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Operation Safety Analysis Method for Cascaded Hydro — photovoltaic
Complementary Generation System and Its Application

Luo Bin', Miao Shumin®, Qiu Yiwei’, Gao Lang', Chen Gang’, Wang Liang’
(1. Sichuan Energy Internet Research Institute of Tsinghua University, Chengdu 610023, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. Department of Elctrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract ; Multi — energy complementary power generation system linked with hydropower has become an important means to
enhance clean energy consumption. The cascaded hydro — photovoltaic complementary generation system is affected by the
strong randomness and intermittence of photovoltaic output, which greatly limits the safe and stable operation of complementary
system. Focusing on the practical engineering problems of operation safety analysis for cascaded hydro — photovoltaic comple-
mentary generation system, and as viewed from power generation plan safety check and safe operation interval analysis, an op-
eration safety analysis method with probabilistic collocation point algorithm based on polynomial chaos theory is proposed, and
the corresponding software is developed. The application shows that the proposed analysis method can effectively deal with sol-
ving efficiency problem brought by large — scale scene sampling with randomness, and can significantly improve the solving ef-
ficiency under the premise of ensuring calculation accuracy, which provides the technical support for safe and stable operation
of the complementary system.

Key words: cascaded hydro — photovoltaic complementary generation system; operation safety analysis; polynomial chaos theo-

ry; software development
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Source and Load Hierarchical Optimization Dispatch for Deep Peak

Shaving of Thermal Power Units Considering Flexible Load

Fan Guoqi', Liu Hainan’, Huang Jian',Fan Guowei’,Duan Qingxi’,
Pan Weidong' ,Song Pengfei’ , Liu Qingfeng'
(1. State Grid Jinhua Electric Power Supply Company, Jinhua 321017, Zhejiang, China;
2. State Grid Shizuishan Electric Power Supply Company, Shizuishan 753000, Ningxia, China;
3. State Grid Xinjiang Electric Power Co. ,Ltd. , Urumqi 830011, Xinjiang, China)

Abstract : Large — scale wind power integration brings great challenges to system regulation. In order to solve the problems of
wind abandonment due to the insufficient system regulation ability, a method of source and load hierarchical optimization dis-
patch for deep peak shaving considering flexible load is proposed. This method is divided into two optimization models: the up-
per layer and the lower layer. The upper layer aims to minimize the peak — valley difference of the system to reduce system
peak shaving pressure, and the lower layer model aims to minimize the system cost, including the cost of thermal power and
wind abandonment costs,and define the thermal power output. The total system cost with and without the improved flexible
load optimization dispatch methods are compared. Finally, an actual example is used to verify the economy and effectiveness of
the proposed dispatch method.

Key words :flexible load; deep peak shaving; hierarchical optimization
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Day - ahead Trading Model for New Energy Consumption with
Participation of Self — generation Power Plants Based on
Renewable Portfolio Standards

Zhao Lei', Yang Yongli', Zhang Xinwei', He Chengming', Liu Youbo’
(1. Xinjiang Power Exchange Center Co. , Ltd. , Urumqi 830011, Xijiang, China;

2. College of Electrical Engineering and Information Technology, Sichuan University,

Chengdu 610065, Sichuan, China)

Abstract ; There is a rapid development of domestic wind power, photovoltaics and other new energy power generation, but the
local consumption and grid transmission capacity in some areas are limited, local self — generation power plants have not fully
played the role of peak shaving, and the phenomenon of wind curtailment and photovoltaic curtailment is becoming more and
more serious. So it’s difficult to achieve quota targets. In order to use market means to fully mobilize local self — generation
power plants to participate in new energy consumption and promote the completion of new energy quota targets, and at the same
time to avoid the problem of increased social consumption costs caused by forcibly fulfilling targets, a day — ahead trading mod-
el of new energy is proposed based on bidding and delisting. Through market — oriented means with a guiding effect, the will-
ingness of users with self — generation power plants is mobilized to increase the completion of quota targets and reduce overall
consumption costs. Finally, taking Xinjiang region for example, the value of this transaction model in improving the comple-
tion of quota targets and minimizing the overall cost of social consumption is analyzed and verified, which provides a new way
for the construction of power markets in Xinjiang and similar regions.

Key words: renewable portfolio standards ( RPS) ; self — generation power plant; new energy consumption; day — ahead
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Design and Implementation of Function for Ensuring Ecological

Discharge in AGC Operation

Qiu Hua', Guo Liang®, Wang Lening', Xie Xuke'
(1. Guodian Dadu River Houziyan Hydropower Construciotn Co. , Lid. , Kangding 626000, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; Aiming at the new requirements of controlling the minimum discharge flow in hydropower stations during AGC opera-

tion, the actual situation that hydropower stations commonly implement remote centralized control is fully taken into considera-

tion, and the major factors that need to be considered in designing a hydropower station with the function for ensuring ecologi-

cal discharge are analyzed. The importance of each factor is evaluated and the approximate processing is optimized. At last, a

new strategy of designing the ecological flow protection is proposed based on the computer monitoring system of hydropower sta-

tions. The strategy is proved to advance the design and implementation of AGC function in hydropower stations considering the

new requirements of environmental protection, and shows a good performance when being applied to Houziyan hydropower sta-

tion located in Dadu River Basin.

Key words : automatic control; ecological discharge; AGC; hydropower station; remote centralized control
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Analysis on Security and Stability Characteristics and Control Strategy of
Tibet Power Grid After Operation of Central — Tibet Networking Project

Ling Nan'*, Zeng Hao', Ge Sangjinmei’, Wu Chong’, Liu Hanwei’,
Wang Yuhong', Ba Gui’, Wu Jie’, Wang Yuan’
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Abstract : After the operation of 500 kV central — Tibet networking project, Tibet power grid and Southwest power grid are inte-
grated together to solve the problem of power shortages faced by Tibet power grid for a long time. However, due to the low lev-
el of stability of long — chain AC channels and the interaction of Chaila HVDC and AC channels, the Tibet power grid has cre-
ated new security and stability problems. The typical security problems existing after the operation of central — Tibet networking
project are analyzed, such as the impact of interaction between the Chaila HVDC and AC channels, the impact of load charac-
teristics of Tibet power grid on the isolated grid in Tibet, and the impact of 500 kV/220 kV electromagnetic ring network. And
then its security and stability control strategies are discussed.

Key words: Tibet power grid; central — Tibet interconnection project; AC/DC interaction phenomena; isolated power grid;

electromagnetic loop network ; control strategy

JIN, E DS AR R R SR L AR R R

0 51 & SEATRR, B % e e R R

A S PRI I VG L ) 2 R 1 ] 8L, 2018 A 5 A T A

LI, r X P R 2 Ay 557 | P D A H1 500 kV IR TR SZEL T PG R ER I 5 P RS
HESTE U4 R ¥ B9 (2019Y)0114) PR



24 IR A A

BB

2% R G P T 499 A P T ) L o g e e
o e OO [ iy P 2 8 5 2 R HRL DA, O et o
FRE— B DU % TR Je p 3 500 kV 748
HL 3ty (P60 ) 8 JE 220 KV AFHLYk 6 i, BT 500 kV
4 e K FiE 24 2000 km, 220 kV il 110 kV £& % %
750 km"*' o P T RSB T PR AL 5 U1 HL R
() A5 056 D, 34458 T PG AR S L DO ) RS 1, R T
T R X 37 T BB R T 2, kg L X)) BT L i X 4 fif1 B8
FE T IR, [T, 32 S0 N TR S R i
MRS R K A T E R

R4, VG i F P32 17 R T BB D L H T i
I T AE R T 40 S5 () A 31 T st . (HEK M5 28 B
TGRSR e 1) 38 B S ) R A 3 5 A I
ERE A AT G R Fl A T W % AL Y
[Fi) ] 10 5 e R ) PR A

T BT X g B ) TR A A RRUE R R 4L
A R IR [l A, DA AE U A LR A LK E A
55938 I 2 48 JC Uy R P B 500 kV/220 kVOH
T ¥ ) 25 5 TN T, PR ) AR 4 38 5 1 R ST
o B 1) e A RS IR IR AT 43 BT, I X1 b 4
TR, X AR S bR as AT P @, BESE
G5 S e 2 N R P IR ) £ 4 e 4 T B
T2 AT R W I B A SC RS E A

S it

W9 T H R BPA MLEL BT A5 AR 7, Horp &
FILARRE R R R

1) KM, % R AR E M E,
A, S T PR ARG R ) R SR E £ (power sys-
tem stabilizer, PSS) f3s A

2) ffar AR, AR ZR e A KR R A RN R R A
™ H TR T 100% H S L 6 fer A8, Al 67 77 R
H 30% L ghHIL 1 g1 5 70 % 1 5 BEATL 7 A B8

3) SR E MM . R DN/DZ A5 DN
R E HL P A R S S AR il P11 DZ R AR
AR TR B R ER Y, A 530 A 00 A5 G {040 0T 48 4 2
SRR 2 A o

4)SVC BRI R R 220 KVl AR TG B
I IR 3 LA B 500 KV I6 o i 0 B e 3
FEAS LB E T SVC(TCR + FC,TSC) . RV
R R 8, L T B DA (PL4h 2 | IR R

LIS ST

S)BIRBERY . R PV R EERUDER K A7,
BC/BC + R W d 5T o AR P4 it X
SRR RE R RUSR AL RM A4
JCARI R, I R R Bl 1.2 pu I 4 s AN
Pl 1.3 pu IFICIE R B W], 35K T 47 Hz 2§
T 52 Hz IEORE 10 s ALK

2 AZEUAHILAT FHXS PG 5 I 52

R PR 19 TR0 ) U R R N 1 R, T
REASEAZ (8 PG R R 190 -5 DU 1| R 2 S 583 S ik A%,
[ EBLE RS L, VU R U B T S A
AR IR GO0 . DT EA R, g1 T
R FEL 19 JC Iy B SR8 15 BE 0 45585 , M LA S AL B
PR A T S AR, DRI, L0 3t 3t a0 DX L B A
FAGURLIR IR 22 5 | 6 L B 40 U i A A 4 AR R U, 2

SN PR 0 2SR E 1, T RE S 0P R A XY
PGB K T R i, S R o TR
SL L AR G T | A A SR Ml I AR 4 A K
AP PAY B A s 0 2 S SRS L L WAL i 6 D R K T
%, 2 T S0P L I 18 IR A Zh D) R B, HL 1Y
PRI D0V LA %, R A 2 Tl A S LR 4%
A SR S LR B S R R

EQ E AR L

N IE

7oL

b N
500 kVAHLLLEE ——220 kVARBZRE —— 110 KV LR
Bl EpEMIE
LU FE AR G AR s BE ) BT BT R ST R L
RSREE . AR LL R,V AG 5 B AR 1SS &
G B E PEHE AR, H AR
S — Q.

Resc

3 (1)

AP e S, R 08 52 U BE R A 5 QO LU
I P I 0 0 B A\ I8 A% P A A 4L A
RN MRS A B EE /N, TR b >R 1 b
HpREINA(2) BR 2



E3H

R, E BN EARENZ 2R E SRR RS 25

>3 WAL
R. =42 ~3 BHTHAEL (2)
<2 WELMALG

M5 HRAE SRS N ISR G B
WS ACT R GENT , A AT RE & AR 45 A 28 sl T4 AR
U R, T AR R S E S B B
PE, RG] RE BRI i, F 1717 L0 B9 1 R 1)
B MES I A G I A gs F L PTas i Ul 2=
TEAMESE B T 7= A2 AN AT 42 32 1 K R AR Ak, A1 3%
IR A U 25 R B 153, 5i5h,
BRGNS R G BEIBR G, 0 R A R 40K
55, DAY B FR G 52 B 2 4 SR A M ) 4 A O
ORI 32 355 58 R G I S AR e PR TR

A UL P R A R T =, L I A SO B
KT 3, B TSI ARLGE . N T WA A &, A5
AN AR 35 1 B R I ATLAE LAY T 28 4 e 2 A
T BB TC I S5 . 32 P i X RSO L
Gehr Hat Ty 2 BRI, 75 5 R N 32 ARk
T2/

S IR R 5 Al AN TR BIL 5 5K, o B 48 i sl A
R EE R 4. 19 H 55 P b IR 43 52 i HL P 488 97 3
R 2550 B LR b, 37 % 48 D sl A 00 B8 LU AT S8 Fl
I, MG S8 U FH B I (R AT A7 78 B0 1 AH L2
SEMETA L, RG] TR T N S
Y5 HATE, 2 R A B R AR ML HAREH

SERLELIR MRS EIE (215 72U 3 MG

1) VG 38R R IO 368 2ok 5 AR B [ B 52 F

2) VU e FEL PO 38 o A P R L R B

3) VU I 2 Rk H, B B A2 L L A TR A ik
BOACTLAZ HL VLA o

% g Ty 3 Hp L a1 R s A R A T
KRB A5, BRI, S —Fh & B 4l s 22 m A%
J5 3 AERFR G O T ARTE , BAL B IR . % 183
PG5 Y ARl B 1R, A8 BRI B AT
T EZAPRN, BRI Z sk R ek, T
TR P AN 7 2T 28 L A B RS A R A T 40T o
2.1 ERSXTmERIMNE

AT

1) $7 = AKFAEFE R SR E A M. 1200 MW,
AT E— IR AL T3 50 MW,

2) HTKAEF R =, b B A% 1200 MW,
&P FE—ELIE W IR A% D%k 500 MW,

2.1.1  BHARMEATR T & W%

SR E AR A B (A il R A TR
AT R MEERS B MR 2o WU AT Bl , B
HME TR TR ELRS BRSSP P A B U
IS DR B AR B SC TR B 55 88 . TR RS
R N RE SRR S AT, B AC Tk Ik IR 3 JE Y R AR
KT 5 H H o A R A AR A KT D

R TR A4 o b DX K L 1 AR AR ™
5 LIRS NE R /N o Sedr AL S AR s AR AT
BRI ,500 KV A2 3 i T A A L iR B g rh
L AR RS A 1B 1T o

AP XK FBGE T, S FLRY 45 2 1200 MW,
RSP BT o I M 3 3 A% BE T B
VEAR—R1E 500 kV B [m] 2 = B 55 s , 1208 o mT
fiE 5 1B A P b XK R MILZE 2 A AR X T P e R Ak
o, T X2 T D 0 AT TR o v e XK L4
HIFE 500 kV A2 Ik 903 38 Fr) 6 o, TS B i L
B TN S ELORUR P Bl R, 1200 MW
R EERS B A2, 5 EOHE XK B BERLAL
RS, T BER YA A 7K AL A4 il 4 i
2.1.2 ZCAKEEE ARW R

SEUE X LU ) S S B A AR G B2
JEATIL T DX AT R 5 575 — 2 HH HL XSS R HE
3% HEEE R 5 25 — 2802 500 kV SE ke Lok

A0 3o ok = W ) A A T AR

1) BR R AR KP4 B b 2 X 500 kV Al
220 kV KA AZ it N -2 J7H R, R R R
G PR, RGFRE . P I = K A 7 g A
AN IR K 78 R AR K TR 2, RGEHE St
TR, ML R E AT

2) A 7K FL 3 2% 38 3B AR T B R B A A
AT IR, 7 RIS, DIPL G oK n ik 2]
510 MW, K YIHL)GE,500 kV 28 i 38 16 A7 7E D) %
A (IR, B 5B % A8 Ryl e I 32 A
TE R ik a0, N BRI BOR B )
[l B it (LI [ A it T a2 D) A7 A, AT
WIS IREL ) o

3) % X A A T P K F P R T
RS, DA T 5, L AR A e, SR U VDAL
YFE it PR RERR A o
2.2 HREXHERZHE

NN R B G L B N DR UR S S LSS I S i) o



26 IR A A

BB

AR PG R HL ) 7 47 2 1500 MW, P8 58 L 99 % L 24
630 MW, 24 60% [) i, J3 38 1 4 v B 38 A1) 1| 7 16 9
WIEZ A, Hod S50 B A2 HL 500 MW 1] E56
W IE AZ HL 550 MW, 32 5% /K S4F 1 5 L 9 47 fiop 24
2500 MW , % i, [ %% L 247 1300 MW, 3 — 2 H, /738
Tk e B IR 1 FEERC P S T 7 A, Ho S R A7
HL 580 MW, )1 5156 (938 JE 52 FL 710 MW,
2.2.1  AAHEE T R h

i e O O S B v ) N O S = Y R i i
3 HEL DO ] DR RR A 38 AT, 33X 2 Hh T 7 9 L O A A
J7 A ) D R R AT E | R 45 L A B 1) T b A
AL 2SR O RN = RN 0 v N R L ) /|

7= KPR SR LI RO P AN SR B i B
P2 — 22 OB 26 38 3 29 900 MW, Ab T i Fa il PR
G A K A MBS B R A/ NS, R KRR
PRI, 0250 BRI 1) 00 £ ) 28 i Bt . ol T R B
PR A 0 2 I s AT A U e
Fi BRI I U 2 o

T8 5KV A A K B 432 S P R ) EE
T RE S s N . S hr IR AU P A SR B
I, W A B A A JE, 5 B0 2 T
500 kV 2 4R35 B =B 8 A% . 7 DI R
DR 8 13 70 i D2 K ) 0 0, A e R

R A R R A Z T R, Sk M58
AR RE ) A B, A5 T 38 575 78 T vk A e LI 1A
B | S B Th AR A, AR 2 RE T L T AL
A 5, K R I R D) gy A
2.2.2 RAKEEEE A AN YW

1) i ant 3T Xl e

I T X A W R e B AR,
B4 it i BB 97 A PO RERAT TR X
T X R 2 B TCT S A%, 5 H S AL e i e 30 )
THFERTETILY, 55 S8R R R, FHERE,
MR A SRR LI 52 A KT R H E P TR
ot il 3 IX A8 YA I B 1T £ 500 KV K A 3 1
ZAIKF IR =

B K AR T VP AR—884T TR 220 kV &
A AR B RO R ER RIS, R G AN REE
BAPAE, Bt 220 KV BEZH AT 0. 7 pu (9FF
SEIFIRI AR E] 1 s, b 87 245 R I Il SRR
P e A B A e

B Z AN FRAERAEZAKE LN Z 05,8 T
AR S AE H A, IR PR (voltage dependent cur-
rent order limiter, VDCOL) 35 il VE PR AR BT S R
DLW/ JCENTEAE . TR IBIE], B YR T R B0
A DT AR R E S8 Y E O 3 T kD A, Bl A Te B ) R
H R P H O ATLZE A SVC R[] $ Ak, £ Jii e s 3
A R I —— B ] B R A —— P R B
HRBELHEIE" EMS SR, SRR SE
Z RIS AT R AL RS b o O TR ST
RO R IREE i R R Z i B A 3, 2
BRI 32 3 BB AR " RO i 2, B B iR 2
H BRI, 58 3t 52 F /)N, ARSI S FE 68 RS E #
JEE R B AR AT fig & AR B vp o

WO N RAEVFAR—M R R —RE N -2
JRER R 2 P ECE SRR KR 4 =op
ik,

2) A2 iR 190 308 e DR e

K [0 3 3+ T S 11 R s Ry IR IR
PO 18 B 2 R AL 80 s B 0 S5 0K P 7 = L 2
WA, SR 2% FE R T U 1 R 2 T o3 S 4 ol 4
Jita R R A IR 14 D) R A, ST AT RE A AL L R i AT
T, R — RINAS A FE (0 WSO . R JS A 4
TIHE AN IR ORI 1Y) 42 4 e 2 [R) et , PR I 7 I Ao 1
DU A B R IBUDEAT) T 47 P4 T i e

3 PUSECARA R A TR

HERE LT K 7R 505 Dy BRI 00 A 1) 4 2
M o A A AT LA S 3k ) 4y 1 5 ) ) SR AN O A
VBT e A e R R AR R AR AR T 1 R i A
LR FUURAAEAE AR A5 OC R, VU A IR )5 Fi e
AR AR AR AR 7 A B R R

IR P AR O T T R T SO IR Ve VL —
TURRAN S A BT AR O R RN BE 43 5 N
75% F 8% , H ALK B35 0 56 44 M

Ko 22 i S Az 0] i F 2 S e
FRE S 2 VU H 5 10 1| =5 0 i 5 A A 0 S U
(R RSP BT - N TR YN 2 € W O S
WO KR S WA AT R ECR B R B A%
ARG, B SR B Y i i o e IR )7
JE DU SR B it ), bt A o v Y B 0 A e DB , 2 8
VAT , O Ty SR RE R MR , (A5 F I F T



E3H

R, E BN EARENZ 2R E SRR RS 27

o LT R B0 A DR T R A R AR
B BRI MBS o U HE P B B K A
L BRAE AN NI 8 STRREBOR A SE R E R B T
bR

PAE S — BRI NV - 2 ik e ) U0 B 25 4 1
fr A, B 2 &L 3 23 DA B I P R 500 kV AR
ol B R S R SRR 2 o ORI BR A P A
500 kV AR B IR TR ) 1. 1 pu DLE FER A S
R R GRSk 18] R, B T kg
MBS

[=Curve1 -~ Curve2 -~ Curve3 -- Curve4 — Curve5 — Curve6 |

1.2
13

0.8

0.6
04}

0.2

T T T T T t
0 1 2 4 5 6

3
i 1] /s
B2 500 kV 75 E uk HE R 1R E # 2%

05y

w5
B3 RGMEML
TESA R, IR N ULl i 98 35 e HEAE D (7S
HURFERIAE 1.1 pu AN IR AK A . 5™
TR A R AT AT, ik AR Jal il £ 9 3
TETHLLAL B, T Ehi R it — PRI
DIt % MR PR AT A 12 1 ST, DI
Aoy DXL 5 BRI s A S ey i v I X Jsl o S X
P T R AR B, V) L AR TR, Al
RESE S IZ B DX BT RE IR 138 1T, PR g 170 7 47 X R
AT o 1 P AL T R K SR U]
TRV VLRI BR—ZE 5045 1 [ A i 1

1220 kV. |
Ey ' Xig

| 500 kV |
! X,

= N _

Xa Xo

4 500 kV/220 kV FEELIR R EE R GEER

4 500 kV/220 KV HLREER ) 5
CIE
500 kV/220 kV g 35 W S R G E 4 BF

7o MR A DX 0B i, IR 24 2k A% i 2

P E\E, S (3)
= Sin
Xs
XIIXI2
Xy =X, + X, 45— (4)
z ! 2 X1.1+X12

K E B, A S R G000 55 8 A TR A X
LR AR A SRR 2R R LT X, X 4 B
AR 2R 50 P8 S5 L IR 5 ML A8 TR 25 1 S FRL L 5
X, X435k 500 kV F1220 kV BELR LR SEE HL T 56
N E, E, B MZE. 246 BUE K 90°HT, HAL 1)
g, B R A PR R R AR BR D 2%

FEL A B O 308 3 A (), P S5 20 1) A Pl 2 AL i
R, I E R SF R B BT X, /N TR R
GG IRRAPT X, , DA I HL A B I 114 ) 6 0 2 ol s o
PR AE G FL I A T A5, 3 5 i PR 3 T Y B g
OYARTE L —3 . HLREER RIS 1Ty =T sl N He 3
(S HPT, SNERRE ). EAh, L REIR S5 48
184777 R R e AT

ZEA VLR RPN RS fE, O T4
WIERE S BT S AR — I B — R —
EVH— % R — BT TR —IF R RN A 21T,
Forp/F AR— B B2 i L 2 B Oy 500 KV, B —
LIRME— BT TR — VAR 2R %R 220 KV,

FECH 500 kV/220 KV HLREIR I P AR N
kSR R SE R BT R 500 KV I RSE B AR L. 15
P BB, 3R R _E 500 kV 2R KBRS, AT
RES I RS R SRR S S hr BB A R I, &1 5 Jip
TN AR 7 KP4 L B A2 HEL T U, 500 kY
VEAR— BB 2 3% ik B I A L 9% 49 0 i el P il 2k
500 kV Ze s WS W RS & 220 kV kK,



28 IR A A

BB

fdi 220 kV 2 B H A, A OC AR LIS R R R O
H, T 220 kV #4045 2 BT T RS/, i
AR AGE R R KR 2 A
g, HAE R T U, e & P 8OR R R, #e i
AT SR o AN O T R B R 1 7 ) 4
et o AN 6 B/, PLEE e I 0 R 7 SR A i
Jiti Je TR R S AR o

TE KA LI BE i A0 2, 24 500 kV
VFAR—B B AR BB P T , 22 220 kV 38 3 1% L fig
T2y, FEH K LA A 22, T R BRI AE rh ok
FL AL 1) 4 i FE A

A 3 A T E A X e e s 3 A A
Pl A , WP Y) R A 07 A SIDE DDA rhoK UL 4
AT DA v 2 BRI ) £ A ) A

25

1 :
] — W
0.5 | —

0 ‘i 2

3
B 6] /s

5 500 kV £ B RR e 45 ik R IR Hh 4%

1

0.4

0_2_: e

T T
0 1 2 4 5 6

3
i 18] /s
6 SEENHE il HE b ST B #R bl B JE B 2k

5 & if

H 5 A R HH K IO R 22 A R ) R e i
FER T RE AT ¢ AR A5 B LA R 4518

1) 356 ) TR B2 I, BB e I s A %00 B LU oA
Fre , Bz AR A — e $e o SEhLEL RN
22 LI P 38 T 2 ) A7 AR 28 B, AT — 3 GE & AR
B sk O AV 0 S T 1) 36/ 32 P AR KT, B SRR
EL I A T i, 3t A o T R B 7™ A I 2 0 S

AL P4 H RS KT 5 A8 I R G
SRR G, U VY A R P LA AR I T RE T Y
LR/ B RE IR

2) VU HL XTI 1) By 23 45 P A7 A e e A 75 i
i i F O e LA ) T B A B o VB o [al R b
PRI 28 2 P it B 8% 410 ) Ao F s A, {H A 3 B0
P ] S A TR

PRI Ik, g T80T 1Y e IO T 8 9780 A AL %) T AT 1
PG H, O AT 4 G ) S R Y B A 4 o R T TR

3) 9K 1 500 kV/220 kV RGP 2 IR S
ELYL AN 500 KV I ) 38 38 19 A A, % 36 ML kR
2% 28 i L I B SR LI T AR IR R RS T R
D) 71 fir /D) BILA i e e

b, ERE O HL A I i A 6 2R ia 1707 = )
BEIEA TR A o (A 7300 378 b DX -5 = I 11 58 L
TR T AR &4 T AR — B st [ Ay e X 28 152 1)
Z— (G I AE AT 8 BT EEL S g I P TR R
(R R IBE ) TR A, 5 BB BV il T 280, gk
337 Hb DX 55 = ) g 366 ), 2 7 R T 55 L K )
HIE K S THEEE R [, PR, A A R
B4R MG S 31 370 1l DX R Y 5 5 O S R S B LK Y
HELRE,

S ik

(1] BE@RI, B, PHZ, & HREREEER TR
MAERERIR [J]. B RGP 58, 2014,
42(6) ; 104 - 109.

(2] R0, e bR AR b TR TR S B
mi S AR ]. BT T, 2017(11) : 170 - 173.

[3] Xz, BEPE*9 - 1377 PGk e b fif 51 2 457 o i #r
Foazn[ 1], E L TR 2R, 2018, 38(11) ; 3204
-3213.

(4] JRHEE, B, PSS 3 Y% A5 F o0 47 36 e 2 2 B2 i L
F[J]. HEMEA, 2016, 40(1) ; 214 -219.

[5] XK. B RGEAHHEE (B =RR) [M]. Jbat . #l 2
H AL ,2017.

(T#% 43 1)



2021 F£6 A

M AR

Sichuan Electric Power Technology

F44% HIM

29

0 51 H

<

T [0 965 90 T B A JC IR D8 5w 22 H B 0 AL AR AL

Tita',k 2L ARF
(L. [ R A re g 28 m s BBk R 22 =], U1 £8P 6180005
2. | RHEOR AU S e U = B, U] SRR 611731)

B EARBEEBELAMKBRA G EARE, R ENE RN B LY ERT ik, BRET —F@@idks®e Lk
e E S AARRAHER , B, oM T RRIERBOARTEREREAKEE R ;K AR DI B BRA
B ERN AR, LT ARIBKE % BARHACER  FHiiid LI £ B 47 F A 69 va R 437 % (Pareto Front) , 547
T AARZ 6456 % ARG, A—A T W9 S5 TR MAE A 6], 5F 51 N8 38 22 48 AR HE A % (TOPSIS) %t e B Fe g £ 3
o iRl e T TR 77 sk eg A 5 T 4704,

5RO IE W% IR PA B 2 HARUAL s Bl il AE R

FESES . TM77 XEFEED A 3XEHS:1003 -6954(2021)03 -0029 -06

DOI:10. 16527/j. issn. 1003 —6954. 20210306

Multi — objective Optimization Model of Passive Power
Filter for Harmonic Suppression
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Abstract ; Passive power filter is an important method to realize harmonic suppression due to its low cost and high efficiency. A
multi — objective optimization model of passive power filters for harmonic suppression is proposed. Firstly, the basic working
principles and parameter configuration principles of passive power filters are analyzed. Secondly, the multi — objective optimi-
zation model is established taking minimum filter construction cost and minimum total harmonic distortion rate as the goal, and
the Pareto Front is calculated to analyze the coupled relationship between these multi — objectives. Finally, taking an actual
power grid of a factory as a case, the technique for order preference by similarity to an ideal solution (TOPSIS) is introduced
to analyze the set of Pareto Front, which verifies the scientificity and feasibility of the proposed method.
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Capacity Selection and Correction of Storage Battery and
UPS in High - altitude Substation

Long Jun, Zhou Wanya, Tang Jun
(CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China)

Abstract : Because the ambient temperature, air density and atmospheric pressure in high altitude area is very low, a necessary
correction should be done when selecting the capacity of storage battery and uninterruptible power supply (UPS) for substation
in high altitude area in order to improve the climate adaptability of storage battery and UPS. The capacity selection of storage

battery and UPS in a 500 kV substation of Ngari power grid and central Tibet power grid interconnection project are discussed

and analyzed in the hope of providing a reference for similar projects.

Key words: high altitude; storage battery; charging device; uninterruptible power supply (UPS)
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Superficial Discuss on Deicing Impact Sensitivity Factors
of Conductor Wire and Earth Wire in Heavy Icing Areas of
+ 800 kV DC Transmission Line

Liu Xiangyun, He Songyang, Huang Xing, Song Linglin
(CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China)

Abstract ; Combined with the engineering data of + 800 kV DC transmission line in heavy icing areas, and based on the theo-
ry of deicing numerical calculation, the dynamic response process of six bundle conductor under the combined effect of differ-
ent span, span length and height difference is simulated by numerical method. The impact effect of conductor wire and earth
wire deicing on suspension insulator string and tension insulator string under different parameters is analyzed, and the most un-
favorable control factors of deicing impact effect are obtained. The results show that: under different combinations of span and
height difference, the impact effect after deicing is the strongest when the span and height difference are the largest; for con-
tinuous gear, the impact effect of different gear on the conductor string of adjacent gear is the largest; the horizontal impact
effect of deicing is mainly affected by the horizontal span, and the vertical impact effect is mainly affected by the height differ-
ence.

Key words : transmission tower structure; UHV ; numerical calculation; deicing jump; impact load
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Study on Fault Characteristics of Hybrid Transmission
Line with GIL and Overhead Line

Li Haoyuan', Wang Wenjuan®, Liu Chao', Li Wenjin', Zeng Weiwen', Lei Yutian'
(1. Central Southern China Electric Power Design Institute Co. ,Ltd. of China Power Engineering Consulting
Group, Wuhan 430071, Hubei, China; 2. State Grid Chengdu Qingbaijiang Electric Power Supply
Branch, Chengdu 610300, Sichuan, China)

Abstract ; Gas — insulated transmission line ( GIL) has many advantages, such as large transmission capacity, small occupa-
tion of land, small maintenance and small environmental impact, and has gradually become the first choice to replace overhead
lines in special environments. Aiming at a hybrid transmission line system with two 500 kV overhead lines partially reformed to
GIL, a hybrid transmission line model with GIL and overhead is established in PSCAD based on the structure and electrical
parameters of GIL and overhead line, and short — circuit faults are set up at different positions of the line for simulation, so as
to study the differences between fault characteristics. And suggestions for line reconstruction are proposed based on the simula-
tion results.

Key words: gas — insulated transmission line ( GIL) ; overhead line; fault characteristics
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Calculation of Short — circuit Current and Research on
Design of Grounding Grid in + 1100 kV Converter Station with
Hierarchical Connection

Zeng Weiwen, Han Yibo, Chen Chen, Li Haoyuan, Zhou Siyuan, Xie Long
( Central Southern China Electric Power Design Institute Co. , Ltd. of China Power Engineering
Consulting Group, Wuhan 430071, Hubei, China)

Abstract ; Short — circuit current calculation and grounding design both are the important parts of engineering design, which is
of great significance to the safe and stable operation of converter station. Based on Guquan +1100 kV UHVDC converter sta-
tion with hierarchical connection, different levels of short — circuit current are calculated. After considering the shunting effect
of short — circuit current via lightning shield wires and transformer neutral point, the grounding fault current of converter station
is calculated. According to the grounding fault current, design scheme of grounding grid for UHVDC converter station and its
safety evaluation are proposed. For converter stations with hierarchical connection, the asymmetric short — circuit current
should be calculated for different AC buses based on variant operating situations, and the maximum value of short — circuit cur-
rent should be used to verify the ground grid design indicators.

Key words: UHVDC converter station; short — circuit current; grounding grid; design method
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Analysis of Resistance Reduction Measures and Its Target
Selection for Substation with High Soil Resistivity

Zhong Shan, Zhou Weiming
(CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China)

Abstract ; Using CDEGS software package of grounding system and combined with engineering examples, four common resist-
ance reduction measures for substation with high soil resistivity, including local soil replacement, deep well grounding, exter-
nal grounding and laying grounding electrode ( grounding module or ion grounding rod) , are simulated and calculated. Based
on the calculation results, the resistance reduction characteristics of each measure are analyzed, and the engineering applica-
tion suggestions are put forward. In addition, on the premise of ensuring personal and equipment safety, how to reasonably se-
lect the target of resistance reduction to avoid over design is discussed.

Key words : substation; resistance reduction measures; resistance reduction characteristics; target of resistance reduction
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Outage Severity Analysis and Reliability Assessment Based
on User Perception in Distribution Network

Liu Liyang', Li Xin*, Zhang Wentao', Wei Jun', Ye Shengyong'
(1. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; Reliability assessment is of crucial importance for distribution network planning and design. Traditional reliability
assessment methods mainly concern on analyzing electricity outages observed from the system side, regardless of whether end
users are in need of consuming electricity during such outage events. Thus, it may not truly reflect the actual impacts of outa-
ges on the reliability level suffered from the consumer side. In order to overcome the deficiency, a reliability assessment meth-
od based on user perception is proposed. According to the proposed method, the reliability level sensed by users is effectively
assessed with respect to outage time and load curve of customers. And a method is also proposed to assess the severity of an
outage based on the interruption time while also considering customer power consumption features. New index for assessing re-
liability based on user perception are proposed to better reflect the impacts of outage suffered and sensed from customer side.
The IEEE — RBTS distribution system is studied to illustrate the feasibilty and correctness of the proposed mehtod and index.
And through the comparative analysis with tradistional reliabiltiy index, the objective advantages of reliability index based on
user perception are presented.

Key words : user perception; outage severity; distribution network reliability; reliability index
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Identification of Relationship between Transformer and Users
Based on Fuzzy C - means Clustering

Zeng Shungi' ,Wu Jiekang”, Li Xing',Cai Zhihong
(1. Guangzhou Power Supply Bureau of Guangdong Power Grid Co. , Lid. , Guangzhou 510000,

Guangdong, China; 2. School of Automation, Guangdong University of Technology,
Guangzhou 510006, Guangdong, China)

Abstract : The users’ electricity consumption will affect the voltage deviation from the normal value and affect the reliability of
power supply of distribution system. In order to realize the optimal management of power supply, an identification method for
relationship between transformer and users based on fuzzy C — means clustering is proposed. Firstly, the bad data from smart
meter is identified and repaired, and then the principal component analysis (PCA) method is used to extract the features of
the data, and the different objects are simulated for fuzzy C — means classification. According to a variety of data characteris-
tics, users are classified into three levels: large, medium and small. The Pearson correlation coefficient is used to clarify the
influence of electricity consumption behavior of different types of users on the voltage in the substation area, and to build a
clear relationship between transformer and users. Taking a residential area in Guangzhou for example, the effectiveness and
applicability of the proposed identification method are verified by comparing the historical data with multi — scene simulation.
The results show that the proposed identification method can quickly identify the electricity consumption behavior of some spe-
cial users and the abnormal impact on the voltage of the substation area.

Key words : relationship between transformer and users; repair of bad data; users’ electricity consumption behavior; fuzzy C —

means clustering analysis; principal component analysis
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Selection Scheme of Small Current Grounding Line at

Dispatching Terminal Based on Multi — component Fusion

Xu Peng, Tang Jun, Yang Xiang, Hu Yaqin, Zhou Yang

(Sate Grid Chengdu Electric Power Supply Company, Chengdu 610041

, Sichuan, China )

Abstract : In view of the shortcomings of large investment, high maintenance cost and difficult monitoring of zero — sequence

current sampling, a selection scheme for small current grounding line at dispatching terminal based on multi — component fu-

sion is proposed, and a new criterion of grounding line selection is obtained through theoretical analysis. A small current

grounding line selection module based on the criterion is deployed in a power company. The actual operation results show that

the proposed line selection strategy is correct in theory and has a high success rate, which has a high popularization value.

Key words :reactive power and current variation; power system; distribution line; dispatching main station grounding line se-

lection; neutral ungrounded grounding system
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Characteristics of Hazardous Chemical Accidents and
Preventive Measures for Sichuan Power Grid

Geng Zhi', Mao Yipeng®, Yu Le’, Wen Yi’, Liu Xi', Lan Xinsheng',
Zeng Xiaoliang' , Wang Zhigao', Liu Hongzhi’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : In order to understand the characteristics of hazardous chemical accidents and prevent the hazardous chemical acci-
dents, more than 300 typical hazardous chemical accidents occurred in history at home and abroad are studied and analyzed.
The analysis results show that: the most common types of hazardous chemical accidents are fire and explosion. High tempera-
ture season of summer is a period prone to major accidents and frequent occurrences, which makes the safety work of hazardous
chemicals in this period special and complex. Production (operation) links, operation and maintenance links and storage links
are the focus of accident prevention, and violations of laws and regulations are the cause of the accidents. According to the ac-
tual situation of hazardous chemicals in Sichuan power grid, specific accident prevention measures are proposed to provide a
reference for ensuring the continued stability of safety situation of hazardous chemicals in Sichuan power grid.

Key words: hazardous chemical; accident prevention; Sichuan power grid
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Short — term Icing Status Prediction Model of Wind Turbine Blades
Based on Bi - LSTM and SVM Models
Zhang Yuning' , Huang Sheng'

Chengdu 610065, Sichuan, China;
Lid. , Xichang 615000, Sichuan, China)

Xiong Changquan' , He Zheqi’,
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2. Liangshan Branch of SPIC Sichuan Electric Power Co. ,

Abstract : The icing disaster of wind turbine blades severely impair the safe and economic operation of wind farms, while the
prediction of icing status of wind turbine blades is an effective method to prevent icing disaster. Based on the data of supervisory
term

control and data acquisition (SCADA) , an short — term icing status prediction model based on bidirectional long short —

memory (Bi —LSTM) and support vector machine (SVM) is proposed to solve the problem of inaccuracy of the traditional
prediction method. Firstly, principal component analysis (PCA) are employed to reduce the dimension of characteristic index
of wind turbine icing status, and the characteristic index that can reflect the fan blade icing status are screened. Secondly, Bi
- LSTM and SVM models are trained based on a large number of historical data, and the training results show that the model
has good accuracy. Finally, SVM is used to predict the icing status of the Bi — LSTM forecasting output data set to judge
whether the fan blade will have icing failure. The results show that the proposed method can accurately predict the icing status
of blades with an accuracy of 95% .

Key words: wind turbine blades icing; SCADA monitoring system; Bi — LSTM prediction model; principal component analy-

sis; support vector machine
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