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1 TUTORIAL IGBT and MOSFET Loss Calculation in Thermal Module July, 2019 IGBT and MOSFET Loss Calculation in the Thermal Module 2 The Thermal Module is an add-on option to PSIM. Its purpose is to simulate the losses of semiconductor devices and inductors quickly from manufacturer device datasheets. In this TUTORIAL , the process of how to use the Thermal Module for power loss calculation of IGBT and MOSFET is described. The loss calculation of SiC and GaN devices is covered in the TUTORIAL TUTORIAL SiC and GaN loss calculation and transient , and the loss calculation of inductors is covered in another TUTORIAL TUTORIAL Inductor loss calculation in the Thermal.

“Tutorial – SiC and GaN loss calculation and transient analysis.pdf”, and the loss calculation of inductors is covered in another tutorial “Tutorial – Inductor loss calculation in the Thermal Module.pdf”. 1. IGBT Loss Calculation To illustrate how IGBT losses and junction temperature are calculated in PSIM’s Thermal Module,
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    	Transcription of TUTORIAL - PSIM Software


        
    	1 1 TUTORIAL IGBT and MOSFET Loss Calculation in Thermal Module July, 2019 IGBT and MOSFET Loss Calculation in the Thermal Module 2 The Thermal Module is an add-on option to PSIM. Its purpose is to simulate the losses of semiconductor devices and inductors quickly from manufacturer device datasheets. In this TUTORIAL , the process of how to use the Thermal Module for power loss calculation of IGBT and MOSFET is described. The loss calculation of SiC and GaN devices is covered in the TUTORIAL TUTORIAL SiC and GaN loss calculation and transient , and the loss calculation of inductors is covered in another TUTORIAL TUTORIAL Inductor loss calculation in the Thermal.
2 1. IGBT Loss Calculation To illustrate how IGBT losses and junction temperature are calculated in PSIM s Thermal Module, the datasheet of Semikron s IGBT Module SEMiX151GD066 HDs (600V, 150A) is used in a 3-phase voltage source inverter example, as shown below: In this example, the inverter operating conditions are: DC Bus Voltage: 450 Vdc AC Output: 230 V (line-line, rms), 60 Hz, 20 kW, power factor (lagging) Switching Frequency: 8 kHz From the values above, the ac output current is calculated as: Io = A. Simulation of IGBT Losses in PSIM Assuming the IGBT device is already available in PSIM s device database, it can be placed in a PSIM schematic for the calculation of losses.
3 To choose this device, in PSIM, select Elements >> Power >> Thermal Module >> IGBT (database) as shown below: 450 Vdc 230 Vac, 20 kW, power factor (lagging) IGBT and MOSFET Loss Calculation in the Thermal Module 3 Place the discrete IGBT element on the schematic. Double click on the IGBT element to open the parameter dialog window. Click on the Browser button next to the Device input field, and choose the device Semikron SEMiX151GD066 HDs . The IGBT image will change to a 6-pack inverter bridge. Continue to build the rest of the circuit. The circuit below shows the completed inverter circuit using the IGBT Module SEMiX151GD066 HDs.
4 The load resistances and inductances and the modulation index are selected such that the circuit operates under the specified conditions (output of 230 Vac, 20-kW, power factor (lagging)). IGBT and MOSFET Loss Calculation in the Thermal Module 4 The IGBT Module image shows 2 dc bus terminals on the left, 3 ac output terminals on the right, 6 gating signal nodes at the bottom, and one extra nodes on the top. This node is for the monitoring of the device s thermal effects: - The voltage at this node is the module s case temperature, can be monitored with a Voltmeter.
5 - The current flowing out of this node is the total power losses of the whole module (all 6 devices), can be monitored with an Ammeter. This node should be connected to a voltage source representing the ambient temperature or grounded via a network representing the dynamic thermal impedance between the case of the module and the ambient. In this example, the resistor Rth_cs_sink is the sum of the thermal resistances between the case and heat sink, and between the heat sink and the ambient. The parameters of the IGBT (database) are defined as below: The parameter Frequency defines the interval under which the losses are calculated.
6 For example, if the frequency is 60 Hz, the losses results are the average value for an interval of ms. If the frequency is set to be the same as the switching frequency, the losses in each switching cycle are obtained. The parameters Rg_on and Rg_off are the gate resistances at turn-on and turn-off. Note that they must be defined correctly to reflect the actual operating conditions. The Calibration Factors are used to scale the calculation results against experimental results. For example, for a specific device, if the datasheet losses are 10 W, but the measured losses from the experiments are 12 W, the calibration factor should be set to If the flags are for the monitoring of the device s thermal behaviour.
7 When the flags are set, the following thermal related characteristics can be monitored: - transistor junction temperature Tj_Q - diode junction temperature Tj_D - transistor conduction loss Pcond_Q, Thermal equivalent circuit IGBT and MOSFET Loss Calculation in the Thermal Module 5 - transistor switching loss Psw_Q, - diode conduction loss Pcond_D, and - diode switching loss Psw_D. The temperatures are in oC. The losses are for the whole IGBT module (all 6 IGBT switches). The simulation result displayed in SimView is as below: The following thermal results are obtained from the PSIM simulation of this example: Diode Junction Temperature (oC): Transistor Junction Temperature (oC): Transistor Conduction Loss (W): Transistor Switching Loss (W): Diode Conduction Loss (W): Diode Switching Loss (W): Total Loss per Module (W): Adding an IGBT Device into the Device Database The above example shows how to run a thermal simulation in PSIM when the device is already available in the database.
8 However, in many cases, a device is no available in the database. IGBT and MOSFET Loss Calculation in the Thermal Module 6 Therefore, it has to be entered into the database before it can be used in a PSIM schematic for thermal simulation. Here, the IGBT Module SEMiX151GD066 HDs is used as the example to illustrate the procedure of entering a device into PSIM's device database. Below is the procedure to add this device as a new IGBT device into the device database file . Step 1. In PSIM, go to Utilities >> Device Database Editor to launch the PcdEditor.
9 Step 2. Highlight the device file in the File Name list box. Select Device >> New IGBT, and confirm that you want to save the new device to . Step 3. Enter basic device information from manufacturer s datasheet into PSIM s Device Database. To avoid destroying the device information in PSIM s original database, the new device is be named as SEMiX151GD066 HDs_6 instead. Step 4. Use PSIM s Curve Capture Tool to enter the transistor Electrical Characteristics from the graphs provided in manufacturer s datasheet. The forward conduction characteristic Vce(sat) vs. Ic is used as the example.
10 This characteristic is provided in Fig. 1 of the datasheet. Fig. 1 provides one curve at Tj=25 oC for VGE=15V, but it provides three curves at Tj=150 oC for VGE=10, 15, and 17V. We will select the curves corresponding to VGE=15V since curves of the energy losses Eon and Eoff vs. Ic are for VGE=-8/+15V. To capture the curve from Fig. 1 of the datasheet, click on the Edit button of the Vce(sat) vs. Ic characteristics. A window for the Curve Capture Tool will open. In the dialog window, click on Add Curve. We will use the Graph Wizard button at the upper left corner to capture the 25oC curve.
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			Single-Phase Voltage Source Inverter (VSI) - PSIM Software

			psim.powersimtech.com
			2. Once the procedure to design both loops has been shown, some PSIM simulations are provided to show the effect of the use of the feed-forward control actions. The main specifications are the following: • General parameters . S. NOM = 5 kVA Nominal apparent power . V. DC m = 400 V, DC input voltage. V. O rms = 230 V, Reference rms output ...
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			Intro to Transient Thermal Analysis

			courses.ansys.com
			•In the equation for transient heat conduction, the term on the right is the rate of energy storage in the body. We will call this the transient term. •This differentiates transient analysis from the steady-state, where temperature distribution does not change with time.

			   Analysis, Thermal, Heat, Transient, Intro, Conduction, Transient heat conduction, Intro to transient thermal analysis, Transient analysis

		

	

	
				
					

		
			Introduction to Finite Element Modeling

			lwlin.me.berkeley.edu
			The way finite element analysis obtains the temperatures, stresses, flows, or other desired ... Heat conduction Temperature Heat flux ... Transient Harmonic vibratory • Element Types Dictated by features of FEA software 1-D to 3-D
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			Design and Analysis of a Gas Turbine Blade

			www.irjet.net
			Design and Analysis of a Gas Turbine Blade Abdul Qadir Talal1, Dr K Fazlur Rahman 2 1Abdul Qadir Talal, ... and high thermal transient load (trips, start-ups, start downs). In this research, a review of common failures due to ... Heat is transferred by conduction through the blade, and then by convection into the air flowing inside of
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			Section 4 Chapter 1 Fundamentals

			staff.sut.ac.ir
			conduction, radiation or electromagnetic fields ... when attempting design of a dryer or analysis of an existing dryer. Mathematically speaking, all processes involved, even in the simplest dryer, are highly ... Drying is a complex operation involving transient transfer of heat and mass along with several rate processes, such as physical or ...
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			Transient Heat Conduction - Simon Fraser University

			www.sfu.ca
			Transient Heat Conduction In general, temperature of a body varies with time as well as position. Lumped System Analysis Interior temperatures of some bodies remain essentially uniform at all times during a heat transfer process. The temperature of such bodies are only a function of time, T = T(t). The
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			Heat and Mass Transfer - Tufts University

			sites.tufts.edu
			A typical problem in heat transfer is the following: consider a body “A” that exchanges heat with another body, of infinite medium, “B”. This can be broken down into either a steady problem or a transient problem. In the steady case, we have (for example) = constant, = constant, and we must find the total heat
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			The Dielectric Voltage Withstand Test

			code-authorities.ul.com
			The Theory of conduction band, dramatically increasing Dielectric Breakdown The dielectric breakdown of an insulating material is a complex physical phenomenon but it may be generally characterized as a sudden change in the resistance of the insulation under test due to the applied voltage. Simply stated, the test voltage breaks down the insulating
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			Piezoelectric Simulations - COMSOL Multiphysics

			cdn.comsol.com
			analysis of a piezoelectric actuator. A radially polarized piezoelectric tube is simulated, with two sets of boundary conditions. The first case illustrates the inverse piezoelectric effect, and the second case shows the direct piezoelectric effect. The model is based on a paper by S. M. Peelamedu et al. (Proceedings of the
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