = ] B U ROy RO ..
R B A T T |
0 30 60 90 120 150 180 210

: S .

a2l 14 1f2=(1st Lag, 33.287Hz)

A Beol=e] 7t e uf FES Aot dF &
o], 33 R=(1st Lag mode)dlA ZHW 18.6%, 53 R=
(1st Torsion mode)ollA] i 5.4%2] o]z} HAslITH.
ol EIANE w7 o] dIEo Belol=e] uf HE5Tt
Z7Fe Azolt},

&z w2 Bl X HEAdE AR &1t
7] 95kl 7 M=(Campbell diagram)E 23 159 2
g 1691 YeRNSItE WA 32k ZEiR| 2s47) sAgG

208 s=EFATAREEE =22 25 HM35(2012.6)
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Rotation velocity (rpm)
T2 16 WA Z3l Sajols Y ME

ol e e@(disturbance) F3krolH, 1-P, 3-P,
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