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Wind Turbine Tower Optimization Method Using Genetic Algorithm

Shigeo YOSHIDA

Abstract

A wind turbine tower optimization method was developed, using Genetic Algorithm. It determines tower

dimensions of the lightest tower, such as distributions of diameter and wall thickness, and stations of flange and navigation

lights, under some design limits such as transportation and natural frequency. Both of extreme and fatigue loads, calculated

based on international design requirements as well as the Building Standard Law of Japan, are taken into account.

Therefore, controller and aero-elastic characteristics of each turbine are taken into account. Furthermore, sensitivities to

some representative design conditions, such as wind class, tower base diameter, and so on, were also investigated in case
studies of SUBARU80/2.0, 2MW downwind turbine, using the present method.
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Fig.1 Design Flow

KETRTRAJMICBN T EBRBOY V25250
DTHD, 8, 7 UK LIRENE — FOWE D FREH

KT 2 ¥ —




BIIREBEEZDID,
~3EOWEEFILEL tﬁ Do

ICIHMR 2B D DI, 2

22 HEHE
BEOWEL, EEREMLRIEECTHD IEC61400-11
(LLF IEC) <° Germanischer Lloyd wﬂ%m)@ﬁ4k
FA VRV EIT SR, WG BREMTES — X
H%TW\ﬂﬁ@ﬁﬁ\ﬁ%ou\%ﬁﬁﬁ@*@@ﬁé
IV ESSN. EHEEEFADY I ab— g |l
DEEHWESBIF SN D, 22T, REEEICKH LT
yhr—T R EETS, . BEFWERYV I L—
valrERELA 7= MRV BLEND,
Fio, BNCRBEINARED S U — AL Tk, B
om0 EymERat SO EGH LT
PBERHD, ZNLOEBICRITE XU —TBRORMEIT
EHEHES I 2 L— gtV 2B,

23 ANT—4
AFEEERTAIANT —F 2L TIORT,

1) BEAMLE: FU—FS, FU—EE GLE/mEE) ¥
U—r~y FEE - B, BN (ERB/EX) .

2) BPRHERIME - Yo BEE. SN EIRR. FEEISTT. BRR
oy

3) BENTA—F HAFWRELRRE, £ AV POE
é\mﬁ%W%&(ﬁ\77//%)\%%w?ﬁ97
TR, TFV - EEEAORHEE,

4) BEELEAELL - ERMHCRT A M  RARE. ik
HERS, tEIEE,

5) FOMOHIREIE 1 Rl FEHESROFEHE, £
FUTE OERE,

6) M7 AT XANRT A—5 %%, EEH, =
Y M2 & NTARE LR,

NIEC/GLIZEITAWE : &7 AV NOBRAE, By
WHE., WECHTIHIEEE,

8) BEFE  ffH - MEHIHT 28 0L 2E (GL) . HEE
WEICHE AR 4%k (DIN18800-4M) |

24 HHF—2
AFECIVEONAM AT —F 2 LUTERT, 2hb
PAch. E{boOBR T, 1~3 RilfT— FOEBE
B - E— Rz TRELELND,
1) #U—EESM (EREE)
2) WELH (BERIE)
3) PO UUHNE., HENCE (BERE)
4) MZEBEIME (BEEUE)
5 ¥U—H&
6) WEHRTE

25 RBELITOTS L
(1) BEAT7T LY XL L D858

Journal of JSES

BRI T AT Y X LB 1975 44T Holland 12 & 0 #
Rank, FHMOBRRFETHY ., BR (BB .
RBX, BRERL Y AROELOBRICEREZELZ LD
ThY ., TONFERIT, FHEEE T RENDIBREICES
T AEOBRICEL LTV, Fio, FIHERRERK
DEZEVFRETHLTD, ERMEBRERE THDHAL, AF
HEOBED—>THD,

2k, AFETHE, REMEICRELZ 2 &2, B
R TE RV, A—FTEEOET EITV, BOE
B ERERT AL L L AR A r—2 255 ¢
ZBWTIE, REHERIZ 1t 2BX2ERENRD Z L3R
ot

APHECE, BETFRALBEGERO 2R EET I
ERHD,

a) BETRE

ARHFECBIAHAT —FXRIEHISR LEED T
HDH, FEETIL 25m TEREEL, HEm (77
) OEBEZBEEFEHRE LTHD,

b) &K

AFEIBT A EEEKEXDICRT, ¥T—a2 R
FEBORUERET 0, AR, 2Ry v —E8&
My TR SILD, £, et LORIBEEIE T LT
ABBICEVERT D, Thbik, FEGEATE ., #l
FREEER % R 23560, @B LI EOME &
D, HIREENGHRN L EBETE, Rt b, BB
MUIbDEHZRT T EICE Y WKEET, BENICIX
ETOHBEEEZHZTLORBESIND,

Dp, : EFEOBERICH TS v—V
2)p;: EWEOEFF A—T
3)ps: 1 R E— ROBEHF RS
Hp,  REWHEOZ U —EE
Syps: BEET AR T A L FOREE

S:mTowx(l+pl+p2+p3+p4+p5) M

() E—FNIEYT

AFETIT 1 RS 3R e— FZBEL T2 EDE
—HE NN EITH, T Rz 7% 50~100 LT L
W, FRLZOBFEMECIYVEF SN, 525N 7-E
— N =2A TOEEFRDELZHBSDITHELTWVS
Rayleigh-Ritz & #&BEECEAT 5. ZNbDZFE%E
MAESDYETHEBTD - SIC &0 FATEE L R E %
P LTV 5,

(3) ENEBRRARE
RE X U —7p 5 NS EROREHT, IEC/GL 0iEh, %
I@@W%L%&%#ézgﬂ&50$$&fi‘%ﬂ@

2007




B

-
:

BIZH 7NV T) AL X BRES 7 —RBILFE

LUNCHIER O MBI EREELR L VI BEYTER
BHZ L VAT H, BBERE Vi3, #REERS I OFHH
DEFEMHFT, #1E 10m @ 10min FHEED 50 FEHESE
ELTEHEZLND, ZITC. VIR 2 L5z, #iFH
HBEZEIERESN, Hxﬁifinw3%muT®ﬂ
BREEALTHD, HBRHEERS U BT 5 EARE
& ST D EEEE % X 3 1R, #E 0 “BSL Basic
Wind Speed” I3EESLAMEIRIZIIT D EARE (H L 10m)
R, MPoBT IBEC/GL 285 50 FRE (N
B BT, 50m/s & 25m/siE, HA 7SR E TICH
T B,

ZU—REAEL, EHEETEF LIS I b—
gy r 525, 40 —REEOWEITRETREIC
EET 20, BEZLICRIFESRS,

HBEFHESL XV —OHE -BIEOSHKET H-0E
BT LT END, MEBIEE XA PArELTEL
b, TOBOREDHEL, EREEFORAMITIC L
DELNS,

Fig.2 Basic Wind Speed Map of Japan "%

Roughness Class l[

Height AGLIm}

3‘8 40 : ¥ 4’5
BSL Basic Wind Speed[m/sec]
Fig.3 Extreme Wind Speed Comparison

() &EH

Vol.33, No.3

ErE (BEE) 135 & Mtk, BE X U —REFHIB N T
EET&%& AFETHE, EM7R O UNT SIWTEE B R B 1T
GL 72 5 TNZ DIN18800-4 (ZHEWEFld 5,

5) WHEA—Y

APETHE EHESE I L—vaickBdL L ry
u—=H e GLIZL Y EREIND SN H#RH D Miner
AL VIRFZ A — TR T 5, SN B#IL, 2RO
WED ST PRECR S NS 7 TV ICREVWEIE X h
Do

(6) ERSH
—fRIZ, FU—EBRIRBLNCSHTEED, LR
?‘/Vﬂfﬁ@@ﬁ?% LEEANPUC L VBRET D, NFEHE
RERIFIZENT, RFEREHIBT S, HIREZRY
fx\/%A I VBREDOTDITHEM U & U —EEBKRD
V3ial—{a IR AESNESENSYE, 4 U—E
BHFBEHT2EASH D, ARIRIL, ZheEBEL, o
IREB®H D Z LiEEsT 5,

(7 77 PWER b N EE B

WE EORIBICEIY, FU—RBoEEN5, HBIHE
25m BOET A FOFPOEBESND, B, 7TV
VRO HEEER MO BIIHEHEIC LV BB IR D,
HELIVOEIOHIBOFTNS VT 4 DR BIBEN
%y,

3 —RAET 4
31 BELAT—
(1) #&aEr&Ht

AFEL B LORIBEFICBOCEERZR/MNC
Z U E B 2D, NENRRE IR E-V%%:JEE
T3, ELEITES SUBARUS02.02MW & 77 4
Y RREWPOZ T — iz onTr — AR EZT 4 BERK L,
FISOERARELNBEE 1 R4 1277, FEIX. kb
BNEELREEMBICBOWCEN RS YT 4 Fo—
BREOZLEN, BEROBETHHBII =21 @
DF T —IARPHEC LR INZEO TR, LS
U —DFREH R Tower A & LTHE 2 ITRT, BUEY 72
X GLIA T, BEEEROIEREBIL 38m/s TH B, £
WLVHEE 60m ICBW TR T2 1 e T 5. B UL,
HOBANSE T 2m/s? & L7,

ZU—DOIEE & FEHOBERIL. £ 22.5m & 42m & Ui,
WEREETRAEE L 2.5m = & 12 2mm H) 74 TR wae
& L,

LR E— FOBEFROKOFAFGHIT, n—% - &
(R DIIRIC L DA TFERBEME BT 572, 3.7Hz Ak
E LT, 2IRE BRIZONVTIEL, HIBREZRIT TR, 72
B, FE— FOEBRELIL 0.005 2 48E L,

MEHT SM490, T2 5 2L DCY0 HAEFE Lz, # U —

KFT AN F—




T R

DEH -TEFOT7 7 Vb, £ T —E# & TN Fl T NARB TR EOE U —NEHOIEEE RO
ZREELNT DT 7 & ZAREDISHET R, £41.3,2.0,12 HEL LT, ¥ U—HEEBD 10%4EE L, @ik LoR S
BRHTNZ 13 & LTz, CEBEORIBIE 25m & 42t GEHSIAL) & LT,
Table 1 SUBARU80/2.0 General Specifications [—o—8SL Seisme |
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Rotor Position Downwind Lo || et st |
Rotor Diameter 80m P U U DU SRR SUOE B0} e ] e O aLMXY Trne)
Rated Power 2,000kW : 3 :
Speed Control Variable bk A < R S
Power Control Pitch
Tower Head Mass 115ton = 1 P
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Fig.5 Extreme Load Distributions of the Nominal Tower
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Fig.6 Stress vs Buckling Stress

Table 2 Case Study
Item Unit A B C D E F G
Wind Class = 1A 2A+ 1A 1A 1A 1A 1A
BSL Basic Wind Speed m/s 38 38 38 38 38 38 38
BSL Earthquake m/s2 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Top Dia. m 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Base Dia. m 4.2 4.2 3.7 4.2 4.2 4.2 42
Deviation m 32.5-35135-37.5]40-42.5 NA [40-42.5[35-37.5] 32.5-35
Material - SM490 | SM490 | SM490 | SM490 | SS400 | SM490 | SM490
Structural Damping Ratio = 0.005 0.005 0.005 0.005 0.005 0.1 0.005
Wall Thickness Step mm 2 2 2 2 2 2 1
Wall Thickness Range mm 12-26 | 12-26 | 12-34 | 12-26 | 14-32 | 12-24 | 12-26
Variety of Thickness - 7 7 10 7 7 7 9
Max. Piece Mass t 404 40.6 39.7 419 41.4 41.6 41.8
Max. Piece Length m 22.5 225 15.0 22.5 15.0 20.0 225
Number of Separation - 3 3 4 3 4 3 3
1st Mode Bending Freq. Hz 0.437 | 0425 | 0432 0.431 0.461 0.427 0.443
2nd Mode Bending Freq. Hz 3.87 3.74 3.88 3.82 3.85 3.81 3.90
3rd Mode Bending Freq. Hz 11.8 11.4 11.2 11.5 11.4 11.8 11.7
Tower Mass t 1075 102.6 115.5 106.1 121.8 100.0 104.6
Mass Deviation t 0.0 -4.9 80 ~1.4 7143 -7.5 -29
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