Vol.40 No.6
Jun. 2020

F£40%5 FoH
2020 £ 6 B

2 9 8 % RS

Electric Power Automation Equipment

AEMITE (A% 2 PHL Ve A PERR K HUBLEH — 2 3
% H b sms

H R REZLHERLRE
(1. BM3E LS AR 0 AFRFHRE, #Hd KV 410007;
2. KXKF RFFREREIERHAFERETLEEZEE, H KX 430072)

FE APk d & b s b WARARIA IR 3 30 % R R ILA R L2 ik R 35 ) BB T ik X VAR R P
AT RAFML — KA S0 T JE X R 69 R, 32 B — AR %R LR AR M09 K AL — KB £ B
AR, BAEZER TR TG KENAREZAEBED BT ARAAARERSKEGRAEZ
Bl % & F ik X, TN T WA K AU PR P Fe — KRR 2 AP ARG § B AR RSk KRG R A FRE AL 2R Ae
JG AL TE AR LE A0 4 R AL TR R e AT AR B 4 R AR AT AL T R G R % BARS| A3k kA B AR RS AT R
i, Tk L B AT R R — R DU T M R EAT A, AL RERN, RAR
RORAF B 0 AR e B R AL R o — KORIRAE A 09 R BT, BT IR ST iR R G AR ARSI B A FL R KT, A A

T A AAKIR IR G 0 R &

R ARAKIRIR T 5 — SRORIR; KB ALLL  TLRAF I ; % B AREAL

FEDES:TM 712

0 3l

=R SRR R R K
b R, A B R AR IR B AR X AL o AR S
T R &R e B i R g S LB R AUK B &R
B AR B T I 3 B I B 9 3 4 7 R PR A A R A
Mo JEARSR TEZK L MLZE o Fb Aoy 1 H 99 3 IR
Bk R g rh ik s U AR I . ilan .
TE 2= B L I 55 L X TR ) S 20 1K IR 3 3K 4 1
L TR IR L 0.05 He (AR LG 16
AHARIR 4 3 77K f ol — R AR D RE IS Ik 32 15 LA
B TR IR B I 1 b, B R AR AR 1Y S I
Bl 30 A TR R G SR A IR G T R
110 N = =1 o A A2 I R | TS
W BB AR 7 IS . Rt AR R 3
FENT T E NS ) RG L R FE B TA R
SR LT R T A DGR R AR B v B OGTE

SCHk [2] 53 #7 7K H ML AL L A7) - B 43 — B34 43 PID
(Proportional-Integral-Derivative ) 2Jj RPN AL %
ity L O A1 3R AR P S e, B TR RG22 W UG
TR 5 A R R AR 0 e R 2 T K

e B #3:2019-12-28; f& B H #3:2020-04-09

BEEWB: B 5% a4 5L FF7A(51809197); B XK A
At FEe® LA A (51879200); B K 8 KA F R EF ER
B (51839008)

Project supported by the Young Scientists Fund of the Na-
tional Natural Science Foundation of China(51809197), the
General Program of the National Natural Science Founda-
tion of China(51879200) and the Key Program of the Na-
tional Natural Science Foundation of China(51839008)

[

MXHEARERD: A

DOI:10.16081/j.epae.202006010

S22 K i HEL O R AR 3 D L. SCRIR (3 3% TR E
R, TR T RGN R G S ECT KL
AR 57 O B P . SCHIR (4 2k T A kR
TR IR 9 B E 2 B ) 2 SRR AL e i T
He IFR N T KSR s g S 8O s b S T
B (ER A K F AL B £ R M RE AN AR
PRI EOOF & o SCHRES T PE Bk ML R 52 2
WO EL J1 R GERHLIE LE R 5 &, 45 Hh 23 SR J2 4]
BELE R A9 i 2 o STk 6 4 H T i 42 T 9 i
ZRGERELJE 1 R ARBUR 2 W S8 T i (B R
SEH S A X — YRR E RE AR o SCRIRL 7 ][] =%
JE K AL AP T i 2 A1 18] 2 28 8 1) BELJE e R SR AL
FREOR AL S 0T A PID S AT AL L ik 3 T
R AR AIIR 55 1) B B, HOR % PB4 1 S RO iR
Wi o7 Sl AR o SCHRL 8 1 i am i 3B H oL
A — YR T RE B MR ATLZH — YIRS A B
il 42 i 4% SR SEIX B, AR T I RS
WK AR T A — E R R T R G AT ER
BRAE ST o SCHRTO 1 Hh A 85— Y i 45t 11 i A1 AT
3 3 410 1 (4 7K A8 HIL I B 4% PID 22808 H AR LAk 7
5 i R SR A T EOR T B R B b
5 RSB B 7 JE R FR o

BA TR, S 20 6 I Jis 7K R AL ZH 18 R 4
PE S BONE 22 G0k o L RIAE T T A T pE e
RS S BB RAR 57 19 25U IR 2T AR
b WL s S — YIRS L S PR R G
W I 80 R A5 Oy SR B, XA A5 L I B Bl R B 5 o
ARG R . B RIIR G 23 R F 5 R R
BUBIR 5 55, 0] 3 i 28 58 2 500 A T AR AS L fig



@ L/ AR {7 G-

%4045

R AR 357 TR] AL, EL [] ARt e AR 1 B2 ) — Y 81 431 g
it BUA B SEAE I E 4 K B LA A R ST R JE
R LA A e AP0 3 1 [ ik, A 220 T AL Y
—UCTRIIITRE F1 , 28 A e B — Y ] A1 FE A0 A1 A
R 725 410 ) 10 9 1 AR G o) 2 UL R A Tl g
IR FR B — YR B 25 REHE b S AR BERE JE KP4
Pt s A AN T A PR B ] 2P I

BIRS BN A SR — Rl AR Rtk 4Kk
LU — IR 2 bR il 0 AL SR, B3 K L AL
A 38 2 G ARIR 1 FELE PR RE R AR -5 — UK A
IS BERE B 18] Y 7 JE 5 A%, Oy il o 81 3 2 48— IO
WS R IR R R AR % P BB A BAR T B

1 KEHAFRERGHFEER

Bl 1K AL IR R SR R R G — 1
Y AR N R B UR 7 e R ENHE 24 C 554
ANFERLZRGE ! VA I HE ] L Sk [13 ], A
A JFEE D 3R R FE S BR — A
BT AR AL T R R R R, SR LA

U (P, 205038 g 22 ok N TARERBEIX 5, Bl
2H ) FR 2 F BhHGI T B — R 55, 138 PR AR
G,(s)=Ay/Ax=

J K, +T)s*+(b K, +b,T K +1)s+b K, o
Forbr, Ay g S0 O B2 Qi 22 AH 6T (L 5 Ao Sy % 8 A 2 A1
X K, R B S S8G K AR I S8 6,0
TRASIG 22 BB T, O W ARATHLAG AT B ) 285
PEIAL &R

K, s+K,
(b,T,K

S

— . [aEEk S B
pons | k] Poem
F:ﬂﬁﬁ%ﬁﬁmmmﬁmmuﬁghmwﬂﬁﬁIﬁ@mk

F LR

E1 KEHNARERGREE
Fig.1 Schematic diagram of governing system of

hydropower unit

HAEH ) R G 1B K B AL — R 33t 8y 2
IO S MR R 368 R FH BRAE K AR LB AL A
SRR T B R E AR A, (R R AR T R M
Py EORERE o AEWFSE— RIS A /NI s T 0L, 7K 58
HLATR AR A, ek R

Am,=— Ay +—Ax+——Ah
Ty P T ey T e o)
9q, 9q, 9q,
Ag=—Ay+—Ax+—Ah
dy dx oh

Hob m K SN FEARREL, g A HLAL IR AR,
y A M TFBEAIXHA , x WL L A (B, 1 Ry A

IKSKARRHE , A ZR7m % 7 i i 22 AHRHE . 6 M5 18 7
BARE X0 K e, =0m, 10y e, = dm [dx e, = dm, Ok
e, =0q/dy.e,=09q/dx e, =0dq/0h, K S HLZE B %
PEMTZ F I R T8 S MoK A5, BE S A [A] 24 5]
PLAAE — WA/ INE Bl 00T i sh Atk . #F—
A PR B K AL LA 5 1K 22 50 1A% 38 R A i =X
(3) 73, X g 1) A2 35k ok RS A AE T An 181 2 s
B Am, e, (e e,—eye)T,s

N Ay - I+e,T,s (3)
Horb T, 51K RGBS ) # 5, A SO BN L
TN LT R HERTAL S B K AE HLB Y 1 L
ML RN, K 3 PR . S0 AH L, 3
REUKFE USRS TR FE DL R PR A (14 f R 1A
2255 W1 0.43 % F10.08 %, 55 FRAR /K & HLASE AL AH
F SRR ES AL R AR B O 1 0 ELA

G.(s)

ke el

+ _
Am - — |Ax
4_§+k%m&ﬂ-+

B2 /NEZ TR TKEHASEIER
Fig.2 Block diagram of hydropower unit structure

under small fluctuation condition
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Fig.3 Simulation comparison between internal

characteristic model and ideal turbine model
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Fig.4 Influence of governing system parameters on

damping characteristics
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Multi-objective optimization strategy of primary frequency regulation for hydropower
unit considering damping characteristics of ultra-low frequency oscillation
FU Liang',ZHAO Zhigao’, YANG Jiandong®, YANG Weijia®
(1. State Grid Hunan Electric Power Company Limited Research Institute,Changsha 410007, China;

2. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)
Abstract: Aiming at the inhibition requirement of ultra-low frequency oscillation suppression in power grid
with high proportion of hydropower and the problem that current control parameter setting method of speed
regulation system of hydropower unit can hardly effectively coordinate the contradiction relationship between
system damping characteristics and dynamic performance of primary frequency regulation, a multi-objective
optimization strategy of primary frequency regulation for hydropower unit considering damping characteris-
tics is proposed. Firstly,the speed regulation system model of hydropower unit suitable for small fluctuation
condition is established, the relationship between damping characteristics of speed regulation system and
oscillation frequency is derived, and the multi-objective functions are introduced to coordinate the damping
characteristics of hydropower unit and dynamic performance of primary frequency regulation. Secondly, the
corresponding constraints are dealt with the combination of pre-processing and post-processing. Finally,
MOGSA (Multi-Objective Gravitational Search Algorithm) is used to solve the objective functions,and the non-
dominated solution set is optimized to obtain the optimal operation parameters of hydropower unit under
primary frequency regulation condition. The simulative results show that the optimum compatible solution
obtained by the proposed strategy can not only better improve the damping level of speed regulation system
in ultra-low frequency period but also avoid the check of primary frequency regulation, which is beneficial
to suppress ultra-low frequency oscillation.

Key words:ultra-low frequency oscillation;primary frequency regulation;hydropower unit;damping characteris-

tics ;multi-objective optimization
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Table Al Physical parameters of hydropower station and parameters of optimization algorithm
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Table A2 Fitness functions of each scheme in non-dominated solution set

AR Obj1 Opj2 YaES Obj1 Opj2 YaES Opj1 Opj2
1 1.8017 143.42 11 13296 181.74 21 0.9555 232.95
2 17918 144.36 12 12787 187.23 22 09131 253.71
3 1.769 1 145.43 13 1.264 8 188.80 23 0.889 9 263.47
4 1744 4 148.39 14 12185 193.03 24 0.876 6 269.47
5 1.650 3 152.84 15 1.1880 197.73 25 0.866 2 278.02
6 15751 158.73 16 1.1033 208.62 26 0.8550 288.88
7 15305 161.93 17 1.061 4 213.98 27 0.8318 312.95
8 14918 165.93 18 1.0371 219.26 28 0.8238 322.83
9 14371 169.61 19 1.0090 223.71 29 0.8180 327.88
10 1.3938 173.95 20 0.980 6 228.59 30 0.817 6 330.39
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Fig.Al Comparative analysis of dynamic performance among each scheme

30 ! ! ! N NS
— —— AT
= IR
2 — AL G
& 1 ’
N\k 0.1 0.15
I
= ‘

) 0.4 0.6 08 1

B (Hz)
(a) VB RGP R4FIE

0 10 20 30 40 50 60 70 80
INFIE] (s)
(b) —XRIBSRENZS M R
B A2 RALRIEKEBHARNIS M REXTEL 547
Fig.A2 Comparative analysis of dynamic performance of hydropower units between
before and after optimization
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