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Abstract: This work focuses on the use of a one-phase direct current (DC) power supply equipped
with a shunt active filter feature, which enabled the possibility of compensation (minimisation) of
reactive and distortion power, generated by a group of loads, that was connected to the same power
grid node as the power supply. A tuned inductor, which was included at the input of the controlled
current source (constituting the main part of the power supply) allowed for an improvement in the
quality of the compensation process, compared to a device with a fixed inductive filter This resulted
in a visible reduction of the nonlinear distortions of the grid current. The improvement was made
possible by extending the frequency response of the current source, which allowed to increase the
dynamics of the current changes at the input of the power supply. This solution represents a new
approach to such power devices. This work describes the principle of operation of the proposed
converter solution and presents selected test results for a laboratory model of an electric system with
this device.

Keywords: converter control; tuned inductive filter; reactive power; distortion power; parallel
active filter

1. Introduction

The negative impact of nonlinear loads on the operation of the power grid is a well-
documented phenomenon, e.g., [1–4]. For example, commonly used conventional solutions
involving power electronics devices with rectifiers (based on diodes and thyristors) and
functionally simplified switched-mode power supplies cause a strongly distorted current,
which results in a negative impact on the operating conditions of the power grid [5].
The most important of these impacts are an increase in power losses, a reduction in the
power grid capacity, and the generation of electromagnetic disturbances. One direct effect
is a reduction in the lifetimes of both the grid itself and the loads connected to it. Moreover,
in addition to the technical context, this problem must be considered in terms of its economic
and social (e.g., health) impacts. Hence, various types of compensators (mainly power
filters, including passive, active [4,6,7], and hybrid [4,8] devices) are used in electrical
systems as preventive measures. It is also worth mentioning that devices can be equipped
with a power factor correction (PFC) function [4], including the widely applied DC-DC
converters [9–11], which have a limited negative impact on the grid. These converters now
tend to use power switches based on wide band gap materials [12]. Nowadays, wireless
power transfer systems are increasingly applied (especially in the electric vehicle market)
that are often characterised by PFC features [13].

So, as a result of the widely understood compensation process, the current flowing
from the power grid node should have both a suitable shape and a suitable phase relation
with the voltage in the power grid, depending on the compensation strategy, relative
to either the reactive [14–17] or the reactive and distortion power [1,4,18]. The main
disadvantage of most of these devices arises from the fact that they have only one specialised
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function in the electrical system. This means that devices that are intended to improve
energy quality do not perform certain tasks comprehensively; for example, they may focus
on compensation, without being able to supply external loads. Existing multi-purpose
devices [4,19,20] are relatively rare in electrical systems and the numerous different types
of power supplies that are equipped with the additional function of a compensator are
often limited to compensation of the reactive power [4,21,22].

In this work, a solution consisting of a DC power supply with an active compensation
ability for both reactive and distortion power is presented. This feature is rarely found
in devices of this type, especially in the case of lower power units which enable ‘spread’
compensation. Furthermore, the basic component of the converter, the power electronics
voltage controlled current source (VCCS), is characterised by extending the frequency
response. This was carried out based on a tuned inductive filter (TI), which representing a
new approach to such power electronics devices. As a result, the quality of the compensa-
tion process is better, e.g., the nonlinear distortions of the grid current are lower, than in the
typical solution of a parallel active filter [4], as indicated by the results of simulation [23]
and laboratory tests of the power supply (PSP).

The remainder of the paper comprises six sections, which cover the issues: the basics of
operation of an electrical system with a proposed power supply, an analysis of the impact of
the VCCS on the operation of a power supply, the basics of operation and implementation
of the TI, the structure of the device control section, the results of laboratory model tests of
the electric system with the PSP, and conclusions.

2. Basics of Operation of an Electrical System with a Power Supply

When a higher current harmonic flows through the parasitic R-L elements of a power
line, it causes voltage drops. Consequently, the voltage in a grid node is distorted from a
sine-wave shape. The most commonly used method to compensate for this undesirable
phenomenon is active filtering of the distorted current, using various types of power
electronics devices. One possible type of compensator is a power supply, equipped with an
active parallel filtering function. A block diagram of an electrical system (ES) containing
such a device is shown in Figure 1.
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This system consists of the following main blocks:

• E—Power source;
• PGN—Power grid node;
• Internal resistance and inductance of the grid, RL and LL, respectively;
• PSP—The power supply, which forms the subject of this research. The PSP is composed

of the sub-blocks: a power electronics voltage-controlled current source (VCCS), a
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power stage (TIP) for the TI, and two current transducers (CT1, CT2). The PSP control
section (CTS) is interconnected, via a CTRL-DIAG bus, with both the voltage source
inverter (VSI), which is the internal block of the VCCS, and the TIP;

• NL—A nonlinear load;
• LD—The DC load on the PSP;
• OTHER LOADS, connected to the same power grid node.

However, in this study, it was assumed that the system was based on a one-phase
power grid and the block denoted as ’OTHER LOADS’ was not included.

The power theory introduced by Fryze [24] was chosen for the control of the compen-
sation function of the PSP, although the main idea underlying the operation of the device is
independent of any specific power theory. In Fryze’s theory, the general aim of optimising
the power grid current (iL) is to minimise its RMS value. This results in minimisation of
the power losses and an energy transfer from a source (E) to a load. The desired resultant
current, flowing from the power line to the ES, can then be described by the formula:

iL(t) = iNL(t) + iCS(t) = iref,L(t) = Iref,L sin(ωLt), (1)

where iNL is the current in the nonlinear load, iCS is the VCCS input current, ωL is the
frequency of the voltage in the grid, and Iref,L is the amplitude of the reference current.

The VCCS generates a distorted current (in the general case) at its input and, when
combined with the current in the nonlinear load, this theoretically results in a sinusoidal
current flowing from the power line, see Equation (1). This current is in phase with the
grid node voltage (uL) [1]. As a result, the negative impact of a nonlinear load on the grid
is eliminated and, in a real electric system, it is minimised. Thus, the operation of the PSP
is consistent with the PFC function, with an added parallel active filtering feature.

3. Impact of the VCCS on the Operation of the PSP

The input circuit of the VCCS consists of the VSI, based on an H-type IGBT bridge [4],
and an inductive filter (TI) that is included at its input, as shown in Figure 2. The IF (input
filter) is a small passive band pass filter (R-L-C type) that allows for further minimisation
of ripples in the VCCS input current, associated with the PWM carrier component. The IF
is an optional block.
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Figure 2. Diagram of the power stage of the PSP, associated with the VCCS.

Taking into account the assumed functions of the PSP, the task of the current source is
not only to provide the required voltage (uDC) in the DC circuit of the power supply, but
also to actively compensate for the higher harmonics of the current, which are generated
by the nonlinear load (NL). The role of the TI is two-fold: it increases the input impedance
of the VCCS and minimises the magnitude of the input current component associated with
a pulse modulation.
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The TI block is composed of magnetically coupled coils. Two of these (L11, L12) are
the main coils and the third (not shown in this figure) is the control coil. The principles of
operation of the TI and the details of its design are described in Section 4.

With respect to the diagram in Figure 2, the given half-periods of the grid voltage
are assumed, and appropriate pairs of transistor switches (T1-T4 or T3-T2) are turned on.
The source current waveform (iCS) is then described by the following general formula
(omitting parasitic resistances and voltage drops at power switches in the VSI):

iCS(t) =
1

LTI

∫
[uDC(t)− |uL(t)|]dt, (2)

where LTI is the equivalent inductance of the TI block.
The ability of the VCCS to appropriately shape the input current is mainly determined

by the frequency response, taking into account the linear model of this device. This model
was analysed in previous works [23,25].

The frequency response is associated with the value of the slew-rate parameter (SR) [26,27]
of the VCCS input current. According to (2), the value of SR is a direct result of the first
derivative of the VCCS current, as a function of time.

Assuming that the voltage in the grid is a sine-wave, SR can be defined as:

SR =
1

LTI
[uDC(t)− |UL sin(ωLt)|], (3)

where UL is the amplitude of the grid voltage.
Hence, in this case, SR depends on the instantaneous value of the grid voltage, among

other things. SR reaches two extreme values, which are given by the equations:

SRmax =
1

LTI
uDC(t0)|ti=i π

ωL
: i=0, ±1, ±2,..., (4)

and
SRmin =

1
LTI

[uDC(t0)−UL]|ti=( 1
2+i) π

ωL
: i=0, ±1, ±2,.... (5)

Equations (4) and (5) indicate that the VCCS has the highest dynamics when the instan-
taneous value of the grid voltage passes through zero and the lowest dynamics when this
voltage reaches the maximum value. Since both the value of the grid voltage and the voltage
in the DC circuit of the power supply are set in advance, the only factor that can enlarge the
frequency response of the VCCS is the filter inductance. However, lowering this value will
result in an increase in the amplitude of the pulse modulation carrier component of the PSP
input current. Hence, in order to increase the frequency response of the current source, the use
of an inductive filter with a variable inductance value was proposed. This solution allows for a
better approximation of the shape of the grid current to the ideal waveform, imposed by (1),
in a situation of highly dynamic changes in the iNL current, compared to a VCCS with a filter
with a fixed inductance value. At the same time, in the steady state of operation of the PSP, the
magnitude of the pulse modulation carrier component in the PSP input current remains at the
minimum assumed level.

4. Tuned Inductive Filter
4.1. Principle of Operation of the Filter

To implement the tuned inductive filter, the phenomenon of coupling between the
magnetic fluxes of coils was exploited. As a consequence of the operation of this circuit,
the resultant magnetic flux can be amplified or reduced, which also results in a change
in its equivalent inductance (reactance). Thus, the value of the equivalent reactance (XTI)
of the inductor can reach two values, depending on the state of the S switch, see Figure 3.
The parameter L1 in the figure is associated with the main (primary) winding of the inductor,
while L2 is related to the control (secondary) winding.
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The value of the equivalent inductance of the filter was determined based on the
assumption that the (homogeneous) ferromagnetic core, on which the coils are wound, is
linear. Moreover, the resistances of both coils are omitted. The following equation was
obtained in previous work [25], in which the value of XTI is dependent on both the magnetic
coupling factor of the coils (k) and the state of the S-switch:

XTI =
(

1− ST-TIk2
)

X1

∣∣∣
0≤k≤1, ST-TI=0 ∨ ST-TI=1

, (6)

where X1 is the reactance of the primary winding, ST-TI = 0 when the switch is open, and
ST-TI = 1 when the switch is closed.

4.2. Simulation Studies of the Filter Model

Detailed simulation studies of the implementation of the tuned filter were conducted
in a Maxwell environment. To achieve the assumed value of the equivalent inductance
in both states of the switch, a sophisticated design of the magnetic circuit of the inductor
was necessary. As a result of these studies, a model of the inductor was based on a
three-winding transformer with a working air gap, see Figure 4a.
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A 3D field model of the TI was used to determine the optimal values of the number of
turns (z11, z12, and z2, with the assumption that: z11 = z12 = z2). The width of the air gap
(g), for which the reactance ratio of the inductor is defined as:

xTI =
XTI
∣∣ST-TI=0

XTI
∣∣ST-TI=1

, (7)

should be close to 3.0 and so, based on Equation (6), k should be close to 0.82.
The assumption was made that the value of the equivalent inductance (LTI = L11 +

L12—Figures 2 and 4a) for both states of S should be in the range of 1–5 mH. The listed
values were chosen as a result of extensive simulation studies of the PSP, conducted in the
SPICE/ORCAD environment, as a compromise between a possible increase in the VCCS
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dynamics and minimisation of the pulse modulation component, which causes ripples
in the input current. In order to obtain the desired value of xTI, in relation to the desired
parameter values, the interval search method [28] was used, and this was implemented
using the optimisation module in Maxwell software. The method consisted of searching
for the best value of the objective function (in this case, the appropriate value of xTI) by
systematically searching the range of values for the parameter g and the number of turns.
The general view of the laboratory model of the inductor is shown in Figure 4b.

4.3. Laboratory Tests of the Filter

The implementation of the filter in the PSP is shown in Figure 5. The TIP block
corresponds to the same block in Figure 1.
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(RCT—fast diode rectifier).

The basic technical parameters of the tuned inductor are as follows:

• Magnetic core: Four E-shapes (OT49928EC) of T-type material, manufactured by
MAGNETICS Inc. [29];

• Number of turns: z11 = z12 = z2 = 80;
• Width of the air gap g = 1.5 mm;
• Inductance over a quasi-linear range of operation of the magnetic core: 4.70 mH with

secondary winding open, and 1.45 mH with secondary winding short-circuited;
• Maximum magnitude of the filter current over the quasi-linear range of operation of

the core: 20 A;
• Resistance of the single winding: 110 mΩ.

In the one-phase version of the PSP, the role of the branch with the T-TI and D-TI
devices can be played by the third branch of the IGBT module. These modules are typically
manufactured as three-branch devices (or three branches plus a ‘braking’ branch) [30]. This
gives the proposed solution a clear economic value.

5. Structure of the PSP Control Section

The block diagram of the power supply control section (CTS) is shown in Figure 6.
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Figure 6. Block diagram of the power supply control section.

The control algorithm consists of five main blocks, each of which contains between
one and four internal sub-blocks, which are shown on a grey background. The CTS was
implemented using the ALS-G3-1369 Evaluation Board [31], equipped with an ADSP-
21369 floating-point digital signal processor (DSP) from Analog Devices Inc. [32]. This
board is specialised for such power electronics applications that require a CPU with high
computational power and a high resolution of the PWM pattern, among other things. This
platform also contains multi-channel AD and DA converters (ADC and DAC, respectively).
In this case, the ADC forms the input ports for the external signals uL, uiL, uiNL, and uDC.
All internal digital signals in the CTS are denoted with the prefix . The PWM timing block
is denoted as PWM. Due to the limitations on the computing power of each processor,
and in view of the high complexity of the control algorithm, the external signals were
sampled at two different frequencies: uL, uiNL, and uDC was sampled at fS,1, while uiL was
sampled at fS,2, where fS,2 >> fS,1. This was necessary due to the requirement for high
precision in the control of the transient process in the PSP input current, iL (uiL = rCT1iL,
rCT1—transfer ratio of the CT1).

The entire control algorithm was written in the C-language. The C/C++ compiler is an
integral part of VisualDSP++, the development environment for Analog Devices processors.

5.1. Calculation of the Reference Signal for the Nonlinear Load (RNL Block)

Both the structure and operating rules of the RNL block are related to the compensation
function of the PSP. The role of the block is to generate the sRNL signal, which is associated
with the current value of the active power of the NL. The value of this signal is calculated
based on the external signals uL and uiNL = rCT2iNL, where rCT2 is the transfer ratio of
the CT2. The sRNL is then added to the output signal of the voltage regulator, sREGU.
Hence, sREGU directly affects the amplitude of the reference signal sref,I for the current
regulator block. The waveform sRNL is a step function of the time, i.e., it has a constant
value over a half-period of the grid voltage-synchronous signal (sSYNC), which prevents
strong distortion of sref,I from the sine-wave.

5.2. Reference Signal Synchronisation Block (SYNC)

The role of this block is to generate the sine-wave signal (sSYNC) with a unity value
amplitude, which is in phase with the first harmonics of the voltage waveform in the grid
node: sSYNC(t) = sin(ωLt). The details of operation of the SYNC block were presented
in previous work [33].

5.3. Voltage Regulator Block

This block is responsible for control of the voltage in the DC circuit of the PSP, and
contains the following sub-blocks:
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• ARF (anti-ripple filter). This is an FIR-type filter, the role of which depends on both
the elimination of the error signal (serr,DC) at the input of the REGU, the ripples
associated with the uDC voltage and computing the true average value of the DC
voltage. The ripples are caused by the grid voltage waveform and may appear in the
error signal (serr,DC), since this also operates at the DC voltage. Without the ARF
block, the ripples in the error signal would strongly distort the reference signal for the
current regulator (sref,I) from a desired sine-wave shape. The magnitude part of the
ARF transfer function is given by Equation (8) [16]:

|HARF( f )| =
∣∣∣∣cos

(
π

2
f

fARF

)∣∣∣∣, (8)

where fARF = ωL
π is the characteristic frequency of the filter.

• RSC (reference signal correction block). The idea underlying the operation of the RSC
is based on the work presented in [34]. However, there are some essential differences.
The RSC processes both the reference signal for the master voltage regulator (REGU),
i.e., Sref,DC, and the error signal (serr,DC) associated with this regulator. The RSC output
signal (sSRC) is a value-corrected right reference signal (Sref,DC) for the REGU. A basic
description of the operation of the RSC is given in the time domain which, in this case,
is more convenient than a description in the frequency domain. Assuming Sref,DC =
constant, gives:

sRSC(t) = Sref,DC − serr,DC(t) ∗ hREGA(t) =
= Sref,DC − [sDC(t)− sRSC(t)] ∗ hREGA(t)

(9)

where hREGA(t) is the pulse response of the RSC internal regulator (REGA) and *
represents the convolution.

Respecting the impact of the operation of the RSC block on the stability of the PSP
(based on the linear model of this device [23]), the REGA block was implemented as a
first-order low-pass filter. In this case, Equation (9) takes the form:

sDC(t) = Sref,DC

[
1− e(−

t
τREGA

)
]

t→∞→ Sref,DC. (10)

In other words, the value of the control error, associated with the average value of the
DC voltage, in the steady state of the system, theoretically tends to zero.

• REGU (regulator of the voltage in the DC circuit). On the basis of the simulation model
tests [23], a P-type REGU was chosen. The REGU output signal (sREGU) is added to
the signal generated in the RNL block, sRNL. The sum of these two signals sets the
value of the amplitude of the reference signal for the current regulator (sref,I).

• LIMU (limiter of the voltage regulator output signal magnitude). This imposes the
maximum value of the current at the input of the VCCS, respecting both the rated
current of the IGBT power module and the maximum current in the quasi-linear range
of operation of the tuned inductor.

5.4. Current Regulator Block

This block is responsible for controlling the VCCS input current. The main task of the
regulator is to provide a LAG-type correction [26,27] of the ‘transfer function’ of the VCCS.
A combination of P and PI topology, referred to here as P2I, was chosen for the REGI block:

TREGI(s) = kI,0
j s
ωI,2

+ 1

j s
ωI,1

+ 1
, (11)

where kI,0 is the regulator gain for DC, ωI,1 and ωI,2 are the characteristic frequencies,
and ωI,2 > ωI,1.
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Compared to the PI regulator, the proposed regulator introduces a much smaller phase
shift over a wider frequency range. The gain value of P2I at the power line frequency of
50 Hz is comparable with that of a PI regulator. Above the characteristic frequency of fI,1,
the gain plots for P2I and PI are very similar while, above the characteristic frequency
of fI,2, the phase plots are also comparable. The values of the regulator settings and the
settings of the other blocks in the CTS were determined based on a small-signal model of
the device [23,25] and the original program in the C-language, in which this model was
applied. In this case, the Nyquist criterion was used to evaluate the asymptotic stability of
the system [26,27].

In addition to regulating the input current of the VCCS, another task of the REGI is to
minimise the PWM components (at a frequency of about 2 fc) in its output signal, the presence
of which can lead to deterministic chaos [35] that can disturb the entire regulation process.

The REGI is also equipped with a signal magnitude limiter at the output, which
prevents the PWM block from entering into an over-modulated state.

5.5. Tuned Inductor Control Block

The TI control block (TIC) is responsible for generating the pulse-duration modulated
signal (sT-TI), which controls the T-TI switch. This block consists of two main sub-blocks:

• ABS—This calculates the absolute value of the input signal.
• DF—Decimation Filter. The dynamic limitations of the real S-switch were respected

by selecting the value of the decimation factor (DF).
• CMP—This is the hysteresis comparator, which operates on a signal composed of the

difference between the ABS output signal and the reference signal for the TIC block
(Sref,TI); it generates the S-switch control signal.

6. Laboratory Tests of the Electrical System
6.1. Arrangement of the Laboratory Setup

The general view of the laboratory arrangement of the ES during the tests is shown
in Figure 7. In the power stage of the PSP, a P3-5-550MFE LABINVERTER was used [31].
This laboratory-scale, multi-purpose power electronics converter was developed for ad-
vanced R&D applications.
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The main parameters of the laboratory model of the ES, and their values during the
tests, are listed in Table 1.
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Table 1. List of Basic Parameters of the ES Laboratory Model.

No. Parameter Name Parameter Symbol Parameter Value

General PSP parameters
1 Nominal power grid voltage - 230 V
2 Grid resistance RL 0.5 Ω
3 Grid inductance LL 320 µH
4 Nominal DC output power - 1.5 kW

5 Rated DC voltage and range of
settings of the voltage - 400 (±25) V

6 Maximum magnitude of the
VCCS input current - 20 A

7 Sampling frequency (1) in CTS fS,1 20 kHz
8 Sampling frequency (2) in CTS fS,2 100 kHz

Power stage of the VCCS

9 Capacitance of the capacitor
in the DC circuit CDC 1 mF

10 PWM carrier frequency - 10 kHz
CTS—voltage regulator

11 Characteristic frequency of the
ARF fARF 100 Hz

12 Gain of the REGU kU,0 0.25
13 Gain of the REGA kA,0 0.99
14 Time constant of the REGA τREGA 10 ms
15 Signal clipping level in LIMA AL,A ±50 V
16 Reference signal for RSC block Sref,DC 400 (±25) V
17 Signal clipping level in LIMU AL,U ±15 V

CTS—Current regulator
18 Gain kI,0 1000 V/V
19 Characteristic frequency fI,1 97 Hz
20 Characteristic frequency fI,2 1.16 kHz
21 Signal clipping level AL,I ±450 V

CTS—Tuned inductor control block

22 Reference signal for the CMP
block Sref,TI 380 V

23 Decimation factor of the DF DF 1

6.2. Laboratory Tests and Discussion

A set of tests of the PSP control algorithm and the ES as a whole were conducted
using hardware-in-the-loop (HIL) modelling. Most of the waveforms were obtained using
the PLOT function of VisualDSP++ [32], which allows for the graphic visualisation of
numerical data (e.g., waveforms) stored in arrays (via a dedicated graphical interface,
operating in WINDOWS OS) and a scope.

During these investigations, a number of tests were performed for various types of
NL load. However, only some of these results are presented. They are related to the type
of non-linear load which is the most demanding for the efficiency of the PSP’s work as a
compensator. These tests involved the NL block as the thyristor voltage regulator with
the firing angle set to 90 electric degrees, loaded by the resistor, with only parasitic serial
inductance included. In this case of the NL block, the characteristic waveforms of voltage
and current are shown in Figure 8. Also, the waveform of the grid voltage-synchronous
signal (sSYNC) is shown.
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Figure 8. Waveforms of the grid voltage and NL current for a real, ‘soft’ power grid and the grid
voltage–synchronous signal, at the output of the SYNC block.

In the following section, selected waveforms are presented which are characteristic
of the operation of the ES laboratory model. In this case, the DC voltage was set to 375 V,
the lowest achievable value in the model of PSP. The nonlinear distortion factor of the NL
block current was approximately 65%. The PSP output power at the DC side was equal
to the rated value, while the power of the NL block was set at approximately 50% of the
rated PSP power. In the case of the PSP input current, shown in Figure 9, the compensation
function was disabled. In turn, Figure 10 shows the tests results when the compensation
function of the power supply was turned on. In Figure 10b (lower plot), the waveform of
the current regulator output signal and the S-switch control signal, for the transient state of
the PSP input current, are presented (in the magnified portion of the drawing).
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Figure 10. Waveforms in the PSP when the compensation function is enabled with (a) a fixed and (b)
a tuned inductor.

As the basic quantities characterising the quality of operation of the PSP compensation
function, the values of TTHD for the PSP input current (iL) and the duration of the transient
state in this current (τT) were recorded. The values of both parameters are shown as curves
in Figure 11, relative to the value of the set DC voltage. Additionally, this figure presents
the value of THD coefficient, calculated with respecting up to the 50th harmonics. These
results show an improvement by a factor of 1.4–1.6, in relation to the TTHD, and by a
factor of 2.3–2.5, in relation to the τT, in the PSP input current quality, as a result of the PSP
operation with the TI.
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Figure 12 shows a set of characteristic waveforms, associated with the response of the
PSP to step changes in the DC load. The transient state of the DC voltage was equal to 2.5
periods of the line voltage. In the steady state of the system, the average value of the DC
voltage was close to the value of the reference signal; within the full range of DC voltage
settings (Table 1), the average value of the DC voltage control error, associated with the DC
voltage regulator block, was lower than 1 V.
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Figure 12. Waveforms in the PSP in response to step changes in the DC load. The upper plot shows
the signal at the output of the voltage regulator, the middle plot shows signals related to the DC
circuit, and the lower plot shows the reference signal for the current regulator and PSP input current.

7. Conclusions

The main aim of this research was to verify the operation of the proposed PSP in an
external electrical system. A set of laboratory tests of a system containing this device were
performed and the results confirmed the high effectiveness of operating the proposed
solution as a part of this system. The use of a tuned inductor allowed the power supply to
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increase the dynamics of the PSP input current changes in relation to a system with a fixed
value of inductance. According to the criteria use, the results of these experiments show
an improvement in the quality of the PSP input current, by a factor of 1.5–2.4, on average,
when the TI filter was applied. The algorithm implemented in the PSP control section
(mainly in relation to the RSC block) also made it possible to obtain high-quality regulation
processing of the DC voltage; the value of the DC error was equal to approximately 0.2%
of the reference voltage (independent of the values of both the DC voltage and the PSP
output power). The duration of the transient state after a step change in the DC load did
not exceed 2.5 periods of the line voltage (in this case, 50 ms). Moreover, the use of a tuned
inductor had no visible impact on the quality of voltage regulation in the DC circuit.

For a small degree of increase in both the hardware and software complexity of the
proposed solution of the power supply, compared to a system without a compensation
function, this device appears to be an economical alternative for functionally specialised
active filters.
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