Int. j. adv. multidisc. res. stud. 2023; 3(3):827-829

Received: 25-04-2023
Accepted: 05-06-2023

ISSN: 2583-049X

International Journal of Advanced Multidisciplinary

Research and Studies

Output LC Filter Design for the PWM Inverters

1Tuan Q Duong, 2Linh TT Nguyen
1.2 Thai Nguyen University of Technology, Viet Nam

Corresponding Author: Tuan Q Duong

Abstract

Inverters are widely used in almost every aspect of life.
These devices are implemented on pulse width modulation
with a significant frequency to produce the desired voltage
form. Inverters are used in power converters, such as
variable speed drive systems, Dynamic Voltage Restorers
(DVRs) or UPSs, etc. The LC filter is an essential

component in inverters. It helps that the output voltage
remains the desired fundamental element and eliminates the
converter's high-order harmonic feature. This research
proposes a method to estimate the current through the
capacitor of an LC filter from which it can be accurately
determined to control.
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1. Introduction

A passive filter is used to retain the selected fundamental harmonic component. In [*-€l, the method analyzed and proposed the
filter configurations to improve voltage quality, including losses and harmonics. The control strategy for stand-alone inverters
used for USP [ or grid-connected inverters 113l is mainly based on the principle of inductive current control. After filtering,
the output voltage is different from the voltage at the output of the converter because the LC filter is a second-order element of
the form. The difficulty in implementing this solution is that the harmonic component in the capacitor current is quite large
compared to the fundamental current. The use of low-pass filters causes phase delay and is therefore of little use. Several
solutions to improve the efficiency of low-pass filters described in 249 have proven effective. The paper proposes a method to
estimate the current value through the capacitor ic with the input is the reference voltage applied to the inverter and the error
calculated based on the output of the voltage across the capacitor.

2. Mathematical Model
The basic structure of a single-phase inverter with an output LC filter is shown in Fig 1.
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Fig 1: Principle diagram of single-phase inverter with output LC filter
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The relationship between the input and the output is described
as follows:
di
{uaur = Uy — U zuinv_['d_: 1)
IL = J':mt+ J'1::

From (1), it is easy to see the dependence of the output voltage
Uout ON the output current, which causes difficulties in control
problems in dynamic mode (i.e., variable load current).
Therefore, the output voltage control of the filter is to control
the voltage across the capacitor C is an efficient solution.
Controlling the output voltage can be accomplished by rapidly
controlling the current through the capacitor without regard to
the load current.

1 r.
Upye =Uc = E_[cht (2)

3. Estimating Model

A proposed neural network structure is given. The input is a
vector of known variables, and the output is a vector of the
values to be estimated.

The input vector of the network is

=[x X2 Iy )T e (N, x1) @)

The output of the network

w?a, +wa, +...+wa, +b?
8
a

W(Nzl):l 2 1+b?

ay

g
4)
g=[w? w

The weight update rules of the network are presented in (5)
and (6)
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The equation that describes the LC filter is rewritten as the
following:

Uy = Uy, +Ug (7)
Where:
u, =15t (8)
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From (7) and (8) we have:

di,
Up = Up — Upy L t— Uiny (10)
P A e (11)
The value u, = f(u;,,.1,) is a function of the u. and i, values.

Therefore, the ic current will be calculated by derivation of the
network output estimated value as follows

i = i
i.=C = (12)
4. Numerical Simulation
The estimated results are compared with the equivalent current
generated by the ideal voltage source replacing the inverter

Current of capacitor
T T T

[m]
A 6 b 4 o an e & oo
S —

I 1 I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Time[s]

Fig 2: The current through the capacitor C

The current i¢ is calculated as the product of the capacitor value
with the voltage derivative across the capacitor in Fig 2. shows
the ability to accurately approximate the ic current without the
phase delay that often occurs in conventional filter. Therefore,
this estimator is suitable for voltage regulators for other control
problems.

5. Conclusion

The simulation results have proved the effectiveness of the
implemented process. The learning time required for the neural
network to approximate the model is three cycles of grid
voltage. The learning coefficient Ic will determine the learning
speed of the network. The larger the learning coefficient, the
faster the learning speed. However, if the learning coefficient is
too large, it can cause the network to be unstable. These filters
are designed in the same way so that the estimated value is not
out of phase with the actual value.
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