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1. A&

oA o] WEA 1ot 97] W A AU Aol A B
g5tk BA AUA FoE T3 F7hete, AAE oUA 9714 Beddn oS
of WEAQ oA Ue] FHAT A4S BAL 0HAIR, ATLUEE ofldlth
W], SR i ART A AUAACEH, B3t dE AGAUALL A
gol Jhsdith e SANEN F W A§ H5HOE FHE bY Welsa, &
9l AU el H e

A STE B A% e 19T BAhAS GE FE7bA ASLe ASHoR
CO, MEES /AT AAH oAU A3 ABE CO, MEES 201090 o
3109 EollA 20209 3609 = 2|3 2040d0= 4509 B2 FUME Ao=E o=
93, oA thg 4H7] Bkl 46% o402 F7T Aot

Heol 9% ATE 9% BF AT =0 ol3W, A7 exo) Fejel e 21
A7) WA AT Yok B AT BFEEE 21008744 2° FlA] 11° F Aol =
Z7HE 4 QAL o F FAY W §3HE AEAIE FALE AT Yo, A%
Wel Z7bs} dithe] A% F74E AT S 2Ad AFSE R TR 4B
e EA & Zolth

MR

2L r

= N
Iroy o2

krl

1o

T 2|
effect” & AEH lkmY oA A #Z(geostrophic wind)S THEIL, A4 80me HF+F

AP
o
e
Hu r
ku)
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2. Y7 |&

FHoUAE AHAL AAH Sdol 1PH Ede] LEAUAES Q7] e
A2 AfSA Ae" 5 Ao FholuA Axde] b Fad REe FLEW
olF, o]AE FHAUAE 7 71A gl o83 & & AAH FHow A
#2700},

2-1. FEEH AA

Hulo AdAe A7)+ AN T3 TS sta, HAHEY
HHl AFodA F 719 8% FAoIt 25 dHHe X

ERE MW 555 7L ok BRI AR F83 WHyoth A HHlS F
7HA del2 U3, OHAWTs(Horizontal Axis Wind Turbine)3} @VAWTs(Vertical Axis
Wind Turbine)e]t}, HAWTsE VAWTsel Hlw3dle] £ &&3 1E5Y u&o 4k
AN FHE AAsaL ot

VAWTse A9l 7PgA AXH o] Sl AA wEHolokstes EAZ wAI7F o,
we sEEY o]24 "tk HAWTseF 593 &89S 47 98 VAWTse o B2
Azet o & ZA7P7F 87HI, ol AAT & HlE FUHE o] ARt I#y

VAWTsE e B&dAl Quizel 4 e FES 7

<J2l2-1> E2Elel 57/ : (a) and (b) VAWT (left and middle panels) and (c) HAWT

(right panel)”
Higo] ol How B o, F€E2 F THY F79Ey IS e, e I
gol 27| 4% wako] oy, g2 st FEH(ift force)o|dtr YHEF ZU)SE
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o el 4212 otk o5 el F F AAE Hul WAE @AY LB
TEEAS A4 fd AeE & AT FHEHWNE 9ilS, 2H, Hower), 7]
olubr g T BA/Z FAHT <Y 2-20] eI

Rotor

Generator Yaw drive

Pitch drive Blade and hub

Anemometer Windvane  Controller

<ag 2-2> BEHe Fe 227

§4%8 HWe B o] 50-100mz X H1, 2E AL 50~100molth. =
EINl AA oA LRkl A B9 Eolet EH g/ Aoyt FUiE Ut =
2 71 2 @NEe 22 FYENo] A FHAUA HALE 7K A Hel A
Ag s W& 12rpm~20rpme] ZE ¢} & H(hub) ZYZL

=d, FF Ao Jlee olF & IFEYXAMAE FEHHNSE X7 3
o SAFYEENES @ 253 Hol FYHLHAE olFa, o E  “wind
project® & ” wind farm“o.2 4#HA o olE IFHELHAE HF 5~300MW

2-3 3433 e ¥l (offshore wind turbine)

AgEE duA ML el AAST F83 FEAY WEe At 2 d
F 7HEEAT AYFE L SAFTYEEY 52 £59 us dYsith s Aa
2 HUE 717 g8 AAE AT + Ao ST EHEN S B SYEN
ot 2 HEg 3 &= (nameplate capacity)S 7Hth AlAY M 2 AES Aot
Ao A, FAZ FHAES 3tk A2, v A9 53%E A9
A Fg

2 41 Rk rr o

18
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AFETE e F8% zole T 7|x AA Aolo|th. ol SAELY WFE
a2g Ff(floating) %2 5% 7|2E 87%t F8% AFTHER 2
<9 3-Dd Yepdth o5 B2 AZ3|AE Aafld s F-/2 ERlS AN
3l Norwegian Aol =] 3] AL, SWAYE 100~400m FAOA 258 = Q=
2524 gHHES /sl $ 3, Statoil Hydro= 700m A3 HE-S 7 Foltt

GFHE NS B, ice load, 18al #HEF FHS Wwormm HAAE=
Nel  orAAe wWolslor Hoh  Zdew oz [EC61400-3
DNV-0S-J101 & Sith kA4, 2184 21 4% FFS [EC61400-229]

Yy oy

o o{l:l
oo
O

Ballast stabilized Mooring line Buoyancy I
3 e i stabilized stabilized
Monopile  Gravity base Tri-pod Jacket :
*************** Floating wind twrbines ————————===~ ==l

N

<38 3-1> sfArEEYl 7| F Fx29 EF'

MAAE B WA AESI] istel ol b4 FY, =3 23 Y
o HuE melsloksith. <E3-1el FHEu Hrel 275 DLSCDesign Load
Cases)& AT EF oS dolEl: ¥4, FLI shakel, Lejm W T
5o $44 AeE EIe

—
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<HE3-1> ZHEElQ

Standard Description

IEC 61400-1 [62] Wind turbine design requirements

IEC 61400-3 [55] Design requirements for offshore wind turbines

DNV-05-]101 [56] Design of offshore wind turbine structures

DNV-DS5-]102 63| Design and manufacture of wind turbine blades, offshore
and onshore wind turbines

DNV-05-]103 [64] Design of floating wind turbine structures

GL Guideline [65] Guideline for the certification of offshore wind turbines

3-2 +8% =
E3-DE FHHW AAE FE £ Ye FEF LZEJE ZFAT B

IS} B9 T2 g YHEA LS PreComp AHES 93] FHlaf okglo),

Program Company Public Description/Capability
FAST Suites FAST [58] NREL Yes Aeroelastic CAE tool for HAWT
AeroDyn [69]  NREL Yes Aerodynamic analysis routines for HAWT dynamics analysis
HydroDyn | 72| NREL Yes Hydrodynamics routines for offshore wind turbine analysis
PreComp [73]  NREL Yes Pre-processor for computing composite blade properties
BModes [74]  NREL Yes Computer code for tower and rotating blade modes
[ECWind [67]  NREL Yes A program to create [EC hub-height wind files for AeroDyn based simulators
TurbSim [68]  NREL Yes A stochastic, full-field, turbulent-wind simulator for use with AeroDyn based simulation tools
FAST_ICE ur Yes/pending FAST module for ice impact analysis
FAST_SM ur Yes/pending FAST simulation manager. Automated execution, pre-, post-processing code for series of FAST simulations,
NuMAD |83] SNL Yes Pre-processor of ANSYS for blade design
ADAMS |86] MSC No Multibody dynamics simulation
Bladed |54] DNV GL No Wind turbine analysis
WindFarmer [85] DNV GL No Wind farm analysis
openWind (90| AWS Turepower Yes/Na A wind farm software that uses GIS
WindSim [93] TUDelft Yes/pending A wind turbine simulation code for education
(Blade |97] TU Berlin Yes A HAWT and VAWT simulation software with blade design tools

4. THAA A= FH ol &

4-1 Wind parks

Wind parks(farm)= FHER €715 &l d¥YLe fs) A8 Faoln.
o FYddA gl <O94-1> o] FHER, Y], ZAHwNEY], dY
Hely] 18] a AEvkpower grid) o2 FA %)

—
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Power !
transformer

Capturing
wind energy Mechanical to
Mechanical power electrical
i transfer conversion
1 i
N : - / for
. _ ‘
Power converters
Electrical power
: : Gearbox D o e S —
Wind power * ' i conversion and

transmission

rotor

T TFRY FTHAx="Ho] f&sttt. OAEWe| dd" Al2®(Grid connected
A2 BE ol T fEola, FTHEHA AxHe oy 712 &Y
izoll, AEdd 58 A, Fo, A8y A, 231 a8 EFA(flicker) 59

18 & Aot Ao AAZRe®E & wind park7b <&F4-1>3 2

<EA-1> MA BHL™ zzHEe!
Project Capacity in MW Country
Alta Wind Energy Center [128] 1548 United States
Jaisalmer Wind Park |129] 1064 India
Shepherds Flat Wind Farm [130] B45 United States
London Array [131] 630 UK
Greater Gabbard Wind Farm |[132] 504 UK
Anholt Offshore Wind Farm [ 133] 400 Denmark

=] = ﬂ]
o] = [¢)
Zd 3, vg aRHoR Z“é",“—?,_ TEL £ Y 5849 YHoR FY-3A
7](photovoltaic)-4=8 18|31 FH P -

4-2>°1 e

—
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Wind
Turbine

PV Amay

UPS

ACDC
Rectifier

e

Small Biomass

Charge
Controller

Control
Panel

Plant Etw
E— Inverter
Small Hydro *b* AC Load
i Battery Bank
<O 2l4-2> 5to|22|E ZEH UM A|AE ofA]Y

5. T HAUR Y EAA
&1%ﬂ%1%ﬂ@

B
@ B4 984 AR FHo BATL §9@A obdAE melsiorath T
TR AR A AR, W00 AR 2 AT e daEe 5

& R Y8 Axge FHH dddr) ose
A, 89 E<kd, Fsl#el(load management), 1]

2]
7229l Q¥ 2538, doltist 9454 e, opYsEY B

—
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6. SHENIAA 2 A 7=

6-1 FEHERAA 2 BX

5 294 F9 HYT A Ak A ZH(cing)e] FEF A4S,
A 2" Aol tig =7 dASeE o7 $(cold climate) 8ol A
S8 2012 o] 69GW 1g]al 2017 @) 50GW= o SH o). 2 el A=
A A A FAstY FES TS v F Aok FUA G A FH A
og 712 A F& HA AW JdFeE Frkd Fo 2 ME 18a A9
TOoE Fe FF AYFIIY A¥E s £ Ao a9 6-Ddl §F5 TH

o) AR S LhERITH

(A
ol

e

(TN e

An)

6-2 IEA9] &+
<HE6-1>] 2 2

s}of| thg [EA(nternational Energy Agency) ERFE5 A A gt}

<E6-1> Zdlof| ZsH |EA 2877

L]

[EA Ice class Meteorological icing Instrumental icing Production loss

% of year) (% of year) (% of annual
production)
5 = 10 =20 =20
4 5-10 10-30 10-25
3 3-5 6-15 3-12
2 0.5-3 1-9 0.5-5
1 0-0.5 = 1.5 0-05
IKGSTi g=aepriemsmasa =
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6-2-1 A 2H

) Pl oA o] glo], H d5s ved ARRETH
AstA 7l 2 7HA “o”ﬂéol ME‘r. 7HE LdREARl S

Z %= FEA(Gcephobic)s AAsHE Aot o] Wyl td F&o

4+= PDMS(Poly dimethylsiloxane), PTFE(Polytetrafluor-ethylene)2} Wearlone] ¢t}

1386-2>) Polytetrafluor ethyleneE bt}

o] Al

l%
g

_V}io}‘_,tl
N

1=

-

=
} =

Y

B
T

do g
me b rlo

(e}

o A

AN L A =

<3dge6-2> 7l EH el SEM o|o|X|(Virgin blade surface, left); Z7lE ™ol ZE & PTFES
AFMo| o] x| ?

DSt g ZRe Y A A A8 BetEde Wast AgR
o olg Ase &6 AWM 44 s|EHBANE FAdsta, AsetE
24 Agste gABT
D7IAZAR Y : o] MRS e ETE AU 7EE &5 18a AE
of o3 A EPAHoR Rtk b AAI WHOR AW(de-icing) 181
W) (anti-icing) ol ATt
H,

(Opneumatic 71& : &
¢ H-(leading edge)E W (de-icing)str] s AREHIL, dFH 37 B2=E AL
AY F71E width

QExpulsive 71& : o] WYL d5E AA] 3 AAN Ze AP~
(piezoelectric pulse)E AH&3ta, 45 A R S S = B A E= i P
Abgsla <19 6- 3>°1] Uepdth olw] I HWFE I8t Aol A= =
45 APANA 455 AAAZI

’
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<12 6-3> =4l A7, &H: 8th Polar Technology Conference'™

@Ultrasonic de-icing : ©] 7|&& F ZHALolo] AztE AdS-& A AT
2 PALEHA ol 8=, T = S|
o] 7l&L AL vgoz £Ho 2 WH(de-icing)A%]

97 AwAA G HYPA A% Fo shhs Ay
Felol Qg BHoZ WEY FAIE dEZ WL PHoITh of 1Ee Figld
I Zo] 20090l E

@A & 3] E|(resistive heater) : G7] 9)F2o ZHd] HIA 71, x5S 3| E
o) 43 A7 7|AH Ao AFAHET. @UHF FA(resin) : Lf ZHEH G
e AL F gtk @F FA ;o] WHL =AL F7] AxHEG ¢S 53

@AY 7D ¢ o] F1ee A Ao FH W HHEB JUAE FFakel A
g3k o W F olHe oUAT FAE Fakel /18 Fakel ALy, F
HEu @7 9lo] oW HxEol girk.

4) HA s}

D719 23 g2 7|&5 2oz HYH 48 F54ss vy £ A5S
Ae ¢ At} MissanS - HAESQ} $HA ‘ofo]~xH] FE(Icephobic Coation)2
Attt ofol2xxH] IEL FHEW Ee AE WA SE e HEAH
ghal A Aok T8y AL HRJEs #ZFHo] WIHEHA| 52 FAoA WSk
Aol dFS P, 25 W3 0° o] &2 & HYE AxoA FFHS

—
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t}.

% F <ol hydrophobic coating®] electrothermal resistive heater A&l Z
gsle] ALEE T AR R Eo) A hydrophobic coatinge oA &HIE 7%7}
Z 20}t wkA o superhydrophobic coatinge 50%7+A Z ATt

7. 38 BHHE 7o xe] £87 HZE Ve

7-1 71\t 2 g &8

FA3tE v e FEENE o ede, FEALLAMINR), PAMAC] ¢F 40%<t &9 3
A 2L A(MINE), Polyalkylene Glycol(PAGD)3} Poly- e -olefin(PAOR)S A 8131t} o] & 7|
Yol VB 84 e FEe UERE AAFHI, (FET7-Dd Yepdo. 384 A
ASTM 35Nl ¢]3l Engler viscometerE AR&3}e] 40, 70, 100C ol A AlZ3s} T

=]
=
o)
=
| Y

<E7-1> IEHE

==

HElglg Jjoj2del 22|H E4V

O

Parameter Unit MINR PAOR MINE PACD
Base all - Mineral Poly- Mineral+ PAMA Polyalkylene
~olefin Clycol
Density at 15°C glem? 0902 0859 0893 1059
Thermal expansion coefficient (s x 10") = -58 -56 -67 -1
Viscosity at 40°C & 31925 IURB 32859 290,26
Viscosity at 70°C st 6587 8792 9272 10233
Viscosity at 100°C oSt 24 3527 3788 5106

Vi - 83 155 166 4]

AFT-Dol] 71ojar2o] Ay 9 =5 yepdch o] 7jojutas Al 79 L
Z¥A1 a1, 579 Z1oj7F ARE AUt (ET-2> 7]ojRtg] 7|09 7]sted W

2 AN

Wheel 5 Wheel 4

Shaft 3
Whee| 2

Shaft 2

Shaft 1

.
]" ' F—=——=F Wheel 3

i

<3 7-1> HAE 7/0{gtAald
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<E 7-2> HAE J|ojgtAoA J|oje J|&tEAM WS

Parameter Units Gear

1 2 4 3 5
Modulus (m) mm 35 35 35 4 4
Pressure angle () & 20 20 20 20 20
Helix angle (/) * 20 20 20 20 20
Number of teeth (z) - 32 23 27 28 17
Addendum modification (x) - 0381 0415 0.161 -0240 0.051
Tip diameter (d,) mm 128.6 953 108.4 1252 80.7
Face width (b) mm 35 35 35 335 35
Arithmetic mean roughness value (Ra) pm 04
Gear ratio (u=2z3/z;) - 0.7188 0.6071

7-2 71o18f 28] &%8# A9
7ol B2E AXE <Y 7ol dehdth o slojuts HiE AXE 4
3 W97F 100-1900rpme] 12, Y ¥ E =+ 100-1300Nmeo] o

11

—[ bl > {f——Ht

15

12
13
4 ,

gl 6
| S
T
l
1- Power Input 5 - Qutput torgue transducer 11 - Loading torque cylinder | - Elastic couplings
2, 7 - Test rig gear sets 6 - Slave gearbox 12, 14 - Adjustable platforms Il - Rigid couplings
3 - Input Torque transducer 8, 10 - Back shafts 13 - Mobile platform
4 - Test gearbox 9 - Back shafts support 15 - Fixed platform

<32 7-2> 7|ojeA EHAE Ax|o MAEY

of Nojuts HAE AL 9Y/EY B3, S5, Aye

I HZ=E 79} 7]ojrto] Aojgx] o] E(housing)e] F B 255 #FE F Uk

7-3 43 A%
7-3-1 94 By ex
AHPY LRl ALHO

SRRl A ex, e AF ARERE $HEAS dehack
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100 H

Bl e e e g il e T e ol St

&h _...:....:......

AT

AT e L T Tt

20

100 200 400 500 A0 200 400 500 100 200 400 500

n,. [pm]

2500

B0 200 400 500 1M 2200 400 SO0
n e drem]

d2 F8EA A7) ATor <H4gss
21, 400rpm/1000Nm thH4! n-300rpm/800Nm*®

o] <197-3>914 PAGD(Polyalkylene Glycol7} o 9H4 9 =9} ut
P4 AR, MNRS 743 }u F54E By

59

b
o

|

rlo

7-3-2 R A 4(CPUC, ISUC)
(APT7-4>4 PAGDe} T & FEHEW 7o d Alo]le @A Aol ERAT
o] AyoA, PAORE TE ol 7|ojod B ¢ B2 Alo|EES AR
a b

Eveolution of the CPUC Index

= g
o : : .
300 - e It
1 ) ] D, . .......... i... = |‘."||NE 50

: ; i | ——PacD

o r,.._-—h —a— PAOR
0 H H H H
] 0.5 1 1.5 2

Number of cycles

Mumber of cycles ¥ 10°

<TO8l7-4> AtO|Z Fof w2 of@X|$2| I} (a)CPUC, (b)ISUC."”

—
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7-3 58&a wd
o] Y ESAdxdolA 7|9, FeHlold, 28a HE &de 1A, A=
UERd T
Pv = Y Pvzo+ Y ,Pop+ Y ,Pulp + Y ,Pud (D
o Ao, z, I, de 7o), FEHlo™ gx dES YEkdY. 09 P= F53

7-3-1 7)o@ FY &4
71019) v FHEL LS AETHPw, 7109 BEvkEA (), La 7o &
AJNAHY N o & a1, 2= A=

Pyzp = Pirp-Hy 2

7-3-2 T-FHlo|Y FY &4
o] £AALS SKF RdS o] &34, 223 & YERATH

M=Mrr + Msl + Mdrag + Mseal 3

oA A Mrre FEulx B3, Msle nndozar EF MsealS WEAx9 uf
Z E4, Mdrage =¥ 1 £4(drag loss)©] T}

7-3-3 48 T4
o] &4 ofzf (e} o] Freudenberg 42 AH&3HAH.

PVD = 7.69x10°%d% n )

o] Aol dut % A7Zmm), ne 7)oj5ol o,

—
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8. 234 A
8-1 wl&A 2} v fF(specific film)
H] - (specific film) FA= <1H7-5>9 o] A=0.15-0.652 A T&ES YeERATH

a

n_ . Irpen

<13 7-5> ctE2 2% =AHA B f2 FA :(a)500Nm,
(b) 750Nm,(c)1000Nm"™

8-2 B vt A T
2t 710l ool tE Aol BE mFEARG(p,,) S FE FAL ol8F AR
o =9kth ol B < 8-1>F <I-S-1>o ek,

—
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<E8_1> 7|O'I—Cl)—oE|—9| _\_1.04-51- l.lavg

Method MINR MINE PADR PAGD
tavg (H) 01057 0.0793 00746 0.0655
B (Hvnum) 0.0837 0.0628 0.0591 0.0519
Hag (Velex et al) 00784 0.0585 0.0550 0.0482
a b
0.1 E‘E‘-!E-E-E'— ----- o DD ----- T e I I
= P> B (= Y :
_ B85 B & 8 . e =
e — : = i 5
I e S = B Eg‘“-—~-f_8
005 |- Tt e n:J.rJ,%—--B?B,.r ----- e R
l:}CI 5 1o 15 Dﬂ & 10 15
Hydraulic paramoier Hydraulic parameter
] d
o1t - - I I e R
== w £ == =] ] [m} = o
o - N AR W o T
0.05 g - %"'533 ------ D.DS----gi--;-S -------- -----
Gl 2 3 4 L I:'CI 5 10 15
Hydraulic pararmeter Hydraulic parameler
i s ST Tive m] Moy | M B pacy [Himwe O ey [Velex et al |

<O2g-1> HAEE 7/0{2d2| ol&A S 1 (a) MINR, (b)MINE, (¢)PAGD, (d)PAORY

9. 28

F7Fete YA ot A4S FHstA g o] 8T F e AR AT
T FxFojokgity. FEL s, AdHo|la, il E2 AF2UsA| ¢
(global warming potentiaDE 713 S5 A A Leolth

AFTEES S FEH vluste oS fFUsta, €889 YA MAE
E AEete ERAS AAT & Anh 2Py o]F JFAEY Ade FE XA

—
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Tﬁoﬂbﬂxls’} PHEVSQ} PEVSE} 2o ~ulE :LE]‘:(smart gridE zt&E o8 7HA
Aol g A eko] At HE=d 1S Aot

FTYENe F"® A”srI7E i, WA BE ZAATE a7HA geth 1311/}
A(cing) S ©=F02 WAS 5 gla, 7FEA 2=d3 Agteforgttt. shehefEF2 Bt
Fatt, 150 Ade A AAA 2R AR

AR AP EE 2o A AX(eading edge)o] ZHS wEE T A H(trailing edge)
of A%t} o] AAl= dAuyA AHE 1HEA &S A, WH(cing)ol &I o]
A9k, AW (de-icing)S & 37} At}

AAAE FAL FAA717] 8, active pitch(FA]), AL FHJE, 3&
A 9A 4 2L tE Ve AdE kgt

N
NE
2

7lojuk 2~ @ A o] H AEd|A Polyalkylene GlycolPAGD)7} th& o= FEA 7]o]
2d B} of 30%° w2 FYEEAS YEWAL, &4 2=8T ol e npx
A

—
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<FaELH>
1. Wind energy:Trends and enabling technologies, Yogesh Kumar a,n, Jordan

Ringenberg a, Soma Shekara Depuru a, VijayK. Devabhaktuni a, Jin WoolLee
b, Efstratios Nikolaidis b, Brett Andersen b, Abdollah Afjeh b, Renewable
and Sustainable Energy Reviews 53(2016) 209 - 224

A3, B FdA Fstd] e FEEdel s, A 4, 3
BAFA RESEAT ¥4 &, 2009

A3, By FEHEAS AeFA Gl 28, A FEATA

H

£

7}

ol

7=

3.
RESEAT #4+&, 2016

4. AJHE, QT ds ST Ats 3 ALY Was AnE A,
@%ﬂ'@ﬂ%@i?ﬂ??ﬂ RESEAT 4%, 2014

5. AR, ALFTYANUA e dad A%, dmHdrledndTd RESEAT #
A& 2013

6. =&, FTHTH A I dF, FxAGVSAHEATA RESEAT &4
=, 2012

7. 9, el FEEHE SHWdd Jle %, Ui Rd 4
RESEAT 4] =, 2012

8 A3, FHTHAAIAEL] oyx g AEE 24 dxdsrledBndTd
RESEAT #4 &, 2011

9. Az, FHAUA Ak FA, F=astrjEd Bl RESEAT 4=, 2011

10. A4, THETd Fxed SHARS W, d=dredRdTd
RESEAT 4]+, 2010

11, 282, 92 d3 Fa2A%% 5314 857 CO, =84, =343}
7€ ATFA RESEAT 41, 2010

12. Olofemi Fakorede, Zoe Feger, Hussen Ibrahim, Adrian IIrian, Jean Perron,
Christian Masson, "Ice protection systems for wind turbines in cold climate :
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