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Table 1 Physical and mechanical
performance index of soil

TR BE/m NEEM/ () BERII/KPa
b 1 7.5 32.0 3.8
i 1.0 30.7 9.5
B2 5.0 32.0 5.0

|EYN i 12.5 30.6 8.3

Mg+ 3.0 17.4 26.2
WA 10.5 32.6 3.7
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Fig.1 The arrangement of sensors at the monitoring
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Fig. 2 Torsional power spectrum curve on
top of the tower at braking test

P fo WU, 15 1E R AB 4T T A XURE 19 e
ewm R el R R 5 fo R STHELS ISR n

A (D) AT, 35 AR AE 6.5 ~6.9 v/ min £f
Saafy, WA B 2 51 5 X PLE > R G 3L
fRo PRI, 7E K HLIZ A7 1 B v, RO HE AR 2
PEAT S IR M D0, 5 42 ] IR e B 90 3 A 3 9 il A
AR, B 1R HL R GE PR LR A A

2 REMEHERIE

21 RENZRIETHHRE

DAUHLHLEE 28 25 44 3t [ R G 19 Xl T DL 3R oy
WUE S | REREZRE5 1 1 A2 T8 | T 5 25 B 3k >k 52 i XU
Ao AT A3 SR AN AT s 4 I (R T AT R 48 T A4
MR ERE WA R ik Z —. =4
ikl P A4 ) Navier-Stokes 75781y .

divu =0 (2)
ou,; o du, ap
+ u -ulAu, +—=F 1=1,2,3
Gt ,;1 kaxk # i . i
(3)

e w HRAREE, w = (u,,uy,uy) ,HH u,u,,
wy PR x,y 2 D7 T AR A xR 1w
], 00, FARFR Ly Ty ), AR b 2 Dyl s w R idk
SNIPRERE s p AR R; F, AR IR i A X A
AT



& AH) ALK 168

2.2 HMEEHEFRITARE
Bk R 3 PR BIT, Horp A BT i
AR
M, +Cu, +Ku, =F, (4)
St IR s 17 5 AR ] LR HE B 0T 135 3
D7 RN Ry Bt i — s J7 X2 nmife 2]
Mi, + Cu + Ku =F (5)
A M RS o 5 C R 25 46 1 BELJE 56 B
K NS R MIBERE R 5 i S Z5 4617 AR 5 o Oy
SR R E 5w NEEATT SALERS s F o ik sl X
i 2 ]
23 REBWEINAE
TEW RSG5, 20 08 ORI B 25 4
BERY, SEFIE R T Lagrangian AR FR 5, {00 B /& Bk
ARHNE, AR R K B Arbitrary-Lagrangian-Eu-
lerian Ae bR A, WAATE ) VR TR 1R AR IE , I
3 A AL 5 | S 4 AL 1) A8 T, e I R S SR
AT DAV U 37 R 8 48 3 1 10 ) AR LA
2 I A D [ R G 3L T ) B AR R 60 8 P
AP A , BRI
{”" B (6)
nr; = nr,
s w NI RIALRS 5 u, AR AL (RS 5
T ATARRERLR N J] 5 7, AR N )
HR A 771 45 4% rﬁlhl$%Aﬁ“ﬁJ: AR
G AT 3RS T AR Sy B v it o 3 AH I ) 45 4L
Wk

F<t>:jud7fds (7)

e wy ST LRSS DAt [ A 45 5 If 1)
TR

I )R ) 0y B S O S MK 5 SR A O A
HA(2)—(4) MK(T) .

3 ETREMBAHNHEERENT X

3.1 HEHEE

B XA -HIL G- 2R ™ 1 0 B AR 1A T
FE, AT ADINA Heffadt ar. = 423 (] 3 1A FROGHR
o Mg = FIE R 3-D solid #E47 84
HUAE H 1 5 AT 58 B 40 VDK — 2 i A, >R 3-D
solid FAICHEILL; 35 ZLR F 72 (o Be o7, B 0% 7y
RO Y AL shell BT, A% 585 B 2R S KA 5
HEFERL R ] beam FATTAEL, Bk L+ A EAR R AT p-y
MZkis "™ TSR, 54‘?{ A AR R T A 52 XA Y
Lﬁﬁi SEE T [ A 3 B AR 1F, SR NS TR AR

B, AR 2 P . BB RSN 3 fis .

x2 WEEMBFREE(HERIE 1)

Table 2 Boundary conditions with scale of 1 :1
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Fig.3 Model of the wind power installation
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Fig.5 The first four modal shapes and
frequencies of typical wind turbine
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Fig.8 Simulation and site monitoring values
of acceleration at tower 73.5 m
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Fig.9 Simulation and site monitoring values of
acceleration at tower 44.8 m

R o K o7 0 A5 5 92 B I 100 8] 1Y) 22 S

0 AHLSARR DTS 20 A0 25 L [R) 52 0 25 SR i AR 4k

AR, R W] SCP B AL A B, W] TR AR

H LB R 2548 R B 23 A v

10 bus 7 RCE AILEE ZR AN [ o B 88 71 O

e R 1] 3% 1) o sk SR 0 (A 3 R0 5 MR DAL,

TG LI A%, S W0 45 3] 1 45 D0 o5 o 3k 2 e {1 i

IR AL B e AN [ 171 5 3, (HL 1 e 545 98 2 18

N, H5 BB HUUAR LL , 78 W R R 8 15 AL
%Z'—(#ﬁo

80

70

60

@ 50

T 40

B30 L
5 30
201

10

—=— BN AR
—o— HUE AR
100 200 300 400 500

&I ) s FE /gal
(a) BET 10 A

80

e B
(L0 SNy /
60

=)

:31\1( 50 F

T 40 |
Faof
20 +

10|

0.5 110 1j5 2t0
& TIN5 / gal
(b) FET 15 R A
B 10 ERAESELMEEEEELES ENE
Fig.10 Simulation and site monitoring values of
peak acceleration at different tower heights

JRCRL AL 2R TH0ES B 1705 1) 00 R (A AR 45 2R
79510 gal, 5 WEIE AR 22 17.3% , 8517175 10 WL i 2K
(ERSUME Y 1.7 gal, 5 IEMEARZE 15% . BAREUH

FEHME S IR A —E M 2257 (HR LR % B R
(ERL BT 5 S P A7 AE — 8 19 22 5 B XU
BUR 13 57 $1 54 S 52 25% LA K s I AR Bt A7 R
ZEREAH DL, N TR I 52 0 7 ThT SR U, 2wl LAA%
M. BEAh, I IR T U Y B B R v Y
B BE AL BAR A BE TR A A 2 XIS SR 4 Bl ) R
L= AR R DRI, A X B3 208 i T oy B
Hh, AN RE AT S 3 L — 4> Ti) 28 IR Ak BEAS [] g 2
T AR A

5 %

SCAP I I R RUH AL A AT B 3 - R

BEALXT He 43 B AT LIS B DL T 2518

(1) I MR AS T KU AL LR Ge A

PRI AR KUEE AR 30 9 80 R Fe s

BN , 45 5 5| R AEE Wil 55 8 B 2y 3Lk

BHAE XL T+, 0T DL

(2) R p-y HIZIEBANE LA T AR, R H

R -HLAE -SSR - BL R T vk IR X kAT

RS, 7 M4l R 5 B M A5 SR B W) 4, B

TE AL Y 5 B

(3) B XATEG KL LR HLASHE IR RS &

RS2 30 BE 53T, I B IR 3l W 245 R A

Fi , N— @ REBE 1 U, SR T RRCAE XU o XL R AL 2

PLESH BEAT IR 70 A 2 ) L nT AT AY, R XU L

PSR XA 20 18 590 L K S5 A B0 SRAIAR A

(4) ARAHR AT KA HLRGE ) E A A

[7] , DR A R ML S ZR A5 4 it T, mT e i A

LT 24 TR E DR 5 ) XU AL 2R 4 [ A A3, LA

kG KRR L R SR

SE 3k

(1] k2242, 52 i, 259, 45 46 T W J00-AE 18 VR A AT 19 10 - 3k

AR AN IEAG[T]). B RS A gk, 2020, 44
(24) :60-67.
ZHANG Anan,PENG Gaogiang, LI Qian, et al. Risk assessment
of offshore micro integrated energy system based on matter-
energy flow analysis[ J]. Automation of Electric Power Systems,
2020, 44(24) .60-67.

(2] A, B et , EFW, 5. ET 2 RG] 5P VAL 7 ik 1 i

R R AT SEPE R [T ). W0 R4 A Fh 4k, 2020, 44
(12) :108-116.
DU Wei, LUO Xianjue, WANG Xiuli, et al. Reliability evalua-
tion on power system of offshore oilfield group based on system-
wide reliability evaluation method [ J]. Automation of Electric
Power Systems, 2020, 44(12) :108-116.

[3] MANENTI S,PETRINI F. Dynamic analysis of an offshore wind

turbine ; wind-waves nonlinear interaction [ C ]//12th Biennial



171

ZEHLSC S5 - Ok AU 3 B XUR B 2 W A0 B M DM T

[4]

(5]

—
~
—

—
=)
[}

[10]

[11]

[12]

International Conference on Engineering, Construction, and Op-
erations in Challenging Environments;and Fourth NASA/ARO/
ASCE Workshop on Granular Materials in Lunar and Martian
Exploration. Honolulu, Hawaii, USA. Reston, VA, USA; Ameri-
can Society of Civil Engineers,2010,2014-2026.
HEARN E N,EDGERS L. Finite element analysis of an offshore
wind turbine monopile [ C ]//GeoFlorida 2010. Orlando, Flo-
rida, USA. Reston, VA, USA: American Society of Civil Engi-
neers,2010,1857-1865.
TRART W, XHCRE. XU K R LR AL Sl e (A A
RS EMF[T]. 448 77,2009,37(3) :449-452.
ZHANG Guoyu, JIANG Jin,LIU Changlu. Numerical simulation
of aerodynamic performance for wind turbines[ J]. East China
Electric Power,2009,37(3) :449-452.
KIRSCH F,KLINGMULLER O. Driving of foundation piles for
offshore wind turbines| C]//GeoCongress 2012. Oakland, Cali-
fornia, USA. Reston, VA, USA : American Society of Civil Engi-
neers,2012.471-482.
ATAR, BER A B XS R P E H [EA AE  R B 0 A
FRITar[T]. HRBlaE£4R,2011,23(3) . 72-75.
LI Rennian, TONG Yue, YANG Rui. Finite element analysis of
natural frequency and vibration mode of the wind turbine gener-
ator tower[ J ]. Journal of Gansu Sciences,2011,23(3) .72-75.
W A BREE, S5 A BN R R LI R B O T R
o[ I]. YIS Sl ,2013(3) :227-230.
CHANG Liping, LI Cheng, TIE Ying, et al. Fluid-solid inter-
action analysis of composite wind turbine blades[ J]. Machinery
Design & Manufacture ,2013(3) :227-230.
R0 RN, FHR, 25 2.5 MW KU LM A i S A
[T ], TR A4, 2013,34(1) 71-74.
LI Yuan,KANG Shun, WANG Jianlu, et al. Numerical simula-
tion of fluid-structure coupling of 2.5 MW wind turbine blades
[J]. Journal of Engineering Thermophysics,2013,34(1):71-
74.
I, RS, AR I BT APT JLTE WAL + 2 p-y
Migkfg bk A 1]. ik TR TR 4R 3, 2010, 30
(6) :148-153.
LI Yurun, YUAN Xiaoming, LI Fan. Modified formula for cal-
culating p-y curves of pile foundation in liquefied soil layer
based on API code[ J]. Journal of Earthquake Engineering and
Engineering Vibration,2010,30(6) :148-153.
RACKWITZ F,SAVIDIS S E T. New design approach for large
diameter offshore monopiles based on physical and numerical
modelling[ C]//GeoCongress 2012. Oakland, California, USA.
Reston, VA, USA : American Society of Civil Engineers, 2012
356-365.
BARBATO M,CIAMPOLI M,PETRINI F. Effects of modeling
parameter uncertainty on the structural response of offshore
wind turbines[ C]//12th Biennial International Conference on

Engineering , Construction, and Operations in Challenging Envi-

ronments ;and Fourth NASA/ARO/ASCE Workshop on Granu-
lar Materials in Lunar and Martian Exploration. Honolulu, Ha-
waii, USA. Reston, VA, USA: American Society of Civil Engi-
neers,2010.:2027-2038.

[13] Bemeil, LS, 2R e H T3 sl I 2 1 i) XUz AL

AL R A Tl R[] b 503 2 2 4R, 2012, 46 (1)
158-166.
GUI Xiaolan, ZHOU Dai, LI Junlong. Wind field simulation
and fluid-structure interaction problems based on CFD method
[J]. Journal of Shanghai Jiao Tong University,2012,46(1) :
158-166.

(141 Jalfd, i, 1A, 45, XUy e e AL 56 A 300347 i ke 32

DA B B AL [T ], 75 b b % 2 4, 2011, 33 (S1):
257-260.
ZHOU Jian,JIN Weifeng, JIN Weihua, et al. Site acceleration
test and digital simulation on the vibration of the wind turbine
ground [ J ]. Northwestern Seismological Journal, 2011, 33
(S1) :257-260.

[15] SANE, BOR WRHR 5. BRA BRI B 4R A4 1 ) i
PRaERTE V], JERESHE A4, 2005,29(1) 1 14-17.
ZHAN Jiawang, XIA He,YAO Jinbao. An impact vibration test
method for measuring natural frequencies of existing piers[ J].
Journal of Northern Jiaotong University,2005,29(1) :14--17.

[16] 1R, SROT, H T 26T ADINA f H Jg A 38 Uit 516 5
o3t LI]. RBURA2ER (TAEAR) ,2009,42(2) :264-267.
FENG Weimin,SONG Li, XIAO Guangyu. Coupling analysis of
fluid-structure interaction in pressure pipes based on ADINA
[J]. Engineering Journal of Wuhan University,2009,42(2) .
264-267.

[17] BEHESF, XUAR , AR, 25 B TR A4 R 32 P AT A T 38

PR e M SRR [T ], ik 30 15 b iy, 2012, 31 (9)
140-143.
HUANG Weiping, LIU Juan, TANG Shizhen. Nonlinear model
of vortex induced vibration of flexible cylinder in consideration
of fluid-structure interaction [ J ]. Journal of Vibration and
Shock,2012,31(9) :140-143.

[18] B, KA. X KA S5 fF T A 1) 32 7 B P-Y 2k 4
WEFE[T]. Kiz T#%,2002(7) .40-45,71.

YANG Guoping, ZHANG Zhiming. Research on P-Y curve of
laterally bearing piles under large displacement[ J]. Port &
Waterway Engineering,2002(7) :40-45,71.

lEaiphe

YL (1987) , 5, B A, TARIW, N Fr i
A H, AR IS R i v KU 2 5 ) L AF Y
TAE (E-mail : likaiwen040917@ 126.com) ;

#I(1987) , 5, 4, B S 6L, B
1] Sy S T St B O HORE S T T AR S
PR %t 2 ] I AL B T R 1A BT e il 7 ot )
WA BRI T 577 Ul I R R A e

(TF#£5% 199 )

YL



199 N AF HASFH NI ) & i g 3k S e R

The enlightenment of Japan and Singapore electricity retail market

for the construction of electricity market in China
WANG Yue', LI Yuan®, LIU Lijuan®, WU Haoliang', YANG Jie', LI Jin’
(1. Gansu Electric Power Trading Center Co.,Ltd.,Lanzhou 730030, China;
2. School of Electrical Engineering, Xinjiang University , Urumqi 830000, China;
3. State Grid Gansu Electric Power Co.,Ltd. Research Institute, Lanzhou 730070, China)
Abstract: The construction of the domestic electricity retail market starts relatively later than that of many developed countries.
The retail electricity prices and package plans are still immature and need to be further improved. Japan, Singapore and China
have similar systems of electricity retail market, and have achieved certain achievements in the construction of the above
aspects , which provides a reference for the construction of electricity retail market in China. The reform history of the electricity
retail market in Japan and Singapore is sorted out, and the changes and current situations of the retail electricity prices and
packages for the two countries are compared and analyzed after the retail market is fully liberalized. Futhermore ,combined with
the actual situation of well-established retail market in Yunnan,aspects of the market reforms, retail packages,retail electricity
prices, retailers and online businesses in the construction of retail markets in Japan and Singapore are analyzed. Suggestions
such as gradually liberalizing the retail market,launching joint packages,and constructing network platform are put forward in
order to provide reference for the improvement and development of electricity retail market in China.

Keywords : electricity retail market;market reform ;retail package ;retail electricity price ;retailer
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Site monitoring and numerical simulation on the vibration of the marine

wind power installation founded on monopiles
LI Kaiwen' , HUANG Shuai’
(1. Guangdong Power Grid Energy Development Co.,Ltd. ,Guangzhou 510160, China;
2. National Institute of Natural Hazards, Ministry of Emergency Management of China,Beijing 100085, China)
Abstract:In order to find the reasons why the wind vibration effect of the large single-pile offshore wind power installation is
more significant, the pile-soil interaction of the structure is considered using the p-y curve,the principle and characteristics of

" wind wheel-cabin-tower-

the wind-structure fluid-structure coupling are theoretically analyzed. The numerical model of the
foundation" machine model is established by the ADINA software and used to simulate the wind-induced vibration of the whole
machine model. The comparative analysis with the on-site monitoring data shows that the numerical modal analysis and field
monitoring results is relatively consistent. The numerical analysis of the dynamic response of the wind-induced wind turbine
structure considering the fluid-solid coupling effect is close to the on-site monitoring vibration results, and the trend is
consistent. The research results show that the whole machine numerical model and the numerical wind tunnel proposed in this
paper are reliable and feasible for wind vibration analysis of the whole wind turbine structure ,which provides a scientific basis
for the structural design and vibration control simulation research of wind power installations ,and have certain reference for wind
vibration analysis of similar engineering structures.

Keywords : wind turbine founded on monopiles; site vibration monitoring; numerical simulation; p-y curve; fluid-structure

coupling ; different boundary condition
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