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ABSTRACT: Establishing the fixed-admittance model of
power electronic devices is one of the main ways to realize
small-step real-time simulation of large-scale power electronic
systems. This paper focuses on the simulation accuracy of
fixed-admittance model at high switching frequency. Firstly,
the virtual power loss of fixed-admittance model is analyzed,
and the influence of numerical integration method on the loss is
quantified. Secondly, an additional-branches fixed- admittance
model is proposed aiming at the structure of insulated gate
bipolar transistor (IGBT) with anti-parallel diode, which
changed the structure of the additional branches with the
switching state, so that it could still ensure low power loss
without interpolation. Thirdly, for the typical application
scenarios-three-phase two-level voltage source converter
(VSC), the losses of the proposed model with interpolation and
without interpolation are quantitatively calculated and
qualitatively analyzed separately. Finally, the applicability of
the proposed model and the limitation of the equivalent
interpolation are verified based on PSCAD/EMTDC.

KEY WORDS: fixed-admittance model; small-step real-time

simulation; additional branches; interpolation
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Fixed-admittance modeling of power -electronic
devices is a research hotspot in the field of small-step
real-time simulation. Aiming at the simulation accuracy
under high switching
frequency, a fixed-admittance modeling method of IGBT
switching module based on additional branches is

of fixed-admittance model

proposed. In addition, the losses of the proposed model
with interpolation and without interpolation are analyzed
based on the three-phase two-level source converter
topology.

The proposed additional-branches fixed-admittance
model is shown in Fig. 1, which can improve the
simulation accuracy of the switching module without
interpolation.
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Fig. 1 Additional-branches fixed-admittance model

Where L and C are the inductance and capacitance
simulating the on state and off state respectively, [ is the
controlled current source whose control signal is the port
current #(?).

When the trigger signal of IGBT is 1, switch 1 is
placed at b, switch 2 is placed at d, the two inductance
branches flow the same current, and switch 3 is placed at
e. When the trigger signal of IGBT is 0, switch 3 is
placed at d to store the energy of inductance at the
moment, switch 1 is placed at a, and the model retreats
to a diode. When it is determined that the diode is on,
switch 2 is placed at b, otherwise, switch 2 is placed at c.

The branch connected to switch 2 is the external
branch of the model. It can be seen that no matter what
state the switching model is in, the external branch of the
proposed model is always inductance or capacitance, and
the additional branches are relatively independence of
the external branch, which will not increase the amount
of calculation of the system solution. When solving, the
external branch is equivalent to the form of the current
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source I g and the admittance Y4 g in parallel or the
voltage source Uy g and the admittance Y g in series,
based on the backward Euler method. The parameters of
the equivalent circuit are shown in formula (1).

_M_C
At A
| =it = A, on
IhB(t)_{YecLBu(t_At)’ off @)
I, (¢
U, s(0)= (1)
cq B

The function of the additional branches is that when
the switching module changes from the off state to the on
state, the capacitance branch between ¢ is set to open
circuit, and the energy obtained by the capacitance in the
off state is stored. When the switching module is turned
off again, the energy in the capacitance can flow back to
the external branch again. When the IGBT of the
switching module changes from triggering on to
triggering off, the inductance branch between d is set to
short circuit, the energy in the inductance is stored for
the next input. The purpose of this design is to reduce the
losses of the energy storage elements in the losses of the
fixed-admittance model.

The function of the additional controlled current
source loop is that when the IGBT of the switching
module changes from triggering on to triggering off, but
the diode of the switching module is still in the on state,
and the fixed-admittance model can store the energy
when the IGBT is turned off and keep the current of the
external branch continuous. The purpose of this is to
limit the transient error of the bridge switch circuit due
to not using the interpolation algorithm, and to reduce
the influence of the numerical integration method on the
loss of the fixed-admittance model.

Compared to traditional fixed-admittance model
used by RTDS, the proposed model can significantly
improve the simulation accuracy and effectively reduce
the virtual power loss at high switching frequency. In
addition, the additional branches of the proposed model
can be solved by using simple select statement and a
small number of storage space, which has little impact
on the time and space complexity.



