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Abstract

: Recently, as the global warming by fossil fuels become social issues,

the interest of renewable energy producing system is increasing rapidly. Among

these, wind turbines are most

highlighted

because of its economic

competitiveness. The tower occupying about 20% of overall turbine costs, is one

of the main components of wind turbine .

Tower access door located to base part

of the tower, is used to enter the tower. This is the main structural weak point

because of door hole, weldment, etc.

In this study, by FEM, we retrieved the

maximum von Mises stress at door location and carried out fatigue analysis using
stresses at weld toe locations of tower access door part.

Nomenclature

t : tower wall thickness, m

M. : Bending Moment of tower, Nm

M, : Torsional Moment of tower, Nm

Ox(Sx) : stress parallel to the weld, MPa
0y(Sy) : stress perpendicular to the weld, MPa
Try(Sxy) : shear direction stress, MPa

ol : 1st principal stress, MPa

03 : 2nd principal stress, MPa

PSmax : maximum principal stress, MPa

subscript
FEM : Finite Element Method

MAPS : Maximum Absolute Principal Stress
GL : Germanische Lloyd

1. M B

ool FHARE o] HYLHL} WE
3t S47tag, dAgEALd YA vE A
d43 95718 A EAT AHF o2 W

24 3 AU g @Ho] m2A F
Zhsta gloh =3 A @HAYA N 1A
A7lx & AR 4T FAZNFE G qA e}
e F 348 qguetes g4Hm 9tk 2
F 8V AE 84384 2 duFez o5
& AAAdo st FAAEE o} 43 YA
Ab dhA g A £ e cduxdes ZHgg
I 9lon, Az 20% °)de] F4% 4FE Bo
2 e AdEol F9 dhtolth

FHUAIE A7lolviAE dg@sted AHE
gt THeM(Wind Twbine)e A L7
(Generator), %% 7)(Gearbox), #9]7](Controller),

1) FEA $3UdLT4L: 72IFY

E-mail : handycap@hyosung.com

Tel : (02)707-4369 Fax : (02)707-4399
2) (F)EA $¥U9T4L F2AFHE

E-mail : diable@hyosung.com

Tel : (02)707-4373 Fax : (02)707-4399
3) (F)EA FIYLTAE T2AFHE

E-mail : choiwh@hyosung.com

Tel : (055)268-9910 Fax : (055)268-9926
4) (F)EA FI34AFL

E-mail : skleel@hyosung.com

Tel : (02)707-4301 Fax : (02)707-4399

-72 -



EL9)(Tower) ¥ B 0] E(Blade)Z TAIH Y&
o, AA gyl v & F YRt of 200%E AR
8t gk $8 EHulE T3 48 848 F
X e Edol=9 YA (Nacelle)E A3}
X, %A} Yo g FEE Fude g g
%9 Hylo] AXHE YL Gy 1
Z7b EolX® F3(Wind condition)o] Fo}A]7)
Mol FET 2ol B E AMSHA "4 2
Ay o som B9 BHE o Fol7] HeAE
10m% o $15,000 A=} 72 L2990 ¥
o7} 2A3d Felx MAAE Edol= ¥ YA
T3 7z v g9 s F=rt @8
Aot 317] W&o HF AAAHE AU 714
€ 188 Eple] F2E HAg s oF o
Elg] o] stof QX% Doors, Doorg A8}
7] $1& Holex} &4 % 5o 98 oh& & y|
) oz FHY3itt. ¥ ATolME FEM 4
< 53 GL? AxEA was Jz2Bxe it
£ 93 Door ¥ Base Flange2] 3¢ = 7ol A2
Influence Coefficient Matrix(Stress Tensor)S 74t

.

Fig. 1 GLOl|l wt2= Tower Coordinate System

o] g# ALY LoadE 4% M=ZE HJl
€& %3 Door¥, §3] Weld Toeol ™ Fatigue
Damage Margin(® £ HHE)& A&t =&
Add  Momentdt€ U Door F 9
Extreme Stress 31418 A A&} g e},

2. M e
2.1 84 =5
e BHL A, FRYACE I ST
29191 €199 9] Door9} EF9) Wall € Base Flange
o} E}9] Wall #& AZF3se £3%y A=7
EE #$lste Aol
A, HekRo] oIt Extreme Stress(Von

mises Stress)E <319, Extreme 2 tidt
Door 9] tAAE HEF}

2.2 3|4 ot
A ZAAE FEAE B8 £4% U@

Influence Coefficient Matrix& 4t&stx, #
A9 Load Time History®} Zgsld, MzE

MAPS(Maximum Absolute Principal Stress) Load
Time History2 AMAst= Aoz APdc),

Rainflow Cycle Counting®”& A A Detail
Category® 2 A8 T2 338Q BladedE €43}
o, Fatigue DamageZ AAMst, Aol g
Marging& EIHc},

#4A 242 E}9) 9 Base FlangeZH-H 17.5m
¥ol7tA R E X¥stY 2d¥ S5, Bg
9g 93 A48 3D CAD T2 28Q Solid EdgeE
AHE-EFA T}

A o]&L Door9} Flangeds] ohs} A3 &4
£ AAEIga, A WP o Linear Material
Behavior ¥ Small Deflection TheoryS # 43}
i =

L3899  Hot Spoto] g  Influence
Coefficient Matrix 2 Extreme Stress® ©7]
A Y T2aPos Ag FEHMY e
Q1 ANSYS 8.18 AFE38}9 1, Load Time History
9} Influence Coefficient Matrix®] =%,
Rainflow Cycle Counting ¥ Fatigue Damage9]
Axe 98 Bladeds E-8312c).

3. Door K2l & sl
3.1 Influence Coefficient Matrix

3.1.1 84 =P

Door £7% 9] Influence Coefficient Matrix
A g el9le] ¥ EEHEDE Solid
EdgeE o] &3t AAEgY. 7125 Y Fole
17.5m°) 32, Base Flange7} T @41 Zdo|t}, 3
Ae 98 FA 298 Parasolid File® WEs}
31, ANSYSOllA Importdted th3- Fig.29) Zo| FE
HH L A3 2L TS
— 7\“-—’

e 18
47

2008
oL W 130:06

Fig. 2 Etglel B4 =24

Door 27839 Weld Toe $xlolAe &8 gk
& 97) Y8, 1IW Standard®g =8}, Y
Wall2%E 0.8t, 1.4t A HA9 3 & A
A% T 4EE F3ll Weld Toe ZIH(EHY] Wall
2RE 0.4t ojW R A)o] A2 Stress Tensor}
Influence Coefficient MatrixZ R FT}. 314
298 o Fig.39 AL=E F=dd A4
o

FE 2d& BARA Weld Toe 589 MeshE
FinedtAl 7A . A% FE 29 27 Fig.4

-73 -



9 gt} FAAZEY] 9HE A8l Half-Model 2
TAHAE, Cutting¥9 ZA=AL Bendingoll

sl Symmetric, Torsionol  iEiAe
Asymmetric 23& 839,
geometry
represented in
finite element
model (grey) geometry not
represented
{white)
tower.
vl
weld toe §ower
= =
(door frame <
side)

Fig. 3 S31% 298 Jg

wy 19 2008
18:27:55

Fig. 4 Etlel FE 29

3.1.2 sl Zz}

1) Unit Loadol th®} Stress Analysis

el 2] Top XAl M(Bending), My(Torsion)<]
Unit LoadE 718}¢, Stress Analysis& AA8t
i, B9 Door?] &7 ¥ Base Flanged] &84
of gt 38 & A3}, Door Flange -2
23 Contour(3rd Principle Stress)¥ THE<l
Fig.5% Zt}.

Brens output localinn,

T

Rend seron £ TW positionss

Fig. 5 Door Flange® 22isi4| 2t

2) Influence Coefficient Matrix

BAEHQ Door Flange ¥ Base Flange?] Ui
/9% Weld Toe Tl W@ Stress Tensordl
Influence Coefficient Matrix® F3tglth. o}
2 Fig.62 Door Flange Wl%9] §3% i@
Influence Coefficient MatrixE T38}7] & 2
A¢ FE 2929] Line Component& EAIET}.

/£ ) o 7/

APR 27 2005
10:04:32

File: 6:\job4285 Support structure\Tower\TRAINING\Hyosung_TD3.x_t

Fig. 6 Door Flanges Line Component

Fig.72 Door®] Flange §3FolA 4&d A
wgke] Stress ¥ Principal Stress(F$8)&
yeldr),

o714 Influence Coefficient Matrix& T4
8l Al w3ke] StresstE o] FPY AR (o
O, S3H AU AE(o,) ¥ ADLF(14)
Ao,

Stresues atdoor weid, inside tower well

i\ —
4 0s N1 AE 7 78 /@ :Szjg
! \*:‘,3" \ 7 - Sxy_My|

= «_____‘?77 iy

Towac haight pm]

Fig. 7 Door Flange® SHML

3.2 Fatigue Analysis

g9 £4 (D), (2)& €439 8L 7
stx, olF Hulgtel o & Fg8U MAPSE Z
£ NodeQ Hot Spot& XA (Table 1)3H3t}.”

Hot  SpotolA]2]  Influence Coefficient
Matrix9} E}9] TopollA]2l Load Time HistoryE
Z§3to, MEE Load Time History® HA T
=R

2
g, = (Uzz;_a!z) + (az!;azz)_'_,r:y (1)

_ 2
SRS RN e

-74 -



Table 1 Influence Coefficient of Hot Spot

Position | Node | PSmx.M Uxuxloxuv|0yunlov“y|1w“x Iva"v

[~] [no) [WPa]
Door wall | 4209 —3.40 |-2.34|-0.68]0.78] 3.10} 1.67 | 1.73
outside . . . . ) . i
Door wal . _

or wall | 2088 | -3.00 |-2.99|-2.48|-0.21]-0.95| 0.16 | -2.76

{Base {lange _ -
outside 28676 | -2.17 |-0.36} 0.35 |-2.17| 1.43 | -0.04 | -0.76

Basiensfi"f;‘“e 29539| -2.14 |-0.36[ 0.06 |-2.14] 0.67 | 0.04 | 0.90
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