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Fig.l1 Schematic diagram of synchronous condenser
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Fig.2 Harmonic analysis of air-gap magnetic flux density
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Fig.5 Unbalanced magnetic pulling force of rotor with

different static eccentricity after commutation failure
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Fig.6 Different static eccentricity of rotor vibration

displacement before and after commutation failure

50 wmo HH & 6(d) AT AT, #H i 0 2R 4 20 % B % 1 i
KARMEC L 50 pmo W0 O R 7E 10 %~15 %1t
I A 2 DR 30 B AR A FBC R 8 A A A 7 e O
AR 2]

4 #ig

A SO o 45 S ) — B — IR 5 7 A R A
i 5 B8 349 R TR [ A VA AL AR 2 IR S B
W AEREN T BEAT 0T SRS AR LR 45 E

1) AR AR 5 B Qi o R, B
308 4 R PFORE H B L 2 47 0 T A A RO O, HL
JFL L B 79 D 23 )T TAR T 4 A 5 O o 3BOAS
ey B 52 AT R D DR R LB

2) 0L b 0 7S e A O M S S O 5 3
FEBIL B Bl 2 38 R R R A5 2 A7 A0 3 AT i e o
RGO O RO, O R AR

3) YR AR AL IS AT I, P00 45 K 2R 2 5 i
Wl AN R A LR ] P9 S A B 8 2 K
PRSI 0] A7 AEA L2 A IR s 14 KU

4) 18 s LA B PR AR G R AR AT R R A
WLIA B S AR | 5 i O o 5 B3 A7 DL ZEAS - A
S5 e TR O OB RS AE TR, I — B m] LA
P2 Wik AR ATLAS 3~ B o i O ik e

P s LA ) M 25 % (http : / www.epae.cn)
S 230k

[ 1] B 2R 200K 45 PR R RARAL 22 E i ) R 58
JEY R A B [T]. By A 3%, 2018,38(12)
162-167.
HUANG Hua, PAN Xueping, LI Le,et al. Effect of integrated
large capacity synchronous condenser on reactive power and
voltage sensitivity for AC / DC power system[]]. Electric Po-
wer Automation Equipmenl,2018,38( 12):162-167.

(2] BT VR, TRIA, 45 . BE T 3 U (1 284 [) 2L



5 8 A

h IS, 45 - e VR PR AR R IORT A o i R DR ATTATL A 52 )

&

[4]

[6]

[7]

[8]

[9

[

[10]

[11]

AAPLIT R vk ). B RS A 34k, 2020,44(6)
138-145.

CAO Zeyu,SUN Yichao,DING Nanmu,et al. Improvement me-
thod of grid-connection success rate for new-type synchronous

condenser based on idle speed point setting[J]. Automation

of Electric Power Systems,2020,44(6):138-145.

TR RO, BB R, A ORI KR A LA T o o R
JLIFRRZE GRS B M L) . B 1 B 5 A Bl , 2005,29(11) «
45-48.

ZHU Jiahui, YUAN Xinmei,QIU Arui,et al. Analysis of the
effect of eccentricity on single element transverse differential
protection in large-sized hydro-generator[J]. Automation of Elec-
tric Power Systems,2005,29(11):45-48.

CARDOSO A J M,SARAIVA E S. Computer-aided detection
of airgap eccentricity in operating three-phase induction motors
by Park’s vector approach[J]. IEEE Transactions on Industry
Applications, 1993,29(5) :897-901.

HUANG X H,HABETLER T G. Detection of mixed air gap
eccentricity in closed-loop drive-connected induction motors
[C]//4th TEEE International Symposium on Diagnostics for
Electric Machines, Power Electronics and Drives. Atlanta, GA,
USA:IEEE,2003:312-316.

DAk, AR, A IDeE, 55 . R RE AL 7028 30U
BRI L) ). W THOR SR, 2013,28(3) 1 114-121

QIU Zhijian, LI Chen,ZHOU Xiaoyan, et al. Analytical calcu-
lation of no-load air-gap magnetic field in surface-mounted
permanent magnet motors with rotor eccentricity[J]. Transac-
tions of China Electrotechnical Society,2013,28(3):114-121.
BRI, AL L A O SIS R OB 0 SRR A
FERTRSIRIL) ], TR 24402, 2018,33(15) : 3572-3577.
ZHANG Yuejin, ZHANG Junda. Analytical model of magnetic
field of eccentric harmonic magnetic gear using fractional li-
near transformation method[J]. Transactions of China Electro-
technical Society,2018 ,33(15):3572-3577.

TeLfl BARSE BAS . T Be2H I a) 4 % e & ML B R T
SrATLa]. LT R, 2007, 27(15) - 83-87.

FANG Hongwei, XIA Changliang, XIU Jie. Analysis of genera-
tor eletro-magnetic torque on armature winding inter-turn short
circuit fault[J]. Proceedings of the CSEE,2007,27(15):83-87.
TR R e R, M5, 45 R LB DO f3 B T 52 1
LR LG ) R LA BT (D] ARt s ) R A2 CH AR B2
1) ,2017,44(5) : 74-80.

HE Yuling, MENG Qingfa, ZHONG Hao, et al. Comparative
analysis of stator winding electromagnetic force before and
after static air-gap eccentricity fault of generator[J]. Journal
of North China Electric Power University(Natural Science
Edition) ,2017,44(5) : 74-80.

WL XA, 4K A5 12D R ML 5 08 ALK e
G BB ER SR ()], R AR (A SRR R L 2017,
48(8):2034-2043.

XIE Ying, LIU Haidong, LI Fei, et al. Effect of rotor eccen-
tricity and stator short circuit faults on magnetic field and
electromagnetic vibration characteristics of synchronous genera-
tor[J]. Journal of Central South University(Science and Tech-
nology),2017,48(8) :2034-2043.

A1) BH L 56 SR . BT E TR I D B L Eh LS 3
A0 RO IRRR O BT FE ()] P IR L TR 2440, 2011, 31
(36):124-130,246.

ZHAO Xiangyang ,GE Wentao. Simulation research of fault mo-
del of detecting rotor dynamic eccentricity in brushless DC
motor based on motor current signature analysis[J]. Procee-

dings of the CSEE,2011,31(36):124-130,246.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

CAMERON J R,THOMSON W T,DOW A B. Vibration and
current monitoring for detecting airgap eccentricity in large
induction motors[J]. IEE Proceedings B Electric Power Appli-
cations, 1986,133(3): 155.

SAHRAOUI M,GHOGGAL A,ZOUZOU S E,et al. Dynamic
eccentricity in squirrel cage induction motors-simulation and
analytical study of its spectral signatures on stator currents
[J]. Simulation Modelling Practice and Theory,2008,16(9) :
1503-1513.

SR, ETE HOUN S L T R G LA AR 2R AT
FEERRLT]. BT A E ki #,2019,39(9) : 116-123.

JING Liuming, WANG Bin, DONG Xinzhou, et al. Review of
consecutive commutation failure research for HVDC transmis-
sion system[J]. Electric Power Automation Equipment,2019,
39(9):116-123.

WS XU R B, S, 2 . A R I 2 B 5 % 8
LI L AR S RS S I R e [ ], ) B ik
#,2019,39(12):28-35.

ZENG Xueyang, LIU Tianqi, WANG Shunliang, et al. Coordi-
nated transient reactive power control strategy for transmis-
sion system connected by VSC-HVDC and LCC-HVDC under
commutation failure[J]. Electric Power Automation Equipment,
2019,39(12):28-35.

AHAE AR B e, A AR AR RIS R G R I
B Fi A B S RE T OEAR LT ). WO R S8 E B4k, 2015,39(6) :
134-140.

LI Xinnian, CHEN Shuyong, PANG Guangheng, et al. Optimi-
zation of commutation failure prevention and automatic reco-
very for East China multi-infeed high-voltage direct current
system[J]. Automation of Electric Power Systems,2015,39(6):
134-140.

WG, B, MM, 4. TR U AL 50O B 7
ML) W TR, 2020, 35(3) :502-508.

GE Baojun, MAO Bo, LIN Peng, et al. Effect of rotor eccen-
tricity fault on air gap magnetic field in brushless doubly-fed
machine[J]. Transactions of China Electrotechnical Society,
2020,35(3):502-508.

T3 AR 2RI 2R K M I ) B8 o K L e - IR )
FRPERRIR LT p E LT R 4R, 2005,25(10) £ 122-126.
WAN Shuting, LI Heming, LI Yonggang. Analysis of generator
vibration characteristic on rotor winding inter-turn short cir-
cuit fault[J]. Proceedings of the CSEE,2005,25(10):122-126.
R, A e, 2t , A . SRR ) o J5 R A A 14 5 e ML A
HELEARAR R WM L[], W0 A BB 4, 2020,40(4) < 17-
24,55.

ZHAO Sheng, LI Botong,LI Bin,et al. Influence mechanism of
single-phase tripping on commutation process and suppression
strategy of continuous commutation failure [J]. Electric Power

Automation Equipment,2020,40(4):17-24,55.

fEE &I

(1990 —) , 5,/ tk 2 A, #F
WL, E MR T AR LEERE
#o ) A= 3 4 #7 (E-mail : NCEPU_MMH@

outlook.com) ;
o i (1996 —) , B, o K fa A, AR
TR A, ERHR T A wAEREKRESE
| e 34 55 17 (E-mail : 2192213127 @ncepu.

I Af pa edu.cn) .,

(YR58 Erk4h)

(F#% 200 R continued on page 200)



D ® 0 & % L B ®41 %

Planning method of power sources and coupling points based on
autonomous web-of-cell mode
ZHAO Pengzhen',XU Qian’,XIE Ning', WANG Chengmin', WANG Lei*,ZOU Bo’
(1. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;

2. Economic Research Institute of State Grid Zhejiang Electric Power Co.,Ltd., Hangzhou 310008, China)
Abstract: Aiming at the limitations of traditional power grid modes,the AWoC (Autonomous Web-of-Cell) is
proposed , and its mode and basic planning method are introduced. The planning of power sources and
coupling points is mathematically modeled and an evaluation method of planning scheme is established.
The example simulation with the actual load situation of an area is carried out,and the results show that
multi-cell partition of AWoC has advantages in reliability and economy,and AWoC provides a new effec-
tive attempt for connecting high permeability renewable energy generation and energy storage to power grid.
Key words: AWoC; coupling point; power grid planning; power source location and capacity determination;

penetration rate ;renewable energy generation
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Influence of commutation failure of HVDC transmission on

synchronous condenser with static eccentric failure
MA Minghan, HE Pengkang,Ll Yonggang,JIANG Meng, WU Yucai
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China)

Abstract: To study the influence of commutation failure of HVDC inverters on SC(Synchronous Condenser)
with static eccentric failure,firstly a TTS-300-2 dual internal water-cooled SC is used as the research object,
the field-circuit-network coupling model of HVDC transmission with SC is constructed based on Simulink+
Maxwell / Simplorer, and the air-gap magnetic flux field of SC with different static eccentricity is obtained
by co-simulation. Secondly,the influence of commutation failure on the air-gap magnetic flux density of the
SC with different static eccentricity is analyzed,and the Maxwell stress tensor method is used to calculate
the unbalanced magnetic tension of the rotor before and after the commutation failure. Finally,the nonlinear
Newmark implicit integration method is adopted to calculate the influence of the commutation failure on the
rotor vibration of SC with different static eccentricity. The results show that the commutation failure increases
the air-gap magnetic flux field of SC with static eccentric failure, and the magnetic tension and vibration
amplitude of rotor increase significantly. The influence of commutation failure increases with the increase
of static eccentricity. The analysis of the influence of the commutation failure on SC with static eccentric
failure has certain reference value for explaining the abnormal vibration of SC and diagnosing the static
eccentric failure.

Key words: HVDC transmission; synchronous condenser; commutation failure; finite element analysis; static

eccentric failure;unbalanced magnetic tension
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Table A1 Basic parameters of synchronous condenser

5 ZH BE | F5 ZH il
1 ST 75 5/ Mvar 300 7 RTREBURY R 32/45
2 HE HUE/KV 20 8 TE TR 48
3 SEFAIE B/ A 8660 | 9 P AR /mm 5950
4 HE ST/ Hz 50 10 HFHME/mm 1100
5 UE i IR/ A 1800 | 11 RSBEKE/mm 70
6  EHAUEREER/A 705
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Fig.Al Finite element physical model of synchronous condenser
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Fig.A2 Topological diagram of high-voltage direct current transmission with synchronous condenser
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Fig.A3  Simulink+Simplorer/Maxwell coupling simulation circuit diagram
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Fig.A4  Air-gap magnetic flux density
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Table A2  Field monitoring datas of rotor vibration of 300 Mvar dual internal water cooling synchronous condenser
YRS IEA/um
T B B s
Wim AR B AR
W 699 46 42 63 37
WK 2344 47 42 31 14
e 3000 41 38 42 38
i 3600 106 80 88 62
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