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Fig.1 Block diagram of dual-channel
excitation control for DESG
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during late phase operation



190 L/ AR {7 G-

Fa02k

F1 RIBIEITHEMEE BRI ER AR B
Table 1 Comparison of performance indexes under

torque disturbance during late phase operation

il R 58 Py Tp/s  Qu Ty/s T,/s
YRR REE S 0.01 044 0003 042 080
LI 8 il i 42 ol 0.11 1,53 0.040  1.02 1.61

A Ty Te R 7 ] 43 520 T 1.09 s #10.60 s, AL
Uity L K B2 ) ]/ T 0.81 s

2 XU B iz £ AE A T 00, BRI HL Y B H
& A T By 58 R T Bh By F 00 28 Akl 2k DL RS s A B
Alo MEH AT LIE H 22 B G 1 07 XF AU L
PR AL R R 34 AT K A A AR AH R B 3 /DN 5 >R FH )
BRI Il R 4 S, T 2R B IR 35 R R R 3% 15 i) B
W/ WL R R, B SR AR A2 TS
FRFPEFE AR B XS T R RT LUE R D) 3R R
BRI RGLIS A 2 TR WRAE 530 A
T 38 il 4 ) R GE 24 35.3 % M1 85.7 % , A T TC )
PR 75 I 1R] 23 S /0 T 1.87 s i1 1.44 s, ML HL R &
TR/ T 1.99 s
3.2 EZIhHEhTEE

XU HLis A7 AR R A T U, (R 45 A Th T RN
A5 ,1=0.2 s I TEIIR M 0.35 p.u. BHERAE S -0.35 p.u.,
XURD AL AL s FL . A 2 ) 232 R0 JC 2 2 3 i 22 Ak th
LN 4. IEIROTLIE H 22 Famd e il =0 R,
JAhAIL A AL 3 FEL S 8 A I B2 X8 35/ 5 2R FH ) 232 R 2 Dl
TR IS, DR 00 35 e (RN i 35 BsF ] B el 0/ ), L
UL MR M, 2 45 T SRR IEFE bR X

1.000 4

5 1.000 1 ‘\/k\
0.999.8
0.90 |

a7 0.85
0.80
0.5

s ol

-0.5 L L N )
0 1 2 3 4 5
t/s
— YPRIRER RN, —e XGEIE R
B4 RBETHEMTHRINGELER

Fig.4 Simulative results under reactive power

disturbance during late phase operation
F2 RABISITETHE T hiL sh A s e AR bE
Table 2 Comparison of performance indexes

under reactive power disturbance during

late phase operation

E X Pn  T./s  Qu T,/s T,/s
DR ERER R REAE S 0.05 127 001 0.89 2.58
XU 18 a1 ) 006 217  0.02 3.01 4.29

MR LIE R YR IR ER s i R 40 )5 A
1 TC IR 35 MR AE 43 591 A NG T8 il i 4 1 R B0
241 83.3 % F150.0 % , A4 ) TG 7 W) 18] 43 51 b 1
0.90 s F12.12 s, L 1 K & B R8> T 1.71 s,

USRS 4T A8 FEAE TG, BURI ML Y LI
JE A T Tl = R0 TG Ty T o5 0 AR Ak il 2 00 B % A
A2, MEHAT LA H 22 Rl ag s 05 SR, XUl BL
P4 ML i FEL S A8 A S B 25 3 /0 5 SR FH ) 238 R Dl o
5, T2 4R 7 R (R 325 ) [ B S 08/, ALy H
JEMRSE TP, Bt s A AL T 5 MR R R AR Y
XFEE o R HRT LUE < SR FH oy 2 R B il i 1 i) 3R
GeJe , A3 PR L e R ROBLE T8 il i 4 ) 2R 48 LT AR
2 (B4 TR GIHENE D T 1.47 s TR IR (E R
A XU I il R 1 ) 2R 48 1Y 50.0 % , G IR % i 18] U
DT1.02 s 5 Bl K A2 B )00 T 0.36 s 6
3.3 ZRGEE MY ER M Bz X b

T T WU HLAE R A A BEA 2 Fls £ TO0F
ARG ERTE 5 % Ji i shZSm R 4k, 25 5 an e 5 i
o NIRRT LI H SR FH ) o5 BREE Jah 4 il i, L
v HL R AT DL PR Z R . R3GH T A TR
B AL L K B R] . AR o] LUE Y, 5 XGHE i
il 4% B Ge A EL SR D R s i R G0, AR AH
FHEAZE AT T 00T SURH ML A Lo H K st (] - 5]
WNT 1.77 s Fi15.85 s.

1.05

1.01 J—M it
= 0.97
= 106 F e
HEFET T
1.02
0'98 1 1 1 ]
0 2 4 6 8

t/s
— ERPRER RG], —e RGE I i Rg A

E5 ik EREITLE

Fig.5 Comparison of terminal voltage waveforms

R3 HIRAEERES R EX L

Table 3 Comparison of terminal voltage recovery time

B LR B I T8] /s
1 R 2 — -
EHRRE Rz fT YEAETT
Ly R PR Tl A il 3.70 1.69
LI 8 il 1 ol 5.47 7.54

MO FCZE SR AT AR - DR R il 4% o) 2R 4
A LS XU AILAT D0 T ) B4 S 811 5 it o e
e sh FTC IS, Dy A8 BRLER Jal 425 1) 2R GE A0 A 2
NG EAR 53 WL S /)N i35 P 1) B 6L, L P s 42K
ST [ S, o 7 JRE AR, R L R K SR AR
SHASTERE HUF s RGUHL R B BRAZ AL, SR T Eh A BR
Jil T A ) 2R e S, WU AL B4 AL s R S R B DR A2



%68 VIS 6 « SRS A2 b WL BB T ) R SE 5 ©
4 g:nbi/l,: control of dual-excited synchronous generator[J]. Electric Ma-

ASCER T — B ) 3 R T e i AU AL
AR BRI RE A R GE . (RISl TeTh P shFn
RYGHLEI B IE LT | 0T ) 5 B Il 425 o 3 e F
LI T8 Ji A ) R GE R sh A PEREIEAT T X LUFE
g5 RN, 5 A% 5L BGE T8 i G I R GE AR L, )
IR AR RGN T AL B RGN
AR IR AE AR B[R], 4 05 7 9815 s R], BB KA T
GBS TERE , M RGN R E IS TR A ) 3
Fio BRILZ AN, D)4 B Il #6425 ) 3R 0 04 L Wit A2 o
Bl O R BCZ R C A S B, S 5t ZR AR
Sy I

P S LA M 2518 (http : / www.epae.cn)

S 230k

[ 1] REDDY A A,BHAT S S,UGALE R T. Design and FEM analy-
sis of dual excited synchronous generator[C]//National Power
Electronics Conference (NPEC). Pune, India: IEEE, 2017: 302-
306.

(2] VRIS, 81—, 250507, 45 . AUl E R 25 Fi LR 5 i i bz

T T ORI [T ], M TR %42, 2020,35(2) :236-245.

XU Guorui, HU Yiping, LI Weili, et al. The variation law of

synchronous reactance along with the operation condition of

dual-excited synchronous generatorJ]. Transactions of China

Electrotechnical Society,2020,35(2):236-245.

BURMISTROV A A,FADEEV A V. Control and regulation

means of asynchronized turbogenerator excitation[J]. Russian

Electrical Engineering,2010,81(2):86-93.

[ 4] ANTONYUK O V,KADI-OGLY I A,PINCHUK N D,et al.

Asynchronized turbogenerators projected and released by a

[3

[

power machine company[J]. Russian Electrical Engineering,
2010,81(2):67-72.

[ 5] KUZ MIN V V,SHPATENKO T V. Experience in develop-
ment and use of asynchronized turbogenerators made by Elek-
tr()tyazhmash[ﬂ. Russian Electrical Engineering,2010,81(2) :
54-57.

[ 6 ] ABDEL-WAHAB R R, YASSIN H M, HANAFY H H. Dual-
excited synchronous generator a suitable alternative for wind
applicalions[C]//ZOZO IEEE 14th International Conference on
Compatibility, Power Electronics and Power Engineering. Setu-
bal, Portugal : IEEE ,2020: 352-357.

[7] BR% 10T PALRERALIM]. fRagdy, et kL,

B Abnt A E I RE 1997 :1-20.

WIRE BB 450, 5 SRR R LM . deat: Rl

Jizkl:,2009:20-30.

[ 9] ARSHUNIN S A,ZINOVEV V E,KADI-OGLY I A,et al.

Asynchronous turbogenerators and compensators as a mean to

—
oo
[

increase the liveness of Moscow Power System[]]. Power
Technology and Engineering,2008,42(1):61-65.

[10] SOPER J A,FAGG A R. Divided winding rotor synchronous
generator [ J . Proceedings of the Institution of Electrical En-
gineers, 1969, 116(1): 113-126.

(1] =i, B, R0k, A5 RUh G ) 20 R i pLAR L P B 1 i
REEERILT ). LS #2441, 2005,9(1) : 20-24.

JI Haibo, CHEN Huan, WANG Bing, et al. Robust adaptive

chines and Control,2005,9(1):20-24.

[12] SHAKARYAN Y, SOKUR P. Experience in the development
and operation of asynchronized turbogenerators and condensers
in the Russian Power System [J]. Archives of Electrical En-
gineering,2015,64(1):13—18.

[13] DOVGANYUK 1 Y,LABUNETS I A,PLOTNIKOVA T V,et
al. Means of generating a field control system of an asyn-
chronized turbogenerator [J]. Russian Electrical Engineering,
2010,81(2):73-78.

[14] BR800 05 Ze 3, 45 S A vt & LI UGE 18 o i
FERI[T]. BEPIEESAAR (A RBIERR) , 1995(6) 1 96-102.
LIANG Zhixiang, YANG Shunchang, QIN Yihong, et al. Dual-
passage excitation control of asynchronized turbogenerator[J].
Journal of Chongqing University (Natural Science Edition) ,
1995(6) :96-102.

[15] Zmetts, BI03 M . SebAbide R pLa il skng ()], &
PR 240 (A SRR ,2000(5) £ 25-28.

LI Xiaoyan,LIAO Yong, YANG Shunchang. Control strategy for
asychronized turbogenerators[J]. Journal of Chongging Univer-
sity(Natural Science Edition),2000(5):25-28.

[16] U, b fhik  MRIGEIR . (B i ) REERASE b 5 4%
BT LRk KRR ]. Wy A B4, 2020,40(9) :211-222.
WEN  Yunfeng, YANG Weifeng, LIN Xiaohuang. Review and
prospect of frequency stability analysis and control of low-
inertia power systems[J]. Electric Power Automation FEquip-
ment,2020,40(9):211-222.

[17] REDDY A A,BHAT S S. Modeling of dual-excited synchro-
nous generator with slip frequency excitation [c]//2020 TEEE
First International Conference on Smart Technologies for Po-
wer, Energy and Control (STPEC). Nagpur, India: IEEE, 2020:
1-3.

[18] DU W Y, JIAN Z Z, CHEN T X. The design of flight
control law based on integral separation PID algorithm[C]//
2011 International Conference on Electronics and Optoelec-
tronics (ICEOE). Dalian, China:IEEE,2011:V2-442-V2-444.,

[19] ZHENG Huaqing, ZENG Qinghua, CHEN Weina, et al. Im-
proved PID control algorithm for quadrotor based on MCS
[C] /2016 IEEE Chinese Guidance, Navigation and Control
Conference(CGNCC). Nanjing, China:IEEE,2016:1780-1783.

[20] HU Guang,FU Xueqiang,NIE Mengya,et al. Temperature con-
trol system of chamber electromechanical based on incom-
plete differential PID algorithm[J]. Advanced Materials Re-
search,2014,1044-1045:885-888.

HEH(1986—), B, 8448, £
BNFERA L VWS B Y 5 A5
3 BE AU B S AT BT R A AL A AR AL
% 7y & %9 A 5% T 4E (E-mail: lingquan0624@
163.com);

2551996 —), %, ML L, £
B T ) A A B R R WU R ) A
% (E-mail ; 1303469435@qq.com) ;

FHA(1962—), B 4% L, £ %
IE KA B HLGE S M EG At Fr S PR F T MR T
4E (E-mail : wlli@bjtu.edu.cn) .

W E =

(4348 547)



o ® 0 & % L B $aE

Research on power tracking excitation control system of

dual-excited synchronous generator
XU Guorui', WANG Zhenzhen',LI Weili?
(1. School of Electrical and Electronic Engineering, North China Electric Power University,Beijing 102206, China;
2. School of Electrical Engineering,Beijing Jiaotong University, Beijing 100044, China)

Abstract: The DESG (Dual-Excited Synchronous Generator) adopting the traditional dual-channel excitation
control system has long dynamic process time and large oscillation amplitude, which is not conducive to
the stable operation of the power system. So the incomplete differential control is added to the power feed-
back loop of DESG,and an excitation control system with power tracking function is proposed. The incom-
plete differentiation is performed for the active power, reactive power and excitation current difference in
the dynamic process of DESG,so as to judge the power change trend,and then adjust the ratio of d- and
g-axis excitation current to change the direction of the excitation motive force, suppress the power oscilla-
tion and finally achieve the effect of increasing system damping. Taking the torque disturbance and reac-
tive power disturbance as examples, the influences of the power tracking excitation control system and the
dual-channel excitation control system on the oscillation amplitude and oscillation time in the dynamic pro-
cess of DESG are compared. The results show that,the power tracking excitation control system can greatly
reduce the oscillation amplitude and oscillation time of the system, effectively improve the system damping
and provide strong support for the stable operation of the power system.
Key words: dual-excited synchronous generator; dual-channel control; power tracking control; incomplete dif-

ferential control ;excitation control
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Lightning overvoltage suppression method based on magnetic ring for

transmission line
ZHOU Lijun',HU Chen',HUANG Lin',WANG Dongyang', WU Tongshuai',ZHANG Dong', CHEN Sixiang’
(1. School of Electrical Engineering,Southwest Jiaotong University,Chengdu 611756, China;
2. Foshan Power Supply Bureau,Guangdong Power Grid Co.,Ltd.,Foshan 528000, China)
Abstract: A method based on magnetic ring suppression is proposed for lightning protection of transmission
line. Firstly, the magnetization function of magnetic ring material is obtained by curve fitting, and then the
flux calculation model of magnetic ring is established based on infinitesimal method and electromagnetic
field theory calculation. The rationality of the flux calculation model is verified by FEM (Finite Element
Method). Then, the electromagnetic transient model of the magnetic ring is established in ATP / EMTP by
combining the flux calculation model of magnetic ring,and the influence of different magnetic ring materials,
magnetic ring cross sections, magnetic ring lengths and magnetic ring shapes on the effect of lightning over-
voltage suppression is analyzed. The simulation of the proposed method is carried out based on a typical
110 kV transmission line. The simulative results show that the maximum error between the calculative re-
sults of flux calculation model and the FEM is less than 5% ,which verifies the rationality of the proposed
method. The increase of the cross section and length of the magnetic ring can enhance the suppression
effect, but the saturation pheno-menon will appear when the outer radius and length reach 60 mm and 6 m
respectively. The result of field test show that after the magnetic ring is installed,the lightning overvoltage
can be effectively reduced, and the maximum error between simulative and testing results is 5.92 %, which
verifies the correctness of the proposed flux calculation model and electromagnetic transient model of the
magnetic ring and the feasibility of the proposed lightning overvoltage suppression method based on magnetic
ring.

Key words: magnetic ring;lightning overvoltage ; lightning protection; ATP / EMTP ; transmission line
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Table A1  System parameters of 300 MW DESG
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Xag 1.84 p.u. Xp 2.02 p.u.
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Fig.A1 Simulative results under torque disturbance during leading-phase operation
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Table A2 Comparison of performance indexes under torque disturbance during leading-phase operation

Bl AR5 P, To /s Qu, Ty /s T, /s
R BREE Az ) 0.06 0.66 0.06 0.73 0.72
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Fig.A2 Simulative results under reactive power disturbance during leading-phase operation
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Table A3 Comparison of performance indexes under reactive power disturbance during leading-phase operation

e ER P Tols Qu, Tols Ty /s
R PR 0.41 131 0.03 1.92 162

S i B ) 0.40 278 0.06 2.94 1.98
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