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In order to address the issue of DC bus voltage instability caused by the slow
dynamic response of low-voltage ride-through (LVRT) control in power systems
integrated with renewable photovoltaic (PV) energy, this paper proposes an
active power-based direct control strategy for enhanced LVRT performance. The
strategy begins by analyzing the LVRT requirements for such systems and
examines the typical two-stage grid-connected PV system topology. Depending on
the severity of the grid voltage sag, it calculates the reference power for both AC
and DC sides, and then directly and actively controls the PV array and inverter to
output the corresponding reference power, thereby rapidly balancing power on
both sides. Experimental results show that under the proposed control method,
when the grid voltage drops to 0.85 per unit (pu), the output power of the PV
array is maintained at approximately 0.625 pu, demonstrating that the PV system
can remain connected to the grid during voltage dips while providing reactive
power compensation to help restore the grid voltage. This achieves effective LVRT

control with improved dynamic performance.

1. INTRODUCTION

With the increasing installed capacity of photovoltaic
(PV) power stations in China, the integration of PV
energy into the grid is becoming increasingly common.
Once a fault occurs in the distribution line, it will cause
instantaneous peak current in the power grid, which will
have a huge impact on converters and other devices [1]-
[2]. Adopting passive protection measures may lead to a
significant decrease in the active output of photovoltaic
power plants, and in severe cases, even the spread of
power grid faults, resulting in the disconnection of other
power plants and causing large-scale power outages [3].
Therefore, following the introduction of new grid codes
for photovoltaic power plants in China, it is required that
they possess robust low-voltage ride-through (LVRT)
capabilities to ensure the continuity of grid-connected
operation during grid faults.

Sun et al. [4] first established a full order large
signal model of photovoltaic inverters to solve the
thorny problem of transient instability during severe
voltage drops in weak power grids. Then, based on the
established model, analysis shows that in weak power
grids, inverters will face the risk of losing stability due
to current transients during low voltage ride through
periods. By studying the influence of a low short-circuit
ratio (SCR) on the attraction region of the post-fault
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equilibrium point, the inherent mechanism of inverter
instability under weak grid conditions was revealed.
However, the stability performance of the method itself
requires improvement. Zheng et al. [5] proposes a
machine grid coordinated control strategy based on
model predictive current control to address the problem
of traditional new energy photovoltaic connected power
storage systems during grid faults. This technology has
excellent dynamic characteristics, which can enable the
output current of the grid side inverter to quickly follow
the reference current command. During voltage dips in
the power grid, when the grid side inverter uses a model
predictive current control current inner loop instead of a
proportional integral current inner loop, the low voltage
ride through capability of the energy storage system will
be improved. However, the effectiveness of this method
in controlling the sustainability of low voltage ride
through needs to be improved. Ni et al. [6] proposes a
novel low switching frequency control strategy for the
active front-end of a regenerative cascaded H-bridge
driver with low voltage ride through capability. By
utilizing the existing phase-shifting transformer in the
drive, the main harmonic components generated by the
active front-end under the proposed control strategy can
be eliminated, demonstrating good performance in
power system LVRT control applications. Pal ef al. [7]
proposes a new current saturation strategy based on grid
forming inverters. The proposed control concept limits
the output current during low voltage ride through
periods through a new control parameter - power factor
angle, thereby enabling the inverter to comply with one
of the standardized grid specifications. Firstly, a
nonlinear mathematical model was established that
captures the full order average dynamics of the inverter
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with embedded current limiting control. Subsequently, a
simplified equivalent circuit model was established, but
the control effect of this method on the stability of
inverter low-voltage ride through state control was poor.

Based on this, this paper innovatively proposes a
low voltage ride through strategy, which aims to solve
the problems of slow dynamic response and DC bus
voltage instability existing in the traditional strategy
when dealing with the power system with new energy
photovoltaic access. Through in-depth analysis of power
system LVRT requirements and the topology of grid-
connected PV systems, this strategy calculates reference
power for both the AC and DC sides based on the
voltage sag depth. It then directly controls the PV array
and inverter to output the corresponding reference
power, thereby rapidly achieving power balance
between the AC and DC sides. This strategy not only
improves the low voltage ride through capability of
photovoltaic power plants, but also ensures the
continuity and stability of grid connected operation of
photovoltaic power plants during grid failure, and
provides new ideas and methods for grid connected
utilization of new energy. The research results of this
paper are of great significance to promote the
development of new energy photovoltaic industry and
improve the operation efficiency and reliability of power
system.

2. DESIGN OF LOW VOLTAGE RIDE
THROUGH CONTROL METHOD FOR
POWER SYSTEM

2.1 Low Voltage Ride through Requirements of
Power System with New Energy Photovoltaic
Access

The power system connected to new energy
photovoltaic access refers to the overall system that
connects photovoltaic into the power network in
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different ways, mainly including off grid access and grid
connected access [8]-[9]. The system mainly consists of
photovoltaic power sources (photovoltaic cell arrays),
power conversion equipment (such as DC-DC
converters, DC-AC inverters, efc.), control equipment,
energy storage equipment (some systems include),
transmission lines, and loads. After many large
photovoltaic power plants, they not only meet the
regional electricity demand, but also achieve remote
transmission of electricity through ultra-high voltage
transmission lines.

In the current utilization of new energy
photovoltaic access, a large number of photovoltaic
power stations are connected to the power system
through grid connection. Whether it is large centralized
photovoltaic power stations or numerous distributed
photovoltaic power stations, they are generally
connected to the grid in a grid connected manner. From
this, it can be seen that the photovoltaic grid connected
power system formed, occupying a large scale in the
new energy photovoltaic grid connected power system.

Low voltage ride through (LVRT) refers to the
ability of an inverter to operate continuously without
disconnecting from the grid within a certain range when
the AC output voltage of the inverter drops due to
system faults or disturbances. It is an important indicator
for measuring the stable operation capability [10]-[11].
Low voltage ride through capability refers to the ability
of the grid voltage drops due to various faults such as
short circuits, in order to ensure the grid connected
operation. When the voltage drops to a certain extent,
the photovoltaic power plant is required to inject a
certain [12]. The State Grid Corporation of China has
formulated specific grid code requirements for
photovoltaic power stations during LVRT events,
clearly defining the operational standards. The specific
content of the standards is shown in Figure 1.

Voltage dips due to grid faults

090 ————42/————
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Fig. 1. Operation specifications of photovoltaic power station during low voltage ride through period.

As shown in Figure 1, during the voltage ride
through period, the operating standards of the
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photovoltaic power station indicate that when the grid
voltage drops, if the grid voltage is above the contour
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line, the photovoltaic power station must maintain grid
connected operation; When the voltage at the grid
connection point drops to 0 seconds, the photovoltaic
system is required to be able to continue grid connected
operation within 0.15 seconds; When the voltage at the
grid connection point drops to 20% of the rated voltage,
the photovoltaic system is required to be able to
continue grid connected operation for 0.625 seconds,
and the photovoltaic power generation system is
required to recover to 90% of the rated voltage within 2
seconds of the voltage drop; If the voltage at the grid
connection point drops below the voltage contour line,

Boost circuit

M

the photovoltaic power station can be disconnected from
the grid.

2.2 Topology Analysis of Power System for New
Energy Photovoltaic Access

According to the low - voltage ride - through

requirements of the new energy photovoltaic access
power system depicted in Figure 1, when considering
the overall structure of the photovoltaic grid - connected
power system, an analysis of the traditional two - level
photovoltaic grid - connected power system topology (as
shown in Figure 2) is carried out as follows:
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Fig. 2. Topology structure of traditional two-stage photovoltaic grid connected power system.

As shown in Figure 2, the traditional two-stage
photovoltaic grid connected power system topology
mainly presents the layout structure and electrical
function relationship of elements such as 1 Photon unit,
2 Solar cell photovoltaic array, 3 PV array input side
capacity, 4 Energy storage conductors, 5 Converter
bridge arm (bridge circuit branch), 6 Diode, 7 DC bus
capacity for photovoltaic power plants, 8 Inverter bridge
arms, 9 Inverter side induction, 10 AC side filter
capacitor, 11 Network side induction, 12 Filter resistors,
13 Grid, etc.

Its topology mainly includes the front-end circuit
of the photovoltaic power generation system composed
of photovoltaic arrays and Boost circuits, as well as the
back-end circuit structure composed of three-phase AC
power grid, efc. [13]-[15]. In the front - end circuit
structure, the maximum power point tracking (MPPT) of
the photovoltaic array is realized by controlling the duty
cycle of the Boost circuit switch. In the rear - end circuit
structure, the stability of the DC - side voltage of the
inverter depends on the voltage outer loop, and the
current inner loop is utilized to make the grid current
track the grid voltage with the same frequency and
phase, namely, unity power factor grid - connection
[16]. Under normal grid voltage conditions, the grid
voltage and grid-connected current are measured. The
AC quantities in the three-phase stationary coordinate
system (abc) are then transformed into DC quantities in

the two-phase rotating reference frame (dq) through
coordinate transformation (eg., Park-Clarke
transformations).

2.3 Low Voltage Ride through Control Method for
Power System with New Energy Photovoltaic
Access

2.3.1 Traditional low-voltage ride through strategy

According to the topology structure shown in Figure 2,
it can be observed that for the above - mentioned two -
stage photovoltaic grid - connected power system, the
Boost circuit is capable of isolating the photovoltaic
power station from the grid - connected inverter. When
the grid voltage drops, if the photovoltaic array keeps
operating in MPPT mode, it means that the output power
decreases due to the drop in grid voltage. In order to
maintain power balance, excess energy will accumulate
in the DC side capacitor of the inverter, causing voltage
rise and even overvoltage [17]-[18]. Meanwhile, due to
the imbalance of power on both sides of the inverter, it
can cause an increase in grid side current, even
exceeding the tolerance range of power electronic
devices, leading to the generation of overcurrent [19].
Therefore, in order to ensure the grid connected
operation of photovoltaic power generation systems
during voltage drops, it is necessary to limit the DC side
voltage and grid side current.
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Firstly, based on the structure of Figure 2, the two-
stage photovoltaic grid connected mathematical model
under the d and q rotation coordinate axes is defined as:

U,=061,-6,61,+U,+6, % M
- - dr
U,=61,-8,61,+U, +5, d—t" 2

In the formula: U« U , Tepresents the d and g-

axis components of the grid side voltage, and represents
the projection of the grid voltage on the d-axis and q-

—

N3

components of the grid side current, and represents the
projection of the current injected by the inverter into the

axis; represents the d-axis and g-axis

grid on the d-axis and g-axis; O~ O, O represents

the angular frequency of the filtering inductor, filtering
resistor, and photovoltaic grid connected power system,
which together determine the dynamic characteristics of

the system; U’ U; represents the d-axis and g-axis

components of the inverter side voltage, indicating the
voltage generated by the inverter on the d-axis and g-
axis..

Based on the two-stage photovoltaic grid
connected mathematical model that integrates formulas
(1) and (2). In accordance with the instantaneous power
theory, the analysis of the active and reactive power
injected into the grid by the inverter is carried out as
follows:

B =150, +l7q7q) 3)
0, = —l.S(Udfd —quq) o

In the formula: ﬁo' represents the active power

injected by the inverter into the photovoltaic grid, and
represents the useful power transmitted by the inverter

to the grid; Q(; represents the reactive power injected by

the inverter into the photovoltaic grid, and represents the
reactive power exchanged between the inverter and the
grid.

Based on the analysis results in Figure 1, the active
power delivered by the inverter to the grid side will
decrease [20]. At this point, if the front-end circuit is
still operating in MPPT mode, there will be a power
difference between the DC and AC sides, and power
redundancy will accumulate on the DC bus, causing the
DC bus voltage to be too high and triggering
overvoltage protection, resulting in photovoltaic
disconnection [21]. At this point, if the losses of the
inverter and AC side filter are not considered, the
balance formula for the DC bus voltage can be
expressed as:

www.rericjournal.ait.ac.th

}31 =130'+0.560><M Q)

dt

In the formula: }31 represents the output power of

the photovoltaic side, and represents the power

generated by the photovoltaic array; 50 represents the

DC bus capacitor, which is used to smooth out

fluctuations in the DC bus voltage; U o represents the
DC bus voltage and the voltage level on the DC bus.

Based on the two-stage photovoltaic grid
connected mathematical model presented in formulas (1)
- (5), conduct a correlation analysis of traditional low-
voltage ride through strategies. In the traditional low-
voltage ride through (LVRT) control process on the DC
side, when LVRT occurs, the grid voltage drops, and
due to current limiting, the power delivered by the
inverter to the grid decreases [22]. If the previous stage
is still operating under MPPT control, it will cause the
DC bus voltage to pump up, triggering overvoltage
protection, and the DC side Boost circuit will switch
from MPPT control to constant voltage control [23].
This is mainly due to the passive adjustment of DC bus
voltage fluctuations, resulting in slow dynamic response
speed. However, under this control strategy, the
decrease in photovoltaic output power is due to the
passive adjustment of DC bus voltage fluctuations,
resulting in slow dynamic response speed.

On the AC side, traditional LVRT control switches
from unity power factor mode to reactive power
compensation mode. At this point, a proportional
integral controller (PI) is deployed in the AC side
control architecture to precisely adjust the dq component
of the grid connected current. By conducting
proportional and integral operations on the current error
(the difference between the actual current and the
reference current), an appropriate control signal is
generated to adjust the output of the inverter, enabling
the grid - connected current to track the reference
current. First of all, the grid - connected current
component is expressed as:

I, = ,f;21.5(1—(§—1) (6)

&QJ|:UL

I =—k (0, -T;) ;<02 ™

In the formula, ja',\ ];' represents the d-axis and

g-axis components of the inverter side current,
indicating the current that the inverter should output in

the d-axis and g-axis directions; I (; represents the rated

value of grid connected current, used for
standardization, that is, converting the actual current

into a proportion relative to the rated value; Kq

represents the droop control coefficient in the g-axis
direction, used to adjust the output of reactive power;

U, 0’ represents the amplitude of the voltage at the grid


http://www.rericjournal.ait.ac.th/

Ye H., et al. / International Energy Journal 25 (December 2025) 571 — 582 575

connection point, used for standardization, that is,
converting the voltage to a ratio relative to the rated
voltage.

Secondly, in traditional communication side LVRT
control, due to the need to consider closed-loop
bandwidth issues, the inner loop speed cannot be set too
fast, which can result in slower dynamic response speed

when }31 and I/, [70' change.

2.3.2 DC side LVRT control strategy for
Dphotovoltaic grid connected power system

In order to ensure that the reference power can be
quickly tracked to achieve balance between the AC and
DC sides when a fault occurs, this paper proposes an
adaptive real-time tracking method for the power
reference value [24]. Firstly, calculate the power
reference value based on the degree of voltage drop in
the power grid:

<1 ®)

h=AE+Gf <E ©

In the formula, P” represents the power reference
value, which indicates the power that the inverter should
output when the grid voltage drops; 2,1 represents the

per unit value of the maximum output current of the
inverter, and represents the ratio of the maximum
current that the inverter can output relative to the rated

current; (71' represents the effective value of the phase
voltage on the AC side, indicating the actual magnitude

of the grid voltage; U 6’ represents the rated phase

voltage and the rated value of the grid voltage; ﬂq

represents power factor, which is the ratio of active
power to apparent power caused by the phase difference
between the inverter output current and voltage.

Under normal operating conditions, the power
factor can be further expressed by combining formulas
(6) and (7) as follows:

-1

A=+ 1Y <D0 =0 (0

Under normal operating conditions, the d-axis
component of the inverter side current is determined by
the DC bus voltage control loop. At this time, the g-axis
component of the inverter side current is set to 0, and the
voltage reference value, voltage estimation value, and
photovoltaic side output voltage are defined as

U~ Uy Uy, respectively. Then, based on the power

reference value, the corresponding power output of the
photovoltaic is directly controlled. The control principle
of the DC side LVRT is shown in Figure 3:
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Fig. 3. Principle of fast tracking power reference value load
shedding.

As shown in Figure 3, it is known that the
operating point of the photovoltaic array is initially at
point G, at which point the output power of the
photovoltaic side is higher than the power reference
value. Then, from the initial working point to the
coordinate origin, draw a straight line as the maximum
power point tracking reference line and a curve as the
working path of the photovoltaic array [25]. Therefore,
the voltage estimation value can be found by tracking
the intersection point of the power reference value, and
then the voltage estimation value can be set as the
voltage reference value. By continuously repeating the
above operation, the working point of the photovoltaic
array moves along the working path of the photovoltaic
array towards the voltage reference value. During this
process, the output voltage of the photovoltaic side will
not exceed the voltage reference value [26]. Therefore,
the output voltage on the photovoltaic side will
eventually converge to the voltage reference value, and
the operating point be located at the intersection of the
voltage reference value and the reference value, thereby
achieving LVRT control on the DC side of the
photovoltaic grid connected power system.

2.3.3 LVRT control strategy for AC side of
Pphotovoltaic grid connected power system

Based on the principle of model predictive control, a
LVRT control strategy for the AC side of a photovoltaic
grid connected power system is designed. The voltage
formula for the AC side of the a - B three-phase system
variable coordinate system is:

T

ar . o
52T:ﬁ= (0,47 (11)

In the formula: [/ 0’;/), represents the o - B component

of the grid connected current, which represents the
current injected by the inverter into the grid in the alpha

beta coordinate system; V;ﬁ represents the alpha beta

component of the inverter output voltage, which
represents the voltage generated by the inverter in the
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alpha beta coordinate system; V:ﬂ represents the alpha

beta component of the grid voltage, which represents the
voltage of the grid in the a -  coordinate system.
Perform forward Euler discretization on formula
(11) to obtain a numerical solution for the multi-
component grid connected current in discrete time:

D +1)= 1206+ 5, ek )-v2(k)- 5,22 (%) (12

Dol +1)=12(6)+ 7|7k )-7k )+ 5,15(8) (13)

In the formula: ]g represents a discrete time point

and represents the current time step; ¢’ represents the
sampling time and the time interval between each time

step; 1/ (I€)~ V! (I:T)\ 17(;'(12) represents the alpha
coordinate component, inverter output voltage, and
inverter grid voltage at a specific discrete time point & ;
7, JA (/2)\ I7ﬁ' (/2)\ 17[;' (/2) represents the beta coordinate

component of grid connected current, inverter output

Table 1. Pseudocode description.

voltage, and inverter grid voltage at a specific discrete
time point £ .

Using the forward Euler discretization of discrete
time points, extrapolate the current reference value using
vector angle compensation method:

(k)= < 7"(k) (14)

In the formula: 7 '(Ig)\ I ”(Ig) represents the

current reference value and predicted current amplitude
at a specific discrete time point, and represents the
magnitude of the future current obtained according to
the prediction algorithm; @ represents the phase angle
at a specific discrete time point and represents the phase
information of the current.

Based on this, the minimum error value between
current prediction and reference value is taken as the
target of model predictive current control to achieve
LVRT control on the AC side of photovoltaic grid
connected power system. Table 1 shows the pseudocode
for model predictive control.

Parameter/Component Pseudocode Description

Prediction Horizon (N)
Control Horizon (Nc)
Cost Function Form
Weight Matrices (Q, R)

N = 10 # Predict outputs for the next 10 steps

Nc =5 # Optimize control inputs for the first 5 steps, hold thereafter (Nc < N)
J=% {k=0}"{N-1} (...)# (Sum of tracking error and control effort terms)
Q =diag([1, 0.5]) # Output weights (e.g., position, velocity)

R =0.1 * eye(m) # Control input weights

Terminal Weight (P)

Constraint Handling

P =10 * Q # Terminal state penalty (optional)

u_min <u(k) <u_max # Control input limits

Au_min < Au(k) < Au_max # Control rate limits

Prediction Horizon (N)

N =10 # Predict outputs for the next 10 steps

3. EXPERIMENTAL ANALYSIS
3.1 Experimental Environment Setup

A power system model of new energy photovoltaic grid
connection was built based on Simulink simulation
platform, and it was used as the experimental object for
simulation analysis. Before simulation execution, the
operating environment temperature of the photovoltaic
array is defined as 26 °C, and the input light intensity of
the photovoltaic array unit is 1150W/m?. Under standard
conditions. Therefore, the maximum output power of
multiple photovoltaic cells is 6452W, and the
corresponding maximum power point current and
voltage are 15.2A and 440V, respectively. In the
simulation process, the MPPT algorithm for
photovoltaic  modules adopts the perturbation
observation method, which is implemented by State
Flow programming, and the model predictive control
algorithm is implemented by s-function programming.
The specific parameters of the new energy photovoltaic
grid connected power system model constructed are
shown in Table 2.

www.rericjournal.ait.ac.th

3.2 Low Voltage Ride through Control Effect Test

Causing a drop in grid voltage, which is within the
normal range of 0-1.2s. The simulation waveform of
active and reactive power output of the inverter before
and after LVRT control during voltage drop are shown
in Figure 4 using design methods.

From Figures 4a and 4b, it can be seen that the
active power output by the inverter decreases during
voltage drops. During the voltage drop period, the
inverter also needs to send a certain amount of reactive
power to the grid. Corresponding reactive power is
emitted according to the depth of the grid voltage drop.
The inverter realizes the coordinated control of active
and reactive power; when the power grid voltage drops,
the inverter performs reactive power priority control.
Due to the requirement of linear output reactive current
in photovoltaic grid connected power generation
systems, the output reactive power will increase.
Therefore, after using design methods to control, which
to some extent supports the recovery of grid voltage.

Based on the same experimental environment, the
simulated waveform of the photovoltaic array output
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before and after LVRT control during voltage drop are

Table 2. Specific parameters of new energy photovoltaic grid connected power system model.

analyzed, as shown in Figure 5.
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Power system model structure

Model parameters

Parameter values

Front stage booster circuit

Post inverter

PV side inductance/mH

PV measurement capacitance/mF

Switching frequency/kHZ

Rated voltage of fast recovery diode/V

Rated current of fast recovery diode/A

DC bus capacitance/mF

DC bus voltage reference value/V

Duty cycle range of Boost circuit

MPPT control proportional and integral coefficients
Filter resistance/Q

Filter inductance/mH

Grid-side voltage/V

Bus voltage control outer ring ratio, integration factor

Current control inner loop ratio, integral coefficient
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Fig. 4. Simulation waveforms of active and reactive power output of inverters before and after control.

1400
1200
1000

. ——Pre-control

------ After control

Power/pu
oo
=
(=1

‘.:l 1 i 7

L i
\‘fw\-.\-r,,\»_a.\«-w.z.-~.w.-‘,»-«‘

600 [

400

200 1 1 1 1 1 1 1 1 1
0 04 08 12 16 20 24 28 32 36

Simulation time/s

Fig. 5. Simulation waveform of photovoltaic array output before and after control.
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As shown in Figure 5, if no design method is used
for control, the output power of the photovoltaic array
will always fluctuate around a small range of 1000pu
(with a floating advance not exceeding 50pu). After
adopting the design method for control, due to the use of
power limiting control in the front stage, the
photovoltaic array exits MPPT control during 1.2-2.4s,
and the output power is reduced to around 625pu
according to the degree of grid voltage drop.

Based on the above simulation environment, the
methods of reference [4] and reference [5] are
introduced as comparative methods to analyze the
simulation waveform of the power grid before and after
LVRT control during voltage drop period, as shown in
Figure 6 and Figure 7.
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Fig. 6. Waveform of phase A voltage output in the power
grid before and after control.

From Figure 6, it can be seen that the grid voltage
dropped to 0.45pu before adopting LVRT control, and
dropped to 0.85pu after adopting design methods for
control. Obviously, the voltage at the grid connection
point has been restored to a certain extent. After using
other methods for control, the degree of voltage drop in
the power grid is similar to that of the original stone, and
the recovery effect of grid voltage is poor.
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Fig. 7. Inverter output A-phase current waveform before
and after control.

As shown in Figure 7, when the grid voltage drops,
before adopting LVRT control, the output current of the
inverter will suddenly increase, causing the current to
exceed 1.1 times the rated current, resulting in the
photovoltaic grid connected inverter operating off grid;
After using design methods for control, the current rise
is limited, and the output current of the inverter remains
stable during the fault period, which can be well limited
within the multiple control threshold of the rated
current, thus protecting the power electronic
components of the inverter and keeping it in grid
connected operation. However, after using other
methods for control, the current output by the inverter
remains non-stationary during the fault period and
cannot effectively control the rated current variation.

To comprehensively verify the effectiveness of the
active low-voltage ride through (LVRT) strategy based
on power direct control proposed in this paper in solving
the problem of DC bus voltage instability caused by
slow dynamic response of low-voltage ride through
control strategy in new energy photovoltaic access
power systems, a series of comparative experiments
were designed. The experimental selection includes the
reference [4] method, the reference [5] method, and the
low-voltage ride through strategy based on Crowbar
circuit labeled as traditional method 1. The low-voltage
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ride through strategy based on rotor side inverter control
strategy is labeled as traditional method 2 as a reference.
Under the same experimental environment and
parameter settings, the dynamic response speed, DC bus
voltage stability, and AC/DC power balance capability
of different methods during grid side voltage drop are

Table 3. Control performance analysis of different methods.
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tested and compared. The experiment adopts the method
of simulating power grid faults, setting up different
levels of grid side voltage drop scenarios, and recording
the key performance indicator data of each method in
different scenarios. The results are shown in Table 3.

Experimental scenario Dynamic DC bus voltage ~ AC/DC power  Power
(depth of voltage drop  Method response fluctuation balance time tracking
on the grid side) time (ms) range (V) (ms) error (%)
Mild drop (20%) Proposed Method 15 +5 20 1.2
Reference [4] method 30 +12 40 3.5
Reference [5] method 25 +10 35 2.8
Traditional Method 1 40 +18 50 5.0
Traditional Method 2 35 +15 45 42
Moderate drop (50%) Proposed Method 20 +8 25 1.5
Reference [4] method 45 +22 60 6.0
Reference [5] method 35 +18 50 4.5
Traditional Method 1 60 +30 75 8.0
Traditional Method 2 50 +25 65 7.2
Severe drop (80%) Proposed Method 25 +12 30 2.0
Reference [4] method 60 +35 80 9.5
Reference [5] method 45 +28 65 7.0
Traditional Method 1 80 +45 100 12.0
Traditional Method 2 70 +40 90 10.5

According to Table 3, the advantages of the active
low-voltage ride through strategy based on direct power
control proposed in this paper are fully demonstrated in
mild, moderate, and severe grid side voltage drop
scenarios. In terms of dynamic response time, the
method proposed in this paper is significantly shorter
than the methods in reference [4], reference [5], and
various traditional LVRT strategies. For example,
during mild drops, the method proposed in this paper
only takes 15ms, while the method in reference [4] takes
30ms, and the traditional method 1 takes 40ms, which
can more quickly perceive and respond to changes in
grid voltage and avoid system instability; In terms of the
fluctuation range of DC bus voltage, the method
proposed in this paper is smaller than other comparative
methods under different voltage drop depths. When
there is a moderate drop, the method proposed in this
paper is £ 8V, while the method in reference [4] reaches
+ 22V, which can better maintain the stability of DC bus
voltage, improve system reliability and power quality; In
terms of power balance time on the AC/DC side, the
method proposed in this paper performs well, achieving
balance in only 30ms during severe drops, which is
much lower than the 80ms of the method in reference
[4] and the 100ms of the traditional method 1. By
actively controlling the photovoltaic array and inverter
to coordinate the output of the target power, power
balance can be achieved faster and the impact of power
imbalance can be reduced; In terms of power tracking

error, the method proposed in this paper is at a relatively
low level in various scenarios, with a slight drop of
1.2%, while the traditional method 1 achieves 5.0%.
High precision tracking can improve energy utilization
efficiency and reduce energy loss. In summary, through
comparative experiments with various methods, it has
been fully demonstrated that the strategy proposed in
this paper has significant advantages in dynamic
response speed, DC bus voltage stability, AC/DC power
balance capability, and power tracking accuracy.

4. DISCUSSION

In the experimental analysis of this paper, based on
Simulink simulation platform, the power system model
of new energy photovoltaic grid connection is built, and
the effectiveness of the proposed low voltage ride
through (LVRT) control strategy is verified. The
experimental results clearly show the coordinated
control effect of the strategy on the active and reactive
power output of the inverter during the grid voltage sag,
as well as its flexible adjustment ability on the output
power of the photovoltaic array.

Firstly, from the simulation waveform of the
inverter output active and reactive power, the designed
LVRT control strategy successfully realizes the
coordinated control of active and reactive power. When
the grid voltage drops, the inverter can respond quickly,
reduce the active power output, and send the
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corresponding reactive power to the grid at the same
time to support the recovery of grid voltage. This
characteristic is of great significance to improve the
stability and reliability of power system.

Secondly, the simulation waveform of photovoltaic
array output power further verifies the effectiveness of
the designed strategy. During the period of grid voltage
sag, the photovoltaic array can exit the maximum power
point tracking (MPPT) control by using the power
limiting control strategy, and flexibly adjust the output
power according to the degree of grid voltage sag. This
flexible regulation capability helps to reduce the impact
of grid faults on photovoltaic grid connected power
generation system and improve the adaptability and
robustness of the system.

In addition, compared with the methods proposed
in references [4] and [5], the LVRT control strategy
designed in this paper shows better performance in grid
voltage recovery and inverter output current control. The
experimental results show that after using this method,
the voltage of the parallel node is more significantly
restored, and the output current of the inverter remains
stable during the fault period, which effectively avoids
the problem of photovoltaic grid connected inverter off
grid operation. This advantage is of great significance to
improve the reliability and stability of photovoltaic grid
connected power generation system.

5. CONCLUSION

To achieve effective low-voltage ride-through (LVRT)
control for power systems with integrated renewable
energy photovoltaics (PV) and ensure safe and stable
grid operation, a PV grid-connected LVRT control
strategy based on fast tracking of power reference values
is proposed. By correspondingly controlling the front
and rear stages of the power system with new energy PV
integration, active and reactive power decoupling is
achieved. Experimental results show that during voltage
dips caused by grid faults, the unloading circuit
suppresses DC side voltage fluctuations. After control
using the designed method, the current output by the
inverter can maintain a smooth transition, the PV power
generation system can maintain  grid-connected
operation, and can compensate for a certain amount of
reactive power, helping the grid quickly recover from
faults and restore normal operating voltage.

However, there are also some work limitations in
this study. Firstly, due to limitations in experimental
conditions and time, the control strategy proposed in this
paper has only been validated in simulation
environments. However, there are significant differences
between simulation environments and actual application
scenarios, making it difficult to fully reproduce the
complex operating conditions, transient uncertainties,
and random characteristics of various sudden faults in
the actual power grid in simulations. Therefore, this
strategy has not yet been widely applied in practical
power systems. In the future, it is necessary to conduct
testing and verification in more practical scenarios to
further confirm its effectiveness and reliability,
especially focusing on the impact of transient
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uncertainties caused by load fluctuations, intermittent
output of new energy in the actual power grid on the
performance of control strategies. Secondly, with the
continuous development of new energy technologies and
the increasing complexity of power grid structures, the
requirements for low-voltage ride through control
strategies will also continue to increase.

In the future, in order to further promote the
development of low voltage ride through control
technology for new energy photovoltaic access to power
system, the proposed control strategy can be applied to
the actual power system for field test and verification,
and necessary adjustment and optimization can be
carried out according to the test results; At the same
time, the characteristics of new energy power generation
system and the operation law of power grid are deeply
studied to develop more advanced and efficient low
voltage ride through control strategy; In addition, we
should strengthen cooperation and exchanges with other
fields, jointly promote the innovation and development
of new energy technologies, and contribute to the
construction of a safe, stable and efficient smart grid.
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