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Evaluation on Open/closed Loop Operation Modes of 500/220 kV

Electromagnetic Loop Network
LIU Jiankun, ZHAO Jingbo, ZHOU Qian, LI Qun
(Jiangsu Electric Power Company Electric Power Research Institute, Nanjing, 211103, China)

Abstract: In this paper, a new method is proposed to evaluate the operation modes of 500/220 kV electromagnetic loop

network. From the views of reliability and economy of power grid operation, the bus-bar short-circuit current level, the line

load rate, the transformer load rate, the power grid static security, the power grid transient stability and the power grid loss are

selected as evaluation indexes. Based on the anticipant curves of each index during actual operation of power grid, evaluation

formula combined with threshold is established. To acquire the weight coefficient of each operation index, a new group

decision-making theory is adopted. Comparisons of calculation results of an actual example shows that the proposed method is

practical and effective.

Key words: electromagnetic loop network; open/closed loop; evaluation method; group decision; weight

|
AND NSl /A b e 3 /AN B—  (LHEHLTRR)P I A AT 4
1L HL it Be B {1593 Pl i P JB R PR A BR 23 ] (FRH) 3CHT
T P i 4 R L OA BRS F R 1 ARG AR =
CILIR s AL T AR ) O 0 LA A 2.3 7 B BB 13 A RS H



T 75
6 2014 4 9

Bl TR

Jiangsu Electrical Engineering

ERRECE |

FETDR B A] 0 XU T 28 GE DU A 1 EE

T M, % F,WEL
(R KA A TR A BE VL5 7 At 210096)

W E.EREGBERRGNE, S EBANGE B DK EEEANE A FHRILI B R 6 %A EIET, AR
WH S ERA T RGPAL DT RRTE, AFAMNA NS A% (BSS) AA A Ef T $HRAMEEL T
(TCSC)HMIEF B 5T ARG 56K M Bl 3R ERR | b T EBA 5 5] 0k 4 M #5730 45 5 A 2 4L @ #9170
BrEAKACB IR KRR S HERG R A xR X F R KRB AR L6 [EEE39 ¥ .5 & % A0 i 7 #

JE T7 ik 0 AT M Ao A ROME

KB R 0k 2 AR R AR BRI TR B RAME R R

FESES . TM614 XEREE A

JRCHEL A7 A R AR B | Bl UL I8 1 R A A
Wi, 26 8 ) B G 0 3a A RORT A P2 XU O
W 28 G218 JEE 7 vk 28 A S R AIE TS PR R R R XK
R, XU R N A B R A R AL T KU 2
B ARBRI | 22 R0 B B XU B AN 2308 L TR A Y
A DA 3 R R B 2 1 R T R O A
(R AZ AL, 4 ROBT (1 2R 8 22 2nia A )

A& X 5 5 1 XL I 2R S8 3 1 T 2N 42 )R
P, PR T B 3 R 5 F N ) R K R
MUK RUR IR & 5 ) UG IE R S8 H 2 2 5T ia 1T
SCHR (3175 B XA H ) AN B 5 A1 X 88 0 2 B 7 114
SN ST T B XU A RN B 2 R A D 22
D ] B ASE Y L SO [4] 1 57 T M —7K— Kk FL B 1
2 A AL R 5500k LASE 0 RIS T RE R | K
RARG BT A PRUE K HLALE 17208 SCHR 5]
P 00 2 e 2 0 XU (0 fELAE 0 v T 2 e g A | B — i
H BERE Y P 1422 42 2 0 R A 34 KU BEAIL A 26 v 12
Aty A A XU 5 SCRR L6 78 48 H R 2 T BE LA AL, A
2T B FIE IR G B RERA G R A
WA B Sh S 2 BF R Tk, Sk (7] 3 it 5
JRCHL AL ZH S % DG IR 1 AGC HILZEL 14 552 ) g 22 42 1 % 2y
W B AT VR W

FI R B0 R P 8] 3 8 28 0T JR 8 A F2 A v
TuT AR RE PRI 9 A AT A A /N DX B i T B
B 5 I ) i AE A INE L SCHK [8-9 1 1 g 1
L AR A ) T A R U LR D AR AT IR A B E
AN TR] 26 BY 16 BE 2R 46 (ESS) JIT 7 b2 114 T 2 A8 4k 1Y
I 6] RUBE A7 A% -4 T AT A RE TR 1 D AR A i
gy, SCHR [10] 38 o T /N i 22 4 1) 53006 A0 Pk B SF- 410
T SCHR (111 U T vfi 25 Sl 1 p0y el ik

A5 B 41,2014 —04-20;1% = B #1.2014-05-30
R AR A K% (863 %)) B 31 B (2011AA05A
105); B R B &AM F L2 AR B (51177019),

T EHE . 1009-0665(2014)05-0006-05

B ) A B B K — e —f R G AT AL N T
RYGL M 25 N st

SCHR ST B RUZ R AR L SRR DL R A P
4 0 e X5 A O AR A B AR | LUE AL I T Sk A 4
FBL, PRUEFEAN HL 00 B30 30 43 A 1) 440 R A R
AR LA R P OGS W T I 4 4 Ok 4k H
b, L ESS e L Ty S5 R A] 4 5 B A (TCSC)
PR T B, ORIE K S OC B U 1A ) 9 I 4 AT 1 B4 A
I 78S H 0 2 e Ra IR AS R 2 RG Dt i ok
W 11 388 A2 B ot BT AR AR S8 R ik AR M, e B I |
AR R 0

1 BRSHAE SR ER

HL RGBT IR ST 2L AL | S B0 1 4
AR A SR AE AW AE AL SOk [12] 25 1B 4 0 T
LA PR LA 57 R A 5 25 58 SCHL I a1 A 24 4 B
HHe HAR D 22 b ISR R AT LA
AU A I AU R A0 A3 2, Sk (13 ) LR s 97 2R3 O 45
bR, 0T TAEAR R T 2 e 2 BF M el fE
Lo AR OC 2 DG, SO R I 24 4 B 5 T35 XL
R R

WL i RKAT DI a0 P RSB
Yo | SR P, LB ¢ 0 5%

—ne | i=1,2,L,N, (1)

;=

N, WL,

LRI, 1 34 00 R 32 i PR O BB AT 2 o, Dy 22 Ty L)
ARG AR SO BT 22 A il R O ) 3 A
FRE S D T R SRR A (2) s

i

N,

1 b
D=y 2 (=) (2)



TR A BT U B E] (4 X HL T 1 R 8 U2 G A 7

ﬁ*ﬁi%zmﬁ%M$%ﬁ%%%¥ﬁﬁﬁ$o

BT R GEAB AT I | 4 P AT 2 % 110 07 R AR AR [ 1
FEL O ) 3T Ak T i A ERIR R e TR A D A A4 R
B O 24 B2k B T BRAR I T 1R 28 T 80 AR
ZINIR R A R R ) 0 A 4 A AR K R B A
B oy R TR B R H O 1 0 I 4 R B ) S
BA PR A LR K B 2R S RGN K
NS SR DEE-3: 3¢ 0 rite= e %1% 12 ) o i OO T 1 el O B A o
LA T f S5 R BR S | O R DRI TR 154 39 7 4% A4 R L O
ST AP A B 2 S BCRAR R AT B TR AR /N
TN Bh 2 Hh | 2k B0 R P R A 5 B O DR TR £ 3
TR A PR AR O, S SR W T ) ) 0 9 2 1487 58 e e ) 2
T T P I L ) A B B0 AT R AR L SR 4
L 420 1487 J5E 2 i XU R I 19 2R G 1) e Jd T O R s e I
Y 5K W 3 3 40 48 2 2 S 30 3 A s e A

2 TCSC M IT{EFRESH=&E

TCSC Z 4% HRAME LM T Rz —, Wi
Oy LA P 5 )™ 4 AT 4 R IR P S BT %6, TCSC
LB T 6 L A A A 1 i L R ) S (R
P — 52 BB AT P, AT ORI 2R % 0 i 126 2
o) Oy U B R AR A A e R A
B AL HLBT , T i REEHIASE P, TCSC B i 12
AARZ | JBCBREEA AN AL 1 s, S HUOT G 2 il 19 #h £
BRG0P ) A ke B T LS B R B A
Ao PR IR Y AR BE AT L AL R T AR AR E 1 | AR
R o Y 2

1 TCSC R

G HA RS, AT RES it 2 44 A 1Y
T TEL i) 2R e A5 i 1) 38 X BB 2k B R AL T IR BRI DG &R, XL
HL 37 ) 38 1) I 3 il GX BE 2R i R D R AR AN Wi Bl
T RE A S L B 1 T R AR i, A SRR Y B AR
HARAR X P I R F R & BRAOELGE  [H L, 76 UL 37 1
1Ak 3 8 I 3K ) 28 % 12 TCSC, i ad X 28 TCSC
(IR IE B o JRURR 3 10 Ak U T A S 4 A A
FEFRARAIR S

SCH AT L ) &R G AR A AT S R A A
R A TCSC M F A ALY TCSC 76 7] 5 17 R &
N AT SR HY I A R R B T AR BT X, ZR R

LS

Xvij:Xij-I-XTCSC

XTCSC: _B‘Xij
KX, X, 20 A BRI RR 2 S B SRR LT B A
TCSC X 3 H BT #MEFE

3 EXAEIBHNEEERE

SCH T ST Y XUZ PR R R AR b R AR DL
JEE T 30 A ) e O A A R D A F s, LR R K
PLEH A Dy Jy e s i, T 280 DL B2 3
SR W T ) O K A4 R O DAk AR LA ESS FERCHL R
M TCSC HuesiAc e, LRG0T 2 T 2
SUNINE R GRS =S B R e 2 i ok L N K F A S
1R 3 b 2R A, it s A2, B30 SR e T 5
HEL,
3.1 NEMKIIEL

XUZ ML (BLPP) J& — Ff BAT )= 38 [ 4544 19 2
GEARAGIR L, b2 [n) R 2 ) A A A A SR AR
i AR bR R R, SUZ R — OB R e
min F(x,y)
s.t. G(x)<0
min f(x,y)
s.t. g(x,y)<O0

AP F(g) R LR AR B PR SR;6 ()N
LRI AR K ES GR SR sxeR yeR
fl@) I FEMG BFRm%, f R —R;e(g) N FIEM

R &ES o R SR, SUZMRR )2
VS ) R 1) R R R A LR A D R AT
e PSR 2o A2 i A5 O 1 R T B A
& EATCAERE SEBLE R R AR B L
SR 2 1
3.2 EE#HX

TR H Y B b R R

(3)

(4)

T
MME%ZQ (5)
t=1

S B o — TR R T S0 0 4 0 30 3 4 A T 2 1
D, M B ¢ 14 4 W4 15 5 T D I SR BT A B /N i
B, SO 24 RIRESE H AT BT
LIRARAEG RN RGN | S A 2
W R UL A D) 1 23R RLHIL AL TE 3 5 R 2 A
RGN L T e s A R AE
(1) DR

Ny Ny N,
ZISGi,t+_ZIISWf.t+k21PEk,t:SDz+SLt <6)
i= j= =



g I

B T

SN, R S BULAL I A 8, URLAL
TEIEBE ¢ A 5 Ny, R S AL RS,
Sy SRR B AE I Bt ¢ 0% B T N, i R S ESS
[R50, P, 95 kA ESS FERFEE ¢ 0 F bR i 47 )
T3 (Hy R BRI DT 2 ) S, R ¢ 19 57 (A
S, JIFEE ¢ 1R A
(2) LH AR,
P, l<P (7)

max |

AP, WK | TER B e BRI P, R |
BOf 4 T B
(3) HWHHLAL I L0,
Py <Py, <P,
Qo <00, <o
Kb P, FQq, , 730k W WAL ¢ e B o B9 D) il
AR S, P P 4B LA § A T 7 0
b FR 00 On A HHLAL § T 1A L |
TR,
(4) F ALY ey 3R L 5
RyAI<Py - Py . <R, Al 9)
SRS RS I BULAL § A D 0 R b T e
AT WA A g — B K B B0 b,
(5) RGEM L TP e AW .

(8)

Ng
Z (P(:ax_PGL,t ) BREI
= (10)

Ng

min S
241 (PGi,t_ Gi )Bde
i=

SRR, R AN RGBS ¢ 9 1 T e 4
Tk, — R G A T 10 5%
3.3 TEML

TRHA, G R HR R R 3 HLAL
5 J1 2 HE T AN B ESS 19 78 1R TCSC
ORI | (0 P 0 1A £ C S T 340 0 4 46 1 fk
/N BRI

minf:max{ﬁ1 ’Z)Z,L’BM} (11)

RN R B GBI T BRE, F RS RED,
P 9008 55 i O T 430042 7 484
B,

7_171'

D= LD, (12)

LD, IS A ST 7 BB ¢ 03800

B

TE RS 5 TCSC #M2 FE {E Fl 29 3 ESS
Fo L T LY ESS T A 2 4 R BSS R iz
A

(1) TCSC #Mz B i [l 231

min

B, <B,<B (13)
. B, WA A TCSC FER B ¢ H9RMEIE s B Fi
B AN 0 A TCSC AMEEE ML B LTI
(2) ESS FERLHIIRL
Py <Py, <Py, (14)

Kb Py Py, A ES kA ESS FE L B IR R
=R,

(3) ESS Fujiih 02K,
Py, At

Me.a

SE,AA,H
SE.k,z—l_nE,cPEk,zAt PEk,t<0
A .Sy, AE k> ESS TR BE ¢ 5 AN 20 1) 2 4
Mg M o 73900 ESS #Y 38 AL RCR RO AR (BOE
Neo=Mea=\/ Mg »1: A ESS MIZEE FEHRACR % B H)
FUHCH D) B AE | FE R ESS SEBR IR D) Z R
FE S5 5 Tl 2 JIT T TR D) R R B T R L T
R LU A 7R SR FL I ESS 52 FR 78 HL 2 3 0k i iy
Fo L RN R ST AR S A, R T AR A HL ) 3R R
PLFEHLIOR

(4) ESSREiBs T4 .

r
P'Ek,lAt —
; 3600 =0 (16)

PP N b ESS SEERFE R T K Y
P'Ek,z =0 if ’P'Ek,t :P'Ek,t /77d s E P’Ek,t <0 i ’P'Ek,t =
NPy, 3 At/3600 1Y SR K IFIA] B s 78358 h,

4 KRBT ERRIE

Z KGR B SR ) AL SR R — T B B 2 H AR
B, MCHY B LA DR fi7 8 A 55 o 0 BB W Y g e
PSR BE T 20 S 9 IS A3 T ORE S E 2
R AL AL SR B AE ST 1k 2 — . SCHR R R 20k
ek B SR BB R N TR R g ife, JFIRE
ANEGIHEAT T T RATR R, 205 S 0R BRI Y
AL WS A G R Ry R 2 S £ B SR 1Y
T A BRI X T R B AR A AR A HAAOR ik A
miE 2 s,

P, >0

SE.k,t—l -

Ser = (15)

PEk,I:O




TR AT U B ] 04 XU F O 1 R 8 U2 I A I

9

e b R AR 93] 4 B
HE Po, FIIE R Noop

I
12
MG B2 BRI R THEE R 2R R
AR 2 AL B B AL R R R P

v
W U 179 2 R AR 2 bR A
SCACRHRE Pr, I P AR _RJRAE T
AR B2 A Y AR R AU

'
AR bR pR B T30 A AR R 9 368 17 52
v
Xf bR R UEAT RE A ST AR S 4R
(G R Y DA S N e B A D)
RJEBEANT JZMRE S AR T AR P

v
A P RRA R BEAT S R B H
P AR, O35 7 AR B i o7 S
'
B A T AR I O R KB
Neop D EAE N T — RS

o5 B AR AR

2 R E R A R
5 BHIoH

PRI 10-11 F1 10-13 4 e py Wi | e 19-16
FI19-20 A4 S A W THT | £k 22-21 F1 22-23 44 5 1) Bhir
T A S BT T S1,S2 M1 S3 . &4 W i P Y TCSC
AR M BE 9 [ 35 -0.2~0.3

b AT, LT R AL B b R A E 4
S 0.274 2 F100.008 3, 9 B2 F HA PN, 4 0 3] 3 4 4
2 el 3 B Ha I O A Ak T A F4 A IR A Ak
Fie @& 0RA KRB S1,S2,S3 P4k I 78 I
JEIA P 2R o i’ 4 & S AL 6 iR

0.5 7
a0 \
0.4 S/ ,/ \\
03} | L ' |

T U 44 A
il

02/ L A Y
0.1 y

0

0 4 8 12 16 20 24

B 3 FERE#RNE MR E i Lk
1
08 //\v‘;f\\ ki 10~11

/A N VAR /
/// N \ \\\ B / \ /ﬂ\ A
¥ 0.6r Y A A

~

SCH L BAHE R BT S 22 10 AL 39 T S IR R g1
VR X6 SCrh O AT LR T A 31 S A
JE IR 32 .33 T35 AR AL AR
HJ5.0pu., 10 BHF AL SEE 1 Fin, e %
R 0.6 pou/h, € F TR -0.6 pu/h, 5351
1E 3 AR I e B A [ B 5 1) BSS, 2 48 5.0 pou,
TR TS R IIR YN 1.5 pu/hfil 3.0 pu/h, ESS 47
BB ACER 95% , RS T . I FEK
TR R AR 43501 R 100 1 50 384440 K ok 500, 58
XAMEFI N 0.9, 48 FARIH 0.1,
®1 EMNASE

LA A ERR pu. AT /pu

30 3 0.9
31 5 1.5
32 4 1.2
33 3 0.9
34 6 1.8
35 5 1.5
36 3 0.9
37 5 1.5
38 5 1.5
39 6 1.8

7 \
" i A= AN
’ B —~ - i
& o4 28 10~13 \\\/// k /7
by
0.2 l
0

0 4 8 12 16 20 24
t/h

4 KREEWTHE S1 WKBRERERHNARE

1.0- .
//\\ 28 % 19N16A i
VA /A /
0.8 /\ / \\/ é /\\\\ - {:\ // \ ) |
. ,//”\\ V7 \\\ / 7 W/ W»,\\\ / /
¥ o066/ Y \\\ /i \\\/ '/ \\\ A lf
5 - A \ / W /
= 0.4 N / v \\ \K’A\ //\'7/
’ LA N
2 % 19~20 LX)
0.2- V7
0

B 5 XEEWTHE S2 N&MERERHNEARE

1.0

08 R 2223
5 0.6 / A/
SF . N ,’ / /
& ///> AL /77/\\\ /Z”Qx// yav
& 04 ava A [ \\/ Vo

Y, )
SN Y o001
0.2
0

0 4 8 12 16 20 24
t/h

6 XEEWTHE S3 N&MEAEFHNIREE



10 I

B T

M s X S DA T v %) 28 B 45 O B A B ) £ R
T, 2 % 25 e R 3R 46 0T 1 DG B O TS AT e b Ak T e
GARPIRA , WL E G TCSC B8 s i) | 56 ek W 1
PR U 43 A 1 LA 34 A

6 Z5RiE

¥ TCSC HJER B Sy RGP B o 7R TR

P 0 ) ) XU R 5 I 2R e RUZ AN AR I FE AR ok i A

MLALH T3 ESS Fojilt i D) 2R A TCSC 1Y P 45 il | 55 4

i e ke 7 XU R I Bl ok R D Bl [a) i O O R

WIS AR S K 0 ) RGNV RN

Jr BV 5 T DR UE T O A S A, R SR ] 2R B R

W 11 35t A2 SR 0 X BT AR A A B iR AR A . R AU

3 ) 5 X B [ B2 081 B2 D7 1 | AT A 5 R 8 1Y) 22 Ak

PeAk 22 G830 o0 A DB/ NER B B T R B Bl T T &R

Grin AT IR BE R SR A SO A AR Y i A A7 £

NN e (S P SR G e T A N - LT =

S 3k,

(1] . 5 R I A 56 i BF o 2R (0], /s R 58 A sh ik,
2003 ,27(8) . 84-89.

(2] Z8 U AR, RS IR FRL 132 A H VT 2% FRL 6 30085 i 5 % 55 A 52 (0]
IR LT 2013,32(4).6-12.

(3] & B, J8 W], 2= pedR. 5 IR R I & A & AL i ) R4
A Ty g F B R 8 B (] I e P TR AR i, 2013 ,33(13),
18-26.

(4] ETF#, %5806, % ¥ 5 3 WA IR A0 58 i M—K— e
F ok G A IR EE ], b PL TR A% 4l ,2013,33(13),
27-35.

(5] JAAEZE ke de s /NGE 55 SR I 2% 0 XU D7 vk 1) 5 IRUFL R 48
AT E[T]. b E LT R 2, 2012,32(1):56-63.

(6] Phoess S 1R, A S5, FL 1 XU FU I A0 BE HL LRI 9 75 K
WA R G S AU ] E R L TR 2% 4] ,2009,29
(4):41-47.

(7] Bk 7, T Aok, 2T A ) 2015 S KU R e A D 5 4%
il L], o BT AR 24 40,2008 ,28(16):51-58.

(8] Emil, 7 i, 1 IR, 55, V- nl #A: RE R S v 2R e it D 3l
I B R g0 45 5 Ak O i (D). b R L R 2 4 ,2012,32
(16).1-8.

(9] Enlily, T B, M 0,55, V- ¥ Gl e TO0 0K 245 2 0 30 06 3 10 ik g
Ry edr ik U] i R4 A 8k ,2013,37(3) . 12-17.
[10] JIANG Q Y ,HONG H S. Wavelet-based Capacity Configuration
and Coordinated Control of Hybrid Energy Storage System for
Smoothing out Wind Power Fluctuations[J]. IEEE Transactions

on Power Systems,2013,28(2).1363-1372.

(11] MR 8B e T e 3k T SOk I i KOG i T AR I R SE Al
iz 47 1. i ) R R4 5 1 2013 ,41(21).86-91.

[12] 90 Rk, BERFR & 245 % B STk 5 % 2 PERRS &5 B A
DL LT]. B M EE AR 2009,33(11).12-17.

[13] sk 5 27 il AR A B0 22 2 S 0F A L 15 24 20 ) 4 B 06 R 4
Br (I, i R g B H H B Ak 241 2005, 17(2) . 84-89.

(14]) ¥ —Z , Touh  Emte 55 5 T W AY 52 2% i ) 2140
I A IR RERL [T]. f8 07 R 48 A 84k ,2011,35(7) . 1-6.

(151 WA, 5 OF B2 45, )T 42 i fil iy i J1 9 TCSC it ik
RE A I F 0], I E AR [2009,33(4).65-70.

(16] XIF6E , B Fi T, £ 40, A0 Ko ] IM]. dest i 48 R
2 1 At 2003 .8-10.

BVARCE SIS Sl e Y U RV S0 | B b g e B N o 2
I A I8 3 A A b i iz QD] g TR 2 4 ,2007,22(12)
146-151.

[18] PAI M A. Energy Function Analysis for Power System Stability
[M]. Kluwer Academic Publishers, 1989.

EH R
T (1990), 55 VLIRGF B B AT AR WF 58 J5 o A XL O )
AIBFTEA

M (1975) 5 Lo PHIRN A ST R R i O R g e
BAT S OH AR RIS FT AR SR

B 5 (1988) , 55, S HUOR N B 58 AR5 7 1) S 95 il -
M s AT AR

A Bi-level Optimal Dispatching Approach for Grid-connected Wind Power Based On

Source-grid Collaboration
DING Nan, CHEN Zhong, HU Lyulong
(School of Electrical Engineering , Southeast University, Nanjing 210096, China)

Abstract: When the penetration of wind power is high, the fluctuations of the output of the wind farm with multipoint

accesses becomes disturbance to the power grid. It threats the safety and stability of the power grid. Aimed at the overall

volatility and local surge of power flow, a bi-level optimal dispatching approach for grid-connected wind power based on

source-grid collaboration and control of conventional units, ESSs and TCSC is proposed. The objectives of the upper and the

lower models are to optimize the overall power flow and the key interfaces' power flow, respectively. The methods for solving

the upper and the lower models are both the genetic algorithm with multi-elitist preservation method. The simulations on the

IEEE 39 test system including wind farms validate the proposed dispatching method.

Key words: wind farm; fluctuation; power flow homogeneousness; source-grid collaboration; bi-level programming; thyristor

controlled series compensation



oL 7
2014 429 H

BN T AR

Jiangsu Electrical Engineering

334 W5 11

ORIt X P, P 8 4 il R e T Py sk Al A BOR

B OERFR? ZGM!, TEE TEE?
(1.1 H B B R B A7 BRA W], VL3R R 5t 210061 ;2. 55 JH A H 24 7]

JTTHR SR 215004)

H E.MALARARYT KA ELETETRRANAL RO RAEER A% EEEE LM %A A%EE
AR X B R A A T I R LR T R RO R R KA MR b A RS AT e A R
BRIt B T TR I M R AR N R B IR R A R B0 AR 0 R B AL B R AR AR AT I
Rk bERFM, XPEANBTARRFIIRBEEAECH R LBEEFELRERN REHMETHAKRES H4E 5
TR AR FEENBTHRORT L FRBEGERER ZRRCRS BN THEMNERAEEH A%, €
RIFHIE R T “RIBATHER RATHE S M AFEETRE AREFEERERRETHAGRER L,

KGRI . 0 18 P R R SR W PR RR R T AR A ARG FARIES) Y KRR MR E 5 AT

hE 45 %S . TM734 XHERARERRD A

B F RSN W I ()i LB A A B
Gi—iE AU e S BT R O s AT A E
PR Z BN W HEE | 2 IV ri ) 8 32 s 1 AL B
Ml EL 0] 9 5 — AR S IE AT B T OR AT A B M X
Do 9 JRE 4 o) 2 00 M A 1 9 TR A A M A 0 PR
B A% 58 LAY IR P2 S R A 54 13 o0 8080 A8 B R
DRl by PR 452 ) K Dy e Bl SR A 4 AR (B )
AR AN T O R Ml DR RE PR I 9 B Is AT B Y
SR I BN B 2N B — 22 ¥ R R RS, X
O 9 A AR 0 (LA TRTAR R AR AT ) SR
T 3 s R Ak B AR

IS [4) > 870 0 30 T (T R s ) 1 A R R ML %
ffi 4 FRRE 3 A LU IR A RE ), SRRV =RV
SRR AF A RIS B R T SR T e A T A A
fitf A AR MG oM, 256 R AR R SC o &
G, N IR PR L T R R b DX B AR 4t B AT S L v
5 SR B AR (DG ) B A U B SR AR
T Az 6] ik nT AR S5 T A 2RI EUR I P R
R RMRE B, AR B T R RN
e BT AR T o 2 1) x5 /0 4 4 2 P A R A
TR I3 s & B CASE i ZRIE S5 M A Bdls |, S
PP B PR 8 R A e 2 A e FH 8080 2 SRR g

] A EL A /0N 25 M DX B 2R 9 fel T I 2R 1 5
e ey s3T5 SRR A A B 5 T R LA I
FUASE H 381 16y 3 k2 S0 | (LR A A A G ik Tk 1 T
SR i DX HL A JBE R G (IR N 76 T ) A5 2RI ]
T 2 N BB LU R A4 07 X R0 SOy 2 Fh 28 10 1 I
JE s TR TR RE b Tk 2 R M D B2 DU T 1 0 4%
A5 R b 4 g s Rt A i MR RE TR R A vl R
b RFBIETCAR A Oy AL 76 B b R REKE 1 H A 4%

KAG B H,2014-04—-11;% = B #.2014—06—05
R 863 @ R AR B (2011AA05A118)

XEHS .1009-0665(2014)05-0011-04

He Dy RAEAHLRHR A, E NS A2 HE T
AURIES =I5 f PR vl T M 2 0 5 R G0 vp (0 T ) 2 19
TPkt Y AR A R G (WAMS) ]S
1 7 FRL I R ) PP 900 2 g 3 D ) ELE R B B g
A PN A BB R BT M DX R 0 3R E R T B
DR TV DXL TR DR A R A A Y e A
S5 LATR I g A3 B DR T80 Ml DX B2 28 45 ) o i A B
RN 55K, SO T LB S %0 | 45 6 T 2
i PR STA 1 D3 S 8O0 A PR RO | DA R R 2R 3l XA
FA G013 S R e A A O 4 A AR AR T SR A D T Y )
R, I X CAS T S 5 1) 2% 26 AR A S0 S8

1 RUR P B 28 %00 O 1 52 B 4R o B 4R 4

LA e 126 by A% 0 1) D S 80008 4 B 28 SR R T i
S5 BIR R 80 (An P 1 B 7R ) IR e e i R dls AR 55 =
(1 e 5 RTS8 7 T )22 ) s 2 o ST B 4% 288 I8 P X s 0
PEHY VI, X FPBCT 5 TR R AR NS SR
R 1 R FH AR P 7 TR] I P 2 114 75 3 X6 i e J26 3 [
PEATGE— WA BRI ) | B T R 2 S YR A 4 W 3K
IR Py 25 7 S ) B

e B2 BRI 2 R A M Y R S s IR 1 AN ]
1 I e 2 1 1) D7 A7 ] B 28 57

BR)Z 2 OB 5s )2 | B H e EE A P R 4
— IR T DGR R J2= 25 P 2 B 2 5 1) 753X

S HOR BT B R SRR R SR AE S ) R

7], e 252 DU BE AR G S B 5 / I e P2 A 2 110 2 L )
ok 58 IR A T VR E 2R G RN P 22 [ ) e S e i
R SR A FEAR R B T RS T A A 4 ML R A
P THA R R AEREDL | T 2 B AR A ) e 122
WP 55, AR R 55 2 00 L AR R AR 4 SO S5 R A
€ SCHR 55 I e g 418 5 i 5 R J P £ 160 e 55

KR [R) 2 A4 E SCRAE R T B br % LIIfE



12 AN R

FOUREh 2 | || R

S| | 9F | [Pk
RLHJR ek R | (AT (R

o S| |

%
S| R TR TR TR R | [ I
T e | e | gmom | g | gem | g

———————————

WREE | Rk || MR | R
SUMESS | SRS || B 5| 2 R 4 ‘ﬁm %my
B SRS 1ﬁﬁﬁiﬁmﬂ
Vil 7 G T
WHIE| bt WERE | MR R
” . WL IR 45 ‘: ﬂ !
ekt o e R Bt
5 P S A U ] 432 1 .

ol L
@ @ @ '''' : ﬁ}:ﬁ $q:l
CRRE

PIAH/T /% eDNA ¥ % Highsoon P - = = = = = = = - -
B 1 AR FE AR R SR S TR 2240

IR AL 25 B5HiE 72 P i U 0] BRI 55 o 1) 5 2642 1T

I FRGENHZ st iR B AR GO IR
PR ZE RS FRE A DL 3 2k B4 1 1) J2 42 101 07 (8 b A7 MR
T3 52 5 5 HSCHE AR U S R T A

ToT FH 250 AR v SO 14 5 0] S 1T [R] s
JPEZRAURY 4 JZ 454

2 KREMIEERBF

2.1 BFEEBEEREAR

1L 50 7 S B A B T, SRR I I T AR T
IR BT JFE P T AR, O 36E R g B i 7
A PRI, 3 3 B 128 5 [ 4 42 A 7T 465 i o |
WA, AR 2 O

(1) BHFEEG— im0 i 1 s 76500 iR
S AT TP RS —Diln B2 10, iz il T
2L Bl 45 B3 1 O U 1 2 A 55 45 10k — S0y 1 1l
2, PR Z e B 22 5 B A R sh A R DL e —Fh

EFHERERR

B ¥ P
(2) Gi— W RHET [ 2 i H R | P B R G
i%?%ﬁﬁ%ﬁ}Wﬂ?;#ﬁMJ%%ﬁﬁﬂﬂ*
[F S AR A, 2 — G — () QB A 2 W 4
AR CWNE 2 FiR) .,
% P KUK I 55 i I 5
REEE | N kg | N msEX
PREEL W% fuRiy

B2 REEXTE
— BE R R AR S S R R R AT nT LA B A LAY
(U eDNA Highsoon) , %§ F 3 Fl B ¥ 2 | B 4% ih 4 &
ARG — RIS A AN EZ PR ES , AlEE
el Y R bR 2 St R bR e S AR R Y

JEH L SR XA B E LRBREE T

M3 55 A1 — S8 I} e 4 1) b 25 5 2 I e 2 1N 30 2 i
(BN A 2 A PR P 6 R[] — A SR A A5 A
RSN REA —HRE XL ST AN B B AR 55 v A A A
SE SR S5 72 A — A e — L3 48— B AR 2 44 1 R
R SCBLSCHE T B bR A A4 I B AR A E S S5 R AR 4
VR P bR SO R, I PR AR R bR 2 44 7
A TR SR AR E L RIRIRR 25

P s ] LA a0 IR 55 S 14 B 2 7 SR 55 1] B
JF P A AR 28 R S ad R AR I PR 25 44 HURT N P T DN O AR 28
T REET /PRSI A B A
22 HEEEERA

ORI 3ty DX R, oA 8] 47 o) 28 0 7 9 A 0 A,/ 35
MRFEALBREORE T, T B 65 N IR e 55 45 Y b P R
S BRI, 3 T A g e Y AR B 1 O 2 T
iR AR AL

WP 3 o, i RAR R AT LLor o 2 R R
YA R S 04 SRAE B A A KT BIE A IR 2| 224
IR Fy 5 G A B M ot T A R AR e, il el I PR SR I
J— A2 TR R I e P AT T R S
JE ZR G2 1y s R A A o 2

RAERL 11 REERL 21| oo K ml
AL 12| R 22| e FHE R m2
SRFE AL 13 RAFAT 23] oeeee FHE i m3
KRER Ln | REES 20| +oeee FAE R mn
KA 11 KRR 21 | e KA ml
SFRE R 12 KA 22 | e FFE s m2
RAERI3| REEE 23] | e RAERL m3
KA 1n KBS 20 | e KFE S mn
i3 1 I} 4 2 ¥ m

B 3 RFFEEEES

ZYEnILLA ] T3l S — R R F
MR — A I P I AL X T AR I S8 RN B R 4
i P A — I P IR 38 S 22 A I e PR AR
2.3 HR/REZWREFERAR

SCHR L10] it Fe J2g 1y sz 200 48 R 7 2 1 30/
A7 Jr 2 XA 7 SR BT B 3l S T /N M X
R GE AR T ORI M DX 9 B ZR G i A7 2 ok Y RS
7 VO AL N PERAEBITERE , 3022 %) 14 B &
G HAB R A R R, SO RS 4R S e 55l T 3
ZENAF BRI 5 S G A7 AR 45 G 00 T 20 B A AL ) Of Ak o
IR 28 v b S Y TR R ] i i Wl PR iE 5 8 1 00 8 T
SR PR A B AT SR



W SRR DX R (o e R 47 T AR U A T S S Ak B R 13

N 4 P, IR R S R 55 £ 1 N AT BA S 2 AT
FSCPFZEAT PIFP AT ISR IX PR AT AT 3 2R 4
SRR SRAR S A I | TR R AL BELR FORE 355 5K LA 4 44 £k
97 AT A WAF BRIV GAT  IE R AR DL | 7 R 4R 20 2K
P2 RS WA ARSI & A7 P 3R, IR = NfrE
RALGAT NI A AE L EASFGAT R B
S H I DU (AN 2 SO ) B AT BA S S A I
FE T B, AR LR FE N A BA S A7 1 A
B ASCFGAT 5 25 50 I DAL BRI i Se 2 e
R e HE 52 SCAF AT B R AR R AR5 422 A7 BA S
AT IR

VR ool
. BA T O MR AR
gy S e R
iR Ti'}i’ BAF : % LA BAT !
:m* | g HAEMNNAEEE
. L o A& R R
T
Lo BJHNAE
11T B o K= .
::WﬁMﬂ%‘

V=P E:
gt

AR A A,
e P 3T B A
A7 R AL B

B4 BHFHERIRSPHRRET
24 MEEEEHSTREERA
W&l 5 feos R bR L 2 SRR IE X
B FEGN A b2 AN T 12 B 3 1) X O B A7 N 7R
e N,

____________________________________

®g

CWRE L | nEE2 W

E5 MFEERNTRER

XFPAERER TUR B A S, B0 b i 42 R Y
WFE I | fRs T AR R 2tk RS T
TAT A4 PR P 1 R0 TR A IR 2 2 IR 2 3 e (I
JE n 2 — AN BT 00 R B AR (RS SR SR
HE ), DI AR AIE T B J S A e R B ) T M

N P AR A8 AR 45 [V sk 1) 2 A B 28 4 TR A0 SR b
B | AR b 3RS B P Y AR B R R SE R
55 R 3.3 19 BT R B4 34 SR W0 9 BA 9 % 47 R 2 A 1y

SR, Fr B I K A PN TR AT
I FY 5 B ST T TS PP PSR A L P AR AN )
I 7 2 S 1 P il e o 58 S

3 ETZHHLHENN A

31 EXRIMNSHERERE

SCHk [10] /9 52 i ) /g H e T 8h 5 o S s |) | 7
oL W TR | B A R I [ 45 A s SR R B i T
BCHT S RS N B4 & 35 O B i R B SRk Bl
i e R R E Z N (R I 7B A

WE 6 frs , 3¢ Br i G544 59K sl g 58 5 i ) g
FBURAR B VR R OIRSIE Sy, e IR A 4 75 B
BRI P R — AR (R RRT
Filk), RS G A SR YE S T e R E S
FR 4 FH P BE £ 3K BU CASE R A7 1Y g s A A g o ]
JE | B O 1 i [a] BE IS [ sk 50 AN DT s S R
TE R B B 48 A T MR R R sh 8K |

R EER
A

T H
(N?EO (ﬁﬁﬁo

B 6 EHEINZYUHERERE

FFBR B 4 22 4 g sl 5 v AT DA S v S R S AT R
RS2 BTG T S oy
B SIS A% S R T S ORI S Y SR v [R] B 2
SE W ANBEAR R AE K | HL R P9 2 AR il ihi
PF3R 5y 22 4k Iy 5 S8 A B =50 5 s A2k i) H
A 37 2 2 25 LA A ) Ho A A
3.2 EH T 4 B 18] B T A R R 43 A

WRHT T T P2 ARG B D7 S0 B0 DR A, R G0 W] AR
= 2 0 W TR T o it B R R B
CASE Wi 5 FR | 3F rT 156 8l CASE A7 1% Iy s 5 A [y

b I (W 7 R )

———= it :
P I | Gi s

B 7 E TR R R 44T
SCH TR 2R G S BLEE T I A A A TR 22
W T A, A B IO T i Aty T AR A 3 K



14 VAN

B T

Je S (4 R M | e 5 A 25 L T RE

TR N A T3k M 3 B K W T 3R HCRE T
T B RAE AR IR LS TR ARG T7 (8 M O B
2 K HCHT IR A VBT TS 2% 288 43 A B A5 0 8 %
P A AR KA B
3.3 ETHEFHENRE

LT I B P 4 A AR T T R i al A Y
R I KU AR AE T G2 A R | X A
S S NP A2 014 1 25 38 Dy s B SRR AR UE Y, XA we R
T O FME P P G v I (] 18] B R 0 ik BN AR
MR R GE T, Gt v I8 i R 07 £ R B
(] 38 5 B P 2 AL RT AS BRG f A 45 2R | TS e A9 2 T
TP 26 A9 D st A AR MG 8l 2 30 5k — 288 S B il A
BRI 2,

AR I GETH N R AT AL 6 e KA B/ ME S
{EL B0 38 e L IR 8] A /MBS 8] 452

4 MIHN A

R ST 4 1 S Sl Ak B R Ik il A N g s
TR DTy s 0 44 S8 RUCR RN R] FEPE (2R BF & P AT
Xk BB IRl EAE A 1IN R AR A R B S P R AT I
P PEAR RSN S TUREFHOR, Rk T ARG BB 01
P BB JHL STUR AT 5 )

S5 PR AR I B LR e PR R IF i A B
KRR E T HAFUKBh 2 4y S0 S TR Y R I Y
JSE 0 AT (2 T I Py B 1 1) DI BE L ik LEHR R H
B4 R IAT RO T T A

Y ) PR AE Z AR | SRR LSS
D7 CAFTT R T AR R HOAS R 8OR

LA e 2 A% | g IR i SO 2 Gl B 524
F1% 13 S0 R A B R L 7 2 ] e R M 9 9 M R JEE R 4
FREOREHT  IEBA I (AR G M A ke 1 20 M9 B R 45
Py S0 B A e R T EE T TR TR RSB T by
A SRR 5 T DN 23 e 5 B R0 G 4 58 BT ) D s
T BIHLH AT 7 2 BE T 5 M H DX e 1 31 2 452 1o H
FOTRAL R JE

5 &RiE

DR T 3 X P, T 9 32 47 i) 2 8 D13 S 500 Ak B A fi
g T HRAM WP ALE T AR A b E
— Al B A7 A A A T Sk R A B R, Ry A5 2R
FHERA P AR ORS00 17 s e 8 Kt st 0 i 5080
T IRA LGSR M7 L R 20 o0 B BERe b, i8R BE
RCpie kM DXCRR 3R 2 B AR K B4R T, O M DX E
L BRI T A R S

SEZ k.

(1] Az 22, DAl A {E 8% 7 F I Aol < = 4 1R PSR e R [T,
AETR 28 PR F R 2011 ,23(5):57-61.

(2] ARGEHE, BE T 2%, s dl, &5 M= Ak 90 Sl 15 1O ik (D]
[ H A 2011,35(7).123-128.

[3] WGP, 2 Al , I KME , 25 Fln 190 97 5 4 it — A b 3 A AR G
AT ] B 245 A 301k ,2012,36(23):120-125.

(4] £ M, 2P0k Ahae k| A5, B 1 3h 10 44 Hb B 9 F R 4 il [T,
M1 248 A 81k, 2010,34(12),53-57

(] PhRME, T 7,32 MK, %5. W IR 22 9000 B4 HLI = 18 4% 1k R 248
FF5E [J]. 795 AL T A2 2013 ,32(6) . 5-7.

(6] #% T¢,9k 55 WAESHF. 500 kV = I ey JE 4R v 5 il 45 28 F A 9
JEJ7 ¥ (T AT F AL TR, 2012,31(3) . 17-19.

(7] & W8 AT im R #5500 H 09 4 A o B i — 1k
AR H R g it I]. 8 2% H 3 16 ,2013,37(12):
100-103.

(8] e [E =My hESF 5. B —IKHE A ML RS
3 LG R (9], Y9N AL TR, 2011,30(5) : 57-63.

(9] Bl 52 vl oy o 3 A v 5 18 Fl I 0080 32 0 R S R 5 S IR AE
Z2[R] . 2009.

(100 4 0. 9 fil v 3R AR (M. b5, b F g s A 2010,
128.

(1] Whae [, ™ e G 45, rh ERR (50 R O 32 11 5 ik 5 T
[J]. W 71 &% A sh1k ,2009,33(17) : 16-20.

[12] vEPRUE Pk R 2. Ok m 90 8 2 588 RE Ak i 27 T 56 sl AR 1) At (]
M7 &4 A ik, 2012,36(1) 10-16.

(13) B2 F o O, o, 25, A ) 900 55008 28 7 b X e 81 8 9
— A R G i B (0], B & 4 A B4k ,2011,35(23).
107-111.

[14] B S5, 2=, 2007, 5. b)) S s fE B R mikit S
N I]. B & 48 | 34k, 2003 ,27(8) . 81-83.

(150 S0t | 85 2= MG | sl B0 5T 45 fl IR S 00 0 2R 4 1) 40 P 42
BT 0], TR AL T AR 2013 ,32(1) . 1-4.

[16] 4 &, ZFNE, XIS AR, i) R Y EMS $ud & 9 7 2 [J].
J1 &% A 311k ,2009,33(17):101-104.

[17] MR, T eDNA 52 i S8 2 20 4 1) — SCRE A (0], BV [
77 Tl MR 45 AR 2 B 2 4, 2012,22(4) . 10-12.

(18] £ fhi, b B8, 005 . 56 it VAR F42 1 1o & vk 1) T
e (1], W M5 B4k, 2013, 11(2): 11-14.

YE& TR

W WE(1974) B EPEA E Y TR AR B I A s ik
AT A 1R S50 R T A,

BAAPE(1963), 55 TLIR RN 3 S LRI, A= s ) R 458 A sk
B RGBT BT A AR BT A

F B (1985), %@ HRORK A, TREIE | A ZE 1 6] 77 51 $ 38 )28
YA LT A AF & TAE

THEFE (1984), 5 L@ A, TG )N ZE SCADA i H 4%
JIR %5 77 16 9 BF & TAE

TEBE(1982) B MR, TR N F i 5 R G0 H shik

0 F G 5B T4 THE
(F&#% 17 7)



L 7
2014 429 H

S I N

Jiangsu Electrical Engineering

H334E H5W 15

- MEZ WS B R

—ife 35 kV HL A 2 HL R B RS B 09 2B A b FR

5 %

(SRt d 2 7 V98 SRk 224002)

B O EABT—ARBKWVEEXCELRECVDEFLAFRBE TS A, ELEEEFRAEGEH BB CVT
M F R IL AF X B R I P A A ZR S AT  SF RN Ay ik A SR E 4R AR X B R e B f b KR & BT

K FH,
K ARV ELRR LW, 5, Bk
FE S ES . TM451+2 X iR E B

AL 25 o F R R (CVT) AH AL 4E 1Y B
G o R RS A RBUN R 4R
TR A0/ AT RSV 2Rk [ Bk I AR
ARG f A SR T HAT T Iz N T R G
HUFE TR & 4k fR o R mfs , Sk [2-513
SRR R — AR CVT Fill, 82 050 sl A 55
P AT JE A D SR I8 T e AR B A v A P R
FHE$E BT BEIF I AR AIE , il T 4 il 8 28 i T 4
P B KA EA S A FRCE A L A B R R
225k B BAT I A — A S A A AR 5
Tk b R R A R CVT M AR ik,
5 B EE MR gs R H R, DI S8 TE Jr ik 1 i
PE | Ry R 04 A B S B AL P R A

1 CVT MEHRIE

X35 kV CVT 1552 WVP35-10HF, 451
JRHEE 1 s,

R v 5| 2R

_—C

L
J
= F

1 35 kV CVT W&HEIE
CVT FZ M50 Fde | FL G ORI 43 4 i
G BT, TEASHE b A o3 T A i H i =X T R
YA T K, L2 0 P 2 18 v s S —F R 22 b i 2 3 %%
B AR w5 71 A BAS 2 i 5 R R T Y R R
TR R LM i e b vy T AH % B E AR EK
e (N-E ))& F R E& &N, 24 CVT fE#kE F

HCAS B H7.2014 - 04—-03 ;15 =1 B #1.2014-05-16

XEH S .1009-0665(2014)05-0015-03

il I, 4% N-E 834 3 5 Wi g 5 W 7500 N-E %3
F R | LR BT ) TR A N R T ] AR 2 RN AME FL T
7 BHJE#R ORP e f P A A (6 B T 28 IR A AR R
AR HP RS R A R SR AL S M L B R, R
TG R R B8 4 i M M X B Rk &
CVT RN EJEE i EBEE ¢, Mo ERE ¢, &
IO AL) B FEL 25 00 R A | 0 — W 1) v R R B Sl TR | 284y
FE A sk 51 A HLRE PTG,

2 HEER

35KV AR — W E L E 2 Fros, 2013 4F 10
H 16 B, XF 35kV R AR AL sl 4T 35 kV # 4R ks
&, 35 kV [F]Bg S 248 4 3B 45 i 10 kV #2728 131 4%
FIFR T 35 KV ZRAEAE A9 10 KV 224 139 LR8I i« T
FLF7 AR 139 LR B SO AIL R R 8 1 10 kV BEZR | iildh
RAZ 10KV &#R5r a0 i Eh AR 78 35 kV R 7R 334 4k
JEAR AT o TAEN A Z — 1% R4S (2005 45477
BT 334 4Rk A ML

35kV H# AR
334 £k

!
10kV 4% 131 EIT
i

2 35kV BERTHEIL—XEEL

FEXS AT BT IR IR B 3 FRAR AL AR 4 = P 22
3K, R Megger HLES5E4% N 2500 V1% 2 2% i BH I 1)



16 Towom oL TR

T T 2 0 T L 25 A (B 48 2 B BHL, R TR R 2
L AI-6000 BU LT A A #GEI & C,, C, g i
FE LRI RS Y 2kV, RIS R NE 1 TR,

F1 HKRIB4EHET A BEKEER

2007 K EN/€ET
FHE  AIEEE EBRAE O SERAE
WUEW AR /pF 11080 26185 11 080 26185

5 H

2 1) 2 2% /IMQ) 75 000 85000 65 000 0.0 133

LML A G /pF 11006 26 194 11 000 66 620

I I FE AR
15/ % 0.017 0.031 -0.094 B

MR T TR W . (1) 7R 334 el R4 A M
HLZEC, M 00 B3 10, 446 % W B Hl 25 5 2007
ARG RS TC A AR, (2) ERhAR 334 LK EAE A M
SHEHRES C, 4B BAAUA 13.3 kQ, it /N TILd
A4 HL 7 R A R A A B e LR A ARG A8 1 06 R A ) Xt
CVT F & HL 25 2 446 2% F BHL %) R0 52 A (% 1] 446 2% H BH =
5000 MQY) ; HL 25 ot 1t 36 $0HE AR AR AR K | J i 8 i 1 iR
FRARXT CVT 43 He 25 4 A0 Bt #E U0 0 2 (E (FRL 2
HEHMEZE<2%); EHRAENTBAE R 7, 70 B F A
IR | B AP BRI A (8 RSN R TR R T H
2t ZYGR R IR T REHEBR AN TS, IR 4 AR
N

DA ER AR 334 2R A A A 5 HL 25 R4 TR HL 2§
Y HL 7S AT B AR I e e e 2 0.4 KV, T
RIBFNEER 2kV,

43 BT B U 90 A7 328 56 v 4 25 e BELIR 56 mT DL OE R
11,40 B FE 150 AR BB A5 Hh A A8 #0284 b R R AR
334 2R AR A FHIN B[] % v oA e R 4 I Bk B R R
r R AR R 25 0l G T B A AE (RS ) CVT — MRS
Bpoh SR G50 Jerh s ] - PR A ) e e e
ARMERS FL L TR 2 A R 2R 0 P i, Er A4
S o BEURT L 25 B A, T 0 S L 2 19 246 5 e LR E
FE AN EA% DRt o] 2 b ) TR R e L R
BTN EAE, L TEIEAS B 32 A A R L AR A
PRE I A RCE5 S W8 BT I2: 43 e e 2 o 2 R B T

3 HRGH

T SRS R FH R TR X e A R A 4
Frim g0 FE R an &l 3 TR R S i A R AR R
R R A TR G A R IR A5 R 5 A
I B BEAT LA, DTSR b A O Y
Ci,Cy BRI UER

B4 0 M A R A R R A R R R LAY
C a1 9421 pF, BB & rh | PR SRR AY B HL 25
Cunh:

:3 5% e J:c12
@ T 6

: 3 G

- G @ Ry R% Cy
B

B 3 RiE%ENEREEAENN FURENRE
Ciy=C,xC,/(C,+C,) (1)

T4 C oy 9441 pF o JCEE TN HY Y L A L 25
SR A ORI ) e R R IR 22 0.21%
P I AT DA 2 H ORI =Y ¢, ¢, B, ITEIE T
o3 F HL 2 o o B HE T

B J5 AH1Z CVT Uk 26 Bl 1 446 % v LA B30 R
BHLHEAT T4, 55 2007 4F 3056 5040 A L 3 I8 B 1B AR
A, 2118 2 T TR AR He 2 O TSR

ZEA UL I A R mT LA . AR 7R 334 2R % AR
A MM R AR T G MmN, B35 5HERITTE
R YRR 6 A (AT ) RER IS
REARIER . ZR6 B1E B0 4 BT W] g2 B T R A8
TEAFHL AL R R 7R 334 Ze BRI 110 KV B{RAE 1
ER7R 334 VLRI AR 0 HF R, PO AR R 5 1 2 Y
Al s s CVT v ) 4% He 25 1 Fi JR A o Bl 7|
A ) P B o L R ) R LS A A

P FEAS AT AL B TR ) AR A UE
ST HCEE CVT 145 FEHL 25 1 B B o 28 4 6

4 FEIEMEIL

X AT A HEAT 45 H A T I 0 & I A A AE AN
N T OE S N AR SN S N vt A i W3 0]
CVT Wiz 17 FIAAE TAE$E H LUF By 15 it A i

(1) I 45V A A AG J 3 X6 28 W) 48 S 1B i |
FIW CVT Fl[a] -5 () o R B R A AT — R & i HE A
b4 o B TR E G

(2) fns® CVT W@ 74y TAE , SR 2 /bl i iy
FEREFIXT CVT Ui o R S 800 Wil an & iz 17
) CVT &G R 50 S S, W S B RO
R U it

(3) A MR LIS CVT 762 W s | S iy
M HAE AR | Bt S PR £ S 3

(4) B UABIAT R 50 B R L A T A 5 R 5K
I, JF5 D s Bl AT T I S o 4 RN e ok 22 A
J7 U HERR T AR A0 BE 1 A8 B S A A BB
N S7 BPAR H B AT RSP A A

(5) RIMGBEae i@ W& T Rtk s T2




P, — R 35 kV 7R R R R £ 23 BT R Ak PR 17

SRR EFPERE AR T U A O F A 0 TR A R HL R
pI U 1Y Y vy g N

5 Z&RiE

B —2 35 kV CVT 7E 45 H 47 55 vh 12 W i
(043 T H, 72 i o 0 e B T 32 01 0 1, DA Bl b
TR R e DR R AR SR JE I LA IE | fe
ZAghgiie, SRR AT IR A ST KR
HATEHFEXBLSERFH LRGNNSR EER
R A e a6 b | 24 % BTG A5 3l 06 B0 s a6
B E AR N AEHEBR AN R S T B AR AR e
K5, B — 20 A 0, B 1k 5 RS SR W, i 1
S5 SR R N SR S (e ) T A A O AR
JF38 2k A 1 5 m LA SRIE

S % Hk .

(1] XU 5. A ) A8 i T e AR A5 4 — W (M b st v [ R 27
B A L 2008 ; 59-60.

(2] 2= M ke 5. o 25 3l TR B2 6 A B 18 B0 42 0 7 5 e e
St (7). DU 4R 2010, 33(3).84-86 .

(3] sk, JUGR Ho 2% o H R B JER B 20 7 [ V95 E ML TR
2012,31(3). 15-16.

(4] X0 . f 28 2 R B RS 40 e A 25 A 46 300 3 0 3K o) 7 3 1)
ATV LT]. H T LA . 2002 (3):34-35.

(5] BREIOE B BB ok 2430, — ke i 25 X i e i Jskts fl i A G
W43 L1703 AL TR, 2012,31(5) . 15-16.

fE# i
o ME(1988) 55 VLRI, BB TR A5 e g i e R
B TAE,

An Accident of Voltage-Dividing Capacitor Breakdown of 35 kV
Capacitive Voltage Transformer

JIYe

(Yancheng Power Supply Company, Yancheng 224002, China)

Abstract: This paper introduces an accident of voltage-dividing capacitor breakdown in a routine test of 35 kV Capacitive
Voltage Transformer (CVT). According to the principle of CVT's measurement, the causes of the fault are analyzed. Some

other approaches are adopted to verify our analysis. Preventive measures for similar accidents are provided.

Key words: capacitive voltage transformer (CVT); breakdown; preventive measures
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Massive Historical Data Management Technology for Large-scale Regional Power
Grid Dispatching Supporting System
PENG Hui', ZHAO Jiaqing?, WANG Changpin', DING Dexin', DING Hongen?
(1.NARI Technology Development Co. Ltd., Nanjing 210061, China;
2. Suzhou Power Supply Company, Suzhou 215004, China)
Abstract: Along with the trends of expansion and intensiveness of operation management system of electric power grid, the
monitoring scope of regional power grid dispatching supporting system expanded. The historical data management technology
only based on traditional RDB or time series database (TSDB) can't meet operational demand of large-scale regional power
grid. The newly developed massive historical data management technology based on TSDB combining with RDB and file
system can solve these problems. The paper first introduced the architecture of the management system, then described the key
technologies for high-capacity, high-efficiency and high-reliability problems, which is followed by an introduction of intensive
application of the technology. The technology has been applied in Suzhou, the biggest city electric grid dispatching supporting
system in China. It raised the dispatching level and provided strong technological supports to smart electric grid construction.
Key words: cluster of time series databases; TSDB plug-in technology; mapping between keywords and labels; dual cache;

multi-dimensions history review driven by history events; PAS based on accurate data profile
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An Accident Analysis of 10 kV Handcart Switch Cabinet Control Circuit Break
LU Lin
(Zhenjiang Power Supply Company, Zhenjiang 212000, China)

Abstract: The control circuit of switch in cabinet directly affects the operation and the executing of relay protection.

Abnormal control circuit would lead to tripping failure, which endangers power grid's security. In this paper, the control circuit

of 10 kV handcart switch cabinet and the switching mechanism circuit are analyzed. Also, the reasons of control circuit

breaking are summarized, and the methods for inspecting faults in control circuit are proposed. A detailed analysis of the

causes and the treatment methods of 10 kV capacitor switch control circuit break in al10 kV substations are provided by using

a practical example. This analysis provides a reference for future similar problems.

Key words: handcart switch; control circuit break; monitoring circuit; contact; overtravel-limit switch
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Study on Definite-time of Zero Sequence Over-current Protection Settings

for Low Resistance Grounding System
BAO Youli', JT Dongfang?
(1.Wuxi Power Supply Company, Wuxi 214061,China;
2.Guodian Nanjing Automation Co.Ltd., Nanjing 210032, China)

Abstract: The zero sequence over-current protection would clear fault in low resistance ground system. The fault current

contains the short circuit and the capacitance current. Therefore, the effects of capacitance current on zero sequence protection

of 10 kV line and transformer backup zero sequence protection should be considered, especially for the value setting of

definite-time of zero sequence over-current protection. The direction of capacitance current and fault current of 10kV line is

investigated. The quantitative effects of single-line ground fault on line zero sequence protection and transformer backup zero

sequence protection are analyzed. It provides a reference for coordinating protection settings between transformer backup

definite-time of zero sequence protection and 10kV line definite-time of zero sequence protection.

Key words: low resistance grounding system; capacitance current; zero sequence current backup protection; setting value
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Bus Load Forecasting Based on D-S Evidence Theory
LIU Yanan', WEI Zhinong?, JI Cong', TANG Yiming', DU Chen'
(1.Jiangsu Frontier Electrical Power Technology Co.Ltd., Nanjing 211102, China;2.Research Center for Renewable Energy

Generation Engineering, Ministry of Education, Hohai University, Nanjing 210098, China)

Abstract: In this paper, based on Dempster-Shafer (D-S) evidence theory, a new bus load forecasting approach is presented.

The proposed method will firstly establish the weight extraction model and weight fusion model for BP neural networks,

generalized BP neural networks and SVM bus load forecasting models, respectively. Then, by using D—S evidence theory, the

weights of three forecasting models are fused. After the extraction of fusion samples of evidence theory by analyzing

forecasting data, and multi-fusion result of belief function is taken as the weight of bus load forecasting model, by which the

bus load in the future is forecasted. Finally, simulation results provided later show that the proposed method in this paper are

more effective and has a higher forecasting accuracy than that by using only one model.

Key words: BP neural network; SVM; D-S evidence theory; bus load forecasting
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Research on Transmission Network Expansion Planning of Power System Containing

Wind Power Based on Improved Particle Swarm Optimization
ZHOU Jianhua', SUN Rong', CHEN Jiulin', YUAN Yue?, YUAN Xiaodong'
(1. Jiangsu Electric Power Company Electric Power Research Institute, Nanjing 211103, China; 2. Research Center for

Renewable Energy Generation Engineering of Ministry of Education, Hohai University, Nanjing 210098, China)

Abstract: In this paper, based on particle swarm optimization algorithm, the expansion planning of power network containing

wind power for relieving transmission congestion is investigated. Inertia weights and acceleration coefficients are critical

parameters in PSO algorithm. To avoid local optimal solution and to accelerate convergence speed, an improved PSO

algorithm with self-adjusting inertia weights and acceleration coefficients is proposed. The simulations on the IEEE 39 power

system show that the proposed algorithm significantly reduces computational time to obtain the global optimal solution.

Key words: transmission network expansion planning; particle swarm optimization; inertia weights; acceleration coefficients
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Solar Photovoltaic Battery Modeling and Dynamic Characteristics Simulation
YI Guiping, HU Renjie
(School of Electrical Engineering, Southeast University, Nanjing 210096, China)

Abstract: The solar energy battery is the core part of photovoltaic generating system, so the photovoltaic battery attracts lots

of researchers' attention. This paper analyzed operational characteristic of solar energy battery plate. Simulation models of
photovoltaic cells and MPPT are built in PSCAD/EMTDC software. Simulation results show that the output power of

photovoltaic cells can track maximum power point well in the condition of light intensity changes and can produce maximum

power in different light conditions

Key words: photovoltaic array; PSCAD simulation; maximum power point
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Research on the Coordinated Operation of New Energy Power Generation

and EV Charging Storage Station
XUE Zhongbing, PENG Cheng
(Yangzhou Power Supply Company, Yangzhou 225009, China)

Abstract: As an important part of the smart grid, the first-class distribution network and its development are directly related to

the access of new energy and the popularization of EV. Combined with the actual development of distribution network, this

paper presents the study on the coordinated operation of the new energy power generation and EV charging storage station.

Firstly, the coordinated operation adaptability of energy supply between new energy power generation and EV is analyzed.

Based on this and compared with existing demonstration project, the coordinated operation mode which can improve the

absorptive capacity and realize the overall benefit maximization is proposed. Last, some suggestions are put forward.

Key words: new energy power generation; charging storage station; first-class distribution network; EV
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ReactiveEnergy TotVArh To Vi fg hk
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Distribution-mode Smart Substation Design Based on Prefabricated Cabin
SUN Jianlong', LU Donghai®
(1.Economic Research Institute of State Grid Jiangsu Electric Power Company, Nanjing 210008, China;
2. Jiangsu Electric Power Design Institute, Nanjing 211102, China)

Abstract: Considering the difficulty in current power grid construction, the compression of construction cycle, the more
restricted environmental requirement and the increasingly intelligent and fineness of substation equipment, this paper proposes
a construction model of distribution-mode smart substation based on the prefabricated cabin. The characteristics of this model
is analyzed, and the design scheme is introduced. The smart substation includes two parts: the intelligent primary equipment
and prefabricated cabin which integrated with secondary equipment. The two parts are connected with prefabricated cables
and prefabricated fiber optic cables. Besides, in this paper, the structure, the inner layout and the wiring and operation
environment of prefabricated cabin are discussed. In the end, the concrete implementation of the method is provided. Also, the
analysis of technical and economic significance combining with practical engineering applications is presented, which
provides reference for future prefabricated cabin based smart substation construction.

Key words: prefabricated cabin; distribution-mode; smart substation; plug-and-play; construction efficiency
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Research on Intelligent Access of Feeder Automation Terminal Equipment
WANG Chuanhua
(Jiangsu Xingli Construction Supervision Consultancy Co., Ltd., Nanjing 210024, China)

Abstract: On the basis of the IEC61850 communication system applied to feeder automation, intelligent access of terminal
equipment to the power grid is achieved by using the interchangeability principle. Based on resource definition mechanisms
and incentive demand resources matching mechanism, automatic object data matching model is realized with the production
resource [P address from GIS system. The established topology model of engineering system achieves object-oriented
equipment in the system. The difference between feeder terminal model and distribution master model is eliminated by
replacing the SCL model into the CIM model. Through resources determination, associating, topology model updating,
resource object connecting and model transforming, intelligent access to the feeder terminal is achieved.

Key words: IEC 61850; GIS system; topology model; SCL model, CIM model; fuse
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Synthetical Assessment on Distribution Network Planning Scheme Based on

Catastrophe Theory
JI Xiaoming', CHENG Lexiang?
(1.Sugian Power Supply Company, Sugian 223800,China;2.Nanjing Power Supply Company, Nanjing 210019, China)

Abstract: To evaluate distributed network planning scheme effectively, a 3-class evaluation system including technical and

economic aspects is established. A catastrophe theory based synthetical assessment on distributed network planning scheme is

proposed. The proposed method adopts normalized formula to extract catastrophe progression under the assumption that the

state variables near the critical point do not vary continuously. Therefore, it differs from ordinary methods in terms of using

indices weights, so that subjective factors are avoided and decision obtained are more objective. Finally, the effectiveness and

accuracy of the proposed method is verified by comparing with other methods on an actual distributed network.

Key words: distribution network planning; synthetical assessment; catastrophe theory; optimal selection; catastrophe

progression

(L35 50 )

fE#H T .
WL (1981) 5 JTAL R LA, TR M 3 A Sy 2 4800 45 4
TAE,

TROCPE (1974) I L RE BN W 9 TR, NS J) RG24
R o M S ol AR
b % (1983) L DU SR AL TRE U AT 16 43 7 FiniE

Frga il AR

45 H§(1982), L I EE 2NN DRR W, NS ) R G
S AR

L (1982) , 53 1l wg I 40 A A+, AW, ANl ) R G A
S AR

fuf 205 (1978) , 53 , WG MR AN A L+, ARV, AN = R 7 R G2 o
L AR,

Realization of Batch Calculation of Transient Stability Control Based On PSD-BPA
CHANG Baoli', XU Guanghu?, YI Yang®, LI Min', XIA Yanhui', HE Junfeng'

(1. Nari-relays Electric Co. Ltd., Nanjing 211102, China; 2. CSG Power Dispatching Control Centre, Guangzhou 510623,
China; 3. Guangdong Power Dispatching Center, Guangzhou 510600, China)

Abstract: The calculations related to transient stability analysis and transient stability control are time-consuming and

low-efficiency. To deal with these problems, in this paper, the batch calculation of transient stability control for multi-case and

multi-fault is realized. This method is based on the SWNT program in PSD-BPA software, the project-case data management,

the custom defined data cards and fault file and the automatic identification of system stability. The method significantly

improves calculation efficiency.

Key words: PSD-BPA; Transient Stability Control; Batch Calculation
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A Discussion on the Integration of Offshore Wind Farm into Jiangsu Power Grid
LU Yan!, TAN Jian?
(1.Nanjing Power Supply Company, Nanjing 210019, China;

2. Jiangsu Electric Power Company Economic Research Institute , Nanjing 210008, China)

Abstract: Combining with the last constructed offshore wind power farm in Jiangsu Province, the selecting principles of

integrating voltage level and number of connecting circuits are introduced. The reactive power balance and the court-measures

for inner over-voltage of large-scale wind farm connected to the power grid through a long distance transmission line are

discussed. Based on an engineering project, a method for reactive compensation capacity calculation for large-scale offshore

wind farm is proposed.

Key words: offshore wind farm; access voltage; HV submarine cable; reactive power balance; inner-overvoltage; reactive

compensation capacity



T 75
2014 4E9 f]

BB TR

Jiangsu Electrical Engineering

933 % 5 59

—7Pole T R R R T AR A TR

B R AR, R
(E R rE 5t A Sy A PR | VE95 B At 210032)

W OE.ERZH RS L AT AR 6 R T Bk THORE AR IR T ek B ML R A A R R
IR R REE, 2N T Bk L L RN TR T AR FHFRERELRE T AN R AP XL RAR G LR A
At FR A e R W Ok SRl EMTP 5 A EIER T Z 5 ke EA b %4 AR TAMNE & EMm b R R ELE P

0 B EEE A A

KEE AR e R R R B R M

FES XS, TM726.1 X E IR ER B

G e 2 R TR AT AE AL, 2 A AR AR I S TR 4
O R A R ) LR IR B AT 2R
s Ay P R B AR AL 70 6 114 0 B Dy PR e kB, T G
80 %6 LA I S Ik I A ke o B o s I
W s s A M T i e I P R R A AR E i AT e TR
PR B A A PR M A e e A X e R R RS
o 45 i o A 7 5 R A K A T R T 3 PR 3L 32 W
AR I (8 RS, Xk e T Al PR A AR Al R e
Pras M IR HLDUAS 2 Fh I A0 Jo & S e R 52 v
JEn] RELL AT &, B H H S W eRe X 2R G i R K
i i 5 1230 PRI A IBC F T 2 K R H R )
RN

AT AR [ N b SR AR L R D b AT 1K
MmTse, 4R TR E AR A SC R, A STk
(46 ) Tk B K 52 v s ) W 1 R 07 465 i A 341 531
BRI/ X 4 AN T A SR A il LB
3 5 SCHR [7-91 R 9 52 v s 19 R /N oA ) ) 24 Bl 2 71
it BT I FL T e PR T 4 el T S ke el /MK A
Je o P A1 P VAL 5 0K 2 P R RS 1940 DR/ 2 oy e i Pl 2
HUR AL IAE TS F AR A PR E IR A BRAIE LA A 3
A I A BRI 7 R A S P s R R v 3 IR o 7 — 5 K
MELAT P e 52 F e 3+ 5505 06 RS i v R AR 8 O
B A T 00 WS A AR BT S A AR A
B AT B AT BORT B OR A 32 A RS S L S R
A B s 47 S far A T R B O W A L R A 7 56

1 BiRERE

FAGE S e AR HE LRI | i A B A 7 i A B
A BT W 5 o i SOOI | B A 2K R B
FeAR Az AT ik B AR e 5 A A Y FL AR A R R
R 5 (o5 T A 7 77 A 5 DK B F s | JHL i P R
PR AR 1 P T P S 5 P T 8 2L B, X A I 6

WCAS B H#1.2014-03-23 ;%=1 B 49.2014—05-09

B %S . 1009-0665(2014)05-0059-03
PP TT LU BEAT m BRI 1 s B ¢
LB R A C, Rk BER MRS 7 AR B B

. 7 .
A Una ;\/\;\/ Uxa
m 1 L
g Yw AN U Y
Ue| | T T2 “CI7 0 o
c AN
T T TGR CR2T T T

B 1 ik v BSEER
DL A FRIBE PR SCRh B E 4T 40A, P 0 A AR T
AT S, B B AR IR S S B R B Bt AT g3
BT, 224 Mk B4 55 P SICREL K BB 3 2% SR s T K
Bl o RS A B TR o 2, Hob o, {4 AR (B
HC)XFF BT TF A0 (A FR ) 1 o R IR FRL TR | U, 5 {4 A
HLUE IR LY, 7 SR 2R B ELBELBT B B (1 H R
JEW] DL R Ry tiensd,
U=+ Iyc )2y (1)

Horh 7, Sk A B 2 A ) ELJRRBELL

U MA ( ) ZS U NA
W UXI
C,.2 C.2 I o
UMB é) UM(‘

B2 AMRKAESERE
1.1 BRE SRR AR BRI E
th T A BLPLZ AR TRV /NME 2 T L

AT S A e PR 15T 2 AR I 3 st
Py &L 3 767 A A5 (B LI FT 80 . M B L R Oy, T TR



60 S I N =< | R I =

U,

X‘“ J J; Xm G|>
. . 2X 2X . .

(U + Uy )2 z£° “I(%wwﬂ

B3 AMEEFEELEEER
N FER .
Unn=k, (Uy+ Upge )2+ by (U Uy )2+ kU, (2)
KAk ky kg R R E R R 04 S5 (B B BT (B, LM

I ;

L 2XIRX X,

h= k= N X X+ X )
2X,/1

k XO Xm :l (4)

STOX X, 42X, X, 2
A W FF B BC W AHZ 47 B % 7 I AT DA 2K
(5)5'%%%:‘[1;[14717]:
31MO=1MB+iMC=3_iMA/(L+2532L ) (5)
le
A [ ARGIEF BT M I A AH R 75
Z,5 53 0 R W s 1 1 8 IE P 5 BELE
[Z:OZ:Z:MO+Z:O+Z:NO 6)
‘ZIZZZMI+Z1+ZN1
ST 2 2 20 YT MR BE N 2R 50 A2k 6 1)
EIFMLIL 2, 2 7, 50800 MRS N R S
B IEFBEBT, VMR B AH (C AHH R R LA My
MLk R
l:]NB:I:JMB_I:MB'Z:s_[:MC.Z:M (7)
UNC: MC_IMC 'ZS_IMB Ly
A e A A2 BB A S e AN K, H L R AREAE AR b
RN — et B AT SR R AN S A,
UMB+UMC:_UMA (8)
(1) (5) (7). (B)iF AR (2) b K5 L
My ZR A AT AR Ry

UMAz_kUMA_ %?JMO (Z§+ZM )+%1MOZM=

_kU‘MA_ksI.'MAZ. (9)

O, Iyp 0900 RGEE R BTG A K M i
FEFNERLI sk, ke B350 R

X, wC,, ¢, -C,

kaf:Z&+Xh:2wcm+wC0:2Q+C0

(10)

h:%42y-kZM-k&>u1+2£@4 (11)
Zs

K. €, Co I N Y IE P R M P LA, A%
W7 I R PP S AR O R T 1] B AT 4 B

4 REREME

1.2 KAk R B A i R

AN RIS | R R A HL TR [ R R A v
A HL T A B 5 L TR AR AR LR B &
(E AL IR i 5 B i MR SR A T i B o i oL T PP LS
M L RAR N AT HL R 5 v DR LR i e 2k e
BRI, 3 A i i P T B/ 22
1.3 mERBRESH

ARG L2 BT (B 20 09 IE 3 H A5 08 )7 e
BRI B a F R B S A BT O R R S R
GEMR R BT S B G R | R ik 5 &
G 00 HL S S5 Rk D R 5% AR G T A G K
52 FL TS M 5 AR 0 R D RO RO R T g | AT
T P K I 3R Bk 2k e 7 ARSI I HL T 48 A DR/ MK
S FL TS S0 | DA T i 2 BAAF 5 I ) %

M EIRIFHTAT, 3 AR R S TR B 2N
Bl R R R B rp X Rk Rk (AR E
{ELRFF T, W T — AW 22 A9 42 %, 7T LA FH 2k A R 52
SRR E R E | SRR BT 5 2 AR S B B, )
FH PR A 2 2 b ) 7 3] 9 26 % i T 5 20 (8) IE W i AT
A 5 B VR O P TS R AT LA, R 25 AR — 7 Y A el ]
591 g W S PR B 7 WU DAy i K P B 4 I SR A i 3
O R I S A0 (L 2 307 T 1 A IBORS ) B 2k i S 0
W5 AL 2 MR 28 XHZ IS B2 | R TR 2 I X
FE RN,

2 (fAERIE

21 HERZERESH
S BAE S R A E TS e M, R
BEALXG BT §2 07 15 64T T o0 M S e R SR Y T B R
500 kV PIHLRSGE , W& 5 Fios M N SRR e i
BARLESECN R, =0.022 O,R,=0.183 O, L, =



BE IS A — e vey A P 2 B O H R RS A B TR 61

| Y S@
O 1C

B 5 hER%
0.28 O,1,=0.86 Q,C,=0.013 wF,C,=0.0092 wF. M il
RY5. 7 =0.6648.4j 7 =1.13+1438), NMHEZ.Z =
1.1+14j, 7= 221+ 28.1j.

22 FHEERKRESW

K HI EMTP 43 B % AS [ 26 fi% 4 13 A0 AS TR ) £
(VK 2R E AT 05 B, 2R K EE 43 1 R 50 km, 100
km, 150 km F1 200 km B} | P i 635 AH £ 22 5300k
60° ,45° ,30° Hf BRI b s R A A KB
HCBE B 7E 100 ms BEIF | M ot 52 H R 1 3 R
SEBRE AN 1 R, RT3 0 52 H i Sy e 8k
FFJ5 500 ms B ZI (A, RAEA R 2000 kHz,,

F1 HEERTLE

ZE KK E /km
50 100 150 200
BNV 795 802 76.1 746
60° A 78.9  80.0 757 741
W% /% -075 -025 -053 -0.67
EqUN() 773 7718 712 692
45° iHHEAE 768  77.1  70.8  68.8
W% -0.62 -090 -0.56 -0.58
EqUN() 73.8 741 651 617
30° THHAE 734 736 646 612
WX/%  -054 -067 -0.77 -0.81

WE R /kV

HiZ 1T RUR Y, B8 07 vk 5 92 PryB AR 0 15 22
ANT 196 x e Hefi e 2 | RS2 R T PR RN 2R R
JE ik O A —E B ORAR SO R A R 5
SRR B IE R 84T T ORI Z i i 07 R HA
AR v B MER L O FLA5 R 5 BE i — 2,

K6 J2 A AHIGEIS PR SRR IS A AR S HL R Bl I 1]
ARAE A el AT DL WA R TR AR S B B B —
B[] 17554 I 1) BR AR B ) S 800 KR g isfTh
FARHEE A I A I 1] — BB, PRIUE T A R B YRR SR
P AT IZ N, % T LAAE S BT BR IS 300 ms
ZIR PO LIRS KR R ) A R

100

U/kV

50

0 L 1 L L L L 1 L L 1
0 50 100 150 200 250 300 350 400 450 500
t/ ms

6 A TEERR IR RS R E

3 ZXRiE

AT TSRS RN R R il T EL
AN I I HEL T A5 1 R 2 b S BT T B RS B 0T S R 4
B AT SRR B, B T A R 582 50 1 17 L
LR B A B R K 2 R R I TS D R IR IR IR B
ik EMTP 7 545 R 1zt 5 07 ik iy i 1 |
W7 SR R AT B AR /N | AT TS AN T B FL BT
i 1) v PR A L e B
S % 30Hk .

(U] RSE e, F 2 ar B WL s I B Pl e 4 A 4 I B AH 1 3 oy B 5
I i 1 331 i ¥ LD ) # ) R 45 A 4k, 2008 ,32(6) : 81-84.

(2] Rz et PRI, [R)AF 0L 0 iy el 2% i A Tk 46 el 300 5 0 42 vl 1 ().
TR R AR 2003 ,29(10):22-25.

[3] B fE,BRR 4, £ 2. R R B A [ 38 6
JEH (0], w5 R 2009 ,35(5): 1005-1008.

(4] Ak 2 A1 Wb A b Vs 8 s R £ s b VR At el AR IR AR 1 1) 43
W], w s R R | 2006,32(3) . 7-12.

(5] PhEBK A, Tk, 28 DR R A e 0L [l % B 4 250 7 1) 3 5 4
Mr(I]. w5 f R AR | 2009,35(4).737-742.

[6] Xk 35, B3 4k 5. 7 IR 56 Pu 2 (08 / e v R il 2k Bt
PR 3 A T R 4 (DL B R 2006, 30
(18).29-34.

(7] bl 72 Ao HE . R rh b 0 F T 4 50 0 o T i b 26 A 1 O
o7 £ i (3], A\ B4k 45, 2009,29(3) : 89-92.

[8] EXET X IF 4k & 3T Bl AR Gk i B AE B 3E 1Y R A
W e B ] v B R PL TR 2446, 2007 ,27(10) ;. 49-55.

(9] AN 4R , INFHFF A5 A5, 7 D006 F B 245 i v 26 B 20 M 1 3h
A T 7K A i Y TR0 D A 5 (0. o ) A B TR 2 3R 2006,
11(26).75-84.

[10] R mhnis 88 SR, A L% 7 I 106 i B0 25 i b 2 B i A i

BRI 7k ). b AL T R 2A 4, 2008 ,28(28) : 80-85.
[11] 2= R 2T, S v 22 0% 0 AH I i i s 1 20 0T 5 (0] 4k ol 2%

2007,35(26):102-106.

[12] B ¥, R O0P. i v 5 3G W i A 55 B0k K e 22 (7] 4k

H1L %% ,2006,35(26) :246-250.

[13] B 3% 4R B 55 A0 . 5 T o IR M 00 R 1 T il 488 J o

A A T A (D] 4k HLER 2007,35(22):18-22.

(141 5558 rb 72 A F1 3 54 07 5 A v 0 590 5% e 0 7 R IR 1) )y

W U], P 25838 KA, 1984 ,18(2):23-32,

(151 5 it Rl 4 b 2R % SR AE B 8 304 07 b ol R 04 (9 15 0F

[J]. 1 &4 A 814k ,2000,24(6) . 44-47.

[16] T2 s JEim & W07 45, i R 88 A 3 M 4 T 4R [T].

LI AL T R, 2011,30(3).81-84.

[17] RsEs TE ¥, =50, 45, W A G B 4R O 1 3 5 I 20

fieis 4100 (7). IR L T2 2014 ,33(1): 18-21.

L4 I BT

FEF fai A .
fEIH Z2(1983), 55 i ACIR N A TR | DA = 5 i 4 H £ 3 A 5% O
K IAE,

(F#% 657)



T 7
62 2014 4£ 9 /]

OB TR

Jiangsu Electrical Engineering

$33% 45

S RREAR B P2 B P O R T 5

(B it 28 &) V195 BT 210019)

B OB AR

SEP B ROFEAHMBBEREFRL—NRE 2352 F” ARASFEAKFHEOLRELA RFFEH

e FHBREZHNRFHIENER, LI FPELEMRETAITHBRFEEARTORAKEAEE SRS REME R -1y
FHEBALNEHRF E LRGP R R T AR EREERAEABRERFRELEBIRT I FIR K FREEFT R

B3 R K A ML

5 B Ae dG I SRk BL A R ) T AR AEE R B RARIR R 09 BCT KRR EL — B 4R 69 R AR L

T, FIE R B LR Z AR Pk S — R GRS Pttt

KB R R, £ R B IR R AR IR
FESES . TM774 X EiARER B

B Be AR FL A O R OT I B0 R A T R — AR
£, euidb=r Ak ORI L
IEC 60044-8 (25K (e RAEA AR ]I 1 kHz,2.4
kHz Fll 4 kHz H 9 AF & —Fl) 6 Tt s as  HoRFE
RAE 8 kHz LA b % T L R 0t et 9 7 2k R4 T U000
BE HOREEFRERAE 12.8 kHz Pl 12 DL/T 282—
2012 W R A FF 5L o0 N BE AT L B R AER | LU 2 3
AE AR HL A4 B FR TR B (IED) IR R ok, IR
AR AT B b A IF BT R B B D T B R
RILH ) DI RE | (R A R A R4 () R B 75 22 IR
22 B U475 T BB IE A F ) B DX 3R & s A 8k T
55, SOl et — P A R A ST
22 BRI 43 SORMEEE Z [ 3R (1 PR 4 —

1 SRERESLE

2 R FERAG 5 A B ST PR 1 X R AR S B U
A7) AT T T SR R 0 ot R B 45 A BRI PR A 7S 4
DA 30 2o il BRI 1 19 096 T L S AT 3 00 B R
FE A 2R A g L7

Ref AV R AR AR 236 L 25 Bk 2 A B3t 1) i R B R A5 5
Al R, 2 FCR RE R A1 x (n) BEBG D-1 N HL— %L
i, LB B — A #P5 , Reg U s R e 2 A
(2 AN S 22 A A U-1 DR S B
IR ) T S A T RO SRR 3R 2 ) 1 B Ak, R
FEAT AR KRy U/D, H S B 1 iR )
FOFE PR AT B O A R, HLEA
Jik R R b ()t B X T — A PR AN AR R
G5 IR AR BT A v (n) iy (n)IRERN y(n)=
x(n)-h(n), HE 1(a)n] W 36 E L F# h 0) Pi s 1% 0k
AR ho(n) P EBGE A A BTUIR S 08 B 28 ho(n) Ho ki
MG SRR f=Uf,, 8T LSO — AN A1

BAG B 2014 —04—-02 ;1% = B 1 .2014—06—09

X EHS :1009-0665(2014)05-0062-04

DEBEAT he(n) , HBRARU AR R

. U 0<|w \$min(%,%
H(e )= o (D
0 min("T 7)< o |<
mm(U D V<o | <7

\‘f\":Uf;_ .

_________

(b) "%
B 1 HEERETF UD WREMRER T %

TEC 600448 F7: 1 #L s v 1 20 30 B J i 07 Ak

i 3 B30 P 00 7 SR AR A T 1 kHz,2.4 kHz 1 4 kHz

R —Fh, B S BRI D AR T U,

FH il BRI 906 e 512 B TEC 600448 i i B A2 1) 3 4~ R

FESIAR Z ] (Y 5 e ANl 2 s

fi=12kHz

2.4 kHz

-

O e R

4 kHz

2 RIFSMERFHIRIER
SEBAT 7850 BURE R RE I B T LA LA F P2
B T T B G5 — R R | 1 4 A R



B L 2 SRR S 1 0 2 2 IR B 9 B P 5 o

T D MR T U5 = BTl 2 40 R 5% e SR
AT U A X 4 25 R PR S AR IS T A
S ) G A B T4 ) R g Dl 2% 0 13t Hobk:
RE IR P 25 42 5 T SR AT 23 5 480 1) SRR

B 7 SR FE AT BR bk b g 17 98 0 7% (FIR) | i T
FIR JE I #8 AAFAE RGN i, EZR AR A 454 |
1M ERIE b AN SR A7 BRORS B2 132 S vy, AT 4 X
FasE B R G0, FIR JE Uk #% 1T LLR A DL (e L i 2% 46
(FFT) e S8 76 B BOHA [ 1) 25 11, 32 530 13 T DA
fRZ | [Fmt FIR HA =48 09 £ A AL 10 5 DR ot S
T RAF AT R et B2 v e # FIR S8 4%

3 FHEMURKEZE
A 2o Xk £ AR 52 Ik f IS R KR B () RO B R A6

SEPRT AR bk b T B T ORESE R AR i L AR A7
FIR JE 28 Bk V|, H B 0 Bk AR 3 (DFT) Oy .

H(k):z:)h(n)e

2

=2wkn/U

k=0,1,2--0U-1  (2)

2m/U
=W, (3)

HRGHTRA(2), 155,

—nk
HOO)= 2 k)W, k=0,1,2-U-1  (4)
n=0

T — ¥ 50 DFT & LUZJE W15 91 i
AT LA AR K i B b (n) 28 807 349 93 A 7R — A B

b E S B () RECEE — A5 RS b (n) 1E
DFT, 15 31| H AR50 13
D ()=-2mf( L) ()
PUKG b (n)TEFRZERE (N=1)/2 A~ R FE 58T B89 Bk o
Wi . 351 by () ) DET 28 .
= B v ©
H, ()= X h(nt 2w (7)
2 n'=n+(N-1)/2, 0,
Hl (k ):W};[(N_l )/2] Z h(n' ) W;n'k _

kL(N-1)/2] jUEL(N-1)/2]

W = H (8)
B (n) B RE ST S92

[w’[;(zv_l )= f(N-1) N HE%K
b = 9)
lﬂ’lf]uv):ﬂﬂv Nl

I IR ATL B (n) B AR BRI

omf N2-1 N Ja 7%
D = (10)
-2wa2‘1 N M B

MRIEE(9) A (10) AT AR, N R 50 1, (k) BAEAL
K f(N-1)— 7 f(N-1)=0 ;N JEBEEF AR o f N-
mf(N-1)=mf, B N yar8ens, F A DFT A8 i 3k
(E 2 VAT 3 i O S  S T TN U378 R

(B2 3% 7 AR S B 75 G A MR A A Y
Bl R AFIERT ¢ A5 5 )P SR E M 5155 R
B LRGE I SE M OB/ A7 SER B[R] A
3 W5 B i U 1100 R I 4 00 B BR ) B 2 DR S
MATRRRR A, PR T HEABCT IR A A S F A
KEE MR K, 52 3 U8 I 4 320 2% S50 1Y) S e )N | B
Ji i ) SR AE AR E
1.4
1.2 »
1.0
0.8
0.6
0.4

0.2

[
01 5 10 15 20 25 30

=3
il

3L

B 3 i AR HY B ER i

TEFE 1 % 16 M X I 5 R MR IS i Je | i B
M=5 TERFEREAL N 1 kHz I ZAFIER K 5 ms,

4 fhEZXWE

R T B8 UE SR T B R B T AT A R, A
Matlab/Simulink Xf 500 kV ¥ [l 25 [ #% 17405 B 407
RGBAVINE 4 i, SRR Yo/D-11 4248 5%
772X R 8 T A R R I 22 Bl 2 R R SR S

M Is Is N
6 P
RS N o .
E; ’ = Es
\ECT,  ECTy|
RELAY

B 4 500 kV REEHEER

ECT, 1 ECT, J 73 3| 2 B 7072 e i 5 iy 0 A i 1)
H 2 H U L, 0 ) o A T A 22 S DR o 4R
HERFEECHE . % BCT, i b 04 SR FE 0008 R 4 kHz,
ECT, i th B KRS RN 1 kHz, LA SRBE S R 1) 2R
E RS [ 0K SR R 00 23R 2 A Ry (B R A 0 L 1 SE A A
R F U=1,#BUH T D=4, % T FIR JE % &% 2 B0 i3
Th, SR T H 5 I 38 3T J B ) 556 % S0 i i 1k
THAIE P8 2 00 R 5, 38 2 20y SR AL R O #8 Fy



B T

64 T
B N=47 g A N an S5 prs
201
o
@ \
Z 20t \
T aof \[ VATV
2 I
2 8ot
“ -100
-120

0 02040608 1012141618
f/kHz
5 NEsssE

T 1. U=1 54 . HIELIEERIE M D=4
35l R =35 G 1) A% 0 SR RE LR A 4 T 1

D5k 2. U=1 154618 . FAIALUE BB A D=4 1%
o H =35 I ) SR A 3R B 3 T 0
41 TEZR N EBHEE

WA ML TE 1= 0.04 s I & AE X N = M 5% ik
B ECT1,ECT2 75 R AF i 2 I8 U8 0% 25 SE AT i & 8
U, PR ECT2 1Y RAEEE ] — M #4745 Kl 6
(a) 4517 ECT1 1 ECT2 1) A AH R AL HL IR B 1y,
L, B 6(b)4 T A MR RAE R ECTI RAEEUE
T4 R 5 i 1 N5 i 2 R4 7 SRR R L e ) SR AR
HL i A Lo, PT O 2 By vk 2 3 ol — o 18 5040 i
W SEIR | 5 1 R e i IS T O I 2
W IEIR 2958 4.65 ms, PRI | SR FH 28 36 LAY 08 6 i 11
i 5 TERANALUEYE , T2 1 ORI SR A bR v | T A
AN 8 T BT A 5 o8 08 U [ B AN A A B n A i 1 B AR

SR T ST AT R YR 2 R 7 10 D8 B R U Ak
TE R AEAE 22 3l (R 3 0 40 1) 728 e 28 R 3 7 Z 0 HIRL
Pre R e 22 30 05 1 4 Bk Wl W7 T sh 7,0 A& %
W TS SRR 1 kHz, PRIk ORI 4 K
R=8, JI 5| 5 S=6, W2k 8 WHI A 6 Ik K& UL I

10 ECT2 .
. o /
o G SR
< /‘ ’ N R
~ o / i
é"' -10 EC?] \ \ / /\Q “ﬂ/ ! \\\ / /
2 5 W/ S PR
30 L . . L !
0 0.02 0.04 0.06 0.08 0.10
t/s
(a) BCT RFf 4l
10 Ik 1 -
S5r N / S0 % !&\ \
O N // ; \\\\ { r\\ v \\ .
<l o S JAA / \ \
< > A ; I / Lo
= 101 Jrk 2 \ | / / \\ // \\ \//
L o
_15+ \\ \‘/‘/ i N i
20+ [
Y )
=25

0.02 0.04 0.06 0.08 0.10

t/s

(b) FedfieJa Ao i RAE R dle

i th

1
7

SRR

20 40 = 60 80 100
1/ ms
(c) BIEHH
6 ZIESR AR FERT RAFSN R ik
W ERS 1, & W5 o, Hah B S K 6(c)fr
TN TR T WA B E A U8 B S T e A 22 8
PRy LB AR ) B S K T 5 ik 2 iSRS [, o
W A BB | LBV S IR ] K
4.2 B EmXIN =158 B E
TE 1= 0.04 s B @ R REZE N X AF Fy o5& 4 =41
JE I BORE UL A M B BEAT 53, B 7 S ECT1 Ml
ECT2 1) A M RFEEUE L, Lo, [RIFE X RAEAAR Ny 4
kHz 1) ECT1 B RAEE G 5% /1 J5 43 R 56 1 Ry
2 B R AR AR L B 8 (a) T KT 8(b)
h RN RS S5 T 0 25 R Ly, L= To— T, Hid
KIGERHE N 0.65 A 33 & BEAY L SE | RENS IR UE 78 X 41
B 22 sh AR B ) IE A 0 r X R R AR G b 5
JIR T SRR A R[] A DAL b R AR R X A e 2 22
SR 52 AN 76 BT IR T G |

ECT1

40 -~
s 20 // i \‘\— ’/ |
< o ST Sk
£ s AN
T 20 ECT2

40 - N ‘ ‘

0 0.02 0.04 0.06 0.08 0.10
t/s

B 7 &EmXI=EHPE R R R R

40 Jiik 2
Ji \\ ' // N \\ / K\
/ ' Vo i
ii. 20 / /' \ \ // ! VoS
~ ok L = ’/ oAy
Nk
-20 A ‘ . ‘ ‘
0.02 0.04 0.06 0.08 0.10
t/s

(a) FedJm R R

Lo /A

0 | 0.62 I 0.64 I 0.b6 ‘ 0.68 I 0.‘10
t/s
(b) 2=
8 XIMHPERT RSN = B



A 2 SRR AR S B 0 22 Bl DR Y W T 5

65

5 &FRiE

AL G RAE R R 5 kM S, F A8
WA MO T S B FIR JE I 287 oK A B 2B R 5 K
4 T Al R b B v 1 DR AP Sl AR R PR | [R] B A X Ah
A I 2 48 I T 1 25 FL U B A Tl R DR APORS B R
A1 XA R S IR B AR A SE BT A
TRV BB LR AP e B VR B PR G — | BRI S BT A
D5 B GUEW] 1 SCHh B AR SRR B AT AT 5 A RO
S 3k,

(1] ZRJULpE 4B 7 b 7R 45 20 B8 A8 207 A 728 L i 1Y

L L], L Jy 258 A 34k, 2007,31(7) :94-98.

(2] JA b, 5k far. 5 T A 2B 14 708 H 3 B 1R A SR PR (EL 3

FU AR [T, 9035 L T #2007 ,26(2) - 37-39.

(3] X 3¢, B ol k. 2 ne s B AR AR IR RAFsT iR [T].

ab TR
RE A4S

[4] B £ % 5B 8 %, % 8 R 3ty A PR B £ R 3 1 T
(] VT IR s L T2 2014 ,33(3):21-25.

[5] W2 i@, TrOAR | RASR 45, SRAEAE 22 sh AR 4P s MR Re M (0 F 5%
(7], v AL TR 244l ,2003,23(9) . 71-77.

(6] X # ARAER 2= Bh. T B w2 sh I iFss (J]. o A

ik % ,2008,28(10) . 58-63.

EALIE. 2 RAERG S AT [M]. b ot R R A 1996,

105-110.

WOCHR BT RS R ZRERE S A AR T AL

2 g AR b 0y B D). R R & A 84k ,2007,31(21):

44-48.

(9] 83 . B (E 5 A M B e Bk 59 (M]. dbat
AL 2003 ,74-82.

(101 A 5 Sk skabk  FRoF s 55 T 50 b o 3 i 1 5 4 6 22 (9
W2 SR A (7). B F Eh i A% ,2013,33(5):26-30.

(7]

(8]

REPS

TE#H TR .
ARG SR, 2012,40(10): 120-126. BE 28 (1987) .4 ITHRITEA WL NSRS TR T

Research on the Impacts of Multi-Rate Conversion Algorithm

on Differential Protection
XUE Rong
(Nanjing Electric Power Company, Nanjing 210019, China)

Abstract: In the smart substation, data collected from any place is available for the entire substation' is required by data
acquisition of merging unit. Therefore, the digital interface of merging units should possess the sampling rate conversion
function and meet the demand of differential protection. This paper studies the mechanism of sampling rate conversion with
cascade connection of decimation and interpolation. Also, the impacts of sampling rate conversion on differential current of
differential protection is analyzed. To reduce group delay of high order Finite Impulse Response (FIR) in sampling rate
conversion, a zero phase filtering algorithm is designed. Combining this algorithm with decimation and interpolation
algorithm, the data from ECTs with different sampling rates can be converted to the same one. This achieves a unified
sampling rate and improves the action speed of differential protection.

Key words: sampling rate conversion; differential current; group delay; zero phase filtering
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An Accurate Method for Recovery Voltage Calculation on Extra High

Voltage Transmission Lines
XUE Mingjun, CHEN Fufeng, Yao Liang
(Guodian Nanjing Automation Co. Ltd., Nanjing 210032, China)

Abstract: Single phase adaptive reclosing technology improves the reliability and the stability of the power system. A
successful reclosing is depended on quick and automatic extinction of the secondary arc. The factors affecting the secondary
arc are recovery voltage and secondary arc current. The paper proposes a method to calculate the accurate recovery voltage of
transmission line without series capacitor by using system and line parameters. Then the main factors affecting recovery
voltage are detailed discussed. It shows that recovery voltage is related to transmission line voltage rate, transmitted power,
conductor spatial arrangement and line parameters. Simulation results from Electro-Magnetic Transient Program (EMTP)
validates the proposed method.

Key words: extra high voltage; transmission line; recovery voltage; secondary arc current; transient fault
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Arithmetic Research on GDE of PM10 Turbulence Coalescence and

the Example Analysis
ZHOU Linhai, LUO Jianyou, LIU Hanxiao, GUO Feng, YU Shunli, LYU Daiyue
(Zhejiang Feida Environmental Science & Technology Co. Ltd., Zhuji 311800, China)

Abstract: GDE has been proved to be one effective method for the simulation calculation of the ultrafine particle coalescence

situation. Many methods were explored, including the Partition algorithm, the Moment method, the MC method and so on.

The initial size distribution of the PM10 was measured using the laser particle size analyzer and the ANDERSON, which

provided a theoretical basis for the ultrafine particle coalescence numerical simulation. Using CFD software, the turbulence

coalescence model was established. The results were consistent with the literature and experiments, which illustrated the

rationality of the turbulence coalescence and arithmetic method effectively.

Key words : GDE; arithmetic; ultrafine particle
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e BB XT R HILZE )52 i o0 A

Re# ' K A2
(LVTIRAE AL TR E 4 V190 BT 210024 ;2. 7T 95 B & HL AT R 584128 71,7195 B At 210035)

W E .l d A 2x600 MW HULL4R 7 K A B o &
S0P BB R kA KR AR AL B AT T B b T R
KBRS, SR Bk, ERE HE R

hE 4SS, TK224.9 XEtiRE B

D=4

pind
=
=1

B B T S O OT 8 AP BRI AR X O
T, R A o A A A PR | R P e R A e
DX I8 ) 7K ¥4 B R T R oft R 2 48 ¥4 i ) AR LS o |
R S 2 T H R KL 922 4ia AT SO LATL
TR A RTTE A (BUR W FR 4 ) 2% 600
MW SRIELLE J 5], 3 Ar K % B g UL IS ol g AL -
UK T o T Al A A v B T S el | s TR AU
FE LB R G016 E FER BB X R AT T4,

1 KAEFEEM

M 2x 600 MW Il 7 AL 41 B b S
HG-1965/254-YMS5 2 — ¥k v [a] FR4k MG A ) 28
JEiZ A7 N B A PR B R e BT B b, HL
Jiiz S R T SR AR R m At o Al
BB R R E B R D e e e M e LA
Ji 2 (SCR) i e &, A 3 48 R A KA — A 1R
DR 25 B AP BT A PR R | A A B e Sy U
R,

M5 2 S 55T 2010 4F 1 H F18 H
it 168 hikiz 47, W TR T 28 4k B H R
BV A L2 | AR 2012 4F KR R AR
TR K VR BE B U™ 2012 4F 3 7 1 S HL
20 102B F1 2 H 2 S HLAL G A R & B 2 & B oK
VA RE JOR A8 25 DX 358, K V9 A0 338 357 A R e R TS ok | T
TR 1600 m?, J65 it sl 78 ™ 8 A4b =5 34 1.2 mm,

1SR m e i B PR AR (P 2)
BRBERE JEth D 2 (P2 )RR T 7 K B X LA
R 8 DX, e 1 A DX ) AR R R R e R
500 mm b FAH B BRBE f DX el B 2 o5 afE A0 IR | 4%
R 1, KV BEE 71T D38%7.3 mm, H1 & 1
AT LA Y e YR ik s R K 1.2 mm, 5/ 0.5 mm,
SF#125 0.9 mm,

2 b v R ok R A AR R R R S WA b
oo DXl 7 A0 S5 A A A 2 R DX, X AR XA T T

WA B H#,2014-03-20; 1= B #.2014—05-12

B A TRES R ARGR R AR B AR R R A BLAR B G 69 DL AT 2T
L 3 HULEL IR AT R0 B E R R A A

M EH S :1009-0665(2014)05-0070-03

F1 1 SRS XEUKAENE  mm
P AJZ Cz DJZ FJ2
1 62,64 67,65 63,66 64,61
2 64,65 64,66 66,63 62,65
3 68.64 63.65 6662 66,65
4
5

6.1,65 63,65 6.1,65 6.6,6.1
6.7,63 63,62 65,64 65,62
Yy 6.43 6.43 6.41 6.37

FHAE 0 JEE | Y ek 8 A B K 1.1 mm, /) 0.1 mm,
14725 0.6 mm

Wt B MR AR 2 G A BT 2 4E A
A, KV BE DX A v TR Dl B 2 A XY O IR e AL
K m, X 15 2 S KR BEIEST T R T
B JE5 I, LA T e % v TR Il kA 2012 4F 3
1 S HL4 102B Zki & XF 7K ¥ BE Ji i ™ 5 X S 047 1 B
JEmEYE L (1) HifEdE. B AP RZ B (A D R E
Y EE 1.5 m kb (BRE 27.7m), FEKEBES AT 1
m A (FRE 17.2 m) A X8, B8 i AL 2 R 500 m?,
(2) PIfusE . b EBRPS XA Be 45 1 1 0 1.5 m Ak
(bR 347 m), FERIKBEELMT 1mib (brm 17.2
m) LA b X3, SR AR 292 550 m2,2013 4F 2 J 1 541
2 103C ZAa & WA Ta) X b iR iR Xk AT T R A | Bk
BCR BT, A R I % 22 T R 7 % e ek J 155 O
Jai iR il TSR BRI , /N B R 2 R 7E
K 103C YA fE AT 7 b3t
1.1 SiREmIE

B K VA RE 11 v TS R — A B L S 1 B AL

by, FUJE ™ EOR BB AL A AL, TR
i 1 0 TR e G ok A i DR R A R SR AR R AR
Ber e T HS AU 2500, JE 5 A BE SR G i R A L%
BRI AL A A O AR R I BRAL )
L11 Al S AR

WEFE W], b RN A TR ac1.00 P
IRV BE BT DRREASS e JRE e vy | 25 R AN T H B S



RIS B XA L 15 e 7 Ay 71

SRR, R BB DL HLS B SOB I R Y LB 7
75% L BN IEE 2 CO/(CO+CO,) i 8% E T 24 %
A H,S W H 0.02% L FH2] 0.07 % , T 5 2 7K ¥4 BE A
SR, 7E HLS MRIEAARE | 245 BER B KT 300
C, 7K Vo B AN J5 ot B8 ek AR 42 5 45 BE IR 7E 300~500
C i P 0 ool i 5 B TR SRR G A B BE VLA T
50 °CJE piuH BRI —£5 2 HLS [UA R A BIEE
M, Bl BN Fe,0, J2 FIEUE M REIE AL Z
(Fe,0,-FeO) HH P E&H FeO VL M 45 BE Fe &4
7 6l S A HLS A LT BE L, s
mr,
H,S + Fe— FeS + H, (1)
H,S + FeO— FeS + H,0 (2)
1.1.2 PRGBS okt
OB FE R be ot B b 257 A — i PR BT AR, A
350~400 °C B AR 25 5 5 B W 1 42 B2 0 A= 1 A T 4k
T R AR il I HAA 450 C TG, O b4 B i 3R
VEFIAE Y, A5 A AR R 18 R A LT LF
(1) B EERE" FeS, Z i .

FeS,— FeS + S (3)
(2) H,S Fl SO, S 43 fifk ti B BB «
2H,S + SO,— 2H,0 + 3S (4)
(3) HiS 5 O, & .
2H,S + O,— 2H,0 + 28 (5)

(4) FeS, SAITRAWTEA R 2 S P kb,
3FeS, + 12C + 80,— Fe;0,+ 12CO + 6S (6)
(5) TERE T HoS o3t ] Ly Az Bl 1)
H,S— S +H, (7)
A BB BT A T DL L R O A RE 4 B R AR
FEE JF U 42 IR db B 05 | 1E— 25 o i K ¥ B - [ B
i SRR BB AL | R 2L A B |
4 V8 B AL B T = ) 2 A 6 SR 4 TR B AR B AR
K, —MAE 2.5~4.0 Z 0] R 2N 23 A AR R N
91, TR S S R SRR O 1195 °C L PRI EE
HAE , BMEAE 1000 Cril T, 5 & i
FEH AL, 7R AR P RECR R AR e | Y TR 0 L A
TR HR A R A SRS B — 2 S TR T 28 1 4
%728 1Y Fes0, .
3FeS + 50,— Fe;0, + 3S0, (8)
A2 L SO, SUAT LA v BRL J5T i 1 355 4 I Jomn ek PR
ERAVE O S ORI, 8 2775 CLLR Ha kA4
Pan Ny R INEREEE
it A SR PR A HLEE AT n LLUE R
P8 5 B v, A A R IR ok 9% LR R AR g |
AR FE 2 B R R AN T 0.8 %6 M BEAP | g T
JE5 b 1 R A A

2 TIERKIRE AR I v 2

2.1 =WRRBE M

ED AR /S S R A A S S R T T o/ Rl T A
1o RS | BRRE T B B A R 68 I B T 4 i R Ak 7
TER AL | R 28 1 SO,, HF 4 0.5% ~5% 1)
SO, 78 M8 ik o it R BUK T Fe,O5 MM ALAE R
4= 1% SOs, SO, S KRB MR IR 25K, iR
ZERNN R TR R S AT LGS E 110~160 °C |
HLEW R XS E R AR RS LTI A
{7 T A I 54 X L 7 Oty B 101 9 (O V19
I3 o i ™ T P AN S A AR TR 9 i

SR TR 8 a5 R T A R LS B ] 26 A N
1) A A G T i 2 B AR 2 A A AN T 14 i
AR BB B R A R G B R A L
SO, #i#kZ | HETh SO, ke 3y, SOl Ha < e i85 7
TR, TR BT O e R ) ol ™

XoF 25 T V2 i T 2k B B R | O R R AR
it R IR T ) A R AR R IE LA R
][] 25 42 %6 T SCR A e | 25 i 8 o 14 AT 14 2R
FHHEZE B, A8 0 aRE G T ¥4 o R LS ol i) 2
22 EMHB/RRIKEE

HAS H B SO, 500 A H Y 7K 25 75 0F AR R 25 <
M F A 2x 600 MW HLZH Ry T & SR BRI 20 22 4
) SCR Mt 5 8 A B I 220 o 5 K, PRl T 1k ol 2 ik itk
RH XA AR SRR ZE Y, A U R A A
PR 2 7E 180~200 C A IAEE b 22 S IR A B 14
UL 7EZS A o iR B VIR B Ak |, A IR R 28 5
T R S 2 — B B K B 2 e e B mn b s BRI
o G2 TAS R 25 A8 R HENRIR B T, S b alOR
FEAK, 2% 5 RHL L 3, 51 RUBIL 2R 3| 52 e B2 4 7
fof 55— R4 ]

1 S5 2012 45 3~5 H #4171 102B &, i [H] 25
AR UEAT T Wk, ok e 28 Wide I 22 FE I, 2012 4F 5
15 A S s MAMEE | H s 2212y 0.88 kPa,
W AT 4y 1.1 kPa; 1 5 B &5 WS Ak | 0 s 2
2y 0.87 kPa, fie = P 2 1.2 kPa, [RK 2 = A A%
LR Ay, AT RSP S B R S R 1.02% , 35
23 Wiw it 0 R 25 SURIBE N, 2012 4F 11 A4y 15 A
AR WO RZETFHY 23 kPa, 2 3.12
kPa;1 5 B zs fige ik O E 2% 74924 2.29 kPa, i 5
F 249 3.07 kPa, F15 00 AH L | 28 BUASa2E 1 1 22 K
B, A 1R,

7 22 BORR R R T SR FH R R A o o 2 i e 23 13
ar YRR Ko 3 9 | T ARG 22 IR K AR 28 TAR V2 i M € | iX
BB ¥ Ui 28 VK TR 7 48 55 & 2.0 MPa, 3% 28R K
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1 EWMaSRHHOEE

A 23 g R 22 BRI, SCRJBE A HLZH 114 25 THL45% WK 75
— R T 2 VORI R TR K B BRI A, >4 25 Tl 3 T
FEEE I AT DUTE 2 S i K e, 2 T DRI A T A
22, [N PERLLLAS 18 00 8, 2R T oms JRK X v A £
POTPEIEAT MR AT BE ;38 AT 3 5 AR SEU0A e s 30
BB IR R BRI SCR A H NO, & &, I/ mis it 4%
il 28 b it /D B S B A I, B Lk S A R T

3 BEmAENBERARSENRIN

A PABAR BT B BB Al 1%, RN R G i H
SO, M 2 432.5 mg/m®, SLPrisfrHh AT Bt o #5
Be ) A8, 40,2012 4F 11 A 6 AT W5 0 N
1.02% , A V248050 B WAE A — sl il B R
SRR 43 U s e K, — B R) FUOR w Al — B[]
AR AR, I i A B [B8] H E A 3e ok T ARE PR M
JBLBE R 58 A T SO, We i — Brit [a] N @ s HE, A
3800 mg /m?,4000 mg / m* ) SO, ¥ & Wi M # &, X 4
=117 SO, MR JE X b RGBT IR+ ™ i, E%
BHLFILm,
3.1 HEmE#R

WA 2 48 B RTHET 200 mg/ m® BOHERCER A F
B B ) R s MR 2R 0 0 VRO B, R T sk S BRI
Ab S IR IRAT AR AN, BB AR A X, 288,
20124 11 A 2 H~12 A 10 H | HA~-IE SO, HE
FepE A 31 W A K Gk 16.67 h, ™ E 520 28 W H B
H o 1R ) 52
3.2 BRMARSYE FEE % DR

A S BCA KA R R, TR B A A
WY REFT O R IR A 0.5 m, Bl A A
SEA TR T EE MBI R RSB H A,

o T B R A PR HE R, R R R
P TTIF B 2 d K, 22 Rl A 5 8 f fr Bk ]

AT T EOA B R RIS I, PR R R K
WAACA R BLR A W 8 ik RS 24 h iz fT A I
AR AL BT 2R AR AMHERR 3 3
3.3 BT EXE

WO PP A IR RS R RO
1150 kg/m?® B FF LG BEAK AR R 1 0 2 HEBCE SR K it
Wt FWCE R KA T, 1180 kg/m?, 1200 kg/m?
JR A i R PR RS AT AL Ak

Ry X <A B IR IR B RS RE TR [R]
fif AR SO, ¥R BE N is 7 S8 I RLE | i 4 T 3L
XL E AN BT R A 25 BT A A
3k R 2N B IR R A PR
3.4 IEEHHMAEH BH

e L 0 T ) SR | TR A T A T R X I A
B R o T R B PR AR LA B BR S
W LT RGies I W RINR | 5% 5 b
TR BE - TF | S v/ 33 B 15 45 1) fi FH 5

4 MRABRETRNEZZFME

41 TTHREZEMEREERK

2 AR R G K FEGE | 5] KALH KR | 1
SHL 2012 4 5 A Mk KA HLE 66 A 11 H
P RHLF- BT 75 A 28 A 3 28 5 B0k WL 2
WM 9 A, 2012 4F 5 A5 51 KA L 227 A 11
A3 5] KM R 285 A, 25 Ti#5 36 28 3 205 | KWL
S HL TG I 58 AL B 1AL EE i FLFE 500 kW -
h/h, 8656 KHLIE I FL #E 76.7 kW -h/h U 1 S-HLZ 3%
JNELAE 1 153.4 kW-h/h, #% 0.456 7€ /(kW-h) it 1y
B R FH EL B B 2R 1.26 700 4R 4E A H /N 7500
h i, BRAE R A g R 249 395 5T,
42 KABEZREMEMBERLRER

1 S 80 102B [ 103C 18 7K ¥ BE 5 i 18 FL 24 1600
m?, 2 55 I A 7K VA BE WS R T A 1600 m?, R mEiR
29 200 T3 9T, KV BEAT) A7 AE = WL I okt | = 22 AT
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RKOAFABGH B E . O T fRIE NO, 545
HEHL , ZOR B A H ) NO, & & Ra] fE B9, i st &
BRI i DX I EORAR MR BE P I8 SR 5L, Ak
JH o B i 2 Ak DX SR K V4 BE A £ e S ol D
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1000 MW HLALES 3 Ha 0 NO, HERCA 1S5RS

TR B
(L9348 # S 2 w) TE575 B st 210008)

B E.2EET 1000 MW B A RS X B AR S R K NO, BB R #HEFTEAF X RRR
WA K EHEE =R K 486 XA (CCOFA) R E F7 & 4 B XA (SOFA) R 348 7 NO, HE 3 iRk JE ¥ v 89 3%
BB R AT T 480 NO, B RE S WP BT ARG £ 2 KRR % TR T $E R 45RY 520K NO, E47,
KEEIF A AN R X AR R R 2 NO, HEAR 4 43 0 3 R

FE 4SS . TK224.1 X #iFRE RS B X EH S :1009-0665(2014)05-0073-03

TAFER | ] PN 11 R R AR A Pl 3l 59 4 34 SR AR

= S, == v 1 ) "'ﬁ""‘I\ oE ML 5”
NO, BRBE RS 55 P 28 A G AR DY 3 2ok %o 4 it Py F1 MPRETIREZERITSH

PR e o 4 3 2 SUST BT NO, A oA 12 “ A il A
A AP R A A 2 4 T 90 5 0 IIE NO, JABE B A I8k Erorten soa | PRETUIE g
023 2o P O B 1T 5 B R R S R EREEC 605 || BAME/C 295
B g il b e o 10 48 BRE AR — IR K A FHIES MPa 2738 | [HEMEE *C 126
fid bt S fliT 06 AR R e 2 14 XU 1 55 O 1 AT FE ﬁ;‘f/’;‘/{ﬁu 581 BAPHCR /% 9372

BRpe st A P4 NO, 194 B R B B AR 8 i R R AIG
NO, BEBEARACE AR TR 1000 MW HLALIE X5 b
NO, HEC RS, R T 5% NO, MHFIOKEE 4 o RIBIRER T E
Bré b NO, HEBUR B 5 Ll 8 I s 17 S 80 C & |
P2 b = AU NO, 1247 720, nf T8 R 2
RUER P R BE A I8 1T

* A IE S B R

00 K BE 238 B LA TR O B 2 1 et 5 iR
ASME PTC4.1 (Steam Generating Units) 5/ f1GB13223—
2011 AT BRI H K Oy ik LR 2, MG IE TR

1 ZEHR PEAE IR 1 F DCS 4 15 min o5t 1 Wk, I 2 46
1000 MW A8 I b s B o gy, B S 2,
21 480 mmx 21 480 mm, % JK 3k T V5 b 55 h 4450 &2 WIABRT &
mm, T O RR S 111275 mm, 4P B AT WHAR  RERAKIANE AW
SRR AL, 7K v B P 35S 0 9 o 6 1 S SRR LDl A
O T Ak, BRI DO A 0 I Ak 2 Ve iiﬁ;;ﬁ %“ﬁ*’ﬁj‘fg - jﬁfz ji
BRI L i o KR — VIR T 5o PRSI h
W RS, beds A E Yl ke 12 8h A e e L JH KT A 0 4 A T
58 SCEEE 12 JRHOREE . B R S R G P SRR A E
LNTFS MAEe B 2 MM ARLES 2 CFS WM A T BORE TESTOSS0 MACAN,  0,NOLCO %
FE A 1 FR, % 1000 MW I 55 58 4 . M&CIRTIrTR
R BEOLE 1, TS M TR TESTO®2S BRI
, i KRAJET) B KA TESTO 6111 KRAJE
: o B ek N B AL IR AT AR S R

T BRI R R AR ASURE S BT 3% SR AT A1 | H A I B A
30 min 17 1 K,

3 MBEERKSH

T I 31 RBWERERLBHITER
B 1 BESEBEOMKkEERE % 1000 MW AL ZH 3% 59 b NO, HE BCRE M 1 55 45
K AG B 8 .2014—04—01 15 B 41 .2014— 05-26 JERACES B Tl 23 A e R M4 R L3k 3,




BN I FE

74 T 75
WETIR I
KAJETT
KA E
) 25 A
VA 3t 1
s S| L
T sEm A
5 A — - AT HEAE I B
Bl W
/:E
i
I R © IR IURE
2 RWMAHEREE
3 KEHERSTER %
W H Bl i A
Mt 17.55 Har 3.42
Mad 7.57 Nar 0.68
Aar 14.32 Oar 10.10
Var 27.13 Sar 0.55
Car 5336 || Quuuew/(KJ-kg') 20210

32 THER=RK

AL A g 1000 MW 3217 B 4 % ABCDE
A, de e fifr Z0RS 8 O XS X7 20 R s AL
AT THRGE, AT T 4 A T O0Ag A8 b i s 11 48 it
By, AR IR T 00 1~ T80 4 43 50 2 i 36 4% S 7
YA A 2.62% ,2.48% ,2.77% F1 3.12% , 52 48
PS50 50 3.41% ,2.89% ,3.59% 1 3.68% , it
W g R B NO, HE ok B B SRR BT 2
FHtaF, T80 1~ T80 4 B8 520 1 5 9 NO, HE&
JE 4 5 A 230 mg/m®,213 mg/m®,240 mg/m® il 248
mg/m*(NO, HER P55 6% O, ~, F),
3.3 TR KERANIXE

TEHLA T 1000 MW F 384785 4 ABCDE
A EFe i RSB ST T ok e | i
7T 44 TH AR R R G A8 ok RUBE KUK
5 T 1~ T80 4 43500 R IE Sl X =X ¥ 55 e KT
% AR K7 RIS RE R X IR A5 R R X
1000 MW #4205 b NO, HE B B 1F 38 B K =X £
e, A8 BB T Xy U AR A, At 2 e KU = o, T
Bl 1~ T80 4 a5 52 0 64 8 9 NO, HE 0k B2 43 1 4
247 mg/m? 223 mg/m*,222mg/m* 1 214 mg/m’,
3.4 THEZXRKIRE

FEALLL 457 R 1000 MW T |32 15 B 4 5 ABCDE
WA HEFe i RIS EOE RS TT TR E | i
17 24 TOLM AR B2 ok K, AR )22 — vk AU
BT 0L 1R T 2 0B R T B 43 ) R R AR
20% F1 40% , HAR W NO, HEA 2 4351 24 230 mg/m?
1213 mg/m® 150 45 R R W . Bl A B2 XU IF R,
Pt NO, HE Bl 5 0 A7 U/

3.5 THEIRKIXIE

FEALLL 457 R 1000 MW T iz 17 B 41 5 ABCDE
WA g Fe i RIS BNE 1T TR E | i
37 24 ToL AR 0 2 R KA, AR 92 =k Kt
55T T 1RO 2 (a2 i RURUTT T BE 43 50l oy
20% F1 40% | Ho 5 9 NO, HEMO B 43008 229 mg/m?,
247 mg/m?®, IR RN i I O R XU
PHHT, B4 0 NO, HE Bl vk B2 B G 8 | HL 32 2 s 2 I
TR I URE S35 0 T A SR S04 R Ay B R e
JIT R BB AR, S T R A XU I e M S
NO, HEsoH B F AW,
3.6 I CCOFA RiTit 3

FEALL 7 fof R 1000 MW T iz 17 B 41 5 ABCDE
WA eFeffar RIS EOE NS 1T TR e | it
77 2 A LA 7AE CCOFA KUTTIF BRI it T 1
AT 0L 2 (W2 CCOFA KT I BE 439l R 100 % F
60% . RIGLE R EI B CCOFA JKUTTHFEE M 100% %
/NE]60% B NO, HEROH B X E M 229 mg/m® I
FHE] 243 mg/m?®, H F L K2 B T CCOFA XU T 3
BRBEER DX 8B, E AP RS XIS B I B B T 20 Gk
5%, Ik CCOFA KUTTHF K NO, HERCHR B T %, tbst,
CCOFA KR TIF K ALA F Tl D5 i 2 | BRIk — ik
U AN R HLFE S DR AL AL B fer ds A7 i, 48 1l
CCOFA KA TERFE2FFARES
3.7 %I SOFAF =ik

FENLLL T faf A 1000MW | i247EE41 8 ABCDE
WA JeFeffr KIS OB BNE T TR e | it
11 3 AU AE SOFAF KUTTJFEE RS, Hob, Tk 1
) SOFA K K ITAEFE 2T, T80 2 R +F & I 2
SOFA-VI A T4 ¢, HAth SOFA XU T4 HF; T.4% 3
i F5 i b )2 SOFA-VI K] 4 3¢  SOFA-V K '] JF
50% , HoAth SOFA KA T4 TF, B T4 1~ T840 3 15
F 8 9 NO, HEBOHE BE 4351 R 229 mg/m®, 249 mg/m®
#1266 mg/m®, X545 KRR B /N SOFA KAL)
TEEE Bl NO, HE RO B2 W) S REAR R S SR H R &
FER A /N L JZE SOFA KR TIFBE i 45326 KUAUE
P HA XU TR BE R AS B RTHE T, R be A X 3k 11
UL (3 BRAE T B e, B0 T R Be 19 LA K R RIS AL
DXk 11 A A I R BORE R R R A B4 T | R
G 22 B [ Y S B =¥ ¢/ 2= P - | B N P AR KNP =)
A HINAR B S BT R NO, R A AL, i NO,
HEBCH BB SOFA KU T 328 25 5 /N1 KB BT,

4 FERE

K HAE NO, BBt fb £ R #E171% #1000 MW
ML 28 b NO, HER R M 56 i 5T &5 R L1 . (1)



T HERE . 1000 MW HLEH B 205 0 NO, 7 i1 56 57 5% 75

Bt NO, HERCHR B2 B S0 1 b2 E TR iR
UE S 47 5 20K NO, iz 17, JEBOZ R b 78 HLAH 1 17 oy
1000 MW 71 fif T~ %% FH X560 05 o AF I JRE AT B 42 1 DCS
R DR RN 25% £, (2) FEHLAL AT R
1000 MW T fif T | Ry iff — 20 BEARIZ 3% =50 b 1 NO, HiE
O B, A R R T 2R 8 A T K ] 9% T
W A2 17 88 )2 R KT BE 5 6N 40% 5 0 )2
TR I BE AR R 20% 2247 ; CCOFA UL A
R & FPIRAS  JF R FF 6 )2 SOFA KUK & FF

B TRk .
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Testing Research on NOx Emission Characteristics of a 1000 MW

Ultra-supercritical Tower Boiler
BIAN Kanglin
(Jiangsu Electric Power Company, Nanjing 210008, China)
Abstract: In large-scale coal-fired power plants, through reasonably organizing the in-furnace combustion processes, all the
boilers are designed to achieve low NOx emission. The combustion debugging and tests on NOx emission characteristic of one
1000 MW ultra-supercritical tower boiler were carried out by optimizing the combustion technology. Based on the test results,

the effects of various boiler operating parameters on the NOX emission were analyzed. The obtained conclusions can guide

the similar boilers to achieve low NOx emission.

Key words: ultra-supercritical tower boiler; combustion debugging; NO, emission characteristic; boiler efficiency
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Influence of High Sulfur Coal on Coal-fired Power Units
SONG Jinlin!, ZHANG Guang®

(1. Jiangsu Society of Electrical Engineering, Nanjing 210024,China;

2. Jiangsu Nanre Power Generation Co. Ltd., Nanjing 210035,China)
Abstract: The high temperature corrosion of water wall, the low-temperature corrosion and the deposition of air preheater,
and the operating condition of the gas desulfurization system in Nanre 2x 600MW Power Units are analyzed in the paper. It
also elaborates the principles of both the high-temperature and low-temperature corrosion. Besides, the harm associated with
burning high sulfur coal and the solution measures are presented.

Key words: high sulfur coal; high temperature corrosion; air preheater; occlusion; desulfuration
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Safety and Economy of Selective Catalytic Reduction Denitration

in Coal-fired Power Units
DONG Zhijun, SHI Yue
(Guodian Changzhou Power Generation Co. Ltd., Changzhou 213033, China)
Abstract: With the example of selective catalytic reduction (SCR) denitration technique adopted by domestic thermal power

plants, the cost of denitration devices is analyzed in this paper. The top three components of the whole cost are reducing agent,

catalyzer, and the depreciation of permanent assets. Based on the cost mentioned above, the denitration electrovalency of

coal-fired power plants is estimated. The methods for reducing the cost and enhancing the efficiency of denitration are

proposed. The safe precautions for denitration devices are also presented.

Key words: SCR denitration; cost of denitration; denitration electrovalency; safty of denitration
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A Design of Gaming Theory Based Defense System for Power System Cyber-Security
WANG Yan
(Nanjing Power Supply Company, Nanjing 210019, China)
Abstract: Along with the fast development of smart grid, more and more electronic devices and communication systems have
been applied in power system. Therefore, cyber security becomes a big challenge faced by all power companies. This paper
first introduces the current status of cyber security in power companies. Then the cyber security requirements set by various
countries are summarized. Following that, the researches on power system cyber security are reviewed. Based on that, a
cyber-security intelligent defense system is proposed which provides system operator a tool to actively fight with the hackers.
Finally, the framework and the implementation methodologies of this defense system are provided.

Key words: cyber-security; stackelberg competition; stochastic game
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Sootblowing Strategy Optimization and Monitoring of Slagging

in Drum Boiler Furnace

WAN Yue, YAN Haineng
(Jiangsu Huaiyin Power Generation Co. Ltd., Huaian 223002, China)
Abstract: In this paper, firstly, the main factors influencing the slagging issues within boiler furnace are introduced. Then, the
widely adopted methods for monitoring the slagging condition and sootblowing problems are analyzed. Focusing on one 300
MW drum boiler, we proposed a method employing the outlet steam temperature of the low-temperature superheater as the
main monitoring parameter for the slagging condition within the furnace. The field test results strongly supported the validity
of the proposed method.

Key words: drum boiler; boiler furnace; slagging; sootblowing



