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Abstract Damaged wind turbine blades are repaired conventionally using a hand lay-up method with epoxy, where
the bonding strength is not high. Epoxy has poor curing characteristics at low temperatures. The infusion method with
polyester was proposed. Infusion method is believed to distribute resin uniformly. Polyester is used because it hardens
better than epoxy at low temperatures. At room temperature, the proposed method increased the bonding strength by
77.7% compared to the conventional method. Using the proposed method at 15 and 5T, the bonding strength
increased compared to the conventional method. This paper proposes a new method for repairing wind turbine blades,
even at temperatures where the conventional method cannot be used because epoxy resin does not harden. The
bonding strength of the proposed method at low temperatures is higher than that of the conventional method at room
temperature.
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s Algo]l EelE AMEERY] THYES St E A 2 2.3.2 7|HH Zgt (Mechanical Bonding)
o] el vk JA st vhon Zeje e uf HAA 7} 3 ZA ] Brol] EA)ehs Qo] AEE]
Afre] Wake] sEHA = itk I FaEe] AT o] ot
AN ZA] A9} T4 FAUA = 34 BH| ¥
2.2 T2 S 3 (Infusion Method) Blo] ZA FFgS T HP E‘EED}~ JIE}HIC
VIP (Vacuum Infusion Process)2}ile H-Zm FH] T2} Dendrite, Club-Headed Nod Zo] gud
Aol A Wi HEE o] gste] EFS Ay g 7HE 357 FA A7} %%% & & itk
SrS ol gate] F£AE ZFAHAIE AFyolth RIM  oldd 722 W2 oFA] 47k HFste] 7|74
(Resin Transfer Molding) &3 €2 3 & 38y 9} grEglo] FAF o] el Aafeln] I)FAe] xH
ol o] Fhgala, B Gare] AFS s el 4 7F HH T2 809E ekt
& & 5 vk Ade] ok
HAAEE FdA717] S8 Zekolw] (PrimenE 2.3.3 Z2to|H (Primer)2| AL
A ARSI Bhe ARE R A FRA o] Bk e AFolM 78 HH e A ZeolnE
g o2 dinjste] HHEEE 9ol vg] FAE = ARToRA 18 AFE S PP 5 tFig. 1
at7]% gt zefolnlo] sl e zetolm e} FE] A Alelo] st}
AERAY TN FAFEDEE Darcy’s Lawol A Aol 32 A Ak wpebs Zefojrie] 7
a2}, 2 F2AALE Fll Time)S 7MAAIZE (Gl 3 Ax7F A& Al vlAE e w28 a7t 3l
Time) 2.t} Zolok 3} o]= o2, T4, Hw, 422) o] Tk G ojo} Mk xejo|nio} HEehe B3 A
A= 471 WS 93 A%k (Glass/Epoxy Laminate)oll A} 502 W g E &)
= %{vp @ o] 7IAM AgEE A 5 gk
oAVIM U, K, p, VP = 247 4 f55% F39437 S Glass Fiber
T, A AR, o el B AS K 420 [EECTTT Laminated Plate
oJaliA gl ha. ETITTND
P S o et s T e sondng—
A vy S
o] Alo|A] R, K, V, = 217} A6 9, Kozeny A [Fig. 11 Adhesive Mechanism of Primer
T, AR Efgolth
.| AE HE
2.3 =k ol2
2.3.1 3}8t& Zgt (Chemical Bonding) 3.1 28xl ZxHe| M=t
e} g 2Ale] B Aleloll A 8184 Ajte] T AE A A GAR FHEAY] o=
dEo] o] SRt At ol®oltt 43 sidale BakAl RAZ AZEgich B mAE 4
FA} o] A3 P25 7 FF AU HHAA oA WFAE T (Infusion Method) 0.2 A 2H815
o) aabol olels] ok WARE ekl HER S oiFg 2 2N FHusl Lelol=g el
A Aol FAEoJof FHHo] FgHTE AFA/AE gAElnR, Beo]to dgEls Bat mAw AL
200 AS FHAY, EUR/CAZA A T A At AeAd Hoew Bk A= A%
TAGH o] 24 AR 2 HFEo Y= 5 gl BHe tey zuh WA oy A" fEw
SIslo] A5 AelA ) sheba Aol HAE el (Release Coated Mold) 910l 3% WHaFe] fra Alf 342
F& Adde] YA eHII HZ5t9eh Adlo] By theo] B mA|9) o B
Aokl Gd-E 571 AEA, el AR fdle 2 Ee)
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A4 FHE o] &3t LAY EFol=9] £g
o] (Peel Ply)E S8Eth g2 A9 3535 w71 29 7A€ 745 3H22 78 do= 3 mmo]
A Hle Mesh) & 2 St 9ol &8Erh 2 o]% 34 FHo=Z 8T wol= 2 mmel A tHFig. 3]
Sealant Tape®} Vacuum Bag Film& ©]-83}e] A3}
2} ke UdES AR e FAE FF35] t = 2 (Infusion)
A% F2E MG AT AZF o83l FAF F S 3 (Hand Lay-up)
Feh E
(I Mesd
S Gross Flber 216
““Wﬂ!‘— [[Fig. 3] Dimensions of Specimen to Test Repair
Feedlna=J. f : L Vacuym Strength
I B s eeey) o+ Sealant Tape
| Release Coated Mold ‘
\_/m..dm AZAA AAE AR wdlls o FA] SR EE
[Fig. 21 Production of Glass/Epoxy Laminate Using O 2H A (ZH2F A= 9 ATAE TR AR
Infusion Method Ask7k & Qolup o] Aslo] BashA Pk, 1e)
J =] 9. o~ = ]
B wA 9 o AW AR Asd a1 ISE olsel Al e 9 Gk 4
2| gkolA, 250W &) ()t A& A (B

Table 1o A3tttk EA AZbel= Kumho P&B
Chemicalsoll A Aabeh= F3A3E A-g ol &FA] 4] (2

9 KER 9100)& AH&-3toith 8¢ 43 Z=g gnst
7] f15ke], 218793 o]l uigte o FAlo x3HE 7]
EE AASE g HgE Ak 1FE fA43
7] 918)A, 72 U= Vacmobiles AHS) AEHZE AL
3te] 05~06 bare] AFLEE FAEAL. 54 FHo]
457F | o] F A& XF EE FAEHEA 2ol A
4 Nz Bt AskE stk AFo] gknd BAlY
F7= 3mmeo|th

[Table 1] Materials Used in the Fabrication of Specimens

Material Model No. Manufacturer
Glass Fiber 3 Axial Glass Fiber Seartex, Germany
UP Resin LSP-8020B CCP Composite
(Infusion) (120cps) Korea
Epoxy Resin KER 9100 Kumho P&B
(Infusion) (300cps) Chemicals
Epoxy Resin KER 9500 Kumho P&B
(Hand Lay-up) (1300cps) Chemicals
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[Fig. 6] Results of Tensile Shear Test where Repair
Specimens Were Made at Room Temperature

4o
d
o
o

of 8, %ﬂoﬂ*aé s R
7359 it A 6.75°8.35 kN
& AHgste] A% THoR EE wo
470 KNBE.T} 436777.7% 1 3ol 9]

v} Zpolul & ARR-SIGS W7t AHE-

wuch HHGE o o

o
fr
&

L
AR

)

et

lo

~

ofr
ea
0
OHJ

. o ofl [0 of
Mo ! U o2
[FSA U151

o3
'W F

ol
o
X
TE o o

e

o ot

it

o=
nn

=

Ho32

o % gk za}
Aol 4l ASAAN AHgFHE A
Aol A3AIAN AHgEHE Aol

(e} >~
e g

1|9l eo of 4

4.2 M20M 2B Ao HEUE
KM 1559} 5xoll A elE Alwe]
o7 ZAFAL. TE Ao 579 AlHS
gt 4 FA A Fig. 7).
Fig. 704 "15C" ¢} "5°C"& Z+2t A9 o]
"Hand"¢} "Infu” = 742 34 W3}
Az AlE UERith ZetolH 1%
= R BAIE SHA] @skor ZolrE
o= "Primer A"#}al FA|8FITE E2}o)

Al 1Y A7) Ao Zepo

A=
o
=

A AR=E=1

o=

Ho

09‘.4 r}o

o

X

il

2]

3L
[e)

P

A

=
o °©

mlm >

ol

AR

o A



o 42

=

Eo]

=

7]

hrd
o

1

Xl
pal

ol&

[e]

=

3 +H

o
Kl

< . R el S SR No & T do o oF 5 My & M-
Y = R O oo g =k gy WAy P W RN E RS
nﬁm. %%oﬁa%ﬁﬁoﬁoﬁriﬁog ?H%M%EﬂAWﬂnﬁE
" W TATLE e R T T g n R
W o N - - G i SPO Rcal I
ol o_%_owﬁﬁoﬂ%mu.é ?ﬂmaﬂyaﬂ@]ﬁo;o%o_ﬁo
7 N . TN T S S NP S (e
gy o TR W B IR N Brp gy I Lo T oy
Ao 7t RN Tl [Ty sEELEL Shrcw
TE O owm RTLIELCEESl o ZFciar T Ew
g M e RPHL Ty RS TTIXAw
T o N ﬂmﬂ%ﬁa%lfaﬁlﬂﬂ IWNW&W%}Q&.%%?
TS 6 THRECTERIIEEE plem IR Tawla
i R gmrr®EL R oWE Ry We e
o ! X0 —~ 63 o ™
U TR B T g TR O pREWGEETXRE Y
<~ & M agEsdeP s wyTHs NI
o shd L EE BT E R PRy BT T
~ R RN E T W KT oo B T o B mH = oo T oW m@
= I Whd WO —HB Y TEE TR T R R
= B TXW s A S smg X BdpglEae< B 5%
o) o Mo R R R T E o E o By o W
% B KT W o MR S A oo o ®E WO
sxrey 1 TuELEEDIIZ
ﬂlﬂﬁm . @ s oaﬂﬂ%%%%
W = 2 pzfii o T I ) i
1%%10 wEif: 2 o Hr of o My T A B Mo A
T ox B Z £53 ﬂﬁwﬂﬂﬂﬁgiﬂ%ﬂ
.,ﬂUNHHO/ tm ‘UA|WJ HOJ| LOﬁU_I ™
wux s Wtwﬁ ............... mmw 7 ﬂﬂaLmMﬂmw Zm ook B za
e I < g 0efii F g Moo o DW o g
T E T s S BT Dm0 X
<o b E z2= Taz 2y BT wg
o o 2 @ I I S N
wm S T ok X (2 22 2T o) < odo 5 o oy o
ﬁommﬂlﬁoww 3 Gefis mm W%Moﬂq_ﬁ,_xwwﬂ%
0T ey %o TR e = H N wh
— ol - [ T oo o o
ﬂzﬂ Blox © _— e ATMWJ Mﬁ e w %E;&«
& B = o o °5E B 0w o) N %o
= AR W : 225 oMET Y IHoE
< 2oy B g i S35 2 o| X I i
},M_Dlxaﬂ‘_‘m.eﬂ_ol o - w%m \Mﬂvzo‘llﬂ_ﬂwlﬂwlﬂ_z_l%yi
S EES T o T E O G © 0
8B o W ~ Tk Log Moo K w
¥ o 8 § § § 3§ 3§ . e ®° X B ®.ig K
w8 il W o A (N) prot 2unjiey 2 o g X ¢ F o 0w
TR RS L do M W HKF R o N

AA

o

3}

7]

o

oz 5o

Atk
o] F-oll A

]

£is
A

p
L

(?l.
o
A9] A3 AL Bobs

e

5

AR

o4 Al
Py

ey
,

Bl

[}

= F o 803 kN), d2ollA A5l

FAct o] 7
_/[:

o

=9tk A4 156
A 709%

3z

7}

s
a

A7y &7V

4761

o}A

A
o)
w0

3. Primer AS APl 50% 74 3HA]

2ol 2~ F

[

3z
=

UEhtow,
Aol 37t AE dojupA]
g7t 75

PN
T



AR &ee =R A5Y AsE, 2014

=8
2 AFoM = FHEHY] Eol= Fgldl glolA
AR ] WHEY U =2 JAAEE A5 T
= YHE ALSAT At WS E8H 959
2o o Aoks AA FEHEY g Jom HAYEE
A FIAE 5 Ak
References

[1] J.C. Marin, A. Barroso, F. Paris and J. Canas, "Study of
Damage and Repair of Blades of a 300kW Wind Turbine,”
Energy, Elsevier, Vol.33, pp.1068-1083, 2008

[2] G. Marsh, "The Challenge of Wind Turbine Blade Repair,”

Renewable Energy Focus, Elsevier, Vol.12, pp.62-66,

2011

Resoltech, http:/www.resoltech.com/ (accessed June 10,

2014)

[4] H-C Song and J-S Yum, "A Study of the Mechanical
Properties of Fiberglass Reinforcements with Constitution
of Lay—up, Manufacturing Method, and Resins,” Journal of
Korean Society of Oceanography, Vol.24, No.5, pp.75-80,
2010

[5] S-H Ahn, H-K Choi and K-W Nam, "Strength Evaluation
for Adhesive Bonds of Adhesive with FRP Ship Body
Structure,” Journal of Korean Society of Oceanography,
Vol.24, No.1, pp.146-152, 2010

[6] P.T. Nhut and Y.J. Yum, "Effect of Surface Properties on
Adhesive Strength of Joint of Glass Fiber/Polyester
Composite Panels,” Journal of Korean Society of
Mechanical Engineers, A. Vol.36, No.12, pp.1591-1597,
2012
DOL http://dx.doi.org/10.3795/KSME-A.2012.36.12.1591

[7]1 S-W Yoon, M-G Jeong, Y-B Park, J-H Kweon, J-H Choi,
S-J Shin, M-H Song and K-I Song, "Tensile Strength of
Composite Laminates with Various Repairing Methods,”
Proceedings of KSAS 2011 Autumn Annual Meeting,
Korean Society of for Aeronautical & Space Sciences,
pp.96-99, 2011

[8] S.T Peters, Handbook of Composites, Chapman & Hall,
1998
DOL http://dx.doi.org/10.1007/978-1-4615-6389-1

[9] J.T. Han, DH. Lee and K. Cho, "Adhesion Science and
Technology,” Journal of Korean Society of Industrial and
Engineering Chemistry, Vol.7, No4, pp.43-59, 2004

[3

=

4762

O] & F(Kwangju Lee) [H3[H]

e 1985 2€ @ Agdistal i
g-gstat (FEHAA

¢]1991d 11¢¥ Department  of
Aerospace and Ocean Eng,
Virginia  Polytechnic  Institute
and State University (-8HEFA}
1993 19 ~ &4 : dF=v]en

FojstaL Z1Agety ms

Z gt S Han Seul Jang) [E2IH]

e2012¢ 2¢¥ : F=r|euSu
7]7%]—4—6]—‘:’ —Jlﬁ’]—/\]_)

02012 2¢ ~ &A : Fd=v|Ew
Sojsla ishel FepAA 2

]
F28, FEM, H¥A

7] 74]3 - (F3Ah
2013 9¢ ~ A : FI=7|En
Soigtn gighd I 1A



