F0%5 F7H
2022 % 7 B

Vol.42 No.7
Jul. 2022

2 9 8 % Wk &

Electric Power Automation Equipment

TSR ZE e B BALRK HLSE S i 32 SR

MAREL T E A R A R L
(1. P HFH KT EREHKA TEZFR, HL KX 430074;
2. P HB KT RFABAFEHERAPLEELEZEET, H KX 430074)

FE 45 47 AL R L0 3 PUIRIE T, o 4 80 2O KK 6 TR 1R A T AR R IR AT 80 AL AR
AR S L EES LR Ry Sl IO B ST L) V-1 ST AN £
T R T Al AR AR A b B RS SR T ek b 3k S A s, R
92 5 S WAL AR 45 A b 5 R K KA L 3 A 6 o Kl R R AR K S SR A,
PEAR 55 AL K045 5 A S AT 20 95 B T TR K e & S AR AT I BRI 6 308 A 7, Ve 2 5

LR b R 5 % H KBTI

RERIA : AT I Bh 5 A K 3k 5 SRR L 5 S R 5 R R

HE 5SS TM 76

0 5§

F DUBT RE IR Ry AR B R AL ) R G, RS
FeE ek g B ol B AR B SRR . TR R
Gl R AR b, LUXHL SBAR AR A BBe IR i )
DA AR BRI E AL, S 2 32 0 sl o4
T ELAZ AR EE

TEHT AT T, K LR 5 LA A 3 W d
ANTRY o 7 G ot ] B8 0] i b ) R RS T AV B e
PRI S TF 5 1 JE 0] oK IRUrR, 55 560K R & i B A %
It 1l E R e R R & BB K F s R s AT O
28 (7K F sl 7R P, 1) 7 U 2T R DR 0 R i
GRT PRI 070 i A A T RE I L T T it L T
A FETE R RAT Ak R b v 0 3 B2 ATLAG S D0 1 42 R
BRelE )T EAR AR NGRS RE IR A T
R0, R P TR AL B Sy S (8 r e o AR
X S 2 v BE ARSI BE T ) SR B K-, — B
S5 5 B R 22 , v, A 1 B 7K v 55 R 1 F
DRSS AR RIS H g 1 IR 55 o aeb Tt v 2 5 |2 F) F,
FIHERE AR o 32 BR T35 RE I Th 3= F0IORS B, 78 56 bR
AT ] BT EK B HEAT 22U LR H )RR
X 5y T BOK A B BR T8 Y HE I, DT 25 7K HRL sl ok
AN, DS IHG , AT 7K st A5 55 i ) £ i 3 sl ok
NS RyRa RV AV L PN IR L RS P
T HE T ] R AR I R A g P R A [ A
s B3 :2021-07-19; & = B #3:2021-11-07
FELk kR B 85 :2022-04-14
HEEWHEH: BRAAMFLALT EFR A (U1865202); B K
B AAF AL ® LR A (51979114)

Project supported by the Key Project of the National Natu-
ral Science Foundation of China(U1865202) and the Gene-

ral Program of the National Natural Science Foundation of

China(51979114)

XEAFRERD: A

DOI:10.16081/j.epae.202204047

RO K B A B S PR A 7 oK, R AT RE IR L
915 W PRIE T (K b BRI R4 1 B 919 BE T B —
AR L

AR AR L, 7K H S I B RIS T 3 S AR
PARAN G E PEWF S G000 AN 8 5 PEIE ST A K IR
PR BE DR S 20 T v 1y HL TR A E M RIE S 3
SCHR (7 138 5 1 9 B A S s 9 P L2 A S B
REREFE ; SCHRL8 151 A SE I oK RURS: A L2, 1 57 %
SR 23 A A B I HL S ) RS 5 SCRiR (9 1%
JEPLAR IR Bl X Rt g LR K sk 0K 3 A D5 T
AL SR, 4 H AT PR AT 52 A2 S I IR AR SR A AL
R 5 R 5 SCHRL10-11 J7E SCi 4% rp 2 ok
REVRRZ A R 2R, MUXURR D 3 S g sl B2 1, 4
WK BIMRZAT T i) R SE B TE SR . BUA BE 5T
R 2 0y it B Sy i 22 i) D0 A S, S A4 0K
HL R R 22 I B i 25 i 2 1) SR BRI 15 22 249 T S )
A B DR, A G B — R AR L AR 5 5 EOK R 3 8 B
ATRALIE A BN T4 ) F AR, 3K o ol 22 e
Z LV BRI R R

A, S I JEE 3l -5 VR Sl U S R A R
M IE H R 7343, ml R Ak o Pl | o | 5
Jite” C RS 20 ) ) J 9 TR L P DR SR | P
Jt i AR b VR Sl F AL R BB T R
B/ ABIEJE TR S5 8 TE TR 2 18] ) 14 B AR
Fe/ N JRE AR SR 4 ) B S0 A A L
B S i i 8 S5 AR R BT as AT KL A B U LR Hh
HHRVR S S K i i K AL R R R 2 2
B 2 , AR SC T2 B ST 14 2 A /K HEL S R 3R]
B J5 ROV B8t 22 2 i S IR SR 5 2R TR Bl
AR SO B S 3 BE AL A A I B T 3k B A AN
Bk

g b AR B i LU F BRI, B0 T RE



oo L/ AR {7 G-

Fa02k

U i 2 S BOK HL SR BE S T B9 O, A SR
— ol % 0 A A B0 Bl B K R il S I 9 R O
W o T, WA K HE AR G SN I S T 3 R e SR X
I Bz A7 W I SRR, I 7 18 GE S 9 B2 )
S AR R AL, S 7 S E S R R ) YT A
RGP AL EI] s SRS, 72 52 ER R ARSI R
i P 2% B RO R 0l ) TR R O, R A0 S P 2R T
PRI E 2516 BK HL S A R R sl S A A
JK LR g O B L I 22 4 AT A O 1 B, AT 580
7K R L O AR SR IR B2 IR 5 i S, ot o i SR g R4 T4
134, 2 R, e $1 SR REAS K F K P ol 1 25 5
R 8 R 0 AR B A7 22 A R B R W, AR D K FE R 48
A JEE JRL S, DA K R R EE N 57 i (A A0k 4 il 9
SOUAKASE, 4 S I 3 BE S

1 JKESKEFER R

TEK HL 2R G0 VA S e v 3 AR K 00 £ A
BT L2 A B R R S 01 B A, ol e B
S TR 00 P A T K 9 A B s
T TS5 A 43005 AR (37 1 B e 5 i
AKEIEFT . B MRS R R e, b
HL 0 B T VLRI B 5 T 0 VL JEE I P e BB 7 ok
PR B AZ, h /K LS B TR I R
WY T EEAK (2 22 3 AP, 55 S5 (et .
AT O, 7E 7K 2R 45 SRS I ek R e e ) R
L AP, AL T AR B 7R 5 A KA T
Lo SR B B PR AR K 7 8 23 7 R B ) T AE
2T R b, AP, RS 1 A H 3 g A A £z T FL
PR 28 (1) B 7% BB 28K, 3 ] B 7K 7186 2 s 2 3
37 L 3 9 AR A7 7
Il Zi )20 2,)+ (1,404~ Q1) Arx3 600
Vh,L:ﬁi(Zh,l)

o £ ) oKL R K- 2 R B Z, o o
BEAK HL 36 (97K L 51, 8 ¢ I B K L3 B A XA

(1)

ViGikay
KA

IKHL A +1
IKAL

1 1
ly i thy+1 Tt

— JEUHRIKAL, - - - - SEREMEIR KA
1 BEREEmTEE

Fig.1 Schematic diagram of aftereffect influence
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7K HL 3k WRELLIKNL / m SPRIZATRAL / m KA ZE / m KT FRZLIX[E] / m /N FHEFTIX / MW
IKAGHE 371.116 370.475 -0.641 [370.616,371.616] (0,40]
Gy 192.380 193.459 1.079 [191.880,192.880] (0,50]

1= 30 78.470 78.765 0.295 [77.970,78.970]




FTH MHERHL, 25  URTAR S Bl 7 55 T BRI L i Sl i T SR Cog

50 - 50
31.47

-18.26
-31.74

JALS) Feing K
KA [ERb
RGN
B2 fEmRpER THXMEESR

Fig.2 Real-time dispatching results under

H A/ MW
(=)

sudden load down scenario

> 50 4746
=

~N

ez 0 —47.46
= 0

= —13.44

R

=

50 . -34.02
) AU (CAP K
TK A B
B R L3
E3 faREE THSHEESR

Fig.3 Real-time dispatching results under

1 1

sudden load up scenario

(=]

371.15 [l[l[l[l[l[l[l £
g 3 -0.2 4
E 37090 C ol o
N *00l o4 E
< ® R
% 370.65 _06 ﬁ
370.40 - ' : %V o3
0 5 0 15 20 25
t
(a) KATHEHL 5
193.5 JURSRERS
£ o :H:H
193.1 0P 1.0
~N lcg
d oo =
2 1927 00’ 05 2
v
1923 b o ¥
0 5 0o 15 20 25
t
(b)) Bl
78.90 :
g
E ]
5 7865 =
® 2
+‘<
78.40

(c) FEraumam ep sty

- -0 — PRI, —— PSS KA
o PR FTAKAL A 22, 0 SR AR A i 22
B4 HERBERTKERGLH
R E AR AL
Fig4 Water level of hydropower system
before and after real-time adjustment

under sudden load down scenario

371.15 [I[I[I[I[I[I[I[I 0 g
,-; e ad A;.‘;- |]|]|:||I|I -0.2 N
& 370,90 }° eoel N
N Toegl ~0.4 f\%
2 370.65 ~0.6 %
370.40 ) . ‘ A Y
0 5 10 15 20 25
t
() ZKATHEH
1935 -2°1 1 &
00 N
E 1931 el 1o
2 0o =
o 055
% 192.7 c0® s
9,9999 a% && +<
192.3 0
0 5 10 15 20 25
t
(b) Bl
78.90 04 g
I AN
g 0.2 Hd
1=
=) 78.65 J ﬁ
B 0 2
¥ Tuununuﬂ/eee %
Se9ag0gl | I ! L w
78.40 —0.2
0 5 10 15 20 25

t
(c) s
- -0 — PRERTKAL, —— PR KA
o JERERTAKALON2E , 0 WSS AR AL 22
Bs5 HmEsigEs TkE RS SLrHEERERKA
Fig.5 Water level of hydropower system before and after

real-time adjustment under sudden load up scenario

J 1) R A, SR KAV i 22 T3 8 A0 % W k5 7K A B
uli 0 R N HOR KA O 2% B —0.641 m A8
h—0.640 m , fii 26 5 B WA U0/ ] 5 100 e SULUA #3527 3]
B TR R 3l P I S e FERT B 2 — 23 B T
PERE 5 (A KA 25 K F IR #E AT i 4 (R AOK
V7 i 25 7 R JEE 1A B /N T R R

TG faf SR NG ST « KA B FiL il H 7 /N R
FHEAR KA IR 22 11 0.641 m /N ZE 0.639 m; [ T 45 He
SR AT DR (HAZ KA B F 3 T i A R
M), AR KA Al 2 A5 A/ 5 v 40U b sl DO 81 9
175 Ak, AR KA i 2 7 B AR AS LAY AR 3R
T SR SRR TR

L AT, R R A VR T (i 25 0 B
SEIBATRELRE S M0 (1 A MEE S | BB 742 AL 2 05 1 5
A 7 PR R 55 14 TRV st A [ R bl /N 45 7K, 3
A B WA K A i 22, o i T 7K L A Ay e i, i
BT BRI g 22 T AR ) J 39 T 7K mT FH EK Ao R
(8 RS , /0N 17 7K R, 3l S e o e LR 38 A7 4
PERYFZIR AR T K L ZR 8 A DT 32 S 00
44 [E—KEBRGELE SR EHNZIMERR ST

A B E 571 A A B0 3T AR S A AL A
R, 7R B2 30 N B 4% BB B2 60 MW 16T HE
VR, 43 BT [ — 7K L 2R G2 2 R T 408 S e



@ L/ AR {7 G-

Fa02k

HLHI AT Pt 8 R IG PEA E JE 6 A B K B 1T
SOMR . 7K E 2R G SR LR A S R I AR KAV A
B 57 A TR A4 PR

TR ZRAFUNS <o BUE TS BB R 1~T, 5 RE VR 1 i
S1—-60 MW , L [0 S 5] 1 i 75 5K 60 MW, 7K HL R 58
TSR A B AT 60 MW By SEmf A2, 5 4.2
FHTE] , F 32 1R AR AN i 25 1T 4545 7K H il 78 4 It
SR+ B S EE i > 2 IO B Sl > K A K E Y 7 B T
Ll TSI 60 MW 5, 24 Rij I BE R KAV BRI
J S B SR 33 R 2w B A K A VR Bl R
T BE I R K ASE o 7K A B R 3 DR T B T o e il
Ui , LA A 32 VR R 52 ) T 2 30U H 457 B
T B U, SZ BT ol S ok | T R
OB o B EL 3l P A K 38 T 9 R 0 AR K A7 e
7 B K H 3 AR K AN 8 I B A« e UL
it > AT S R > K A B R Y o BT Ll S g
JIT60 MW , 7 i f S i 37 4 75 3R 11 [1) Psf 4 S2 B#AIC A1
B ORAKDNiR 25 o o T A4 A] 8T, 25 ek 3 S S I i K
Ji o BRARRAKASE XU FEL 3t (/K AT B FL 3 ) A1, A K H iy
Y145 ORI R 2 B M ML £ R 1) 9 B AR K A7
T T I T VRS W A KA, A RO N T K S B AR
FEHTREVR TN O 22 %5 ) B iz 47 A5 .
45 [E—KBREANERERERIMERRS

A3 K L ZR G AEAS [ ) Bt [ RE A b 3 R
T AR X B R 5 T, 6 8 3 PN 4% s B S ik
B 60 MW [958 AE IR 28 Vel it , TR-AT ¢ ih BE S A2 IS
TR B WA 2 I B SR K AT, K H i Tl
S AMERT B AR A FEEAT o+ 1 I B A SE I #R
o, 5 B VA 4 Bt BEXT 45 7K B 0 R KA R i R, 4
B St A T AS T, IR IS B 1 SR A HEA T 9] B B 457K
FL 35 118 VA B8 SR AR A 5 K A 22, J5 SR i B R A T
SIS R MEE J 1 B A AR K A 5 7K AV A 22

TSNS o BUE TS R 1~T, 3 RE VR 1 i
1-60 MW , L o 52 5] 1 2 75 5K 60 MW, K HL R 48
TEAEANI B S - FT 60 MW Y SEI AME2 . 78 4 52
it M AL S P T PR AS R K A 3
YRR AK AN RUBS: FEL 3l | LA KA EAIE T2 4K AT
I, TR BN 7 SRz i g T R
AR KA Al 2 A A% T YT L 3 5 10T L
PSR s B R AR SCHL A7 S s ez | JHL 9 i 40
AR AR 25 Y976 BTk o 2 1 RTJN 7 45 s B
7 SRS VR RS 7K e S R A 38 A+ R e L >
o UL F S >R A B L . 2 AR R IR AS ST
A T) % 2 i A [i) ) e o B ) I i 2 ) 8 B A
IR ASE i 2 2k () S W) 7K AT S 3 A K A7 i 2 AR B 7R 5
B T FL A SR R R 2 T, S M B R A 3
VI bR A B, X H AR KA R MR RN % vl H A
SR B B[R] 5 7K 8 B8 AR A FH 25 B R R0 (4 S B b
PERIL T FEA T A KA PR, 7T S 22 s B 5 30 9

JBESIAR, X2 L 3l AR TR ST OS2 MRS , 12 FEL 3 Y AR 7K
i 22 16 1E BE 1A IR, M2 7= 2R 19 ) St i A
2B 5 e UL E s 1 D8 TP A48 Ry, AR IR 32
i R IR B S R AT B BT HAROK A2
i 22 S BTN R SR B 3. NI, X TR Z
PHZEE AHE 55 AR L A6 I 3 4 30 ] B2 S R o
()45 A5 C TR 9 AR B KR TR B,
FEIT 75 TR PE RS B IS AT BRI T A L
W S = AR KUY, AR ST 8 S s M BIL ) 7T Ay 3
N G SRS 250 o 0 B2 3 A KAV 4 552 P 8] B2 A AL
HAT— e 1 TR AN A

5 it

BT RE IR Y g | A T R X K H S AL
M4t T SR . RIS AT IR T, Ao 7E SE R
PR R R TR RGBT I L et 54T
FRIC S, Ry, AR SCHR HH — ol 2% 7 iy A0 5 03
Bl R DK HL i SRR M2 SR, -4 0 ] i1
BIETLEROK Lk 1) B N SERHE Az 4T, 8 i 4]
SRR LA T 4518

DA SCHR H Y25 5 BRI R MEE DL I BE 6%
AN TR R b 9 /1N 45 7K HL 3 A K AT 1) 4 % i 25 1, A
ZAOT v T 7K H AR SRy 2 R 05 e 7 S B A R R T K
FHAY S5 W1 TC K AT sk o7 8 R 4 XU, , 980/ 1K
ity S IR A6 HA I B A7 2 R A 1K
HIZR G0 R e B e S e

2) X T AR Z R 255 I FIAT 55 B 7K HL st | 7E I
T AU ] R DG B K A 458 7 9 RN, B T80 7 K
i 2 5 SR R S S AT R e R R AT
% B K BT UE AT 55 O 3 AR DL 3 A Al K
A S i S I M AL AT S 9 N D1 AT 2L
7 T80 B2 SO A AR AN 1) S5 P 90 B A

B RE R =12 7 FOR L AR L ) R G Rk S —
AGERHIE, K, ZE /K U s L Ais 17 v 2 R e
AT AU L A SCHE S TR 3
T 2% R R K L S AMEERIL R B R S TR AL
JET, T — 0 AR FE TR0 R AF 2 X5 G2 DA HL sl A 24
b 2K AL, {15 A ST %) S M 3 A 7 A TR TR A 5
PRAGHL

P s LA ) M 25 8 (http : / www.epae.cn) o
SE 3

(1] Y. ST E RS — s LiJHEEB /
OL]. (2020-09-22)[2021-07-17]. http://www.gov.cn/xinwen/
2020-09 /22 / content_5546169.htm.

[ 2] BARIS XVR 5, X4k4F, 5. BT s s GO E G
K RGENACTH RN (1], ) A sk 4 ,2021,41(9)
118-125.

XIA Yisha, LIU Junyong, LIU Jichun, et al. Optimal schedu-

ling strategy of cascaded hydro-photovoltaic-pumped storage



%7

WHEREL, 25 ST AR e B T 57

=N

B

B ZK L S R I SR

D

[3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

hybrid generation system based on electric energy sharing[]J].
Electric Power Automation Equipment,2021,41(9):118-125.
TR AR A A5 2B KON SE 1 9 LA Tl R
A= RER P 1o S IS UL AR R D7 R [0 ). o R AL TR
2020,40(18):5921-5932.

ZHANG Juntao, CHENG Chuntian,SHEN Jianjian,et al. Short-
term joint optimal operation method for high proportion re-
newable energy grid considering wind-solar uncertainty[J]. Pro-
ceedings of the CSEE,2020,40(18):5921-5932.

LR RO, TR A5 BTN M B ZK Ll
T PR R AL LU B L R R SRR el S A [ ). KR
24%,2017,48(1) :1-12.

JI Changming, LI Rongbo, TIAN Kaihua,et al. A coupling mo-
del of load adjustment for cascade hydropower stations based
on inflow uncertainty:a case study of Jinping-guandi cascade
hydropower stations[J]. Journal of Hydraulic Engineering,2017,
48(1):1-12.

B, ORI, B, 5 5 IR SRR ST IR 3 AN E T A 22 6
] R UMRTRBE LRI (1), 1) 2458 A 31k, 2019,43(22) :21-30.
ZHAO Dongmei, SONG Yuan, WANG Yunlong, et al. Coordi-
nated scheduling model with multiple time scales considering
response uncertainty of flexible load[J]. Automation of Elec-
tric Power Systems,2019,43(22):21-30.

ML AN, RO A L R R 22 A e S R BRI AR RETRLAR
JE I R BT vk KSR LT ). W T RS A Bk, 2020, 44(16) :
105-113.

WANG Bin,SUN Yong, WU Wenchuan, et al. Real-time prior
dispatch method for renewable energy with safety and economy
coordination of power grid and its application[J]. Automation
of Electric Power Systems,2020,44(16):105-113.

WL, R B0, 5Kk 55,45 . SeHd e TR AT K R I (],
HFG A, 2014,38(6): 117-122.

XU Fan,CHEN Zhixu,ZHANG Yong,et al. Real-time genera-
tion scheduling model and its application [J]. Automation of
Electric Power Systems,2014,38(6):117-122.

TR, FEMS, BEA . BT S R KR A B gk
LA TTIELT ). K T3, 2020,46(8) :80-83.

SU Huaying, WANG Guosong, LIAO Shengli. Optimal schedu-
ling method of cascade hydropower stations based on real-
time abandoned water risk assessment[J]. Water Power,2020,
46(8) :80-83.

FE B R B, 45 S 2 BRI R i oK el b
SEF LA BE Ty i S R B SR () ], v LT AR 224, 2015,
35(17):4326-4334.

WANG Jiayang, CHENG Chuntian, LIAO Shengli, et al. Real-
time scheduling method and strategy for hydro cascaded sys-
tem with complex constraints[J]. Proceedings of the CSEE,
2015,35(17) :4326-4334.

W75 SRR BRIBLTE . B B IR B X A K L T i S A
FEROUK B REAT R A LT ] Rl AL TR PR, 2019,39(18) «
5433-5441,5591.

YANG Xiuyuan, FAN Xindong, CHEN Qiyu. Control strategy
of hydropower plant considering vibration region and its appli-
cation in coordinated hydro and wind power generation|]].
Proceedings of the CSEE,2019,39(18):5433-5441,5591.
Eig e YT RIS 3 O L i ) G i I R (O RIS RIS
HKDELE AT AR L) ], HRIER ,2018,42(3) : 772-778.
YANG Xiuyuan, QIU Weijiang, JIN Xincheng,et al. Wind po-
wer prediction based on improved K-nearest neighbor algo-
rithm and its application in co-operation of wind and hydro
Powers[J]. Power System Technology,2018,42(3):772—778.

[13]

[14]

[15]

[16]

[17]

[18]

[12] P M, £S5, 55 OB 25— YR 26 T AL

PR SR B H PRSIEEE (], i1y A s ke 4g, 2020,
40(5):121-130.

JI Jing, HAO Lili, WANG Haohao,et al. Intra-day rolling dis-
patch considering large-scale wind power participating in pri-
mary frequency regulation based on unit fast start-up capabi-
lity[]]. Electric Power Automation Equipment, 2020, 40 (5) :
121-130.

BB WA, TS . PRI K B PR SR N R R SE[T]. UK
F%4,2006,37(1) :82-88,96.

ZHAO Yong, PEI Yuansheng, YU Fuliang. Real-time dispatch
system for Heihe River Basin water resources[J]. Journal of
Hydraulic Engineering,2006,37(1):82-88,96.
BT, MR 2,5 . BB ATF K Z i)
JRUE T3 SR N B I B8 O A 0 TR S e BE A AU [ . [ e BT
24412, 2016,36(17) :4589-4600.

BAO Yuqing, WANG Beibei, LI Yang, et al. Rolling dispatch
model considering wind penetration and multi-scale demand
response resources| J]. Proceedings of the CSEE,2016,36(17):
4589-4600.

2N AT R R, HR . 5 TN R 2% 1 KU I TR Bl
(7). 71 A Bh kB4 ,2020,40(12) : 88-96.

LI Zhiwei, ZHAO Shugiang, DONG Ling. Coordinated rolling
dispatch of wind and thermal power considering forecasting
error[J]. Electric Power Automation Equipment,2020,40(12):
88-96.

JEIE A M, S A K AR A SR A RS K L SN B
PEETTIELT]. KTIR A4, 2015,34(9) :1-9.

ZHOU Jianzhong, YUAN Liu, LU Peng,et al. Real-time load-
adjusting method of cascade hydropower plants considering
hydrological regime-changing conditions[J]. Journal of Hydro-
electric Engineering,2015, 34(9):1-9.

FAGME, E w4 P E R R R OB AR B iR
Zo )] TR A S, 2021,45(1):17-27.

WANG Weisheng, WANG Zheng, DONG Cun,et al. Status and
error analysis of short-term forecasting technology of wind
power in China[J]. Automation of Electric Power Systems,
2021,45(1):17-27.

TR . BRI L i A P R A AL IR EEEE (D ], i
DL AR, 2014,

ZHANG Rui. Hydropower generation scheduling of large-scale
cascaded hydropower stations[D]. Wuhan: Huazhong University

of Science and Technology,2014.

[19] BRARbk. KR ZEEAT SR (M. Jbat R g L,

2008 :52-53.

&I

WAEHE(1995—) , & , LR A, £
LAY R I € Ay i & AR R ARACE AT (E-mail
yangyuqi@hust.edu.cn) ;

FOFH(1980—), F, # ML, £

v TR Tr @) Ay K R IR ARAIEAT R e
{f 25 # % (E-mail : moli@hust.edu.cn ) ;

REF(1959—), F , 34, ZRHRH

Whiagt 1 A K8 AR R A A B4 A 424 47 (E-mail :

jz.zhou@ hust.edu.cn) ;
(1997 —) , % AL AL, TLAFT T @1 A K &

GARACIR K TR (E-mail : m201973890@hust.edu.cn) .

(w58 4 %)
(F#% 260 W continued on page 260)



D ® 0 & % L B $aE

Load transfer control method of distribution network based on
deep reinforcement learning
WANG Guanghua', LI Xiaoying',SONG Bingrui’,ZHANG Pei’
(1. Baoding Power Supply Company,State Grid Hebei Electric Power Co.,Ltd.,Baoding 071000, China;
2. Tianjin Xianghe Electric Co.,Ltd., Tianjin 300042, China)

Abstract: With the rapid expansion of urban scale and the continuous advancement of electric energy sub-
stitution, the number of buses in distribution network increases greatly,the structure becomes more complex,
the uncertainty of topology changing after fault becomes larger, and it is difficult for the traditional load
transfer methods to provide high-quality solution schemes in short time. For that, the load transfer control
method of distribution network based on deep reinforcement learning is proposed. The load transfer process
is regarded as a Markov decision process,which interacts with the real-time electrical and topological data
of distribution network,and controls the tie switch and subsection switch. In order to improve the accuracy
and generalization ability of the algorithm,the pre-simulation mechanism is added to the action strategy for
the algorithm,the proportions of action and learning are adjusted and the adaptive optimization algorithm is
adopted to solve the problem. The case analysis shows that the proposed method can deal with the topology
variation of distribution network under different faults, and provide the optimal transfer control scheme of
load recovery amount,power grid loss and times of switching operation immediately,which is of great signifi-
cance for reducing the outage loss and improving users’ satisfaction.

Key words:deep reinforcement learning;distribution network;load transfer; Markov decision process
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Real-time dispatching strategy of cascaded hydropower stations under

frequent load fluctuation
YANG Yuqi'?*,MO Li"*,ZHOU Jianzhong'?,XIAO Wenjing"*,XU Zhanxing'?
(1. School of Civil and Hydropower Engineering,Huazhong University of Science and Technology, Wuhan 430074, China;
2. Hubei Key Laboratory of Digital Valley Science and Technology,Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: Under the environment of grid-connection of high proportion of renewable energy, how to utilize
the regulation effect of hydropower safely and efficiently is one of the key issues for the safe and stable
operation of power grid. The frequent load fluctuation situation faced by cascaded hydropower stations in
the period of power system transformation is introduced,the aftereffect influence of real-time dispatching for
hydropower stations is analyzed,and the quantitative criterions of hydropower flexibility in real-time scale is
established. On this basis,a real-time dispatching strategy of hydropower stations under the situation of fre-
quent load fluctuation is proposed, which adopts the mode of combining real-time and long-term perspec-
tives and dynamically controlling the output of each period and the water level at the end of dispatching
period at the same time to meet the demand of real-time adjustment. The case results show that the pro-
posed real-time dispatching strategy can enhance the hedging ability of hydropower system against the risk
of future dispatching period under multiple load fluctuation scenarios,and it is more adaptable for the cur-
rent hydropower operation environment compared with the traditional real-time dispatching strategy.

Key words:load fluctuation;cascaded hydropower station;real-time dispatching;aftereffect;dispatching risk
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