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Abstract This article proposes a low-voltage ride through control (LVRT) strategy based on reactive current
support to address the voltage instability problem in smart sensor photovoltaic grid connected power generation.
By preventing overcurrent faults in photovoltaic (PV) and increasing the grid voltage to a certain extent. Restore the
voltage of the grid connection point to achieve LVRT. The simulation results show that when the voltage drops by
60%, the voltage at the grid connection point without a control strategy increases by 2 times. After adopting this
control strategy, the voltage at the grid connection point increased from 0.314 to around 0.38. When the voltage
drops by 30%, the active current is the rated current, and the reactive current increases by 0.45. The voltage at the
grid connection point increased from 0.68 to 0.72. Experimental results have shown that this strategy can deliver a
certain amount of reactive power to the power grid, causing the voltage at the grid connection point to rise to a
certain extent, thereby maintaining the PV station on the grid during power grid faults.

Index Terms PV Grid-Connected, Low Voltage Ride Through, Inverter Control Strategy, Reactive Current Support

. Introduction

The need for energy is rising daily in tandem with the world economy's fast expansion. Traditional energy
resources such as petroleum and coal are extremely limited. Coupled with the substantial increase in their prices
and the rising cost of power generation, the transformation of traditional models has become inevitable. Solar
energy has become the best choice, not only rich in resources, but also conducive to environmental protection. So
the PV has been developed rapidly. However, the motor capacity of the photovoltaic system is extremely limited
and easily affected by external factors. It was only used as a load on the grid before it was merged with the power
generation system. Therefore, it is usually connected in parallel to the distribution feeder of the secondary
substation when it is connected in parallel with the power company. When the PV supply is connected with the
electricity generation system, it can interfere with the normal functionality of the production system.When there are
abnormalities in the voltage at the point of application of the PV supply to the generation system caused by
external factors, the system will automatically disconnect from the PV, to prevent unstable voltage from bringing
more serious consequences to the system. But this mode is only effective for PV plants with small power
generation capacity. If a solar power station with a large power generation capacity runs outside the system, it will
not only fail to make the system operate normally, but it will also cause greater losses. The most serious
consequence is the collapse of the entire system.

In response, it is necessary to address the issue of losses in the generation system due to voltage instability. This
paper studies the use of low voltage rerouting control technology as a means of combating this problem. This
strategy is to allow the PV station to disconnect from the power generation system only when the system cannot
resume normal operation within specified amounts of time. In this way, when short-term failures are eliminated and
the system can resume normal operation,The PV plant can continue to operate with no compromise on generating
system stability. In the meantime, the PV plant can contribute to the generation system by assisting in voltage
stabilisation by offering the generating system the support of passive power.

At present, there are a lot of discussions on the solution to the problem of PV grid-connected power generation
system failure. Haddadi A M studied an individual three-phase cold source inversion (CSI) for a grid connected
photovoltaic (PVGC) system, proposed an optimal predictive grid current control (DPOC) strategy, and proposed
an anti-disturbance greatest peak potential tracking (PR-MPPT) arrangement for the CSI PVGC system.By
conducting experiments on the proposed method, it was demonstrated that the CSI PVGC system has the
characteristics of simple circuit, good stability, high dynamic response and MPPT function, and verifies its feasibility
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[1]-Madeti S R believes that surveillance systems are crucial to keeping the optimal implementation of PV systems,
he proposed a new fault detection technique for analyzing the anomalies noticed in the faulty PV strings and the
terminal characteristics of the appropriate arrays, using the differential values of terminal voltages of modules
within healthy strings and healthy modules within unhealthy strings to identify malfunctioning modules, this method
has the principal advantage of not requiring string current sensors but using the optimal placement of voltage
sensors the number of voltage sensors is decreased, the final experimental outcome demonstrates the validity of
the suggested fault detection technique [2]. Zaim R proposes an innovative low-cost, non-intrusive as well as
disconnected sensing technique to be used in connection with grid-connected PV inverters, which represents an
excellent example of an algorithmic solution to the problems related to control of CCMs in a manner similar to the
simplicity of boundary and discontinuous conduction modes. The results show that the prototype contains a mains
current THD of 1.9%, a power factor of 0.9988, a resting MPPT frequency of more than 99% and a variable
efficiency of 98.50%, all consistent with the conditions[3]. Hasanien H M presents an new application of an
adaptation control strategy for grid connected PV plants to enhance the under LVRT capability based on the
continuous mixed p-number (CMPN) method. His simulations using PSCAD/EMTDC simulator have extensively
validated the effectiveness of the adaptive control strategy[4]. Hassan Z believes that grid-connected PV can
greatly reduce the world's dependence on traditional energy sources. He outlined the inverter topology, including
power processing stages, transformers and transformerless inverters, multi-level inverters, flexible and
tough-switching, two-way and mixing inverters. He discussed and checked the current injection technology with
LVRT control strategy, and compared the advantages and disadvantages of the control scheme [5]. In his overview
and comparison of various FRT capability augmentation techniques for electrical grids under fault conditions,
Al-Shetwi A. Q. separates these techniques into two main groups based on control type and connectivity settings:
external device-based techniques and modified controller-based techniques. He then goes into some detail about
the advantages and disadvantages of each technique, comparing them in terms of grid regulation compliance,
controller sophistication, and He also compares these approaches in terms of controller sophistication, grid code
compliance, and economics, and he comes to the conclusion that the modified inverter controller (MIC) is the most
effective way to achieve FRT capability among the other forms of regulation [6]. Jaalam N proposes an active and
reactive power control strategy for a single-stage, three-phase grid-connected PV system to improve LVRT.The
dynamic behaviour of the system is investigated by considering various scenarios in various locations within the
operation of a multi-distributed power supply, for instance different illumination levels, local load disconnections
and short circuits. The findings verify that the grid-connected PV system is able to maintain its connection to the
grid under state and instantaneous conditions while not infringing grid code demands [7]. Regarding the problem of
PV grid-connected voltage instability, most scholars have conducted research from the aspects of inverter topology
and rotor protection. This kind of research technology is complicated to operate, and the cost is relatively high.

In the case of a PV grid failure, the LVRT control method proposed in this research supports the reactive power
of the grid-connected network voltage to meet varying depths of power dips and accomplish varying amounts of
reactive power compensation. The parameters derived from the simulation study using this technique are
applicable to the system with excellent accuracy. When the grid fails, this technique can provide LVRT and reduce
the strain on the inverter to make up for the reactive voltage. It enhances solar grid-connected systems' stability
and power supply dependability. And compared with the first two technical strategies, it is easier to operate and the
cost is more reasonable, which is conducive to large-scale implementation and application.
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Figure 1: p-n junction PV principle
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ll. LVRT Control Method of Photovoltaic Grid-connected Power Generation System

Il. A.Relevant Basis for Photovoltaic Grid-connected Power Generation

Il. A.1) The Working Principle and Characteristics of PV Cells

By using the photoelectric or photochemical effects, PV cells may directly transform the light energy of sunshine
into electrical energy. New hole-electron pairs are created when sunlight strikes the semiconductor p-n junction [8].
The p-n junction's electric field causes electrons to go from the p zone to the n zone and holes to move from the n
zone to the p zone. A current is created after the circuit is linked, as seen in Figure [1;

The formula of load current I, is:

U, +I;R

IL:IS_Iks_L—LS (1)

1zsh

Among them,
Ly =1y S + Wy (T-T,) (2)
& 1000 .

q(UL+ILRs)

[ks = Isat e AKT -1 (:3)

|2
1o -1, [ij LA (T @)

Tab

A large number of ground PV systems use silicon solar cells based on silicon, which are classified as
single-crystalline silicon, multiple-crystalline silicon and non-crystalline silicon solar cells [9]. The formula for
calculating the output current of this battery under ideal conditions is [10]:

qU,
I, =1~y [K _1J (5)
The output voltage of PV cell is expressed as [11]:
I, —1
UL:£IH( 8s L+1J (6)
q [ks

The formula variable indications are shown in Table m:

Table 1: Formula variable meaning

variable name meaning illustrate
I gs Photocurrent variable
I Diffusion current variable
Id1 Short circuit current variable
S Sunlight intensity variable
WT Temperature Coefficient constant
T Battery temperature variable
Tab Absolute temperature 237K
A Ideal constant of diode Unknown constant
K Boltzmann constant 1.38x1072J /K
q Electron charge 1.6x107"°C
Irc Diode reverse current Unknown constant
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Bge Band gap energy 1.2eV

According to formula 6|, the characteristic curve of PV cell current and power output can be drawn. As shown in
Figure E U,. is the open circuit voltage of the PV cell, U is the voltage when the PV cell is working at the

max

is the current when the PV cell is working at the maximum power point, and P, is

max

maximum power point, 1, .
the maximum power of the PV cell.

/A

Idl

max
Imax

0 Umax  Uoc TJ/V
Figure 2: Characteristic curve of PV battery current and power outpute

The dotted line represents the output power characteristic curve of the PV array after the power P is reduced in
a certain proportion. The output power is equal to the load current multiplied by the output voltage, which is
expressed as [12]:

P=1,U, (7)

It can be seen from the characteristic curve that the rectangular area enclosed by the U value and 1 value
and the horizontal and vertical coordinates at any point on the curve is the output power of the PV cell [13]. In the
initial period, the I value of the PV cell is 1,, at this time the U value is zero, and the output power P is also

zero. When the value of U <U the value of 1 decreases slightly with the increase of the value of U, and the

output power P increases with the increase of the value of U at this time; when it reaches U, , the value of

P is the maximum at this time. When the value of U>U, the value of 1 will decrease greatly with the

increase of the value of U, and the value of P will also decrease greatly, until the value of T and P are both
zero [14]. So in addition to the greatest possible power delivery from the PV cells, it is necessary to observe and
control the P, .. pointin real time.

According to the characteristics of PV cell I-U, when I;,=U_, P reaches the maximum value, and the

photoelectric conversion efficiency reaches the maximum. The fill factor is an influential component in the
evaluation of the efficiency of a PV cell. The greater its diameter, the more the output characteristics of the solar
cell tend to be rectangular and the better the photoelectric conversion performance. It can be expressed as:

I.xU

FF = Jtmax ~ max
Idonc (8)

So [15],
Pmax = IdoncFF (9)

The characteristic curve of PV cell current and power output will change with the influence of the external
environment temperature, as shown in Figure @:
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Figure 3: Characteristic curve of PV cell current and power output

When the temperature increases, the no-load voltage value shows a decreasing trend, while the short-circuit
current changes relatively smoothly. For every degree of temperature increase, one third of efficiency is lost [16].
The output power is inversely proportional to the temperature of the PV cell, which is the negative temperature
coefficient that people often say. PV cells are greatly affected by external factors, and they are unstable. To achieve
high-efficiency photoelectric conversion, the impact of external factors on PV cells must be considered. It needs to
study the characteristic curve of PV cells, track and observe the maximum power point in real time, and realize the
maximum utility of PV cells on PV grid-connected systems [17].

Il. A.2) Photovoltaic Grid-connected Technology
The electrical energy output by PV cells cannot be directly incorporated into the grid system. Because the electrical
energy it outputs is direct current, it needs to be inverted into alternating current, and then the voltage of the
alternating current is raised to the same voltage as the grid system before it can be combined. This is the most
important step of PV grid connection, which needs to be operated by an inverter. The excellent performance of the
inverter largely determines the success or failure of PV grid connection [18]. The inverter has multiple functions
such as LVRT and islanding detection. At the same time, the output performance of the inverter is directly related to
the power quality, which has a direct impact on the distribution network. To achieve the maximum output, the
inverter needs to be controlled. Different strategies will lead to different output quality of the inverter, and even
affect the real-time observation and tracking of PV system points and the level of photoelectric conversion
efficiency [19].

Real-time tracking of point P can be carried out by using the characteristics of the PV system, that is, by

max

using the relationship between the rate of change of conductance and the conductance. When the PV system is
operating at point P, the I ofits P-U characteristic curve remains unchanged. That is, the voltage change

max ?

rate of the P to U wireis 0, and the formula [20] can be obtained from this:

i
dU|p_p

max

=0 (10)

The admittance change rate can be derived from formula 10 [21]:

/i 1
a__ 1 (11)
U U

It can be seen from formula 11 that when the PV system runs to point P, , the rate of change of the admittance

is equal to the opposite of the system admittance. Therefore, during the operation of the PV system, whether itis a
load change or a problem of the PV system itself, the admittance change rate and admittance calculation and
real-time monitoring can be used to verify whether the system is operating atits P point. Then according to the

max
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I value and U value obtained by real-time monitoring, the corresponding adjustment is made so that the two
meet the relationship of formula 11|, so that the control of the P, point is realized.

max

Il. B.LVRT Control Technology

Il. B.1) Technical Requirements for LVRT Control

The grid-connected inverter's control system must also adhere to the pertinent grid-connected regulations. The
solar output can be linked to the public grid even if the voltage, frequency, and phase differences between it and
the grid are all within the permitted range. In other words, as seen in Figure m a PV grid connection must satisfy
the technical specifications of LVRT.

A

Grid side voltage drop

borderline

Requires grid-
connected
0a | operatior

Cut out from
the grid

[
Ta To Te Ta t

Figure 4: LVRT technical requirements

In Figure 4, U is defined as the actual grid-side pressure, and U, is defined as the rated voltage. The voltage
of the grid-connected point for normal operation of the PV grid-connected system is at least 90% of U, . The depth

of the grid-side voltage drop varies with time. If it is higher than the threshold line, the PV system must remain
connected to the grid. The PV system the threshold line must be disconnected from the grid. The actual conditions
of each PV system determine the allowable operating time at different descent depths, as shown in Table @:

Table 2: Allowable running time under different descent depth

Voltage drop degree Allowable running time
Down 80% T, - T,
Down 10% Ta —Td
Zero drop T, =T,

According to the requirements of LVRT technical standards, the corresponding LVRT control strategy of PV
station can be formulated to fulfil the technical demands of PV system grid-connected.

IIl. B.2) The Dynamic Characteristics of the PV Inverter System When the Power Grid Fails
The power balance relationship of the PV inverter system is [22]:

P, =P +F, (12)

Among them, P, is the active power emitted by the PV array composed of multiple sets of PV cells, P, is the

power of the side supporting capacitor, and P, is the effective power output from the PV converter system
towards the grid system. When system is in steady state-operating condition, the DC side voltage of the inverter
system remains stable, and P, does not change, then:
P, =F, =3UI (13)
When there is a drop in voltage at the PV grid, the inverted array output remains unchanged because the
external environmental parameters remain unchanged and the DC side capacitor voltage cannot change suddenly.
On the AC bank of the converter, due to the existence of the filter inductance and the limitation of the amplitude of
the AC output current, the P, of the converter system output to the grid is reduced. Therefore, the converter

system will have an instantaneous power imbalance, and the excess energy will rush to the DC side supporting
capacitor, resulting in an instantaneous increase in the DC side voltage.
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Assuming that the grid voltage drops to U', and the capacitor voltage changes to U', after a sudden change,
then:

(Pyg—3U’1)At:%C(U'ZC—UZC) (15)

Because of P,, =3UI, according to formula @ we can know [23]:

2Pyg,U_U At
U, =|——Y—+02,
C

(16)

As shown in formula ﬂ that the greater the voltage drop at the parallel network, the longer the drop lasts, the
higher the voltage on the DC side after the sudden change, until the array output power and the converter system
output power reach a new balance, the DC side voltage will be stable.

Il. B. 3) Analysis of Low Power Crossing Control Policies On the Basis of Reactive Energy Support

PV grid-connected inverter systems generally operate at unit power under normal conditions, and zero circulating
variable current as a reference level. When power voltage falls, the outer voltage loop is disconnected and the
circulating energy reference current is taken as shown in the formula, then:

AU
I =K=21 17
gref U N ( )

n

If the current on the AC side is limited to not more than 1.1 time of the rated current, when the voltage drops, that
is, Izd +I2q < (I.IIN)2 . When the voltage drops until the PV station can maintain the worst working conditions of

grid-connected operation, if the inverter system outputs all reactive currents, then AU = (0.9 —0.2)UN =0.7Uy can
be obtained from Equation [17;

0.7KIy <1.11y (18)
So,
k <1.571 (19)

When the active current output of the inverter is /, =/, the maximum reactive current allowed to be output is

[24]:
I, =+(1.1y)* ~1? = 0461y (20)

At this time, if K=1.5 is taken, without reducing 7,, From Equation ﬁ the maximum depth that the parallel
network voltage would be allowed to dip is:

AU % 0.307Uy (21)

That is, when the voltage drops below 0.539U, the active current output must be reduced in order to meet the
grid-connected current amplitude requirements. At this time, the active current reference value is [25]:

Ly =[(LUy ) =12 (22)
Among them,
U
1oy :1.5[0.9—a]1N (23)

When the voltage drops above 0.593Uy, in order to enable the inverter system to output reactive current as
much as possible, the active output current can be fixed as:
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[dref = IN (24)

Ly, =0.461 (25)

The idea behind the above control strategy is: When the parallel network voltage dips in the range of
0.2Uy —-0.9Uy, the control strategy of the PV inverter system is changed to output a certain degree of reactive
current. To a certain extent, increase the grid-connected point voltage to achieve LVRT. The flow chart is shown in
Figure @ This LVRT method only changes the control strategy of the inverter system without adding additional
hardware equipment, so it can reduce the cost of power generation.

&

Collect grid-
connected point
voltage

A
Tare=0
Tarertaken from
the outer loop
result

Photovoltaic

power station
off-grid
Disconnect the Disconnect the
voltage outer voltage outer
loop loop
Formula 22 Formula 24
Formula 23 Formula 25
V v v

return

Figure 5: Flow chart of LVRT control strategy based on reactive power support

lll. Simulation Analysis of LVRT Control Methods

The simulation is performed on PSCAD (Computer Aided Design of Power System)/EMTDC (Simulation
Computing Core), and the LVRT control strategy module is shown in Figure 6. The meanings of the names in the
modules are shown in Table 3|. The simulation results are analyzed in the following two drop situations.
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Figure 6: LVRT control strategy simulation module based on reactive current support
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Table 3: Name meaning indicator table

appellation meaning
US-line Grid-connected voltage amplitude signal
UN System rated voltage
Ul System rated current
Imppt Voltage outer loop Pl regulator output current signal
BRK Circuit breaker signal
Idref System active current reference value
Igref System reactive current reference value

(1) The voltage at the grid connection point dropped by 60%.

—UsaIa — Usa Ia

20k a 200
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(a) shows an illustration of the precurrent and voltage (b) shows an illustration of the precurrent and voltage
before the adoption of the strategy after the adoption of the strategy

Figure 7: Voltage and current waveforms when the voltage drops 60%

The simulation results show that the parallel current spikes to about twice the rated current when the electrical
grid voltage drops by 60 percent. If no measures are taken, the protection device will inevitably be activated to
disconnect the PV station from the grid, and thus cannot fulfill the demands of LVRT. The diagram also shows that
the parallel voltage and electric phase are the same and the converter is still operating at unit energy consumption.
When the LVRT control strategy is not adopted and the grid-connected current is not limited, if a three-phase
short-circuit ground fault occurs in the system, the grid-connected point voltage will drop by about 60%. The
voltage and current of the grid-connected point are shown in Figure ﬁa, and the values in the figure are in standard
unit values. When the LVRT control strategy is adopted, when the grid voltage drops by 60%, the grid-connected
voltage and current are shown in Figure Vb. The diagram shows that the parallel connection current is controlled to
within 1.1 time the nominal pressure, and since the active current is already limited, the increase in electricity is the
passive component. B

Figure |8 is a component diagram of grid-connected current.As shown in Figure 8a, when a decrease in grid
electricity occurs before the adoption of the low-voltage crossing technology technique, the increase in grid current
is predominantly in the active current, which increases by 1pu. Therefore, if the grid-connected output of the
inverter system is not flowed, it is mainly to control the reference value 1,,, of the active current in the inner loop
of the current. Once the under-voltage crossing control technique has been adopted, as shown in Figure 8b, the
active current drops to about 0.82 pu and the reactive current increases by about 0.75 pu. Due to the injection of
reactive current, the inverter no longer operates at unity power factor during the voltage drop.
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(b) shows the live and passive contributions of the
grid-connected current of the converter system at a
voltage drop of 60% after the adoption of the strategy

(a) shows the live and passive contributions of the
grid-connected current of the converter system at a
voltage drop of 60% before the adoption of the strategy

Figure 8: Grid-connected current d and g component diagram
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Figure 9: Voltage and current waveforms on the DC side of the inverter system

Figure @ illustrates the DC-side volume and electric power waveforms of the converter system during a volume
drops. In the figure, the DC side voltage increases by about 0.15 pu, and the DC side current decreases by 0.45

pu.
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(a) shows that the voltage drops by 60% before the control
strategy is adopted, and the system output active and

(b) shows that the voltage drops by 60% after the

control strategy is adopted, and the system outputs

reactive power active and reactive power

Figure 10: System output active and reactive power
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Figure Ma shows the effective and passive power output of the systems during voltage dips before the
low-voltage crossing control measures were adopted, and the effective energy drops to 0.63 pu. The passive
power output is zero. Figure ﬂb shows that the inverter system outputs active power and passive power when the
voltage drops by 60% after the system adopts the LVRT control strategy. The active power drops to about 0.316 pu,

and the reactive power increases by about 0.296 pu . At this time, the effective energy is reduced by about 0.32 pu
compared with before the control strategy is adopted. This is because the effective current is limited.

Low Voltage Ride-Through Control Method of Photovoltaic Grid-connected Power Generation System in View of Intelligent Wireless Sensor

After injecting reactive current

0.00F Befoénjecting reactive current
1 1 | 1 |

290  3.00 3.10 3.20 3.30 3.40

Figure 11: Active power and reactive power after adopting the control strategy

Figure 11 shows the comparison of the grid-connected point volume before and after the system adopts the
low-volume crossing control measures. The grid-connected point volume is about 0.314 pu before the reactive
current is injected, and it increases to about 0.38 pu after the reactive current is injected. The overall improvement
is not very large, which is due to the small capacity of the simulation system.

When the grid voltage drops by more than 59.3%, the result calculated by formula 23 (using the standard unit
value) is shown in Table 4;:

Table 4: Calculation result when the voltage drops by 59.3%

appellation Numerical value
Reactive current 0.765
Active current 0.79
Active power 0.308
Reactive power 0.298

The calculation results are consistent with the simulation results, verifying the calibration of the simulation of the
low-volume crossing control measures.

(2) The parallel network voltage falls by 30%

After the application of the low-volume crossing control scheme, when the voltage of the parallel network drops
by 30%, the parallel network voltage and present are as illustrated in Figure @ And the grid current is within one
point double of the specified level.
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Figure 12: Voltage and current after control strategy
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Figure 13/ illustrates the effective and passive constituents of the grid-connected current. Since the degree of sag
is less than 59.3%, the effective level is qualified to the rated level, and the reactive level increases by 0.45 pu.
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Figure 13. Active current and reactive current after control strategy

Figure 14 illustrates the system output effective power and passive power when the voltage drops by 30% after
the system adopts the control strategy. The effective power drops to about 0.72 pu, and the passive power
increment by about 0.33 pu .
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Figure 14: System output active power and reactive power
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Figure 15: Comparison of grid-connected point voltage

Figure @ illustrates the comparison of the grid-connected point voltage before and after the system adopts the
control strategy. With the use of management measures, the grid-connected point voltage was increased from 0.68
pu t00.72pu.

IV. Discussion
In this simulation experiment, the low-volume crossing control measure was compared before and after application
under two different voltage sag depths. In this simulation experiment, the low-volume crossing control measure

5824



fa

Low Voltage Ride-Through Control Method of Photovoltaic Grid-connected Power Generation System in View of Intelligent Wireless Sensor

was compared before and after application under two different voltage sag depths. Experiments show that under
the first drop depth test, the active power value without the reactive power support LVRT technology strategy is
0.314 pu higher than the reactive power support volume crossing control measure. In the second drop depth test,
the reactive power value for which the reactive power support the low-volume crossing control measure is not
adopted is 0. By adopting the reactive power support volume crossing control measure, after a certain amount of
reactive power is transmitted through the grid, the reactive power of the grid-connected point is increased by
0.33pu. This means that when a PV shunt network fails due to varying degrees of voltage instability, the
low-volume crossing control measure based on reactive current support proposed in this paper could be a useful
solution to this situation. It can prevent over-current faults in PV plants, thereby achieving the low-volume crossing,
and it can increase the grid-connected point volume to a certain extent.

V. Conclusion

The traditional energy development model once dominated. It has promoted social and economic development to a
large extent, but traditional energy reserves are limited. With the continuous expansion of use, the remaining
reserves are gradually becoming scarce, and the combustion of traditional energy sources has brought great harm
to the environment, and the mode of replacing traditional energy generation with PV has attracted much attention.
PV has become a hot spot for research and development by related scholars at this stage. PV can promote the
simultaneous development of economic development and environmental protection. In-depth research on PV
grid-connected systems is also an inevitable trend of energy development. Because of its characteristics, PV
grid-connected systems are prone to voltage drops and failures when they are integrated into the power generation
system. LVRT technology has a good effect on maintaining the stability of PV grid-connected point voltage.

This paper proposes a low-volume crossing control measure based on reactive power support, and the
simulation experiment proves that this reactive power support is effective under different voltage drop depths. The
LVRT control strategy is implemented on the basis of passive power support can guarantee that the PV inverter
outputs current without overcurrent. When a failure occurs at the grid connection point, it can quickly provide a
specific quantity of passive power support to the grid system within a short period of time. It can help the
grid-connected point to recover from the fault caused by the voltage drop in time and realize the low-volume
crossing. Through this control measure, it also helps enhance the electrical system reliability, showing its
uniqueness and superiority that it does not have with other control strategies. Research on PV energy production
equipment is still in progress. Although this article has made some achievements in the research of low-volume
crossing control measure, there are still many shortcomings that need to be improved due to limited academic level
and experimental conditions. The research scope of this paper is not enough. This paper only conducts the LVRT
simulation experiment of reactive power support under the fault type of three-phase short circuit, without
considering multiple types comprehensively. In the future research, it is necessary to carry out further research on
the realization of LVRT control technology under various types of power generation system faults. Furthermore, the
research depth of this article is not enough. In this paper, a low-volume crossing control simulation experiment is
carried out for a three-phase grounded power grid fault. In the simulation experiment, during the voltage drop and
recovery stage, the active current and the reactive current will generate a large number of shock waves. It takes
some time to stabilize, which requires further optimization. The research of low-volume crossing control measure is
complicated, but it also has great research value, and will continue to study in depth in future work.
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