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Analysis of Frequency Characteristics of Wind-Hydro Power System
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Abstract: With the increase of the proportion of new energy,
in the Yunnan power grid with abundant hydropower
resources, relying on the primary frequency modulation of
traditional units can no longer meet the requirements of
frequency stability of Yunnan asynchronous networking
system. For the power reverse adjustment caused by the water
hammer effect of large hydropower, a wind-storage combined
frequency modulation control strategy considering load
frequency characteristics is proposed. Firstly, the frequency
domain  model transfer function of traditional power
(turbine ), doubly-fed wind turbine, energy storage system
and comprehensive load is established. Then, the DC power
flow method is used to simplify the electric network, and the
analytical formula of frequency response of wind-storage node
under load disturbance is obtained. The four-machines system
with wind-stroage, water turbine and lood is built in the
electromechanical transient simulation sofware PSD-BPA.
Through the theoretical analysis of the analytical formula and
the simulation verification of the four-machine system, the
influence of the proportion of static load model and frequency
characteristic parameters and the proportion of energy storage
on the system frequency is analyzed. The results show that
the wind-storage combined frequency modulation considering
the load frequency characteristics can effectively reduce the
system frequency deviation.
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Fig. 11 Mechanical power diagram of water turbine

corresponding to different static load models
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Fig. 12 Active power diagram of wind turbine
corresponding to different static load models
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FLBIHL A LA O B9 51 40% , 28 40 015 34
FhiEr, B 14 v XERREZR B A 2k 26 A ) T 3255
NEE, AR 50 MW LG, BEZR B AbER AT 1)
DA S N 30 MW R %2 28 MW, H gh#lL 4 L
K RGL A NYPR T ERZ, FFE T 28 MW
LeAT  ASINELSIHL G far 1Y) R G AT DD B
% 30 MW 247 /e ThRas HT’@EEEZJJHL;E
Sy NGESS W ERTIPIE S 7 A

¥ hmipahin u LA 0% e dLEhbL TE20%

th
(=]
4

& WEHFLEEE0% « duhbldEeos

"
i

BHEGBAL LG #E AT ThTh MW
=

"
=

E 14 FEzhEAELGIX G RE
Fig. 14 Active power diagram corresponding to
different dynamic load ratios
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water hammer effect
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corresponding to different energy storage ratios

BV X A RSOV A AR B o Y XL T
i 2 OB, S RE 7 OB R N, TR AR KRR A
B KFEHLHLIR I R SR e RAE M 51.4 MW
AR ZE 50.5 MW, 3 1870 K B HLAILA D) 2 e
o AUBHIR 5 IR A0S 7K FEHIL /K BRSO A — R Y 24
M

¥ RHLTFRF K120, fHEEA1E=01
UL Bk 140, flE & Hoe0 2
FUHLF 3§ 800=180, RRBES1E=0.3

i/s

E 18 FEMEEE S AR T KR TR E
Fig. 18 Mechanical power diagram of turbine under

different wind storage combined frequency modulation
4 L5iE

ARICHR T — Pt B B AR P 1) AU B
B RIS ) SR W, 4D e K B LA B S8 A Ok 1Y)
DRl FHET PSD-BPA {5 HOXH it $ 44 il 5
W EAT TS0, 75 LU R 4518

(1) il id B oA 5 0 B 96 UE A B« ZIP L
TR L 05105 T 255 G0 Ay 3R AL~ e A3 i o7 A AR A Y
SN, 2 B A A3 TR 3 A, 2R G800 % Al 22
/I3 BHZS U HUIOR | 2R G0 3 i 2 K

(2) ZKHRRONL i 1R] 4 2 Ty o 3R SRR
HUSZ I B I o Ty R, RGN 22 e K
(EBOR, KA HLLLA D302 B

(3) MUt IE A A 2K B TR 5 B
WHLT 2 R BB, il RE o5 Ly, MK SR

VRIS o
& % X

[ 1] skerin. KUKHLFRGErhBUs XL HLZE 5905 00 A
FERIHARDIZE D], dbat: Aede JiRke:, 2018.
ZHANG H Y. Research on frequency optimization
control technology of DFIG in wind-hydro power
system[ D ]. Beijing: North China Electric Power
University, 2018.

(2] Gemidf. WAL AMEEK L 28 G0 K HR RN 4 47 o] 3R s

LA PR AT TS [ D ] BB VY g 58 K22,
2018.
RAO C J. Study on control strategy of wind power
compensating for water hammer effect of hydropower
system and frequency characteristics of power grids
[ D]. Chengdu; Southwest Jiaotong University,
2018.

(31 XUagh, WL, B, 5. mHLBIK R 2 Bk i

FL PR G PR R T B R B 2R [0 ] T &R
G S, 2021, 49(6) . 181-187.
LIU B S, TANG F, YU R, et al. Frequency stability
coordination control technology and practice of a
multi-DC outgoing power grid with a high proportion
of hydropower [ J]. Power System Protection and
Control, 2021, 49(6) . 181-187.

[ 4] PASIOPOULOU I D, KONTIS E O,
PAPADOPOULOS T A, et al. Effect of load
modeling on power system stability studies [ J ].
Electric Power Systems Research, 2022, 207.
107846-107856.

(5] #ziR, S, KRRk, % BEXEEENHRT

ARG AR R DT ST ()], P TR, 2018,
25(11): 2046-2051.
HAN Y H, MA C, ZHU Y Z, et al. Load frequency
control for power systems with wind energy [ J].
Control Engineering of China, 2018, 25(11) ; 2046-
2051.

(6] 5kif, WK SFEENZ XEEIKE RS

PRSI [T]. Tl =6 E AL, 2020, 33
(10) ; 47-49.
ZHANG Y, CHANG P F. Load frequency control of
multi-area  interconnected  power system  with
renewable energy [ J]. Industrial Control Computer,
2020, 33(10) : 47-49.

[ 7] Jild XA AT I 7 5 58 57 i 430 42 45 1
[D]. dexmt: At Jiksy:, 2016.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



FLHL

SEHINT, 4550 &, 45 12 1)
Electric Machines & Control Application, Vol. 50, No. 12, 2023

63

[8]

(9]

[10]

[11]

[12]

[13]

[14]

YAN Y J. Load frequency control in power systems
with wind power integration [ D ]. Beijing: North
China Electric Power University, 2016.

HU B X, TANG F, LIU D C, et al. A Wind-storage
combined frequency regulation control strategy based
on improved torque limit control [ J]. Sustainability,
2021, 13(7) . 3765-3783.

P B, ERE, P, 45 KURIKS RET IR
RIS [T ]. B, 2016, 37(12): 55-
60.

YAN G G, WANG Y B, ZHONG C, et al
Frequency control strategy for wind storage combined
system [ J]. Electric Power Construction, 2016, 37
(12): 55-60.

WRIKT, BRIK, 1t 55 JET XWLIMSRE Y
it REIC B 7 1 Je b Rs AT oRms [ ], W Jy ik,
2022, 43(1): 96-103.

CHEN C Q, LI X R, YANG L, et al. Energy storage
configuration method and coordinated operation
strategy based on wind power frequency regulation
characteristics [ J ]. Electric Power Construction,
2022, 43(1): 96-103.

HitRE, B, TR KAEBCE TR T
TIRGIARFEE [ T]. SRR, 2015, 41
(7). 2209-2216.

MIAO F F, TANG X S, QI Z P. Analysis of
frequency characteristics of power system based on
wind farm-energy storage combined frequency
regulation [ J]. High Voltage Engineering, 2015, 41
(7): 2209-2216.

JE R, ZERROR, Sk, G B IEHIBARRE RGTM
FCHL P SCEE S A R [T ], m R FOR,
2020, 46(2) : 490-501.

QU X, LI X R, SHENG Y F, et al. Generalized

network

High

composite load mode of distribution

considering battery energy storage system [J].
Voltage Engineering, 2020, 46(2) ; 490-501.
KBH, A2, X2, &5 BT Al Ay & K
fitf 223 ) R G UR R [T ] 420 5 R
2019, 34(2) . 437-444.

MIY, HAO X Z, LIU HY, et al. Multi-area power
system with wind power and energy storage system

load frequency control based on sliding model control
[J]. Control and Decision, 2019, 34(2) . 437-444.
RERE. XU 2 5K Sy 32 A6 R A5 3 30 1 2 2

[15]

[16]

[17]

[18]

[19]

FRPEDFFEL D). BB . VU R A2 K, 2020.
ZENG J K. Research on transient characteristics of
power network frequency regulation with wind power
and energy storage participating in hydropower-
dominated power grid [ D ]. Chengdu; Southwest
Jiaotong University, 2020.

B, TR, R, ARG A LR

WARFEVER [T ], FMEAR, 2011, 35(3)
69-73.

ZHAO Q, ZHANG L, WANG Q, et al. Impact of
load frequency characteristics on frequency stability of
power systems [ J ]. Power System Technology,
2011, 35(3): 69-73.

TR, ML, RBL A XU A ) R e s AR
M SR PP Tk [T ] B RS A sk, 2015,
39(10) ; 22-27+111.

XU J, SHI W, XU Q. A distributed real-time control
technology based on point-to-point communication
[J]. Automation of Electric Power System, 2015, 39
(10) ; 22-27+111.

s, WO, BRI, 5. BB Y G A AR
WFFE RN LI ] R A7 2 4l (A AR B Rl
2010, 38(3): 353-358.

ZHANG X, JU P, CHEN Q, et al. Study and
application of load models considering frequency

characteristics [ J |. Journal of Hohai University

(Natural Science Edition) , 2010, 38(3) : 353-358.
BV, DR, W RGEMATAEBIM], Jbat:
el L g L, 2008 235.

JUP, MA D Q. Power system load modeling [ M ].
Beijing: China Electric Power Press, 2008 235.
Bk, whroo, UL, 4. AIbAERE RS
ARIMI. gt AUl H ik, 2018.
LI J L, HUAN J Y, FANG K, et al. Frequency
regulation technology of battery energy storage system

[M]. Beijing: China Machine Press, 2018.

W ks A 19 :2023-07-20
W e ik B 7. 2023-09-19
TEH I

(1999-) , 2, AT A, WEFETT 1] D0 T RE TR

— YR IEHH ,957650034@ qq.com;
w WAFVEH ML (1981-) 2, Wit B2, BF 5 7
] Sk BE PR — YRR B, 422416503 @ qq.com,,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



Extended Summary

DOI: 10.12177/emca.2023.154

Analysis of Frequency Characteristics of Wind-Hydro Power System

Considering Load Frequency Characteristics

DENG Han, SUN Shiyun* , ZHOU Zichao, FENG Haiyang, XU Tao,

ZHANG Pihao, CHEN Youwei
(Institute of electrical engineering, Kunming University of Science and Technology, Kunming 650500, China)

Key words: water hammer effect; load model; wind storage combined frequency modulation; PSD-BPA

Frequency is an important index to measure the
stable operation of power system. The safe and stable
operation of the power grid is inseparable from the
stability of the system frequency. With the large-
scale grid integration of new energy, the frequency
response of the power system is very different from
the traditional power grid frequency response mode.
In the context of the new energy power system, this
paper

modulation control strategy that take into account the

proposes a wind-storage joint frequency
load frequency characteristics. Firstly, the frequency

of the

connected point are deduced analytically, and the

characteristics wind-storage joint  grid-

load frequency model, wind-storage frequency

control model, wind turbine and frequency
modulation control model and power grid simplified
model are given. Then, in order to facilitate the
connection of the wind turbine, energy storage,
turbine and load frequency domain model with the
network equation, it is convenient to further analyze
the combined frequency modulation characteristics of
wind and storage considering the load frequency
characteristics in the frequency domain. In this
paper, the DC power flow method is used to simplify
the electrical network, and the frequency response of
the wind storage node under load disturbance is
obtained.

Based on the analytical formula of the frequency
response of the wind-storage node, the influencing
factors and variation rules of the frequency of the
wind-storage grid-connected node are analyzed in the
four-machine and

system , the pole distribution

comparison diagram of the system and the frequency

S8

step response diagram of the system are drawn.
the

frequency regulation of wind and storage increases

Theoretical —analysis shows that combined
more positive damping for the system, which has a
positive impact on the system attenuation oscillation
process, and the increase of static load frequency
factor can effectively reduce the system frequency
deviation value, and play a regulatory role in the
dynamic and steady-state response characteristics of
the system frequency. When the proportion of the
motor is larger, the maximum value of the system
frequency deviation and the steady-state value
increase significantly.

The simulation verification is carried out in the
four-machine system, and the influence of static load
model characteristic

proportion,, frequency

parameters, energy storage proportion and other
factors on the system frequency is analyzed. The
results show that the larger the static load frequency
factor is, the smaller the system frequency deviation
is. The greater the proportion of dynamic load, the
greater the system frequency deviation; the larger the
water hammer effect time constant Ty is, the larger
the maximum frequency deviation of the system is,
and the slower the active power recovery of the wind
turbine is. The larger the droop coefficient of the
fan, the higher the proportion of energy storage, and
the better the effect of compensating for the water
hammer effect. That is to say, considering the
frequency characteristics of the load, the wind-
storage  combined frequency modulation can
effectively reduce the frequency deviation of the

system.
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The active frequency factor of the load itself can
stabilize part of the power fluctuation and maintain
the stability of the system frequency. In the new
energy system, it is of practical significance for the
safe and stable operation of frequency to fully
influence  of  the

consider  the frequency

characteristics of the load itsell on the system

Appendix A
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frequency and analyze the frequency characteristics
of static load and dynamic load. In the future, it is
necessary to continue to pay attention to the research
of frequency modulation control technology related to
other types of load frequency, not only limited to

traditional comprehensive load.

Appendix B

Tab.1 Simulation parameters of the four-machine

system

DFIG Top/ Toc/ K/ K/ Kiey/

parameters s S p.-u. p-u. p-u.

numerical value 60.0 0.05 1.25 3.0 0.6
BESS Py/  s0C/ R,/ R,/ K/ Uy/
parameters MW p- u. p. u. p- u. p- u. p. u.
numerical value 1 0.5 0.04 0.05 1.5 0.69
Motor X/ X,/ R./ X,/ T/ K./S,

parameters p-u. p- u. p- u. p.u. S (S)

numerical value 0.114 3.2 0.0114 0.114 2.36 0.8

Hydraulic turbine D,/ R/ Ty/ Te/ T/ T,/

parameters p-u. p-u. s S S S

numerical value 0.3 0.05 0.5 0.04 1.0 5.0

Tab.2 Simulation parameters of the static load model
Py Q. P 0 Pe » K K
Static load model 1 30 30 30 30 40 40 0 0
Static load model 2 30 30 30 30 40 40 1.2 -2
Static load model 3 100 100 O 0 0 0 1.2 -2
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