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ABSTRACT: Phase Locked Loop (PLL) plays an important
role in the grid-following (GFL) inverter grid-connected
system. When the system fails and causes the point of common
coupling (PCC) voltage to have a phase jump, the deviations of
the PLL may have a great influence on the fault current
characteristics due to the dynamic response process of the PLL.
The existing studies only give the analytical expression of the
fault current when the deviations is constant. The analytical
calculation of the fault current considering the PLL dynamic
phase locking error needs to be further improved. Considering
the dynamic response characteristics of the PLL, this paper
analyzes the influence of the PLL deviations on the analytical
calculation of the fault current of the photovoltaic grid-connected
system. Ignoring the response time of the current inner loop,
the analytical calculation model of the fault current considering
the dynamic response characteristics of the PLL is established.
The influence mechanism of the dynamic response
characteristics of the PLL on the fault current is revealed, and
the harmonic characteristics of the fault current are clarified.
Finally, the correctness of the proposed fault analytical
calculation model is verified by the MATLAB/Simulink

simulation.
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Fig.1 Photovoltaic grid-connected system
structure diagram
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Phase Locked Loop (PLL) plays an important role
in grid-following (GFL) inverter grid-connected system.
When faults occur and voltage of the point of common
coupling (PCC) has a phase jump, the deviations of PLL
will have a huge impact on the fault current
characteristics due to the dynamic response process of
the PLL. The existing research only gives the analytical
expression of fault current when deviations of PLL is
constant. So, the analytical calculation of fault current
considering PLL dynamic phase deviation needs to be
further improved.

Based on this, an analytical calculation model is
established, which is designed for photovoltaic output
current under three-phase symmetric fault, considering
the dynamic response characteristics of PLL.

Firstly, when the voltage of the PCC has a phase
jump, according to the transfer function of the PLL, it is
equivalent to the sawtooth component superimposed step
component in the input signal. By transferring the output
of PLL in frequency domain to time domain, the
expression of the deviation Af is as follows:

—t

AB, =—A+e* [Acos(wt)+Bsin(wt)] (1)

Secondly, due to the deviations of PLL affects the
decoupling characteristics of the dg axis by the
coordinate transformation, it will affect the analytical
calculation of the fault current. On the basis of ignoring
the response process of current inner loop and taking into
account the influence of Af,y, the analytical expression
of inverter port voltage is obtained through the inverter
control system equation.

Finally, through the physical equation between the
inverter port voltage and the PCC voltage, the analytical
model of the fault current is established as follows:

Based on MATLAB/Simulink simulation analysis,
the accuracy of the proposed fault current analytical
calculation model is verified by comparing with the
analytical calculation waveform without considering
the deviations of PLL.

S1

-R
Ly = Cel + I sin(wyf +@)+1,sin(w,f +A0)+

-2t
Le ™ sin(oyt)+

@

—t

Le® sin((w,+o,)t+y+B)+

-2t

Le* sin((@,+20,)1+p)

The flow chart of analytical calculation of fault
current considering the dynamic response characteristics
of PLL is shown in Fig. 1.

1. Solve the deviations of PLL

Solving the deviations of PLL A8, by equation(1)

Y

Considering the Parker transform
under the influence of A8, solving e, id,,“f

2. Solve the inverter port
voltage

Substituting ey, iz"" into photovoltaic control equation

4

Solving the inverter port voltage indg coordinate system

A
Converting the inverter port voltage u,, to .
(considering the influence of Af,,)

3. Establish analytical calculatipn
model of fault current

The physical equation
between the inverter port voltage and the PCC voltage

I

Solving the analytical formula of fault current
by equation(2)

Fig.1 Flow chart of fault transient analysis



