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/\ Caution

Before downloading and using the software, please read the following “End-user Software Agreement”.
By downloading the software, you agree to be bound by the terms of the following agreement. If you
don’t agree the agreement, remove the software and erase all copies of the software and the related

documents.

End-User Software License Agreement

This is a software license agreement (the “Agreement”) between you (“Customer”) and Fuji Electric Co.

Ltd. (“Fuji”) with regard to the use of Fuji IGBT Simulator (“Software”).

1. (Right of Use) This software is available to use without paying additional fees to Fuiji.
No right or license, either express or implied, under any patent, copyright, trade secret or other
intellectual property right owned by Fuiji Electric Co., Ltd. is (or shall be deemed) granted.

2. (Copyright) Fuji retains the copyright, title and ownership of the software, the manual and related
documents.

3. (Prohibitions) You may not reverse engineer, decompile, or disassemble this software.
(Limited Warranty) Fuji makes no representation or warranty, whether express or implied, relating
to the infringement or alleged infringement of other's intellectual property rights which may arise
from the use of the applications described herein.
Fuji pays close attention to the quality of the contents on this simulator. However, such continents
are provided “as is “ without guarantees of any kinds.
This software may not be able to accurately simulate temperature ripple due to changes in PWM
operating conditions or operating modes. Please contact to Fuiji if you need a help to discuss
AT,-PI/C capability.

5. (Program update) The program specification of this software is subject to change without any

notice.

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. [
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1. Software Setup

This software is suitable for Microsoft® Windows® Windows7, Windows & Windows10.
In order to operate, Microsoft NET Framework 3.5 or later is required .

(1) Download site

https://www.fujielectric.com/products/semiconductor/model/power_modules/igbt/simulation/list.html

E Fuji Electric Global About Us Products Investors ESG ContactUs @ Q [

Home > Product Information > Power Semiconductors > Design Support > IGBT ) Loss Simulation

Power. s — Design Support . About Power Contact US

I Loss Simulation RS Fuji Electric Global About Us Products Investors ESG Contact Us @ Q [
Home » Product Information > Power Semiconductors > Design Support > IGBT » LossSimulation » Fuji IGBT Simulator
© Fuil IGBT Simulator (Qnline Version) Power

s Product Design Support About Power Contact US

I Fuji IGBT Simulator

Erequently Asked
Contact Questions
(FaQ)

Using (downloading) the software

Main features of Version 6

1. Generated loss calculation accuracy improved

2. Calculation for 2-level circuits, 3-level circuits (T-type, I-type) and chopper circuits
3. Support for various PV modulation methods

4. Calculation for specified heatsink and thermal conditions

5. Parameter sweep calculation

6. Calculation for repetitive and non-repetitive pattem operation

7. Calculation result output function

8. Supports Japanese / English / Chinese

- For details of the changes, please refer to the "ChangeLog.it" included.

Fuji IGBT Simulator

Document No size Date.
Software (ver6.3.10) I 13.0MB Oct 2023
User Manual (Ver 6 3) MT5F31341 5.9M8 Jul. 2022

Fig.1. Download site

(2) Install

-Unzip the downloaded file and copy to a custom folder.

-Please double-click the file “IGBTSim.exe” to start the simulator.

Windows is a registered trademark of Microsoft Corporation in the United States and other countries.

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 1-1
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2. Startup Screen

(1) End-user software license agreement
The software license agreement is displayed at startup. Please confirm the contents and click the
"ACCEPT" button.

End-User Software License Agreement

[F= Fuji Electric

Innovating Energy Technology

This is a software license agreement (the “Agreement”)
between you (“Customer”) and Fuji Electric Co. Ltd. (*Fuji”) with
regard to the use of Fuji IGBT Simulator (*Software”).

(Right of Use) This software is available to use without paying
additional fees to Fuji. No right or license, either express or
implied, under any patent, copyright, trade secret or other
intellectual property right owned by Fuji Electric Co., Ltd. is (or
shall be deemed) granted.

{Copyright) Fuji retains the copyright, title and ownership of the
software, the manual and related documents.

(Prohibitions) You may not reverse engineer, decompile, or
disassemble this software.

(Limited Warranty) Fuji makes no representation or warranty,
whether express or implied, relating to the infringement or
alleged infringement of other's intellectual property rights which
may arise from the use of the applications described herein.
Fuji pays close attention to the quality of the contents on this
simulator. However, such continents are provided “as is *
without guarantees of any kinds.

This software may not be able to accurately simulate
temperature ripple due to changes in PWM operating
conditions or operating modes. Please contact to Fuji if you
need a help to discuss ATvi-P/C capability.

(Program update) The program specification of this software
is subject to change without any nofice.

ACCEPT DECLINE

Fig.2. Startup screen

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 2-1
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(2) IGBT simulator menu

You can select the language from the menu. Help is available.

FZ= Fuji IGBT Simulator Ver 63,10 Select Ianguage
Language | Help You can select the language by clicking "Language”
English mal Conditior - EngIISh
— - Japanese
pe - Chinese
(GBT Simulator Ver 6.3.10 - O x

Series: ~ Clear VCES[V] ~ Clear Next
Circuit. ~ Clear ICTAL - Clear

Clear All
Madule w

Product Infornfation

Type
Series
Circuit
VCES[V]
IC[A]

No Image

Download Data Sheet

Go to Fuji Web Site Technical Infomation
FZ= Fuji IGBT SirBulator Ver 63,10 Help menu
Language | Help The latest version of this software can
Module Seleci  Visit WEB site { ek | be downloaded from web site by
clicking "Visit WEB site".
Select Module Type
Series: w Clez

Fig.3. IGBTsimulator menu

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 2-2
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3. Module Selection

Select the IGBT to simulation.

Click “Module Selection” tab.

Select “Series, Circuit, VCES, IC”
from each dropdown list.

Select module from

list.

the dropdown

Click “Next” button.

F= [ji IGBT Simjlator

LaN@age H

Module Selecti ermal Condllion_Single Mods Cyole hiods

Select Mod pe
Series: X series Clear VCES[V]: 1200 ~ Clear
Circuit: Clear IC[AL: 600 ~ Clear
Module 2MBIB00XNG120-50 e

p rﬁ UE{ |I1 orma [ID"

Thermistor

Type
Series
Circuit
VCES[V]
IC[A]

Package

Next

Clear All

2MBIG00XMG120-50
X series

2-Pack

1200

600

M254

Download Data Sheet

Go to Fuji Web Site l Technical Infomation

Download  product datasheet.
(Some products are excluded.)

Visit Fuji Semiconductor

web site.

/

Visit technical information
page.

MT5F31341 f

Fig.4. Module Selection

© Fuiji Electric Co., Ltd. All rights reserved. 3-1
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4. Set Temperature Condition

Set the temperature conditions for the simulation.

(1) When calculating with fixed case temperature

Select fixed case temperature. Calculate Tc as constant.

Click "Single Mode" or "Cycle Mode" to proceed to the next step.

iji IGBT Simulator Ver 63,10

Larfyuage  Help

electsn ThermaICn:Iiitinn Sinegle Mode Oh

Case Temperature: Tc
(® Fixed Case Temp. S
Case - Heatsink Thermal Resistance: Rth(c-f)

T1 0.0167

(O) Calculate Case Temp.

Heat Sink Temperature: Tf

Fixed Heatsink Temp.

Calculate Heatsink Temp.

User Defined Heatsink Thermal
r1 0 tau 0
r2 0 tau2 0
ra 0 taul 0
4 0 taud 0
Rth(f-a 0
Ambient Temperature: Ta
Ambient Temp. 20

[

~
Single Mode ==

Cycle Mode ==

<< Back

Thermal Resistance Model

i

A T T

i ot

13

........
st sk

Thermal impedance model

(Foster equivalent network) ry (=1
n . r =

Z(1) = Z ry {l —exp (——)} s &
n=l Tn Fa [

Ty =Tn ' Cp

For details of the thermal circuit model, refer to pages 5-1 to 5-2.

MT5F31341 f

Fig.5. Set temperature condition

© Fuiji Electric Co., Ltd. All rights reserved. 4-1



(2) When calculating without fixed case temperature
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When calculating the case temperature, you can choose between fixed heatsink and heatsink

temperature calculation.

Select calculate case temperature.

Calculate Tc using thermal resistance Rth(c-f) case to heat sink.

Click "Single Mode" or "Cycle Mode" to proceed to the next step.

Fuji IGBT Simulator Ver £.3.10

uage Help

Mo Selectionl Thermal Condition ISingIe Mode Cwcle Mode

Case Temperature: Tc

() Fixed Case Temp. 100 “C (@ Calculate Case Temp.

Case - H ink Thermal Resi e: Rthic-f)

~

Heat Sink Temperature: Tf
(® Fixed HeatsinkTemp.

~

Q} Calculate Heatsink Temp.

o o

= () S N S
= =] =] =

T 2

Thermal Resistance Model

Single Mode ==

Cycle Mode ==

<< Back

Thermal impedance model
(Foster equivalent network)

4

Zin(t) = Z L {l — exp (_TL)} 2 &

n=|

Input heat sink condition
Fixed heat sink condition
Calculate with constant T-.

Calculate heat sink temperature

(b

ambient temperature.

T¢ is calculated using thermal impedance Zy, .,y between heat sink and

Input Zy,r.o) as constant without any time constants.

If Zinr-a) is represented by a 4th order foster network model, input ry

tor,and 7; to 7,.

MT5F31341 f

Fig.6. Set temperature condition(When calculating without fixed case temperature)

© Fuji Electric Co., Ltd. All rights reserved.
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5. Thermal Circuit Model

In the simulator, calculations are performed based on the following thermal circuit model.
(1) Thermal circuit model

[IGBT1][FwD1] [1GBT2|[FWD2]

Tm (T1) Tu] (D1) Tvil‘rzl ij(nz)

Zipjjq)
Tcl TEZ

Thermal grease Zth(c-f) [I']

Heat sink

Zinita) ‘ ‘

T

Fig.7. Thermal circuit model

The heat sink temperature T; is calculated based on the assumption that the surface
temperature distribution of the heat sink‘s area, which is in contact with the module, is
uniform. If there is a deviation in the real temperature distribution, the calculated value
might be different to the real one.

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 5-1
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(2) Thermal circuit model - without copper baseplate -
The following thermal circuit model is applied for modules without copper baseplate.

[IGBT1][FwD1] [IGBT2][FWD2]

Tumy Ty Tum Ty

Zinjj-c)
Tyl Teon Tarzl  Tep)

Thermal grease zth(c-ﬂ

Ty

Heat sink

Zinita)

TE

Fig.8. Thermal circuit model - without copper baseplate

(3) Thermal circuit model -RC-IGBT-
The following thermal circuit model is applied for RC-IGBT modules.

[RC-IGBT1] [RC-IGBT2]
Tyjry) Tima)
Zihij<)
Tcl Tcl

Thermal grease zth(c-ﬂ

Ty

Heat sink

Zinita)

TE

Fig.9. Thermal circuit model -RC-IGBT-

The heat sink temperature T; is calculated based on the assumption that the surface
temperature distribution of the heat sink's area, which is in contact with the module, is
uniform. If there is a deviation in the real temperature distribution, the calculated value

might be different to the real one.

MT5F31341 f © Fuji Electric Co., Ltd. All rights reserved. 5-2
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6. Single Mode Calculation

(1) Input calculation condition

Single mode calculation allows simulation for one cycle.

Click "Single Mode" tab.

Select circuit topology. For details, please refer
to page 9-1 to 9-3.

Select PWM modulation method.

For details, please refer to page 9-4 to
9-5.

FZ Fuji IGET Simulator Ver 6.3.10 - [m| X
Language Help
Module Selection  Thermal Conditions  Sinelé Mode  Wowcdl Mode

2MBIB00XMNG120-50
Circuit
3-Phaze 2-L evel verter ~

Calculate

sink Temp. Tf 90| =

Detail Temperature Condition

<< Back
PWM Modulation Method

Sinusoidal ~

Calculation Condition

Explanation
[ MNumber of Parallel Devices ’—2| pcs TNEEP

Output Freq. Fo | 50| H2) o

Qutput Current lo ,m‘ (Arms)

Switching Freq. Fsw ERCE

Power Factar ,m‘

Modulation Rate m

Duty 0 bc| =—

DC Link Valtage VOC BOO| (V)

T1RG(ON) [ 088 @

T1RG(OFF) [ 058 @

T2 RG(ON) 056 ()

T2 RG(OFF) 056, (@) Al e‘ices -
mousted on the
saml heat sink

Calibration Factor

Input the number of parallel connected
modules. The calculation is based on the
assumption that all modules are mounted
on the same heat sink.

Input operation condition. For paralleled modules, the current through the

individual module is obtained by dividing given 10 by number of parallel
modules.

Fig.10. Single mode calculation

MT5F31341 f © Fuji Electric Co., Ltd. All rights reserved. 6-1
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(2) Loss calibration factor
The calibration factor of each parameter can be set from "Loss calibration Factor".

FZ Fuji IGET Simulator Ver £.3.10 - a X
Language  Help
Module Selection  Thermal Condition  Sinele Mode  Cuvcle Mode

2MBIG00XNG120-50
Circuit Thermal Condition
3-Phase 2-Level Inverter = Fixed Heatsink Temp. Tf 90/ ¢

PWM Modulation Method

Sinuzoidal ~

Calculate

<< Back
Detail Temperature Condition

Calculation Condition Explanation

Swee
Mumber of Parallel Devices pes |:|p

Qutput Freq. Fo a0| (Hz) o
Qutput Current lo 300( (Arms)
Switching Freq. Few 5| (kHz)
Power Factor 0.8
Modulation Rate 0.9

Duty 0 VDC 4
DC Link Voltage VDG 600| ()
T1RGION) 0.56| ()
T1 RG(OFF) 0.56| (0)

T2 RG(OM) 056/ ()
T2 RG(OFF) 0.56 @ o

All devices are
[ Loss Calibration Factor H

mounted on the
same heat sink.

Click “Loss Calibration Factor” tab. The dialog
box to input coefficients for calibrating the
loss calculation value will open.

o=l Loss Calibration Factor bd

Every generated loss by IGBT/FWD
is multiplied with the provided
calibration factor.

IGBET conduction loss x
IGBT turn-on loss td
IGBT turn-off loss x

FWD conduction loss X 1.00

FWD reverse recovery loss % 1.00

Fig.11. Loss calibration factor

MT5F31341 f © Fuji Electric Co., Ltd. All rights reserved. 6-2
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(3) Run calculation
Entering “Calculation Condition” will allow you to perform the calculation.

Calculation will start when you click
the “Calculation” Button.

FZ Fuji IGET Simulator Ver 6.3.10 - [m| X
Language Help
Module Selection  Thermal Condition  Sinele Mode  Cycle Mode

2MBIBD0XNG120-50
Circuit Thermal Condition Calculate

3-Phase 2-Level hwerter bl Fixed Heatsink Temp. Tf 90|

PWM Modulation Method

Sinusoidal ~

<< Back
Detail Temperature Condition

Calculation Condition Explanation

Swee
Mumber of Parallel Devices pcs DP

Output Freq Fo A0/ (Hz) o
Qutput Current lo 300 (Arms)
Switching Freq. Fsw 5| (kHz)
Power Factor 08
Modulation Rate 0.9

Duty 0 VDC 4
DC Link Valtage VOC BOO| (V)
T1RG(OM) 0.56| ()
T1RG(OFF) 0.56| ()

T2 RG(ON) 056 ()
T2 RG(OFF) 056 () o
All devices are

mounted on the
same heat sink

Loss Calibration Factor

Fig.12. Calculation button

MT5F31341 f © Fuji Electric Co., Ltd. All rights reserved. 6-3
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(4) Simulation results with single mode
When the calculation is executed, the calculation result will be output in a separate window.

Total loss (cycle average value) in each arm and system. For details,
check next page.

Loss of IGBT and FWD per arm per parallel module.
Junction temperature T,;.
Heat sink temperature T; and ambient temperature T,.

Heat sink temperature 7; and ambient
temperature T,.

F Fuji mulator|ler 6.3.10 Rikult:001 - O hd
2MBIG00XNG120-5 “ondition 500" Ti=D1
Loss(W) Phase 2-Level Inverter
mber of
Total par arm 35! Q Total per Mstem 2105 4] e 0 Py
Total per arm per paraliel 17! ;‘Tula\per stem per parallel| 10527 Fl (Hz) /
T 01 T2 p2 5 D5 Iogrms) a0
Totl 1208 [ 549 i Wil 5 2
P | ogf |E
Conduction 545/ | 155 1ol og| [ 200
Turn on
e, Y o N/
Turn off 40.8 Vdg) m 100
T
Temperature{*C) - \/ \/
T1 Rik(off) 0.56
T D1 ™ D3 L] ] i
T2 R
Tui (peak) 1008 972] on) 0 0.005 Timoe?;ec] 0.015 0.02
) T2RA i)
Tvj (ave) 987 | 96.1
Tvic (ave) 1gp —T) — T(DY) .- Te1 — T

ATy 23 2.0 Los! (Calibration Factor ;
Te(T1/D1) 100 el A vi(peak)
Te (peak) / \ AT,

Te (ave) 929 Temperature("C) AP i — AN T Tj(ave)
= T (peak) BEX R - i B -
B— — = T vi(min)
| Tf (ave) m S 9% o
| 5 I
| o <1 | o | o 5 ™ H Ao
. i i 1 2 g
a AT

l‘i

JL8 K8 K8 ”
o | 0 0.005 0.01 0.015 0.02
: = Time[sec]

©
All davices are
mounted on the U—U—U—U—U—U—U—u Save Image Data Export Close
same haat sink,

Fig.13. Simulation result with single mode

MT5F31341 f © Fuji Electric Co., Ltd. All rights reserved. 6-4
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(4)-1 Simulation results (Total loss)

The detail of total loss (cycle average) for each arm and each system is shown below.

Total loss per arm per parallel module
- (=T1+D1+T2+D2+D5)
F= Fuji IGBT Simulator Ver 6.3.10 Result:001

20 1120-60
LC

Total loss per arm

e IEEE KT (= ) x number of parallel modules )
Total per arm per paraliel ‘ 1?5_EITDtEIuers stemuarpara\lal| 1052_7| l
m™ D1 T2 6 15 DS
- d SS Sys I para u
oot [523] [557] Total loss of system pe llel module
Iﬂu;r::;\r,lew) ( 3-Phase 2-Level Inverter: 0)( 6 )
Turn off 408

Total loss of the system
(= (&) xnumber of parallel modules )

(1 pupdl g IN

[eNeNe]

OCO

Fig.14. Simulation results (Total loss)

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 6-5
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(4)-2 Simulation results (Graph / Data output)
The loss transition and temperature transition waveforms of the simulation results for one cycle are
displayed. The data can be saved in image data and csv format.

Loss waveforms (1 cycle)

Temperature waveforms (1 cycle)

FZ Fuji IGBT Simulator Ver 6.3.10 Result:00

2MBIB00XNG120-50

Loss(W)

Total per arm 350.9| Total per system
Total per arm per parallel 175.5| Total per system per paralel

o T2 D2 T

T
oo [ 208 [ 543

Conduction 545 155 . A

b

e >/ Y
Turn off 40.8 Vde(V) 60 100

T1 RG(on) 0.56
Temperature(*"C)

1 RG(off) 056 \/ \/
m o T2 D2 T Ds 2 Ra(on) 0
N on 0 0.005 0.01 00ms 002
Ti(peakl [ 100.8 ——" Time[sec]
TYE)
58 b
20

Tupe (ave) 1) = DT}~ Tl — 11

AT Loss Calbration Factor
Te(T1D1) 100
Te (peak) — /
(=]
Tc (ave) 929 Temperature("C) o 98 .
2
. o [ w00] £ P
TF (ave) m 5 9% o
2
JCH KR A . —
T D1 - £ 9
o—> |, L — .
Vi
e | — 2
] ] 20
| 0 0.005 0.01 0.015 0.02
| . S| g S
Time[sec]
o
Al devices are
ted on th
meuntad on tha J u U U u |_| L J Save Image Data Export Close

Save the window as image file
Filename: *.bmp

Export the results to text file
Filename: *.csv

Close the window and return to the
previous window

Fig.15. Simulation results (Graph / Data output)

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 6-6
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(5) Display multiple results
Multiple windows of calculation result can be displayed at the same time (max. 40). Each time you
press the execute calculation button, a new calculation results window will be displayed.
The windows will be displayed in the order of Result001, Result002, ... continuous numbering.

Please use this function for comparison when changing the calculation conditions.

F2 Fuji IGBT Simulator Ver 6.3.10 - o x
Langusge  Help.
Module Selection  Thermal Gondition  Single Mode  Gycle Mode
2MBIB0OXNG120-50
Circuit Thermal Condition Gl
3-Fhase 2-Level Iverter ~|  Fixed Heatsink Temp. TF 90|
<< Back
EWMIMoki= calMethiod Detail Temperature Condition
Sinusoidal v
Caleulation Condition Explanation
Sweep
Number of Parallel Devices o
Output Freq. Fo 50| (Hp) o
Output Current lo 300| (arms) - -
Switching Freq. Fsw 5| (kHz) DJ OJ
Power Factor 0.8
o 1
Modulation Rate 0.9 o la
Duty 0 Voo | — )
r +———o0
DC Link Voltage VDC 600| (v)
T1RG(ON) 056 (@) F | F
T1 RG(OFF) 056 (@) [,J OJ OJ |
T2RG(CN) 056 (@
T2RG(OFF) 0.56 (@
All devices are
mounted on the 1
same heat sink.
Loss Calibration Factor
F5 Fuji 68T Simulstor Ver 6310 Resul001 - o x
2MBIB00XNG120-50 EHEEMR 500 T1=D1
e =tB2LR AR
FoLH am 25L& system MU .
LTI (arm) AT LAL TN (system Foltz)
m v m om ow 0s lo{Ams) e
&t 120.8] | 549 FS Fuji IGBT Simulator Ver 6.2.10 Result:002 - o X
BERs [ sas [ 155
By 2MBIB00XNG120-50 SR =TT 01
GHE) = i
o o HB2LR AR
Pobitt (am A7 Lt Usystem) S L
TG 7 HEVIARER s00
y o o LTI (arm AF LA BN Gsyste Fotiz)
Titeak [ 1008 bt 01 ” @ T 05 o(Ams) _* / \
T s [t2] [ 798|
e 87 i 1e12] | 708 F5 Fuji IGBT Simultor Ver 6310 Resulto03 - o x
Tikc (ave) 58 e
AT 3s [ 20 ]
) @;éﬂg) 2MBIB00XNG120-50 ERn 700 —=T1=D1
= cEEE) BRI
Te (peak) B-v17 FABEW) AR A
VL5 (arm 325 L5t system) S L 500
To (ave) 29 ) 5 ¥ HoLndsia
5 S, A G YATLILFIBR) Usysten) Fottz) s00
Tk [ 1085 7 @ T Io(arms ) _ \
A A Tvve) | 1018 | 986 e FelkHz) =40
R e & /
1[0t [
g o | 28 e A e /
YeE|| 57 et e Duty 200
e (peak) BA7 Vdo(V) [ s00] \ / \ /
o o Te (ave) 94.0) P T1RG(on) 100 \/ \/
T o1 L) 05 "; :zi“": 08 o
(on] 0 0.005 0.01 0015 0.02
et T (peak) [1022]
fasleniperid i N e 1011, | 1022 T2RG(M Eifillsec]
o LU 2 o T T
e Tpe Gave) 91 1o TN = TOT T
T 34 FERERR
Voc =
To (pesk) 105
J A To ave) EEeseo
oo [ a0 |5 ><
Al ez TESD) [_900] F*W
wo-n RO E B J . Jl - B
[ o1
— 1, s
Voo| —
—
w0
JO3 0 E o o8 oo oo P
B fi[sec]
Al devias sre J
mounted on the i T ¥
e 1 I ECECECE EilgitF) F At PG

MT5F31341 f

Fig.17. Display multiple results
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7. Parameter Sweep Calculation

(1) Input calculation condition
In the parameter sweep calculation, it is possible to calculate the losses and temperature for a

change in that parameter by setting one of the parameter in the calculation conditions as a sweep.

Click ,Single Mode” tab.

Click “Sweep” check box.

Select parameter which you want to sweep
by clicking radio button.

FZ Fuji IGBT Simulator Ver 6.3.10
Language Help
Module Selection  Thermal Cohdition  Sinele Mode  Gycle Mode

2MBIBD0XNG120-50
Circuit Thermal Condition Calculate
3-Phaze 2-Level lwerter ~ Fixed Heatsink Temp. o

<< Back

PWM Modulation Method

Sinusoidal ~

Calculation Condition

Mumber of Parallel Devices pcs
Output Freq. Fo ,—5[]| (Hz) W
Qutput Current lo ,m‘ (Arms) @]
Switching Freq. Fsw [ 5w | @
Power Factar [ os (@]
Modulation Rate m @]
Duty 0 Voo | =—
DC Link Valtage VDC 600| (v O
T1RG(ON) [ 088 @ O
T1RG(OFF) [ 058 @ @]
T2 RG(ON) 056 ()
T2 RG(OFF) 0.56] (@ o
All device re

mounted g the
same hefl sink

Loss Calibration Factor

Click “Calculate” button to start the
calculation.

Fig.18. Parameter sweep calculation

MT5F31341 f © Fuji Electric Co., Ltd. All rights reserved. 7-1
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(2) Simulation results with sweep

Calculated temperature with variable parameter on horizontal axis.

FZ Fuji IGBT Simulator Ver £.2.10 Result:001 - a X
2MBIB00XNG120-50 ition 00— 11— D1
Loss(W) 3-Phase’ el Inverter
Total per arm Total per system Number of 2
Parallel Devices 400
Total per arm per paralle! Total per system per paralel Fo(Hz)
T D1 T2 D2 T D5 lo(Arms) 300 300
Total Fc(kHz) Sweep| |=, /
pf 08| (2
Conduction Wod 0g| [ 200
Tum on
e Duty | / /
Turn off Vdc(V) 600 100
T iture{*C) T Reten 058 /
lemperaturs
T1 RG(off
ul 0 T2 D2 5 D5 &l 058 0
T2 RG(en) 0 5 10 15 20 25 30 35
Tv! &2 T2 RG{off) Switching Frequencyl[kHz]
Tvi (ave)
Tvic (ave) — Ti-Max(T1) -- T-Ave(T1) — Tj-Max(D1) -- Tj-Ave(D1) — Tc1-Max
Te(T1/D1) L
Te (peak) 130
Te (ave) Temperature(*C) (=) L
> o
o — - Tr(peak) S 120 o
] TF (ave) B /
E - _
O K F n :
M L 3
T1[ D1} =
o—b | G | T e
Vi | — N
+—0D0
oJ | oJ oJ 0 5 10 15 20 25 30 35
= = Switching Frequency[kHz]
©

All davices ara |

G eI J u U U U |_| L J / Save Image Data Export Close

> 4

Calculated temperature with variable parameter on horizontal axis.

Fig.19. Simulation results with sweep
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8. Cycle Mode Calculation

(1) Input calculation condition

Cycle mode calculation enables simulation under intended operating conditions.

Click the "Cycle Mode" tab.

Input gate resistance value.

FZ Fuji IGBT Simulator Ver 6.3.2 - m} x
Language Help
Module Selection  Thermal Condition  Single Mode| Cyele Mode
MBIG0IXNG120-50 Gate Resistance Boundary Condition Calculat
@® cyclic (O 1shot alculate
Thermal Condition TRERRY 0.56 00
Fiea HeatsmcTemp. 11 [ o0] « | TTRGOFA[ 056| " Partial calculaion |
T2 RG(ON) 056 Q "
| Detail Temperature Conattion | e 0 i —
T2RG(OFF) 056 _0) |26 v ==
Cycle Data Drive Condition
Mumber of Paralle’ Devices pcs
* Input [A peak] in case of DC Locl Chopper circuit Fo[Hz] 5%
Input Default Valle Delete All * Input [4 rms] in other circuits a7
53
t Fo Fsw lo Mod. VD
Fsw(kHz]
# s M T AP PF pae DUl y Circuit [kHz] ot
. 500
1ol [s0 |5 o 09 |1 1 |gfb | 3-phase sinusoi.. olAy
2 1’ 50 5 450 |09 1 1 l 00 | 3-phase Sinusoi A o
3 |2 50 |5 (450 (09 |1 14 [600 |3phasesinusoi. -| pp !
4 50 5 a0 -08 1 600 3-phase Sinusoi... - 16:5
5 50 5 a0 -08 1 1 600 3-phase Sinusoi... - Mod. Rate ’
N - e 0.94
6’4 50 5 V] 0.9 1 600 3-phase Sinusoi... 108
7 3-phase Sinusoi... Duty
0.94
830
VDGV
570
1.08
Mode
0.94
1] 1 2 3
Save | | Load

Select boundary conditions. For details, please refer to page 8-6.

Heat sink temperature T;: If T; is fixed, enter value. For changing detailed
temperature condition, please click this button and back to thermal condition
tab.

MT5F31341 f

Fig.20. Input calculation condition - 1

© Fuiji Electric Co., Ltd. All rights reserved.
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Number of parallel connected modules.
Note: All modules are considered to be mounted on
the same heat sink.

FZ Fujil Simulator Ver 6.3.2 - m} x
Langugge Help
ModulelSelection  Thermal Condition  Single Mode  Cicle Mode
IMBIB00XMG120-50 Gate Resistance Boundary Condition Calculat
@® Cyclic () 1shot alculate
armal Condition TRERERY 056/
= . T1 RG(OFF, 0.56| Q . .
Bl A S Tf - (OFF) | Partial calculation |
T2 RG(ON) 056 Q .
Detail Temperature Condition | ET e ATk —
T2RG(OFF) 056 0O =
Drive Condition
[
u o ped case oro o 0 Uppe u 53
Input Default Value | * Input [A rme] in other circuits FolHz] a7
53
t Fo Mod. VDG
FswilkHz]
e [Hal PF  pae Duty M Circuit [kHz] o
1 o 50 09 |1 1 €00 |3pnasesinusol. - (| o0 500
2 (1 50/5 450 09 1 1 600 | 3-phase Sinusoi - o
3|2 5 (450 09 |1 1 600 |3-phasesinusoi. ~* || p R !
4 |2 0 5 300 -08 1 1 600 | 3-phase Sinusoi... - 1(;;
5|3 50 5 300 -08 1 1 600 | 3-phase Sinusoi... - Mod. Rate ’
64 50 |5 |0 09 |1 1 600 |3-phase Sinusci.. -~ b
7 3-phase Sinusoi... Duty
0.94
830
VDGV
570
1.06
Mode
0.94
1] 1 2 3
Save | ‘ Load

Click ,Loss Calibration Coefficient” button to enter
calibration coefficients for each loss calculation.

Input operation pattern. For details, please refer to
page 8-7 et seq.

MT5F31341 f

Fig.21. Input calculation condition - 2
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Click “Calculate” button to start the calculation.

If the cycle data have more than 2048 lines, it is possible to
divide the pattern and calculate them separately.

FZ Fuji IGBT Simulator Ver
Language Help

Module Selection  Thermal Gondition  Single Mo

2MBIBD0XNG120-50 Gate istance Condition
T1RG(ON) :

Calculate
Thermal Condition

Fixed Heatsink Temp. Tf - T1RG(OFF)| 056 Q

T2 RG(OM) 0.56| O

Partial calculation

Sampling Number

| Detail Temperature Condition | roreorn) 056l @ <= Back

Cycle Data Drive Condition

Mumber of Parallel Devices pcs
*Input [A peak] in case of DC Lock or Chopper circuit Fo[Hz]
| InputDefauitvalue | | Delete Al | +input (A rms] in otner circuts a7
53
t Fo Fsw o Wod (oS FswilkHz]

#oleeq M pr T Rae DWWy Circuit 47

1 |0 50 |5 0 09 |1 1 600 |3-phase Sinusoi.. - la[A] o

2 1 50 |5 450 09 |1 1 600 | 3-phase Sinusoi .~ b E 1

3|2 50 |5 450 09 |1 1 600 |3-phase Sinusoi . - o -1

4z |50 [5 [so0 w08 [1 |1 [600 |3phaseSinusci. v|  Mod Rate o

503 |s0 |5 [a0 08 [1 |1 |00 |3-phaseSinusci. -~ oo

6 |4 50 |5 i 098 1 1 600 | 3-phase Sinusoi.. ~ Duty 04

7 |0 3-phase Sinusoi... 830

VDCV]
570
1.08
Mode
0.94
0 1 2 3 4

Time[sec]

I Save I Load ||

Save operation pattern filename: *.xml

Load operation pattern filename: *.xml

Fig.22. Input calculation condition - 3

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 8-3
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(2) Partial calculation

Number of splits of cycle data.

When dividing cycle data, enter the
number of lines to be overlapped
before and after.

Reset partial calculation table.
r p

X

5 Partial calculation

Mumber of cycle data points

Set default

== Calculate the split data.
Divizion number CE1|CUEH8¢

Iﬁil T Enter the number of sampling date

Mumber of overlaps

1]
Mumber of sampling data points 1000 e pOIntS for the Ca|CU Iatlon Of the
Close divided cycle data.
Pattern Folder Folder select |
S . Select a specific folder to save the
#  Select | Start End zampline C3Y pattern ﬂIe
data points
» 1 1000 mony =
2 anm 2000 oo p =
3 1901 3000 o) x " . . .
,0": calculation result exists in the
ﬁ‘ === pattern folder ,x“: result does not
exist there.
Save Load
«‘ ¢ The information in the partial calculation
table are based on the entered division
\ number, number of overlaps and number

of sampling data points.
It is also possible to enter values directly
in the table.

Select the parts which have to be calculated.

L Load the saved partial calculation table.

L Save partial calculation table.

Fig.23. Partial calculation

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 8-4



(3) Cycle mode calculation : Boundary condition

JF= Fuiji Electric
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Boundary Condition
(O 1 shot

Operation pattern

output

iy

® Cyclic
Cyclic mode: The load cycle pattern is repeated continuously.

> time

(a) Repeated continuously

Boundary Condition
(® 1shot

() Cydlic
1 shot mode: The load cycle pattern is not repeated
Operation pattern

output
> time
0 t,
Fao Fsw lo Mod. vDC S
#  t[seq HZ  [kHZ [AF PF Rate Duty V] Circuit
1 -==t=0 |01 |5 30 (08 |11 |05 [413 | 3-phase Space Vecior |
2 |0 01 L 30 08 11 0hA 413 3-phase Space Vector
3 110 10 B 100 108 1.1 05 413 3-phase Space Vector
(b) Not repeated

Enter the initial conditions in first line.

Fig.24. Boundary condition

MT5F31341 f

8-5
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(4) Set load cycle condition

Time
For details, please refer to page 8-7.
Input default value into selected row.
Output Current
[A peak] in case of DC Lock or Chopper
circuit. [A rms] in case of other circuits.
* Input [A peak] in case of DC Lock or Chopper circuit

Input Defa alue | | Deletg Al * Input [& rms] in other circuits
# [S; g [Ef,_] [Eﬁ;':] [L‘;* PF ggtde' Duty V[E]ﬂc Circuit
140 G0 5 0 0a 1 1 600 | 3-phase Sinusoi.. -
211 G0 4] 150 049 1 1 G00 3-phase Sinusoi.. -
312 G0 5 150 09 1 1 G00 F-phase Sinusoi.. -
4 2 G0 5 50 0.9 1 1 600 | 3-phase Sinusoi.. -
513 G0 4] 50 0.9 |1 1 G00 3-phase Sinusoi.. -
614 G0 5 0 0.9 1 1 g00 | 3-phase Sinusoi.. -
b 7 — 3-phase Sinusoi.. -
Duty

For DC Lock or Chopper: please enter the duty
value in this column. All other cases: column will
be ignored.

Circuit
4 Select circuit and PWM method from
the dropdown list.

Fig.25. Set load cycle condition - 1

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 8-6
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Parameter values linearly change between two
operation points.
Example: #1 — #2 [I;]
If you enter [t=0sec, Io=0A] in #1 and [t=1sec, [5=150A]
in #2, I changes linearly from #1 to #2.
Parameter values change instantaneously if two
operation points have same time t.
Example: #3 — #4 [I,, PF]
If you enter [t=2sec, I5=150A] in #3 and [t=2sec, [o=50A]
in #4, I, changes instantaneously from #3 to #4.
t Fo Fsw lo Mod. vDC -
¢ el [Hd [kHZ AP PF Rate Dty v} Circuit
1 |0 60 5 0 na 1 1 600 | 3-phase Sinusoi...
2 |1 60 5 150 0.9 1 1 600 | 3-phase Sinusoi...
3 |2 60 5 150 0.9 1 1 600 | 3-phase Sinusoi...
4 |2 G0 5 50 -0.9 |1 1 G600 | 3-phase Sinusoi...
5 |3 60 5 50 0.9 1 1 G600 | 3-phase Sinusoi...
6 |4 60 5 0 0.9 1 1 G600 | 3-phase Sinusoi...
(2] 7 - 3-phase Sinusoi...
Q Linear change
83 '
FolHz] Q Instantaneous change
=
FawlkHz]
150 T#o]
lo[A] o)
0 |
1
F.F.
1#1] #4 #6
Mod. Rate
0.24
1.08
Duty
024
830
VDC[V]
570
1.08
Mode
0.24
o 1 2 3 4
Time[sec]

Fig.26. Set load cycle condition - 2
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Copy & paste cell(s) value

Select a cell or range of cell(s) Select cell(s) — Right click — Paste
— Right click — Copy

t Fo Fsw o Mod Voo t  Fo Fsw o Mod Voo
Frseg e el e 7T oRee O Gireat #oleg kel B¢ T Rae Py Creut
» 1o Jeo [5 o oo éﬂwl : 3-phase Sinusoi.. - 1o Jeo [5 o oo |1 |1 [s00 | 3phasesinusei. -
21 60 5 150 |09 Cut 3-phase Sinusoi... =~ 201 60 5 150 |09 1 1 600 | 3-phase Sinusoi -
3z 60 |5 150 |09 3-phase Sinusoi .+ a2z 80 |5 150 09 |1 |1 |60D | 3phaseSinusoi -
Paste
42 |80 |5 80 |09 3-phase Sinusoi .+ » a2 e |5 s [EE 0 | 3-phaseSinusai. -
Insert Copy
5 3 60 5 50 -0.9 3-phase Sinusoi - 5 3 60 5 50 -0. 3-phase Sinusoi... =
Insert x100 Cut "
6 |4 60 5 0 -0.9 - J-phase Sinusoi... - 6 |4 60 5 Q 0.4 | 3-phase Sinusoi... =~
- 70 ear 3-phase Sinusoi.. - - 70 ‘Pasteh J 3-phase Sinusai.. -
. ELAs et
Insert x100
Clear
Delete
(a) Copy & paste cell(s) value
.
Copy & paste line
Select a line (click 1st column) Select a line — Right click — Paste

— Right click — Copy

[s; a [;; [Ei'vz"l [:;, PF g;tde' Duty Vﬁf Circuit # [s; a [;; [Ei'vz"l [:;, PF g;tde' Duty Vﬁf Circuit
P B 1 600 | 3-p T - | 10 60 |5 0o o9 |1 1 600 | 3-phase Sinusoi.
5 1 1 3J-phase Sinusoi... 21 60 5 150 0.9 1 1 600 | 3-phase Sinusoi.. -
S 5 150 0.9 1 1 600 | 3-phase Sinusoi.. - 3 2 60 5 150 0.9 1 1 600 | 3-phase Sinusoi.. -
LB 5 50 |09 |1 |1 [600 |3phasesinusoi. - 42 0 |5 50 0@ [1 |1 600 | 3-phaseSinusei. -
et 5 50 09 |1 1 600 | 3-phaseSinusoi. 53 60 |5 50 -08 |1 1 600 | 3-phaseSinusoi. -
Insert x100 5 1] -08 1 1 600 | 3-phase Sinusoi - 6 4 60 5 0 -08 1 1 600 | 3-phase Sinusoi
Clear 3-phase Sinusoi.. - P;'-_ 3

Delete

Cut

Insert
Insert x100
Clear
Delete

(b) Copy & paste line

Fig.27. Copy and paste

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 8-8
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(5) Simulation results with cycle mode

Total average loss in each arm and whole system.
For details, refer to page 16.

/ Loss of IGBT and FWD per arm per parallel module.

FZ FujifGBT Simulator Ver 6.3.10 Result:001 — m] x
20 500XNG120-50 Condition oy —T1=D1

Loss{W) 3-phase Sinusoidal .
Tatal per arm 362.3| Totgl fr system 21737 Number of /
Parallel Devices = 300
Total per arm per paraliel 3623 Totagf systemper paralil|  21737|§  pgion) [ oss| [ /
Ry(off) 0ss |5 200 / \
Total 2334] | 1288 100
Loss Calibration Fact
conducton [ 708.1] [ 707] oss Calbration Factor 0 : - - ,
Turn on
(Recovery) 588 Tlma[sec]
Turn off o = THAVe(TT) — THMax(TT) - TFAve(DT) — TrMax(D1) - Te1 — T
Temperature{°C)
i D1 ] D2 i D5
Tvj (peak) 1324| | 1159
Tvi (ave) 107.3) | 1084
T (min) 9138 \
ATy AN Temperature(“C)
T Geak)
Te(T1/D1) g FE .
Tijave) 0 1 2 3 4
Te (k) Time[sec]
Te 96.0
i
9%
=)
Fo[Hz] EH 5 94
FswikHzZl 53 %92
IofA] s0g ERU
&
PF 1 S 88
a
Mod. Rate 48§ E a6
Duty "
0 1 2 3 4
VoeM Time[sec]
Mode ¥
1 2 3 4 Print Save Image Data Export Close
Time[sec]

\ Heat sink temperature Tf and ambient
temperature Ta.

Junction temperature T,;.

Case temperature T..

Fig.28. Simulation results with cycle mode - 1
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Loss waveforms

Temperature waveforms

Temperature waveforms —\

2MBIB00XNG120-50

Turn off

FZ Fuji IGBT Simulator Ver 6.3.10 Result:001

Condition

Loss(W) 3-phase Sinulyidal
40
Total per arm 362.3| Total per system 21737 Number of
-— e S
Total per arm per paralisl Total per system per paraliel| 21737 Raton) =
S 20
T D1 2 D2 L] D5 Rg(off) S
Total 2324 1288 10
Loss Calibration
Conduction 109.1 701 0

58.3

¥

AN

NN

3 4
Tlma[sec]

- Tj-Ave(D1) — TF-Max(D1) - Te1 — Tf

\ 1
o T}ﬁi’ § — Ti-Max(T1) -
o

Temperature{“C) o
& 130
T D1 T2 02 T5 D5 @
=
i (peak) 1324] | 1159 =
Tui (ave) 107.3] | 1034 2
T (min z
Temperature(“C] =
ATy 40.6 241 TS £
e Ti (peak) o .
©
Tc (peak) U ‘ ! Timez[se:] ? *
Te (ave) 96.0 Ta
bE]
16
FoHz  § =
FowlkHzl  §3 =9
lo[A] 508 ‘g 90
PF ki 5 88
2
Mod. Rate 48§ E a6
Duty 188 " s
0 1 4
vocM - £# Tlmelsec]
Mode 185
o 1 2 3 Pnnt Save \mage Data Exporl Close
Time[sec]

Print the window

Save the window

Filename:

Export the results filename: *.csv

Close the window

***.bmp

7///

MT5F31341 f

Fig.29. Simulation results with cycle mode - 2

© Fuiji Electric Co., Ltd. All rights reserved.
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(6) Caution for cycle mode calculation
This cycle mode calculation cannot accurately calculate temperature ripples of junction temperature
T,; when output frequency Fj is low, such as during motor startup. And, the calculation results of
power cycle using cycle mode may differ significantly from the actual results. As a example,
calculation conditions and simulation results for motor startup is shown below. Although there is a
single temperature ripple in cycle mode, there are multiple temperature ripples in actual result. If

you need to consider the temperature ripple, please contact us.

F Fuji IGBT Simulator Ver 6:3.10 - o x
Language P
Madle Selection Thermal Gandition Single Made Oyole Mode
7MBR30XKC065 50 Gate Resistance Boundary Condition ot
G| O cyclic @ 1snot alculate
Thermal Condition TIREED | T
TIRGOF)| 1 0 R ol GBT Simulator Ver 6210 Resultoon - o x
T2RG(ON) 15| o y —Fi=01
B O T G Samping Number TMBRIOXKCO6S-50 Condition .
T2RGOFF) 15 0 [2% v Lossw)
— e o 3
C = L
Number of Parallel Devices pes e o el 72 : Rafon) 5l g2
*Input[A peak] n case of DC Lock or Chopper circut. bl ot = 2 T 05 Rgtot) i
Input Default Value Delete Al |+ nput[A rme) n other orcuts T '
Loss Caibraton Facor
t  Fo Fsw o Mod. vDC conducton [ 22| [ 29]
# . PF ou Gircuit o T 2 3 . s
e HI [HI P Rate DU vy T [ 03] [ o Timelsec]
1o Joa fo o Jos o 280 |3-phase Sinusoi.. Tumoft X T AVe(TT) — TRMaX(T) = T} AvelDT) — THMax(DT) - Te(T1)
. 1o
200 01 (s 10 |08 o 280 | 3-phase Sinusol TR I 0
alt 1 s 10 los oot 280 |3-phase Sinusol.. L T T s
a5 s s |10 |os oos 280 |3-phase Sinusol.. Tiea [ 1099] [ 1175]
b |5 [ 3phase Sinusol.. = Mew [ 1030] | 1052
| EX Ti |0d] | go
o il Temperature(C)
T Tepn T
Tewes [ 1000] [ 1000 D) o 1 ? fimetseq) * N s
;;;;; )| 1000| [ 1000 T
e
For T ———
Fswikhz 8
oA} 8
save o o
Moa_ Rate 9% I —
oy 4
o i 2 B 0 s
‘»/E;M ;ég Time[sec]
! Time(se] N [ Print ‘ Savelmage  Data Export Close
..... Tj-AVE(TL) —— Tj-Max(TL) ~---- Tj-Ave(D1) —— Tj-Max(D1) - - ~ Te(D1) - - - Te(T1) —— Tj-Max(T1) —— Tj-Max(D1) ---aveTl ---aveDl
120 120
O O
] ]
—_— —_—
fust fust
=] =]
® [}
— —
o 1 2 3 4 5

(b) Temperature transition with cycle mode (c) Actual temperature transition

Fig.30. Caution for cycle mode calculation
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9. Application Circuit and PWM Control

This page shows a list of applicable circuits and PWM methods that are supported by the simulator.

Table 1. Circuits and PWM methods

Sinusoidal

Space Vector

3-Phase 2-Level Inverter Shiel I e n [ eeien:

2-Phase (A)- DPWM1
2-Phase (B)- DPWMMin
DC Lock

I-type NPC Sinusoidal
3-Phase T-type NPC
3-Level Inverter A-NPC

AT-type NPC 3rd Harmonic Injection

Space Vector

Boost Chopper

DC Chopper

Buck Chopper

Single-Phase H-Bridge Bi-polar

(1) Type of circuits topology

Ve | =

O
All devices are
mounted on the
same heat sink

Fig.31. 3-Phase 2-Level Inverter

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 9-1
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O
o N
Ve —
5 _| x|
o—=ly
3
x| 5 _| z
Voe p—
] N .
o}
e nnnininin'n B nn'nly

Fig.32. 3-Phase 3-Level Inverter I-type NPC

Ve

O
All devices are
mounted on the
same heat sink.

Fig.33. 3-Phase 3-Level Inverter T-type NPC

T Ny
Ve
| S S | o
— o—>1
€N EN
Voo | ==
o | o
et UL Ly

Fig.34. 3-Phase 3-Level Inverter A-NPC

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 9-2
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Ve -

O
All devices are
mounted an the
same heat sink.

Fig.35. 3-Phase 3-Level Inverter AT-type NPC

—_ IO
C O
DA
—=> 1
Oo——YM 4 1 1 | S g ) (| S—
= |Voc Voo —
™ D1
Jﬁs 5
O O O O
All devices are All devices are
m mounted on the mounted on the
same heat sink. same heat sink.
(a) Boost Chopper (b) Buck Chopper
Fig.36. DC Chopper
e,
Voo | — fo
e,
All devices are
mounted on the
same heat sink.

Fig.37. Single-Phase H-Bridge

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 9-3



(2) PWM method (SPWM, SVPWM)

The reference voltage is a sinusoidal waveform. The amplitude V,; of the reference voltage for
sinusoidal PWM is defined by the following equation using modulation ratio m.

Vier = mVg,

The maximum value of mis 1.

JF= Fuiji Electric

Innovating Energy Technology

v

cc
N

/ ref
\

Il

|

/S

|
/

N
i
1

\

{

\

N
T
K

Fig.38. Sinusoidal PWM

The amplitude V,; of the reference voltage for space vector PWM is defined by the following
equation using modulation ratio m

V3

Vier = Tdec

m is defined to be the same output voltage to the sinusoidal PWM.
The maximum value of m is 2/\'3 = 1.1547

v

/

cC

N\

MT5F31341 f

© Fuiji Electric Co., Ltd. All rights reserved.

Fig.39. Space vector PWM
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(3) PWM method (3rd harmonic injection)
The amplitude V. of the reference voltage for 3rd harmonic injection PWM is defined by the
following equation using modulation ratio m

V3
Vier = 7dec

m is defined to be the same output voltage to the sinusoidal PWM.
The maximum value of m is 2/43 = 1.1547

V

CcC

Xl »‘11‘ M
'M" 'M ’ N"‘

Fig.40. 3rd harmonic injection PWM

MT5F31341 f © Fuiji Electric Co., Ltd. All rights reserved. 9-5
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(4) 2-phase modulation (Discontinuous PWM: DPWM)

The amplitude V. of the reference voltage for 2-Phase (A) — DPWM1 is defined by the following

equation using modulation ratio m. \/_
3

Vier = Tdec

m is defined to be the same output voltage to the sinusoidal PWM.
The maximum value of m is 2/V3 = 1.1547

Fig.41. 2-Phase (A) — DPWMH1

The amplitude V, of the reference voltage for 2-Phase (B) — DPWMMin is defined by the following
equation using modulation ratio m.
V3
Vier = 7dec
m is defined to be the same output voltage to the sinusoidal PWM.
The maximum value of m is 2/\3 = 1.1547

Fig.42. 2-Phase (B) — DPWMMin

© Fuiji Electric Co., Ltd. All rights reserved.
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(5) PWM method (A-NPC)
Several methods have been proposed for the PWM method of the A-NPC circuit. This simulator
performs simulation with the PWM method (PWM1) shown below.

Control signal N A
Carrier /,V V \/\/
waveform 1 A x A Z
Carrier — \/ Vv
waveform2 g = s,
OFF

S, S,

S, S,

S4 S4 ]

Ss 1 [] | Ss

S Ss

(a) A-NPC circuit (b) Switching pattern (PWM1)

Fig.43. A-NPC circuit and switching pattern
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(6) Motor DC lock operation
Calculate the IGBT / FWD loss when locking the motor rotation with a servo drive or the like.
As shown in the figure below, one IGBT of the upper arm (or the lower arm) of one phase and the

IGBT of the other arm of the other two phases are switching controlled.

Voo | =—=

O
All devices are
mounted on the
same heat sink.

Fig.44. DC lock circuit

Note) The heat sink temperature T; is calculated based on the assumption that the surface
temperature distribution of the heat sink‘s area, which is in contact with the module, is uniform. In
the motor lock operation, only specific elements generate heat. Thus the heat does not spread
optimally on the heat sink’s surface and the heat sink’s thermal resistance increases. As a result, T;

and T might become high.

(a) Current path when IGBT is on. (b) Current path when IGBT is off.

Fig.45. Current path for DC lock
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If you have any questions, please contact us.

https://www.fujielectric.com/products/semiconductor/
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