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With the large-scale renewable energy access to the power system, the voltage source
converters (VSCs) in the system are gradually increasing. The system inertia is weakened,
which leads to the decrease in frequency supportability and affects the stability of the
power system. After adopting active support control, VSC-based renewable energy units
have inertia supportability similar to traditional synchronous generators (SGs), which
can improve the frequency stability of the power system. This article is intended to the
control strategy based on active support of renewable energy. Small-signal stability of a
two-zone system with different control strategies for VSCs under different conditions is
analyzed. At the same time, the dynamic adjustment effect of different parameters on
active support control is considered, and frequency stability of a two-zone system with
inertial flexible control is improved. In this article, the basic principle of active support
control is expounded in detail. Compared with PQ-control and droop-control, it is verified
that active support control has good frequency supportability. The small-signal model of
VSCs for active support and two-machine system is established. Combined with the
simulation system, the influence of virtual inertia and damping coefficient on system
stability is verified.

Keywords: active support, frequency stability, small-signal analysis, virtual inertia, VSC control strategy

1 INTRODUCTION

Modern power grids are being penetrated by various renewable energy sources, which are
integrated into the power grid through various converters (Fan et al., 2019). This also promotes
the development of renewable energy grid-connected technologies. The power system with a
high proportion of renewable energy may cause multiple power outages due to weakness of
the inertia support capacity (Nikkhajoei and Lasseter, 2009). For power grids with large load
demand and high proportion of renewable energy generation, significant frequency evens may
happen, such as the “8.9” blackout in the United Kingdom and the “9.28” South Australia blackout
(Chen et al., 2020). One of the important causes is that the high proportion of renewable energy
and DC transmission leads to a decrease in system inertia damping. Therefore, scientifically
measuring and effectively improving the anti-interference ability of the power grid with a high
proportion of renewable energy have become an important issue that needs to be concerned in
power grid planning and dispatching operation (Wang et al., 2020; Wu et al., 2019; Kayikci and
Milanovic, 2009; Li et al., 2015). However, renewable energies such as photovoltaic and wind power
(DC power generation) are generally connected to the grid via inverters. Due to the influence of
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of voltage and frequency is very weak. Consequently, they are
basically not involved in the voltage and frequency regulation of
the power system.Therefore, higher requirements are put forward
for SGs.Given that the installed capacity of photovoltaic andwind
power in the power system is surging, together with the installed
proportion of SGs such as thermal power generation, water power
generation, and nuclear power is decreasing year by year, the
regulation task of SGs aggravates sharply, and the system stability
decreases gradually.

At present, the active support control is mainly based on the
virtual synchronous generator (VSG) control (Li et al., 2017b;
Li et al., 2020). The most common active support control
simulates the rotor motion equation of SGs, and the active power
is coupled with the frequency change rate. This structure is also
used in this article. VSG has gradually become a research hotspot
since the concept was first proposed by the Lawskatar University
of Technology, Germany (Zhong andWeiss, 2011; Li et al., 2022a;
Shu et al., 2018). Around this technology, extensive studies have
been carried out, and fruitful results have been achieved in
the improvement of the control strategy, the optimization and
setting of the parameters, the stability analysis, and the multi-
generator parallel synergistic equivalence. Moreover, combined
with the ontology control of specific renewable energy units,
the active support control is used to connect wind turbines and
the photovoltaic to the grid (Zhang et al., 2020; Hou et al., 2019;
Yuan et al., 2017; Li et al., 2022b; Liu et al., 2017; Li et al. 2017a).
A prior work proposed a renewable frequency control strategy,
including virtual inertia control based on VSGs, which simulates
the behavior of conventional SGs in large power systems
and virtually adds some inertia to the system control loop
(Gaber et al., 2019). A statistical model that can estimate the
system inertia in real-time through observed steady-state
and relatively small frequency changes has been proposed by
Cao et al. (2016), but it lacks the possibility of implementation.
The virtual inertia control of a doubly-fed wind turbine was
used in the reference (Ma et al., 2017), through the phase-locked
loop virtual inertia participation system to influence the system
damping, and did not abandon the traditional phase-locked loop.
According to the frequency rate of change in stages of inertia and
damping coefficient adaptive control, the reference proposed a
piecewise adaptive inertia and damping control method based
on the power difference as the calculation parameter, in order
to improve the power distribution state (Song et al., 2017).
However, the introduction of piecewise analysis adds to the
system complexity. A complete small-signal model of a multi-
inverter parallel system with classical droop control and power
differential droop control has been established but without
considering the influence of damping (Xu et al., 2017). In
addition, an SG simulation model of a wind turbine during rotor
motion to evaluate transient stability has been proposed but did
not discuss transient stability in detail (Tang et al., 2018).

This article focuses on the small-signal stability analysis of
active support for renewable energy. By the active support control
strategy, the renewable energy units will have the inertia support
characteristics similar to the traditional SGs and can participate
in the system frequency regulation. Meanwhile, since the inertia
H and damping D of the renewable energy unit can be changed,

the inertia of each unit can be flexibly set according to the actual
demand of the dynamic response in each region. Combined
with the characteristics of the network inertia center, the anti-
disturbance ability of the network can be further improved.
The control strategy design and small-signal analysis of active
support control for VSC are described in detail in this article.
Based on the topology of the three-phase VSC inverter, the
basic principle of active support control is introduced, and the
frequency supportability of PQ-control and droop-control is
compared. The small-signal model of active support control for
VSC is established, and then the small-signal analysis is carried
out by transfer function. Furthermore, the influence of each
parameter on the stability of the system is verified by simulation
results. The small-signal model of active support control based
on a two-machine system is established. Similarly, the small-
signal analysis is carried out through the transfer function, and
the influence of each parameter on the stability of the system is
verified by simulation as well.

2 BASIC PRINCIPLES OF THREE
CONTROL MODES

VSC has a variety of power control strategies, such as PQ-control,
droop-control, and active support control. Different strategies
are used for control, and the corresponding effect and grid-
connected stability are quite different. It is significant for grid-
connected inverters to select appropriate control methods in this
research.

2.1 PQ-Control
PQ-control is to adjust the power difference by
proportional–integral controller (PI), and then the desired power
can be obtained through the current loop control by using
pulse width modulation (PWM). For PQ-control, the controlled
power is directly changed into the dq-axis of the current, and
the inverter becomes the current source control. Therefore,
when the inverter runs in the microgrid, it does not have the
supportability of voltage and frequency. The power generation
systemof renewable energy (such aswindpower andphotovoltaic
power generation) is out of the front-end power generation
equipment, and the back-end inverter is basically controlled by
PQ-control. Therefore, the renewable energy needs to operate in
a large power grid with strong voltage inertia support. The basic
expression of PQ-control active power is given in (1):

idref = (Pref − P)
K

1+ sT
. (1)

The control strategy diagram of PQ-control is given in Figure 1.

2.2 Droop-Control
In droop-control, the power difference is changed into frequency
change, then into angle change, and then into current loop
control through Park transformation. It is characterized by
the sagging curve between active power and frequency and
reactive power and voltage. Changing active power and reactive
power will change the frequency and voltage of the controller
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FIGURE 1 | Control strategy diagram of PQ-control.

accordingly, which is similar to the process of the primary
frequency regulation and voltage regulation for SGs. Therefore,
compared with PQ-control, droop-control will have a certain
support capability of frequency and voltage. It can be adopted in
a microgrid or low inertia system with fewer SGs.

The basic expression of active frequency for droop-control is
determined as follows:

KΔω = Pe − Pm, (2)

where Pm is the mechanical power, Pe is the electromagnetic
power, Δω is the unit value, representing the generator angular
frequency, and K is the droop coefficient. It can be seen
that the droop coefficient is the only variable that affects the
relationship between active power and frequency. Changing the
droop coefficient will regulate the frequency stability of the
system.

The control strategy diagram of droop-control is given in
Figure 2.

FIGURE 2 | Control block diagram of droop-control.

2.3 Active Support Control
The SG has good grid-connected stability and supportability.
Although the droop-control has some characteristics of the
SG and has a certain supportability of frequency and voltage,
it still cannot fully simulate the external characteristics of
the SG. In contrast, the inverter with active support control
can greatly simulate the characteristics of the traditional
SG, and then, the grid will have the ability of active
support, raising the stability and robustness of the whole
system.

The relationship between rotor inertia and frequency is
analyzed by the second-order SG model. The basic expression
of active frequency for active support control is shown by the
following expression:

{{
{{
{

2H dΔω
dt
= Pm − Pe −DΔω,

dθ
dt
= ωNω,

(3)

where Pm is mechanical power, Pe is electromagnetic power, ω is
generator angular frequency, H is the inertial constant, D is the
damping coefficient, and θ is the generator electrical angle.

In this article, the active support control does not consider
the reactive voltage loop control, so a desired port voltage is
directly given. Moreover, only the active frequency response
characteristics are analyzed. The control frame is shown in
Figure 3.

It can be seen from Figure 3 that the active support control
is actually similar to the improved droop-control, which not
only has the active frequency droop characteristics in the droop-
control but also can simulate the process of active frequency
change in the rotor motion of the SG more accurately. Therefore,
the active support control of the inverter will also have good
grid-connected stability and supportability.

The active support control simulates the rotor motion
equation of the SG and generates a self-controlled rotor angle to
avoid the influence of the network strength and phase-locking

FIGURE 3 | Active support control block diagram.
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FIGURE 4 | Frequency response of different control strategies.

accuracy caused by the phase-locked loop (PLL). The inverter
adopts active support control because of the flexibility of the
parameters. Compared with the traditional SG, it will realize the
adjustability of inertia, which plays an important role in realizing
the inertia support of renewable energy.

In order to compare the frequency response of VSC under
different control strategies, the connected load is combined with
an SG.The change of frequency when the load suddenly increases
at a certain time is simulated. The reference power and voltage
of SG are set to 100 MVA and 20 kV, respectively. The reference
power and voltage of the inverter are set to 200 MVA and 20 kV,
respectively.

Figure 4 shows the frequency response of the inverter with
different control strategies under the same output. Figure 5
shows the active power output of the inverter with different
control strategies under the same output. When t = 2 s, the
load increases by 10%. It can be seen from the graph that PQ-
control does not undergo frequency change. Therefore, after
the load surges, the frequency drops rapidly and its amplitude
also changes substantially, and frequency change is not affected
by parameters. Due to the active frequency link, the frequency
change of droop-control is significantly better than that of PQ-
control. The frequency response can be adjusted by changing the
droop coefficient.

The active support control provides inertia support, so the
change of power does not immediately map to the change of
frequency. Comparing the frequency response curve of droop-
control and active support control (H = 0.1, D = 1) under the
same disturbance, the frequency change of active support control
is slower than that of droop-control.

It can also be seen from Figure 5 that compared with PQ-
control, the active power output of droop-control and active
support control at the moment of disturbance is significantly
high, which also confirms that PQ-control has no frequency
support characteristics. The active power of active support
control is higher than that of PQ-control, which indicates that the
frequency support capability of active support control is better
than that of PQ-control.Therefore, when the system is disturbed,

FIGURE 5 | Active power output of different control strategies.

the active support control has a buffer process, which is more
conducive to improving the system frequency stability.

When the virtual inertia of active support control is further
improved, the frequency drop is further reduced, the drop
speed is further slowed down, the active power output is
further increased, and the frequency support capability is further
enhanced.

3 SMALL-SIGNAL MODEL AND STABILITY
ANALYSIS OF VOLTAGE SOURCE
CONVERTERS FOR ACTIVE SUPPORT

The active support control simulates the rotor motion equation
of a synchronous generator, produces a self-controlled rotor
angle, avoids the influence of network strength and phase-
locking accuracy brought by using PLL, and achieves the effect of
active support. When the VSC for active support is incorporated
into the infinite system, the voltage and power angle of VSC
components will be in a dynamic change process, so its state
equation needs to be listed. Ignoring the influence of inverter
component characteristics, the DC side power supply adopts
energy storage infinite power supply.

Due to the large installed capacity of an infinite system,
its characteristics are similar to an ideal voltage source. This
means the internal resistance is very small, and the external
voltage characteristics remain basically unchanged. Moreover,
when a small-signal or large disturbance occurs in the external
environment, the power angle and frequency of the infinite
system are not affected. Therefore, its voltage and frequency do
not require column state equations.

3.1 Small-Signal Model of VSC for Active
Support
Thegrid-connected systemofVSC for active support is composed
of VSC and an infinite system in series through line impedance.
The equivalent circuit is shown in Figure 6.
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FIGURE 6 | Equivalent circuit of active support VSC.

In Figure 6, Z1 and Z2 are characteristic lines with the same
line impedance and same length.

By delta-star transformation, Figure 6 can be converted into
Figure 7.

The conversion relationship of each component after
equivalent transformation is given as follows:

{{{{{{{{
{{{{{{{{
{

Z12 = Z1 +Z2 +
Z1Z2

Z
,

Z10 = Z1 +Z +
Z1Z
Z2
,

Z20 = Z2 +Z +
Z2Z
Z1
,

(4)

Pe = E2G11 +EU (G12 ⁡cos ⁡δ +B12 ⁡sin ⁡δ) . (5)

According to Figure 7, the small-signal equation can be listed
as follows.

{{
{{
{

2H dω
dt
= Pm − Pe −DΔω,

dθ
dt
= ωNω,

(6)

ΔPe = EU (−G12 ⁡sin ⁡δ +B12 ⁡cos ⁡δ)Δδ, (7)

[Δ
̇δ

Δ ̇ω] = [
0 ωN

− 1
2H

SE −
D
2H
][ΔδΔω], (8)

SE = EU (−G12 ⁡sin ⁡δ +B12 ⁡cos ⁡δ) . (9)

FIGURE 7 | Equivalent circuit of actively supported VSC after conversion.

TABLE 1 | System line parameters.

Symbol Quantity Unit value

E Generator voltage 0.9777
Δ Angle −1.342
Z1 Line impedance 0.05 + 0.5j
Z2 Line impedance 0.05 + 0.5j
Z Line impedance 0.0179 + 0.5j
U The grid voltage 1

According to (8), the characteristic equation can be solved as
(10):

s2 + D
2H

s+
ω0

2H
(SE)δ0 = 0, (10)

The system line parameters are shown in Table 1. Substituting
Table 1 into (4) and (10) yields (11).

s2 + D
2H

s+ 1.96∗
ω0

2H
= 0. (11)

According to (11), the characteristic roots of the state equation
are mainly affected by the virtual inertia H and damping D.
The two parameters have different effects on the stability of the
system with different values. The small-signal analysis of (11)
under different parameters is carried out. The results are shown
in Figure 8.

In Figure 8, s1 and s2 are the dominant characteristic roots,
and the direction indicated by the arrow is their variation
trend. H gradually increases along the direction indicated by the
arrow. In the initial state, the characteristic root of the system
is negative. With the increase of H, s1 and s2 gradually transit
to the imaginary axis, which indicates that the system stability
decreases.

In Figure 9, s1 and s2 gradually increase along the direction D
indicated by the arrow. In the initial state, the characteristic root
of the system is a virtual value. With the increase of D, s1 and s2

FIGURE 8 | Trajectories of characteristic roots for H from 40 to 70 at D = 30.
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FIGURE 9 | Trajectories of characteristic roots for D from 1 to 50 at H = 30.

gradually transit to the negative real-axis, so the system stability
is improved.

3.2 Experimental Verification
The system in Section 3 is used for analysis. The reference power
and voltage of SG are set at 100 MVA and 20 kV, and the inverter
is set at 200 MVA and 20 kV, respectively. When t = 2 s, the load
increases by 10%.

In active support control, both the virtual inertia constant H
and damping coefficientD can affect inverter frequency response.
The virtual inertia constant mainly affects the speed of system
frequency fluctuation. Increasing the virtual inertia constant can
slow down the frequency change and reduce the fluctuation
amplitude. The damping coefficient D affects the amplitude of
frequency fluctuation of the system. By increasing the damping
coefficient, the amplitude of frequency drop will decrease.

As shown in Figure 10, when the virtual inertia constant H
increases from 5 to 15, the drop rate of frequency slows down.
Furthermore, the frequency drop amplitude decreases and slowly
attenuates to a stable value. As shown in Figure 11, when D
increases from 30 to 40, the frequency drop amplitude decreases
and slowly approaches the steady-state value.

4 SMALL-SIGNAL MODEL AND STABILITY
ANALYSIS OF VSC FOR THE ACTIVELY
SUPPORTED TWO-MACHINE SYSTEM

When the active support VSC is connected to an SG, the voltage
and power angle of the VSC component will be in a dynamic
change process, so its state equation needs to be listed. Ignoring
the influence of inverter component characteristics, the DC side
power supply adopts energy storage type infinite power supply.

Similarly, when the external environment occurs in small-
signal or large disturbance events, the voltage and frequency of
SG will also change dynamically, which also needs to list its
state equation. Moreover, the SG considers the excitation and

FIGURE 10 | Frequency of the grid-connected inverter when virtual inertia
time constant changes.

FIGURE 11 | Frequency of the inverter with varying damping coefficients
under grid connection.

speed regulation system. Therefore, compared with the grid-
connected system containing VSC for active support, the state
matrix order of the whole system increases, and the dynamic
adjustment process is much complex.

4.1 Small-Signal Model of Two-Machine
System Containing Voltage Source
Converters for Active Support
The grid-connected system about VSC for active support is
composed of VSC and an SG with equal capacity connected in
series through line impedance.The equivalent circuit is shown in
Figure 12.

In Figure 12, Z1 and Z2 are characteristic lines with the same
line impedance and same length.

By using star triangle transformation, Figure 12 can be
converted into Figure 13.

In Figure 13 the conversion relationship of each component
after equivalent transformation is as follows (4): he active power
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FIGURE 12 | Equivalent circuit of the actively support VSC two-machine
system.

FIGURE 13 | Equivalent circuit of the active support VSC two-machine
system after conversion.

of the two-machine system satisfies as (12) and (13):

Pe1 = E
′

1
2G11 +E

′

1E
′

2 (G12 ⁡cosδ12 +B12 ⁡sinδ12) , (12)

Pe2 = E
′

2
2G22 +E

′

1E
′

2 (G12 ⁡cosδ12 −B12 ⁡sinδ12) . (13)

Considering the speed regulation and excitation system of SG,
the SGneeds to adopt the classical three-ordermodel withEq.The
model equation is shown in (14):

T
′

d0

dE
′

q

dt
= Efq −Eq, (14)

Efq =
xad
Rf

uf , (15)

Eq =
xd
x
′

d

E
′

q −
xd − x

′

d

x
′

d

UG ⁡cosδ2. (16)

A simplified model of the excitation system with automatic
regulation is given as (17):

uf = −KeUG. (17)

The simplified model considering only prime mover governor
in the speed control system is given as (18):

Pm = −Ka (ω−ω0) . (18)

The small-signal equation of VSC is given as follows:

{{{
{{{
{

2H1
dΔω1

dt
= −ΔPe1 −D1Δω1,

dΔδ1
dt
= ωNΔω1,

(19)

ΔPe1 = E
′

1 (G12 ⁡cosδ12 +B12 ⁡sinδ12)ΔE
′

q

+E
′

1E
′

q (−G12 ⁡sinδ12 +B12 ⁡cosδ12)Δδ12.
(20)

The small-signal equation of SG is defined in (21):

{{{{{{{{
{{{{{{{{
{

2H2
dΔω2

dt
= ΔPm2 −ΔPe2 −D2Δω2,

dΔδ2
dt
= ωNΔω2,

T
′

d0

dΔE
′

q

dt
= ΔEfq −ΔEq,

(21)

ΔPm = −KaΔω, (22)

ΔPe2 = [2E
′

qG22 +E
′

1 (G12 ⁡cosδ12 −B12 ⁡sinδ12)]ΔE
′

q

+E
′

1E
′

q (−G12 ⁡sinδ12 −B12 ⁡cosδ12)Δδ12
, (23)

ΔEfq = Δuf = −KeΔUG, (24)

ΔEq =
xd
x
′

d

ΔE
′

q −
xd − x

′

d

x
′

d

cosδ2ΔUG +
xd − x

′

d

x
′

d

UG ⁡sinδ2Δδ2, (25)

ΔUG =
UGq(0)

UG(0)
ΔE
′

q. (26)

The state equation matrix based on (19) and (20) can be
obtained as follows:

[[[[[[

[

Δ ̇δ1
Δ ̇δ2
Δ ̇ω1
Δ ̇ω2
Δ ̇E
′

q

]]]]]]

]

=

[[[[[[[[[

[

0 0 ω0 0 0
0 0 0 ω0 0

−
SE1
2H1

SE1
2H1
−
D1

2H1
0 −K1

−
SE2
2H2

SE2
2H2

0 −
D2 +Ka

2H2
−K2

0 K3 0 K4 0

]]]]]]]]]

]

×
[[[[[

[

Δδ1
Δδ2
Δω1
Δω2
ΔE
′

q

]]]]]

]

(27)

SE1 = E
′

1E
′

q (−G12 ⁡sinδ12 +B12 ⁡cosδ12) , (28)

SE2 = E
′

1E
′

q (−G12 ⁡sinδ12 −B12 ⁡cosδ12) , (29)

K1 =
1

2H1
E
′

1 (G12 ⁡cosδ12 +B12 ⁡sinδ12) , (30)

K2 =
1

2H2
[E
′

1 (G12 ⁡cosδ12 −B12 ⁡sinδ12) + 2E
′

qG22] , (31)
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K3 =
1

T
′

d0

xd − x
′

d

x
′

d

UG ⁡sinδ2, (32)

K4=−
1

T
′

d0

(Ke

UGq(0)

UG(0)
−
xd
x
′

d

−
xd − x

′

d

x
′

d

UGq(0)

UG(0)
cosδ2), (33)

Assuming that the amplitude of SG’s port voltage UG(0) is
the same as that of the port voltage UGq(0) in q-axis. SG only
considers the inertia time constant, without considering the
damping coefficient. The excitation parameter is 10, and the
speed regulation parameter is 5. Because the transfer function
of the model omits some parameters of excitation and speed
regulation control, the parameters are approximate, and there
may be some errors. The specific parameters are listed in
Table 3.

The system line parameters are shown in Table 2. The SG
parameters are shown in Table 3. Substituting Tables 2, 3 into
(27), (34) is obtained:

[[[[[[

[

Δ ̇δ1
Δ ̇δ2
Δ ̇ω1
Δ ̇ω2
Δ ̇E
′

q

]]]]]]

]

=

[[[[[[[[[

[

0 0 1 0 0
0 0 0 1 0

−1.96
2H1

1.96
2H1
−
D1

2H1
0 −0.0121

H1
1.95
2H2

−1.95
2H2

0 −
D2 +Ka

2H2
0.1675

0 0 0 Ke − 12.33 0

]]]]]]]]]

]

×
[[[[[

[

Δδ1
Δδ2
Δω1
Δω2
ΔE
′

q

]]]]]

]

(34)

According to (27), the characteristic equation can be solved as
follows:

s5 +(
D1

H1
+ 0.125) s4 +(1.105

H1
+ 0.44) s3

+(1.225
H1
+ 0.44) s2 + 0.381

H1
s = 0. (35)

It can be seen from equation (35) that the characteristic roots
of the state equation are mainly affected by the virtual inertia
H1 and the damping D1. The two parameters have different
effects on the stability of the system with different values. The
aforementioned characteristic equation has a zero root.The fifth-
order equation is reduced to the fourth-order equation, and

TABLE 2 | Line parameters of the two-machine system.

Symbol Quantity Unit value

E1 Generator voltage 0.9777
δ1 Angle −1.342
Z1 Line impedance 0.05 + 0.5j
Z2 Line impedance 0.05 + 0.5j
Z Line impedance 0.0179 + 0.5j
δ2 Angle 0

TABLE 3 | SG parameters.

Symbol Quantity Unit value

T
′

d0 Transient time constant 1
Xd d axis reactance 2
X
′

d d axis transient reactance 0.3
UG(0) Generator voltage 1
UGq(0) Generator voltage 1
Ke Gain coefficient 10
Ka Gain coefficient 5
H2 Virtual inertia constant 20
D2 Damping constant 0

two pairs of characteristic roots will be solved. The small-signal
analysis of (35) under different parameters is shown in Figure 14.

Figure 14 shows the trajectory of characteristic roots when
H1 changes from 10 to 50 under D1 = 10. s5 is zero, and s1, s2
and s3, s4 are two pairs of dominant characteristic roots. It can
be seen from the figure that s3 and s4, the conjugate complex
roots with negative real parts, do not change significantly with
the change of virtual inertia H1.The characteristic roots of s1 and
s2 change significantly with the virtual inertia H1. In the figure,
the directions indicated by arrows are their changing trends. H
gradually increases along the directions indicated by arrows. In
the initial state, the system characteristic root is negative. With
the increase of H, s1 and s2 gradually transit to the virtual axis,
indicating that the system stability decreases. Therefore, in the
two-machine system, the real part of the characteristic root solved
by the characteristic equation is negative, and the system is static
and stable under this operating condition. When the damping
coefficient of VSC for the active support unit is constant, only the
virtual inertia time constant is increased, so the system stability
will be reduced.

Figure 15 shows the trajectory of characteristic roots whenD1
changes from 1 to 30 under H1 = 20. s5 is zero, and s1, s2 and s3,
s4 are two pairs of dominant characteristic roots. It can be seen

FIGURE 14 | Eigenvalues when D = 10 and H changes.
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FIGURE 15 | Eigenvalues when H = 20 and D changes.

from the figure that s3 and s4, the conjugate complex roots with
negative real parts, do not change significantly with the change
of virtual inertia D1. D1 gradually increases along the direction
indicated by the arrow. In the initial state, the characteristic root
of the system is a virtual value. With the increase of D1, s1 and s2
gradually transit to the negative real axis, and the system stability
is improved.

Therefore, in the two-machine system, the real part of
the characteristic root solved by the characteristic equation is
negative, and the system is static and stable under this operating
condition.When the virtual inertia constant of VSC for the active
support unit is constant, the system stability will be improved
only by increasing its damping coefficient.

4.2 Experimental Verification
The system in Section 4.1 is used for analysis. The reference
power and reference voltage of SG are set at 100 MVA and 20 kV,
and the inverter is set at 200 MVA and 20 kV, respectively. When
t = 2 s, the load increases by 10%.

In active support control, both virtual inertia constant H and
damping coefficient D can affect inverter frequency response.
The virtual inertia constant mainly affects the speed of system
frequency fluctuation. Increasing the virtual inertia constant can
slow down the frequency change and reduce the fluctuation
amplitude. Damping coefficient D affects the amplitude of system
frequency fluctuation. By increasing the damping coefficient, the
amplitude of frequency drop will decrease.

Figure 16 shows that when the virtual inertia time constant
H increases from 10 to 30, the frequency drop rate slows down.
Moreover, the frequency drop amplitude decreases and slowly
attenuates to a stable value. Figure 17 shows that when the
damping coefficient D increases from 10 to 30, the frequency
drop amplitude decreases and slowly approaches the steady-state
value. Figure 18 shows how the frequency changes when two
parameters change simultaneously. After many experiments, the
effect of continuous interference is the same as that of single
interference.

FIGURE 16 | Frequency of the parallel inverter with the virtual inertial time
constant changing.

FIGURE 17 | Frequency when the damping coefficient of the inverter
changes in parallel connection.

FIGURE 18 | H and D change at the same time.
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5 CONCLUSION

This article describes the control strategy design and small-signal
analysis of VSC for active support. Based on the topology of
three-phase VSC, the basic principle of active support control
is introduced. Compared with PQ-control and droop-control,
it is obvious that PQ-control does not have the frequency
supportability. The frequency supportability of active support
control is better than that of droop-control. When the system is
disturbed, the active support control has a buffer process, which
is more conducive to improving the frequency stability of the
system. Then, the small-signal model of VSC for active support
is established, and the small-signal analysis is carried out by the
transfer function.

The influence of virtual inertia constant H and damping
coefficient D on system stability is verified by simulation results.
The small-signalmodel of aVSC-based two-machine systemwith
active support control is established. Similarly, the small-signal
analysis is carried out through the transfer function. Moreover,
combined with the simulation results, the influence of the virtual
inertia constant H and the damping coefficient D on the stability
of the system is verified. With the increase of its virtual inertia
constant, the system stability will decrease. In addition, with the

increase of the damping coefficient, the system stability will be
improved.
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