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A Grid Inductance Detection Method based on the
Oscillation Characteristic of Inverter

Terminal Voltage
Shuangming Duan,Member, IEEE, Bo Xia, Gangui Yan,Member, IEEE, Nan Li, Gen Li,Member, IEEE, and Yi

Ding

Abstract - In grid-connected photovoltaic (PV) systems, grid
inductance greatly influences the performance of grid-connected
inverters. However, the grid inductance usually varies with the
changes of the grid operation conditions. Therefore, accurate
grid inductance detection is one of the key technologies to achieve
an adaptive control of the grid-connected inverters under
different operation conditions. In this paper, an equivalent
circuit model of a grid-connected PV system which includes the
controller, filter, and grid impedance is established. The
oscillation characteristic of the inverter terminal voltage caused
by the sudden change of the inverter output power is analyzed.
The oscillation mechanism of the inverter terminal voltage
caused by the interaction of the controller, filter, and grid
impedance is investigated. A grid inductance detection method
based on the oscillation characteristic of the inverter terminal
voltage is proposed. The main advantage of the proposed method
is that it does not need complicated signal processing and
calculation procedures. A 10 kW grid-connected PV system was
built for both simulations and the experimental setup. Finally,
simulation and experimental results validate the correctness and
effectiveness of the proposed method.

Index Terms - Grid-connected PV systems, power sudden
change, PV inverter, terminal voltage oscillation, grid inductance
detection.

I. INTRODUCTION

ITH the increasing consumption of fossil fuels such as
coal, oil, and natural gas, environmental problems have

become increasingly serious. Distributed power generation
technologies that utilize renewable energy to generate power
has developed rapidly. The grid-connected inverters are the
interfaces of the photovoltaic (PV) systems [1]-[3].
Considering that the grid-connected PV systems are
distributed in the power grid, a large number of transformers
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and long transmission lines are required to access them to the
grid, resulting in a very large grid impedance in the grid.
Moreover, the change of the grid operation conditions may
also lead to a big change of the grid impedance [4]. However,
the grid inductance may greatly affect the control performance
of grid-connected inverters as well as the stability of grid-
connected PV systems [5]-[6]. To achieve an adaptive control
of grid-connected inverters under different operation
conditions, the grid inductance detection is of a great
importance to provide a reference for the adjustment of the
control parameters of grid-connected inverters [7]-[10].
At present, the methods for grid inductance detection are

generally divided into passive (non-invasive) and active
(invasive) [11]. Active methods deliberately create a
disturbance in a grid and then the grid inductance can be
estimated based on the grid responses. Active methods
generally inject disturbance signals into the system, where the
injected disturbance signals can be: 1) single frequency at 75
Hz [7], [12], [13], 600 Hz [14]; 2) dual frequencies at 400 Hz
and 600 Hz [14]. Then, based on the current and voltage
responses to this disturbance at PCC, the grid inductance can
be estimated through Fourier analysis. To solve the
shortcoming that these approaches only estimate the grid
inductance at some specific frequencies, more spectrum
information can be acquired by injecting pulse signals [15].
Roinila et al. [16] and Riccobono et al. [17] presented an
approach by injecting pulse signals to estimate the grid
inductance. Moreover, Neshvad et al. [18] proposed a method
using pseudo-random-binary signals instead of pulse signals,
which overcomes the shortcoming of the low detection
accuracy when pulse signals are used to estimate grid
inductance. For grid inductance detection of three-phase grid-
connected inverters using PQ control, a disturbance is added
to the references of active and reactive power, then grid
inductance can be typically estimated by measuring voltage
and current disturbances of two different operation points
[19]-[23]. However, these methods are all carried out through
injecting disturbance signals in a grid, and the grid inductance
is detected based on the grid responses. Moreover, the
disturbance signals may have an adverse effect on the output
power quality and the stability of the grid-connected systems.
Different from active methods, passive methods use the

non-characteristic harmonic voltage and current measurements
inherently presented in the grid-connected systems to estimate
the grid inductance [24]. Therefore, passive methods do not
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produce negative impact in the output power quality and the
stability of grid-connected systems. Such methods have drawn
extensive attention from researchers. But in most cases, this
method may fail to provide accurate estimations [25].
Cobreces et al. [26] proposed a method based on a recursive
least-squares algorithm to estimate the grid inductance. The
structure and control algorithm of an inverter are not involved
in modeling process, which may have a potential for wide
applications. However, this method involves a huge burden of
calculations and the shortcoming of low accuracy. One
approach estimates the grid inductance via the excitation and
detection of LCL filter resonances [27]. However, such a
method may be unsecure due to the resonance amplification.
In [28], the extended Kalman Filter proves to be beneficial to
estimate the grid inductance. Moreover, this method can be a
promising tool for estimating the grid inductance. However,
the extended Kalman Filter is complicated due to the large
system state-space models and Jacobian Matrix calculation.
The tuning of noise covariance matrices (including the
measurement and process covariance matrices) is difficult as
well, especially when there is a huge number of states. In
practice, the tuning is often a trial-and-error procedure [29].
Therefore, this method requires a system model simplification,
which may reduce the accuracy of the model. In [30], an
impedance identification scheme for three-phase balanced
voltage source inverter based on the transient response of the
inverter. However, the scheme is only designed to present an
identification procedure of the impedance of the inverter with
capacitive output. In [31], an inductance identification method
based on the evaluation of the closed-loop transient of dq-axis
is proposed. However, this method needs complicated iterative
processes.
In this paper, a passive online detection method of grid

inductance based on the transient response of inverter terminal
voltage is proposed. This method does not need complicated
signal processing and calculation procedures. The rest of this
paper is organized as follows. An equivalent circuit model of a
grid-connected PV system is established, and the mechanism
of the interaction of the controller, filter, and grid impedance
is investigated in Section Ⅱ. In Section Ⅲ, the oscillation
characteristic of the inverter terminal voltage caused by the
sudden changes of the inverter output power is analyzed, and a
grid inductance detection method based on the oscillation
characteristic of the inverter terminal voltage is proposed. In
Sections Ⅳ and Ⅴ, the correctness and effectiveness of the
proposed method are verified by simulations in
PSCAD/EMTDC and validated through experiments. Section
Ⅵ makes conclusion and closes the paper.

II. ANALYTICAL MODEL OF THE GRID-CONNECTED INVERTER
TERMINAL VOLTAGE

Fig. 1 describes an LC-type grid-connected PV system. L1
and C1 are the filter inductance and the filter capacitance,
respectively. L2 is the common mode inductance. As a
common practice, we model the grid as a series connection of
resistance Rg, inductance Lg, and voltage sources ex [22], [28].

udc is the DC bus voltage. usx and ix are output voltage and
output current of the inverter, respectively. igx is the grid side
current. ux is the filter capacitance voltage of the inverter (x=a,
b, c), which is called inverter terminal voltage in this paper.
PCC denotes the coupling point between the inverter and the
grid.

Fig. 1. Schematic diagram of a grid-connected PV system.

In the synchronous rotation reference frame (Park
transformation), the circuit equations of the grid-connected PV
system in Fig. 1 are given in the following equations.
Generally, d-axis of the synchronous rotation reference frame
coincides with the terminal voltage vector. The q-axis lags the
d-axis by 90o. id is the current component of d-axis, and
defined as the active current. iq is the current component of q-
axis, and defined as the reactive current.
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where usd and usq are the dq-axis components of usx. ud and uq
are the dq-axis components of ux. ed and eq are the dq-axis
components of ex. id and iq are the dq-axis components of ix. idg
and iqg are the dq-axis components of igx (x=a, b, c). ω1 is the
grid voltage angular frequency.

(a)



(b)
Fig. 2. Equivalent circuit model of the grid-connected system in dq-frame. (a)
d-axis equivalent circuit model; (b) q-axis equivalent circuit model.

Fig. 2 shows the equivalent circuit model of the grid-
connected system in dq-frame based on (1)-(3). The control
strategy of the controlled voltage sources usd and usq in Fig. 2
is shown in (4). Fig. 3 shows the control system of the grid-
connected inverter.

Fig. 3. Output voltage control schematic of the grid-connected inverter.
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The grid-connected inverter adopts a single synchronous
reference frame phase-locked loop (SSRF-SPLL) system
based on the symmetrical component method [32]. The system
decomposes the grid voltage into positive and negative
sequences, and uses the positive sequence component as the
input signal of the phase-locked loop. The input signal of the
phase-locked loop is not affected by the oscillation, and the
obtained phase-locked loop angle remains unchanged.
Therefore, there the dynamic characteristic of the phase-
locked loop is not considered in this study. Moreover, ignoring
the delays of sampling devices and switching devices,
substitution of (4) into (2) gives
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(5)

From (5), the control block of id is presented in Fig. 4, and
the control block of iq is the same as id.

Fig. 4. Control block of id.

According to Fig. 4, the transfer function of the current
control loop is derived as
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Furthermore, it is derived from (6) that
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Then, the grid-connected inverter can be equivalent to a
controlled current source. The output current of the grid-
connected inverter is id, whose control coefficient is Wci(s).
When the reference power generation Pref of the grid-
connected PV system steps, it will lead to a sudden jump of
the reference current id*, as shown in Fig. 3. From (7),
reference current id* will then affect the controlled current
source id, which will result in interactions of the controller,
filter, grid impedance and grid. Fig. 5 presents the equivalent
circuit models of the grid-connected system in dq-frame.

(a)

(b)
Fig. 5. Equivalent model of overvoltage analysis of the grid-connected
system in dq-frame. (a) d-axis equivalent circuit model; (b) q-axis equivalent
circuit model.

In this paper, the grid-connected inverters are considered
using the vector positioning control of the inverter terminal
voltage, and operate in the unit power factor mode. iq and uq
are both equal to zero. In the transient process of sudden
changes of the inverter output power, the inverter still works
in the unit power factor mode, iq and uq are still equal to zero.
Therefore, the effect of the q-axis equivalent circuit model can
be ignored in the analysis. The d-axis equivalent circuit model
can be directly used to characterize the transient process of the
grid-connected system caused by the sudden changes of the
inverter output power.



Fig. 6. Operational circuit of equivalent model for the grid-connected system
terminal voltage analysis.

Ⅲ. A THEORY OF GRID INDUCTANCE DETECTION

Fig. 6 shows the operational circuit of the equivalent model
in Fig. 5 (a). Fig. 6 illustrates that the inverter terminal voltage
response caused by the sudden changes of the inverter output
power is composed of the response of grid voltage ed, the zero
state response caused by the controlled current source id, and
zero input responses caused by the initial value of the state
quantity uq(0-), ud(0-), iqg(0-), and idg(0-). Considering that grid-
connected inverter normally operates in the unit power factor
mode, uq(0-) and iqg(0-) are both equal to zero. Therefore, only
ed, id, ud(0-), and idg(0-) work in the operational circuit of the
equivalent model in Fig. 6. The time-domain expression of the
controlled current source id in Fig.6 can be expressed by (8)

  1 2α α*
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When id, ud(0-), ed and idg(0-) act respectively, the responses
of the inverter terminal voltage ud1(t), ud2(t), ud3(t), and ud4(t)
are derived as
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Based on the superposition rule, the full response of the
inverter terminal voltage can be further derived as
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where α1, α2, and β are the attenuation coefficients of the
transient components, and ω is the oscillation angular
frequency of the inverter terminal voltage. The expressions are
as follows:
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From (13), the inverter terminal voltage amplitude is
determined by the controller parameters, filter parameters, grid
impedance, the initial value of the state quantity, and the
change value of the state quantity. From (14)-(16), the inverter
terminal voltage attenuation time is determined by the
controller parameters, filter inductance L1, grid inductance Lg,
and grid resistance Rg. From (17), the inverter terminal voltage
oscillation frequency is determined by the filter capacitance C1,
grid inductance Lg, and grid resistance Rg.
According to the characteristic of the inverter terminal

voltage oscillation frequency which is related to grid
impedance during sudden change of the inverter output power,
the grid inductance parameters can be obtained. In practical
grid-connected PV systems, the grid inductance and filter
inductance are in mH. The grid resistance is in mΩ. The filter
capacitance is in μF. In (17), (Rg/2/L2g)2 is far less than
(1/L2g/C1), which can be ignored. Therefore, we can simplify
the frequency expression (17) as follow:

g 22

1

f

L L
C
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This method uses the inherent oscillation characteristic of
the inverter terminal voltage during sudden changes of the
output power of a grid-connected system. The grid inductance
can be obtained through the oscillation frequency. This
method does not need to add additional signal generating
devices and create new excitation signals. It also does not need
complicated signal processing and calculation procedures. It
should be mentioned that the proposed method and theoretical
analysis are based on such terminal voltage oscillation
phenomenon caused by the “sudden change” which is a fast
and large power step-change artificially created in testing only.
If the power change is not a “sudden change”, there would be
no such obvious oscillation of the terminal voltage. Therefore,
the proposed method would not affect normal operation,
power quality and other equipment at the PCC.



Ⅳ. SIMULATION VERIFICATION

The 10 kW grid-connected PV system in Fig. 1 is built in
PSCAD/EMTDC with the system parameters shown in Table Ⅰ.
The simulation analyzed the electromagnetic transient process
of a grid-connected PV system under sudden changes of the
output power of the grid-connected inverter. The effectiveness
that the oscillation mechanism of the inverter terminal voltage
caused by the sudden changes of the grid-connected inverter
output power, and the theory of the grid inductance detection
proposed in this paper are both verified. In the simulation, in
order to obtain the responses of sudden changes of the grid-
connected inverter output power, the grid-connected inverter
is set to work in the non-MPPT state, and the grid-connected
inverter reference generation power Pref is changed through
the controller. After obtaining the inductance, the grid-
connected inverter would be reset to the MPPT state.

TABLE I
PARAMETERS FOR THE PV SIMULATION SYSTEM

The power sudden change is intentionally set at the peak of
ua (t0=1.005 s), It is because that when the terminal voltage is
at the peak moment, the initial value of the terminal voltage
will be comparatively large, and therefore, the terminal
voltage oscillation amplitude will be easier to be observed and
recorded. Fig.7 presents the simulation waveforms of the
inverter terminal voltage, the grid voltage, and the inverter
output current when the grid-connected inverter reference
generation power Pref was changed from 1.5 kW to 3.0 kW.
Fig. 7(b) illustrates that grid-connected inverter output

power steps, and id rises instantaneously, which further causes
the inverter terminal voltage oscillation. Sudden changes of
the inverter output power and the grid inductance are
conducted to further verify the effectiveness of the proposed
analysis of the inverter terminal voltage oscillations.
Fig. 8(a) illustrates that the inverter terminal voltage

oscillation amplitude changes under different sudden changes
of the grid-connected inverter output power. However, it
should be noted that oscillation frequency of the inverter
terminal voltage remains unchanged. Fig. 8(b) shows that the
oscillation amplitude and frequency of the inverter terminal
voltage both change when grid inductance changes. It can be
concluded that the frequency of the inverter terminal voltage is
only related to the grid inductance, and is not related to the

sudden changes of the grid-connected inverter output power,
which is consistent with the above theoretical analysis.

(a)

(b)
Fig. 7. Simulation waveforms of the grid-connected inverter when the sudden
change of the grid-connected inverter output power. (a) Inverter terminal
voltage (ua) and grid voltage (ea); (b) Inverter terminal voltage (ud) and
inverter output current (id).

(a)

(b)
Fig. 8. Responses of the sudden inverter terminal voltage (ud in dq-frame)
when system parameters changes. (a) Under different sudden changes of the
grid-connected inverter output power; (b) the change of the grid inductance.

The effectiveness of the theory of grid inductance detection
based on oscillation characteristic of the inverter terminal
voltage is further verified. From the system parameters in
Table Ⅰ, the currents and voltages [in (8) and (13)] before and
after the output power sudden change are changed into

     0 039550 50.068.00 3.95 0.0049t t t t
di t e e      (19)

Parameters Symbols Values
Filter capacitance C1 3.3 μF
Filter inductance L1 5.0 mH
Common mode inductance L2 0.1 mH
Grid inductance Lg 0.9 mH
Grid resistance Rg 200 mΩ
Voltage angular frequency ω1 314 rad/s
Grid voltage ex 220 V
Proportion coefficient Kp 200
Integral coefficient Ki 10000
PWM frequency fPWM 20 kHz
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Fig. 9 shows the waveforms of (19) and (20). From the
simulation results in Fig. 7(a), the measured inverter terminal
voltage oscillation frequency is 2849.34 Hz. From (17), the
theoretical calculation inverter terminal voltage oscillation
frequency in Fig. 9 is 2771.89 Hz, which is 77.45 Hz different
from the simulation result, and the theoretical calculation error
is 2.79%. The grid inductance Lg calculation result is 0.846
mH through the oscillation frequency, and the detection
accuracy is 94.0%. In this paper, the oscillation frequency
characteristic of the inverter terminal voltage is investigated,
and the oscillation attenuation characteristic of the inverter
terminal voltage is not accurately considered. But the
attenuation characteristic of the inverter terminal voltage does
not affect measurement results of the inverter terminal voltage
oscillation frequency. Therefore, the attenuation time in Fig. 9
can be ignored.

Fig. 9. Calculation waveforms of id and ud.

The sudden changes of the grid-connected inverter output
power and the grid inductance are conducted to further verify
the effectiveness of the proposed method of grid inductance
detection. In the simulation, the grid inductance Lg is 0.9 mH.
Fig. 10 presents the simulation waveforms of the inverter
terminal voltage and grid voltage under different sudden
changes of the grid-connected inverter output power. The grid
inductance detection values and detection accuracy are shown
in Table Ⅱ.

Fig. 10. Simulation waveforms of the inverter terminal voltage (ua) and grid
voltage (ea) under different sudden changes of the grid-connected inverter
output power.

From the simulation results in Fig. 10, the oscillation
amplitudes of the inverter terminal voltage changes under
different sudden changes of the grid-connected inverter output

power. However, the oscillation frequency of the inverter
terminal voltage remains unchanged. Detection results in
Table Ⅱ show that the grid inductance detection accuracy
maintains within the range of 90% - 95%.

TABLE Ⅱ
SIMULATION RESULTS OF DIFFERENT POWER VARIATIONS

In the simulation, the sudden change of the grid-connected
inverter output power ΔP = 1500 W. Fig. 11 presents the
simulation waveforms of the inverter terminal voltage when
the grid inductance is changed. The grid inductance detection
values and accuracy are shown in Table Ⅲ.

Fig. 11. Simulation waveforms of the inverter terminal voltage (ua) and grid
voltage (ea) when grid inductance changes.

TABLE Ⅲ
SIMULATION RESULTS OF DIFFERENT LINE INDUCTANCE

Based on the simulation results in Fig. 11, the oscillation
amplitude and frequency of the inverter terminal voltage both
change when grid inductance changes, Detection results in
Table Ⅲ show that grid inductance detection accuracy
maintains within the range of 90% - 95%.
To investigate if the sampling and PWM modulation delays

(0.075 ms) will affect the oscillation amplitude and frequency
of the inverter terminal voltage we have conducted
simulations considering the delays. Fig. 12 shows the
simulation waveform of the inverter terminal voltage
considering and without considering the delays. It can be
concluded that the delays slightly affect the voltage amplitude,
but do not affect the oscillation frequency of the inverter.
The simulation results show the effectiveness of the

proposed theory of grid inductance detection based on the
oscillation characteristic of the inverter terminal voltage.

Power Variations (W) Inductance (mH) Accuracy (%)
500 0.846 94.0
1000 0.839 93.2
1500 0.842 93.5

Actual Value (mH) Detection Value (mH) Accuracy (%)
0.9 0.842 93.5
1.1 1.036 94.2
1.3 1.217 93.6



Fig. 12. Simulation waveforms of the inverter terminal voltage (ua) and grid
voltage (ea) considering and without considering the delays.

Ⅳ. EXPERIMENT VALIDATION

Experiments have been conducted to further validate the
effectiveness of the proposed method. Fig. 13(a) illustrates the
circuit diagram, and Fig. 13(b) shows the photo of the 10 kW
experimental setup of a practical grid-connected PV system.
The setup is described in Table Ⅳ.

TABLE Ⅳ
SETUP OF THE PV EXPERIMENTAL SYSTEM

Parameters Symbols Values
Filter capacitance C1 3.3 μF
Filter inductance L1 2.1 mH
Grid inductance Lg 2.2 mH
Grid resistance Rg 63 mΩ
Voltage angular frequency ω1 314 rad/s
Grid voltage ex 220 V
Proportion coefficient Kp 30
Integral coefficient Ki 0.1
DC bus voltage Udc 680 V
PWM frequency fPWM 16 kHz

(a)

(b)
Fig. 13. Experimental setup. (a) Circuit diagram; (b) Photo.

At the instant of phase A’s peak voltage, the grid-connected
inverter reference generation power Pref was changed from
1000 W to 2500 W (P = 1500 W, 15% of the rated capacity).
Fig. 14 presents the experimental waveforms of the inverter
terminal voltage and grid voltage.

(a)

(b)
Fig. 14. Experimental waveforms of the inverter voltages and grid voltage
when the inverter output power changed. (a) Inverter terminal voltage (ua) and
grid voltage (ea); (b) Inverter terminal voltage (ud) and grid voltage (ed).

Fig. 14 illustrates that when the grid-connected inverter
reference generation power Pref steps, id rises instantaneously,
causing the inverter terminal voltage to oscillate. Substituting
the relevant parameters of the experimental system in Table
Ⅳ into (13), the expression of ud can be obtained as follow:
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Fig. 14(a) shows the measured inverter terminal voltage
oscillation frequency is 2000.47 Hz. From (17), the theoretical
calculation oscillation frequency of the inverter terminal
voltage is 1868.84 Hz, which shows a relative error of 7.04%
compared with the experimental results. The calculation result
of the grid inductance Lg is 1.92 mH. Based on the results, the
accuracy of the proposed method is 87.3%.
The sudden changes of the grid-connected inverter output

power and the grid inductance are conducted to further
validate the effectiveness of the proposed method of grid
inductance detection. In the experiment, grid inductance Lg is
2.2 mH. Fig. 15 presents the experimental waveforms of the
inverter terminal voltage and grid voltage under different
sudden changes of the grid-connected inverter output power.
The value and accuracy of the grid inductance detection are
shown in Table V.



(a)

(b)
Fig. 15. Experimental waveforms of the inverter terminal voltage (ua) and
grid voltage (ea) under different sudden changes of the grid-connected inverter
output power changes. (a) ΔP=1000W; (b) ΔP=1500W.

TABLE Ⅴ
EXPERIMENTAL RESULTS OF DIFFERENT POWER VARIATIONS

In the experiment, the sudden change of the grid-
connected inverter output power  P = 1500 W. Fig. 16
presents the experimental waveforms of the inverter
terminal voltage and grid voltage when the grid inductance
is changed. The grid inductance detection value and
accuracy are shown in Table VI.

(a)

(b)
Fig. 16. Experimental waveforms of the inverter terminal voltage (ua) and
grid voltage (ea) when grid inductance changes. (a) Lg=2.2mH; (b) Lg=3.5mH.

Detection results in Table Ⅴ and Table Ⅵ show that the
grid inductance detection accuracy maintains within the range

of 85%-87%. The experimental results validate the
effectiveness of the method of the grid inductance online
detection based on the oscillation characteristic of inverter
terminal voltage.

TABLE Ⅵ
EXPERIMENTAL RESULTS OF DIFFERENT LINE INDUCTANCE

Ⅴ. CONCLUSION

In this paper, an LC-type grid-connected PV system was
investigated. An equivalent circuit model of a grid-connected
PV system including a controller was established. The
oscillation characteristic of the inverter terminal voltage
caused by the sudden change of the inverter output power was
analyzed. An online detection method of grid inductance
based on the oscillation characteristic of the inverter terminal
voltage was proposed. The contribution of this method is that
it does not need complicated signal processing and calculation
procedures. Instead, it only uses the measurement of the
oscillation frequency of the inverter terminal voltage.
Simulation and experimental results validated the correctness
and effectiveness of the proposed method. It will provide a
new theoretical basis for grid inductance detection.
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