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with the 'Two-Machine One-Hole tailrace surge chamber
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Fig.2 The athematical model of active power coordinated control of a hydropower station

2 ZREEANTIKREG AR SIS ST

BEALK ROEIT N I A 3, K KOG H g R
B L R T T, K KOG E AN R ST AT K L 2 R
PRI EAR S e 2 . 22 REEL AN P IR
) AR AR A HL I 97 45 4 55 KU B A £k
T 5 S7 AT i 2 9 TRV S I 1] KRR T 30l % W 4
RGN KA RS . KL TR TR R
A D TR R E T R IR R G T R
o7 o 45 454, B ML ] BT TS AR B LL 2 R 4R
AAEIF N K I EAS , DE R T R AT
2.1 TIEHR

AR SCH T S MRAE BN = AR K H 3l T 7E 19
KT X Aok KOG — A f B s A BT e . = ARk

F, 3 Ry T AL — IR 4 B2 7K R 2 K L AT 4 IR
KA K LA KA LA E /K Sk O 128 m, 4
JELIE N 225 m'/s, BE 1R 250 MW, &1 e i
9 166.7 r/min. AE I KT X 38R 2 R B vl
AR 3G, 5 =K B FTHR 3 A 500 kV HEL W,
H H = M IR 7K H il A ) ) 8 S A H O A
il e P B S e E 3 & A T R G2 BB 5~10 min
] 7K LS R kA DI TR HE 4 o BT AR IR A
7= I S K AT R4 A M R FE = A& K R
3l 28 A X' TR R 92 1) 3R G, S AR A0 B e R
T3 S E 1 K B S TR iR K RO B T
T A2 L I R R R £
22 {FE&R

LI 24 iR O R XU OB AR G 24 b
T SR I SCk [ 28 B, W El 3 BT . B

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F20% % 44

B, SRR EANT R R SEH P o) R R AR R A RAT R 157

BN R R T, =12.5 M RGBS T=1.10s.
T, ..=1.00s.T,, =001 s.8=0.05.8,=0.19, i1 %i
EKER N 128 m & F T =R AN K S Hoe U &
LA Z 5K KOG B AME AT T Bl il i 72 1 F 5
SERANE 4 PR o

4000 [ il gy gk
— = LT 2
= 300 - BRI %
2
R 200
=
100} = —~— |
% 2 4 6 8 10 12 14 16 18 20 22 24

fif /b

B3 &M 24 hit 3l Ay o AR SEAR TR o 2
Fig.3 24 h New energy load curve and grid load command

curve of the power grid

300
ol T PRI F) d /ﬁ\
- IR RGBT Bl
E ZOO\L "\__
= 150 T ,/v/
H g KVZJJ/—E‘L% /J
50 K §
0 kﬂ%

0 2 4 6 8 10 12 14 16 18 20 22 24
B IEl/h

(a) 24 h /K KOG 3 R i3l i o il 2k
371

sl T TR RGAT ) e bME
m— V%t L

$ER03

0.0
£ 135.0

X 134.9
%

1348
g 134.7

= 1346
£ 0.100
E

1

E 9015

2 __/\/
&l 0.050
%

16 0.025
==

= 0.000

40 50 60 70 80 90 100 110 120 130

/s
(b) 90 s B[] 725 T P 7K R, 3 380 1 ol A 2004
B4 KRR ZANEAT T AR5 A2
Fig. 4 Coordinated control process under the water-wind-

solar complementary operation

4 (a) i 24 h 7K RO EL S I iHh 28 B R R ik
(TS0 s 77 i 2 CRAERS [E] (8] B4 5 min) 5 B 4(b)
SR 35 B 20 : 00 Bif 7K L 3 90 s B[R] 38 B P 38 4 3
B RA TR T IS Rk ek Pl
K S B 28 KAV AR Ak 203 Pl (R A st 1] [ o o
0.01s). BT RFTUAE N, 5150 LT
K L LA RS PR BE AR AT, BB A5 A2 K XU B AR B
JE A ER K KO B T TR S T Gk
TR 2w & s 4 24 a a1 BT, KB HL
TR AR W R G0 T A A ik e ok R Y S ko
JE , 22 B AR B 5, 7K F AL A T T
JO7 HE BB S A T R S R Y A AR R R K O R
o IR S )RR A 3 Bl X A T B R Y i
FEA R
2.3 BEEEANT/KEBIE IR 88 S 71

MR 2020 4F [ 5 8 5 s 48 o W45 )Ry & A 1)
TR AN 207 R 0 B SR I I R L T T A
0 Rl iR Mk & PEAS AR VE N - B 5 min B
SR SR g fe v e 22 N AE & R EE TR
M£+2% LA, BDY H & iRl /hF 100 MW B,
VR ZE R 2 MW o F220 (LD TR A5 AN L 2R
423 (12) FEATHL R A%

|P, - P,| - max{P, x2%,2}>0 (11)

Wy =2x(|P =P, |- max{P, x 2%, 2}) x 5/60

(12)

W MR, MW -h; PR K KOG SRR &

H, MW P, ol L R R B fr BR A, MW

max {P, x 2%, 2} 1% 3% H % 8 B i %l i 29 5
2 MW A HLBUORAA

FES MR, 2% TS A0 b 2 A g B
T3 1 SR VTR 7K HL 3 B R 9 o ) o 17 R L A
2 R RE T 2% A% R o TV BE
T Ichf o
2.4 7k k3o B o AR 4 o 4 1 O B2 T

SRHAIF 5 7K Sk Xof 7K ERL Sl b R 45 o AR 1 5
VEHGZ Ll P /K Sk 105 m, BE K Sk 128 m, fi%
KKk 155 m ] 7K 3k 135,145 m #E 47 K KOG
PR 4 e R G O OB . T A P R R At
SR A 2.1 95 1 — 2

AT 2 A AR [ K Sk TR K OGS BR s 7 il 2k
WME S PR, ARKL FREZHREW,, L% L

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



158 kv EIXFEFER(OEAHFRK)

20238 A

GBI B A R T A Y O SRR ARKCR R
V18 ol 9 4 o 2050 SR e, K KON & H S B S g il 2
5 TR S R R A TR SRR, R
R A 28 +29% 15 58 ; B /K Sk i 38 =, B
TIHR G, 7K Sk st 7 B 5 1) (B R T
e, LA Fe VA o (1R 6) , A I 25 A% f et 1 % ¥
K

~ = -Hy=105m
s Hop=128 m
-=0=-Hy;=135 m|
< -B- Hy=145m|
—0—H,=155m

I 1
8 10 12 14 16 18 20 22 24

0 2 4 6
I i)/h
B5 B ZAERK TRREERE E A&

Fig.5 The actual total hydro-, wind, and photovoltaic power

outputs under different working heads
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under different pulse periods
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Fig.7 The actual total hydro-, wind, and photovoltaic power

outputs under different pulse periods
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Table 3 The calculated power grid assessment electricity

under different pulse widths
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1.00 55.92 0.40 299.07
1.20 55.92 0.80 838.49
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Fig. 8 The actual total hydro-, wind, and photovoltaic power

outputs under different maximum pulse widths
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Fig. 10 The actual total hydro-, wind, and photovoltaic

power outputs under different load pulse width coefficients
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power outputs under different integral time constants of
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Fig. 14 The actual total hydro-, wind, and photovoltaic power outputs under different water heads were calculated by optimizing
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Fig. 15 The actual total hydro-, wind, and photovoltaic power outputs under different water heads were calculated by optimizing

the operating parameters under the minimum water head condition
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Research on the active power coordination control characteristic of
hydropower station under multi-energy complementation

BAO Haiyan'*,ZHANG Zijie'*,FU Liang’, HUANG Yunbiao'"
(1. School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114,

China; 2. Key Laboratory of Water-Sediment Sciences and Water Disaster Prevention of Hunan Province, Changsha University of

Science & Technology, Changsha 410114, China;3. Hunan Wuling Power Technology Co. , Ltd., Changsha 410007, China)

Abstract: [ Purposes | To study the active power coordination control characteristics of a hydropower station
under a multi-energy complementary operation mode. [Methods] The active power control model of a
hydropower station under a multi-energy complementary regulation mode is constructed, and the response

ability is evaluated by the power-grid assessment standard. The influence of different water heads and regulation
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parameters on the coordinated control characteristics of the hydropower station is analyzed , and the parameters
are optimized by a genetic algorithm.[Findings] The regulation performance of the hydropower station is better
under low water heads, and it is easy to produce output oscillation and poor regulation under high water heads.
The larger the pulse period is, the easier the output oscillation occurs. The smaller the maximum pulse width,
the better the regulation characteristics of the hydropower station. The minimum pulse width affects the
adjustment accuracy; the smaller the pulse width calculation parameter and the governor integration time
constant are, the faster the adjustment is, but it is easy to oscillate. The larger the parameter is, the more stable
the adjustment is, but the tracking ability is poor. The optimal parameters obtained by the genetic algorithm
have good real-time output tracking and meet the grid assessment. [ Conclusions ] Under high water heads, the
coordinated control ability of regulating active power of the hydropower station is poor, and the regulation is
easy to produce overshoot and oscillation. The adjustment parameters of the unit have a great influence on the
coordinated control ability of the hydropower station. If the value is improper, it will lead to poor regulation
performance. Using genetic algorithms to optimize the adjustment parameters can effectively improve the power
regulation quality of multi-energy complementary system.

Key words: hydropower station; multi-energy complementary; active power coordinated control; numerical

simulation ; parameter optimization
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