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ABSTRACT: Fixed-admittance modeling of power electronic
devices is a key technology to realize small-step real-time
simulation of voltage source converters. Associated discrete
circuit (ADC) is a fixed-admittance model which has been
most widely used. Aiming at the problem of virtual power loss
of ADC, this paper proposed a fixed-admittance model based
on the compensation of negative resistance. This model was
based on the traditional ADC model, the backward Euler
method was used to discretize this model, and the virtual power
loss caused by the energy storage of ADC was compensated by
connecting a negative resistance in series in the switching on
branch. In addition, based on the three-phase two-level voltage
source converter topology, the optimal parameter design
method of the proposed model was proposed to minimize the
virtual power loss and maintain the stability of the switched
system. The simulation results based on PSCAD/EMTDC show
that the proposed model can significantly reduce the virtual
power loss in steady state and improve the simulation accuracy

in transient state.
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Fixed-admittance modeling of power -electronic
devices is one of the main ways to realize small-step
real-time simulation. Aiming at the problem of virtual
power loss of the fixed-admittance model, this paper
proposes a model based on the compensation of negative
resistance. In addition, the optimal parameter design
method of the proposed model is proposed based on the
three-phase two-level voltage source converter topology.

The proposed model adds a negative resistance to
the branch to compensate the virtual power loss.
Considering that the steady-state current of the branch is
approximately zero in the off state, the negative
resistance is decided to be connected in series in the
on-state model of the branch. The proposed model is
shown in Fig. 1.
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Fig. 1 ADC model based on compensation of negative resistance

The parameters of the difference model discretized
using the implicit Euler method satisfy the follow

formula:
1 C
qu - L ~ - E
At (1)
—(1+RY,))i(t—Af), on
Ih(t) = Y !
Ut — Al), off

In real-time simulation, the IGBT anti-parallel
diode is usually modeled as a switch unit as a whole.
Combined with the proposed modeling method, the
calculation logic of the fixed-admittance model of the
switch unit is shown in Fig. 2.
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Fig. 2 Calculation logic of switch unit

In the topology of three-phase two-level voltage
source converter, in order to minimize the virtual power
loss of the model, the equivalent admittance Y. shall meet
the following formula:

AR + A\5A’R* +8U2,
Y =

e 4U; +2A4°R?

2

where, 4 is the amplitude of phase current and Uy, is the
DC voltage.

The conservative maximum value of the negative
resistance R is determined according to the stability of
switched system. Firstly, the system dimension is reduced
by simplifying the switched system, and then the
numerical stability of the simplified system is judged
according to the spectral radius p of the iterative state
matrix G* of the system.

If the stability index is defined as formula (3), the

value of R should meet formula (4).
4t

2
_pG ¥ -G

S= T (3)

SRy, <0 4)

The simulation results show that compared with the
classical ADC model, the proposed model has higher
accuracy and is closer to the results of the dual-value
resistance model.



