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Abstract

The electromechanical transient model of a photovoltaic (PV) inverter’s high
and low voltage ride-through has complex operating circumstances and a
large number of control parameters, which makes parameter adjustment
difficult. Furthermore, it is frequently challenging to identify a single set of
control parameters that can successfully handle a variety of operating con-
ditions. The Improved Differential Evolution Particle Swarm Optimization
(IDEPSO) algorithm is proposed in this paper to provide a control parameter
identification technique for high and low voltage ride-through that addresses
these problems. Taking a 320kW PV inverter of a certain company as the
research object, based on the specified current control strategy of high and
low voltage ride-though, the parameters to be identified were determined
by analyzing the influence of model parameters. Secondly, To enhance the
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algorithm’s capability to solve multidimensional optimization problems, con-
vergence speed, and global search ability, the Differential Evolution (DE)
algorithm’s search mechanism is incorporated into the Particle Swarm Opti-
mization (PSO) algorithm, along with a non-fixed gradient inertia weight
strategy for the algorithm’s inertia weight and the elite retention idea for
the cross factor. Then, the objective function of the IDEPSO algorithm was
built based on the concept of minimum deviation between simulation data
and various groups of test data, and the significance of various working
conditions was distinguished by weight division to improve the robustness of
identification parameters. Finally, the identification parameters are imported
into the PSASP program type 2 photovoltaic power station model, and the
interval division and deviation calculation of the test data and simulation data
are carried out. It is confirmed that the identification parameters meet the
standards of the maximum variation permitted in GB/T 32892-2016 and are
appropriate for a variety of working scenarios.

Keywords: Photovoltaic inverter’s electromechanical transient model, high-
low voltage ride-through, specified current control strategy, identification of
control parameters, IDEPSO.

1 Introduction

The high and low voltage ride-through control parameters, which are included
in the model parameters with the inverter, are a crucial consideration when
analyzing the dynamic response characteristics of the inverter. The accuracy
of the PV grid-connected inverter, which serves as the hub connecting the
PV modules to the grid, depends on the accuracy of the model parameters
obtained [1]. However, due to various reasons, it is usually impossible to
accurately obtain the high and low voltage ride-through control parameters,
so there is an urgent need to find an effective identification method to
realize the accurate identification of the high and low voltage ride-through
control parameters, in order to obtain the high and low voltage ride-through
performance of PV inverters under different operating conditions [2].

At present, theoretical study, numerical computation, and intelligent
optimization algorithms are the main methodologies used for parameter iden-
tification in PV power plant models. Among them, the theoretical analysis
method is based on the PV system’s operational mechanism, which relates
the electrochemical process to the circuit’s components in the equivalent
model, and determines the model’s unknown parameters through differential
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derivation of the V-I characteristic curve, etc. But when PV system structures
become more intricate, it becomes much more difficult to calculate using
theoretical analysis methods, which reduces the precision of parameter identi-
fication [3, 4]. Currently, numerical computation and intelligent optimization
algorithms are often used for parameter identification, the essence of which
is to make the simulation curve output from the model as close as possible to
the measured curve by iterative means, so as to find the optimal solution of
the model parameters [5—14]. The most commonly used method of numerical
computation is the least squares method [5], and the commonly used meth-
ods of intelligent optimization algorithms are particle swarm algorithm [6],
genetic algorithm [7], differential evolutionary algorithm [8] and so on.
Literature [9] addresses the problems of low accuracy and poor stability of
parameter identification in the current PV module model, and incorporates
the differential evolution (DE) mechanism and refractive learning mechanism
into the manta ray optimization (MRFO) algorithm in order to improve
the local exploration ability, convergence speed, discretization, and global
search ability of the manta ray optimization algorithm; Literature [10] in
order to obtain more accurate parameters of the transient model of the PV
inverter, the PSASP and Matlab joint simulation platform is established and
particle swarm (PSO) algorithm is utilized to identify the PV inverter control
parameters. Literature [11] in order to improve the optimization accuracy
and reliability of PV load model parameter identification, the flight inertia
weights, global optimal point perturbation and flight disturbance factor are
introduced into the butterfly algorithm, which optimizes the performance
of the butterfly algorithm in the process of parameter identification; Lit-
erature [12] for the purpose of analyzing the impact of the inverter’s LV
ride-through characteristics on the power grid, a generalized method of
testing the parameters of the AC current command link is proposed, which
sequentially identifies the reactive current and the reactive current and the
reactive current. The parameters of reactive and active current command
equations are recognized sequentially, and the accuracy of the parameters is
verified by substituting them into the simulation model. In terms of parameter
identification of PV power plant model, the existing literature mostly focuses
on the parameter identification of PV modules, PV grid-connected inverter
normal operation control link and PV load model, and there is only a small
amount of literature on the identification of LV ride-through control param-
eters, and there is even less research on the identification of high-voltage
ride-through control parameters corresponding to LV ride-through [13, 14].
Although the parameter identification of PV power plant models is relatively
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perfect, there is a lack of studies and interpretations on the identification of
high and low voltage ride-through control parameters.

This paper proposes a method of high and low voltage ride-through
control parameter identification, because the high and low voltage ride-
through operating conditions of the PV inverter electromechanical transient
model are complex, the control parameters are difficult to adjust, and it is
easy to appear that a set of control parameters can not satisfy the problems
of multiple operating conditions. The algorithm adopts a non-fixed gradient
inertia weight strategy for the inertia weights in the algorithm, adopts the idea
of retaining elites in the crossover factors, and introduces real number coding,
simple mutation operation, and “one-to-one” competitive survival strategy
from DE algorithm into PSO algorithm in order to improve the ability of PSO
algorithm to solve multidimensional optimization problems and to make it
have a better convergence speed and a better performance. At the same time,
the objective function of the IDEPSO algorithm is built around the concept
of minimizing the deviation between the simulation data of the identification
parameters and the test data of multiple sets of working conditions in order to
make the identification parameters applicable to multiple sets of working con-
ditions. Finally, a simulation model with the same capacity and parameters as
the test system was established in PSASP real-time simulation software, and
the operating conditions and perturbations consistent with the test were set
up for simulation, and the interval division and deviation calculation of the
test data and simulation data were carried out to verify the accuracy of the
identification parameters.

2 Modeling and Control of PV High-Low Voltage
Ride-Through

2.1 Overall Structure of the PV Plant Model

The overall structure of the type 2 PV plant model in the PSASP software
is shown in Figure 1. The PV array model, the Station-level control model,
the voltage ride-through state judgment model, the converter control model,
the current limiting model, and the converter model should all be included
in the electromechanical transient model of the PV plant [15].

Among them, the PV array model is used to simulate the operation state
of PV cells; the plant and station level control model tracks the grid frequency
through frequency sag control to realize the function of grid frequency regu-
lation; the voltage ride-through state judgment model judges whether the PV
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Figure 1 Type 2 photovoltaic power station model.

system enters into the high and low voltage ride-through state through real-
time collection of extreme voltage to realize the switching between normal
operation control and voltage ride-through operation control; the converter
control model is divided into normal operation state and voltage ride-through
state, realizing normal operation control and voltage ride-through operation
control of the converter; the current limitating model can set the current
priority mode under normal operation state or fault ride-through state, and if
active or reactive current priority is selected, active or reactive current output
will be guaranteed firstly; the converter model converts the active current and
reactive current control commands into active current and reactive current
[16-20].

2.2 Control and Modeling of Photovoltaic High-Low Voltage
Ride-Through

High and low voltage ride-through capability as an important index to assess
the performance of PV power station system, according to GB 19964-
2012 “PV power station access to the power system technical regulations”
requirements, when the power system accident or disturbance caused by the
PV power generation system grid point voltage change, in a certain voltage
change range and time interval, the PV power station to ensure that the
continuous normal operation without off-grid, and grid voltage dips in the
process of providing reactive current support [21].

The high and low voltage ride-through control flowchart is shown in
Figure 2. When the grid voltage is within the normal range, the grid-side
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Figure 2 High and low voltage ride-through control.

inverter adopts the maximum power tracking mode or is controlled according
to the grid scheduling instruction, and gives priority to controlling the active
power, i.e., when the amplitude of the active current and reactive current is
limited at the same time, the active current is given priority to satisfy the
active current demand. When there is a fault in the system that makes the
machine-end voltage of the PV power station higher or lower than a certain
threshold, the PV power station will enter the high and low voltage ride-
through process, and the control mode changes from active priority to reactive
priority current control, in order to inhibit the overcurrent of the inverter, the
PV generator will make the output active current decrease rapidly through
the control system. After the end of the high and low voltage ride-through
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process, the active output of the PV generator is required to quickly recover
to the pre-fault level at a certain rate [22].

When the voltage at the grid point is in the range of 0.2~0.9 p.u., the PV
power station will enter the low-voltage ride-through(LVRT) state, and the
reactive current control instructions for the LVRT process are:

Iy ver = Ki1q.1v (0.9 — ug) + Ko 1q 1v1g0 + Lgset v (1

Where: K1 14 1.v and Ko 14 1y are reactive current control coefficients for
the LVRT; u, is the grid point voltage; 1o is the initial reactive current;
Iyset_1v 18 reactive current set value for the LVRT; and 0.9 is the threshold
value of crossing voltage for the LVRT.

The active current control instructions for the LVRT process are:

I, tvrr = Kiapivug + Koap v Ipo + Ipset 1v ()

Where K1 1, v and Ko 1, 1, are active current control coefficients for the
LVRT; I, is the initial active current; and It v 1 active current set value
for the LVRT.

When the voltage at the grid point is in the range of 1.1~1.3 p.u., the PV
power station will enter the high voltage ride-through(HVRT) state, and the
reactive current control instructions for the HVRT process are:

Iy nver = Ki1guv (1.1 — ug) + Ko 1q uvIg + Igset nv 3)

Where K 1 v and Ko 14 gv are reactive current control coefficients for
the HVRT; I se_pv is reactive current set value for the HVRT; and 1.1 denotes
the voltage threshold for entering into HVRT.

The active current control instructions for the HVRT process are:

I, uvrr = Kiapuvig + Kop uvIpo + Ipset vV €]

Where K 1, nv and Ks 1, v are active current control coefficients for
the HVRT; I et v is active current set value for the HVRT.

2.3 Recognizable Parameters for High and Low Voltage
Ride-through Control Links

From the above high and low voltage ride-through active current control and
reactive current control expressions, it can be seen that, in addition to the grid
point voltage ug, the initial active current /o, the initial reactive current /o,
can be obtained through the field test data for the interception, standardization
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Figure3 Waveform of active current variation when active current coefficients are different.

and transformation of the coordinates of the way. The rest of the parameters
are unknown, due to the confidentiality of the manufacturer or the change of
the operating conditions and other circumstances, it is generally not possible
to accurately obtain the values of these parameters. Taking the type 2 PV plant
in the PSASP software as an example, different control parameters are set in
the high and low voltage ride-through control link to investigate the influence
of high and low voltage control parameters on active and reactive currents.

In the simulation calculation, according to the typical working conditions
of high and low voltage ride-through, three-phase drop occurs in LVRT con-
dition with P > 0.7Pn. and t € (8.17, 10)s, and the voltage drops to 80% Uy;
three-phase rise occurs in HVRT condition with P > 0.7Pn, and the voltage
rises to 130% U, in the t € (9.27, 9.77)s. In the analysis of LVRT active
control parameter, keeping the reactive power control parameters unchanged
in the LVRT and setting K 1, v and Ko 1, 1y to be selected as 0, 0.5, and 1,
respectively, and I st v = 0.1, the effect of the change of the active current
coefficient on the active current is shown in Figure 3. From Figure 3, it can
be seen that with the increase of Ky 1, 1,v and Ko 1, 1y, the amplitude of the
active current during the LVRT increases gradually, and the active current
recovery time is shorter.

When analyzing the LVRT reactive control parameters, the active control
parameters in LVRT are kept unchanged, because the high and low voltage
ride-through links need to provide a certain amount of reactive current sup-
port when the grid voltage dips or rises, and the value of Ki o v will be
large in general, therefore, the Ky 14 v is set to be selected as 1.5, 2, 2.5, and
the Ko 1 v s 0, 0.5, 1, and Ieet ;v = 0.1, and the effect of reactive current
coefficient change on reactive current is shown in Figure 4. From Figure 4,
it can be seen that the amplitude of reactive current during LVRT increases
gradually with the increase of K 14 v and Ka 14 1,v, where the increase of
K1 1q_1v results in a larger transient overcurrent during recovery.
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Similarly, to analyze the high voltage ride-through control parameters,
due to the limitation of output current by the current limitation model, the
value of HVRT active coefficient should not be too large, otherwise it is not
possible to distinguish the influence of active current coefficient change on
active current, so Ky, gv and Ko 1, gy are selected as 0, 0.1, 0.2 respec-
tively, and the influence of HVRT active or reactive current coefficient change
on active or reactive currents is shown in Figures 5 and 6. With the increase
of Kq_1p_av and Ko 1, gv, the amplitude of active current during the HVRT
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increases gradually, and the recovery time of active current is shorter. With
the increase of K1 14 pv, the amplitude of reactive current during the HVRT
decreases gradually, while with the increase of K 14 gv, the amplitude of
reactive current during the HVRT increases gradually.

According to the aforementioned analysis, the high and low voltage
ride-through control parameters are significant elements that are intimately
linked to the high and low voltage ride-through performance of PV; as a
result, parameter identification of the high and low voltage ride-through
control parameters is necessary to accurately obtain the high and low voltage
ride-through control parameters required by the simulation model.

3 Model Parameter Identification Based on IDEPSO
Algorithm

The PSO algorithm is easy to use and quickly converges, but in the later stages
of parameter identification for nonlinear, multi-polar, complex systems, it
is prone to bounce about the best solution and fall into local optima [23].
The DE algorithm is able to dynamically track the current search situation
and modify its search strategy in real time by virtue of its unique memory
capability, and it does not need to rely on the feature information of the
problem, which makes the algorithm more robust, but the DE algorithm is
slower to converge in the later stage [24]. Combining the advantages of
PSO and DE algorithms, this paper introduce real number coding, simple
mutation operation and “one-to-one” competitive survival strategy into the
PSO algorithm, and optimize the hyperparameters in the algorithm to obtain
an IDEPSO algorithm with better overall performance.

3.1 IDEPSO Algorithm

The IDEPSO algorithm identification strategy flow is shown in Figure 7, and
its specific steps are as follows:

(1) Setting the population size, dimension, range of values for particle
positions and velocities, number of iterations, inertia weights, learning
factors, and crossover and mutation operators to initialize the initial
positions and velocities of the population;

(2) Calculate the fitness values of the individuals in the population and
record individual optimum and global optimum;

(3) particles into the PSO algorithm search mechanism and the DE algo-
rithm search mechanism, respectively:
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(a) PSO algorithm search mechanism: the particle generates new
velocity and new position according to Equations (5) and (6), and
calculates the fitness value to update the individual optimal Pjpest
and population optimal Pgpest

Us k1 = WV s + C17T1(Ys o — Ts k) + C2m2(Yg — Ts ) (5)
Tskt1 = Tk + Vs k1 (6)

Where, v, is the velocity of particle s; k is the number of iterations;
w is the inertia weight; c1, co are the learning factors; rq, ry are two
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random numbers on [0,1]; x5 is the current position of particle s;
s 1s the individual best position of particle s; y, is the current best
position of the particle.

(b) DE algorithm search mechanism: in the first step, real numbers
are encoded, simple mutation operation is performed according to
Equation (7); in the second step, in order to increase the diversity of
the population, binomial distribution hybridization is performed on
the mutated individuals according to Equation (8); in the third step,
the selection operation adopts a greedy strategy, i.e., the resulting
offspring individuals are retained only if they are better than the
parent individuals, otherwise the parent individuals are retained to
the next generation. And the fitness value is calculated to update
the population optimal Dgpest;

hs k1 = Tp1 g + Fapak + Tp3 i) (N
hs k+1, I<CR

s = 7 8

okt {xk I>CR ®)

where # is the new individual after mutation and F is the mutation
factor; pl1, p2, and p3 are random integers with s # pl # p2 #
p3; [ is a random number between [0,1]; and CR is the crossover
probability.

(4) Compare the size of fitness values of Pgpest and Dgpest, if Dgpest <
Pgpest» then the two populations of particles are sorted according to the
size of the fitness values, and replace the poorer particles of PSO with the
better particles of DE, and the optimum of the DE population replaces
the optimum of the PSO population. Instead, skip to step (5).

(5) Determine whether the search accuracy requirements are met or the
maximum number of iterations is reached; if the termination conditions
are not met, repeat steps (2) to (4); if the termination conditions are met,
output the historical optimal position and the corresponding optimal
fitness value.

3.2 Construction of Objective Function and Optimization of
Hyperparameters

Since the identification of high and low voltage ride-through control param-
eters requires multiple sets of working conditions to obtain one set of identi-
fication results, the identification results should be applicable to multiple sets
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of working conditions and meet the requirement of minimizing the deviation
between the output values of the simulation model and the actual measured
values. Based on the above considerations, the objective function of IDEPSO
is constructed. Specifically expressed as:

d n

J:Zwr

r=1 Jj=

S

(ir,j,sim - Z.7",j,meas)2 (9)
1

Where d is the number of working conditions of the test; w; is the weight
of the rth working condition; »n is the length of the test data; j is the jth
data point; i is the AC side current; and the subscripts sim and meas are the
simulated and measured values.

In order to improve the search performance of IDEPSO algorithm, this
paper adopts a nonfixed gradient inertia weight strategy for the important
parameter inertia weight w that affects the performance of the algorithm, and
the cross-factor CR adopts the idea of retaining the elite, so that the algorithm
has a strong global search capability while maintaining a certain degree of
local search capability. w, CR is updated as follows:

. e’
w= {wmln + (wmax wmln)e M) w < Wave (10)
Wave, W 2 Waye
CRF = ORpa — =~ (R~ CRy) (1)

where waye is the average value of the sum of all w’s up to the current
iteration; wynin, and wpay are the minimum and maximum values of inertia
weights; « is the control factor; k is the current iteration; M is the maximum
iteration; J, is the fitness value of the current particle s; Jax and J i, are the
maximum and minimum fitness values of the current population; and CRp,ax
and CR,, are the maximum and minimum values of the crossover factor,
respectively.

4 Calculus Analysis

A photovoltaic inverter from a certain company is used as the research object
to carry out the identification of photovoltaic high and low voltage ride-
through control parameters, establish a simulation model in PSASP real-time
simulation software with capacity and parameters similar to those of the test
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system, set up the operating conditions and perturbations consistent with
the test to carry out simulation, and carry out the interval division and bias
calculation of the test data and the simulation data to calibrate the accuracy
of the results of the model identification parameter test.

4.1 Identification of High and Low Voltage Ride-through Control
Parameters

Particle positions are used by the IDEPSO identification algorithm to rep-
resent the values of the parameters that need to be identified. In order to
maintain the performance stability of the algorithm, it is necessary to deter-
mine the range of the values of the parameters that need to be identified based
on its operating characteristics. The following table shows how the IDEPSO’s
initial values were established.

The working conditions of grid point voltage dropping to 0%, 20%, 40%,
60%, and 80% of the rated voltage U,, and grid point voltage rising to 115%
and 130% of the rated voltage U,, are set during the field test, and data such as
active power P, reactive power Q, current i, AC-side voltage U, and DC-bus
voltage Upc of the PV inverter during the period of high and low penetration
are measured and recorded. Among them, the voltage drop for 0% of rated
voltage test, the response curve did not enter the steady state during the fault
due to the excessive depth of the drop and the time of the drop; the voltage
drop for 20% of rated voltage test, due to the phase-locked loop, caused
the active power to drop below zero; the data that meet the requirements of
parameter identification are the data of the voltage drop for 40%, 60%, and
80% of the rated voltage, as well as the data of voltage rise for 115%U,,
130%U,,. Detailed equipment parameters are shown in the Table 2.

After obtaining the field test data, it is necessary to intercept, standardiza-
tion and transform the field test data to extract the dq-axis current iqq and the
dg-axis voltage Uqq on the AC side during the high and low ride-through
period, and the initial dg-axis current igqo before the high and low ride-
through period, and then identify the control parameters of the high and low
ride-through by combining the extracted data with the IDEPSO algorithm.
The identification curves and test curves for different operating conditions
are shown in Figures 8 and 9.

Table 1 Initial value setting of IDEPSO
N ¢, w F CR M v Search Scope
80 1.3,1.7 [04,09] 0.6 [0.6,09] 20 [—1,1] [—22]
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Table 2 Detailed equipment parameters

Parameter Value
DC bus start voltage (V) 550
Minimum DC bus voltage (V) 500
Maximum DC bus voltage (V) 1500
Full-load MPPT voltage range (V) 860~1300
Optimum MPPT operating voltage (V) 1080
Maximum Input Current (A) 24%20
DC Bus Capacitor (¢F) 2918
Rated output power (kW) 320
Maximum output power (kW) 352
Rated grid-side voltage (V) 800
Rated grid frequency (Hz) 50
Permissible grid frequency range (Hz) 45~55
Rated output current (A) 230.9
Maximum AC Output Current (A) 254

Total current harmonic distortion rate (%) <3 (Rated power at rated voltage)

As can be seen from Figures 8 and 9, except for the poor approximation
of the identification curve to the test curve at the beginning stage of fault fall,
the identification curve at the rest of the time is basically consistent with the
test curve. The identification results and fitness values of the high and low
voltage ride-through control parameters are shown in Table 3.

The DE and PSO algorithms are applied to determine the high and low
voltage ride-through control parameters under the same conditions, respec-
tively, to show the superiority of the IDEPSO algorithm. Since these three
intelligent algorithms are stochastic search optimization algorithms, each
algorithm carries out 10 times of identification, and adopts the method of
averaging the results to reduce the random error. The changes of the fitness
value of the three algorithms during the identification process are shown in
Figure 10, and the results of the number of iterations and the minimum fitness
value are shown in Table 4. It can be seen in Figure 10 and Table 4 that, in
the process of identifying high and low voltage voltage ride-through control
parameters, the convergence speed and global search capability of IDEPSO
algorithm are significantly better than PSO algorithm and DE algorithm.

4.2 Simulation Verification of Identification Results

In order to calibrate the accuracy of the idetification results of the model
parameter, the identified parameters are substituted into the Type 2 PV power
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plant model in the PSASP software, the operating conditions consistent
with the test are set for simulation, and the interval division and deviation
calculation is done on the test data and the simulation data. The electrical
quantities calibrated include voltage, active power, reactive power, active
current and reactive current.

The high and low voltage ride-through process is divided into three time
periods by the green dash-dotted line, A (before fault), B (during fault) and
C (after fault) with reference to the base wave positive sequence voltage.
According to the response characteristics of active and reactive power, the
B time period is divided into the intervals of B; (transient) and By (steady
state) by the green dash-dotted line, and the C time period is divided into the
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Figure 9 Identification curve and test curve under different working conditions.

Table 3 Identification result

Mode  Parameter Identification Value J
LVRT Kiiprv —0.0552 0.0645
KoipLv 0.5668
Ipsetv —0.3267
Kitqrv 1.4769 0.1139
Ko iq v —0.6473
Iqset,LV —0.0075
HVRT  Kiipnv —0.4632 0.2154
Ko 1pmav 0.5056
Ipset.Hv 0.8410
Kiiquv 1.3207 0.1128
Ko.1q.1v 0.9868
Igset HV —0.0144

intervals of C; (transient) and Cs (steady state) by the green dash-dotted line.
For the detailed interval division process, see GB/T 32892-2016 “PV power
generation system model and parameter testing protocol”’. Due to space
reasons, Figure 11 only shows the comparison between the test curve(solide
line) and simulation curve(dotted line) and the division of intervals under the
voltage drop to 40%U, and 80%U, conditions. It can be seen that in the
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Figure 10 Fitness value change process.

Table 4 Number of iterations and fitness value

PSO DE IDEPSO
Control  Iteration Iteration Iteration
Mode Mode Times J Times J Times J
LVRT Active 12 0.1034 14 0.0887 6 0.0645
Reactive 14 0.1184 15 0.1213 8 0.1139
HVRT Active 14 0.2179 14 0.2171 5 0.2154
Reactive 13 0.1292 13 0.1133 8 0.1128

last period of the LVRT recovery phase, i.e., near the location of the recovery
fault start point, when the control mode is switched from voltage ride-through
operation control to normal operation control, which leads to a large deviation
between the test data and the simulation data, the dynamic behaviours of the
simulation model in other LVRT periods match well with the field results.
After the division of data zones, the deviation of the transient and steady
state intervals should be calculated separately for each time period. The aver-
age deviation (F») is calculated for the transient interval of each time period,
and the average deviation (F;) and the maximum deviation (F3) should be
calculated for the steady-state interval, and finally the weighted average
total deviation (Fg) of the whole voltage ride-through process is calculated,
and the detailed calculation formula is referred to the GB/T 32892-2016
“PV Power Generation System Model and Parameter Testing Procedures”.
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(a) Voltage drop 40% of the rated value

Figure 11 Low voltage crossing test and simulation waveform.

Table 5 Deviation calculation result

(b) Voltage drop 80% of the rated value

F1,max/p.u. F2 max/p.u. F3, max/p.u. Fa max/p-u.
Parameter 80% 40% 80% 40% 80% 40% 80% 40%
AC voltage, AUs/Uy 0.0012 0.0012 0.0023 0.0148 0.0015 0.0016 0.0020 0.0085
Active current, Aip/in 0.0007 0.0019 0.0190 0.0610 0.0024 0.0028 0.0057 0.0148
Reactive current, Aig/in ~ 0.0001  0.0004 0.0023 0.0184 0.0027 0.0021 0.0011 0.0074
Active power, AP/Py, 0.0011 0.0008 0.0197 0.0626 0.0033 0.0020 0.0058 0.0162
Reactive power, AQ/On  0.0001  0.0005 0.0019 0.0065 0.0027 0.0012 0.0009 0.0024

The calculation results of the deviation between test and simulation data
under voltage drop to 40%U,, and 80%U,, conditions are shown in Table 5.
Similarly, the comparison of the test and simulation waveforms under
the voltage raised to 115%U,, and 130%U,, conditions and the division of
the intervals are shown in Figure 12. From the figure, it can be seen that
the dynamic behaviour of the simulation model is basically consistent with
the field results except for the second half of the high voltage ride-through
recovery phase, and the reason for the large deviation is the same as that of
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Figure 12

(b) Voltage raise of 130% of the rated value

High voltage crossing test and simulation waveform.

Table 6 Deviation calculation result

F1 max/p.u. F2 max/p.u. F3, max/p.u. Fa max/p-u.
Parameter 115% 130% 115% 130% 115% 130% 115% 130%
AC voltage, AUs/Uy 0.0012 0.0011 0.0033 0.0138 0.0014 0.0017 0.0034 0.0044
Active current, Aip/in 0.0023 0.0019 0.0070 0.0079 0.0135 0.1041 0.0116 0.0029
Reactive current, Aig/in ~ 0.0004 0.0026 0.0077 0.0144 0.0026 0.0122  0.0037  0.0037
Active power, AP/Py 0.0016 0.0015 0.0066 0.0109 0.0126 0.1036 0.0113 0.0049
Reactive power, AQ/On  0.0005 0.0033 0.0078 0.0178 0.0031 0.0122 0.0042 0.0045

the low voltage ride-through. The calculated results of the deviation of the
test and simulation data under the voltage raised to 115%U, and 130%U,
operating conditions are shown in Table 6.

The deviation calculation results in Tables 5 and 6 are compared with the
maximum deviation values allowed by the national standard in Table 7. The
results show that all the relevant deviations meet the requirements of GB/T
32892-2016 “Test Procedures for Models and Parameters of Photovoltaic
Power Generation Systems”.
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Table 7 Maximum allowable deviation

Parameter Fi,max/Pu.  Fomax/pu.  F3max/pu.  Fg max/p.u.
AC voltage, AUs/Uy 0.02 0.05 0.05 0.05
Active current, Aip/iy 0.10 0.20 0.15 0.15
Reactive current, Aiq/in 0.10 0.20 0.15 0.15
Active power, AP/Py, 0.10 0.20 0.15 0.15
Reactive power, AQ/QOn 0.10 0.20 0.15 0.15

5 Conclusion

This paper takes a 320 kW photovoltaic inverter from a certain manufacturer
as its research object. It then identifies and verifies the photovoltaic inverter’s
high-low voltage ride-through control parameters using data from a field
high-low voltage ride-through test and a model of a type 2 photovoltaic power
station created using the real-time simulation software PSASP. It then comes
to the following conclusions:

(1) Through the impact analysis of the high and low voltage control param-
eters, it is discovered that the high and low voltage ride-through control
parameters are significant factors affecting the performance of the high
and low voltage ride-through of PV based on the high and low voltage
ride-through specified current control strategy.

(2) A high and low voltage ride-through control parameter identification
method based on IDEPSO algorithm is proposed to address the identi-
fication issues for high and low voltage ride-through control parameters
in the electromechanical transient model of a photovoltaic inverter.

(3) By adopting the non-fixed step inertia weights strategy for the inertia
weights in PSO algorithm, and by adopting the retained elitist idea for
the cross-factors in DE algorithm, it improves the global optimisation
ability and convergence speed of the IDEPSO algorithm.

(4) Using the high and low voltage ride-through data from an actual PV
inverter, the high and low voltage ride-through control parameters are
identified, and the test data and simulation data deviation calculation
results demonstrate that the group of identified parameters can be
applied to a variety of working conditions and meet the requirements of
GB/T 32892-2016 for the maximum permissible deviation value. This
confirms the validity and reasonableness of the method proposed in this

paper.
In this paper, only some typical scenarios of high and low voltage ride-
through are selected for parameter identification and verification, and it is
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not possible to realise the identification and verification of normal operation
control parameters after switching in the process of fault recovery, and the
above problems need to be further researched and demonstrated.
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