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CALCULATION OF STATIC AND DYNAMIC LOSSES IN POWER
IGBT-TRANSISTORS BY POLYNOMIAL APPROXIMATION
OF BASIC ENERGY CHARACTERISTICS

Purpose. Development of a calculation technique that allows the Matlab software to determine the static and dynamic losses
in power IGBT-transistors and reverse diodes.

Methodology. Polynomial approximation of the energy dependences of IGBT-transistors using the least squares method. Sim-
ulation in Matlab/Simulink. Power loss calculation with MelcoSim 5.1.

Findings. The proposed calculation method allows the Matlab software to determine with sufficient accuracy the static and
dynamic losses in power IGBT-transistors and reverse diodes for any type of semiconductor converter with any control law. The
simulation confirms the accuracy of the proposed technique for calculating power losses in semiconductor converters. In addition,
the presented method allows determining not only the power loss, but also the temperature of the power transistor to prevent it
from failing. The results of the approximation of the characteristics of high-voltage power IGBT-transistors manufactured by
Mitsubishi are presented.

Originality. The technique of simulation in Matlab/Simulink program for calculation of static and dynamic power losses in
power IGBT-transistors, as well as power losses in reverse diodes is developed. The presented method allows determining power
losses and efficiency in any semiconductor converter with any control algorithm, which is a very useful tool in research.

Practical value. The presented technique in Matlab simulation allows determining power losses and temperature of power
transistors of any type in the composition of any semiconductor converter.

Keywords: polynomial approximation, least-squares method, current-voltage characteristic, energy efficiency, static and dynamic

losses

Introduction. Power losses and efficiency are among the most
important indicators in semiconductor power converters [1].

The “manual” calculation of power losses in semiconduc-
tor converters with different types of modulation is quite a
challenge and requires a new method.

Literature review. Programs for automatic power losses
calculation in power IGBT-transistors, such as MelcoSim,
Semisel, Iposim, and others are quite common. These pro-
grams are quite convenient tool; however, they allow automa-
tic power losses calculation only for “standard” topologies
(boost and down DC voltage converter, three phase stand-
alone voltage inverter) with “standard” control algorithms
(pulse width modulation (PWM) with constant fill factor, si-
nusoidal PWM, space-vector PWM). The disadvantages of
existing programs are the lack of ability to model “non-stan-
dard” topologies, such as power active filters, active rectifiers
with power factor correction, multilevel converters and many
other topologies, or standard topologies with non-standard
control algorithms [2].

Matlab/Simulink is one of the most popular programs for
the study of semiconductor converters, which allows simulat-
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ing any converter topology with any control system virtually
[3]. However, the disadvantage of this program is the lack of
consideration of dynamic power losses in IGBT-transistors. In
addition, the volt-ampere characteristic (VAC) of IGBT-tran-
sistors is presented as a linear function (Fig. 1).

In SPICE type modeling programs such as Multisim,
LT-spice, TINA, MicroCap, the simulation of volt-ampere
processes is more accurate [4]. Transistor models in SPICE
modeling take into account the on and off times of transistors
and take into account dynamic losses in transistors [5]. How-
ever, the above programs allow simulating extremely low-pow-
er transistors, as models of power high-voltage IGBT-transis-
tors in these programs simply do not exist.

Research [6] presents the calculation of the power losses in
the IGBT-transistor and the calculation temperature of the
switch. However, this publication does not specify the charac-
teristics of which particular transistor was considered in the
calculation. In addition, it does not indicate how dynamic
power losses are taken into account in this study.

In research |7, 8] there are given methods for modeling dy-
namic losses in IGBT-transistors. However, the presented
method has certain disadvantages:

- the dependence of the E,, switching-on energy and the £,
switching-offenergy ofthe emitter current in the IGBT-transistors
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Fig. 1. Volt-ampere characteristic:
1 — real transistor; 2 — transistor in the Matlab/Simulink

are represented by linear dependencies, although in reality these
characteristics have a parabolic appearance;

- absence of consideration of power losses in the reverse
diode of the transistor.

Purpose. The purpose of the study is to develop a universal
process of modeling static and dynamic losses in power semi-
conductor transistors, taking into account the influence of
parallel diodes, which will allow determining the power losses
for any types of semiconductor converters with any type of
modulation. Confirmation of the versatility of the method is
carried out by simulation in Matlab.

Calculations of static and dynamic losses in power IGBT-
transistors. Determination of power losses in IGBT-transis-
tors can be performed by calculating static Pp- and dynamic
Pgy losses in IGBT-transistors V7 and parallel VD diodes ac-
cording to the expressions [9, 10]

AP:PVT+ PVD;
Pyr=Pyrpc+ Pyrsw

Pyp=Pyppc+ Pyp.sw

where Py pc is the static losses in I[GBT-transistors; Py is
the dynamic losses in IGBT-transistors; Py pc is the static
losses in parallel diodes; Py gy is the dynamic losses in paral-
lel diodes.

Static losses in IGBT-transistors P are determined ac-
cording to the expression

PDC :Tlnj‘(lc 'Vce(lc)'Don)'dt’
0
where /, is the collector current; V,,(1.) is the voltage between
the collector and the emitter, which depends on the value of
the collector current; D,, is the coefficient filling PWM.
Dynamic losses in IGBT-transistors Pgy- are determined
to the expression

PSW :iﬂ:(Eon(]c)+ Eoﬂ([”)'f):|dt,

0

where f'is the frequency PWM; E,,(1,) is the energy dissipated
in the transistor at startup, which depends on the value of the
collector current; E,z(1.) is the energy dissipated in the transis-
tor at switch-off, which depends on the value of the collector
current.

Power losses in reverse diode of the power transistor in-
clude conductivity losses and losses associated with losses of
power for recovery [11]. The calculation of the power losses in
the reverse diode is carried out according to the expressions

Pyp=Ppcyp+ Psy;
PSW: Erec f;

PDCVD: Ufwd' I

Energy characteristics of IGBT-transistors. In determin-
ing the power losses of IGBT-transistors, the following depen-
dencies are basic [12]:

- dependence of the voltage between the collector and the
emitter from the collector current (VAC of the transistor);

- VAC of the reverse diode;

- the dependence of the power of the transistor, the power
of the transistor, as well as the energy of restoring the reverse
diode from the emitter current of the transistor.

The energy characteristics of the IGBT-transistor type
CM750HG-130R are shown in Fig. 2.

It is worth noting that the energy characteristics of the
transistor at temperatures of 25 and 125 °C are quite different
and with increasing temperature the losses in the transistor in-
crease.

Presented in Fig. 2 datasheet / transistor energy depen-
dencies are shown in Table 1.

Approximation and interpolation of the energy characteris-
tics of an 1GBT-transistor type CM1200HG-90R. 1f there is an
error in the table data output (transmitted “by eye”), it is in-
appropriate to use the interpolation method for their analysis
and to find an approximate function that exactly passes
through all points of the original table function. In this case
resort to the construction of an approximating function,
which runs close to the given points, and closest to the start-
ing points. The approximation smoothes out the processed
experimental data containing the deviation, i.e. it is a way of
finding intermediate values of a value by a discrete set of
known values [13].
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Fig. 2. The energy characteristics of the 1GBT-transistor type
CM750HG-130R:

a — VAC of the transistor Vee(l); b — dependences of the energy of
switching on, off and restoring the reverse diode from the current;
1 — datasheet; 2 — after the approximation
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Table 1

Energy characteristics of CM1200HG-90R type transistor
from collector current at temperature of 125 °C

s < % ST § 5 > § >
FAEFEIE PR FRA R
3% | 255|255 | 255|588 55
0.0 0.31 0.32 0.5 1.0 0.7
0.1 0.75 0.8 0.7 1.65 1.02
0.2 L1 115 0.9 215 1.36
0.3 1.45 1.5 11 2.5 1.6
0.4 2.0 1.95 1.25 2.75 1.76
0.5 24 2.25 L5 3.0 1.9
0.6 2.75 2.5 1.7 3.2 2.04
0.7 325 | 275 1.9 3.4 2.2
0.8 3.65 3.1 2.0 3.65 2.32
0.9 4.0 3.4 2.15 3.825 | 244
1.0 45 3725 | 225 4.05 2.58
L1 5.0 4.0 2.35 42 2.66
1.2 5.5 4.25 2.45 4.4 2.8
1.3 6.0 4.55 2.5 4.55 2.9
1.4 6.5 4.85 2.55 4.75 3.0
15 7.05 5.1 2.6 4.9 3.1
1.6 775 5.45 2.65 5.05 3.2
1.7 8.3 5.7 2.65 5.2 3.3
1.8 9.0 6.0 2.65 5.375 3.4
1.9 9.75 6.25 2.65 5.6 3.5
2.0 10.45 6.6 2.65 5.7 3.6

The main task of interpolation is to replace a tabularly
given function with a simple analytic function and then find
with it the approximate values at those points inside the inter-
val where the initial function is not specified.

There are different types of approximations: linear, par-
tially linear, static, exponential, and polynomial [14]. In addi-
tion, there are various mathematical methods that allow for
approximation. The purpose of the approximation is to deter-
mine the mathematical functions that most accurately de-
scribe the obtained table dependencies E,, (1), Ez(1), E, (1),
Vce([)s VVD(])

For automated calculation of power losses in power IGBT
switches, the VAC of the transistor and the dependence of the
switching-on energy and the switching-off energy on the load
current were approximated by the least squares method [15].
The mathematical approximation process was performed in
the Wolfram Mathematica program.

If we remove the requirement of the approximating func-
tion passing through nodes and replace the requirement of the
minimum of the sum of squares of the difference between the
values of the approximating function and the function approx-
imating at nodes, then the least squares method will be ob-
tained, which does not ignore the errors in the values of the
approximating function and tries to average their impact on
the result of the approximation [16].

The least-squares method is based on minimizing the
functional [17]

F=3(o(x)-».) > M.
i=0

where 7 is the number of measurement points.

In this method, the approximating function f(x) is a poly-
nomial of degree k

ox)=ay+a, -x+..+a;-x~,
or with by the substitution
n 2
F=2(a0+al X+..ta xk —yi) — Min.
i=0

To find unknown coeflicients, we find derivatives of the
functional by the corresponding factor and equate to zero

oF <
T%:z.g(ao+al~x+...+ak~x"—y,-):()
oF <

aial:z.g(;xi-(ao+al-x+...+ak -xk—y,-)=0
%:Q.Z‘xlk .(a0+al~x+...+ak-x" —y,-):()

After the transformations, we obtain a system of equations
n n n
k _
nEY X+ ) xk =)y,
i=0 i=0 i=0
n n n n
2 k+l _
Zx,. +le. +...+le. * —Zx, Y
i=0 i=0 i=0 i=0

Zn:x,." + Zn:x["*' ot Zn:x,?'k :Zn:x{‘ -y,
== =0 0

Solving the obtained system of equations, we can find the
coefficients ay, a,, ..., a; of polymial functions to describe the
energy characteristics of each particular power transistor. The
energy performance approximation was performed automati-
cally using Wolframe Matematica.

The results of the approximation of the energy characteris-
tics of the high-voltage power IGBT-transistor manufactured
by Mitsubishi are shown in Table 2. For the convenience of
describing the coefficients in the approximate dependence
functions, the current is given in kilo amperes.

The approximation results are consistent with the output
characteristics of the CM750HG-130R type IGBT-transistor.
The mathematical dependencies obtained almost perfectly de-
scribe the output dependencies of the datasheet transistor
(Fig. 2).

The advantage of polynomial approximation is a fairly ac-
curate description of the tabular data in the specified range.
However, outside the table range, the resulting function may
behave indefinitely.

When the current is exceeded through the transistor above
the permissible values, its physical destruction occurs [18].
Graphically this effect is shown in Fig. 3.

Thus, the polynomial approximation allows for fairly exact
mathematical description of the power dependences of the
power transistors in a given range, but outside this range the
function behaves incorrectly, which imposes restrictions on
the application of this method, namely, the loss calculation
works correctly only in a given current limitation range.

Development of a simulation model for calculating losses in
an IGBT-transistor. The output signals for determining static
and dynamic power losses in Matlab are the transistor control
signal and the transistor current signal.

The definition of static losses is defined as an integral of
instantaneous power to the expression [19]

P :J.[c ’Vee([c)dt'
An example of creating a simulation model for calculating

losses in an IGBT-transistor type CM800HC-66H is shown in
Fig. 4.
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Results of polynomial approximation of energy characteristics of power IGBT-transistors of different classes

Table 2

Transistor Results of approximation
CM750HG-130R U,(1)=2.3774-1°-10.499 - [*+17.946 - I° - 15.401 - I?+9.7617 - I+ 1.3188
6600 B, 750 A Uyp(I)=2.4376 - I° = 10.013 - I*+15.671 - I° = 12.144 - 1>+ 7.2184 - I+ 0.7822

E,.(1)=0.0101 - 7*+0.1402 - 73— 1.0272 - I? + 2.4108 - I+ 0.4976
E,,(1)=0.1699 - I*+0.5074 - I*+0.4161 - I*>+4.577 - [ +0.5697
E;(I)=0.0139 - I+ 1.2829 - I* = 3.7047 - I*+8.4595 - I - 0.0041

CM1200HG-90R
4500 B, 1200 A

U,(I)=0.7622 - I°— 4.4108 - I*+9.6859 - 1>~ 10.245 - I +7.1998 - [ + 1.0169
Upp(1)=0.33-1°—1.9618 - I*+4.4951 - I> -~ 5.1124 - * +4.1169 - I + 0.6899
En.(1)=0.2203 - [*~0.9136 - I3+ 0.513 - 17+ 1.9475 - [ +0.4954
E,,(I)=0.0367 - 1*+0.2901 - I3~ 0.2417 - I*> +4.1088 - I+ 0.3115
Ey(I)=-0.1981 - I*+ 1.0595 - 1> —2.0282 - [ +4.5203 - [ +0.3366

CM800HC-66H
3300 B, 800A

U, (I)=—6.085- I+ 31.869 - 5= 65.313 - I*+66.621 - I* — 35.955 - 12+ 12 - [+0.6258
Uy (1) =0.6245 - I* — 2.1404 - 1>+ 3.7624 - [+0.76

E,o (1) =—0.5676 - I +2.269 - [ +0.9238

E,, (I)=0.001201 - 7 +0.121

Ep(I)=0.4111 - [~ 1.1164 - 2+ 1.677 - [+0.2012

CM1200HB-50H
2500 B, 1200 A

U, (I)=0.0586 - 14— 0.3132 - I* +0.2529 - [> + 1.6165 - [+ 1.2544
Uy (T)=—0.001 - I* —0.2254 - 1>+ 1.5294 - [+ 0.8259
E,.(I)=—0.1089 - I? +0.3528 - T+ 0.2666

E, (I)=—-0.0182 - I3 +0.1893 - 12+ 0.5797 - +0.1952
E,g(I)==0.017 - I* = 0.1293 - 12+ 1.0389 - [+0.2487

CM1200DC-34S
1700 B, 1200 A

U, (I)=—0.1623 - [*+0.9421 - 1>~ 2.0092 - [?+2.7468 - I +0.5729

Uyp(I) =—0.1856 - I* + 1.0545 - I3 = 2.1711 - I* + 2.7352 - [ +0.6813

Eroo (1) = 0.0054 - 15— 0.0368 - 14+ 0.1002 - 73— 0.1601 - 12 +0.2309 - 7+ 0.0227
E,,(I)=0.2406 - 12— 0.006 - I +0.0496

E,p(I)=0.0587 - 12+0.1842 - [+0.0547

3 LA Transistor current
400 : : : : ; T - e .
< Area of|inevitability / L \L,\_
=2 : : :
=
[ R I L 0 e R : : U -
3 AU,V The voltage drop across the transistor
8 Area ofconvergence \ ; ; ; ; ; : ;
ER \ 2.5 i e [ T
'—o' ‘ i | | N i N i
c \
I
0 \
0 2 4 6 8 ——
Collector-emitter saturation voltage, V 1000 S R S o e T
Fig. 3. Area of convergence and inevitability V,(1,) IGBT-tran-
sistor e g U U] IO R
Energy losses
6 R :
. () 4
Switch 2
current n - 0 E : :
i 001 0012 0014 0016 0018  0.020 1,5
a . . . .
Fig. 5. Static losses simulation results
[%al Block Parameters: VAH_VT X
e . Dynamic losses calculatign is more cqmplicategl. A simu-
e e lation model for the calculation of dynamic losses in a power
i transistor is shown in Fig. 6.
[-6:085°u(1)76+31.869"(1)"5-65.313"u(1)+66.621"u(1)"3-35.955"u(1)"2 +12°u(1)+0.6258 The results of dynamic losses simulation are shown in
Fig. 7.
As can be seen from Fig. 7, the on and off energies depend
(2] o] [men | [ e | RN on the magnitude of the transistor current. Dynamic losses
b modeling requires the task of a simulation method with a con-

Fig. 4. A sub-model of static losses calculation IGBT-transistor:

stant calculation step.

Verification of the developed models and analysis of the conver-

a — type of model; b — given approximate dependence of voltage on
current

Mathematically, the dependence Vce(lc) is introduced
into the block “Fcn”, which makes it possible to set the ob-
tained approximate dependence [20].

The results of static losses simulation are shown in Fig. 5.

gence of the potential distribution of Matlab with MelcoSim. Veri-
fication of the developed technique for determining power loss
in power IGBT-transistors has been carried out. A comparative
calculation of the power losses made using the MelcoSim 5.1
program for a three-level standalone voltage inverter with RL
load (Fig. 8), as well as the calculation of the power losses, per-
formed in Matlab using the described procedure methods.
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Fig. 6. Simulation model of power losses calculation in IGBT module with reverse diode
Initial calculation data are: circuit of three-phase stand-

alone voltage inverter; voltage in the DC circuit 2800 V; PWM
frequency 2 kHz; average square output current 934.5 A; ac-

Signal switching on the transistor

0.3 tive load resistance of 1 Ohm; load inductance of 1 mH,
0 R - I cos ¢ =0.954.
1A Transistor current An analysis of the convergence of the calculation results in

the Matlab and MelcoSim programs is given in Table 3.
Several studies have shown that the discrepancy between

the calculation of power losses in the developed Matlab model

and the calculation performed by the specialized program

E,J/pulse  Energy switching on in current function E,,, (I) MelcoSim 5.1 does not exceed 2.1 %.

400 T T
200 |- :

Table 3 shows the deviation of the calculation results in the

0.6

041 I LT A MelcoSim program, the disadvantage of which is that the pro-

02 |- |‘ B | gram in autonomous inverters calculates pure-sinusoidal cur-
01 - rent switching without distortion, that is, takes the value of the

E, J/pulse  Energy switching off in current function E,;(1) current during the switchi'ng based on the s.inusoidal function.
0.8 T For low-key switches with a low switching frequency, the

g'g C N shape of the load current can be significantly different from a
02| | 3 ‘ . ‘ : | : | sine wave, resulting in distorted calculation results.
0 ; The perfect and real form of inverter output current (RMS
AP W Energy losses 140 A) is shown in Fig. 9. .
ol As can be seen from Fig. 9, the shape of the real output
15 SO OO WO S s current of the inverter is significantly different from the ideal

sinusoidal shape at the moments of switching.
Conclusions. The proposed calculation method allows the
Matlab software to determine with sufficient accuracy the static

Fig. 7. The results of dynamic losses simulation and dynamic losses in power IGBT-transistors for any type of
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Fig. 8. Program interface MelcoSim 5.1
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Table 3

The results of the calculation of power losses in a single
IGBT-transistor type CM1200HG-90R

Calculation Calculation Relative
Parameter in Matlab, in Melcosim, | calculation
W AW error, %
Dynamic losses in 7079.54 7094.94 0.217
transistor, W
Static losses in the 1523.20 1519.14 0.266
transistor, W
Dynamic losses in 1966.51 2005.68 -1.992
the reverse diode, W
Static losses in the 119.51 121.93 -2.024
reverse diode, W
Total power losses, 10 688.77 10 771.96 0.778
w
LA
200 / [
| |
100
2 | I J - VV | v | | q
0
C | L
-100 -
-200 -
0o 00l 002 003 004 fs

Fig. 9. The perfect (1) and real (2) form of inverter output current

semiconductor converter with any control law. The technique
consists in the polynomial interpolation of the energy charac-
teristics of IGBT-transistors by the least squares method.

References.
1. Blahnik, V., & Talla, J. (2016). Single-phase synchroniza-
tion for traction active rectifier. International Conference on
Applied Electronics (AE), 23-26. https://doi.org/10.1109/
ae.2016.7577233.
2. Nerubatskyi, V., Plakhtii, O., & Kotlyarov, V. (2019). Analysis
of topologies of active four-quadrant rectifiers for implementing
the INDUSTRY 4.0 principles in traffic power supply systems.
International scientific journal “INDUSTRY 4.0”, 4(3), 106-109.
3. Plakhtii, O., Nerubatskyi, V., Ryshchenko, I., Zinchen-
ko, O., Tykhonravov, S., & Hordiienko, D. (2019). Determin-
ing additional power losses in the electricity supply systems
due to current’s higher harmonics. Eastern-European Journal
of Enterprise Technologies, 1(8(97)), 6-13. https://doi.
org/10.15587/1729-4061.2019.155672.
4. Bouzida, A., Abdelli, R., & Ouadah, M. (2016). Calculation
of IGBT power losses and junction temperature in inverter
drive. 8" International Conference on Modelling, Identification
and Control (ICMIC), 768-773. https://doi.org/10.1109/ic-
mic.2016.7804216.
5. Gervasio, F., Mastromauro, R., & Liserre, M. (2015). Pow-
er losses analysis of two-levels and three-levels PWM inverters
handling reactive power. IEEFE International Conference on In-
dustrial ~ Technology  (ICIT), 1123-1128.  https://doi.
org/10.1109/icit.2015.7125248.
6. Pillay, T., & Saha, A. (2017). Analysis and simulation of fly-
ing capacitor multilevel inverter using PDPWM strategy. In-
ternational Conference on Innovative Mechanisms for Industry
Applications (ICIMIA), 1061-1070.
7. Shcherbak, Ya.V., Plakhtii, O.A., & Nerubatskiy, V.P.
(2017). Regulatory characteristics of the active quadrature con-

verter in regimens and recuperation modes. Technical electrody-
namics, 6,26-31. https://doi.org/10.15407 /techned2017.06.026.
8. Ahmadzadeh, T., Sabahi, M., & Babaei, M. (2017). Modi-
fied PWM control method for neutral point clamped multi-
level inverters. 14" International Conference on Electrical Engi-
neering/FElectronics, Computer, Telecommunications and Infor-
mation Technology (ECTI-CON), 765-768.

9. Dai, P., Guoand, G., & Gong, Z. (2016). A Selection Pre-
charge Method for Modular Multilevel Converter. Interna-
tional Journal of Control and Automation, 9(4), 161-170.

10. Plakhtii, O.A., & Nerubatskyi, V.P. (2018). Analyses of
energy efficiency of interleaving in active voltage-source recti-
fier. 2018 IEEE 3" International Conference on Intelligent En-
ergy and Power Systems (IEPS), 253-258. https://doi.
org/10.1109/TEPS.2018.8559514.

11. Zhao, G.1., Wang, L., Li, Q., & Chen, G. (2014). Analyze
and compare the efficiency of two-level and three-level invert-
er in SVPWM. 9" [EEFE Conference on Industrial Electronics
and  Applications, 1954-1958.  https://doi.org/10.1109/
iciea.2014.6931488.

12. Vasil’ev, B.Yu. (2015). Providing overmodulation mode
and increasing energy conversion efficiency in autonomous
power inverters of electric drives. Electricity, 6, 47-55.

13. Rodder, S., Biswas, M., & Khan, Z. (2016). A modified
PWM technique to improve total harmonic distirtion of multi-
level inverter. 9" International Conference on Electrical and
Computer  Engineering (ICECE), 46-54. https://doi.
org/10.1109/ICECE.2016.7853970.

14. Fomin, O. (2014). Modern requirements to carrying sys-
tems of railway general-purpose gondola cars. Scientific and
technical journal “ Metallurgical and Mining Industry”, 5, 31-43.
15. Gevorkyan, E.S., Rucki, M., Kagramanyan, A.A., & Ne-
rubatskiy, V.P. (2019). Composite material for instrumental
applications based on micro powder Al,O; with additives na-
no-powder SiC. International Journal of Refractory Metals and
Hard Materials, (82), 336-339. https://doi.org/10.1016/j.ijrm-
hm.2019.05.010.

16. Plakhtii, O.A., Nerubatskyi, V. P., Hordiienko, D.A., &
Tsybulnyk, V. R. (2019). Analysis of the energy efficiency of a
two-level voltage source inverter in the overmodulation mode.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (4),
68-72. https://doi.org/10.29202 /nvngu/2019-4/9.

17. Ferdowsi, F., Yazdankhah, A., & Rohani, H. (2014).
A combinative method to control output power fluctuations of
large gridconnected photovoltaic systems. In Environment and
FElectrical Engineering (EEEIC), 260-264.

18. Dias, R.A., Lira, G.R., Costa, E.G., Ferreira, R.S., &
Andrade, A.F. (2018). Skin effect comparative analysis in
electric cables using computational simulations. 2018 Simposio
Brasileiro de Sistemas Eletricos (SBSE), 1-6. https://doi.
org/10.1109/SBSE.2018.8395687.

19. Ferdowsi, F., Edrington, C., & Elmezyani, T. (2015). Re-
al-time stability assessment utilizing non-linear time series
analysis. In North American Power Symposium (NAPS), 1-6.
20. Arcega, F.J., & Pardina, A. (2014). Study of harmonics-
thermal effect in conductors produced by skin effect. /EEE
Latin America Transactions, 12(8), 1488-1495. https://doi.
org/10.1109/T1L.A.2014.7014518.

Po3paxyHoK CTATMYHMX i ITMHAMIYHMX BTpAT
y cuiosux IGBT-Tpansucropax misxom
NOJIIHOMIAJIbHOI anpoKcuMaii 6a30BHX
eHepreTHYHUX XapaKTePUCTHK
0. A. [Inaxmii, B. I1. Hepyoayvkuii, /1. A. [opdienko,
I. A. Xopyacescoruii

YKpaiHCbKUii nepkKaBHUI YHiIBEpCUTET 3a1i3HUYHOTO TpaH-
criopry, M. XapkiB, Ykpaina, e-mail: a.plakhtiy1989@gmail.
com; NVP9@i.ua

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N2 2 87


https://doi.org/10.1109/ae.2016.7577233
https://doi.org/10.1109/ae.2016.7577233
https://doi.org/10.15587/1729-4061.2019.155672
https://doi.org/10.15587/1729-4061.2019.155672
https://doi.org/10.1109/icmic.2016.7804216
https://doi.org/10.1109/icmic.2016.7804216
https://doi.org/10.1109/icit.2015.7125248
https://doi.org/10.1109/icit.2015.7125248
https://doi.org/10.15407/techned2017.06.026
https://doi.org/10.1109/IEPS.2018.8559514
https://doi.org/10.1109/IEPS.2018.8559514
https://doi.org/10.1109/iciea.2014.6931488
https://doi.org/10.1109/iciea.2014.6931488
https://doi.org/10.1109/ICECE.2016.7853970
https://doi.org/10.1109/ICECE.2016.7853970
https://doi.org/10.1016/j.ijrmhm.2019.05.010
https://doi.org/10.1016/j.ijrmhm.2019.05.010
https://doi.org/10.29202/nvngu/2019-4/9
https://doi.org/10.1109/SBSE.2018.8395687
https://doi.org/10.1109/SBSE.2018.8395687
https://doi.org/10.1109/TLA.2014.7014518
https://doi.org/10.1109/TLA.2014.7014518
a.plakhtiy1989@gmail.com
a.plakhtiy1989@gmail.com
NVP9@i.ua

MeTta. Po3poOka MeToauKy po3paxyHKy, 1110 J03BOJISIE Y
nporpaMHoMy TakeTi Matlab BM3HauaTy cTaTW4Hi i1 TUHA-
MiuHi BTpatu B cuioBux IGBT-TpaH3ucTopax Ta 3BOPOTHUX
nionax.

Metoauka. [lojiHoMianbHa anpoKcuUMallil eHepreTuy-
Hux 3anexHocteir IGBT-TpaH3ucTOpiB METOAOM HaliMEH-
YX KBaapatiB. MonemoBaHHs y iporpami Matlab/Simulink.
Po3paxyHOK BTpar MOTYXXHOCTI 3a JOIOMOTIOIO IpOrpaMu
MelcoSim 5.1.

PesyabraTi. 3anpornoHoBaHa METOAMKA PO3PAXYHKY 10-
3BOJISIE Y TIporpaMHOMY maketi Matlab i3 1OCUTh BUCOKOIO
TOYHICTIO BU3HAYATU CTaTUYHI i AMHAMIiYHi BTpaTU B CUJIO-
Bux IGBT-TpaH3ucropax i 3BOpOTHix ionax st Oyab-sIKOro
TUITy HaMiBIMPOBITHUKOBOIO MEpPEeTBOPIOBaYa 3 OyIb-SIKUM
3aKOHOM KepyBaHHS. IMmiTalliliHe Mone/itoBaHHSI MiATBEp-
JKYE TOYHICTH 3aIlpONOHOBAHOI METOAUKU PO3PaXyHKY
BTpAT MOTYKHOCTI B HATIiBITPOBiITHUKOBUX TEPETBOPIOBAYAX.
Kpim Toro, npencrasieHa MeToaMKa 103BOJISIE BABHAYUTH HE
TIIBKW BTPATH TIOTYXKHOCTI, aje U TeMIlepaTypy CUJIOBOTO
TpaH3UCTOpa Il 3arobiraHHs BUxoay ioro 3 jamy. Ilpen-
CTaBJIeHi pe3yJbTaTh alpoOKCUMaIlii XapaKTepUCTUK BUCOKO-
BoJIbTHUX cuoBuX IGBT-TpaH3ucTopiB BUpOOHUIITBA KOM-
naHii Mitsubishi.

HaykoBa HoBu3Ha. Po3po0GieHa MeTonuka imitaiiiitHOro
MOMeNoBaHHS y Tiporpami Matlab/Simulink po3paxyHKy
CTaTMYHMUX W AMHAMIYHMX BTpPAT TOTYXXHOCTI B CHJIOBUX
IGBT-Tpan3ucTopax, a TaKoX BTPAT MOTYKHOCTI ¥ 3BOPOT-
Hux niopax. [lpencraBieHa MeToAMKa 103BOJISIE BUSHAYUTHU
BTpatu noTyxHocTi Ta KK/ y Oynb-sgKoMy HamiBMpoBiIHU-
KOBOMY I€PETBOPIOBaYi 3 OyIb-sSIKUM aITOPUTMOM KEPYBaH-
HSl, 1110 € TOCUTh KOPUCHUM {HCTPYMEHTOM Y HOCTIKEHHSIX.

IIpakTiyna 3naunmicTs. [IpencraBieHa MeTonuka B iMi-
TauitHoMy MoneoBaHHI Matlab mo3Bosisie BU3HAUUTH BTpa-
TU MOTYKHOCTI i1 TeMMepaTypy CUJIOBUX TPAH3UCTOPIB OYy/1b-
SIKMX TUIIIB y CKJIali Oyb-sIKOTO HaMiBIPOBIIHUKOBOTO Me-
peTBOpIoBava.

KmouoBi cioBa: noainomianbha anpoxcumauis, memoo
HaliMeHwux Keaopamis, 60AbM-amMnepHa XapaKkmepucmuxa,
eHepeoepeKmugHicms, cmamuyri il OUHAMIuHI 6mpamu
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Lean. Pazpaborka MeToauMKu pacuyé€ra, KOTopasli O3BO-
JISIeT B TIporpaMMHOM Takete Matlab onpenensath ctaTuye-
CKHe U AMHaMu4Yeckue rorepu B cuioBbix IGBT-TpaH3u-
CTOpax W OOPaTHBIX IMOIAX.

Meronuka. [lonuHoMuanbHAs anpoOKCUMALIMK SHepre-
tnyeckux 3aBucumocteit IGBT-tpaH3ucTtopoB MeToaoM
HaMMEHBIIIMX KBaapaToB. MoaenupoBaHuWe B TporpaMme
Matlab/Simulink. Pacuér nmorepb MOILIHOCTH C IOMOUIbIO
nporpaMMmbl MelcoSim 5.1.

PesynbraTsl. [1penyioxeHHass METOAMKA PacyéTa MO3BO-
JISIET B TIporpaMMHOM nakete Matlab ¢ 10cTaTOYHO BBICOKOM
TOYHOCTBIO OTPEeNSATh CTATUIEeCKUEe W TMHAMUYEeCKUe T0-
Tepu B cwioBbiX IGBT-TpaH3ucTOpax M 0OpaTHBIX AUOJAX
U151 J1I0O0TO TUTIA TTOJIYIIPOBOAHUKOBOTO ITPeo0pa3oBaTeisi ¢
JIIOOBIM 3aKOHOM YIIpaBjieHUsl. MIMUTALIMOHHOE MOJEINPO-
BaHME TMOATBEPXKIAeT TOYHOCTh TPEIIOKEHHOW METOTUKY
pacyeTa MoTepb MOIIHOCTU B TOJYPOBOAHMUKOBBIX TTPE00-
pasoBarensax. Kpome Toro, mpencraBieHHasT METOAMKA T10-
3BOJISIET OMNPEAEIUTbh HE TOJBbKO TMOTEPU MOIIHOCTH, HO U
TEMIIepaTypy CUJIOBOTO TPAH3UCTOpA IS MPEeIOTBPAILCHUS
BbIXO/a ero u3 ctpos. IlpencraBaeHbl pe3yabTaThl anmpoK-
CHMAaIIUK XapaKTEPUCTUK BBICOKOBOJIBTHBIX CHIOBBIX IGBT-
TPaH3UCTOPOB MPOU3BOACTBA KoMITaHuM Mitsubishi.

Hayuynasa HoBu3Ha. PazpaboTaHa MeToanka UMUTALIMOH -
HOTO MOJIeJIMpOBaHus B porpamme Matlab/Simulink pacué-
Ta CTATUYECKUX ¥ IMHAMMYECKUX TTOTePb MOIIHOCTH B CHJIO-
BoIX IGBT-TpaH3ucropax, a Takxke noTepb MOLIHOCTH B 00-
patHbIX auonax. [IpencraBieHHass MeETOOWKA ITO3BOJIIET
onpeaeanuTb notepu moutHocty u KIT B 11000M 1osyrpo-
BOTHUKOBOM TIpeoOpa3oBaTeii ¢ JIFOOBIM aJITOPUTMOM
yIpaBieHUsI, SIBJSIETCS BeCbMa MOJE3HbIM UHCTPYMEHTOM B
HCCIIeIOBaHUSX.

IIpakTHyeckas 3HaYMMocThb. [IpencraBieHHas MeTonIUKa
B UMUTAIIMOHHOM MojelupoBaHuu Matlab 1mo3BossieT ompe-
JIEJIUTh MOTEPU MOIIIHOCTU M TEMITePaTypy CUJIOBBIX TPAH3U-
CTOPOB JIFOOBIX TUIIOB B COCTaBE JIFOOOTO TTOJYIIPOBOIHUKO-
BOT'O ITpeoOpa3oBaTes.

KioueBble c10Ba: noauHOMUANbHAS ANNPOKCUMAUUS, Me-
Mmoo HaUMeHbWUX Keaopamos, 801bMm-amMnepHas XapaKmepu-
cmuKa, sHepeosghekmuenocmes, cmamuueckue u OUHamu4e-
cKue nomepu
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