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Autonomous Voltage inverters are one of the most widely used in industry, as well asin the
transport of semiconductor power converters [1-4]. In cases where autonomous Voltage inverters
are used in power supply and control systems of asynchronous and synchronous electric drives, the
quality, namely the harmonic composition of the output voltage is not critical, so the motor torque
is provided by sinusoidal output current [5, 6]. In a number of technical programs, the quality of the
output voltage of stand-alone voltage invertersisa critical parameter.

An example of such autonomous voltage inverters are converters in the composition of
electricity generation systems from renewable and alternative power sources, which is shown in
Fig. 1.
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Figure 1 — Convertersin the composition of electricity generation systems from
renewable and alternative power sources

The task of power semiconductor converters working with alternative energy sources is to
generate electricity in the general industrial network or to create an autonomous power supply
system [7, 8]. The basic requirements for the quality of electricity generated by voltage invertersare
regulated by international standards[9, 10].

Requirements for the allowable value of the total voltage harmonic distortion (THD) in
general industrial electrical networks in accordance with the international standard IEEE-519 are
givenin Table 1.

Table 1 — Limits of voltage distortion for harmonics

Voltage value Up (%) THDvy (%)
U <69 kV 3 5
69 kV <U < 161 kV 1.5 25
U>161kV 1 1.5
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THDy is determined according to the expression [11, 12]:

THD, = : 1)

It is possible to ensure high quality output voltage of two-level inverters by using output
sinusoidal filters. The advantage of this solution is the ability to ensure high quality output voltage
with minimal economic costs [13, 14].

To meet the requirements for the harmonic distortion coefficient of the shape of the output
voltage of the sine filter less than 5 %, the amplitude of the higher harmonics from the voltage
inverter must be suppressed [15, 16]. The resonant frequency of the filter must be related to the
modulation frequency of the inverter in two orders:
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where fc is the cutoff frequency of the LC filter, Fpwm is the PWM frequency in the self-
commutated voltage inverter.

A simulation model was developed in Matlab / Simulink software to confirm the formation
of a sinusoidal shape of the output voltage of a sinusoidal filter with a THDy value <5 % and
[imiting the starting current of the filter capacitors. The developed simulation model of the studied
system isshown in Fig. 2.

]1?Sis:rzetef:b6 . [al] [a3] [a5]
- . | | o U on O on O
powergui Zg] Zg]
— —] —
+A E m E m E m
° .B pp—
C [a2] [ad [26]
Inl iInini %0 & %0 & %0 &
g L I
v In2 = i 5 & 5k
) In3 [ [ I
RMS|= | RMS RMS
| 2 o |
Vab []
A 13b§4
B :ta) SR
c J_ —

Figure 2 — Simulation model with sine filter
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Taking into account the modulation frequency of the voltage inverter, the requirements for
limiting the allowable value of the starting current of the filter capacitor and the requirement to
ensure the harmonic distortion ratio relative to the IEEE-519 standard, the inductance and
capacitance of the sine filter can be determined by:
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where Upc is the inverter DC voltage, Imax IS the maximum allowable inverter current, K1 is the set
current margin factor, Fpwm is the inverter PWM frequency.
In Fig. 3 shows the results of simulation of a frequency converter with a sine filter.
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Figure 3 — The results of simulation:
a — the shape of the input phase voltage of the sine filter;
b — the shape of the output phase voltage of the sine filter

As can be seen from Fig. 3, the shape of the output voltage of the sinusoidal filter after the
transition processis almost sinusoidal.

A feature of the method (equations 3, 4) is to determine the filter parameters that provide
sinusoidal output voltage THDy < 5 %, taking into account the PWM modulation frequency of the
voltage inverter and taking into account the requirements of limiting the starting current of the filter
capacitor.
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