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ABSTRACT: In order to solve the problem that the transient
response of AC/DC hybrid system is difficult to calculate
quickly and accurately, a detailed modeling of the entire
LCC-HVDC system was carried out based on the dynamic
phasor method in this paper. Firstly, the dynamic phasor model
of converter with phase-locked loop (PLL) was established. By
combining the output of PLL with an improved switching
function, the working process of the converter was accurately
restored, and the calculation speed and accuracy were
improved. Subsequently, through accurate modeling of the DC
line and control system, the closed-loop calculation of the
system was realized. At the same time, for commutation failure
that is easy to occur on the inverter side, a composite criterion
and a switching function modification method were proposed
to judge and process it quickly, which expands the applicability
of the model. The model built in this paper was applied to the
CIGRE Benchmark standard system, and the simulation results
under multiple fault types further proved its advantages over
traditional dynamic phasor models.

KEY WORDS: line commutated converter high voltage direct
current (LCC-HVDC); dynamic phasor method; phase locked
loop (PLL); closed-loop calculation; commutation failure
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In order to solve the problem that the transient
response of AC/DC hybrid system is difficult to calculate
accurately and quickly, a detailed modeling of the entire
LCC-HVDC system named PLCF-DP model is carried
out based on dynamic phasor method.

In order to establish the dynamic phasor model of
the converter, firstly, the switching function is
decomposed into basic component, delayed firing
component and commutation component. Also, the firing
angle and commutation angle of each commutation
process are configured independently.

Furthermore, by adding the q-order Fourier
coefficients of each components, the g-order dynamic
phasor of the switching function can be obtained. Then,
by combining it with the output of PLL, the time domain
value of the three-phase switching function can be
calculated as shown in (1).

0 _
S, (6)=2 ReZ(Sav>qe”€“
g=1

0 .
S, (1) =2Re ) (S,,), el

g=1

0 _
S, (t)=2 ReZ(SCv>qe“7"°b
g=1

o))

Where 6, , 0, , 0. represent the phase of the
corresponding commutation voltage locked by the PLL.
Therefore, the DC voltage can be calculated by using
time domain multiplication instead of using the
frequency domain convolution, which improves the
calculation speed and accuracy. The calculation formula
is (2).

vy (0) = v, (), () + v, (DS, () +v. (D)., (1) (2)
On this basis, by modifying the switching function
in the case of commutation failure, the proposed model

realizes the calculation of large disturbances on the
inverter side. Subsequently, by modeling the DC line and

S8

control system, the model realizes the closed-loop
calculation of the LCC-HVDC system. This means the
model only requires input of AC bus voltage, and then it
can output the transient response of the system.

Appling the proposed PLCF-DP model to the
CIGRE standard system, the simulation results under
different fault types further prove its advantages over
traditional dynamic phasor (DP) model. Fig. 1 shows the
simulation results of the DC voltage.
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Fig. 1 Comparison of DC voltage on fault side

Also, the model can be used to calculate other
quantity. Further analysis of simulation
performance shows that the proposed PLCF-DP model
has higher calculation accuracy and faster calculation

electrical

speed than the traditional DP model.



