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Lightweight Design of Typhoon Wind Turbine Tower

ZHAO Jin
(Mechanical and Electrical Department of Shanxi Coking Coal Group, Taiyuan 030000, China)

ABSTRACT: The work aims to realize the lightweight design of typhoon wind turbine tower. The typhoon environment load
cases and the typhoon control strategy were researched. Based on the typhoon wind turbine according to GB/T 31519—2015
Wind Turbine Generator System under Typhoon Condition Standard, the typhoon control strategy was developed to keep the
wind turbine in the opposite state during the typhoon. The loads on key parts of the wind turbine unit were calculated by soft-
ware BLADED and the results indicated that the tower base load was reduced by 23.5% with typhoon control strategy. The
tower was redesigned and the weight of tower was reduced by 15%, realizing the lightweight design, saving about RMB 4.16
million for one wind farm and having good economic benefit. According to the field measurement of the wind turbine unit, dur-
ing the period of typhoon Capricorn, the correlation between the theoretical simulation value of the tower base load M,y of the
typhoon type wind turbine unit adopting the typhoon control strategy and the measured value was 94.1%, which was highly
consistent. It verifies the accuracy of the theoretical simulation calculation and the feasibility of the application of the light-
weight tower, and contributes to the development of the wind turbine units in the coastal areas and offshore areas of China's
wind power industry.

KEY WORDS: typhoon control strategy; wind turbine unit; tower; lightweight

YK BH: 2019-11-06; f&iTHHEI: 2019-12-18
Received: 2019-11-06; Revised: 2019-12-18
fEER”N: Rit (1983—), B, ME, TEF, TLHATHARILBHR, TEUKERE,

Biography: ZHAO Jin (1983—), Male, Master, Engineer, Research focus: wind power generation technology and mechanical engineering technology.



. 66

2020 4 4 A

Bl 2 % R A Tl Pl 2 i, R KR HILAH %%

BETEARFEUTI o TR AR RS VR I Mo duk 5 USO8 i, %o
m&m&u&m&%%%ﬁﬁ%ﬁ%om%ﬂﬁﬁM
1997 4 KHUALTF & KL LISk, 31323 22 IR&
M, Hr 7 R E KA ﬂ%m%w%%%mﬁﬁﬁm
2 WA R R T ek Tkl B Bl B
X S LR B ORI, REE KR S e i
AL T 37 BRI S A &k, — ELE G AR, B AR
FiR e o IR e KU HLAE T R B 5 KUAE i 98 19
BN

[ Br b T XU ML B 5 XUBE A BIF 5 16 [ R
WX FEA R, HA ZEEAMESE, F7E 2004
AL HARBITFGG T IR ALAE YT & KT AR 5T .
o A BN ) N BT = i L W @) I B ¢
P 2 DL e IXUHR 37 kDA FALZH 18 7 4%

2005 4F, FIEEZRREELEEHAJEFERE . M
RS RIEE S 1 i = IS BUROE ¥ ¥y
PRI AR B IR DA R XU R AL 4 55 ) 28 4 P 18 SR 1 A
G, AT T %4 R AR S S B LA AR 3G
LIPS ESH

5 E Mgt & R T 1 XU R T
W) K AL BB AR ST TR, 3RA5 38 [ BURF
KA H . PR, w e & Kb X 5 v B RS
AL A, @ BCR A APL (EE A
MRS ) AR,

H A, X & XX A fg LA A TR 52 174 [ B R
B LA i g £ 54 —2% . VESTAS Fl GE, H:
TSI A PN 250 S A i DR T R AR i X 2 B L s
ST, MRIEPLALEA A, RSB R
&7 RS AL At

P [ 35 X6 3 A f Vi TR R i 5 AU IS B it XL

M S AL IR ARG T, S it 15—
#BE KIASE T I XML = AR fE——GB/T 31519—
2015 { RIS K bldl ) B, et emt b, Pk
BRGNS, W AR, R A T,
SEPIE AR AR AR T, AT DA ok BRI Rk
ti o W PR AR A I 5, B E B VS 1R T A8 AE A 1 A aT
T30, ¥ Bh 3 T3 R K s ATl v v b X R g 1 A
W7 A HLHLEE R A e o

1 REAXEXEYAI

GESPOES

PR Wi U X7 o X 4, 1% XU 3R
FD2000 & XA, FEARASEWFE 1,

1.2 #FHEHE
& AR X HLZH 3060 TR GB/T 18451.1—

git

1.1

2012 (K Z oL Bt EsRk ) BaE il A T
DLC1.1—DLC8.2, %54 GB/T 31519—2015 { & XA

KA &AL ) HLAE ) A X EREE 3 g T, 3L TRI2H Bl
& XU XL HLZH 2% faf 1% DLC9.1—DLC9.14,

&1 FD2000 & KB ANERSH
Tab.1 Basic parameters of FD2000 typhoon unit
E S IE ZHUE
BUEIR 2000 kW
RabomE 65 m
e B e LU K 9.9 m/s
O s T R 3~25 m/s
wEEE 1.225 kg/m®
Tt 0 5 B2 R 15 m/s B A ARAEAE 1) 18%
B L 50 A 3 s R K 52.5m/s

A T F RS0 . DLCY.1 R
B BE ; DLC9.2—DLC9.4 M IE ¥ 54l ; DLC9.5—
DLC9.12 HNask4; DLC9.13—DLC9.14 NIEHL3EEL
. FIH BLADED #ff{f B4R, A VLA AR
REPL . EARTER | RS E R R T, AR
L2 2,

®2 ARERBHARTITELER

Tab.2 Load calculation results of typhoon wind turbine unit

R A b7 i S

My 8962.7 kN'm

AR M, 208.2 kN-m
B-Root Fay 455.1 kN
F, 11453 kN

My 3283.8 kN'm

ERE S My, 7825.1 kN-m
R-Hub Fx 717.09 kKN
Fyz 944.2 kN

My 3283.8 kN'm

i 5E B #% My, 7825.1 kN-m
S-Hub Fx 717.09 kKN
Fy, 944.2 kN

My 98 785 kN'm

B AL M. 6172 kKN-m
T-base Fay 1451.3 kN
F, 4741.4 kN

My 9053.9 kN'm

3 TS M, 6169 kNm

Ttop Fry 933 kN

F, 2070 kN
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100 000

N
90000-
80000-
€70000— S
2 NN NN
ésoooo- § § § 9
50000l N N N N N\
2000 N N N N N
L e s
? S y&@n\%& ~é°f\"b\b€a° &
.&&@:@& .&i @Qo&i&j FS &.ga <SS % o
oad case

K3 G W 00T B AL
Fig.3 Tower base load under typhoon load

A 75 549 kN-m. ZEE AT, & KSR Ry
H T IE TR PR 28107~ 75 549 kKN-m,,

3 BRBRENRITEREFIATSMH

Zoad BT T EAT SR B R R I Y 5 KR
IR AL 7E RIS R Ak Aoy, 8 In3& 2R e T &2 A0 T
AR W o SR G KU TR G J5 , 3L M, 2 far %
8T 23.5%. H3H53E FA PR 28K fnf 01 45 18K T 28 Ao 0 A
(I 4 Fros ), BRI ZRLER, SCRUE SR i
ALV, BRREZ 173, W T 13%,

80 000
~ 70000 |
g

60 000 [
= 50000 F
= 40000 -
ﬁ 30000 F
B 20000 |
b}

10 000 -

OIIIIIIIIIIIIII
SRS TS
R SRS AT OO IS S

ferPuLR/m

K4 BrEQBER B2 AR AR My
Fig.4 M,y of new tower with height of tower

DIH TSV R S o ], AL 5 5% 24
B, R G XGRS LA IS R T8,
200N 173 t, MR & KELHLLH i3 48 o 24
9199 t, HEINT.. @ 0.8 Jioo/t, WA
N W 3 48T 2y 3 BUAR 499 T TG

K A R SR ) 5 R XL HLA , 7 65 AU
5] 5 BT R AW Kz fT, FARERH=4
200 kW fyLenh L mApl, DUEIERE L, BtE
KELAHLAL 20 4FF AN, Seil & AL & 3% | JFE D |
ey BR FHE ML 83 Jiot. MULRIAl, 4k
218 416 FiTC.

ZE Bk, & R LA R 4 XU i o
W&, FESCEUE A AR BT RY RI I, SR REAE R KA
ZEVRRARE , KT R 5% IXURS: LA B sk /D43 ¢ il AR Oy Thi
KA

4 PpEamNikE o

ST AT HE XL 37 | A0S T A6 T S REHLES 48
PEATEZ I, Hirh A0S ML MIET GB/T 31519—
2015 € & XAy L ALdL ) Bt i & AL,
A06 Nk FH 5 A il S s 1) 5 KR AILEH o

FEDEAT AU 2ty MK, 322 % pE i i AR 2%
fip o RER BT . SR A R AT . B IR IR
W6 ot Q] BB AP JE AR A R A T I 5T, AR U8 XL
4 BB LA A T

SR T EL L A8 A Ao 1 R i 2 e A O
AR R I B S L 22 P 4.0 m AL SEEG IR



F1TE B BCE ;£ KRR AR DL St B AL R T BT .69 -
(B SR AR R AL A g - I IMIC 4R RIS TR 60000

Hf IMC CANSAS #Ht 2 4~ (SC16, DI16); IMC Amm—ka_*/hﬁ/*’ka_*/ﬁa
CS7008 EAHLEBIHL 1 A, FiH S 56 B 4 21 5 Ge Xt gmmm

2018 ﬁi 8 Hﬁ%%ﬁﬂﬁﬁﬂ&%%ﬁ%iﬁﬁﬁﬂ, Xj’i 30000} -/"‘/./.——I——l"_'*_—.—_.
8 2 BHLALRURA SOl (IR M0 ) AISIERAT 3 20 000] o
EASEIR IS RO B S s e N L

B, IR A RS A My |

4.1 BMIRERAXTLL ST

JEEF 5 W T, 38 el 037 S BScHl , i KU 3
FRH L) 36 m/s (10 min F4 ), A0S HLLLAYXT KR
ZWE sa s, TR M, A0S HLALN KU 2= A4
AETEE50°IX AN, B KB R 169°, A06 HILLH Y XT XUis
ZE 5b PR, ATLVEH, A06 AILLXT KU 25 34
AEFE£9CIX B Y, FFRFEEATEXT KRS T o AL XML
B xr ey B, iz 5 XU i SR s A AILH B A% S B Ak
TR RCIRES, B IER T X2 W A A R

200

150
< 100
#
& 50
X off
£ 50
E

-100

7150 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

COPL ST SO\ TG ST < TR, "SR VR \ SRS S} W
| g4 1|
a A0S

20
15t
<10t
#
&
H
o
=S
=

O b I & Qa0 N DL >O
JemtitE
b A06

Bl 5 FEHLA & R E] X Ui 22 50d

Fig.5 Data of wind error of two units during typhoon
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