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A quality criterion based on discounted costs is proposed, which
demonstrates a significant advantage of the variable frequency asynchronous
motor drive with a matrix converter over the drive with a voltage source
inverter, which contains a DC link. A MATLAB software simulation was
conducted to ascertain the control characteristics. In light of the control
range afforded by both drives, a criterion for discounted costs is proposed
that is calculated as a mid-range within a specific rotational speed control
range, or is determined based on a given tachogram. The aforementioned
costs include the expense of the drive, the cost of losses, maintenance costs,
amortization charges, and the cost of reactive power compensation due to
phase shifts of the main harmonic current and voltage. In this study, we put
forth a novel proposal for the incorporation of the cost of distortion power
compensation resulting from the presence of harmonic components of the
input current. The latter costs characterize the electromagnetic compatibility
of the drive with the network. For the first time, a quality criterion for a
regulated electric drive is proposed, which has a cost component that takes
into account the electromagnetic compatibility of the drive with the network.
A significant reduction in this component in a drive with a matrix converter
compared to a drive with a DC link predetermines a reduction in discounted
costs. For a given payback period and annual inflation rate, it was
determined that the mid-range discounted costs were reduced by more than
11 times and the tachogram based discounted costs were reduced by more
than 10 times for a drive with a matrix converter in comparison to a drive
with a DC link.
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1. INTRODUCTION

Due to the significant advantages of matrix frequency converters (direct conversion of input AC voltage
to output AC voltage with specified value and frequency, direct connection between source and load, improved
operational characteristics), they are the most promising for frequency-controlled asynchronous electric drives
(FCAED) [1]-[4]. As matrix converters improve and become more cost-effective, they have the potential to
replace the most widely used converters based on voltage source inverters with a DC link [5], [6]. An important
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question is the economic justification for such a replacement. The quality of one or another controlled electric drive
can be assessed by various criteria. It is advisable to take into account the specifics of its operation, namely,
providing a certain control range. Thus, the criteria should be range-based, providing an assessment of quality at
various points in the control range. The simplest approach seems to be determining the mid-range criteria for a
given control range that meets the technological task. In some cases, the technological task associated with
determining the operational mode of the drive can be represented by specific rotational speed values, which are
characterized by a given tachogram. Then, the criteria calculations could be carried out considering this tachogram.

However, the widely used criteria, such as the efficiency coefficient 1 [7]-[9], or the power factor y,
which determines the energy and electromagnetic compatibility of the drive with the power supply network
[10], or the criterion based on the product of these coefficients [11], do not fully reflect all the technical and
economic aspects that determine quality. For this purpose, a range-based criterion of discounted costs can be
used, which includes not only cost indicators related to initial capital investments but also operating costs
associated with energy losses, maintenance costs, and amortization charges. This criterion, for example, is
widely used in the development of electric machines and crane equipment [12], [13].

For frequency-controlled asynchronous drives, this criterion is range-based [14], and it requires
considering not only the costs of compensating reactive power caused by phase shifts of the main harmonic
currents and voltages but also the costs of compensating distortion power determined by the presence of
harmonic components in the input current of the drive. Such a range-based discounted costs criterion can be
determined based on experimental research or operational data [15], as well as by using mathematical
modeling of various FCAED systems. One of the most widely used modeling software is MATLAB [16]-[18].
In FCAED models, the components included in the drive are considered collectively, and the mutual influence
of each component is taken into account. This study aims to compare the discounted costs of two FCAEDs
with different frequency converters: matrix and with a DC link. For this purpose, mathematical modeling of
these drives is carried out in the MATLAB environment to obtain control characteristics, i.e., dependencies of
certain indicators (active power consumed by the drive, efficiency, shift coefficients, total harmonic distortion
(THD), power, and currents consumed by the drive) on the rotational speed in a given range with a specific
load characteristic. To determine THD, the harmonic spectrum of the current consumed by the drive is
considered. The required components of the discounted costs criterion are determined based on the control
characteristics. Along with the component that considers the costs of compensating reactive power caused by
phase shifts between the main harmonics of the current and voltage at the input of the drive, it is proposed to
calculate the component that considers the costs of compensating distortion power caused by the presence of
harmonic components of the current at the input of the drive. For the first time, a quality criterion for a
regulated electric drive is proposed, which has a cost component that takes into account the electromagnetic
compatibility of the drive with the network. A significant reduction in this component in a drive with a matrix
converter compared to a drive with a DC link predetermines a reduction in discounted costs. The load mode of
the considered FCAEDs affects the values of the discounted costs. They also depend on the inflation rate and
electromagnetic compatibility requirements. A significant reduction in the discounted costs criterion for the
drive with a matrix converter compared to the drive with a DC link converter is confirmed.

2. MATHEMATICAL MODELS OF FCAED IMPLEMENTED IN MATLAB SIMULINK

The simulation model of FCAED based on a DC link converter in the MATLAB/Simulink
environment is shown in Figure 1. This basic model consists of seven main blocks. The first block is an ideal
three-phase power supply source with a line voltage of 380 V and a frequency of 50 Hz. Next, the three-
phase voltage is converted to DC using a three-phase diode bridge, and an autonomous voltage inverter with
a PWM generator forms the voltage with a specified amplitude and frequency. The capacitance of one
capacitor in the DC link is Cf = 5.7 mF. The carrier frequency of the PWM is 6 kHz. The control is based on
the frequency regulation law U/f = const.

The generated voltage is supplied to a two-pole squirrel-cage asynchronous motor with a rated
power of Pn = 90 kW, a rated line voltage of Un = 380 V, and a rated frequency of fn = 50 Hz. The stator's
active resistance and inductance are Rs = 0.028 Q, Lls = 0.363 mH. The equivalent parameters for the rotor
are Rr'=0.0153 Q, LIr' = 0.528 mH. The mutual inductance is Lm = 0.0183 H. The motor operates on a load
characteristic described by the equation M(w) = 50 + 0.0182 - ®?. For simulation, different types and
magnitudes of loads can be selected, depending on the specific application of the drive. The differential
equations were solved using a variable step size method with the “discrete (no continuous state)” approach.
The calculation step size is 2 ps. By varying the converter's output frequency from 5 to 50 Hz, the motor
rotational speed is regulated from 148 rpm to 1481 rpm. Figure 2 shows the schematic of the drive system
based on an asynchronous motor and a matrix converter.
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The simulation model of such an FCAED in the MATLAB Simulink environment is shown in
Figure 3. This model is similar to the previous one with a DC link converter but consists of five main blocks.
The main difference is the semiconductor converter and the transistor control system. Their operating
frequency is 6 kHz. The internal structure of these blocks is detailed in [19]. The regulation of rotational
speed is based on the law of frequency control U/f = const.

The remaining parameters of the model with the matrix converter fully correspond to the model with
the DC link converter. The costs of frequency converters with a power of 90 kW can vary depending on the
manufacturer and model. It is assumed that the cost of the drive with a DC link converter is 3000 c.u.
(1000 c.u. for the induction motor and 2000 c.u. for the frequency converter), and the cost of the drive with the
matrix converter to be 21000 c.u. (1000 c.u. for the induction motor and 20000 c.u. for the frequency converter).
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Figure 1. Model of FCAED with a DC link frequency converter: 1) three-phase voltage source, 2) rectifier,
3) filter, 4) autonomous voltage inverter, 5) PWM generator, 6) asynchronous motor, and 7) load
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Figure 2. Diagram of FCAED with matrix converter
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Figure 3. Model of FCAED with matrix frequency converter: 1) three-phase voltage source,
2) matrix semiconductor converter, 3) transistor control system, 4) asynchronous motor, and 5) load

3. SIMULATION RESULTS

It is advisable to use MATLAB tools to measure energy indicators, and the solution to such a problem
is described in detail in [20]. Energy balance indicators for the fundamental harmonic were considered. The
values of the total S1 (VA) and active P1 (W) powers made it possible to calculate the phase shift coefficient
cos. Using the described modules, the numerical values of the total S (VA), active P (W), and non-active D
(VAr) powers are determined using the instantaneous values from voltage and current sensors. The non-active
power D is decomposed into components Q1 and T, which are related by the geometric sum D2 = Q12 + T2
Here, Q1 is the component of the non-active power D caused by the phase shift of the first harmonic of the
current relative to the first harmonic of the voltage, and T is the distortion power. The power factor of the drive
¥p is determined by the power balance considering higher harmonics. It can also be found using the harmonic
spectra of the currents and voltages consumed by the drive, determined by THD.

CoSs ¢

- @

2 2 2 2
\/1+THDU+THDI +THD# THD?

If we consider a system with an infinite power supply source, where an undistorted three-phase
voltage is applied to a distorting load, the expression for the power factor of the electric drive is as (2) [21].
cos @

y= e @

1+THD?

;

The power factor can also be expressed through the current distortion factor k; and the voltage distortion
factor ky:

X = kykjcos g @)
If the voltage supplied to the drive is sinusoidal, then:

X = kjcos @ 4

Calculations of y for the drive are somewhat complex, due to the variable spectrum of higher
harmonics, which depends on the regulation parameter and the load magnitude, as well as the converter
settings (frequency control law, basic voltage and frequency values of the converter, modulation frequency).

Tables 1-3 present the calculation results of the FCAED with a DC link frequency converter with
PWM control, and Tables 4-6 present the FCAED with a matrix converter. THDy and ky; values are not
indicated in Tables 3 and 6, since for an infinite power supply network, they are 0 and 1, respectively.
Tables 2 and 4 provide the values of rotational speeds, load torques, and shaft powers. Using the latter, the
efficiency of the drives was calculated (Tables 3 and 6).

MATLAB allows obtaining the power factor from the power balance or finding it using the values of
THD; (or kj) and cos¢p. Comparison of power factor values determined using MATLAB shows their exceptional
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closeness (the difference between y, and y is observed only in the third decimal place). Oscillography of voltages
and currents at the input of the FCAED was performed (Figure 4), and the oscillograms were decomposed into a
Fourier series (Figures 5 and 6). As a result, the THD and distortion factors were determined. The oscillograms
are shown for an input current of 30.68 A (DC link converter scheme) and an input current of 20 A (matrix
converter scheme), and correspond to an input frequency of 25 Hz. Input voltage value 218.3 V.

Table 1. Simulation results with a DC link converter Table 2. Simulation results with a DC link converter
f(Hz) U(N) 1 (A) U V) LA P, (W) Si(VA f(Hz) P(W) D(Vvar) S(VA) n(pm) M(N-m) P, (W)

5 2183 296 2183 158 1032 10332 5 1032 1639.8 1937.5 1477 54.4 841
10 2183 629 2183 35 22828 2289.9 10 2282.8 3428.8 4119.2 2975 67.7 2109
15 2183 1155 2183 6.73 4379.8  4406.9 15 4379.8 6166.2 7563.4 446.6 89.9 4203
20 2183 1978 2183 122 7890.6 7963.2 20 7890.6 10271 12952 5955 1209 7541
25 2183 3068 2183 199 12854 13027 25 12854 15439 20090 743.9 160.7 12518
30 2183 454 2183 31.2 20046 20417 30 20046 21959 29732 892.6  209.4 19577
35 2183 64.19 2183 46.6 29872 30546 35 29872 29572 42034 1039.2 265.8 28927
40 2183 86.13 2183 66.2 42243 43343 40 42243 37373 56402 11865  331.1 41134
45 2183 11341 2183 919 58654 60197 45 58654 45555 74267 13327 4047 56478
50 218.3 143.65 218.3 122.3 78293 80066 50 78293 52149 94071 1479.1  487.6 75521
Table 3. Simulation results with a DC converter Table 4. Simulation results with a matrix converter
f (Hz) cose (r.u) THD, (r.u) ki (ru) y (ru) x(ru)ng(u) fMHz2) UM 1A UM LA P (W) S (VA
5 0.999 1586  0.534 0.5326 0.5334 0.815 5 2183 175 2183 1.7 11119  1113.1
10 0.997 1.495 0557 0.5542 0.5551 0.924 10 2183 37 2183 363  2366.9 2374
15 0.994 1.395 0583 05791 0.5791 0.96 15 2183 684 2183 668  4359.9  4373.6
20 0.991 1.283  0.613 0.6092 0.6074 0.956 20 2183 1202 2183 11.76 7663 7697.4
25 0.987 1174  0.648 0.6399 0.6395 0.974 25 2183 20.02 2183 19.69 128427 128954
30 0.982 1.058  0.688 0.6742 0.6752 0.977 30 2183 3064 2183 30.24 197324 19803.6
35 0.978 0.945  0.727 0.7107 0.7106 0.968 35 2183 4673 2183 46.35 302714 30352
40 0.975 0832 0769 0.749 0.7496 0.974 40 2183 6525 2183 64.83 42330.6 424516
45 0.974 0722  0.811 0.7898 0.7906 0.963 45 2183 89.98 2183 8951 58436.4 58609.1
50 0.978 0.617  0.851 0.8323 0.8323 0.965 50 218.3 119.21 218.3 119.15 77924.9 78026.6

Table 5. Simulation results drive with a matrix converter ~ Table 6. Simulation results with a matrix converter
f(Hz) P(W) D(Var) S(VA) n(pm) M(N-m) P, (W) f(Hz) coso (r.u.) THD, (r.u.) ki (r.u) y, (ru) x(ru) n(ru.)

5 1112 279.2 1146 148.1 54.4 844 0.998 0.244 0.967 0.9698 0.9656 0.759
10 2367  523.8 2424 297.7 67.7 2112 10 0.997 0.206 0.976 0.9763 0.9732 0.892
15 4360 1015 4477 447.3 90 4217 15 0.997 0.218 0.978 0.9739 0.975 0.967
20 7663 1784 7868 596.2 121.1 7562 20 0.995 0.211 0.979 0.9739 0.9746 0.987
25 12843 2644 13112 7449 161.1 12564 25 0.996 0.184 0.984 0.9795 0.9799 0.978
30 19732 3626 20063  893.4 209.7 19622 30 0.996 0.161 0.988 0.9835 0.9844 0.994
35 30271 4473 30601 1042 266.4 29075 35 0.997 0.128 0.991 0.9892 0.9888 0.96
40 42331 5823 42730 1189 332.3 41368 40 0.997 0.113 0.993 0.9906 0.9903 0.977
45 58436 7185 58882 1338 408.3 57220 45 0.997 0.092 0.995 0.9924 0.9925 0.979
50 77925 4697 78066 1482 489 75871 50 0.999 0.032 0.999 0.9982 0.9982 0.974
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Figure 4. Oscillograms of voltage and currents at the input of the converter: 1) current of the FCAED with a
DC link frequency converter, 2) current of the FCAED with a matrix converter, and 3) voltage
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Figure 5. Current decomposition into a Fourier series: 1) a scheme with a DC link converter and

2) a scheme with a matrix converter

The harmonic composition of the current changes significantly when using a matrix converter. The
reduction of higher harmonic components leads to an increase in the power factor. Figure 6 shows the family
of mechanical characteristics (for different regulation parameters KF = f/f,) of the asynchronous motor
4A250M4 and the fan-type load characteristic.
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Figure 6. Family of mechanical characteristics and load characteristics
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The obtained simulation results allowed the construction of the following control characteristics
(Figures 7-11): currents consumed by the drives, active power consumed by the drives, drive efficiency,
power factor, phase shift, and THD coefficients. The effective values of currents consumed by the FCAD are
lower when using the matrix converter. The active power consumed by the drives with different frequency
converters is almost identical across the entire control range. In the initial part of the control range, the
efficiency of the drive with the matrix converter is slightly lower than the efficiency of the drive with the DC
link converter. Further along, the efficiency values become comparable.

Throughout the entire control range, the phase shift coefficients are practically identical and close to
1 for the two considered cases of FCAED. The power factor of the FCAED with a DC link frequency
converter is significantly lower than the power factor of the FCAED with a matrix converter at the beginning
of the control range and increases, approaching the power factor of the matrix converter, at the end of the
control range. With an increase in the number of revolutions, THD, decreases, and there is a convergence of
their values for the two FCAED.
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Figure 7. Control characteristics of currents consumed by the drives: 1) DC link converter scheme and
2) matrix converter scheme
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Figure 8. Control characteristics of active power consumed by the drives: 1) DC link converter scheme and
2) matrix converter scheme
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4. CALCULATION OF THE RANGE CRITERION OF DISCOUNTED COSTS
According to [22], the reactive power Q and the distortion power T for a known active power Py,
consumed by the drive, are determined:

Q; =P -tgp, T=P -/tg?x —tg?¢ Q)

Values of various criteria depend on the operating mode of the load. Simple criteria, such as efficiency and
power factor of the drive, and complex criteria, characterized by dependencies on several simple criteria, can
be considered.

It is also proposed that when calculating the required criteria, the operating time at each rotational
frequency within the control range should be taken into account, determined by the technological
requirements of the drive load. Thus, a time diagram of the load operation, i.e., a tachogram, must be
specified. In this case, the calculation of ranged criteria is performed considering the duration of the motor's
operation at each specified point within the control range according to (6):

Zi(n(ni)'tni) _ Zi(x(ni)'tni) cos _ Zi(COS @(ni)'tni)
Zi tni ’ th Zitni ’ (pdt Zi tni

(6)

Nat =

where t,. is the operating time of the motor at the rotational speed ni , where i is the ordinal number of the
tachogram segment.

To minimize energy losses across the entire control range from ns to n, [23], a mid-range efficiency
criterion is required:

1

Nea = 5= " Jp () dn U]
Mid-ranged criteria for power factors (minimization of reactive power consumption and distortion power),
phase shift between the fundamental voltage harmonics and the current consumed by the drive (minimization

of reactive power consumption) can also be utilized:

1

Xed = nz—ny ' fnnlz x(n;) dn, cos g = ’ fnnlz cos @ (n;) dn ®

np—-ng

A complex criterion that takes into account both manufacturing and operating costs of the drive and
is based on several simple criteria is the criterion of discounted costs (DDC). To determine it, it is necessary
to calculate the drive's consumed active power, either mid-range or range-based, based on the control
characteristics P1 = f(n), considering the specified tachogram of the drive operation:

1 _ %i(Pami)tn;)
Prea = - fnl Pi(n;) dn, Py, = Zl—tnll

9)
Then the expressions for calculating DDC, which can also be average-range or range-based, considering the
specified tachogram of the drive operation, are as follows:

1 zi(pccmi) tn;)

DCCeq = S

: f:f DCC(n;) dn; DCCq, = (10)

np—nz

The DCC criterion of an electric drive should consider the influence on the inflation criterion [24].
This is related to the relatively long (5-8 years) normative payback periods of frequency-controlled electric
drives. If inflation is not considered, then with the known total cost of the drive CED, the criterion value is
determined as (11):

DCC = (CED + Crpcl + Crpcz) [T+ (kg + ko] +Cp (1)

where Cye1 is the cost of reactive power compensation, in conventional units (c.u.); Crpe2 is the cost of
distortion power compensation, in conventional units (c.u.); C. is the annual cost of energy losses, in
conventional units (c.u.); kq is the share of costs for depreciation charges; ks is the share of maintenance costs
during the operation of the drive. For FCAED, the values of kq =0.065, ks = 0.069 are taken to be the same as
for general industrial AM.

Comparison of the discounted costs of controlled asynchronous ... (Viktor Petrushyn)
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The expressions Crye1 and Crpez for a known control range are as (12):
Crpcl =Ck1° kmy ' Plcd : [tg(arccos (Pcd) - tg(PO] “tep (12)

where ciu is the cost forl kVAr reactive power compensating devices installation (in the following
calculations it is taken equal to 10 c.u.); Crpe is the cost of installing 1 kVAr reactive power compensation
devices (in subsequent calculations assumed to be 10 c.u.), kmy is the participation factor of FCAED in load
peaks (in subsequent calculations assumed to be 0.25); ¢ is the phase angle between the current and voltage
of the FCAED, at which reactive power compensation is not required (in subsequent calculations assumed
tgpo = 0.484). The proposed component Crc, for the first time, allows for the consideration of costs
associated with distortion power compensation by electromagnetic compatibility requirements determined by
THD:

Crpcz =Ck2 kmy ' Plcd : {\/[tg(arccos Xcd)]z - [tg(arccos (Pcd)]z -

1

—tg |arccos }-tep (13)

J1+THD12D+THD5D+THD12D-THD%JD

Where ckisthe cost of installing 1 kVAr of distortion power compensating devices (in subsequent
calculations taken as 20 conventional units). In mechatronic systems powered by an infinite power network,
due to the sinusoidal nature of the supply voltage, THDy can be considered zero and excluded from (13).

Standards [25], [26] define the permissible values for the coefficients of total harmonic current
distortion THD\p. In the expression for the cost of active power losses per year with a known time diagram of
drive operation, the (14) are used:

CL = Cae - l:)lcd : (1 +ar— ncd) tep (14)

where cqe is the cost of 1 kWh of active energy (in subsequent calculations taken as 1 conventional unit); ar is
the coefficient accounting for losses in distribution networks (in subsequent calculations taken as 0.04); tep is
the duration of drive operation during the year (in subsequent calculations taken as 2000 hours). When the
time diagram of motor operation is determined, the range values of the present value components Cpc1, Crpc2,
and C. are calculated using: ngt, %dt, COS @t P1dt.

The expression of the considered criterion for the given cost of FCAED can also be presented in
general form as (15):

DCC =K+ Yi=1..1, Yi (15)

where K = cep + Cipcq + Crpez  are the initial capital investments, and Y; = (kq + Ks) - (cep + Crpeq +
+Crpc2) + Cy, are the annual expenses.

If inflation is not taken into account, the amount of annual expenses is constant Y; = const, and equal
to the calculated value, determined for the first year of operation. The expression for the given costs to
account for annual inflation is transformed into the form:

1+(1+diNF)+(1+diNF) (A+diNF2) + (T +diNF)- - (1+diNE(T, -1))

DCC=K+Y1 T

(16)

where dinr1, dinrz, and dines are the projected inflation values for the current years within the payback period
Th.

If, for the sake of simplicity, an average annual inflation rate dinr1, is set for the payback period,
then the inflation factor is calculated as(17):

ZTn—1(1+dINF)m
m=0 100%.

Tn

King = (17)

where dinr is the average annual inflation rate (in %).
Two operating modes are considered. In one mode, the drive operates in the speed range of
148-1479 rpm, and for this range, the average values of the coefficients and the active power consumed by
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the FCAED are determined. In the second mode, the drive operates according to the following tachogram:
400 s at 300 rpm, 600 s at 600 rpm, 600 s at 1479 rpm. The coefficients and active power consumption are
calculated according to the respective expressions. It should be noted that in this case, reactive power
compensation can be disregarded since tg o is significantly less than 0.484. Assuming an average inflation
rate of 5.3% and a payback period of 5 years, the inflation factor ke will be 1.112. In subsequent
calculations, a permissible total harmonic current distortion coefficient THDp =10 % was used. The
calculation results are presented in Table 7. Similar calculations for the indicators of FCAEDs with a matrix
converter have been performed (Table 8). In this case, the inflation coefficient THDp = 10 %.

Table 7. Indicators of a drive with a DC link frequency converter

Drive
Parameters Range is set Tachogram is set Range is set taking into account Tachogram is set taking into
account inflation account inflation

mn, r.u. 0.948 0.951 0.948 0.951
CED, c.u. 3000 3000 3000 3000

cosol, r.u. 0.985 0.988 0.985 0.988
P1,kW 25754 32890 25754 32890
% LU 0.667 0.679 0.667 0.679
Crpc2, 10° c.u. 258.36 318.98 258.36 318.98
CL, 10°c.u. 474 5.85 474 5.85

K, 10° c.u. 258.37 318.98 258.37 318.98
Y, 10% c.u. 39.36 48.6 43.77 54.04
DDC, 10°c.u. 297.73 367.58 302.14 373.01

Table 8. The indicators of a drive with a matrix converter

Drive
Parameters Range is set Tachogram is set Range is set taking Tachogram is set taking into account
into account inflation inflation

n, r.u. 0.947 0.958 0.947 0.658
CED, c.u. 21000 21000 21000 21000
cosol, r.u. 0.997 0.997 0.997 0.997
P1, kW 25704 32687 25704 32687
% T.U. 0.983 0.981 0.983 0.981
Crpc2, 10% c.u. 18.75 26.77 18.75 26.77
CL, 10%c.u. 4.78 5.36 4.78 5.36

K, 10° c.u. 18.77 26.79 18.77 26.79
Y, 105 c.u. 7.3 8.95 8.11 9.95

DDC, 10° c.u. 26.07 35.74 26.88 36.74

5. CONCLUSION

The power factor of the FCAED, which determines its energy and electromagnetic compatibility,
can be calculated after modeling the electric drive using MATLAB software or by using the components of
the power balance, or by using THD values or current and voltage distortion coefficients. It is advisable to
construct control characteristics (dependencies on rotational speed within a specified range for a specific load
characteristic) of the consumed active power, efficiency coefficients, phase shift, THD, and power. For other
loads in terms of value and nature, these characteristics will differ.

The criterion of discounted costs allows for a cost-based comparison of comparable FCAEDSs to
select the best option. It can be utilized in the development of new FCAEDs. Despite the significant cost of a
matrix converter compared to a DC link converter (more than 10 times as expensive), the mid-range
discounted costs decrease by more than 11 times for a drive with a matrix converter compared to a drive with
a DC link converter, given the same specified payback period and annual inflation rate.

This criterion should take into account the costs to compensate not only for reactive power,
determined by the phase shift coefficient between the fundamental harmonics of current and voltage, but also
the costs to compensate for the distortion power caused by higher harmonics at the drive input. Since the
phase shift coefficients in the considered drives have large values close to 1, there is no need for expenditure
on reactive power compensation. But for the first time, it is proposed to include the costs of distortion power
compensation, determining the electromagnetic compatibility of the drive, in the calculation of the range
discounted criterion.

The calculation result of the discounted costs criterion is influenced by the load operating mode. In
the examples considered, the discounted costs differ in the case of assigning the control range and in the case
of assigning the tachogram. The discounted costs in the case of assigning the tachogram decrease by more
than 10 times for a drive with a matrix converter compared to a drive with a DC link converter, given the
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specified payback period and annual inflation rate. The discounted costs increase when inflation is
considered. However, the cost ratio for FCAEDs with DC link and matrix converters remains practically
unchanged.
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