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 This study's main goal is to make a new simulation model of the power losses 

calculation block for frequency converter power switches that can correctly 

figure out the transistors and diodes' static and dynamic power losses in a  

1.5 kW SIEMENS SINAMICS G110 semiconductor converter (SSG110SC). 

We use simulation modeling tools in the MATLAB/Simulink environment to 

look at the semiconductor circuits of a rectifier and an autonomous pulse-

width modulation voltage inverter. The study presents analytical expressions 

describing static and dynamic power losses in power semiconductor diodes 

and transistors. We used polynomials to get close to the power characteristics 

of insulated-gate bipolar transistor or IGBTs and then used mathematical 

expressions to show how they depend on Erec (Ic), Vse (Ic), Vf (If), Eon (Ic), 

and Eoff (Ic). By utilizing the acquired expressions, a MATLAB/Simulink 

block was constructed to calculate static and dynamic power losses. as well as 

power loss dependences on switching frequency and load current, were 

computed utilizing the developable block system. By comparing the simulation 

outcomes of the present study to the data provided by the manufacturer, the 

results were validated. Specific diode and transistor characteristics can be 

accounted for by the method developed in the present study. 
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1. INTRODUCTION 

AC mains voltage with fixed magnitude and frequency can be converted into alternating voltage with 

controlled magnitude and frequency parameters using a DC-link-based frequency converter. Such a frequency 

converter is composed of an input uncontrolled rectifier with a smoothing filter (SF) at its output and an 

autonomous voltage inverter (AVI) that applies the pulse width modulation (PWM) technique [1]–[7], built 

using IGBT modules [8]–[14]. One prevalent application of this category is the SSG110FC converter. The 

power circuit of SSG110FC is shown in Figure 1. 

Figure 1 is powered by alternating current mains with 220 V and 50 Hz as voltage (Uc) and frequency 

(Fc), respectively. A bridge rectifier (BR) with diodes VD7–VD10 and no control is made up of them. A 

smoothing filter (SF) with capacitor C is also present. There is also a 3-phase bridge AVI with six IGBTs 

(VT1–VT6) and diodes (VD1–VD6) connected across the IGBTs in an antiparallel way. AC diagonally 

connected to the inverter load (Rn, Ln) of the AVI. The rectifier is made up of diodes, and the AVI modules 

consist of IGBTs with free-wheeling diodes. A considerable amount of loss occurring in the converter (FC) 

takes place in the rectifier. It should be noted that the current study does not address the losses that occur in the 

filter capacitor, cooling, and control systems. In high-power FCs, losses arising in the uncontrolled rectifier 

and autonomous voltage inverter may be critical [15], [16]. The current investigation deals with studying power 

https://creativecommons.org/licenses/by-sa/4.0/


      ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 15, No. 3, September 2024: 1331-1338 

1332 

losses in the inverter and rectifier circuits. Currently, these losses can be accurately calculated using various 

methods. However, such methods involve rather complex formulas and parameters and are therefore difficult 

to implement in practical applications. 

Here, authors describe the determination of losses in the rectifier and AVI circuits by modelling. 

 The reliability of the proposed power loss modelling method is assessed by comparing the simulation  

results obtained for the frequency converter in the MATLAB environment with the losses specified in the 

technical documentation of the 1.5 kW SSG110FC. The technical specifications of the 1.5 kW SSG110FC are 

shown in Table 1. The 1.5 kW SSG110FC is built using GBPC2508W module as the uncontrolled rectifier 

(specifications of the module in Table 2) and FS15R06XE3 IGBT module with free-wheeling diodes as the 

autonomous voltage inverter specifications of the module in Table 3. 

 

 

Table 1. Main specifications of SSG110FC 
Parameter  Value 

Line voltage, V 230 
Line frequency, Hz 50 

Output power, kW 1.5 

Power loss*, W 118 
Efficiency (at PWM Frequency of kHz) 0.927 

PWM Frequency kHz Standard factory setting -8 adjustment 

range 2-16 (in 2 kHz increment) 

 

 

Table 2. Main technical specifications of FS15R06XE3 IGBT module with free-wheeling diodes 
Parmeter Symbol Value 

Maximum repetitive peak voltage, V URPM 800 

Continuous direct current, A Io 25 
Maximum one-cycle non repetitive peak forward current, A IFSM 400 

Maximum forward voltage drops, V UFM 1.1 

 

 

Table 3. Main technical specifications of FS15R06XE3 IGBT module with free-wheeling diodes 
Parameter Condition Symbol Value 

Maximum collector emitter voltage, V At temperature of IGBT 

module Tvi 

UCES 600 

Collector current, A At ambient temperature Tc 

80 °𝐶 and  

temperature of IGBT 

module Tvi 175 °𝐶 

Icnom 15 

Repetitive peak collector current, A At puls duration tp =1ms ICRM 30 

Saturation voltage of collector-emitter, V IC=15 A, UGE=15 V 

Tvi=25 °𝐶 

IC=15 A, UGE=15 V 

Tvi=125 °𝐶 

IC=15 A, UGE=15 V 

Tvi=150 °𝐶 

UCEsat  

1.55 
 

1.7 
 

1.8 

Turn-on energy loss, mJ IC=15 A, UCE=300 V 

Tvi=25 °𝐶 

Tvi=125 °𝐶 

Tvi=150 °𝐶 

Eon  

0.25 

0.32 

0.36 

 Turn-off energy loss, mJ IC=15 A, UCE=300 V 

Tvi=25 °𝐶 

Tvi=125 °𝐶 

Tvi=150 °𝐶 

Eoff  

0.34 

0.44 
0.46 

Repetitive peak reverse wheeling diode, A Tvi=25 °𝐶 URPM 600 

DC forward current of free-wheeling diode, A  IF 15 
Forword voltage, V IF=15 A, UGE=0 V 

Tvi=25 °𝐶 

IF =15 A, UGE=0 V 

Tvi=125 °𝐶 

IF =15 A, UGE=0 V 

Tvi=150 °𝐶 

UF  

1.6 

 
1.55 

 

1.5 

Reveres recovery energy of the diode, mJ IF=15 A, UR=300 V 

Tvi=25 °𝐶 

Tvi=125 °𝐶 

Tvi=150 °𝐶 

Erec  

1.6 
0.28 

0.37 
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Figure 1. Power circuit of a SSG110FC 

 

 

2. CALCULATION OF POWER LOSSES 

2.1. Calculation of static power losses 

Power losses at switching for an IGBT for given current and voltage waveforms can be split into three 

phases, as seen in Figure 2 [17], [18]. The total power losses include static and switching losses in IGBT and 

in the associated free-wheeling diode. Static losses occur in IGBTs and diodes when they are in the turned-on 

condition. This conduction loss (Pcond) is multiplication result of the collector ‘s current (Ic) and the collector-

emitter’s voltage (Uce), which can be calculated by (1). 

 

𝑃𝑐𝑜𝑛𝑑.𝑖𝑛𝑣 = ∫ (𝑈𝑐𝑒(𝐼𝑐) ∙ 𝐼𝑐) ∙ 𝑑𝑡
𝑡3
𝑡2

 (1) 

 

Static losses in the uncontrolled diode rectifier and in the free-wheeling diode of the IGBT module 

can be calculated using (2). Losses also occur in the diodes during turn ON to OFF [19], These losses are 

known as switching losses. The switching losses in the uncontrolled diode rectifier at low network frequencies 

are minor and can be neglected. The conduction losses in a single-phase uncontrolled diode bridge rectifier are 

four times higher than losses in a single diode. 

 

 

 
 

Figure 2. IGBT switching process 

 

 

2.2. Calculations of dynamic power losses 

Dynamic losses in IGBTs occur at transitions between steady state modes as seen in Figure 2, at 

transitions from off to on states (dynamic turn-on energy loss), and then from on to off (dynamic turn-off 

energy loss) [20]–[22] It depends on the voltage, gate resistance, junction temperature [23]–[26] and the 
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amount of current flowing through the device to determine how much switching energy it loses. It depends on 

the voltage, gate resistance, junction temperature, and the amount of current flowing through the device to 

determine how much switching energy it loses. The value of average switching power losses is determined by 

(2) or (3): 

 

𝑃𝑠𝑤.𝑖𝑛𝑣 = [𝐸𝑜𝑛(𝐼𝑐) + 𝐸𝑜𝑓𝑓(𝐼𝑐)] ∙ 𝑓 (2) 

 

𝑃𝑠𝑤.𝑖𝑛𝑣 = ∫ [(𝐼𝑐 ∗ 𝑈𝑐𝑒)]
𝑡2
𝑡1

∙ 𝑑𝑡 + ∫ [(𝐼𝑐 ∗ 𝑈𝑐𝑒)]
𝑡4
𝑡3

𝑑𝑡 (3) 

 

where Eon (Ic) is the turn-on energy; Eoff (Ic) is the turn-off energy; f is the switching frequency. The total FC 

losses can be determined using (4): 

 

𝑃𝑓𝑐 = 𝑃𝑐𝑜𝑛.𝑟𝑒𝑐. + 𝑃𝑐𝑜𝑛.𝑖𝑛𝑣 + 𝑃𝑠𝑤.𝑖𝑛𝑣. (4) 

 

where Pfc power losses in the frequency converter; Pcon.rec. is the static power losses in the uncontrolled rectifier; 

Pcon.inv. is the static power losses in the free-wheeling diode; and PSW.inv. is the switching power losses in IGBT. 

As a result of variations in current, voltage, gate resistance, and junction temperature, the switching energy 

losses of the device may differ [23]. The switching losses occurring in AVI make a contribution to the total FC 

losses. Accurate calculations of the switching losses are a prerequisite for the correct evaluation of the 

frequency converter efficiency and reliability. 

 

 

3. SIMULATION AND CALCULATION OF LOSSES FOR SINAMICS G110 FREQUENCY 

CONVERTER 

SSG110FC with a power of 1.5 kW was simulated in MATLAB R2019 [24]. Figure 3 shows the 

model's structure. The following blocks are illustrated in this model: i) Uncontrolled bridge rectifier consisting 

of diodes VD7-VD10 (type GBPC2508W), including the smoothing circuit with capacitor С1 and resistor R;  

ii) Self-commutated 3-phase bridge voltage inverter consisting of 6 diodes od IGBT modules VT1/VD1 to 

VT6/VD6 (type FS15R06XE3); iii) Power loss analyzer for the rectifier (GBPC2508W); iv) Power loss analyzer 

for the inverter (FS15R06XE3); v) Three-phase load Rн, Lн; vi) A set of measuring instruments to measure 

effective (RMS) currents and voltages, and the total harmonic distortion (THD); and vii) Power supply (Uc). 

The approximation method was used to derive mathematical functions that most accurately describe 

Vсе (Ic), Vf (If), Eon (Ic), Eoff (Ic), Erec (Ic) dependence graphs, which are shown in Figures 4 and 5. You can use 

this method to figure out static losses in an uncontrolled rectifier, dynamic and static losses in IGBTs, and free-

wheeling diodes of AVIs. You can also use it to get a rough idea of how efficient the frequency converter is as 

a whole. The (5)-(10) were obtained by approximation of power losses graphs for GBPC2508W uncontrolled 

diode rectifier and FS15R06XE3 IGBT module. Equation for uncontrolled diode rectifier type GBPC2508W; 

the model as shown in Figure 3 contains the following blocks: 
 

𝑈𝐹(𝐼𝐹) = 0.0277 ⋅ (
𝐼𝐹

100
)
5

− 0.2812 ⋅ (
𝐼𝐹

100
)
4

+ 0.9917 ⋅ (
𝐼𝐹

100
)
3

− 1.4921 ⋅ (
𝐼𝐹

100
)
2

+  

1.6057 ⋅ (
𝐼𝐹

100
) + 0.6551 (5) 

 

Equations for IGBT module type FS15R06XE3 are: 
 

𝑈𝐶𝐸(𝐼𝐶) = −102775 ⋅ (
𝐼𝐶

100
)
6

+ 98467 ⋅ (
𝐼𝐶

100
)
5

− 36327 ⋅ (
𝐼𝐶

100
)
4

+ 6505.8 ⋅ (
𝐼𝐶

100
)
3

−  

590.76 ⋅ (
𝐼𝐶

100
)
2

+ 32.772 ⋅ (
𝐼𝐶

100
) + 0.3152 (6) 

 

𝑈𝐹(𝐼𝐹) = −72672 ⋅ (
𝐼𝐹

100
)
6

+ 71308 ⋅ (
𝐼𝐹

100
)
5

− 27122 ⋅ (
𝐼𝐹

100
)
4

+ 5045.3 ⋅ (
𝐼𝐹

100
)
3

−  

481.84 ⋅ (
𝐼𝐹

100
)
2

+ 27.018 ⋅ (
𝐼𝐹

100
) + 0.4514 (7) 

 

𝐸𝑜𝑛(𝐼𝐶) = 4.8894 ⋅ (
𝐼𝐶

100
)
4

+ 7.928 ⋅ (
𝐼𝐶

100
)
3

+ 0.0715 ⋅ (
𝐼𝐶

100
)
2

+ 1.8573 ⋅ (
𝐼𝐶

100
) + 0.0486 (8) 

 

𝐸𝑜𝑓𝑓(𝐼𝐶) = −15.198 ⋅ (
𝐼𝐶

100
)
4

+ 16.984 ⋅ (
𝐼𝐶

100
)
3

− 8.0363 ⋅ (
𝐼𝐶

100
)
2

+  
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3.6428 ⋅ (
𝐼𝐶

100
) + 0.0456 (9) 

 

𝐸𝑟𝑒𝑐(𝐼𝐹) = 5.4932 ⋅ (
𝐼𝐹

100
)
3

− 5.7025 ⋅ (
𝐼𝐹

100
)
2

+ 2.6764 ⋅ (
𝐼𝐹

100
) + 0.0792 (10) 

 

 

 
 

Figure 3. Model of SSG110FC 
 
 

  

 

Figure 4. Collector-emitter saturation voltage for 

FS15R06XE3 power transistor 

 

Figure 5. Switching energy loss curves for 

FS15R06XE3 power transistor 
 

 

The obtained mathematical dependences describe the energy loss curves for the uncontrolled diode 

rectifier and IGBT/diode AVI modules with sufficient accuracy. The static and dynamic power losses in IGBTs 

are determined using transistor voltage and current. The power loss analyzer block in Figure 6 is used to figure 

out the static and dynamic power losses on the bypass diode of the FS15R06XE3 IGBT/diode module. The 

analyzer block in Figure 6 contains the following elements: one relay element, one delay element, one limiter, 

product blocks, one comparator, integral blocks, amplifiers, one conversion block, and function blocks. 

The power loss analyzer used to determine the static and dynamic power losses on the IGBT/diode 

module type FS15R06XE3 is depicted in Figure 7. The analyzer block in Figure 7 contains the following 

elements: limiters, product blocks, amplifiers, comparators, integral blocks, one conversion block, and function 

blocks. Static losses resulted from simulation are shown in Figure 8, while the simulation results of dynamic 

losses are shown in Figure 9. It could be clearly deduced from Figure 9 that the turn-off and turn-on energy 

values depend on the transistor current magnitude. The modelling of dynamic losses shall be performed using 

a simulation method with constant calculation increments [25], [27]. Figure 7 shows the power loss analyzer 

block that was used to figure out the static and dynamic power losses on an IGBT/diode module of type 

FS15R06XE3. 
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Figure 6. Block for calculation of power losses in the free-wheeling diode of  

FS15R06XE3 IGBT/diode module  
 

 

 
 

Figure 7. Block for calculation of power losses in the FS15R06XE3 IGBT/diode module 
 

 

 

 

 

Figure 8. The static loss simulation results for the 

FS15R06XE3 IGBT/diode module 

 

Figure 9. The simulation results of dynamic losses 

in the FS15R06XE3 IGBT/diode module 
 

 

4. MODEL VERIFICATION 

Table 4 compares the values of losses obtained by simulation in MATLAB/Simulink with those 

specified in the technical documentation for the 1.5 kW SSG110FC. The frequency converter model that was 

obtained in MATLAB/Simulink is sufficiently adequate, as evidenced by the simulation error for the losses of 

3.78%. By using the suggested method, there was obtained an error of 3.78% compared to manufacturer-
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supplied data. The results of static and dynamic power loss modeling methods have been used to look into the 

efficiency of frequency converters and other types of semiconductor converters, as well as technical and 

scientific power loss estimation. The advantages of this method is that it accounts for particular transistor and 

power diode characteristics. 
 

 

Table 4. Power losses calculation in SSG110FC 
Parameter FC documentation MATLAB Error 

Total losses in frequency converter 118 W 113.53 3.78% 

 

 

5. CONCLUSION 

The current study presents a simulation modeling method that allows for estimating power losses in 

power semiconductor converters. Researchers developed model blocks to calculate the conduction losses in an 

unregulated rectifier and the losses in the AVI of the frequency converter. To use the approximation method 

to figure out power losses, mathematical equations were made for Vce (Ic), Vf (If), Eon (Ic), Eoff (Ic), and 

Erec (Ic) energy dependence diagrams. The obtained mathematical equations describe the power loss curves 

with adequate accuracy. We checked how reliable the suggested method for modeling power loss was by 

comparing the values given in the technical documentation of the 1.5 kW SSG110FC with the simulation 

results we got from MATLAB. This method yielded an error of 3.78% compared to manufacturer-supplied 

data. The given static and dynamic power loss modeling methods have been used to look into the efficiency of 

frequency converters and other types of semiconductor converters, as well as technical and scientific power 

loss estimation. This method's advantage is that it accounts for particular transistor and power diode 

characteristics. 
 

 

REFERENCES 
[1] S. Dovudov and M. P. Dunaev, “Analysis of energy indicators of pulse converters,” Proceedings of Irkutsk State Technical 

University, vol. 24, no. 2, pp. 345–355, Apr. 2020, doi: 10.21285/1814-3520-2020-2-345-355. 

[2] Y. Yao, D. C. Lu, and D. Verstraete, “Power loss modelling of MOSFET inverter for low-power permanent magnet synchronous 
motor drive,” in 2013 1st International Future Energy Electronics Conference (IFEEC), IEEE, Nov. 2013, pp. 849–854, doi: 

10.1109/IFEEC.2013.6687620. 

[3] H. V. Nguyen and D.-C. Lee, “Comparison of power losses in single-phase to three-phase AC/DC/AC PWM converters,” in 2015 
9th International Conference on Power Electronics and ECCE Asia (ICPE-ECCE Asia), IEEE, Jun. 2015, pp. 940–945, doi: 

10.1109/ICPE.2015.7167894. 

[4] E. Villanueva, P. Correa, J. Rodriguez, and M. Pacas, “Control of a single-phase cascaded H-bridge multilevel inverter for grid-
connected photovoltaic systems,” IEEE Transactions on Industrial Electronics, vol. 56, no. 11, pp. 4399–4406, Nov. 2009, doi: 

10.1109/TIE.2009.2029579. 

[5] C.-M. Wang, “A Novel Single-Stage Full-Bridge Buck-Boost Inverter,” IEEE Transactions on Power Electronics, vol. 19, no. 1, 
pp. 150–159, Jan. 2004, doi: 10.1109/TPEL.2003.820583. 

[6] A. Shendge and N. Nagaoka, “EMTP induction motor model from modal measurements for inverter surge analysis,” Circuits and 

Systems, vol. 04, no. 01, pp. 16–19, 2013, doi: 10.4236/cs.2013.41004. 
[7] B. Xiao, L. Hang, J. Mei, C. Riley, L. M. Tolbert, and B. Ozpineci, “Modular Cascaded H-Bridge Multilevel PV Inverter With 

Distributed MPPT for Grid-Connected Applications,” IEEE Transactions on Industry Applications, vol. 51, no. 2, pp. 1722–1731, 
Mar. 2015, doi: 10.1109/TIA.2014.2354396. 

[8] H. Hafezi and R. Faranda, “A New Approach for Power Losses Evaluation of IGBT/Diode Module,” Electronics, vol. 10, no. 3, p. 

280, Jan. 2021, doi: 10.3390/electronics10030280. 
[9] S. Jawahar and P. Ramamoorthy, “Minimization of switching devices and driver circuits in multilevel inverter,” Circuits and 

Systems, vol. 07, no. 10, pp. 3371–3383, 2016, doi: 10.4236/cs.2016.710287. 

[10] S. K. Shanmugam, M. Ramachandran, K. K. Kanagaraj, and A. Loganathan, “Sensorless control of four-switch inverter for brushless 

DC motor drive and its simulation,” Circuits and Systems, vol. 07, no. 06, pp. 726–734, 2016, doi: 10.4236/cs.2016.76062. 

[11] J. Faiz and G. Shahgholian, “Modeling and simulation of a three-phase inverter with rectifier-type nonlinear loads,” Armenian 

Journal of Physics, vol. 2, no. 4, pp. 307–316, 2009. 
[12] L. Aarniovuori, L. Laurila, M. Niemela, and J. Pyrhonen, “Loss calculation of a frequency converter with a fixed-step circuit simulator,” 

in 2007 European Conference on Power Electronics and Applications, IEEE, 2007, pp. 1–9, doi: 10.1109/EPE.2007.4417355. 

[13] U. Nicolai, “Determining Switching Losses of SEMIKRON IGBT Modules,” Application note AN1403, pp. 1–15, 2014. 
[14] A. Blinov, D. Vinnikov, and T. Jalakas, “Loss Calculation Methods of Half-Bridge Square-Wave Inverters,” Electronics And 

Electrical Engineering, vol. 113, no. 7, Sep. 2011, doi: 10.5755/j01.eee.113.7.604. 

[15] M. M. R. Ahmed and G. A. Putrus, “A method for predicting IGBT junction temperature under transient condition,” in 2008 34th 
Annual Conference of IEEE Industrial Electronics, IEEE, Nov. 2008, pp. 454–459, doi: 10.1109/IECON.2008.4757996. 

[16] O. . Plakhtii, V. . Nerubatskyi, D. . Hordiienko, and H. . Khoruzhevskyi, “Calculation of static and dynamic losses in power 

IGBT‑transistors by polynomial approximation of basic energy characteristics,” Naukovyi Visnyk Natsionalnoho Hirnychoho 
Universytetu, no. 2, pp. 82–88, 2020, doi: 10.33271/nvngu/2020-82. 

[17] V. Ivakhno, V. V. Zamaruiev, and O. Ilina, “Estimation of Semiconductor Switching Losses under Hard Switching using Matlab/Simulink 

Subsystem,” Electrical, Control and Communication Engineering, vol. 2, no. 1, pp. 20–26, Apr. 2013, doi: 10.2478/ecce-2013-0003. 
[18] X. Li, Z. Yan, Y. Gao, and H. Qi, “The research of three-phase Boost/Buck-boost DC-AC inverter,” Energy and Power Engineering, 

vol. 05, no. 04, pp. 906–913, 2013, doi: 10.4236/epe.2013.54B174. 

[19] K. Srinivasan and T. Vijayakumar, “Practical implementation of embedded controlled reduced switch Z-source inverter-fed 

induction motor drive,” Circuits and Systems, vol. 07, no. 09, pp. 2189–2195, 2016, doi: 10.4236/cs.2016.79190. 

 



      ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 15, No. 3, September 2024: 1331-1338 

1338 

[20] G. Arunkumar and D. I. Gnanambal, “Utilization of bacterial foraging algorithm for optimization of boost inverter parameters,” 

Circuits and Systems, vol. 07, no. 08, pp. 1430–1440, 2016, doi: 10.4236/cs.2016.78125. 
[21] A. Al-Rawashdeh, “Simulation and analysis of the possibilities of traction electric motor,” Indonesian Journal of Electrical 

Engineering and Computer Science, vol. 14, no. 1, p. 51, Apr. 2019, doi: 10.11591/ijeecs.v14.i1.pp51-58. 

[22] S. Suroso, D. T. Nugroho, A. N. Azis, and T. Noguchi, “Simplified five-level voltage source inverter with level-phase-shifted 
carriers based modulation technique,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 13, no. 2, p. 461, 

Feb. 2019, doi: 10.11591/ijeecs.v13.i2.pp461-468. 

[23] I. Colak, E. Kabalci, and R. Bayindir, “Review of multilevel voltage source inverter topologies and control schemes,” Energy 
Conversion and Management, vol. 52, no. 2, pp. 1114–1128, Feb. 2011, doi: 10.1016/j.enconman.2010.09.006. 

[24] I. Grgić, D. Vukadinović, M. Bašić, and M. Bubalo, “Calculation of Semiconductor Power Losses of a Three-Phase Quasi-Z-Source 

Inverter,” Electronics, vol. 9, no. 10, p. 1642, Oct. 2020, doi: 10.3390/electronics9101642. 
[25] A. Bouzida, R. Abdelli, and M. Ouadah, “Calculation of IGBT power losses and junction temperature in inverter drive,” in 2016 

8th International Conference on Modelling, Identification and Control (ICMIC), IEEE, Nov. 2016, pp. 768–773, doi: 

10.1109/ICMIC.2016.7804216. 
[26] M. Aydin and E. Beşer, “Power Loss and Thermal Temperature Calculation of IGBT Module by Mathematical Equations,” in 2023 

International Conference on Power Energy Systems and Applications (ICoPESA), IEEE, Feb. 2023, pp. 862–867, doi: 

10.1109/ICoPESA56898.2023.10141374. 
[27] V. Romanov, A. Kazantsev, A. Batishchev, and A. Starikov, “Calculation of the Optimum Value of the Voltage for a Field 

Substation Equipped with an On-Load Tap-Changing Voltage Controller, Taking Into Account the Features of Frequency 

Converters of Submersible Pump Control Stations,” in 2023 International Ural Conference on Electrical Power Engineering 
(UralCon), IEEE, Sep. 2023, pp. 1–6, doi: 10.1109/UralCon59258.2023.10291055. 

 

 

BIOGRAPHIES OF AUTHORS 
 

 

Ayman Y. Al-Rawashdeh     was born on January 1, 1970, in Jordan. He obtained his 

bachelor's degree in 1995 and his Ph.D. degree in 2008 in the field of Mechatronics Engineering. 

Currently, dr. Al-Rawashdeh is an Associate Professor at the Department of Electrical 

Engineering, Faculty of Engineering Technology, Al-Balqa Applied University, Jordan. His 

main research interests include renewable energy, drive system analysis, and simulations. He 

can be contacted at email: dr.ayman.rawashdeh@bau.edu.jo. 

  

 

Mikhail Pavlovich Dunaev     is a professor in the Department of Mechatronics 

Engineering, Irkutsk National Research Technical University, Russia. I was born in 1956. His 

main research interests include power converter technology, expert systems for setting up 

electrical equipment, automation, and process control. He has published more than 100 journal 

papers in the fields of power electronics and their applications. He can be contacted at email: 

mdunaev10@mail.ru. 

  

 

Khalaf Y. Alzyoud     graduated in 1998 from the Technical University of Lodz-

Poland. He is currently an associate professor at the Department of Electrical Engineering, 

Faculty of Engineering Technology, Al-Balqa Applied University, Jordan. His main research 

interests include power transformers and high-voltage engineering and their diagnoses. He can 

be contacted at email: khalaf.zyoud@bau.edu.jo. 

  

 

Sarfaroz U. Dovudov     is an assistant professor in the Department of Mechatronics 

Engineering, Irkutsk National Research Technical University, Russia. I was born in 1991. His 

main research interests include power converter technology, automation, and process control. 

He can be contacted at email: dsu_1991@mail.ru. 

 

https://orcid.org/0000-0003-1546-3529
https://scholar.google.co.id/citations?hl=ar&user=EPGwFy8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57203716133
https://www.webofscience.com/wos/author/record/2514060
https://orcid.org/0000-0003-1766-6100
https://www.scopus.com/authid/detail.uri?authorId=57201778937
https://www.webofscience.com/wos/author/record/JXX-4428-2024
https://orcid.org/0000-0003-0295-2796
https://scholar.google.com/citations?hl=en&user=zO42ZJsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=54400727400
https://www.webofscience.com/wos/author/record/3191254
https://orcid.org/0000-0001-5600-4615
https://www.webofscience.com/wos/author/record/JXX-8072-2024

