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Abstract: - Power loss estimation is a very crucial step in the design of power inverters and other power 

converters. In this paper, the estimation of power losses using MATLAB Simulink is presented. This approach 

allows fast estimation of losses and can lower the design time of the cooling system. With the use of a 

simulation approach, different parameters can be simulated to estimate losses and design the best cooling 

solution accurately. Characteristics of the used semiconductor in this case IGBT is used and imported to the 

electro-thermal simulation. This simulation consists of two main parts. The first component calculates 

semiconductor losses depends on the provided characteristics of the used device and his temperature. The 

second model calculates temperature based on the thermal model and losses produced by the first part of the 

simulation. Results in the form of the losses are implemented to the heat distribution simulation using Fusion 

360 to simulate the temperature distribution of the used heatsink. 
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1 Introduction 
Innovation in the field of power electronics leads 

to a significant reduction of the power device 

dimensions The miniaturization results in much 

higher heat flux generated by semiconductors. For 

ensuring the reliability and performance of the 

design, the recommended junction temperature of 

the semiconductor cannot be exceeded. Therefore, 

electrical and thermal modeling is of great interest 

to ensure the proper function of the device [1], [2]. 

This paper focuses on electro-thermal simulation in 

three-phase inverters based on IGBT semiconductor 

switches. There are many options to estimate power 

losses generated by power semiconductors, from 

which they can be chosen. 

The first direct calculation can be used, involving 

RMS and AV values of voltage and current. By this 

method, all types of power losses can be estimated 

[3]. Second, the indirect calculation of the losses 

using instantaneous values of the voltage and 

current can be used. [4]. For better estimations, 

static and dynamic models of the used switch can be 

used to estimate power losses accurately. The 

precision of this result depending on the accuracy of 

the used model [5]. Another approach can be 

selected using a finite element approach to estimate 

temperature and flux distribution [6], [7], [8]. 

Finally, the experimental measurement can be used 

to estimate losses and cooling, but this requires a 

physical sample of the design [9],[10]. 

Many publications use only equations or only the 

static parameters of the used semiconductor [11-15]. 

If dynamic parameters are used, they use it only for 

one temperature or a constant value of the switch 

current. In this publication, instantaneous values of 

the collector current IC and collector-emitter voltage 

VCE are used for conductive losses calculation. For 

switching losses, instantaneous values of turn-on 

and turn-off switching losses are used. For heat 

dissipation, the thermal model is created in the next 

step. This model uses values of thermal resistance of 

the device from manufacturer datasheet, and the 

value of thermal resistance of the used heatsink. In 

MATLAB-Simulink, these two models are fused. 

The output of the electrical model, which is the total 

power loss of the device, is fed into the thermal 

model. The thermal model uses this value of power 

loss to calculate the temperature of the components 

present in the thermal model. The output of the 

thermal model is fed back to the electrical model, so 

the simulation could use actual temperature to losses 

calculation because parameters of the 

semiconductor switch are temperature dependent. 

Finally, the average steady-state losses produced by 

MATLAB-Simulink simulation is used in the next 

software. For the heat distribution, the program 
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Fusion 360 is used. The results of all the simulations 

and calculations are in this paper. 

 

2 Losses estimation using MATLAB - 

Simulink 
For loss estimation in the three-phase inverter, the 

electro-thermal model in MATLAB-Simulink was 

created. The main part of the model is a three-phase 

inverter build from IGBT semiconductors. For 

controlling inverter and generating proper firing 

pulses, field-oriented Control (FOC) is used [16]. 

The load for the model is represented by the 

induction motor. For loss calculation, characteristics 

of used semiconductors were added to the switch 

model. Included characteristics are collector current 

as a function of saturation voltage and temperature 

IC=f(VTce, T), and switching losses vs. collector 

current and temperature, EOFF=f(IC, T), and 

EON=f(IC, T). For the body diode losses 

characteristic of forward voltage vs. forward current 

and temperature IF=f(VDf, T) involving recovery 

losses was used. All characteristics consist of two 

curves for different temperatures, in this case, for 

25°C and 175°C. Different temperatures can be 

used, too, depending on manufacturer specifications. 

Characteristics can be seen in Fig. 1, and Fig. 2. For 

this model, IGBT FGY40T120SMD was used, so 

imported characteristics are from this device 

datasheet. If another device is selected, the 

mentioned characteristics need to be imported for 

that selected device. Losses generated by this model 

are used by the thermal model.  

The thermal model uses thermal resistance of the 

heatsink and heat-conducting pad to estimate the 

temperature at different parts of the model, as 

junction, case, and heatsink. The value of actual 

junction temperature is fed back to the electrical 

model, where it is used to estimate turn on and turn 

off energies and forward voltages of IGBT and 

internal diode at this temperature.  

 
Fig.1 Body diode forward voltage in used IGBT 

 
Fig.2 IGBT characteristics in MATLAB model 

 

In the simulation, 7500W asynchronous motor 

was used. Motor shaft is spin-up to the nominal 

speed, which is 1500rpm. After two seconds, the 

nominal load is connected to the shaft of the motor. 

In Fig.3, simulated output representing 

instantaneous losses of the inverter is shown. 

 
Fig.3 Waveform of the inverter losses from the 

simulation 

 

The steady-state losses at full load are 59W. 

Individual parts of the losses are summarized in 

Table 1. 

 

Device Conduction Switching Overall 

FGY40T120SMD 

Transistor 6.5W 1.8W 
59 W 

Diode 1.4W 0.15W 

Table 1 Simulated losses 

 

In comparison, power losses were calculated 

with the use of mathematical methods according to 

[12], [13], with the same parameters as used in the 
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simulated system. The results from these 

mathematical calculations are shown in the next 

table. 

Device Conduction Switching Overall 

FGY40T120SMD 

Transistor 8.1 W 2 W 
84 W 

Diode 3.6 W 0.3W 

Relative 

error 

Transistor 

+19,7% +10% 

+29,7% 
Relative 

error 

Diode 

+61,1% +50% 

Table 2 Calculated losses 

As can be seen in Tab.1 and Tab.2, there is a 

difference in simulated and calculated losses. This 

error is expressed by the relative error in percentage. 

The calculated losses are higher against simulated 

ones because of the constant values of energies and 

voltage drops used in the mathematical approach. 

Simulation is using instantaneous values of the 

switching on and off energies, and saturation 

voltage VTce derived from device current and 

temperature conditions. 

 

3 Temperature calculation and 

simulation 
 

3.1 Calculated temperature 
When the losses generated by inverter are known 

from simulation, calculation of temperatures was 

performed with the help of the thermal model. The 

thermal resistance of IGBT and diode was used 

from datasheet and thermal resistance if the heatsink 

was experimentally measured. For the experiment, 

power resistors were mounted at the heatsink. These 

resistors simulated the power dissipation of the 

transistors. Heatsink with multiple temperature 

sensors was put to a controlled environment, with 

no airflow. When the temperature of the heatsink 

stabilizes, calculation of the heatsink thermal 

resistance can be calculated based on heatsink 

temperature, ambient temperature, and the known 

power losses. For this calculation, equation (1) was 

used. 

  h a
ha

TOT

T T
R

P


       (1) 

Where Th and Ta represent heatsink and ambient 

temperature, respectively, PTOT is heat dissipation 

power, and Rha represents heatsink thermal 

resistance. The measured value of heatsink 

resistance Rha is 0.65°C/W. When we know the 

thermal resistance of the heatsink, IGBT, diode, and 

dissipated power, we can calculate the steady-state 

thermal model with the use of the next equations: 

  .h a TOT haT T P R    (2) 

  .
6

TOT
c h ch

P
T T R    (3) 

  .
6

TOT
j c jcIGBT

P
T T R    (4) 

Where  Th, Ta, Tc, Tj represents heatsink, ambient 

case, and junction temperature respectively, PTOT is 

a power loss and Rha, Rch, RjcIGBT is the heatsink, 

case and junction thermal resistance respectively. 

The device uses six IGBT switches with diodes, so 

the steady-state thermal model was created. Every 

switch has its source of heat, separated from the 

case by Junction-Case thermal resistance. To ensure 

the electrical isolation between IGBT and the 

heatsink, a thermal isolation pad was used under 

every IGBT. This is represented by the thermal 

resistance of the insulating pad Rch. Then, all 

devices are connected to the one point, represented 

by the thermal resistance of the heatsink. For 

steady-state calculation, the ambient temperature 

was chosen to be 30°C. 

 

3.2 MATLAB Simulink thermal model 
MATLAB-Simulink thermal model simulation is 

part of the simulated model. This part calculates 

temperatures from the simulated power losses 

provided by the loss model. Fig.4 shows the used 

thermal model in the MATLAB-Simulink interface. 

 
Fig.4 Inverter temperature from MATLAB 

thermal model 

 

As can be seen in Fig. 4, losses from the IGBT 

and diode are used to calculate the junction 

temperature of the IGBT and the diode. Case 

temperature is calculated too. In Fig.5 average 

output power can be seen represented by the green 

line at the top of the graph. At the bottom graph, 
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red, orange, and blue lines represent the temperature 

at heatsink, case, and junction, respectively. The 

exponential rise of temperature is given by the 

thermal capacitance of the system. 

 

Fig.5 Inverter temperature from MATLAB 

thermal model 

 

3.3 Fusion 360 thermal distribution 

simulation 
For the heat distribution, Fusion 360 was used. 

The first step is to draw a model of the heatsink in 

the sketch mode. Next, the IGBT model needs to be 

created. This model was designed as a three-part 

component, with a separated junction, backplate, 

and case parts. This separation leads to a better 

determination of the heat spreading in a component. 

After all partial models are completed, they are 

joined together to one model shown in Fig.6. When 

the model is completed, the next step is a definition 

of the materials. The program offers a wide range of 

materials to choose from. All materials have defined 

fundamental properties. For the heatsink, aluminum 

was chosen, the IGBT case was defined as epoxy 

resin. Finally, for backplate and junction, copper 

was selected. This simplification can be made 

according to the construction of the IGBTs [17]. 

When all materials are defined, the next step is load 

definition. 

Load represents where the heat is generated, or 

how the part can dissipate heat. The junction of each 

transistor was defined as an internal heat source 

because this is the place where all the losses 

originate. Values for every junction are 9.8W, which 

gives 59W in total as simulated in the MATLAB 

loss model. Now, areas with convection and 

radiation must be defined. The whole area of the 

heatsink has a convection value of 3W/m2K defined. 

This value represents the horizontal plane in the air. 

If there is airflow around the fins of the heatsink, 

these values need to be adjusted accordingly. The 

emissivity of the heatsink was set to 0.08 because of 

the shiny property of the aluminum. The case has 

emissivity set to 0.98.  

There is no need to know the value of the thermal 

resistance of the used heatsink because the program 

calculates it from provided geometry and data. 

The final step is selecting mesh. User can select 

own density of the mesh, or let the program select 

mesh size. The program selects an optimum value 

for low simulation time and results. When the 

simulation is done, the program shows temperature 

spread across the heatsink. For the investigation, the 

point probe can be used to observe temperatures at 

critical points of the system. This program only 

simulates the steady-state temperature distribution. 

If the parameter is changed, simulation must be run 

again. 

 
Fig.6 3D model of cooling in Fusion 360 

The simulation of designed heatsink for the 

inverter application can be seen in the next Figure. 
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Fig.7 output of the thermal simulation from the 

Fusion 360 

3.4 Comparison of results 

Three methods were used to estimate 

temperatures in the three-phase inverter. First is a 

basic steady-state thermal model, the second method 

uses MATLAB thermal model described in chapter 

3.2 to estimate temperatures, and finally, Fusion 360 

was used to thermal model analysis. The results are 

shown in Table 3, and as can be seen, results are 

nearly the same.  

Point Heatsink Case Junction 

Calculation 

(3.1) 
68.4°C 72.3°C 74°C 

MATLAB 

simulation 

(3.2) 

68.2°C - 76°C 

Fusion 360 

(3.3) 
68.5°C 73°C 76.5°C 

Table 3 Overview of calculated and simulated 

temperatures at power losses of 59W 

 

4 Conclusion 
This paper discusses simulation loss 

determination using MATLAB-Simulink. This 

model can simulate different used IGBT switches 

with different parameters. The model can calculate 

power losses and temperature at different points in 

the system. Most important, this simulation is 

dynamic so that transient can be simulated and 

analyzed too. After simulating power loss value was 

used to calculate temperature with the use of a static 

thermal model. Finally, Fusion 360 was used to 

simulate heat spreading in the inverter model. With 

the use of this program and knowing the power 

losses, we can easily model and design a suitable 

heatsink and cooling solution for the target 

application. The MATLAB-Simulink thermal model 

can be implemented for various types of converter 

topologies and different types of switches or 

different modulation techniques if needed. The 

flexibility of this model gives a big advantage in 

cooling design and part selection for application 

based on the best price/performance ratio. Users can 

implement characteristics of different types of 

transistors and run simulations for all defined kinds. 

Then, based on the simulation results, the best type 

can be selected for the target application. In future 

work, the mathematical and simulated results will be 

experimentally verified at the inverter sample. 

Temperature distribution will be measured, too, with 

the use of the thermal imaging to compare results to 

Fusion 360 simulation, and surface mounted 

temperature sensors to minimize measurement error. 
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