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Abstract: Aiming at ultra-low frequency oscillation in power system caused by hydraulic turbine governing
system, an additional damping control strategy for governing side was developed. Firstly, according to the damping
torque method, the negative damping generated by the hydraulic turbine governing system was regarded as the
main reason for the ultra-low frequency oscillation of the power system. Secondly, the damping torque coefficient
expression of the speed regulation system was derived, which proves that the coefficient is closely related to the
time constant of water hammer effect and the PID parameters of the governor. Besides, based on the additional
damping control strategy, the positive damping compensation was introduced in the speed control side of the
system. The grey wolf optimization (GWQ) algorithm was applied to optimize the PID parameters to further
improve the damping characteristics of the system. Finally, simulation verification in a single-machine system and a
four-machine two-area system was executed through Matlab/Simulink. The results illustrate that the proposed
control strategy can significantly enhance the damping characteristics of the speed control system and effectively
suppress ultra-low frequency oscillation.
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Fig.1 Hydraulic turbine governing system
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multi-machine system under optimization parameters
R4 ZNRERASHAEMMEF LR
Tab.4  Performance comparison of different additional control of

multi-machine system under optimization parameters

PRk e KT e 2 /Hz ITAE  JRIHIEL
RIS I 0.22 341 3
BRI 0.17 87.5 0.5

P & 15 FR 4 475087, 75 GWO Bk 4k
I ZECT , TCHHm 6 2 58 LU 22 (6
0.045 Hz () J5 s f7, HPEAIEREAN ARG, &
35 1 Fe KA R A 2% 4 0.22 Hz, 43 2 ITAE $5 45
80 341, 2401547 180 s Ji LIS R 22 M 0 2 78
IBAT o R HIBRH N RE S 42 i S ms I, 2R G A0 Al
25 T FE R 0.17 Hz, 23 B2 ITAE F5 45 {H T %
87.5, RGLiE1T 60 s Ji LI R 22 4 0 Fa 2 1817 -
TEPRALSHCT , B A T B n BELJE 42 il e ms T
F G TP AE 35, FL B B e 5 i 5 m
L RGBT Re R

10

L Lk, T B R B s i SR AE Z AL AR
Girp, IR a] 3 i 0 e e AR G e B e i J7 s
F YR JEFE I, HE AT R ) AR IR o B
b, I B SR [R] I BE 8% B T GWO Bk A AL 1
WSRO, PR T RGP T IMERE

4 it

BT AKAR LI B 2R G251 & ) AR AR IR 3% 7]
RO, 18— 5 T B BELJE 42 o A 1 o1 SR, BT
i SR ek B Wb 2R G R A I 35 15 2 LB I
A 5B B R 45 i, DL R S i BH e
P e IERY | LT GWO B kAL 8 1 %5 PID
SR, DAt — 20 145 2R G0l AR 4R 35 400 ) R
R ES ISR AT

1) I 3 22 48 7 A 1 T BHL e R0 A i ) R 5E
KA FBARIIIR % 1 R i RN 5 K R AL
ARSI AR 75 PID S5 VAR G

2)) B B Jon BEL e 42 i) 5 w38 ak A 6 R Y
Tk AR TR R G AR AL E R E , S R e
Rt

3)VTESRHLRIZ LR G, B n BHJE $2 il 5w
AL A R AR A 4 7 , 7E UL ERE b LA GWO
SRR R PID S8 T8, T DAtk — 2B 4
THRGBTTLRE S AR T RGNk EETT .

S 3Lk

(1] 52/NEE, B4 WBAR 55 . 2T LCC Y IR i F 4 it
s TR A RS AT, P A% 20, 2021,51(13) : 14-19.
YUAN Xiaowei, WANG Jinmei, MIAO Haidong, et al. Research
on reactive power control strategy of HVDC converter station
based on LCC[]]. Electric Drive,2021,51(13):14-19.

(2] XU, SRARIE , BRI, 55 S DI R 7 30T 2 e v R IR

AR B LIRS 5 07 B L. 05 LR A, 2016, 10(7) -
29-34.
LIU Chunxiao, ZHANG Junfeng, CHEN Yiping, et al. Mecha-
nism analysis and simulation on ultra-low frequency oscillation
of Yunnan power grid in asynchronous interconnection modelJ].
Southern Power System Technology,2016,10(7) :29-34.

(3] BRORV BT, R A5 L R A H R G IS AT R AR
WE[J]. H E ELBL TR 4R L 2013, 33(4) :96-102.

CHEN Yiping, CHENG Zhe, ZHANG Kun, et al. Frequency
regulation strategy for islanding operation of HVDCIJ]. Procee-
dings of the CSEE,2013,33(4) :96-102.

[4] B, KO, BT A BRI 2R GE IR AR A R A
9 IR 43 A7 55 4 1 D ik (D). o LT R AR, 2013, 33
(16):137-143.

HE Jingbo, ZHANG Jianyun, LI Mingjie, et al. Frequency do-



R &R A T e PR AR A AR iR R AL B AT R

WA AR 20245F H 544 24

[10]

main analysis and control for governor stability problem in is-
landed HVDC sending systems[J]. Proceedings of the CSEE,
2013,33(16):137-143.

SENCOGLU C,TOR O B, CEBECI E, et al. Assessment of the
effect of hydroelectric power plants’ governor settings on low
frequency inter area oscillations[C]/International Conference
on Power System Technology , IEEE, 2010.

VILLEGAS Pico H, MCCALLEY J D, ANGEL A, et al. Analy-
sis of very low frequency oscillations in hydro-dominant power
systems using multi-unit modeling[J]. IEEE Transactions on
Power Systems,2012,27(4) : 1906-1915.

T W T 00 5 ESLIR Y R ) R SeE)
ARUERISZALT]. o E RL T AR, 2008 ,28(34) : 80-86.
WANG Guanhong, TAO Xiangyu, LI Wenfeng, et al. Influence
of turbine governor on power system dynamic stability[J]. Pro-
ceedings of the CSEE,2008,28(34) : 80-86.
BEEEL, MR, RIRF 45 . 0 00 R G0 — YRR AL 7 ) AT A
R M. HL ) R 58 A 34k, 2017,41(16) :64-70.

LU Xiaomin, CHEN Lei, CHEN Yiping, et al. Ultra-low-fre-
quency oscillation of power system primary frequency regulation
[J]. Automation of Electric Power Systems,2017,41( 16):64-70.
WA , BRI, B, 45 R R 2 AR ik U A AR A 9 16
Lo i 5 B BHERIITED. RS A S, 2017,41(17)
9-14.

CHEN Lei, LU Xiaomin, CHEN Yiping, et al. Online analysis
and emergency control of ultra-low-frequency oscillations using
transient energy flow[J]. Automation of Electric Power Systems,
2017,41(17) :9-14.

Xt , EAEM, BEE AT, 45 KL S S o i ) R
AR (S, AL R4A, 2019,43(4) :1371-1377.
DENG Wei, WANG Delin, WEI Mengxi, et al. Influencing
mechanism study on turbine governor parameters upon ultra-

low frequency oscillation of power system[J]. Power System

[11]

[12]

[13]

[14]

[15]

Technology,2019,43(4):1371-1377.

GUO Lei, XU Chang, YU Tianhang, et al. An improved mayfly
optimization algorithm based on median position and its appli-
cation in the optimization of PID parameters of hydro-turbine
governor]J]. IEEE Access,2022,10:36335-36349.

TR AR, R BT IGWO-PID TS 2k A K S DL
PRI BUCH FHR ,2021,44(23) : 121-125.

ZHOU Keliang, DENG Feixiang, WANG Wei. Hydraulic tur-
bine speed control based on IGWO-PID prediction algorithm[J].
Modern Electronics Technique,2021,44(23):121-125.

i fh, REARAS AR, 45—l R HULIRI 25 A A LI B T B2
FE RS Ul g, 2022, 52(2) 1 18-24.

HE Wei, XIONG Junjie, ZHAO Weizhe, et al. Research on an
additional damping control strategy for virtual synchronous gene-
ratorJ]. Electric Drive,2022,52(2):18-24.

REWS T, VRS, W&, 55 . —FhH T/ 0 RGBSR 2 3 1
PRI B D R, it BELJE i AP i e 50T SRR 0 AT ). FRL I
7R,2022,46(7) : 2690-2698.

XIONG Hongtao, WANG Zongheng, SHANG Lei, et al. Dam-
ping injection controller of renewable energy for power system
low frequency oscillation mitigation and its dynamic character-
istics analysis[J]. Power System Technology, 2022, 46 (7) :
2690-2698.

VI, BRI, ST, 45 L KOB AN A i R U IR 12 10
il PR RIS DF L] KR F 2 M (A ARE S TR
fi2),2021,54(12) : 1248-1257.

XU Yin, WANG Jiaxuan, WU Xiangyu, et al. Suppression con-
trol strategy of ultra-low frequency oscillation in hydro-PV com-
plementary generation system[J]. Journal of Tianjin University

(Science and Technology ) ,2021,54(12) : 1248-1257.

Wk H 47:2022-08-15
R H 1 :2022-09-01

11





