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constant and compensation degree

& 6 T X T A A PR R O £ R R
R 5 A HUER L [ 2 B AR 43 5 Do o) 0] % 5 b
B I A2 B A0 185 0 i /0N | A ) A B ok o ik e (1)
wWRERE RN 5 (8)—3k, FEARIMAMERE T,
P 5 0 v | e ik s i) 508 K

PRI X6 2R FH v 2 B O B Rl 0 2 1) 4R 1 TR
K £ [ I R 55 B s I 1 iR 6 %) S IR (D E 1 s
DL b Ry E A A IR ORI AR AR 3 o0 4 A o
ZER ISP LN
132 w@fisi

H FSCHk— A it R A A 3R 2 1 1 1
(BT B s T 40 d WRE L SCHR [ 10 178 20 % 4>
MR G RIE T B S U /U= 0,/ o,
(I E5E 5 SCRik [ 4 7% 7B FL B4 L 3t A9 IR0 A R 20 1
HL | R I R (LR AR R AT T R0 25 1 5 A AT A T T
B R A 4 A s . 2T B B K PR 2 S B A
FEE KRR E] AN EE K, Tl 2 — 5 OC R B W7 T AR
FRIC LT A8 P o TR PR 25 35230T O, b B 5 BC L B 4%
HL LA A 43 B | R BT A H O R A A 00 B
G RN E | e AN pe 4 ARG W7 AR L R S
L X 07 B4 DT F R S I 2 R 7 TR T R Sk
FN W SCEEHLR U8, Uy Uy 530024 L, PN B35 5
L,

MOFHEAMEBE K, FOAH )R BE K, — S0 G
I BT TR I 3¢ H 0 100 T F TR T A A
ST,



E 58

HRSCAL 46 Al I AN LTS /R o IS i Fh 2 S A R o 30 B A1 R P 5 @

B 7 B FREEN %
Fig.7 Equivalent circuit of tripped phase

K=K,
b0 L, _G
" LCoi L.Cwt’L, C,
L 1 L, L
Zm - L [ )= =»
ﬁZﬁ‘l/p Lp Ln( p+3“) Ln +3,
C, _3C,+Cyx _Cy
¢ = o’
g Lo Gy e gpaemmin,
Lﬂ Cﬂ]
0.5wL, _ wCy _ 1/QwC,,)
oL, 2wC,, 1/(wCy)

Hrh w=27f 0 FE 7 HEIEMHTR,

G 15 Uy= Uy, BRIV ITAH IF B¢ B B4 19 T30
JE 252 | s X R I B F B A F AT 0 T 0 ] A
R A A AU RS 4R 20 2 R0 ek B IR A
TEFTIR NG BT, Wr 7 A0 I 55 H Bt 2% 0% 799 3 L e T 0
3 RH S5 A Y {4 A 10 R ) R 2 R I A
i A T T AE X b F 2 [ i 4 R Y O I B g
Tt AR A M /DN FL AT X b T B DT A I K
FL L L A A T Dk 5 4 1 3 R B B I 0 B A A
FHRI e, #7754 AH L R A 1 52 | DU 5 3 Fl
P ML R4 [ A ] H 25 M2 B A — 2 Y B AT
A7 W FFAH 1 6 F BT A8 H 3 T 00000 1 A 0 T RE

ZE LR R BOR R 7 I 156 H B 2 L 2R
% R A BALAH ik B i R B DRI T A St EEL R R IR R T
LA B BB S e A AR AE LT LR LR
TR AN

a. MR BCOR R T M2 7 B T IR A AR
O3 A BRI T S0 A A T O R i R
JF 156 HL AT A R O A8 e (20 ~ 40 ms) N TC I
W4

b. JfAbFL AT A5 i 0T PR R AP A8 53 i o il e ]
RN AR 4R 49 S 0 8 ik B | DR R g L
FE 56 FL BT A F 0 B G R )R] T

. TE IR 2 B2 R 1] M2 JE i A2 — a2 o R )
{687 W7 T AH I 106 L BT A5 T O 19 FRL R T8 A o G 0L R
0 A HL I B T A AR 4 | (A R
H AR S5 25| R IR JEHA AL AR

2 (HEXWIEIE

R AE A BRI T B A PE R ATP 15 &
14 B R 52 56 PR AT 56 AIE

2.1 HHEHE

FIFHE 8 FT7n 1000 kV-600 km i H1L 4k #% R 4t
AT ATP 5 BB IE , &S E0H :r=0.0758 Q/km;
0=0.1542 QO /km;X,=0.263 65 Q /km;X,=0.83095
O/km;c;=0.01397 wF/km;co=0.009296 pwF /km; H
LR X X X Ko B HLPT i AME 0 5

| 1000 kV-600 km |

s

Bl 8 1000 kV-600 km %i F& & 4t
Fig.8 1000 kV-600 km transmission system

B AL HLAR BLYL AT p=89.9° /1N AL HL A B L

A ox=88.9°, FIHIEl 8 Fr7n i vl R 58 70 M A7 LA T
JUFoh B AR (1% W st P B 0 L

a. JFERAMEEFE K, =80 % , A AMEFE K, =85 %,
P ERL 5 L AR ) 22 9=30°, (i ELAE SR AN 9 iR
HARINER 1 PR,

1000

X —1092Q
X0,=52.79 O

X,,=8. 74Q
X0=1528 Q)

0.2 0.4 0.6 0.8 1.0
t/s
(a) ¥ HL IR

0 0.2 0.4 0.6 0.8 1.0
t/s
(b) HPLAFHL T
9 HESER(K,=80%.K,=85%)
Fig.9 Simulative results(K,=80%,K,,=85%)
x1 BSETENE (K,=80%.K,=85%)

Tab.1 Main components of electrical

variables(K,=80%,K,,=85%)

B /Hz [N EEN TEPH B/ s

AR TH Ak I Al IH AE
ity L 50 438 90kV 68kV = 0.9
MRPLAAETE 50 438 75A  T4A o 0.9

H1 &1 O AT, — A 0 T SR R s e e e R A2
HL R B B A7 76 B A4, th 36 1 nI A9 IR0 40
S /IN T TS 3 e e [ B MR B S T
oy WRAE

b. FFIBRHMEE K,=95% , MR AMEFE K= 80 %,
PN FL 5 P B AH AR 22 9=30°, (i FLTHRREE R 10
fiw AR 2 iR,

Y &1 10 FIER 2 AT Y 0 G RME2 B 42 0 4 A




S

& 9 B %% ¢t %

F34%

1000
=
N
E 0
L\IEBE
-1000 3 : : : !
0 0.2 0.4 0.6 0.8 1.0
t/s
(a) i HLJE
<
4
N
=
L\IEBE

0.4 0.6 0.8 1.0
t/s
(b) HBLEE L
B 10 HE&ER (K,=95%.K,=80%)
Fig.10 Simulative results(K,=95%,K,,=80%)

®2 BREFENE (K,=95%.K,=80%)
Tab.2 Main components of electrical variables

(K,=95%,K,=80%)

B /Hy WL T Hs

WAR TH A B AR W ARk
Zx S S W W W

it HL 50 48.2 234 kV 248kV 0.83
HLDLAR L S50 482 189 A 274 A e 0.83

B, IR 20 B 0 R 42 3 50 Hz, MK R H R B B 4 45
WK 0.5 s, 7ERC 5 M % (20~40 ms) A8 0 42
AN

c. BEIFIRAMEEFE 55 AH AR M BEAH 55 I K=K ,=
70 % , P it FEL U FEL 3R A 25 9=0°, D7 EL T A5 A
B 11 Fios, EES R 3 FiR,

Bl 11 FER 3 0 7 20 A 4 AH FEL RS 5 1 5%
M) (R S8 22 0=00) , 06 122 82 R0 AH [B) £ M2 5 AH

1000

o 0.2

{8 /kV
o

i

0.2 0.4 0.6 0.8 1.0
t/s
(a) ¥t LR

0 0.2 0.4 0.6 0.8 1.0
t/s
(b) HPTH LT
1 FEER (K,=K,=70%)
Fig.11 Simulative results(K,=K,,=70%)

K3 BSEFESE (K,=K.=70%)
Tab.3 Main components of electrical variables
(K,=K,=70%)

4% /Hz, MR B FIHE L/ s

LIRSy A Ak T AR T AR
i HL TR 50 414 106 kV 121 kV o 1
mytar i 50 414  14A 121A 1

SR i B A AE B S AR A 42 (E I B L B A FL I
T4 s R AE A AR 43 S IR A ) 10 % , PR 3k AR
ANEAEABIR G, ST B T A — 3,
22 YEIBHE

TR R AR, LUK 8 Fi it 25N
JER R GE  [ AT BT IR E ST T i i 4 R ) A
FLRG, R KA Ry 6 /> TT 74 Ha 6 AR 06 i A, R
JH LabVIEW + MATLAB #F47 8B B0 5% 3 5 43 7
Y ERA B R SRR & 12 TR | TT 2R B ASE 20 25 #g 4
K13 Fis .,

C Hl

m B T2 7
A o #

B2 YEFTERS
Fig.12 Physical simulation model

§ R, X,
MM ——T 7 """ T
T T
B A TC I 3 mips
- T CO Rn Xn CO - T
2

Bl 13 ZB% 1 BER
Fig.13 Structure of II model

Bl 13 1Ry X, .C,, . Co 53 3 Dy 281 L A51) 2% 45
Jo B £ B T HBEL T R R R T L R R R
Ry Xy 2300 g He A9 A2 H6 i Y 4 M e BEL AN AR
(ELN

H I Wy BRASEBA) FL R GE R AT A R IR IR 5 B S
5 JFBRAMEE K, =85 % , M #MEEJE K, =90 % , 1%
R HL I T=0.53 A OV B4 D 0 28 49 971 £ HEL Y A
2120 A) D FLEEH UL 14 CBobin R 4 LA R IE 20
T2 IBCHRL i g H O, 2 0 S S Y s P A AT L

2.8 3.0 32 34 3.6 3.8

t/s
(a) Y HLHE

15.0
=
N
m 25
E

-10.0 : . . !
2.8 3.0 3.2 34 3.6 3.8

t/s
(b) HLHLAT I
B 14 MESKFERK

Fig.14 Recorded waveforms of physical
experiment simulation



E5H HRSCA, 485 Al I A LA A0 R i P S YA R o 3 B R 1 T 5 @
-10~+10V), ZHU Jianhong,CHEN Fufeng, WEI Yao,et al. Study of self-

H T 14 T I A A 3 e S e 25 L BT
for PO 7R A2 R S Y BT IS AT R B 4 A (R
FEAERS BB (20— RBUR ) . X E] 14 B il e
S F BT A RN 4 PR
x4 BSEFTENE
Tab.4 Main components of electrical variables

B2 /Hz, g {5 HIH A/ s

LA TH AR TH AR TH AR
iy Sl i h

it FEL R 50 44 035V 12V 28  0.135
AR 50 4 170V 13V 41 0.143

M 4 AT R A e i L TR AT R BT R
TAFTE MR R AR A 4 o3 i 5 BE 0 Hr He A —
B, TR A ) B Y R Y B S SRR
F4 FEL B i A4 BELAC A i /0 000 [ B ) 15 5 Dl 2 I
R, BT ECA R 10 P AR A R 23 i e
(HANFE M AR SCRH G BEAE ) 5 R 3 B, 78 = SE 05 T
AR R 2 — 25 58 35 W) B S U 5 7R R B3 % U R
P HEAT AR OC B (1 S0 3IE

3 Hit

AR SCEF AT HE I b HL AT 2 B SR B IR A2 AT T B I
PE BRI G 7 AR LB W5 T IR A R 4 2 AR
AW, A ROH AR AR SR 3 T A 4 0
HEERL . AT LU 25

a. 7 I I5E HL T A i F 2k B K AR SR B I i R
i, FUA T RO A iR 70 04 R (B AR
A BRI 22 52 8 A7 A WY B A 2 G I AT R
FHAABIUAE P 1A Ik Pl g o 5§

b. FF 1 AL AT B At ot PR 0 5 o EE R
LU [ 2 A A e B DR RO R A A i
I Dol PR BT O A S L T O K PR T P DR AR O
PG A S N () R o 5 R O A i P S R T
LI A I AT R

c. BT RERE AM B OC A T I W T AR T IR b
FEL AL JC AT A B G R P A1 990 A1 4 0 LA 5 B
Wi I i B 1 R R0

SEHk .

(1] E5mrh. o Ak vy LR R e 00 e B S R (M), 2 B, P22
VU2 3838 2 i A, 2007 :380-390.

(2] A0, HESOARL, SRMEER | 45, A7 I 36 v 270 2% A8 /40 o s i vl £k i
i SR MR FE (7. W1 A B kB 2011,31(7):5-9.
SHI Guang,SHAO Wenquan,GUO Yaozhu,et al. Single-phase

adaptive reclose scheme for EHV/UHV transmission lines with

reactors[J]. Electric Power Automation Equipment,2011,31(7):
5-9.

[3] ACHELT  Bidw e, BN A5, B0 [RIRF XL Il 28 F 3% 1 4 D7 5 S8
FE0]. M A a4, 2007,27(4) :47-51.

adaptive reclosing for parallel lines[]J]. Electric Power Automa-
tion Equipment,2007,27(4):47-51.

B SCA, T I, AR VL A5, e S T i H 2 B A R G
B U R R R AL A A (). R R EER |, 2013,39(3)
546-554.

SHAO Wenquan,ZHANG Xiaowei,SONG Jiangxi,et al. Non-fault

identification voltage and current based integrated criterion for

~
=

single-phase reclosure on UHVAC transmission lines[J]. High Vol-
tage Engineering,2013,39(3):546-554.

[5] KB AN, 55K, Al I I L 0 & b v s/ B BT 1 28 9% B X o
AH AR T A RS20 ()], B0 B S i 4% ,2012,32(5) :62-67.
ZHENG Tao,LIU Min,GUO Fei. Influence of neutral reactor on
single-phase adaptive reclose[]]. Electric Power Automation Equip-
ment,2012,32(5) :62-67.

(6] WAL sk28  FEEE 75 A%, T B 43 BT B ROH 45 3198 1 S AH B
i N E A IMATSE D], A0 A Sl kB4 ,2005,25(4) :23-27.
CHENG Jingzhou,ZHANG Ju,JIAO Yanjun,et al. Study on sin-
gle-pole adaptive reclosing based on fuzzy set and measure
analysis[J]. Electric Power Automation Equipment,2005,25(4):
23-27.

(7] P23 RBHFR. A7 IFI0E i HUas (0 h o HE A F 2 S Ik R i [ 0.
B AR 2010,34(8) :216-222.

CHENG Ling,SONG Zilin. An approach to identify faults in
UHV AC transmission line equipped with shunt reactor [J].
Power System Technology,2010,34(8):216-222.

(8] silm Fel , 28 DRuk, BRI A, 4. k70N 4 B8 ek A5 40 01 ) 85 s B s

LR A FE BTG IR ()], 5 A S B ,2009,29(9) 1 11-16.

ZHANG Yuanyuan,GONG Qingwu,CHEN Daojun,et al. Single-

phase adaptive reclosure based on wavelet packet energy for HV

transmission lines[J]. Electric Power Automation Equipment,2009,
29(9):11-16.

WY AT SR, Al T I T M R 2 A IS

TSIk ). B &5 H 3k ,2009,33(23) :55-59,107.

CAO Fen,HE Benteng. New algorithm for single-phase adaptive

N=)
[t}

reclosure of EHV transmission lines with shunt reactors[J]. Auto-
mation of Electric Power Systems,2009,33(23):55-59,107.

(107 Bli’a #8657 TR 75 5. B & AT T 1K F B 4 2k B 0 i e T
FWFFE[)]. RS A 31k ,2008,32(6) : 76-80.

LU Yan,ZHENG Yuping,SHEN Jun,et al. Research on adaptive
reclosure of EHV transmission lines with shunt reactors [J].
Automation of Electric Power Systems,2008,32(6):76-80.

[11] A, 27K i, RS A5l I 106 v e % 0B 25 e i v 28 3R A0
T N A TAEGE ()], T E L TR 24,2004 ,24(5) : 52-56.
LI Bin,LI Yongli,SHENG Kun,et al. The study on single-pole
adaptive reclosure of EHV transmission lines with the shunt
reactor[J ]. Proceedings of the CSEE,2004,24(5):52-56.

[12] sRBE 28 PC R, 56T I 156 ol B &5 Fi 30 40 501 10 8 e T A s 4 I
B S A ()], HLJ A BB, 2009,29(7) : 75-78.
ZHANG Yuanyuan,GONG Qingwu. Single-phase adaptive re-
close of EHV transmission line based on shunt reactor current
identification[J]. Electric Power Automation Equipment,2009,
29(7):75-78.

(137 A X 3 U, k7 e AR I 356 A g 2 A e E 1 B A
HiE W EAW)]. B RG A8k, 2011,35(10):74-78.
ZHENG Tao,LIU Min,DONG Shuhui. Single-phase adaptive

reclosure based on variation trend of decaying components of fault



78] R R 345

phase shunt reactor currents[J]. Automation of Electric Power EEB .
Systems,2011,35(10) :74-78.

A1 BB SCAL SRR | A5 Y 106 FlL BT 2% i s 2 08 SR e AR
B[], RGP 5, 2010,38(8) :53-58.

SHI Guang,SHAO Wenquan,GUO Yaozhu,et al. Identification

criterion of permanent single-phase fault for transmission lines

LA (1978=), F , # 4 4F L A &l %
W Wb BA Rkl K sk R
¥ A B i B F 4 7 (E-mail :swq0426@126.

com) ;

/ B (1990-), B, H & dm A A+
‘ . Bk NF A RGeS AL B

¥ E o @ 09 B % T AF (E-mail ; nanshugong@

[14

[

with shunt reactors[J]. Power System Protection and Control,

2010,38(8):53-58.

[15] XU D7 , EREF XIR I, Al 7 b i 8 o 1 i s 2 6 SR AR 3 7 AR A
ERUATHIBE 1], 8RS 1 31E,2007,31(24) :62-66. 126.com) ;
LIU Haofang, WANG Zengping, LIU Junling. A new criterion for FRM987-), F XA AL, EEAF B R
single-phase adaptive reclosure of shunt reactor compensated Sak AR AR K TAE
EHV transmission lines[J]. Automation of Electric Power Sys- R (1975-), % BB @& TREF M+, EX YN
tems,2007,31(24) :62-66. W) ROGR AR R AP AR AR

Beat-frequency characteristics for single-phase transient fault of
EHV/UHV transmission line with shunt reactor
SHAO Wenquan,NAN Shugong,ZHANG Xiaowei,LLI Yanbin

(Department of Electrical Engineering,Xi’an Polytechnic University,Xi’an 710048 ,China)
Abstract: The beat-frequency phenomena may occur after the single-phase transient fault of transmission
line with shunt reactor is disappeared,the mechanism and conditions of which are deeply analyzed. The
frequency and attenuation characteristics of low-frequency free oscillation component of transient fault and
the conditions,under which no obvious beat-frequency phenomena will occur after the faulty phase are de-
energized ,are discussed. Results show that,the obvious beat-frequency phenomena will occur in faulty
electrical variables only when the fault is transient and the arc is reliably extinguished. For some transient
faults,if the difference between elementary- and low-frequency components is too big in amplitude and too
small in frequency,or the low-frequency free oscillation component is quickly attenuated,no beat-frequency
phenomena will occur in the voltage of tripped phase and the current of reactor,where the fault type can
be identified by non-beat-frequency criteria. Simulative results of ATP and physical experiment model verify
the correctness of theoretical analysis.
Key words: adaptive reclosure; shunt reactor; transient fault; beat-frequency; UHV power transmission;
EHV power transmission
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Optimal configuration and control of modular VRB-EC
hybrid energy storage system
LI Junhui',ZHU Xingxu',YAN Gangui',MU Gang', WANG Zhiming?, LUO Weihua®
(1. School of Electrical Engineering,Northeast Dianli University,Jilin 132012, China;
2. Liaoning Province Electric Power Company of State Grid,Shenyang 110000, China)

Abstract: A control strategy for the HESS(Hybrid Energy Storage System) composed of all-VRB
(Vanadium Redox flow Battery) and EC (Electrochemical Capacitor) is proposed,and the optimal quantity
of configured ECs and the minimum cost of HESS are analyzed. The total charge/discharge power of
HESS is designed based on the wind power forecast data,the EC action interval is set to reduce the
loss of VRB,and the sorting method is applied to reasonably distribute the charging task for each VRB
cell. According to the measured and forecasted data of a wind farm for 30 days,the influence of
configured EC quantity on the HESS cost is simulated and analyzed,and the optimal quantity of
configured ECs and the minimum cost of HESS are obtained,which can be referred during the
engineering of VRB-EC HESS project for its operation mode design and EC configuration.
Key words: wind power; forecasting; energy storage; vanadium redox flow battery; electrochemical

capacitor; group control; optimization
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