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Purpose. Study of thermal processes of an inverter based on an IGBT module for used in a frequency converter to
control the operation of an asynchronous motor.

Methodology. Analytical and computational methods to analyse thermal processes of an inverter based on an
IGBT module.

Findings. The study of thermal processes of the SKM200GBI12T4 inverter based on the IGBT module was
performed using the SemiSel program. A mathematical model of the cooling process of the SKM200GB12T4 inverter
was developed. The dependence of the dynamic thermal impedance Zth(s-a) on time, which is described by an
exponential function, was obtained. The value of the time constant for this dependence, which characterizes the rate of
change in the cooler temperature, i.e. the quality of its operation, has been calculated. The thermal time constant t =
1.44 s indicates the time required to reach a temperature difference of approximately 63% of its stationary value. This
low value reflects the effective cooling due to the high air flow velocity (7 m/s) and air flow rate (426.43 m*h), which is
critically important for maintaining the IGBT junction temperature below 175 °C during overload.

The values of the inverter temperature maxima during overload were obtained. For an overload of 10.94 seconds,
the maximum temperature for IGBT transistors is 120.85 °C, and for diodes — 123.4 °C. The case temperature Tc =
71.21 °C and the radiator temperature Ts = 63.56 °C remain the same for transistors and diodes and do not exceed the
maximum operating temperature of the module due to the stability of the cooling system. However, overheating can
increase with prolonged loading, resulting in the degradation of semiconductor devices.

The temperature and power variation processes at nominal load and in overload mode for one period have been
studied using the SemiSel program. The temperature change graphs reflect the stability of the temperature at various
points, such as the transitions of IGBT transistors and reverse diodes, due to effective thermal control. The power
graph indicates cyclical changes in losses, with peaks in the phases where current and voltage are maximum. These
data confirm the suitability of the module for use in control circuits.

Originality. Based on the graphical analysis of the kinetic dependencies of temperature and inverter power, a
mathematical model of the cooling process of the SKM200GBI12T4 inverter was developed, that describes the
dependence of the dynamic thermal impedance Zth(s-a) on time. The thermal time constant for this dependence, which
characterises the rate of change of the cooler temperature, was calculated.

Practical value. The results of the study of the thermal characteristics of the SKM200GB12T4 inverter can be used
to optimize the operating modes of the frequency converter for controlling the operation of an asynchronous motor.
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(adjustable output frequency 0-50 Hz), its number of
revolutions can vary from zero to the maximum value.

The control system with a frequency-controlled When changing the engine speed, it is possible to

drive is the simplest and most economical from a  control the power consumption and energy losses.
technical point of view. An integral part of a regulated

electric drive is a controlled power converter, which
provides smooth speed control of electric motors by
converting fixed values of voltage and frequency of the
network into variable values [1].

I. INTRODUTION

In addition, the use of frequency converters allows
you to reduce reactive power consumption and starting
currents, which has a positive effect on the service life of
technological equipment and energy infrastructure.

Modern electronic switches based on IGBT
transistors, due to their positive properties, are used to
create power keys of inverters in the production of
frequency converters for electric drives [2] —[3].

The number of revolutions of the motor is
proportional to the frequency of its supply. If the electric
motor is powered from a 50 Hz network, then its number
of revolutions will be maximum and constant. When the )
electric motor is powered from a frequency converter Today, frequency converters using a power
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transistor module based on IGBT transistors, which
consists of a set of insulated gate bipolar transistors and
reverse current diodes, are widely used.

The study of thermal processes of an inverter based
on an IGBT module for use in a frequency converter is
important to ensure its reliable operation in high power
systems, such as traction inverters. This process involves
the evaluation and analysis of thermal parameters
(thermal resistance, temperature and power) to prevent
overheating and increase efficiency.

II. ANALYSIS OF LAST RESEARCHES

The data sheet for the SKM200GB12T4 power
transistor module [4], available on the Semikron Danfoss
website (Semikron Danfoss), presents the basic thermal
parameters required for calculations. These include:
junction-to-case thermal resistance (Ry..)); case-to-heat
sink thermal resistance (Ry.;). These parameters are
critical for estimating the temperature rise from the
transistor junction to the environment [5].

In the article [6], an analysis of the most commonly
used IGBT modules for voltages from 600 V to 6500 V is
made and a methodology for determining the quality
criteria of modules for a given voltage, current and
frequency is developed.

The article [7] describes the use of the RC
(resistance-capacitance) approach to predict the junction
temperature of modules mounted on a liquid cooled
heatsink. Finite element modelling (FEM) is used for
detailed thermal analysis, taking into account the thermal
interaction between modules and the influence of heatsink
materials. A comparison of single and dual phase cooling
systems is presented. Different thermal interface materials
(TIMs) are evaluated, indicating the reduction in junction
temperature. These methods can be adapted to the
SKM200GB12T4 module, especially in the context of
traction applications, where thermal modelling accuracy
is important.

Article [8] describes a thermal resistance model and
an equivalent thermal circuit for IGBT modules, including
the calculation of transistor and diode losses using the
pulse width modulation (SVPWM) method.

Article [9] emphasises the importance of calculating
the junction temperature for multi-chip devices and
suggests that the calculations should be separated for each
chip, taking into account differences in thermal resistance.

In [10], the power loss of the IGBT module under
nominal operating conditions was theoretically estimated.
The temperature field of the heat sink under typical
operating conditions was simulated by ICEPAK, and the
heatsink was parameterised. The simulation results show
that under the condition of forced cooling and heat
dissipation, the optimised heat sink meets the heat
dissipation requirements of the motor controller.

In [12], thermal management studies for IGBT
modules are reviewed. The thermal resistances of IGBT
modules are studied. It is stated that the junction-to-case
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thermal resistance usually decreases inversely with the
total thermal power. In addition, IGBT cooling solutions
are also considered, and the performance of different
solutions is compared. A fast and efficient method for
IGBT thermal management is proposed depending on the
junction-to-case thermal resistance requirements and the
equivalent heat transfer coefficient of the test samples.

In [13], experimental methods for determining the
thermal characteristics of IGBT power modules are
reported. Three different systems were used: the first
performs a “temporary” characteristic to monitor the most
significant device parameters during normal operation or
stress tests; the second performs a complete and dynamic
thermal characterization; finally, an infrared optical
analysis was performed to verify the results.

In [14], different thermal models of the IGBT power
module are presented and compared. A three-dimensional
finite element method (FEM) model is simulated in
COMSOL. And then a thermal model with lumped
parameters is derived taking into account various aspects
(heat propagation and thermal coupling).

In the book [15] the author describes experimental
and numerical methods, tools used in a typical thermal
design process. Information is provided on some
advanced methods of cooling electronic devices.

An analysis of research and publications devoted to
the thermal characteristics of power transistor modules
based on IGBT transistors allows us to consider the
development and improvement of control circuits using
IGBT transistors as relevant.

ITII. FORMULATION OF THE WORK PURPOSE

The purpose of this work is to study the thermal
processes of the SKM200GB12T4 inverter based on the
IGBT module for use in a frequency converter in an
electric circuit to control an asynchronous motor.

IV. EXPOUNDING THE MAIN MATERIAL AND
RESULTS ANALYSIS

We investigated the thermal characteristics of the
SKM200GB12T4 inverter based on IGBT transistors and
reverse diodes (Fig. 1).

The simulation and calculations of the inverter were
carried out using the SemiSel program, which is available
on the manufacturer's website [1]. The SemiSel program
is used to simulate and analyse the operation of electronic
devices, such as the SKM200GB12T4 inverter module
manufactured by Semikron. Typical values for calculating
the inverter in the SemiSel program are given in Table 1.
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Figure 1. SKM200GB12T4 inverter diagram

Table 1. Typical values for calculating an inverter in the
SemiSel program

Input voltage (Vi) 650V
Output current (o) 86,4 Aims
Power factor (cos @) 0,866

Switching frequency (fi) 5 kHz
Additional losses per heat sink oW
(Ptus)
Overload current (/,,.,) 130 As
Minimum output frequency 2 Hy
(Foustmim)
Duration (¢,,.,) 10s
Output voltage (V,.,) 380 Vims
Output power (P,,,) 40,1 kW
Output frequency (£..,) 50 Hz
Modulation (M) M
Sinus triangle PWM PWM
Overload factor 1,5
Minimum output voltage 517V,
(Y outtminy)

Fig. 2 shows graphs of the dependence of voltage,
current, and frequency on time during overloads of the
SKM200GB12T4 module.

Analysis of the voltage, current and frequency curves
during overloads (Fig. 2) indicates that at the moment of
switching on and off, the change in these quantities
follows a linear law. After an initial increase in current
and a decrease in voltage and frequency, they reach the
set value and the module operates in the operating mode.
The physical process by which these quantities change
during power-up is related to the dynamics of the charge
and discharge of the gate node, as well as to the
distribution of the electric field in the IGBT structure,
which affects the switching speed and heat dissipation. It
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has been demonstrated that when the module is
deactivated, there is an increase in both voltage and
frequency, whilst concurrently there is a decrease in
current. The rate of current decrease is related to the slow
recombination of minority carriers in the drift region. This
effect increases turn-off time and switching losses.

Typical values for calculating the thermal
characteristics of the SKM200GB12T4 inverter in the
SemiSel program are given in Table 2.

Table 2. Typical values for calculating the thermal
characteristics of the inverter in the SemiSel program

T D
L 200 A 200 A
Vet 600 V 600 V
T opt 150 °C 150 °C

T s 175 °C 175 °C

Vi@asoc_irer 1,8V 22V

Vi@iopt. iref 22V 2,12V
Reon 4,75 Ohm
Reop 4,75 Ohm 4,75 Ohm
E,, 21 m]

Eo 20 mJ 13 mJ
Rung-o) 0,14 K/W 0,26 K/W
Rinees) 0,045 K/W 0,057 K/W

The use of the SemiSel program allowed us to
determine the main thermal characteristics of the cooling
system of the SKM200GB12T4 inverter. The radiator
parameters are given in Table 3.

The mathematical model of cooling processes for the
SKM200GB12T4 inverter is based on Newton’s law of
cooling and the radiator parameters from Table 3.
Convective heat transfer is carried out by transferring heat
from a heated body to a cooling gas. The heat transfer
process is described by Newton's law of cooling [16]:

dQ = aATSdt, (D

where dQ - the amount of heat transferred from a
heated body to a cooling medium; o is the heat transfer
coefficient; S is the area of the cooling surface; AT is the
temperature excess of the heated body over the ambient
temperature.

The heat transfer rate P is given by:

pod0_ aATS, 2

dt
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Figure 2. Graphs of voltage, current, frequency versus time during overloads of the SKM200GB12T4 module

Table 3. Basic thermal characteristics for the inverter
cooling system

Cooling method Air cooling
Mounting surface width

345.34 mm

Mounting surface length 244.14 mm
Fin length 70 mm
Coolant speed 7 m/c

Coolant flow rate 426.43 m’/h
Distance between products 5 mm
Coolant temperature 40 °C

Rys-a), Steady state 0.0352 K/'W

The change in the temperature excess during heating
of the body is described by an exponential law:

AT:i(l—e’?)zAz(l—e’?), 3)
as ‘

where ATy is the set temperature excess; T is the thermal
time constant.

The thermal time constant of a body is defined as
follows:

(4)
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where c is the specific heat capacity of the body, m is the
mass of the body, a is the heat transfer coefficient, S is
the cooling surface area.

The value of the thermal time constant characterizes
the rate of change in body temperature; it depends on the
ratio between the heat capacity of the body ¢*m and the
heat transfer conditions o*S. Increases in cooling
intensity, owing to elevated heat dissipation (increasing
a), result in a reduction of the thermal time constant.

The thermal resistance is defined as

AT
th(s—a) — ?

©)

The thermal resistance is related to the heat transfer
coefficient:

1
th(s—a) — aS .

(6)

Transforming formula (3) taking into account (5) and (6),
we obtain:

R, = La —e)=R, (1-¢e "), @)
aS

where Ry, is the thermal resistance of convection; R, is
the value of the thermal resistance of convection that has
been established.

Fig. 3 indicates the dependence of the dynamic
thermal impedance Z,, on time, obtained using the
SemiSel program.
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Figure 3. Dependence of dynamic thermal impedance Z, ., on time

The parameter Z, ., is interpreted as the dynamic
thermal impedance at transient regimes, which is used in
the analysis of the thermal characteristics of electronic
components or cooling systems. The units K/W indicate
the ratio of temperature change to power, which is
characteristic of thermal resistance.

The dependence graph of dynamic thermal
impedance Z.,) on time utilises a logarithmic scale on
the time axis, which allows you to cover a wide range of
values (from 0.01 to 10,000 seconds), which is not always
obvious when analysing such data. The value of Zy.,
increases to a value of 0.032 at 400 seconds, and after this
time the growth slows down, gradually approaching a
plateau of approximately 0.035 K/W.

The graph illustrates an exponential growth pattern,
with an initial value and a gradual approach to the
limiting value, which corresponds to formula (7). The
initial value of 0.005 K/W can reflect the instantaneous
thermal resistance, while the limit value of 0.035 K/W
can be considered as the stationary thermal resistance that
results after a significant duration.

Mathematical analysis allowed us to obtain a
regression formula that describes the graph of the
dependence of the parameter Zy.,) on time, as illustrated
in Fig. 3. The dynamic thermal impedance Z.,(f) is
determined by formula (8) with initial value Z;.,(0) =
0.005 K/W and steady-state value Z.,(0) = 0.035 K/W:

_t
Z,(£)=0.005+0.03(1—¢ '*). (8)
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The value of the thermal time constant is T = 1.44 s.
At t = 1 the exponent in equation (3) becomes

t

e =e' ~0.3679. So, we obtain
AT = AT (1) = AT (1-0.3679) = AT -0.6321. This

means, that when the time equals the thermal time
constant ¢ 7, the temperature difference reaches
approximately 63% of its final steady-state value AT,

Thus, the thermal time constant indicates the time
required to achieve a temperature difference of ~ 63% of
its stationary value. This low value reflects effective
cooling due to the high air flow velocity (7 m/s) and air
flow rate (426.43 m*/h), which is critically important for
maintaining the IGBT junction temperature below 175 °C
during overload.

The radiator uses air cooling with a steady-state
thermal resistance Ry .,y = 0.0352 K/W. Radiator area S =
345.34 mm -244.14 mm = 0.08436 m>.

Thus, the heat transfer coefficient is:

_ 1 3367 ok

th(s—a)

©

The results of the calculation of the cooling system
in the SemiSel program are shown in figures: 4, 5, 6, 7, 8.

As illustrated in Figure 4, the results of the calculation of
temperature and power for the inverter at nominal load
are presented.
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Figure 4.Results of calculating the temperature and power of the inverter at rated load

Research has demonstrated that the total losses are
585 W, which requires effective heat dissipation for
reliable operation of the module. The losses in IGBT
transistors are higher than in diodes, which is typical for
such systems.

The simulation displays the maximum operating
Jjunction temperature for the transistor (7} ,qy) as 80.21 °C,
and the minimum (7; ,;,) as 72.57 °C. The case
temperature (7,) is 64.7 °C, and the heat sink temperature
(7)) is 60.6 °C. These values indicate how effectively heat
is removed from the module, preventing overheating. The
higher junction temperature is explained by the fact that
this is where the main conversion of energy to heat
occurs.

The maximum operating junction temperature (7}
max) Of the diode is 72.14 °C, while its the minimum (7}
min) 18 68.48 °C, the case temperature (7,) is 64.7 °C, and
the heat sink temperature (75) is 60.6 °C.

These temperature values indicate that the cooling
system is effectively removing heat, thereby maintaining

Single output period results for T
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the junction temperature of the transistor and diode below
the maximum allowable level (typically 150 °C for such
modules).

The total system losses are 585 W, and the
efficiency is 98.83%. The losses in IGBT transistors per
device (87.98 W: losses in conduction mode 43.85 W,
when turned on 17.48 W, when turned off 16.65 W) and
diodes per device (19.54 W: losses when turned on - 0.00
W, and when turned off - 8.83 W). It is imperative that
these losses are distributed by the cooling system in order
to ensure that the temperature remains within safe limits.

The simulation results demonstrate that the cooling
system of the SKM200GB12T4 module is is capable of
maintaining safe temperatures at its rated load, with a
dissipation of 585 W of heat.

Fig. 5 illustrates the results of calculating the
temperature and power of single output period for the
IGBT transistors of the inverter at its rated load.

Power loszes (W)

F on

P cond
180

160
140
120
100
a0
&0
40
20

Figure 5. Results of calculating temperature and power of one output period for transistors (7) at nominal load
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The graphs presented herein consist of two primary
components: the first component illustrates the
temperature of the various components, whilst the second
component illustrates the power losses over a period
corresponding to a full AC cycle.

The first graph illustrates the temperatures of key
parts of the system. The junction temperature (7))
fluctuates slightly, remaining below 75 °C, and does not
reach the critical threshold of 150 °C, indicating safe
operation.

It is evident that the case temperatures (7,) remain stable
at approximately 66 °C, and the heat sink temperatures
(Ts) remain stable at around 60 °C.

The maintenance of stable temperatures is indicative
of effective control of diode heat dissipation, with the
cooling system playing a pivotal role in preventing
overheating, a critical factor in ensuring the device's
durability.

The second graph illustrates three categories of
losses. The conduction losses (P.,,s) exhibit a sinusoidal
pattern, reaching a maximum of approximately 53 W at
110 degrees, which is concomitant with the peak current.

The on-state losses (P,;) reach a maximum of
approximately 25 W at 60 degrees, indicating a
substantial energy expenditure during the switching
process. The off-state losses (P,,) are practically zero.

The graphs indicate that the cooling system for the
diodes of the SKM200GB12T4 module at nominal load
works effectively, keeping all temperatures within safe
limits. However, the high off-state losses (P,;) are an
important aspect that may require optimization for long-
term reliability, particularly in scenarios involving heavy
duty operations.

Temperature maxima

Temperaoture (°C)

100

g

TO)@t=109Ls
== TjMax: 12085
TiMin: 120085
7121

Figure 6. Inverter temperature peaks during overload
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Fig. 6 illustrates the results of the calculation of the
maximum temperature for the inverter under overload.

The analysis of the results indicates that the
maximum and minimum temperatures of the transistor (7
= 120.85 °C) are the same. The maximum and minimum
temperatures of the diode (7 = 123.4 °C) of the
SKM200GB12T4 module are also the same.

For an overload of 10.94 seconds, the maximum
temperature for the transistors is 120.85 °C, and for the
diodes is 123.4 °C.

Other temperatures, case temperature 7, =71.21 °C
and the heat sink temperature 7, =63.56 °C remain the
same for transistors and diodes and do not exceed the
maximum operating temperature of the module due to the
stability of the cooling system. However, with longer load
times, overheating may increase, which will cause
degradation of semiconductor devices. This is a
confirmation of the effectiveness of the cooling system to
ensure the reliability of the module.

Fig. 7 illustrates the results of calculating the
temperature and power of single output period for the
IGBT transistors of the inverter during overload.

D@t e 105 5
— TjMax 12340
TiMir: 123.40
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Figure 7.Results of calculating the temperature and power of one output period for IGBT transistors of the inverter (T)

during overload

These graphs illustrate the response of the
SKM200GB12T4 module reacts to overload when
operating with an asynchronous motor.

The junction temperature reaches approximately 120
°C during periods of peak operation, remaining within
safe limits (maximum 150 °C). The temperature graph
demonstrates that the junction temperature (7}, and
T}in) reaches peaks of approximately 105 °C at the 2nd
and 120 °C at the 11th second of the test. This is due to
the increased current that the motor consumes during
overload, which increases power losses and heating of the
IGBT module.

The case temperature (7,) and the heat sink
temperature (7) also increase, but remain below the limit
(peaks around 65 °C).

The critical range (above 150 °) indicates the zone
where the module experiences stress but remains
operational, while the fatal threshold (175 °C) is the limit
beyond which failure is possible.

The power loss increases sharply during overload,
reaching 400 W. The power loss (P, peaks at 400 W at
2 and 11 seconds, corresponding to the temperature peaks.

The bulk of the loss is the loss (P4, about 180 W) that
occurs when the IGBT conducts under high load.

Switching losses (P,, around 25 W and P, around
25 W) are lower, indicating that conduction losses are the
primary influence in this test.

The peak values of temperature and power loss
reflect the moments when the motor requires a greater
current flow, thereby leading to an increase in the
module's temperature.

Thus, the temperature of the IGBT transistors
remains below 150 ° C, thereby confirming that the
module is operating within safe limits. The low heatsink
temperature (= 63 °C) indicates that the cooling system is
effectively removing heat, thereby preventing the
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accumulation of excess heat and the

occurrence of overheating.

The graphs in Fig. 7 demonstrate that the
SKM200GB12T4 module effectively copes with loads,
remaining within safe temperature limits thanks to
thermal management.

subsequent

Fig. 8 illustrates the results of calculating the
temperature and power of single output period for the
inverter diodes under overload.

Studies demonstrate that the overload graphs for the
SKM200GB12T4 module diodes illustrate its capacity to
withstand short-term overloads while remaining within
safe temperature limits.

The junction temperature reaches 123 °C, which is
far from the critical range, and does not exceed it.

Power losses of 225 W are primarily attributable to
conduction losses, with a lesser contribution from
switching losses.

Temperature graphs demonstrate how the maximum
junction temperature (7} ,,.) peaks at approximately 110
°C at 2 seconds and around 120 °C at 12 seconds,
indicating significant thermal stress during overload. The
case and heatsink temperatures remain stable
(approximately 70 °C and 65 °C, respectively). The
module does not fall into the critical range (150 °C — 175
°C), and does not exceed the fatal threshold (175 °C).

The power loss graphs demonstrate that the total
losses reach 225 W at overload peaks, with the main
contribution of conduction losses (50 W), while switching
losses (20 W at turn-on and 0 W at turn-off) play a
smaller role. It can be deduced from the evidence
presented that the primary function is contingent upon the
magnitude of the current that is flowing through the
module.
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Figure 8. Results of calculating the temperature and power of one output period for the inverter diodes (D) during

overload

Consequently, the simulation utilising the SemiSel
program furnishes comprehensive data on the thermal and
power characteristics of the SKM200GB12T4 module at
both nominal load and overload conditions.

V.CONCLUSION

1. Based on the study of the kinetic dependences of
temperature and power of the inverter, a mathematical
model of the cooling process of the SKM200GB12T4
inverter was developed.

2. The utilisation of the SemiSel program for the
SKM200GB12T14 inverter facilitated the acquisition of
the dynamic thermal impedance Zj, as a function of
time, which was found to be described by an exponential
function.

3. The value of the thermal time constant for the
dependence of the dynamic thermal impedance Zy.,, on
time was calculated. The value of the thermal constant T =
1.44 s characterises a sufficient speed of the cooling
system, which ensures safe of the
SKM200GB12T4 inverter.

4. The thermal processes of the SKM200GB12T4
inverter based on the IGBT module were studied using
the SemiSel program. Based on the data obtained, an
analysis of the processes of temperature and power
changes at nominal load and in overload operation mode
for one period was carried out. The temperature change
graphs demonstrate the stability of the temperature at
various points, such as the junctions of IGBT transistors
and reverse diodes, due to effective thermal control. The
power graph displays cyclic changes in losses, with peaks
in the phases where the current and voltage are at their
maximum. The findings of this study corroborate the
hypothesis that the module is suitable for utilisation in
control circuits.

operation

5. The values of the inverter temperature peaks
during overload are obtained. For an overload of 10.55
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seconds, the maximum temperature for IGBT transistors
is 112.72 °C, and for diodes - 124.18 °C. The case
temperature 7, and the heat sink temperature 7, remain
the same for transistors and diodes and do not exceed the
maximum operating temperature of the module due to the
stability of the cooling system.
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Mema pobomu. [ocnioscenna mennosux npoyecie ineepmopa Ha 6aszi IGBT modyas ons 3acmocysanHs 6
nepemeopiosayi 4acmomu O Kepy8arHs poOOmMOoI0 ACUHXPOHHUM O8USYHOM.

Memoou Oocniddncenns. AHanimuxko-po3paxynkosi memoou Oas aHAlizy Meniosux npoyecie ingepmopa Ha 0asi
IGBT mooyns.

Ompumani pesynomamu. Jocniodxcenns mennosux npoyecig ingepmopa SKM200GBI12T4 na 6a3i IGBT mooyns
Oyn0 6UKOHAHO 3a 00NOMO2010 npozpamu SemiSel. Pospobieno mamemamuuny mo0enb npoyecy OXON0OHCEeHHs
ineepmopa SKM200GBI12T4. Ompumaro 3anedxicHicmb OUHAMIYHO20 MENI06020 IMNEOAHCY Zys.q) 6i0 Hacy, saxka
ONUCYEMbCL eKCHOHeHYianbHo  (yHKYielo. Pospaxoeano  3Hauenns cmanoi wacy 01 yiei 3anedxicHocmi, sAKd
xXapakmepu3zye weUuoKicms 3MiHU MeMRePamypu 0Xoa00x4cys8aid, moomo akicme iioco pobomu. Tennosa cmana uacy t
= 1,44 ¢ noxa3zye uac, HeobXIOHU 051 00CseHeH s pisHuyi memnepamyp =~ 63% 6i0 il cmayionaproeo 3uavenns. Taxe
HU3bKe 3HAYEHHs Mena060i cmanoi gidodpasicae egexmusHe 0X0I00HCEHHS 3a605KU GUCOKIU WBUOKOCHI NOGIMPSIHOZ0
nomoxky (7 m/c) ma eumpami nosimps (426,43 m%200), wo € Kpumuyno 6axiciugum OJisi RIOMPUMKU MEMNEPamypu
nepexody IGBT nuoicue 175 °C nio uac nepesanmasjiceHusi.

Ompumano 3Ha4eHHA memMnepamypHux MakCUMymie ingepmopa npu nepesanmaicenti. J[na nepesanmasicents 3a
10,94 cexyno maxcumansrna memnepamypa 0ns IGBT mpansucmopie cmanosume 120.85 °C, a onsa diodie — 123.4 °C.
Temnepamypa xopnycy T, = 71.21 °C ma memnepamypa padiamopa T, = 63.56 °C saruwaromvcs 00HaAKo8umMU Ol
mpaH3ucmopie ma 0iodie i He nepesuwyIoOmb SPAHUYHY Memnepamypy pobomu MoOyis 3a80AKU CMAOIIbHOCI
cucmemu 0Xon00xcents. Ane npu OinbwloMy yaci HaBAHMAdCeHHs nepeepie Modce 3pocmamu, wjo 6yode CRPUNUHAMU
dezpadayito HanignPoOGIOHUKOBUX NPUNAOIS.

Ilpogedeno Oocnioxcenus npoyecie 3MiHu memnepamypu i HOMYHCHOCMI NPU HOMIHAILHOMY HABAHMANCEHHI | 8
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pedicumi pobomu npu NepesanmadiceHui 0. 00H020 nepiody 3a 0onomozoro npoepamu SemiSel. ['paghiku 3minu
memnepamypu 6i0obpaicae cmadbinbHicmy memMnepamypu 6 pisHux mouxax, maxux sk nepexoou IGBT mpanzucmopis i
360pOMHUX 00018, 3A60AKU eQeKMUBHOMY Meni08omy KoHmpouo. Ipagix nomyscHocmi NOKA3Ve YUKMIUHI 3MIHU
empam, 3 nikamu y ¢hazax, oe cmpym i Hanpyea makcumanvhi. Lli oani niomeepoxcyroms npudamuicme Mooy Ons
BUKOPUCMAHHS 8 CXEMAX YNPAGTIHHA.

Hayxosa nosusna. Ha ochosi epaiunozo ananizy KiHEMUYHUX 3ANedCHOCMel meMnepamypu i nOmysiCcHoCmi
iHeepmopa  po3pobOieHO MamemamuyHy mMooenb npoyecy o0xonooxcenus insepmopa SKM200GBI2T4, axa onucye
3anedcHicmb  OUHAMIYHO20 Menno6o20 imnedaucy Zth., 6i0 uacy. Pospaxosana mennoéa cmana Hacy 0as yiei
3aneAHCHOCHI, AKA XAPAKMeEPU3YE WEUOKICIMb 3MIHU MeMNePAmypu 0X0100H#CY8aUd.

Ilpakmuuna yinnicme. Pesynomamu Oocniodcenns mennogux xapaxmepucmux ingepmopa SKM200GBI12T4
Mooicymy  Oymu  3acmoco6ani 01 ONMUMI3ayii pedxcumie pobomu 4acmomHo2o nepemeoplosaia Oas KepyeaHHs.
POOOMOIO ACUHXPOHHO20 OBUSYHA.

Kniouosi cnosa: mennosi npoyecu; ineepmop; IGBT modyns; nepemeopiosau yacmomu.
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