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ABSTRACT: As the penetration rate of distributed energy increases, the transient power angle stability problem of the
virtual synchronous generator (VSG) has gradually become prominent. In view of the situation that the grid impedance
ratio (R/X) is high and affects the transient power angle stability of VSG, this paper proposes a VSG transient power
angle stability control strategy based on the combination of frequency difference feedback and virtual impedance. To
improve the transient power angle stability of the VSG, a virtual impedance is adopted in the voltage loop to adjust the
impedance ratio R/X; and the PI control feedback of the VSG frequency difference is introduced in the reactive power-
voltage link of the VSG to enhance the damping effect. The second-order VSG dynamic nonlinear model considering the
reactive power-voltage loop is established and the influence of different proportional integral (PI) control parameters on
the system balance stability is analyzed. Moreover, the impact of the impedance ratio R/X on the transient power angle
stability is presented using the equal area criterion. In the simulations, during the voltage dips with the reduction of R/X
from 1.6 to 0.8, Δδ 1 is reduced from 0.194 rad to 0.072 rad, Δf 1 is reduced from 0.170 to 0.093 Hz, which shows better
transient power angle stability. Simulation results verify that compared with traditional VSG, the proposed method can
effectively improve the transient power angle stability of the system.

KEYWORDS: Transient synchronous stability; virtual synchronous generator; impedance ratio

1 Introduction
Converter-interfaced generators (CIGs) are quite different from traditional synchronous generators in

structure and control strategy. Currently, the commonly used control strategies of CIGs can be divided
into grid-forming control and grid-following control [1,2]. In grid-forming control, virtual synchronous
generator (VSG) control, which simulates traditional synchronous generators by presenting frequency-active
power and voltage-reactive power regulation characteristics, is a kind of friendly grid connection scheme
and provides frequency support and voltage regulation capabilities for CIGs [3].

However, the VSG control strategy may cause a power angle instability problem similar to that of a
synchronous machine under large disturbances, which is known as “transient power angle instability” [4,5].
Currently, the methods of analyzing the transient power angle stability of VSGs include the equal area
method, the energy function method, and the linear matrix inequality (LMI) method. References [6,7]
expand the transient power angle stability domain of VSG by using the improved equal area method, showing
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that adding virtual damping is beneficial to enhance the transient power angle stability and provides guidance
for the virtual damping design of VSG. References [8,9] evaluate the transient power angle stability of VSG
based on the Lyapunov stability criterion by using the energy function considering the reactive power-voltage
control loop, analyze the stability domain under different control parameters, and reveal that the increase of
reactive sag coefficient deteriorates the transient power angle stability. References [10,11] use the LMI method
to construct the Lyapunov stability criterion of GICs to estimate the transient stability domain, showing that
the reduction of grid inductance improves the transient power angle stability.

In order to improve the transient power angle stability of VSGs, researchers have proposed schemes such
as mode adaptive switching, active-frequency loop freezing, and enhanced transient damping effects [12–15].
References [16,17] use the mode adaptive switching method, where the VSG control is switched to grid-
following control during voltage dips and switched to VSG control after voltage recovery to keep the GICs
synchronized with the grid. References [18,19] reduce the acceleration area greatly when the power angle
swings by freezing the active power-frequency loop during large disturbances. However, the freezing of
the active power-frequency loop changes the essential characteristics of VSG control and cannot provide
frequency support for the power grid. Compared with the adaptive switching and active-frequency loop
freezing approaches, the transient damping method can maintain the property of VSG control to provide
frequency stabilization and also can improve the transient power angle stability during large disturbances in
the power grid. To improve the stability of VSG synchronization, References [20,21] use frequency difference
feedback between VSG control and power grid to enhance the transient damping effect during large power
grid disturbances. It has been proved that the linearization model is suitable for qualitative analysis of
synchronization stability, and nonlinear models can be analyzed quantitatively to assess synchronization
stability accurately during large disturbances. Reference [22] proposed a Genetic Algorithm (GA) based
optimization method for the optimal sizing and placement of Synchronous Condenser (SC) to enhance
system strength in the grid. This method can improve the short circuit ratio (SCO) effectively, while it does
not consider the impact of the grid impedance ratio on the transient power angle stability.

However, all the above analyses neglect the grid resistance or premise grid resistance is much smaller
than the grid inductance, therefore, the active power and reactive power of the conventional VSG can be
controlled independently, namely active power and reactive power are decoupled. When the grid impedance
ratio R/X is large, power coupling exists in the VSG. During large disturbances, VSG active power oscillation
is transmitted to the reactive power-voltage control loop through power coupling, causing reactive power
oscillation, deteriorating voltage support, and causing synchronization instability in severe cases [23–26].
Therefore, it is essential to consider the impact of the grid impedance ratio R/X on the transient power angle
stability of VSG.

Aiming at the influence of grid impedance ratio on VSG transient power angle stability, this paper
proposes an ImVSG stability control strategy that combines frequency difference feedback and virtual
negative impedance. To achieve power de-coupling, a virtual negative impedance is added to the voltage loop.
Moreover, to enhance the transient power angle stability, the frequency difference of the VSG active control
loop is introduced and fed back into the reactive power-voltage link through the PI controller. A second-
order VSG dynamic model that takes into account the reactive power-voltage loop under a high impedance
ratio R/X is established and the impact of different control parameters on the stability of the VSG control
strategy is analyzed. The impact of the impedance ratio R/X on the transient state influence on power angle
stability is carried out by using the equal area criterion. Finally, the effectiveness of the proposed control
strategy in this article is verified by simulation results.
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2 Traditional Virtual Synchronous Generator

2.1 Principles of Traditional Virtual Synchronous Generators
The traditional VSG of CIGs mainly consists of active-frequency control and reactive-voltage control,

as shown in Fig. 1. Lf is the filtering inductance, Cf is the filtering capacitance, Lg is the grid inductance, Rg
is the grid resistance, Upcc is the common point voltage, Ug is the grid voltage, edref, eqref are the dq-axis
components of voltage reference E fed to the PWM.

Figure 1: Virtual synchronous generator control block diagram

Generally, the power system satisfies the condition that Rg << Xg and the output power for traditional
VSG control is shown as Eq. (1), and it shows that the decouple of active and reactive power control is
achieved in the VSG.
⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩

Pe =
3
2

UpccUg sin δ
Xg

Qe =
3
2
(U 2

pcc −UpccUg cos δ)
Xg

(1)

As shown in Fig. 1, Eq. (2) can be obtained, which means that VSG simulates the rotor motion
characteristics of the synchronous and can provide inertial and damping support to the grid:

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

dΔδ
dt
= ωs − ωg

J dΔω
dt
= Pref − Pe

ωref
− Dp (ωs − ωg)

(2)

where Δδ is the power angle difference, ωs is the control system angular frequency, ωg is the grid angular
frequency, J is the virtual inertia, Dp is the virtual damping, Pref is the reference power, and Pe is the output
active power.

The reactive power-voltage control in Fig. 1 simulates the droop characteristic between reactive power
and voltage with the expression:

Umref = U0 + Kq (Qref − Qe) (3)
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where U0 is the reference voltage, Kq is the reactive sag factor, Qref is the reference reactive power and Qe is
the output reactive power.

2.2 Power Coupling Problems at High Grid Impedance Ratios

Since the time scales of the active loop and the reactive loop in VSG control are similar, the grid
impedance exhibits resistance-inductance characteristics, and its impact of power coupling on control
performance cannot be ignored. Assuming that the common point voltage Upcc is constant, the output power
can be written as:
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sin φ = Xg/
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cos φ = Rg/
√
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g + X2

g

(4)

where ϕ is the grid impedance angle.
Finding the partial derivation of Eq. (4) Pe and Qe, Eq. (5) can be obtained:
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As shown in Eq. (5), when the grid resistance Rg is large, there is a coupling relationship between active
power and reactive power. Power angle δ is related to common point voltage, grid impedance, and other
parameters. The coupling degree of active and reactive power increases as δ keeps increasing, thus the control
performance of the VSG will be seriously affected.

3 Improved Transient Power Angle Stabilization Control Strategy for VSGs

The paper proposes an ImVSG transient power angle stabilization control (ImVSG) for VSG transient
power angle stability under a high value of grid impedance ratio, namely R/X. The ImVSG is shown in Fig. 2,
where PI control is introduced in the active power-frequency control link and fed back to the reactive
power-voltage control link to improve the transient power angle stability of traditional VSG. Considering the
situation that R/X is high, which usually happens in the medium and low voltage line, a virtual impedance
is introduced to adjust the grid impedance ratio R/X to avoid power coupling and deterioration of power
control performance.
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Figure 2: Improved VSG of transient power angle stabilization

As shown in Fig. 2a, the expression of G(s) is:

G (s) =
⎧⎪⎪⎨⎪⎪⎩

0 (Ug ≥ 0.9 p.u) ∩ τ > 1s

(K1 + K2
1
s
)Δω (Ug < 0.9 p.u) ∩ τ ≤ 1s (6)

where K1 is the Δω feedback proportionality coefficient; K2 is the Δω feedback integral coefficient; τ is the
clock duration after a large perturbation. When the voltage drops more than 0.1 p.u or the voltage rises more
than 0.1 p.u, τ starts timing from zero. According to GB/T 37408-2019 standard [27], the threshold value of
τ is set to 1 s. If τ exceeds 1.5 s timing is stopped and the PI controller (K1 + K2/s) needs to reset the position
to zero before enabling it again.

From Eqs. (2) and (6), the reactive-voltage control of the ImVSG when the system suffers a large
disturbance (in Fig. 2, when Ug is < 0.9 p.u) is:

Umref = U0 + Kq (Qref − Qe) + Kq (K1 + K2
1
s
)Δω

= U0 + Kq (Qref − Qe) + KqK1Δω + KqK2Δδ (7)

Substituting Eq. (4) into (7) and approximating Umref = Upcc, Eq. (8) is obtained. And from Eq. (7),
when the VSG is stabilized with Δδ = 0 and Δω = 0, the PI feedback link does not affect the steady state of
the reactive-voltage control loop.

Upcc (Δδ, Δω) = [
√

a2 + 6Kqb
√

X2
g + R2

g + c] / (3Kq) (8)

where a, b, c are as follows:
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As shown in Fig. 2b, the expression of virtual impedance in the voltage loop is:

{ udref = udpcc + Rv igd − ωLv igq
uqref = uqpcc + Rv igq + ωLv igd

(10)

where udpcc and uqpcc are the dq component of Upcc, igd and igq are dq component of ig, Rv is virtual resistance,
Lv is virtual inductance.

4 Effect of Grid Impedance Ratio on VSG Power Angle Stability

4.1 Effect of Different K1 and K2 on the Stability of the Power Angle
In this paper, the influence of impedance ratio is considered and the small-signal method is used to

analyze the stability of small disturbances power angle at different K1 and K2 during VSG voltage drop.
According to Eq. (1), the VSG second-order dynamic system expression can be simplified as:

⎡⎢⎢⎢⎢⎢⎢⎣

dΔδ
dt
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dt
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J
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(11)

Define the stable equilibrium point xe = [Δδe Δω] and the unstable equilibrium point xce = [Δδce Δω],
linearize the VSG second-order dynamical system and the Jacobian matrix J(xe) is:

J (xe) =
⎡⎢⎢⎢⎢⎢⎣

0 1
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J
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where J21 and J22 are shown in Eqs. (13) and (14).
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According to Eqs. (4) and (7), the partial derivatives of Upcc(Δδ, Δω) with respect to Δδ and Δω are
obtained as Eqs. (15) and (16).
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The eigenvalue of Jacobian matrix J(xe) is:
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λ1,2 determine the VSG system stability performance. From Eqs. (12)–(17), the proportional coefficient
K1, integral coefficient K2 of frequency feedback, and grid resistance Rg all have an effect on the small-signal
stability of the ImVSG control. Defining λ1,2 = −σ1, 2±jω1,2, according to the control theory,σ1, σ2 determine
the speed of perturbation convergence and ω1, ω2 determine the oscillation frequency. During the low voltage
period as Ug = 0.6 p.u, when K1 and K2 increase from 10 to 200 p.u, the trends of σ1, σ2, ω1, ω2 are shown
in Fig. 3. It should be noted that when K1, K2 lies in the region of S1, VSG is an under-damped system and
if K1, K2 lies in S2 domain, VSG is a over-damped system. It can be seen from Fig. 3 that when Ug = 0.6
p.u and K1 and K2 increase from 10 p.u in the S1 region, σ1 and σ2 keep increasing and ω1 and ω2 keep
decreasing. Fig. 3 also shows that σ1 decreases and σ2 increases as K1 increases to 200 p.u in the S2 region, σ1

increases and σ2 decreases as K2 increases to 200 p.u in the S2 region. Thus, it can be concluded that when VSG
is an under-damped system, increasing K1 and K2 can enhance stability and reduce the oscillation frequency;
when VSG is an over-damped system, the continuing increase of K1 and K2 will weaken the stability and the
oscillation frequency will no longer be affected.

Figure 3: When Ug = 0.6 p.u, K1, K2 from 10 p.u to 200 p.u, (a) σ1 trajectory, (b) σ2 trajectory, (c) ω1,2 trajectory, (d)
ω1,2 trajectory

4.2 Stability Analysis of Transient Power Angle with Different Impedance Ratios

According to Section 2.2, it is known that the magnitude of the grid impedance ratio affects the coupling
degree of active and reactive power of VSG, thus the power angle stability will be affected. From Eq. (5), the
maximum value of the output active power, which is called the active transmission limit, is:

Pmax =
3
2

U 2
pcc cos φ +UpccUg√

R2
g + X2

g

(18)
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The characteristic curve of Pmax-ϕ with constant impedance amplitude is shown in Fig. 4. It can be seen
that when the grid impedance is of resistive-inductive characteristics, Pmax decreases with the impedance
angle ϕ. The positive correlation between Pmax and the common point voltage Upcc indicates that a decrease
in the Upcc means a decrease of Pmax, which will worsen stability performance.

Figure 4: Characteristic curve of Pmax-ϕ

The variation of the R/X will cause changes in the Pmax when the VSG is connected to the grid, which
will inevitably affect the transient power angle stability of the VSG. This article uses the equal area criterion
to discuss and analyze the impact of the grid impedance ratio R/X on transient power angle stability.

In this paper, the VSG power angle and Upcc under a high grid impedance ratio are calculated by the
algorithm as shown in Fig. 5, and the characteristic curves of P-δ are plotted under different impedance ratios
R/X, as shown in Fig. 6. Fig. 6a shows that when R/X decreases, Pmax and the maximum deceleration area
Smax increase. From Fig. 6b, the accelerating area Sup decreases and the decelerating area Sdown increases as
R/X decreases during grid voltage dips, indicating that the decrease of R/X contributes to the enhancement
of the transient power angle stability of the VSG.

Figure 5: algorithm estimation P-δ considering power coupling
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Figure 6: Characteristics of P-δ with various R/X (a) normal operation of VSG (b) grid voltage drop

5 Simulation Analysis
For the VSG system with grid impedance presenting resistive inductive characteristics, the proposed

ImVSG control is quantitatively analyzed by comparing the simulation results with different values of K1, K2
and R/X. The simulation model is set to run at t = 5 s, and the voltage drops to 0.6 p.u at t = 6 s and recovers
to 1 p.u at t = 8 s. The parameters used in the simulation are shown in Table 1.

Table 1: VSG system parameters

Parameter Value Parameter Value
Ug 220 V Lf 3 mH
Udc 1000 V Cf 20 uF
f s 50 Hz Lg 8 mH

Pref 10 kW J 1.0132
Qref 8 kVar Dp 10.132
Rg 5 Ω Kp 0.0039

5.1 Effect of K1 on the Stability of the Power Angle
Fig. 7a and Table 2 show that when the voltage falls from 1.0 to 0.6 p.u at t = 6 s, K1 changes from 0 to

200 p.u, and the maximum VSG frequency swing range decreases from Δf 1 = 0.128 to Δf 1 = 0.088 Hz. The
power angle swing range Δδ1 decreases by 0.0259 rad, and the VSG quickly finds a new stable equilibrium
point and regains the synchronization stability. From Fig. 7b and Table 2, when the voltage recovers to 1.0
p.u at t = 8 s, the maximum VSG frequency swing range decreases from Δf 2 = 0.205 to Δf 2 = 0.136 Hz as
K1 increases from 0 to 200 p.u. Δf 2 decreases from 0.205 to 0.136 Hz, Δδ 2 decreases by 0.053 rad, and VSG
regains its original stable equilibrium point quickly after voltage recovery. Fig. 7c and Table 2 show that as K1
goes from 0 to 200 p.u, the active power overshoot σ1 decreases from 12.4% to 10.4% during the voltage dip,
and the active power overshoot σ2 decreases from 18.5% to 21.2% during the voltage recovery, indicating that
the increase of K1 is beneficial to suppress the power oscillation during large disturbances. Fig. 8a–c shows
that K1 has no significant effect on the grid-connected current. The simulation results in Fig. 7 indicate that
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an appropriate increase in K1 can enhance the transient power angle stability, accelerate the convergence of
VSG to the stable equilibrium point, and improve the power control performance.

Figure 7: VSG responses for different K1 when large disturbances (a) frequency-power angle trajectory when voltage
drop (b) frequency-power angle trajectory when voltage recovery (c) active power

Table 2: VSG control performance during large disturbances

K1/p.u σ1% Δf 1/Hz Δδ1/rad σ2% Δf 2/Hz Δδ2/rad
0 12.4 0.128 0.243 18.5 0.205 0.0562

100 11.0 0.105 0.221 19.4 0.165 0.0172
200 10.4 0.088 0.217 21.2 0.136 0.0034

5.2 Influence of the Integration Factor K2 on the Power Angle Stability
Fig. 9a and Table 3 show that when the voltage falls from 1.0 to 0.6 p.u at t = 6 s, as K2 goes from 0 to

200 p.u, the amplitude of the VSG power angle oscillations Δδ 1 decreases by 0.033 rad, and VSG converges
to the new stable equilibrium point during the low voltage period. Fig. 9b and Table 3 show when the voltage
recovers to 1.0 p.u at t = 8 s, K2 goes from 0 to 200 p.u, Δδ 2 decreases by 0.033 rad and the VSG restores
the original stable equilibrium point. From Fig. 10a–c, it can be concluded that K2 has no significant effect
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on active power and VSG grid-connected current. Eq. (7) shows that the Δδ makes Upcc change, and K2 is
positively correlated with Upcc. Fig. 11 shows that Upcc increases by 0.012 p.u with the increase of K2 when
the grid voltage Ug = 0.6 p.u. As shown in Figs. 9 and 11, Δδ decreases with the increase of K2. The simulation
results show that K2 increase during voltage dips can enhance the VSG synchronization stability.

Figure 8: VSG grid-connecting current responses for different K1 when large disturbances (a) VSG grid-connecting
current ig (K1 = 0 p.u) (b) VSG grid-connecting current ig (K1 = 100 p.u) (c) VSG grid-connecting current ig (K1 = 200
p.u)

Figure 9: VSG responses for different K2 when large disturbances (a) frequency-power angle trajectory when voltage
drop (b) frequency-power angle trajectory when voltage recovery (c) active power
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Table 3: VSG control performance during large disturbances

K2/p.u Δσ1% Δf 1/Hz Δδ1/rad Δσ2% Δf 2/Hz Δδ2/rad
0 10.7 0.096 0.234 19.7 0.155 0.242

100 10.7 0.095 0.216 19.0 0.148 0.224
200 10.7 0.094 0.201 18.3 0.143 0.209

Figure 10: VSG grid-connecting current responses for different K2 when large disturbances (a) VSG grid-connecting
current ig (K2 = 0 p.u) (b) VSG grid-connecting current ig (K2 = 100 p.u) (c) VSG grid-connecting current ig (K2 = 200
p.u)

Figure 11: Upcc responses for different K2 when large disturbances

5.3 Influence of the Grid Impedance Ratio R/X on Power Angle Stability
The proposed ImVSG control uses the PI control with K1 = 150 and K2 = 100 and it is compared with

the conventional VSG with R/X = 2.0 and the VSG responses with different R/X during large disturbances
are shown in Fig. 12, with xe1, xe2 and xe3 are the new equilibrium points during the low voltage period.
From Fig. 12a and Table 4, it can be seen that the new stabilized equilibrium point xe1 > xe2 > xe3 is reduced
from 2.0 to 0.8 due to the induced virtual impedance adjustment of R/X, and the transient power angle
stabilizing control of both the conventional VSG and the VSG with R/X = 2.0 are both transient instability
during the first power angle swing after a large perturbation. During the voltage dips with the reduction of
R/X from 1.6 to 0.8, Δδ 1 is reduced from 0.194 rad to 0.072 rad, Δf 1 is reduced from 0.170 to 0.093 Hz. During
the voltage recovery period, R/X decreases from 1.6 to 0.8, Δδ2 of VSG is reduced from 0.215 rad to 0.082 rad,



Energy Eng. 2025;122(2) 663

and Δf 2 decreases from 0.260 to 0.125 Hz. From Fig. 12b and Table 4, it can be seen that both the traditional
VSG and the ImVSG with R/X = 2.0 have active oscillations diverging during the large perturbation period.
When R/X decreases from 1.6 to 0.8, the active overshoot σ1 during the voltage dip decreases from 15.8% to
8.7%, and the active overshoot σ2 during voltage recovery decreases from 27.9% to 15.8%. Fig. 13a–e shows
that the grid-connected current ig of the traditional VSG fluctuates drastically between 100 A and 26 A during
Ug = 0.6 p.u. When R/X decreases from 2.0 to 0.8, the ig decreases from 1.35 times to 1.21 times of steady-
state current during voltage restoration, which indicates that the overcurrent can be suppressed by adjusting
R/X. Fig. 12 shows that a high impedance ratio deteriorates the transient power angle stability of VSG, and
the use of virtual impedance to adjust R/X can reduce the Δδ of VSG during voltage dips, suppress active
power oscillations, narrow the frequency fluctuation range, and enhance the transient power angle stability.

Figure 12: VSG responses for different R/X when large disturbances (a) frequency-power angle trajectory (b) active
power

Table 4: VSG control performance during large disturbances

R/X σ1% Δf 1/Hz Δδ1/rad σ2% Δf 2/Hz Δδ2/rad
1.6 15.8 0.170 0.194 27.9 0.260 0.215
1.2 11.6 0.120 0.110 20.4 0.185 0.123
0.8 8.7 0.093 0.072 15.8 0.125 0.082

Figure 13: (Continued)
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Figure 13: VSG grid-connecting current ig for different R/X when large disturbances (a) VSG grid-connecting current
ig (conventional VSG, R/X = 2.0) (b) VSG grid-connecting current ig (ImVSG, R/X = 2.0) (c) VSG grid-connecting
current ig (ImVSG, R/X = 1.6) (d) VSG grid-connecting current ig (ImVSG, R/X = 1.6) (e) VSG grid-connecting current
ig (ImVSG, R/X = 1.6)

6 Conclusion
In this paper, an improved VSG (ImVSG) stabilization control strategy, which introduced a frequency

difference feedback and a virtual negative impedance to address the problem of deterioration of transient
power angle stability induced by large grid impedance ratio R/X, is proposed. The second-order dynamic
VSG system mathematical model considering a reactive-voltage loop is established to analyze the small-
signal stability at the stable equilibrium point. The transient power angle stability of VSG under different R/X
is analyzed and verified by simulation results. The conclusions are as follows:

(1) The proposed ImVSG is theoretically analyzed in terms of the functional relationship between Upcc,
Δδ and Δω under high grid impedance ratio R/X; the mathematical model of the second-order dynamic
nonlinear VSG system considering the reactive-voltage loop is established, and the mathematical relationship
between the control parameters and the characteristic roots is deduced.

(2) For the ImVSG proposed in this paper, the influence of parameters K1 and K2 on the stability of
VSG is quantitatively analyzed. When K1 goes from 0 to 200 p.u, the active power overshoot σ1 decreases
from 12.4% to 10.4% during the voltage dip, and the active power overshoot σ2 decreases from 18.5% to
21.2% during the voltage recovery, indicating that the increase of K1 is beneficial to suppress the power
oscillation during large disturbances. When K2 goes from 0 to 200 p.u, the amplitude of the VSG power angle
oscillations Δδ 1 decreases by 0.033 rad, and VSG converges to the new stable equilibrium point during the
low voltage period, indicating that K2 increase during voltage dips can enhance the VSG synchronization
stability. When the VSG is an underdamped system, K1 and K2 can strengthen the damping effect near the
VSG stabilizing equilibrium point and improve the VSG stability; when the VSG is an overdamped system,
K1 and K2 deteriorate the VSG stability.

(3) The higher the value of R/X, the weaker the transient power angle stability of the VSG. During the
voltage dips with the reduction of R/X from 1.6 to 0.8, Δδ 1 is reduced from 0.194 rad to 0.072 rad, Δf 1 is
reduced from 0.170 to 0.093 Hz, which shows better transient power angle stability. Reducing the impedance
ratio R/X by the introduced virtual negative impedance can suppress the active power oscillation and improve
the transient power angle stability effectively, the new stabilized equilibrium point is reduced from 2.0 to 0.8
due to the induced virtual impedance adjustment of R/X.
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Nomenclature
U PV System voltage (V)
P PV System active power (W)
Q PV System reactive power (Var)
L Inductance (H)
C Capacitance (F)
R Resistance (Ω)
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