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A multi-stage parameter identification method for low-voltage ride-through model of
grid-connected PV inverters based on a snow ablation algorithm
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Abstract: To accurately identify the parameters of the low-voltage ride-through (LVRT) model of PV inverters to meet
the requirements of safety and reliability of PV grid-connected systems, this paper proposes a multi-stage parameter
identification method for that model based on the snow-ablation-optimizer (SAO) algorithm. First, based on the
characteristics of output curves of a PV power generation system during LVRT, a mathematical model of PV LVRT
control is established, and the transient fault process is analyzed to determine the key control parameters of the LVRT
process. Next, a multi-stage identification strategy is proposed for the coupling and correlation between the inner-loop PI
control parameters and LVRT. Finally, a PV inverter model is developed based on actual engineering parameters, and the
SAO algorithm is used to identify the inner-loop control parameters and LVRT parameters. Simulation case studies
demonstrate the effectiveness of the proposed identification method.
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Fig. 1 Photovoltaic grid-connected system control structure
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Fig. 2 Response plot of current characteristics

with recovery transients
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Table 1 Control parameters of PV grid-connected inverter
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Fig. 4 Flowchart of SAO algorithm
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Table 2 Parameter eigenvalues and eigenfactors

under active current

ZH IR AT R T
ks 432x10* 1
k; 422.45 102.26
K1y 395.42 109.25
L 288.74 149.61
L1y 29.05 1.49x10°
K1y 0.0087 4.97x10°
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Table 3 Parameter eigenvalues and eigenfactors

under reactive current

S FFIEE L T
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k; 1.08x10° 5.67
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L 7.24x107'° 8.25x10"
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Table 4 Multi-stage identification results

ZH HIR 1 HIR 2 HIR3 B4 HIMA
ks 6.11 6.11 6.11 6.11 6
ky 1.03 1.03 1.03 1.03 1
K1y 1.89 1.55 1.75 1.7 1.75
Ty 1y -0.84 -1.9 -3.6 -2.15 -2.1
L 232 0.56 1.7 1.93 1.89
J—_ 40.13 61.35 40.9 40.79 40.18
L 1.18 1.56 1 1.03 1.05
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multi-stage recognition strategies
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Table 6 Multi-stage identification results using PSO algorithm

¥ HHAL R RE/% FHIEHE
ki 5.85 2.5 [0, 12]
ky 1.03 3 [0, 2]
L 1.81 3.7 [0, 4]
Ty 1y -2.05 2.52 (4, 0]
K piv 1.93 2.6 [0, 4]
Lo 1y 40.95 1.9 [0, 80]
i p 1.07 2.1 [0, 2]
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T—3R 9 Fiw, HATR M S seithgext b an &l 13—
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MBI 13— 15 AT LA, 17 5 Hh 2 5 Sl
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Table 7 Model identification results at 60%U,,

working condition

ZH AL BE% VL
ky 6.08 1.4 [0, 12]
ky 1.02 2 [0,2]

K q1v 1.81 3.16 [0, 4]
Toei 1y -2.05 2.4 [-4, 0]
Ky 1.84 241 [0, 4]
Lo 1y 39.41 1.92 [0, 80]

L 1.06 1 [0, 2]

8 40%U, TR THEBIPHALER
Table 8 Model identification results under 40%U,

working condition

ZH HHRs: RE % RIS
ke 6.07 12 [0, 12]
Ky 0.99 1 [0,2]

L 1.79 2.53 [0, 4]
Ty 1y -2.06 2.1 (4, 0]
Ky 1y 1.91 1.55 [0, 4]
Lo 1y 39.7 12 [0, 80]
Lo 1.06 1 [0,2]
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F9 20%U, TR THEBIPHALER
Table 9 Model identification results at 20%U,

working condition

ZH HHAL R /% FARAEE
Ky 5.93 13 [0, 12]
k; 1.01 1 [0,2]
L 1.7 2.6 [0, 4]
Ty 1y -2.14 2 [4, 0]
Ky 1.92 1.5 [0, 4]
Lo 1y 39.78 1 [0, 80]
L 1.07 2 [0, 2]
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Fig. 13 Comparison between simulated and measured curves when

the voltage drops to 60%U,, at the grid-connected point
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when the voltage drops to 40%U , at the grid-connected point

12 : : : 10 : : :
—— S 2
B g} G
Z 08 2 06
ES ES
= =y
g 0.4 :H: 0.2
— g |
— P2
O 1 1 —0'2 Il 1 1
0o 03 06 09 0 03 06 09

t/s tls
B 15 HMSBEBEE 20%U, R{HEh%S
ST R 3T L
Fig. 15 Comparison between simulated and measured curves when

the voltage drops to 20%U,, at the grid-connected point
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