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Abstract: A large number of wind power, photovoltaic and other new energy equipment are connected to the power grid, and the
system gradually presents the characteristics of low inertia, which will bring a series of frequency safety problems. Traditional
frequency characteristic analysis methods are difficult to accurately grasp the changes in system frequency characteristics after the
participation of new energy in inertia support and primary frequency modulation. In order to explore the frequency characteristics and
situation changes of the system considering the contribution of wind power-photovoltaic-energy storage to frequency modulation, a
new frequency response model is constructed based on the traditional frequency response model and the contribution of wind power-
photovoltaic-energy storage to frequency modulation is defined. The frequency characteristic transfer function is used to set the
parameters of the system frequency modulation unit. Then the frequency stability index of the power system is quantitatively
analyzed, and the influence of the inertia time constant and the control coefficient of each frequency modulation unit on the frequency
stability is analyzed from the angle of frequency domain. Finally, the theoretical analysis is verified by MATLAB/Simulink
platform. The method of analyzing the frequency characteristics of the new power system from the perspective of time domain and
frequency domain can accurately predict the frequency situation of the system considering the contribution degree of wind power-
photovoltaic-energy storage frequency modulation, and provide guidance for the safe operation of the new power system frequency
considering the inertia support of wind power-photovoltaic-energy storage and primary frequency modulation.
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Fig. 1 Frequency response model considering the frequency

modulation of wind power-photovoltaic-energy storage
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Fig. 2 Bode diagram of frequency characteristics under

different proportional coefficients of energy storage control
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Ty/s 0.3
kg 5
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Tab. 2 Frequency characteristic simulation values of power
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Fig. 5 Frequency curves of power system under different
photovoltaic proportional coefficients
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Tab. 3 Frequency characteristic simulation values of power
system(photovoltaic)
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4.3 EZEFEVNABNTRENRSMESTHE

S

HREHLAL T Bh 2 5 R g i, e, Jehld
R A BT B B A S S — R A
AES1, AN IESETHERE M DTk E , BRIETERUL
R DT R BE AN S R LT 2 SE A e A Bl R ) A
PE. 5 IEAHRE AN STRREE R 0. 3, KOG TE AR vk
¥ 0. 1. 38 a3 6% e b B 22 B0k 38N fif e pL4L
AT J1, fERE LB R EOARI LR 5 335 5 15,
HAKIHASERIFREAE, SR, i
FLIE R E e 6-7 iR o

HRAE &1 6 FT AT, Bl it Be L) R B3, i
BEMLZL A Dy T34, 25 A e VA At o7 ik B e K
(s DL T GEREMLLL N R GE R IR sTik IR T, #E XU
PEAT TR B BN B0 T 45T 2R G0 B 15 o S 4



R, 2 25 B KO R DTk (4T 2L i ) 2R G R 137

511 4
005  FERLBIRECYS
= 0.04f — LB R B 10
£ — = LB R AR 1S
2 0.03F
& 0.02f
0.01
0
0 5 10 15 20 25 30

tls
E6 AREERELLAIRE TRIMEBENERIIH 714k
Fig. 6 Active power output curves of energy storage units
under different proportional coefficients of energy storage
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Fig. 7 Frequency curves of power system under different
proportional coefficients of energy storage
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Tab. 4 Frequency characteristic simulation values of power
system(energy storage)
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Fig. 8 Influence of different inertia time constants on system
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Tab. 5 Frequency characteristic simulation values of power
system
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Fig. 9 Quantitative relationship between contribution degrees
and frequency indexes
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