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1 Introduction

VINcoSIM, developed by Vincotech, is a comprehensive web-based power module
simulator tool that helps customers identify the best power module for their application.
The tool has been expanded to include a new feature that lets customers download

Vincotech power module characteristics data in a PLECS-compatible format.

PLECS, the multi-domain simulation platform for power electronic systems developed by
PLEXIM, lets users model and simulate comprehensive electrical systems, including power
sources, converters, and loads. Simulating an entire application with proper control in
PLECS requires an electrical and thermal model of the power module and topology circuit
in PLECS format.

In addition to its existing library elements, Vincotech has created a library of power-
module-optimized PLECS topology models to simplify the workflow for building

electrothermal simulations in PLECS that use Vincotech power modules.

This document guides readers through setting up and simulating Vincotech power modules

in the PLECS simulation environment.

2 Modeling Power Modules in PLECS

Modeling power modules involves decomposing them into electrically functional topologies,
which include semiconductor devices, such as transistors and diodes, and their
interconnections. Each of these functional topologies transforms electrical energy from one
form to another with an efficiency determined by the converter application parameters
and the semiconductor operating characteristics. The primary objective of power module
converter design is to optimize the application to maximize efficiency while meeting
expectations in terms of reliability and lifetime. Power electronics design engineers rely on
simulation tools to calculate the efficiency, losses and device junction temperatures of

power converter systems and their constituent elements.

In this effort, the efficiency and loss calculation of the power module - a key component
of the power converter - is crucial. To accurately calculate these parameters, both the
topology model of the power module and the characteristics of the semiconductors and

their packaging are essential.
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3 Modeling Power Module Topology

Power modules incorporate multiple semiconductors in various combinations, resulting in
complex electrical circuits. They typically integrate various power conversion stages, such
as AC/DC, DC/DC, and DC/AC, within a single package.
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Figure 1: A typical power module topology including three conversion stages.

Despite their complexity, power converter circuits can be decomposed into so-called
functional topology elements, each responsible for a given power conversion task. For
example, the power module circuit represented in Figure 1 can be split into three distinct
functional topologies: a three-phase rectifier, a brake chopper, and a three-phase

two-level (voltage-source) inverter (Sixpack).
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Figure 2: Three-phase rectifier Figure 3: Brake chopper Figure 4: Sixpack
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When calculating their electrical efficiency and losses, these functional topologies can be
handled individually with proper excitations. The results for each functional topology can

then be used to calculate the efficiency of the power module as a whole.

The primary advantage of functional topology modeling is that it significantly reduces the
time required to prepare simulations by relying on reusable building blocks. These can be
used in any combination to reconstruct a power module’s electrical circuit, simply requiring
the addition of connection wires between the functional blocks. Moreover, model selection
depends on the functional topologies and not on the individual transistors or diodes,

reducing simulation preparation time.
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Figure 5: Reconstructing the power module circuit by adding connection wires between individual
functional topologies.
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4 A PLECS Library of Functional Topologies

Vincotech has assembled a PLECS library of individual functional topologies that customers
can use to reconstruct power modules. These functional topologies are also available in
VINcoSIM. Because VINcoSIM also relies on these individual functional topologies when
performing calculations, users can be assured that PLECS and VINcoSIM are compatible in

terms of their simulation results.

v
\ Vincotech vincosim FEEDBACK  ABOUTVINCOSIM

PRODUCT SELECTION flowPIM S3  BB-SP12PMA1BOM7-LO9SA78T 4701 12008 V; 100 A ~

flowPIM S3 / 1200 V; 100 A

Part number: BA-SP12PMA1B@M7-LQS9A78T_4781 'é N

Break down voltage: 1208 V !

Nominal chip current: 180 A ]

Topology: PIM [CIB) < e >
Chip technology [main switch]: IGBT M7

Base isolation [e.g. ceramic]: AL203 o rm_l

Electrical interconnection: Press-fit pin

Module housing: flow S3 12 mm 4 towers

Thermal interface: PTME@8Q (Jpaste = 4.4 W/mK)

[ MODULE DATASHEET [} CHODSE ANOTHER PRODUCT

HEATSINK AND ENVIRONMENT SETUP  Fixed heatsink/temperature: 8@ °C ~

SIMULATION SETUP ~

To run a simulation please provide operation/farameters and control parameters for aLJJnchunal elements. &
Al fields are required. z

'e

x = .Y J ] ] ]
3 1

Typical 3ph Rectifier model Typical Brake model Typical Sixpack model

|44 CHARACTERISTICS AND MODELS [40 CHARACTERISTICS AND MODELS |40 CHARACTERISTICS AND MODELS

Figure 6: Power module level circuit with functional topology-based simulation in VINcoSIM

Functional topology-based modeling has its limitations, particularly when functional
topologies are split between multiple power module packages. While, in such a scenario,
the functional topologies successfully reproduce the electrical behavior, they fail to capture

the thermal properties.
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In the case of split functional topologies, it is, therefore, advisable

to build the topology using individual switch and diode circuit elements and manually draw
all the required connections. Furthermore, the thermal description of each semiconductor

must be created manually based on the module datasheet.

The Vincotech PLECS topology library can be downloaded from the Vincotech website and
is available in the VINcoSIM simulator. A detailed guide about where to find it and how to

install it into PLECS is provided in a later chapter.

5 Modeling Semiconductor Characteristics

The characteristics of the semiconductors used in the power module must be considered
to perform a representative electrothermal simulation. These characteristics describe the

electrical and thermal behavior of each semiconductor within the specific power module
package.

There are three types of semiconductor characteristics for power modules:

e Static characteristics, which define conduction losses.
e Dynamic characteristics, which define switching losses.
e Thermal characteristics, which define the thermal connectivity (thermal chain)

between the semiconductor and the power module package case.

Static Characteristics B Enff Thermal Characteristics
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Figure 7: Static characteristics Figure 8: Dynamic characteristics Figure 9: Thermal characteristics
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Static and dynamic characteristics depend on the temperature; additionally, dynamic

characteristics depend on the gate resistance, Rg.

Each Vincotech power module’s static, dynamic, and thermal characteristics are available

in the Vincotech product datasheets and the VINcoSIM web-based simulation tool.

PLECS uses the same characteristics to simulate losses and temperatures. These can be
defined in PLECS as thermal descriptions, either by manually entering datasheet values or

by referring to a thermal description .xml file.

The thermal descriptor .xml file provides a much easier and faster approach than manual
definition. In addition to the datasheet, Vincotech provides the characteristics in .xml

format, which can be downloaded via the VINcoSIM simulator.

When no thermal descriptors are provided, PLECS simulates ideal components without

considering electrical losses and thermal conductivity.

PLECS requires a thermal descriptor to simulate real conditions, including thermal
conduction and switching losses. Once provided, the thermal network is excited and the
simulation engine calculates the temperature increase caused by losses on the
semiconductors.

The same method is relied on to simulate the power module as a whole. The only
difference is that, in this case, the thermal package comprises more than one

semiconductor.
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Figure 10: The calculation loop used by PLECS to determine the electrothermal behavior of a power
module with an IGBT and a diode.
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The simulation is left to run until the temperature swing reaches a steady state, reflecting
the temperatures at continuous operation under specified application and simulation
parameters. Achieving VINcoSIM comparable results in PLECS requires to perform a

steady-state analysis.

6 Relationship Between the Topology Model and the
Semiconductor Characteristics

As described in the previous chapter, modeling a power module in PLECS requires an
electrical circuit or a topology model and semiconductor characteristics. Vincotech provides
topology models as functional topologies and publishes semiconductor characteristics in a

PLECS-compatible thermal descriptor .xml file format.

To run an electrothermal simulation in PLECS, the topology and characteristics must be
commissioned before starting the simulation. This involves assigning the correct thermal

descriptor to the corresponding functional topology.

IMPORTANT: Vincotech thermal descriptors in .xml files are related to specific functional
topologies. They are only fully operational when applied to the relevant Vincotech
functional topology and cannot be loaded onto other functional topologies or circuit

elements.
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7 How to import VINcoSIM models to PLECS

Vincotech power modules can be simulated in PLECS in just five simple steps.

1. Download the Vincotech library (Guide: steps 1 - 7)

Download the library here: https://www.vincotech.com/support-and-

documents/simulation-software.html

2 Library Browser - O X
File Window Help

Q Search components

> System

> Assertions

> Control

> Electrical

> Thermal

> Magnetic

> Mechanical

> PLECS RT Box

> STM32 Target

> T1 C2000 Target

v Vincotech Library
> 2-Level
> 3-Level



https://www.vincotech.com/support-and-documents/simulation-software.html
https://www.vincotech.com/support-and-documents/simulation-software.html

2. Add the relevant functional topologies from the Vincotech Library.
(Guide: steps 8-10)
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Iﬂ..=_5: ser o o [ untitled * — o X
File Edit View Simulation Format Coder Window Help
Q search companents
System
Assertions
Control
Electrical
Thermal
Magnetic
Mechanical
PLECS RT Box
STM32 Target
TI 2000 Target
Vv Vincotech Library
~ 2-level
2ph Passive Rectifier v i
3ph Passive Rectifier
o—r1 >
H-Bridge T o
Brake
Half-Bridge —
Brake
3phRectifier -
PFC P Sixpack
Sixpack
Sixpack module fo
S i A e
, |
b
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3. Reconstruct the power-module-specific circuit. (Guide: steps 11-12)
£ untitled * @ o

File Edit View Simulation Format Coder Window Help

T Bl
S Brake —
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3phRectifier Sixpack
Heat Sink
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4. Download the thermal .xml file from VINcoSIM (Guide: steps 13-14)

v
\ Vincotech wncen

=

HEATSINK AND ENVIRONMENT SETUP  Flaed huatsink tem

Refresh the PLECS thermal library and assign the thermal .xml files to each functional
topology (Guide: steps 15)

v
o—f
3phRectifier
Heat Sink
[ Block Parameters: untitied)/Sixpack x |
Sixpack (mask) (k)
Sixpack modue or Vincotech Lbrary.
Porameters _Assertons
& [
it Eemperature: From fibary... > Vincotech »  Sixpack * T.4701.3 Typi
[ By reference
it
Rem,
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The following chapter provides a step-by-step tutorial that guides users through the entire

process of running simulations with Vincotech power modules in PLECS, starting from

scratch.

8 Step-by-step User Guide on Using Vincotech PLECS
Models

The following paragraphs outline the steps required to assign models in PLECS using
Vincotech topology models and .xml thermal descriptors. They explain in detail how to
download models and install them in PLECS so that they are ready for use by PLECS end

users.

8.1 Vincotech PLECS Library

The Vincotech library includes several functional topology models, which are the basic
building blocks needed to model power modules. First, the library must be downloaded
and installed in PLECS. It can be downloaded from the VINcoSIM webpage as a compressed

zip folder.
Link to the webpage:

https://www.vincotech.com/support-and-documents/simulation-software.html

Vincotech

VINcoSIM - The Integrated Simulation Environment

Why use VINcoSIM?

v Wiseco

Unigue simulation core

VINcoSIM suppo;

12


https://www.vincotech.com/support-and-documents/simulation-software.html

v

Vincotech
This webpage can be reached directly from www.vincotech.com by accessing the

Support & Documents menu and selecting Simulation Software VINcoSIM.

Vincotech PRODUCTS 5 L JCUMENTS TECHNOLOGY B INNOVATION COMPANY NEWS CAREER

PUTTING E

This page can also be accessed from VINcoSIM by clicking on the Characteristics &

Models menu and selecting Vincotech PLECS Library.

Characteristics and models x

¢

TYPICAL SIXPACK MDDEL

Static Characteristics

Inverter Switch

Inverter Diode

Dynamic Characteristics

Inverter Lo-Side

Inverter Hi-Side

Download Data

@ Comma Separated Values

[ PLECS Thermal Modet

' Vincotech PLECS Library

13
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On the Simulation Software VINcoSIM webpage, select Download Vincotech PLECS

Library to download the library .zip file.

Vincotech PRODUCTS

TECHNOLDGY & INNOVATION COMPANY W CAREER

VINcoSIM - The Integrated Simulation Environment

'I.LL.--".CE-F o g web

Why use VINcoSIM?

J It is accurate

We use real measurerment data, all
'.|,'|;:|,||,l:::;||}\ are available, haatsink
option is Included

Unigue simulation core

J ItIs fast and complete ‘( It iz easy to use

The procedure takes only seconds Only 1 Cl:ullil'illl.-ll on step is nesded,
and tha results revesl a lot of data in ikl ¢|_|1i:'-||_\" for wour niseds, no
one I'_||FII'II'.F! |:!I'I'-‘-'I'I:I'I.'II:|II'5|:| Necessary, no cost

WiNCoSIM s b ' s which offers the possibility to simulate every module with eweny topology. Adding nee modules and

i Study by IncQuiry Groun
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Step 2:
Extract the Vincotech_Library.zip file to a designated folder. Choose the folder
intentionally, as it will need to be linked to PLECS. Later, the thermal descriptor .xml files

will also need to be copied into this folder structure.

. 4 4+ ThisPC + Downloads

Mame Date modified Type Size
< Today (1)
i Vincotech_Library.zip 2024-02-200%:33 Compressed (zipp... TITKB
b4
i Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folden

| CA \Vincotech_Library] | Browse...

[ Show extracted files when complete

15
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Step 3:

After creating the folder and extracting the library, install it into PLECS. The installation

steps are also described in the install.txt text file in the extracted folder structure.

v 4 > )[Vincotech_Libraly > plecs » Library ]>
Name - Date modified Type Size
Documentation File folder
lua File folder
VincotechThermalDescriptions File folder
L] .DS_Store 2:40 DS_STORE File 11KB
L infoxml 5:23 XML Document 1KB
[_, Install.txt ] 2024-02-20 09:3 Text Document 1KB
e vincotech.svg Microsoft Edge H... 2KB
) VincotechComponentLibrary.plecs PLECS model file 786 KB
| | VincotechComponentLibrary.plecs.autos... AUTOSAVE File 1,027 KB

Step 4:

To install the library, open the PLECS Library Browser and select PLECS Preferences

from the File menu.

) Library Browser — O x
File  Window Help

Mew Model Ctrl+M
Open.. Ctrl+CQ
Open Recent L

Import from Blockset..,

PLECS Preferences...
Compare Ctrl+5Shift+C

PLECS Extensions...

Chuit PLECS

16
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Step 5:

At the PLECS preferences window, select the Thermal tab and add the extracted library
by clicking the + button.

) PLECS Preferences X

General  Libraries Scope Colors ~ Updates  Coder
Thermal description search path:

.Do-bll

Step 6:

In the Select Directory window, browse to the directory where you extracted the .zip file,

navigate to the Vincotech_Library\plecs\Library folder, and click the Select Folder
button.

[ Select directory X
« v H «[Vincotech_Library > plecs » Library ] v | O Search Library
Organize v New folder B - @)
A Name - Date modified Type Size
Documentation 2024-02-20 09:34 File folder
lua 2 09:34 File folder
VincotechThermalDescriptions 2024-02-20 10:11 File folder
v < >
Folder: | Library

17
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Step 7. Restart the PLECS application. If you executed all steps correctly, the Vincotech
Library will appear in the PLECS Library Browser, displaying the 2-Level and 3-Level,

topology sections.

2 Library Browser - a
File Window Help

Q Search con ponents

> System

» Assertions

» Control

» Electrical

> Thermal

> Magnetic

» Mechanical

» PLECS RT Box

» STM32 Target

> T1 C2000 Target

™ Vincotech Library

> 2-Level
3-Level

The Vincotech Topology Library in PLECS is ready to use. Select the desired functional

topology from the library browser to add it to your simulation setup.

) Library Browser - m}
File Window Help

X

Q search components

System
Assertions
Contral
Electrical
Thermal
Magnetic
Mechanical
PLECS RT Box
STM32 Target
Tl C2000 Target
™~ Vincotech Library
¥ 2-Level

2ph Passive Rectifier
3ph Passive Rectifier

Sixpack

H-Bridge
Half-Bridge
. Sixpack
Sixpack module for

x 'I | 'I @ ‘ 'I @ Vincotech Library.
>
4 1
* o
¥

>+ |+@ ‘4@

18
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8.2 Simulate Vincotech Power Modules in PLECS

Once you have installed the Vincotech PLECS library, you can simulate a specific Vincotech

power module. The following steps are required to set up the simulation correctly:

Add the functional topologies from the Vincotech library.

2. Reconstruct the power module specific circuit by adding connection wires between the
functional topologies.
Download the thermal descriptor .xml files for the functional topologies from VINcoSIM.

4. Assign the thermal descriptions to the corresponding functional topologies.

The following example guides you through these steps to help you correctly set up your
PLECS simulation.

Step 8:

Find the product you want to simulate in PLECS on the Vincotech website under the

Products menu. Use the built-in filters to find your desired product easier.

Select the product from the list view and open VINcoSIM by clicking Simulate.

Vincotech [ C SUPPORT & DOCUMENTS TECHNOLDBY & INNOVATION COMPANY NEWS CAREER

RT-NC AILS | ¢ PRODUCT STATUS £ SI % PRODUL: % VOLTAGE % CURRENT 2 MAIN CHIF = HOUSING % HE ISOLATION SIMULATION
i . LINE e 53 R A

10-E212PMABISMT- Series CIB-DE-NTC  flowPIME 1200 15 BT M7 flowE2 ©® 12 Alz03 SIMULATE

L186A76Z |- @ E2

V23990-PS44-A27Y- Series CIB-DE-NTC flowPiMe 0 BOOD 15 GBT3 flowd © 17 AlzD3 SIMULATE

BM [H @

V23990-P545-A28-PM  Series CIB-DE-NTC flowPiM®0 600 20 GBT3 flowd @ 12 AlaD3 SIMULATE
@
CIB-DE-NTC  flowPIM® 1200 100 GET M7 flow 53 12 Alz03 SIMULATE
Lo 53 ]

V23930-PB43-ASIY- Series CIB-DE-NTC  flowPiM®0 1200 8 GET4 flowo © 17 Al203 SIMULATE

BM @

80- Series CIB-KE- MiniSKiP® 1200 35 IGET M7 MiniSKiP® 16 Al2D3 SIMULATE

M212PMARISM73] - Tandem PIM 2 e ®

K22ea7e Diode-NTC
©

B8-M312PMAIBOMT7-  Series CIB-KE-NTC  MiniSKiP® 1200 100 BBT M7 MiniSKiP® 16 Alz03 SIMULATE

Kazeaze [ [ PIM3 o)

V23990-PB4B-C56-PM  Series CI-DE-NTC flowPiMeo 1200 4 GBTY flown © 12 Alz0g SIMULATE

| @

V23990-P589-A41-PM  Series CIB-DE-KE-  flowPIM®1 1200 25 GBT4 flowl © 17 Alz03 SIMULATE

NTC @

19
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Alternatively, launch VINcoSIM for the selected product by clicking the Simulate this

module button at the bottom of the product webpage.

REQUEST A QUOTE PUT DN WISHLIST 34

Basic module information

Part number:

Product Line: #g__{_ﬁ:h\ =
Product status Semples available -G/g-.‘ B,
- L 14 i W
Break down voltage: 1200V S M & ¥
B shj e
Mominal chip current rating: 100 A .~ LA
&
Standard Packing Quantity 45 !
Module datashest @&
oY
Product details
Topology PIM [CiB]
| Dpen Emitter configuration
| Tempersture s2nso .
| Converter+Brake=inverter | |
L ] =
Chip technology [main switch) GBT M7
i
| Eazy paralieling
[ Low tum=-off Loczes
/ Lowco A

[ Positive temperature coefficient
[ Short teil current

[ Switching optimized for EMC

Base izolation [e.g. ceramic) AloD
Electrical interconnection: Press-fit pin

Loed this product to the simulation environment to get an overview of its performance.

20
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Step 9:
The product related VINcoSIM webpage opens. Next, add the functional topologies that
are used in the product. The VINcoSIM webpage structure will help you identify the
relevant functional topologies.

h e

\ Vincotech vincosim FEEDBACK ABOUT VINCOSIM
PRODUCT SELECTION flowPIM S3  BB-SP12PMALBBM7-LOS3AZET 4701 1200V;100 A ~
flowPIM S3 /1200 V; 188 A 4 N

Part number: B8-5P12PMATBEM /- LOSSAJBT 4781

Break down voltage: 1200 V

1

Nominal chip current: 108 A P O B "_',}} = __n'l i

Topology: PIM [CIB) < — >
¥ X X

Chip technology [ main switch]: IGET M7 # #

£y

Base isolation [e.g. ceramic]: AL203

Electrical interconnection: Press - fit pin
Module housing: flow 53 12 mm 4 towers ki

Thermal interface: PIMGB08 [Lpaste = 4.4 W/mkK]

i/
B MODULE DATASHEET [ CMOGSE ANCTHER PRODUCT
HEATSINK AND ENVIRONMENT SETUP  Fixed heatsfnk temperature: B8 °C v
SIMULATION SETUP ~
To run a simulation please provide operapion parameters and control parameters for Juncliunal elements. l
All fwolds are required.
g - = N { N
XN | G &
x jl::} K .
.
4 -
X X &K ] J JB} JE&
+ 1
i h ifi Typi i i
ancalap Rectifier model J L& ypical Brake model ) LTw:ncalS:x|:|at:l<|1'5<:u1el )
|4l CHARACTERISTICS AMO MODELS lad CHARACTERISTICS AMD MODELS |44 CHMARACTERISTICS AND MODELS

21



Step 10:

Use the library browser in PLECS and the Vincotech library elements to

functional topologies to the simulation page.

O Library Browse |

v

Vincotech

add the desired

Q Seorch components

System ~

Assertions
Control
Electrical
Thermal
Magnetic
Mechanical
PLECS RT Box
STM32 Target
TI C2000 Target

~ Vincotech Library
v 2-Level

2ph Passive Rectifier
3ph Passive Rectifier
. Sipack
" H-Bridge
Half Eridge
Boost
Brake

PFC

. Sixpack

Sixpack module for
> ﬁ ‘ ﬁ ‘ ﬁ Vincatech Library.

) untitled *

File Edit View Simulstion Format Coder Window Help

3phRectifier

22
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Step 11:

After placing the functional topologies, it is important to reconstruct the module-specific

circuit by adding wire connections between the functional topologies.

v
\ Vincotech vincosim FEEDBACK  ABOUTVINCOSIM

PRODUCT SELECTION flowPIM 53  B@-SP12PMA10OM7-LOS9ATET_4701 1200V 100 A ~

flowPIM 53 f 1200 V; 100 A

Part number: BA-SP12PMA1BBM7-LO3SA78T_4701

Break down voltage: 1200 V

Nominal chip current: 180 A E I 2 1

#%
Topology: PIM [CIB) < 111 >
Chip technology [main switch]: IGBT M7 :—_‘1} _-—_'13

Base isolation [e.g. ceramic]: AL203

s
=

Electrical interconnection: Press-fit pin

Module housing: flow 53 12 mm 4 towers

Thermal interface: PTMEO@@ [Lpaste = 4.4 WimK]

1 1
& MODULE DATASHEET [/ CHODSE ANDTHER PRODUCT

Brake

—
—
K
K
&

3phRectifier Sixpack

23
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Step 12:

The final step before assigning the thermal model is to add a shared heatsink to the circuit
and connect it to a grounded thermal source. This heatsink, which could be the power

module backside copper or the baseplate, integrates the circuit into a thermally equivalent

package.
[ untitled - O X
File Edit View Simulation Format Coder Window Help
( B
b \
5 % B A
~ ﬁ n
o— >— 9
5 Brake
¢ ToonstG
. H:; :ZS ‘”:? T 80
3phRectifier Sixpack
“ 7
Heat Sink

This makes the simulation model setup ready for the next step: assigning a thermal

description to each functional topology.

24



\ Y
Vincotech
Step 13:
To assign a thermal description to each functional topology block, download the relevant
.xml files from VINcoSIM. In VINcoSIM, click on Characteristics & Models, located below
the related functional topology. In the sidebar that opens, click on PLECS Thermal Model
to download the .xml file for this product and functional topology. A green bar in VINcoSIM

will indicate that the download is complete. If an error occurs during the file export,

information about the causes will be provided in an error message.

v
\ Vincotech vneosm FEEDBACK  ABOUTVINCOSIM

Pa

4 - . cnasa s

¢ 4

B

gt

I 1k
]

HEATSINK AND ENVIRONMENT SETUP  Fixed heatsink temperature: 63 °C

k-

Repeat these steps to download the .xml files for all functional topologies for the selected
power module. In the end, the number of .xml files should equal the number of functional

topologies in the product.

25
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The .xml filenames include the product name (e.g., BO-SP12PMA100M7-LQ99A78T) and

the designation of the relevant functional topology (e.g., Typical Sixpack).

s 2NE % | Downloads — (] X
m Home Share View o
1 & Cut Y r 3 New item ~ L [ Open~  HHselectall
» = B b e |5 x __I | v = H
4 w-| Copy path ’_; Easy access « - Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename  New Properties ) - )
access [#] Paste shorteut tor to- - folder - £ History 5 Invert selection
Clipboard Organize New Open Select
4 & » ThisPC » Downloads v O Search Downloads
A
= 22 Mame Date medified Type Size
~ Today (4)
] Vincotech Library File folder
H _ BO-5P12PMAT00M7-LQ99ATET_4701_1_Typical 3ph Rectifier model.xml XML Document
4 |_] BO-SP12PMA100MT-LQI9ATET_4701_2_Typical Brake modelxml XML Document
| ] BO-SP12PMA100MT-LQISATAET_4701_3_Typical Sixpack modelxml XML Document
.
A
Step 14:

Copy these .xml files to the correct subdirectory in the Vincotech PLECS library folder. To

do so, navigate to the folder where you unzipped the Vincotech PLECS library.

The topology folders are in the following folder structure:
VincotechLibrary\plecs\Library\VincotechThermalDescriptions\Vincotech

Copy the downloaded .xml files to the right folder, referring to the .xml filenames.

For example, copy the BO-SP12PMA100M7-LQ99A78T_4701_3 Typical Sixpack
model.xml file to the Sixpack folder.
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A (L= Vincotech Library » plecs > L 1 & » ThisPC » Downloads
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2phRectifer + Today (4)
sphRectiicg— M T B
ANPC [ _) BO-SP12PMAIOIMI-LCISATST 4701_1_Typical 3ph Rectfier modelxml 202
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Step 15. Click the Refresh button on the Thermal tab in PLECS Preferences to see
changes in the library.

[ PLECS Preferences

General  Libraries m Scope Colors ~ Updates  Coder

Thermal description search path:

+| ¢y Vincotech_Library/plecs/Library

o

Apply Help

Step 16:

To assign a thermal model to a Vincotech functional topology, double-click on that and

then select the appropriate thermal model by clicking on From library.

o—1 —
Brake
1 TaonstG
H > S % S % E ; T: 80
3phRectfier S
Heat Sink
[0 Block Parameters: untitled/Sixpack %
Sixpack (mask) (ink)
Sxpack modue for Vincotech Libary.
Parameters _Assertions
Thermal Description:
Iital emperature: From library... » Vincotech  »
By reference =
Edit.
Remove
New thermal description..
New thermal package description.
oK Cancel Apply Help
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Follow these steps for all functional topologies in the order presented. If a folder contains
multiple models, they will also be available in the list. After selecting the model, define
additional parameters such as Rgon and Rgorf in the dialog window.

P o 5 W W e

3phRectifier

Heat Sink

[ Block Parameters: untitled/Sixpack ® 3
Sopack (nask) (i)
Sxpack modle for Vincotech Library.
Parameters  Assertions

Thermal Description:

T [—
Rgoff_lnverter_Lo_Side:

‘ From library... » Vincotech > Sixpack > 10-P1126PA100M7-L820F09Y_6635._1_Typical Sixpack model
Rgoff_inverter_Fi_Side: ) 49791 Typical

[ T 4701 3 Typical Sb
Rgon_Inverter H_Sde: V23990-P829-F-PM_6874.1 Typical Sixpack model
Rgon_inverter_Lo_Sde:
nitel Temperature:

Be sure to carefully select the models related to the same product if the power module
package comprises more than one functional topology.

After this step, the power module model set-up is complete.
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Step 17:

Before running a simulation with the model, initialize the simulation parameters. To do so,

open this dialog in PLECS by entering the Simulation menu and selecting Simulation

parameters.
2 sixpack * — O X
File Edit View Simulation Format Coder Window Help
Start Ctrl+T
Pause Space

Simulation parameters... Ctrl+E

Analysis tools... Ctrl+Shift+Y é TeonstG
Simulation scripts... Ctrl+Shift+T

612 [z [Ts RS
() gig% - - Lilout
T G15 > | Scope
G13 L |
e L
Sixpack
Heat Sink i

In the pop-up dialog, select the initialization tab and set up your simulation initialization

and model parameters.

[ Simulation Parameters: Sixpack X

Solver  Options  Diagnostics  Initialization
System state

Initialize fom: @) Block parameters

Store current state...

Model initialization commands

1 % Parameters

2 Vdc = 800;

3 Vph_rms = 230;

4 cosphi=0.8;

S Iph_rms = 10;

6 fout = 50;

7 fsw = 5e3;

8 t_init = 80;

9 IL ripple = 20;

10 Vph_peak=Vph_rms*sqrt (2) ;

11 Lout = Vdc/(4*IL_ripple/100*Iph_rms*fsw);
12 Cout = 1/ (2*pi*fsw)~2*Lout;

13 Phi=acos (cosphi)

14 Pni_deg={-Phi*180/pi};

15 Sout=Vph_rms*Iph_rms;

16 Pout=Sout*cosphi;

17 Qout=sqrt ( (Sout”2)- (Pout~2));

18 XL=2*pi*fout*Lout;

19 theta=atan (Pout/ (Qout+Vph_ rms~2/XL));
20 theta_deg=theta*180/pi;
21 Vinv=Pout*XL/ (Vph_rms*sin(theta)):
22 Mi=(Vph_rms*sqrt (2) +(Vdc/2)) /Vdc;
23 Vinv_init=Vinv*sqrt (2) *sin(-theta);

24 IL_init_l=-sqrt(2) *Iph_rms*sin(-Phi)-((Vinv_init/2/Lout)/fsw):
25 IL_init_2=-(sin(pi*2/3-Phi) *sqrt (2) *Iph_rms) - ( (Vinv_init/2/Lout)/fsw);
26 IL_init_3=- (sin(pi*4/3-Phi) *sqrt (2) *Iph_rms)-( (Vinv_init/2/Lout)/fsw);

20;
31 tDead 100e-9;
32 v

[ =R

With this step, you are ready to run your simulation.
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Step 18:

To simulate the losses, efficiency, and temperature of a power module, run a steady-state

analysis. For this, open the Simulation menu and select Analysis tools.

[ sixpack * = [ X
File Edit View Simulation Format Coder Window Help
Start Ctrl+T
Pause Space
Simulation parameters... Ctrl+E
Analysis tools... Ctrl+Shift+Y ( ) TeonstG
Simulation scripts... Ctrl+Shift+T
&12 [ TRZE | TR TR
C) o < I L: Lout I
T gape R2 .

eag g

Sixpack g

1
TP
J5

Heat Sink

In the pop-up dialog window, define the steady-state analysis parameters. When you are

ready, click Start analysis to run the simulation.

2] Analysis Tools: Sixpack pd
Y P

Analyses Analysis type: Steady-State Analysis

Description: Steady-State Analysis

Setup Options
Operating point: periodic ~
System period (s): f 1/fout |

Simulation start time (s): [ﬂ |

Show final cycles: I4 |

+* | - Show log Start analysis Acept Revert Help

30



v

Vincotech

When the simulation is complete, the results can be displayed using standard PLECS tools,

including the probe, scope, or switch loss calculator functions. The electrothermal behavior

of the Vincotech power module is represented in the simulation results, e.g., in the

temperature swing on the semiconductors displayed below.

Bl sixpack * = 1 >
|
A TeonstG
LG -
+ G - IR E
(—) G155 el i Scope
G13 = L] R2 L] ‘
bl AE K |
Siupack !
[ Sixpack/AC_SW_H/Junction temperature V = 0 X
File Edit View Window Help
eoqQi - mEm & @
84.05- . Traces 8 X
_g Current Tace (+]
SO i Wy t
83.95- rﬁ’ If‘ N, N’p
oo f rrp'
_ » f
83.80- \\ ff
83.75- \ {
83.70- \\ [
83.65- \ f
\ N
83.60- '\l

;

f

;‘wrf‘f

3500 3.802

3.438

3.4%
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9 Summary

This tutorial offers step-by-step instructions on how to simulate Vincotech power modules

in a PLECS environment.

PLECS software is supported by Plexim. Trial license can be requested on the following

link: https://www.plexim.com/trial

The Vincotech library and VINcoSIM generated .xml files are supported by Vincotech from
PLECS version 4.8.1 or higher.

If you identify a problem with the Vincotech Library or a VINcoSIM .xml file, please get in

touch with your local Vincotech sales support representative.

If you encounter problems with the PLECS software (e.g., convergence, probing

difficulties, etc.), please reach out to your dedicated PLEXIM support.
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