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Fig. 1 Schematic diagram of grid-connected power generation system integrated with PV and ESS

1.1 HiZk Boost I5 # 8% #= 4 SR B

2 4 T 9% Boost 4% 4 £ 09 2 i AE &, Hop
PWM R Tk 56 P8 i, PTER e —FLor P il 2% . o
J6, it MPPT 539k 3845 5 K 2 23856 B i) o6 £R B 1)
HHE BRI A R EERNSEGES R A
T R AN ER H I PN B R AT

A BoostAE 4% ‘
Ly L, Dy iyt

SR

2 BIZ% Boost Z¢ 1 25% A 2 I 4E &
Fig. 2 Block diagram of control for pre-stage
Boost converter

HL 3 P P 1Y 3l 25 e A R T LU L R AR R, A

22 I ) RO A 1Y BE R A, v U TN 30 1) 3 25 e

LAY L TR, 6 AR ZH A R 9% Boost 25 e
%) i L R T LR R R

I,=1I,= (K; + K‘) (U, —U,) (1)

N

U L, 2350 2 6 DR 287 6 i 1 v T 5 /L O

130

U, 1L 50 0 SR ALl R S i 45 2 i s K,
FUKS 43 51 R S AR 0 B 3 R A1 38 4 Lo 51 2R 50D AR
1.2 M [E DC/DC T #8842 #I KB

I DC/DC A8 e #% % & Wl i 47 #2 1 ,
R n] 78 5 A 6 AR 5 8 52 B MPPT #9 [R] i 6 S 41
g BB sl o Horp B 302 8L DC/DC AR e 25 1 45
A P&, SR A0 2T 2 A B R IR PR A ) A o SR I

W DC-DCASH a4

Lk

B3 W E DC/DC ZE #r28 i 2 5l 18 B
Fig.3 Block diagram of control for bidirectional
DC/DC converter

2 F B O P B A g AR, B B R T R b
PRAG TR AT R F T R T

. 1
Ih:Ib:F(wO_wg) (2)
p



Ao L EH Y
H R R w0 Fl o, 5
I £ A%
1.3 BRI M T 84 H SR

J& I 3 A8 25 SR B B R R AR ER CHL I N B

RO |

st

Y EAH 3 D, TR S IR
0l g [6) 2 00 R 5 S0 A H

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

AR, OhE— AL IR W & e FR G 5 B e HLER 4 BT
A W R XA B 1, An PR 4 T s, v PLL 36 7 A AR
o B EE R 2 0 B0 P T 2 R 00 A 4 B R N
A5 TR R T IU R R SR R, B TC T

mL ﬁiﬂﬁl'fH:bAzo Forp, U M1 U390 09 B H
JE H A5 A

g F——{ f PR

‘4— Udc

B4 FHRHFMFEERHEFIER

Fig. 4 Block diagram of control for rear-stage grid-connected inverter
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Abstract: The grid-connected power generation system integrated with photovoltaic (PV) and energy storage systems (ESSs) is
taken as the research object, and multiple time scales are used in the modeling ideas. Focusing on the main time scale affecting the
dynamic characteristics of system frequency—the DC voltage time scale, this paper develops a dynamic model of DC voltage time
scale for the analysis of the system inertia and damping characteristics. On the basis of this model, the electric torque analysis
method is used to analyze the main factors and their action laws on the inertia effect, damping capacity and synchronization
characteristics from the physical mechanism level. The research results show that the dynamic characteristics of the system are
determined by its control parameters, structural parameters and steady-state operation point parameters. The inertia effect and
synchronization characteristics of the system are respectively affected by the proportional controller and integral controller in the DC
bus voltage control loop. The damping capacity of the system is mainly affected by the frequency droop control in the energy
storage device. The system dynamic characteristics will not be affected by the PV converter operating in the maximum power point
tracking (MPPT) mode. In addition, the system dynamic characteristics are also affected by the structural parameters (such as line
impedance and DC bus capacitance), the steady-state operation point parameters (such as the AC/DC bus voltage level of the
system) and the steady-state operation power (power angle). Finally, the correctness of the above analysis is verified by the
simulation and experiment results.
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