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ABSTRACT

With the wide application of renewable energy sources, the impact of distributed power access units
(DPGUs) on the stability of the power grid is becoming more and more important. This study aims to
analyze the impact of DPGU control command issuance on the variation of grid node parameters
through simulation. An advanced power system simulation software is used to construct a complex
distribution grid model containing multiple DPGUs, including a simulation and analysis method of
complex distribution network current characteristics and a voltage hierarchical coordinated control
strategy based on inverter regulation for low- and medium-voltage distribution networks, and the
process of issuing commands under different control strategies is simulated. By comparing and
analyzing the voltage, frequency and power changes of each node before and after the execution of
control commands, the specific influence mechanism of DPGU control on grid stability is revealed.
The experimental results show that a reasonable control strategy can significantly improve the
stability of grid node parameters and reduce fluctuations and mismatches. The results provide a
theoretical basis for the optimization of the DPGU control strategy, which is of great significance for
realizing the efficient and safe operation of the power grid.

Keywords: current characteristics, inverter regulation, hierarchical coordinated control, simulation
analysis, distributed power access unit

1. Introduction

The development of modern society is closely related to the efficient use of electric power, and the
electric power industry, which provides efficient electric power for various technical departments,
has gradually developed into an economic support and basic industry valued by various countries
[1-2]. With the progress and rapid development of China's social and national economy in recent
years, China's large-scale electric power system of the power center load continues to grow, in order
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to enhance the comprehensive utilization efficiency of the power system, and to ensure the
continuous and reliable operation and supply of electricity, in recent years, the Chinese government
vigorously develops large-capacity power generation and long-distance centralized transmission, but
in this way, the load center and the power generation center. “However, as a result, the load center
and generation center do not overlap, and the power often has to be transmitted across long
distances to the load location, which seriously affects the voltage stability of the load location [3-6].

At the same time, in recent years, with the serious pollution of the earth's ecological environment
and the global renewable energy utilization crisis is becoming increasingly serious, distributed
power generation and its related technologies due to the green and clean, high power generation
efficiency, flexible layout and other characteristics of the rapid development, and gradually become a
new direction of research and development of the power system as well as one of the important
issues, so distributed power generation put into operation has brought about two positive factors,
the first is that power generation is more decentralized, reducing the number of loads, and thus
seriously affecting the voltage stability at the load location [3-6]. Firstly, the power generation is
more decentralized, reducing the transmission of power in the network, reducing network losses,
and secondly, the SCADA system of distributed power supply is more perfect, making the whole
network monitoring and control become more intuitive [7-10]. But can not be ignored is that, after
the access of distributed power supply, triggered a huge change in the distribution network structure,
from the original single power structure into a multi-source structure. Distributed power grid access
to the medium and low voltage distribution network, and thus the operation of the medium and low
voltage distribution network static voltage and operational stability also has an impact [11-12]. At
present, most of the distributed power supply from the end of the access, will bring a series of
problems to the operation of low and medium voltage distribution network such as the quality of
power and safety issues, of which the main problems include static voltage, harmonics and other
aspects. Therefore, it is undoubtedly very necessary to study the stability of distributed power grid
connection [13-15].

Distributed power is a kind of small-scale power system that can supply loads independently.
Along with the continuous development of clean energy, the types of distributed power generation
are also increasing, which can be divided into renewable and non-renewable according to the
different utilization of the initial energy, and can be divided into direct grid-connected power
generation and indirect grid-connected power generation through inverters according to the
different grid-connected ways of distributed power, and can be divided into solar energy, wind
energy, biomass energy, hydropower, tidal energy, geothermal energy, etc, according to the
mechanism of generation [16-18].

The traditional distribution network relies on distributed access, which makes it difficult to realize
network load balancing, and the uncertainty of the output and load of distributed power sources
makes the impact of DG on the power system more serious. The increasing penetration of distributed
new energy sources in the power grid has brought a huge impact on the safe and stable operation of
the power grid, and in order to improve this problem, it is necessary to reconfigure the distributed
power grid framework [19-20].

Aiming at the situation of elevated branch impedance ratio in the power grid, we construct the
trend characteristic analysis equations based on the power nodes and load nodes, construct the node
injection current-branch current matrix and branch current-node voltage matrix, and design the
simulation and analysis method of the trend characteristic of the complex distribution network. The
system frequency, voltage and power changes after the power change of a large area power grid
system are simulated and analyzed. Subsequently, based on the voltage quality problem caused by
distributed power access units, a voltage hierarchical coordinated control strategy for low and
medium voltage distribution networks based on inverter regulation is proposed. A simulation model
is built on the Matlab/Simulink platform to analyze the output power change and output voltage
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change of two inverters after adding virtual impedance, and compare the difference between the
actual output voltage and the model reference voltage. Finally, taking a 10kV line with high PV
penetration as an example, the voltage trend is analyzed by selecting different regulation methods
under single-inverter control, multi-inverter control and integrated control, comparing the control
results of the traditional strategy and this paper's strategy, and judging whether the proposed
medium-low voltage hierarchical coordinated control strategy is able to control the voltage change
effectively.

2. Simulation of tidal currents in distributed power access units

In order to adapt to the distributed power supply access distribution grid structure, it is of practical
significance to study the complex distribution network trend characteristics of distributed power
supply access units (DPGUs). Grid structure trend characterization is a mathematical distribution
method as a tool, based on the distribution of power supply and load nodes within the grid structure
and voltage and current information as the basis of the electrical analysis method, the trend
characterization can be roughly determined by the overall grid structure of the operating state. The
simulation analysis of complex distribution network current characteristics of distributed power
supply access unit is carried out, and the validity of the current characteristics analysis is verified
through experiments.

2.1. Changing tides of access for DPGUs

Fig. 1(a) shows the single power grid structure, and node 1 within this structure is a balanced node,
which is the only power node within this grid structure. The arrow shows the direction of the
current, and the direction of the current is single-phase. Under the condition that distributed power
sources are connected to the grid structure, i.e., as shown in Fig. 1(b), the single-supply grid
structure is transformed into a multiple-supply grid structure, and all of the connected distributed
power sources, except node 1, also become power nodes within the grid structure, and all of them
will inject power into the grid. Based on this, within the multi-power grid structure, the current flows
in both directions.
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(b) The distributed power supply
is connected to the grid structure

(a) Single power grid structure

Fig. 1. Network frame structure
2.2. Trend characterization

2.2.1. Tidal equations. Describe the current injected at the nodes within the three-phase grid in
accordance with the node voltage equation of circuit science:
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h ¢ h
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Where, /4 is the total value of the number of nodes within the grid, /j,k are the different circuit
nodes, 7 are the phase voltages, and A,,’f are the injected currents for the J-node 77 -phase
voltage and the k -node 7 -phase voltage.

Introducing Eq. (1) within the power equation enables to obtain:
724 i) (1] i1 T en B
B"+jO" =(U,cos ¢ + jU;sing,)
LS ik -y jk k k rrk _: k (2)
=D D (R + B cos gl + jU; sin ¢
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Where, R,j is the J-node 77 -phase active power, Q,f is the J-node 77 -phase reactive power,
U is the branch voltage, ¢ is the phase difference, R is the active power regulation coefficient,
and B is the reactive power regulation coefficient. Expanding equation (2) can obtain the node
injection power equation of active and reactive power composition of the current characterization
equation:
h ¢
j i kpik k| ik g 4k
P/ =UY > Us(RX cos ¢ + jB) singt)
k=lr=a
b ¢ (3)
j j k ik : ik .y jk ik
Q,j =U;z U,U(R;T sin ,;T —]B,jr coSs ,;T)
k=lr=a
where ¢,ff is the phase angle difference between the phase voltage at / node 7 and the phase
jk j k
voltage at k node 7, ¢, =¢ —¢,.

2.2.2. Direct current algorithm for complex distribution networks. For the three-phase unbalanced
islanded grid network structure, the 7(17=a,b,c) -phase injection current (/) at node i is

expressed in equation (4):
urY
17 = LWJ (4)

Where: V" is the modulation factor of node 7,7 phase and U, is the node .77 phase voltage.

The correlation between the node injection current and the tributary currents is determined by
Kirchhoff's current law, and describing this correlation in matrix form yields:

E" = IgIBC[” (5)

Where: I} ,- is the upper triangular constant matrix and /" is the lower triangular constant
matrix. Based on the three-phase unbalanced islanded grid grid structure and Kirchhoff's voltage
law can get the correlation between branch currents and node voltages, and describing this
correlation in the form of matrices, we get:

AW = IZCBVEH (6)

For the three-phase unbalanced islanded grid structure with fixed topology, /., denotes the
lower triangular constant matrix. Combining Eq. (5) and Eq. (6) can obtain a generalized matrix
expression for direct current characterization of three-phase unbalanced islanded grids, as shown in

Eq. (7):
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AV = IgCBVIgIBc[” = IZLFIH

IgLF = IZCBVIZIBC (7)
W' = Wl” —AW"

Where: I}, is the correlation between node injection current and node voltage.

2.3. Simulation examples

Assuming that all 401 loads corresponding to a province in a large regional grid system have
recovery characteristics, 75 generators are equipped with over-excitation limiters and participate in
automatic generation control AGC regulation, and setting its 112 transformers as on-load regulator
transformer OLTCs, with an action delay of 8~12 s. Under the condition of DC single-loop blocking
(loss of 3,000 MW of power) at t=1 s, the analysis of the system frequency as well as some of the
node voltages, OLTC stalls, and generator reactive power dynamics in the medium and long term. The
calculation example is completed by the direct current simulation method of the complex power grid,
with a total simulation time step of 150 and a calculation time of about 80 s. The simulation
conditions for this example are CPU=i7-6700@3.4GHz, RAM=4 GB.

Fig. 2 shows the simulation results of a power grid system in a large area, where (a) to (d) are the
system frequency change curve, part of the node voltage change curve, part of the on-load regulator
transformer ratio change curve and part of the generator reactive power output change curve,
respectively. As can be seen from Figs. (a) and (b), after the fault occurs, the system frequency
plummets to 49.46 Hz, and the voltage at some nodes also decreases by 0.02~0.08 P.u,, and due to
the influence of the load recovery characteristics, the voltage still has a tendency to further decrease.
As can be seen from Fig. (c), OLTC continuously acts due to the target node voltage continuously
lower than the lower limit of its control dead zone until it reaches the control limit, and the tap gear
is reduced to 1. As can be seen from Fig. (d), under the influence of the disturbance, part of the
generator continuously increases the reactive power output, which increases the motor reactive
power by about 50~80 Mvar, and after triggering the OEL, it loses the voltage support, which results
in the node voltage dropping as shown in Fig. (b). Voltage dips.
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Fig. 2. Simulation results of a large area grid system
3. Distribution network control strategy based on inverter regulation

High-percentage PV grid-connection has a significant impact on the distribution network, so the
study of the distribution network voltage control under high-percentage PV access and the reduction
of the adverse impacts of PV access have become one of the key issues to be solved.

3.1. PV inverter based voltage control methods

This thesis proposes a PV zonal control strategy that can regulate the inverter parameters according
to the process when the threshold is exceeded, realizing the in situ regulation of the voltage, which is
applicable to both MV and LV PV inverters.

The control area is divided into five zones, of which: U,, is the lower limit of system voltage
operation, U,, is the lower limit of system optimal operation voltage, U,, is the upper limit of
system optimal operation voltage, and Uy, is the upper limit of system optimal operation. When the
voltage at the grid point is U <U,,, the IIl zone control strategy is adopted, at which time the
distributed power supply has reached the maximum voltage regulation capability, and regulation
cannot be realized by the distributed power supply alone. When U,, <U <U,, zone II control is
adopted, and the inverter reactive power output is calculated according to the Q(U) sag curve.
When U,,<U <U,,, it is located in zone I. At this time, the voltage has reached the optimum, and
there is no need to regulate the voltage. When U,, <U <U,,, it adopts IV zone control, prioritizing
the use of reactive power for voltage regulation according to the Q(U) sag curve, and then utilizing
active power for voltage regulation when the reactive power fails to meet the voltage regulation
requirements. When U >U,,, it is located in V zone, when the voltage at the grid point is too high
and the PV is off-grid.

3.2. Medium and low voltage two-stage hierarchical coordinated control strategy

3.2.1. Layered Control Architecture for Low and Medium Voltage. This paper proposes a 2-stage
hierarchical coordinated control architecture of “medium voltage first, then low voltage, and medium
and low voltage interactive regulation” in the study of medium and low voltage coordinated control
strategies for active distribution networks.

3.2.2. Optimization model for low and medium voltage distribution networks:

1) Objective function. The overall control objectives of the medium and low-voltage distribution
network are to minimize the distribution network network loss £,,,, minimize the voltage deviation
rate Up ateach node, and maximize the distributed power output £y, i.e:
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Where: i,/ indicates the line start and end nodes respectively, N indicates the number of
system nodes, U,,U; indicates the line start and end voltages respectively, cosd, indicates the
phase angle cosine of the node voltages, g; indicates the line conductance, U, indicates the node
voltage ratings, U ..U, indicates the maximum and minimum node voltages, N,, indicates all
the nodes of the medium- and low-voltage distribution network, 7 indicates the number of
distributed power sources, 10 indicates the distributed power sources connected to the nodes, and
P, indicates the distributed power source connected to the node i. PV grid-connected active
power.

In order to facilitate the subsequent solution analysis, the above three objective functions are
assigned respectively, and a comprehensive objective function is formed:

f= W1Ph*

AN

+ W2UZJ - W3PD*G (9)

Where: / for the integrated objective function, E;S for the network loss objective function of
the Mississippi value, U: for the node voltage deviation objective function of the Mississippi value,
P;G for the MV distribution network distributed power consumption objective function of the
Mississippi value, the Mississippi value of the benchmark value selected for the initial state of the
index value, w,—w; for the weight of each sub-objective can be based on the optimization
objectives of the region of the actual control of low-voltage distribution network to determine the
demand, and W, +w, +w; =1,

2) Constraints. The control constraints of the medium and low voltage distribution network mainly
include the tidal current constraint, branch current constraint, node voltage constraint, node PV
output constraint, and adjustable low voltage desk area output constraint.

(1) The current balance constraint is:

P—UY UG, cos6,+B,sin6,)+PF,; =0

Jjei

0. _UiZUj(Gi/‘ sind, — B, cos0,)=0

Jjei

(10)

Where: i and J denote the node number, G; and B; denote the conductance and
conductance values of the line between nodes i and J, respectively, F, and O, denote the node
active and reactive power, respectively, U, and U, denote the node voltages, and ¢, is the phase
difference of the voltages at nodes i and J.

(2) The branch current constraints are:

Where: /, is the branch current between nodes i and J, and [, min and [, max are the
minimum and maximum values of allowable through current in branch i/, respectively.
(3) The node voltage constraint is:

U

min

<U.<U,_. (12)

(4) PV output constraints are:
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P

DG jmin

<P

DG j

Sf)DGimax (13)

Where: Pogimin and Ppgim  are the minimum and maximum values of the distributed PV output
connected at node i, respectively.
(5) The adjustable LV station output constraint is:

I)i.min S R S E.max (14)

Where: P, and P, are the minimum and maximum values of the output of the adjustable
LV station connected to node i, respectively.

3.2.3. Layered control process. The specific steps of the hierarchical control process for medium
and low voltage distribution networks are as follows:

1) Determine the regulation time scale for centralized control of the medium-voltage distribution
network 7.

2) Obtain the load parameters of each node of the medium-voltage distribution network, as well as
the parameters of the regulation object.

3) Construct the centralized control model of the MV distribution grid.

4) Solve the mathematical model consisting of Eq. (8)-Eq. (14) using the 2nd-order cone planning
algorithm.

5) The regulation power command obtained from the solution is sent to the adjustable low-voltage
station area, and the low-voltage station area control is initiated. The specific control process is:

(1) Initial time =%, on the LV side to determine the LV station regulation time scale At¢.

(2) Obtain data from each node of the LV distribution network, including parameters such as
distribution substation taps, distributed PV, and loads.

(3) Establish the LV station area control model.

(4) Optimize and solve the model based on the inverter control mode of PV plant and adjustable
variables such as capacitor bank casting and switching.

(5) Based on the solution result, determine whether the demand of the power regulation
command of the MV distribution network is satisfied: if yes, feedback the output power to the MV
distribution network in response to the power command. If not, then make 7#=¢+1 and go to the
next control process. At the same time, if the solution result meets the demand of the power
regulation instruction of the MV distribution network, further determine whether the regulation
time of the LV distribution network #,+7 1is reached: if yes, calculate the range of the LV
distribution network that can be regulated and feedback to step (2). If not, make #=¢+1 and
proceed to the next control process.

6) Based on the response power of the LV station, the MV distribution network completes the power
regulation under the 7 time scale window and ends.

3.3. Simulation Analysis

In order to verify the effectiveness of the layered coordinated control strategy for distribution
network based on inverter regulation proposed in this paper, a simulation model is built in this
paper using Matlab/Simulink simulation platform. The inverter regulation design proposed in this
paper is set up in the parallel operation of two inverters based on the hierarchical coordinated
control strategy of distribution network. The specific experimental process is to run two inverters in
parallel at the initial moment, to access a set of three-phase resistive-inductive loads at 0.05s, and to
access a set of three-phase resistive-inductive loads at 0.3s, and the specific experimental results are
as follows.

The output power of inverter 1 and inverter 2 are shown in Fig. 3 and Fig. 4, respectively. At 0.05s
to 0.3s, both inverter 1 and inverter 2 output active power is 1454.31W, and output reactive power is
1226.4Var. At 0.3s to 0.5s, both inverter 1 and inverter 2 output active power is 2803.36W, and
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output reactive power is 2210.22Var. Therefore, the proposed inverter regulation-based distribution
network hierarchical coordinated control strategy can achieve the purpose of improving the power
decoupling accuracy when the inverters are operated in parallel.
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Fig. 3. The output power of the inverter 1
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Fig. 4. The output power of the inverter 2

The output voltages of inverter 1 and inverter 2 are shown in Fig. 5 and Fig. 6. The output voltage
waveforms of inverter 1 and inverter 2 are good with no voltage drop. At the same time, the output
voltage of the controller is shown in Fig. 7, the controller output voltage command is smooth and can
completely match the reference model output command voltage, the reference output voltage and
the actual output voltage are both 300V, and the error between the output command voltage of the
adjustable system and the output command voltage of the reference model is always 0, which proves
that the above shunt inverter control system has good control performance.
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4. Analytical validation of algorithms

4.1. Introduction to the algorithm

A 10KkV line containing high PV penetration in a certain place is selected to validate the proposed
hierarchical coordinated control strategy for distribution network based on inverter regulation
based on simulink under Matlab R2018a environment.

The topology of the 10kV line at this location is shown in Fig. 8, the total installed capacity of the
line PV is 342kW, there are two forms of household PV and collective PV, and the nodes connected by
the PV are controllable. Under normal operation, the bus voltage U0 is 1.05 pu. In the distribution
network, the voltage crossing point is generally the PV integration point. In high penetration
scenarios, the PV inverter can operate below the unit power factor. For the safe operation of the
distribution network, the voltage deviation is set to 7% of the nominal value according to GB/T
12325-2008 Power Quality Supply Voltage Deviation. The site is a pro-poor PV demonstration area,
and the lower limit of the active output of the inverter is set to 80% of its capacity to ensure the
economic benefit of users. Based on the voltage history data, the voltage exceeding the upper limit
occurs at nodes 5, 6,13, 18, 21, 22, and 24, where all except node 5 are PV integration points.
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Fig. 8. Topological structure of a 10kV line

4.2. Effectiveness analysis

1) Analysis of single inverter control effectiveness. The voltage control demand of nodes 6, 13, 18, 21
and 24 can be satisfied by single inverter control. The setup scenario: t=0-120s, the voltage is in the
safe region, t=120-180s, increasing the light intensity makes the voltage rise continuously, t=180s,
the light intensity is restored to the initial setting.

The single inverter control results are shown in Fig. 9. t=140s, due to the light enhancement, the
voltage starts to trend up and maintains a high voltage change rate. t=200s around, the node voltages
all reach 1.14pu, and the voltage change rate is still positive. t=225s later, the voltage change rate
suppression effect is significant, and the voltage distribution curve starts to become “convex” Around
t=250s, the voltage growth rate tends to be negative, and the voltage at each node starts to decrease.
t=325s, the voltage change rate suppression effect is weakened, and the voltage distribution curve
starts to become “concave”. t=350s, the voltage value is lower than 1.08 pu.
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Fig. 9. Single inverter control results

2) Multi-inverter control effectiveness analysis. Node 5 in the line voltage overrun is serious and
non-PV integration point, the voltage control generally needs multi-inverter coordinated control. The
same as the single-inverter control effectiveness analysis of the scene settings, respectively, using
three kinds of control methods:

Mode 1: low voltage control strategy

Mode 2: Medium voltage control strategy

Way 3: medium and low voltage hierarchical control strategy

The control results of multiple inverters are shown in Fig. 10. t=120s, due to the light
enhancement, the voltage starts to trend up and maintains a high rate of voltage change, and the
voltage reaches 1.082pu at about 150s, and the average value of the rate of voltage change reaches
0.0015pu/s, which reaches the maximum value specified in the arithmetic example. t=150s after the
inverters start to control, and the following conclusions can be drawn from Fig. 10:

(1) Mode 1 and mode 2 can not complete the control, but can effectively inhibit the voltage change,
and mode 2 inhibition effect is better, with the voltage reaches 1.17pu as the boundary, mode 1 can
be delayed for 40s, mode 2 can be delayed for 70s.

(2) Mode 3 can effectively suppress the voltage change when the voltage changes abruptly and
finally complete the voltage control, which reflects the effectiveness and superiority of the medium
and low voltage hierarchical control strategy in coping with the more serious voltage overrun
problem.
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4.3. Integrated control analysis

Node 22 in the line is a PV poverty alleviation station area, the PV access capacity is large, and in
order to ensure the user's income, the inverter at node 22 is involved in the voltage control of the
active injection is limited, the risk of sudden voltage change is large, so the voltage control at node 22
is often a comprehensive control process. Setting scenario: set the light intensity at t=0-70s to make
the inverter run in the maximum power point tracking (MPPT) mode. t=70-120s, increase the light
intensity setting, and restore the MPPT mode setting at t=120s. t=140-180s, increase the light
intensity setting again, and restore the MPPT mode setting at t=180s. t=300-350s, increase the light
intensity setting again, and restore the MPPT mode setting at t=350s. t=350s, increase the light
intensity setting again, and restore the MPPT mode setting at t=350s. When t=300-350s, increase the
light intensity setting again. t=400s, the light intensity restores the MPPT mode setting. Two
strategies are used for control:

Strategy 1: The medium and low voltage hierarchical control strategy proposed in this chapter,
focusing on the voltage variation rate.

Strategy 2: The traditional inverter control strategy, ignoring the voltage variation rate.

The results of the integrated control analysis are shown in Fig. 11. At t=70s, due to the enhanced
light, the voltage starts to rise and maintains a high rate of voltage change. t=120s, the voltage
reaches 1.149pu, the control strategy starts to operate, the rate of voltage change is slightly
suppressed, and the voltage change curve starts to become convex. t=140s, the rate of voltage change
becomes positive again, and the voltage changes again at a higher voltage, and the voltage changes
again at a higher voltage, and the voltage changes again at a higher voltage. When t=140s, the voltage
change rate becomes positive again, and the voltage rises again with a higher voltage change rate.
t=180s, the voltage change rate is obviously suppressed, and the voltage change curve becomes
“convex” again. And so on.

In the same scenario, according to the control results of the two control strategies, the following
conclusions can be drawn:

1) The trends of the voltage change curves obtained by the two control strategies are basically the
same, which further demonstrates the feasibility of the proposed control strategy.

2) Since the traditional inverter control strategy takes the voltage magnitude as the monitoring and
control object and ignores the voltage change trend, it leads to a greater delay in the inverter action,
while the control strategy proposed in this chapter is controlled through the medium and low
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voltage stratification, which participates in the voltage control before the occurrence of voltage
overruns and avoids an additional rise in voltage.
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Fig. 11. Synthesized control analysis results
5. Conclusion

In this paper, we design a simulation and analysis method for complex distribution network trend
characteristics based on distributed power access unit, and on this basis, we propose a voltage
hierarchical coordinated control strategy for medium and low voltage distribution network based on
photovoltaic inverter regulation. A certain 10kV line containing high PV penetration is taken as an
example and analyzed by simulink for the arithmetic example. The main research results are as
follows:

1) Using the tidal current characterization method to analyze the effect of 3000MW power loss on
system frequency, voltage and power in a large area grid system, the voltage drops by 0.02~0.08P.u.,
and the useless power of motor increases by 50~80Mvar. It is shown that the proposed method can
analyze the tidal current characteristics of the complex distribution network more accurately in the
case of the access of distributed power supply.

2) After the introduction of virtual impedance in the proposed inverter regulation strategy, the
inverter power can be equally divided, and the output voltage waveforms of the two inverters are
stable, and the error between the reference output voltage and the actual output voltage is 0, which
demonstrates the good control effect of the distribution network control strategy based on inverter
regulation.

3) In different nodes of the sample line, single-inverter control, multi-inverter control and integrated
control experiments are carried out, and the proposed inverter regulation strategy can regulate the
voltage in time. The trend of this paper's strategy regulation curve and the traditional strategy
regulation curve in the integrated control is close to each other, which verifies the effectiveness of
this paper's inverter regulation strategy.

This paper carries out research on grid regulation under the control of distributed power access
unit, and has achieved certain results, but there are some shortcomings, and it needs to be explored
in depth in the aspects of control accuracy improvement, control delay consideration and
coordination of multiple types of equipment.
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