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JF= Fuiji Electric

End-User Software License Agreement Innovating Energy Technology

(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 Fuiji 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 Fuiji.
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) Fuiji 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.

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

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 2
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Software Setup F= Fuji Electric

Innovating Energy Technology

This software is suitable for Microsoft® Windows® Windows7, Windows &
Windows10.

In order to operate, Microsoft .NET Framework 3.5 or later is required
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.
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JF= Fuiji Electric
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S —

/
F2 Fuji IGgf Simulator jgma.0 - 0O X Select language
0 Foled el 6 - English
Module Selection k:ermal Condition  Single Mode  Cyele Mode
Select Module Wype - Japanese
Series: w Clear VCESV]: ~ Clear Next - Chinese
Circuit: ~| | Clear ICIAL ~ Clear F= Fuji IGET Simulator Ver &.
Clear All
Module y Language | Help
English mal Ci
Product Information lapanese
T g pe
vpe - Chinese
Series -
Circuit -

VCES| -
= 2 Jume

IC[A] .
Package i Visit Fuji Web site to get the
latest version.

N 0 I m a g e Check the version.

T Simulator Yer 6.2.0

: | Help
a0 Visit WEB =ite h

Manual
Download Data Sheet

Go to Fuji Web Site Technical Infomation
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Module Selection

JF= Fuiji Electric

Innovating Energy Technology

—,

uji mrrdator Ver 6.2.0

uage Help
Module Selection | Thermal Gondition  Single Mode  Cycle Mode

— O

u Click “Module Selection” tab.

£

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

M285

L 1T

=

Thermistor

i

( Select Module Type ) o
Series: ~ Clear VCESVE: 1200 ~ Clear Next
\ Circuit: ~ Clear IC[AL 600 ~ Clear -
pd Clear Al
Module 2MBIB00XNG120-50 /
Product Information e
Type 2MBIB00XNG120-50
Series X series
Circuit 2-Pack

VCES[V] 1200
IC[A] 600

Package M254

Select module from the
dropdown list.

_d Click “Next” button.

Download product datasheet.

Download Data Sheet

Visit technical information page.

Go to Fuji WeRgite || Technical Infomation Visit Fuji Semiconductor web site.
MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 6



Input thermal condition (1)

JF= Fuiji Electric

Innovating Energy Technology

FZ= Fuji IGET Simulator Ver 6.2.0

Language Help

dule Selection  [Thermal Gondition

Case Temperature: Tc

() Fixed Case Temp. Ijl °C

Single Mode Cwcle Mode /

Case - Heatsink Thermal Resistance: Rth{c-f)

T4 “CIW

-

(@ Calculate Case Temp. O}

~

Thermal Resistance Model

Heat Sink Temperature: Tf
(® Fixed HeatsinkTemp. o

() Calculate Heatsink Temp.

a Input case temperature Tc

e Fixed Case Temperature
Calculate Tc as constant

Calculate Case Temperature
Calculate Tc using thermal resistance
Rinc-f Case to heat sink

e

|IGBT1[FwD1|  [IGBT2[[FWD2] l

Tyitma)

When calculating Tc, input Rth(c-f) ©C/W)

r-:z
Thermal
grease

—Heat sink

i

Junction temp.
Zihiic)
0
Case temp.
L)
0 0 Heat sink temp. 5
thif-a)
0 0
0 ] Ambient temp. T,
0 0 ,
—_ Thermal impeadance model
0 (Foster equivalent network)
\ W,
4
20 Zn(t) = _rn

For details of the thermal circuit model, refer
to pages 9 to 11.

L] T
Tp = Tp " Cy ‘

MT5F31341b

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




.- Fuji Electri
Input thermal condition (2) asiielocind

F= Fuji IGBT Simulator Ver 6.2.0 - . x

Language Help

Module Selection [Thermal Gondition | Single Mode  Gycle Mode

Case Temperature: Tc

ixed Case Temp. g alculate Case Temp.
() Fixed C Ti C (® Calculate C Ti

Case - Heatsink Thermal Resistance: Rth{c-f)

D1 0.0167] “cw a. Fixed heat sink condition
Calculate with constant T,

Input heat sink condition

— — ~ "erma! Resistance Model b. Calculate heat sink temperature

eat Sink Temperature: IGBT1|[FWD1] . . .

(® Fixed HeatsinkTemp. co:) Calculate HénkTemp. Tury Tuon Tf IS CaICUIated USIng _thermal Imp_edance
junctontemd] & ¢ Zint-a) DEIWeEEN heat sink and ambient

temperature

Zipij-c)
@ o
Case temp.

Zin(eh)

Heat sink temp.
0 . L ’ Z
th(f-a)

I Input Zy,., @s constant without any
time constants.

ii. If Zy, 4 is represented by a 4" order

0 0
0 0 Ambient temp. T, Foster network model, inputr, tor,
0 - and r;to 71,.
Thermal impeadance mode
0 (Foster equivalent network)
——
K ) | A f ry €y
20 Zen(t) —Z;—,.{l —e-xp(—ﬂ_—)} r &
Y| e r4 "4
Tn = Tp " Cp

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 8



Thermal Circuit Model (1) o

In the simulator, calculations are performed based on the following thermal circuit model.

IGBT1 | |FWD1 IGBT2 | |[FWD2

Vj(Tl) vl(Dl) Vj(TZ) VJ(DZ)

Junction temp. Modul
oaule
th(J c)
Case temp. Thermal
th(c f) Tf grease

Heat sink temp.

th(f a) —Heat sink

Ambient temp. T,

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.

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 9



. . Fuiji El '
Thermal Circuit Model (2) G Fui Bectric

The following thermal circuit model is applied for modules with copper baseplate.

IGBT1 | |FWD1 IGBT2 | |[FWD2
ij(Tl) ij(Dl) ij(TZ) ij(DZ)
Junction temp. Modul
odule
Zin(j-c)
Case temp. Tary  LTeoy) Tara)  LTcp2) e
7 Therma
thic-) T grease
Heat sink temp.
zth(f—a) —Heat sink
Ambient temp. T,

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.

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 10



. . Fuiji El '
Thermal Circuit Model (3) G Fui Bectric

The following thermal circuit model is applied for RC-IGBT modules.

RC-IGBT1 RC-IGBT2
T\!j(Tl) TVj(TZ)
Junction temp. I I Module
u

Zi(j-c)
Case temp. ITCl ITCZ Thermal

zth(c-f) T; ~ grease
Heat sink temp. = o

zth(f—a) —Heat sink

Ambient temp. Ta

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.

MT5F31341b © Fuiji Electric Co., Ltd. All rights reserved. 11
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Innovating Energy Technology

Single Mode Calculation
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Input simulation condition (Single Mode)

Language Help

FZ Fuji IGET Simulator Ver 6.2.0

Module Selection Thermalganl Single Mode ichIe Maode

e

O

x|

JF= Fuiji Electric

Innovating Energy Technology

Click ,Single Mode® Tab.

2MBIB00XNG120-50

Circuit

3—Phaze 2-Level Ihverter

| Condition

Sinusoidal

@
e

PWM Modulation Method

Calculation Condition

Mumber of Parallel Devices pcs
Output Freq. Fo | 80 (HD) )
Output Current lo 300| (Arms)
Switching Freq. Fsw [ 8 )
Power Factor m
Modulation Rate 0.9
Dty 0
DC Link Voltage VDC 0w
T1RG{ON) 0.66| ()
T1 RG(OFF) 0.56] ()
T2 RG(ON) 0.56 (0Q)
T2 RG(OFF) 056 ()

u J

M

s Fixed Heatsink Temp. Tf

Detail Temperature Condition

a0(

eSeIect circuit topology.

See pages 36 — 38.

Explanation

Sweep
L

\

Loss Calibration Factor

\\

|
@ Select PWM modulation method.

See pages 39 — 42.

o

= 1= [ ]

VDC

t o1

Input the number of parallel connected
modules.

The calculation is based on the assumption
that all modules are mounted on the same
heat sink.

T M

"
oI

O
All devices are
mounted on a
single heat sink.

0

SEsEs

ﬁ Input operation condition.

For paralleled modules, the current through
the individual module is obtained by dividing

given |, by number of prallel modules.

MT5F31341b

© Fuji Electric Co., Ltd. All rights reserved.
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. ) Fuii El i
Loss Calibration Factor JFC Fuii Blectric.

FZ Fuji IGBT Simulator Ver 6.2.0 - O X

Language Help
Module Selection  Thermal Gondition  Single Mode  Cycle Mode

2MBIG00XNG120-50

Circuit Thermal Condition Calculate
3-Phase 2-Level Inverter = Fixed Heatsink Temp. Tf 90| “c
<« Back
PWM Madulation Method Detail Temperature Condition 85 Loss Calibration Factor x
Sinuzoidal v
Calculation Condition Explanation

Swee
MNumber of Parallel Devices pcs DP Close
Qutput Freq. Fo 50 (Ho) o

CQutput Current o 300 (Arms) .

o IGBT conduction loss x
Switching Freq. Fsw 5 (kHz)
Power Factor 0.8 IGBT turn-on loss 3
Modulation Rate 0.
i 51 IGBT turn-off loss ® 1.00

X
—
L]
L]

0
ink Voltage @ FWD duction |
0 Link Veltag "Dcar Click ,Loss Calibration Factor* tab. I conctetion foss
-

T1RG(ON) FWD reverse recovery loss X 1.00
T1 RG(OFF b

oo The dialog box to input coefficients for | 7]

T2 RG(OFF) calibrating the loss calculation value will JK‘ |. -

open. | Every generated loss by IGBT / FWD is

;';:;‘{;‘i‘;;”s?nk_ | multiplied with the provided calibration

factor.

Q Loss Calibration Factor

MT5F31341b © Fuji Electric Co., Ltd. All rights reserved. 14



Run Calculation

JF= Fuiji Electric

Innovating Energy Technology

FZ Fuji IGET Simulator Ver 6.2.0

Language Help

Module Selection  Thermal Condition  Sinele Mode  Cyele Mode

2MBIB00XMG120-50

Circuit Thermal Condition

Fixed Heatsink Temp. Tf qQ| “c

Detail Temperature Condition

I-FPhaze 2-Level Inverter w
PWM Modulation Method

Sinusoidal o

Calculation Condition

5
Mumber of Parallel Devices pcs WEEP
50| (Hz)

300( (Arms)
5| (kHz)
0.9

Cutput Freq. Fo
Cutput Current lo
Switching Freq. Fsw
Power Factor

Modulation Rate

Duty 0

DC Link Voltage VDC 60d| o)
T1RG(OM) 0.56| Q)
T1 RG(OFF) 0.56| (0}
T2 RG(OM) 0.56| (0)
T2 RG(OFF) 0.56/ (Q)

Loss Calibration Factor

Explanation

[ Calculate ]

== Back

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

<
=

||
Il

o

All devices are
mounted on a
single heat sink.

MT5F31341b

© Fuiji Electric Co., Ltd. All rights reserved. 15



. . . Fuiji El '
Simulation Results (Single Mode) G Fi Betric.

FZ Fuji IGBT Simulater Yer 6.2.0 Result:001 - O pd

2MBIB00XMNG120-50 /
Loss{W) r

Total per arm 350.9| Total per system 21054
Total per arm per paraliel 175.5| Total per system per parallel

T D1 T2 D2 5 D5
Total 120.6 549

Total loss (cycle average value) in each arm and system.

For details, check next page.

IJ

Parallel Dx

Fo(Hz) 50 / \
Iy 200

:f Loss of IGBT and FWD per arm per parallel
:.unductiun 545 155 Mod mOdUIe
(;::;‘-Tery) Duty T T -
Turn off VdeV) 600 100 \\ ;/ \\ //

Temperature{*C)
T

Junction temperature T,;.

Tvi(peak) | 100.8 T2 RG(on) . .
T ave) s67| | 961 nreem |  FOr details, check the figure below.
Tvic (ave) 58 31 102 = T ="T o) - TeT =11 |_|
BRT 38 2.0 oss Calibration Factor
k | Te(T1/D1) J1 L - S I Py e S ij(peak)
100
¢ (peak) 30l | | 1 e L] AT, 1] _x{ ________ IR T j(ave)
1= @ 92.9 Temperature{*C) E 9 pd 4 —
/ Tt (peak) 2 i Voo 2T Tyjming
o Tf (ave) gl 96 ;
] OJG dd}i OJH_% - t E Tl Tiiclave)
- g 94 L 4
I L OO OTTRNE HOOURTTR Y OOOE FPTUPNORRRE RO g ) T
Case temperature T,,. f— ° . clave)
—C
1 [ ) —
R . I 0.005 . 0.1 0.5 0.02
Heat sink temperature T; and ambient temperature T,. Time[sec]
single heat sink. 1] 1] L o 00 O o o ‘ T Save Image Data Export Close

MT5F31341b © Fuji Electric Co., Ltd. All rights reserved. 16



. . Fuji El '
Simulation Results (Total Loss) LG i Bectre,

F= Fuji IGBT Simulator Ver 6.2.0 Result:001 Example: 3-Phase 2-Level Inverter; 2 modules in parallel

ZMBIB00XNGT120-50
Loss(W) o
(_ntﬂlper arm 350_9' Total per system 21054 3 OJK} OJI\/«} 0JL/«:|
(_ntﬂlper arm per parallel | 1?5_51_ntﬂlper system per Fﬂrﬂ||E|| 1052.?| o
D1 T2 D2 5 D5 o
Total 1206 549 o

Conduction Im lﬂ
e
Turn off

q Total loss per arm per parallel module

(=T1+D1+T2+D2+D5)

Total loss per arm
(=@ x # of parallel modules )

Total loss of system per parallel module
( 3-Phase 2-Level Inverter: €) % 6)

Total loss of the sytem
(=@ x# of parallel modules )

MT5F31341b © Fuji Electric Co., Ltd. All rights reserved. 17



. . . Fuiji El '
Simulation Results (Single Mode) G Fi Betric.

FZ Fuji IGET Simulater Ver 6.2.0 Result:001 - | pod
2ZMBIB00XMNG120-50 Condition 00 T1—=D1
L mc o SLATY 3-Phaze 2-Level Inverter
Number of _
¢ Loss waveforms (1 cycle) | /’-‘
| T o1 T2 1] TS5 05 lo{Arms) 300 a0 \
Fe(kHz) 5 E
q Temperature waveforms (1 cycle) Pt 2818,
Mod 0.9
| (Recovery) Z0.3 3= Duty
Save the window as image file T1 RE(on) 0.56
filename: *.bmp T RG(off) 0%8 |,
T2 RG(on) 0 0.005 0
| Tvj (ave) 98.7 96.1 T2 RG(off) Time[sec]
= Tj(T1) = THD1) - Te1 — TF
H 02
Export the results to text file PP T——
flename: *.csv 100 P
| — . T ture("C) o / ~—
emperatur ' 93 -
Close the window and return to the Tt peak) : -
previous window e 2% ‘QN________.--’
Ta b
1o — = E 94
O—>Iu .................................................................................................
Voo == o o

 —]

| a0

C,J DJ C,J i 0 0.005 0.01 0.015 0.02
: Time[sec]

o

All devices are L

mounted on a [ ]

single heat sink. Save Image Data Export Close

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 18




Display Multiple Results

Multiple windows of calculation result can be displayed at the same time (max. 40).

JF= Fuiji Electric

Innovating Energy Technology

A new calculation result window is displayed each time the calculation execution button is pushed.
The windows will be displayed in order Result001, Result002, ... continous numbering

Please use this function for comparative examination when changing the calculation conditions.

FZ Fuji IGBT Simulator Ver 6.2.0 - [m]
Language  Help

Module Selection  Thermal Gondition  Sinele Mode  Cycle Mode
2MBIG00XNG 12050
Gircut Thermal Condition CelRgi
3-Phase 2-Leve| Iverter hd Fixed Heatsink Temp. Tf 90|

<< Back
PVWM Modulation Methed Detail Temperature Condition
Sinusoidal ~
Calculation Condition explanation
Sweep

Number of Parallel Devices pes o
Output Freq. Fo 50| (Hz)
Output Current lo 300| (Arms) —r -
Switching Freq. Fsw 5| (kHz) . i I i
Power Factor 0.8 o - -
Modulafion Rale 0.9 1
Duty 0 - IO
DC Link Voltage YDC 600| (v) VDC —

T1RG(ON) ’TEIE‘ Q)
T1RG(OFF) [ o8] @
T2RG(ON) 056 (@
T2 RG(OFF) 056 (@

% OJKQ} OJKEO

mounted on a

Loss Calibration Factor

o
All devices are

single heat sink.

ity

5 Fuji IGBT Simuletor Ver 6.2.0 Result:001 - o X
2MBIG00XNG120-50 Condition 700~ 11— D1
) 3 Phase 2 Levellnverter
N . Number of 500
Total per arm per paralel 285.3| Total mper paralel|  1712.1 Foitiz) 500 \
T 01 | £ Fuji1GET Simulator Ver 6.2.0 Result:002 - o x
Total 1887| [ 966
2MBIB00XNG120-60 Condition —Ti—D1
00
?"“’“U““" el M| o 2Phase 2-Levellnverler
um an
(Recovery) f— . umber of 2
e et 4817 | Tote 28902 poraeievices S0 \
Total per arm per paralel 240.8] Tolg ger sveiem per oargtel[ 14481 cog 0
Temperature("C) FC Fuji IGBT Simulator Ver 6.2.0' Result:003 - o X
o o ™ o1
Tvj (peaky 1074 [ 1022 Total 161.2] 796 2MBIB00XNG120-50 Condition oo =11 =01
Tvi (ave) 1038 conesen | 48] [ 154] Losstw) 3-Phase 2-Level nverter
e o1 e Total per arm 350.9] Total pr system Mmerof -
i 55 34 ccovery)
f—— Turn off 55.61 Total per arm per paraliel 175.5| Total per system per paralel [ 1052.7 Fo(Hz) \
Tc (peak) Temperature(*c) T o1 3 02 L] 05 EEma) a0
To (ave) Total 1206] [ 549 FelkHz) -5 =,
i (peak) o [os) |8
o Conduction | 545| [ 155 Mod S 200
Vi (ave] Turn on -
Tepc (ave) (Recovery) outy /\
o w
11D
Te(T1D1) Temperature(*C) T1 RG(on)
Vo = Te (pea) 7 T os TUEED) .
T (ave) T (pe) T2RG(on) o 0.005 a0t 0015 0.02
T (ave) T2RG(ofr) Time[sec]
DJ Tvic (ave) 102 —TT1)=T)(D1) -~ Te1 — TF
) Loss Calibration Factor
g e
mountedona | [ nto 100
ingle neat sk Te ety
Voe| = o ave) ) s
— 2
o - S
s ‘_—/’
od T g
E 94
Alldevices are Li K
mountedona | [
single heat sink. 2
0
o 0.005 001 0015 002
Time[sec]
o—d
Al devices are
mountedona | ] m ﬁ ﬁ ’:‘
ity Save Image Data Export Close

MT5F31341b
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[F= Fuiji Electric

Innovating Energy Technology

Parameter Sweep Calculation
—————————————————————

In the parameter sweep calculation one of the simulation parameter is variable.

It is possible to calculate the change of losses and temperatures.

MT5F31341b © Fuiji Electric Co., Ltd. All rights reserved. I 20



Parameter Sweep Calculation

JF= Fuiji Electric

Innovating Energy Technology

/

QCIick _Single Mode* Tab.

O *

F= Fuji IGBT Simulator Ver 6.2, /
Language Help

Module Selection  Thermal Gondition]_Single Mode  Gycle Mode

2ZMBIGD0XNG120-50
Circuit Thermal Condition Calculate
A-Fhaze Z-Level Iverter e Fixed Heatsink Temp. Tf

<X Back

PWM Modulation Method

Sinuzoidal ~

Detail Temperature C diti'on

a Click ,Sweep“ check box.

\

Calculation Condition Explanation
Mumber of Parallel Devices pcs Swep
Cutput Freq. Fo 50 {
Cutput Current lo 300 (u?
Switching Freq. Fsw 5| (kHz) ®
Power Factor m O x
Madulation Rate 0.9 O
Duty 0
DC Link Voltage VDC 600| (v) @] VDC —
T1 RG(ON) 0.56( () O
T1 RG(OFF) 0.56( () O
T2 RG{OMN) 056 Q)
T2 RG{OFF) 056 Q)
O
All devices are
mounted on a
Loss Calibration Factor single heat sink.

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

Click “Calculate” button to
start the calculation.

MT5F31341b
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: FS Fuji Electric
Parameter Sweep Calculation Result imoving Entrgy Tochnolosy

F= Fuji IGET Simulator Ver 6.2.0 Result:001 - O X
2MBIG00XNG120-50 Condition s00 —T1=D1
7
Loss({W) 3-Phase 2-Level Inverter /
- - - er syate Number of
otal per arm otal per system Parallel Devices 400
Total per arm per paraliel Total per system per parallel Fo(Hz) 50 /
Ti D1 T2 D2 TS5 D5 lo{Arms) 300) | 300 e »
Total Fel(kHz) Sweep % / /
w
. o 08| (3, ,/ _—
ERTIEET Mod 0.9 / /’
Turn on
(Recovery) Duty 100 P /
Turn off Vdc(V) 600 //
Temperature(*C) REECicol 056 0 / \
T1 RG{off) 0.56 .
T D1 T2 D2 s DS 0 5 10 15 20 25 30 34
_ — rton switchin, FrequuscylkHz] Calculated losses with
Tvj (peak) (on) grreq ¥ )
Tvj (ave) T2 RG(off) —TiMax(T1) - T-Ave(T1) — Tj-Max{D1] — Tj-Ave(D1) — Tcl-Max variable parameter on
Tvjc (ave) g IO TR horizontal axis.
AT Loss Calibration Factor I L
Te(T1/D1) 130 /
Tc (peak) o / -
Tc (ave) Temperature(*C) E] 120 Z -
Tf (peak) ;
K} - K} Tf (ave) g 110
JE IR R - :
1] D1 . 2
o—lg 100
Voo ==
)
- a0 .
8 1 0 s v s s w| Calculated temperature with
od Switching Frequnecy[kHz]

variable parameter on
horizontal axis.

All devices are

:?:;:ﬁ;nsﬁ ) _ﬂ_ﬂ_—l_— _r H 1 Save Image Data Export C

=]

MT5F31341b © Fuji Electric Co., Ltd. All rights reserved. 22



[F= Fuiji Electric

Innovating Energy Technology

Cycle Mode Calculation
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Cycle Mode Calculation

[F= Fuiji Electric

Innovating Energy Technology

yd

F= Fuji IGBT Simulater Ver £.2.0

Language Help

Module Selection  Thermal Condition  Sinele Mode  Gwcle Mode

Gate Resistance
T1 RG{ON) 056 O

Boundary Condition
® Cyclic (O 1shot

2MBIG00XNG120-50

Thermal Condition

‘SCIick the ,,Cycle Mode* tab. |

T1 RG(OFF) 0.56| O
T2 RG(ON) 056 O
T2 RG(OFF)

Fixed Heatsink Temp. Tf *r:

| Detail Temperature Condition |

Sampling Number
0.56/ 0

Calculate

 Partial calculation |

BTN

Cycle Data
Humber orParaliel Devces "N\ ol OHeat sink temperature T if T; is fixed, enter
| InputDefaultValue | | Delete Al | +input [Arms] in other circuis value.
t Fo Fsw o Mod. VDC S
# PF D Circuit . . .\
sed M2 [HA AP Rate O - \ - \ For changing detailed temperature condition,
o pp = P 8 B8 7 1 (O [Sphase Susodd please click the corresponding button. (For
2 1 50 5 450 0.9 1 1 600 | 3-phase Sinusoidal A )
312 |50 |5 450 |08 |1 |1 600 |2phase Sinusoical further instructions, please check pages 7-11.)
4 |2 A0 il 300 (-08 1 1 G600 | 3-phase Sinusoidal
53 [s0 |5 300 09 |1 |1 |600 |3-phase Sinusoidal ~| - ' : : :
6|4 |50 5 0 |09 |1 1 600 | 3-phase Sinusoidal Input gate resistance value. I
7 3-phase Sinusoidal T T |

Select boundary conditions
For details, please refer to page 29.

MT5F31341b
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Cycle Mode Calculation

[F= Fuiji Electric

Innovating Energy Technology

F= Fuji IGBT Simulater Ver £.2.0

Language Help

Module Selection  Thermal Gondition  Sinele Mode

Cwrle %

— O

2MBIBO0XNG120-50
Thermal Condition

Fixed Heatsink Temp. Tf e

Detail Temperature Condition

Data

4

Gaty/Resistance
RGION) 0.56

T1RG(OFF) 0.56

T2 RG{ON)

T2 RG(OFF)

Mumber of Parallel Devices

1

pcs

056 Q Sampling Numizf
056 0 [2% /|

Boundary Condition
a ® Cyclic (O 1shot

Q

Number of parallel connected modules.

Note: All modules are considered to be mounted on
the same heat sink.

Partial calculation

Loss Calibri Factor |

put [A peak] in gg

Lock or Ennpper circutt

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

Input DefaultValue | | Delete Al | =input [A rms] in other circuits FolFa] -
t Fo Fsw o Mod. VDo o 5.3
# [sed [HZ [kHZ [AF PF Rate Dub M Circuit FswikHz]
47
4 110 50 5 0 0s 1 1 600 | 3-phase Sinusoidal - 500
2 1 50 5 450 |08 1 1 600 | 3-phase Sinusoidal - lo[A]
o
3|2 50 5 450 |09 1 1 600 | 3-phase Sinusoidal - 1
4 (2 50 5 300 |-08 1 1 600 | 3-phase Sinusoidal - P.F.
-1
5 13 50 5 300 |-08 1 K 600 | 3-phase Sinusoidal - 1,06
6 |4 50 5 0 09 1 1 3-phase Sinusoidal - Mod. Rate
. i 0.94
7 3-phase Sinusoidal 1.08
Duty .....................................................................
0.04
B30
VDCM .....................................................................
I=win]

Input operation pattern.
For details, please refer to page 30 et seq.

| Save | | Load |

MT5F31341b
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Cycle Mode Calculation

[F= Fuiji Electric

Innovating Energy Technology

FZ Fuji IGET Simulator Ver 6.2.0 — O >
Language Help
Maodule Selection  Thermal CIICk “CaICUIate” button tO Start the \
2MBIB00XNG120-50 calculation. N
Thermal Condition
Fixed Heatsink Temp. Ti . Partial calculation
If the cycle data have more than 2048 lines,
betallTemeersur=tY it is possible to divide the pattern and << Back
Cydle Data calculate them separately. Drive Condition
Mumber of Parallel Devices |_c|—p-5 T
* Input [A peak] in case of DC Lock or Chopper circuit 53
| Input DefaultValue | | Delete Al * Input [A rms] in other circuits FaHz) -
53
# [S;C] [E‘;] [Ea':] [:\OF PF g;tdé Duty VE,]C Circuit FswikHz]
4 110 50 5 0 09 |1 1 600 | 3-phase Sinusoidal - ;,E
21 50 450 109 1 1 600 | 3-phase Sinusoidal - lo[A] .
212 %0 @ Save operation pattern X 1
4 |2 50 P F
-1
>3 |50 Fllename * me ” 1.08
B |4 50 : o Mod. Rate
* 7 3-phase Sinusoidal - Ex
g [
&30
‘21 Load operation pattern =
1.08
H 1 IR oy T U OO R ot AN SR
Filename: *.xml vos
o 3 4
Save Load

MT5F31341b
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. ] Fuii El i
Partial Calculation JFC Fuii Blectric.

: : L Number of splits of cycle data.
o) Partial calculation x
Number of cycle data points Set default
Dvisn e Calculate 4 Calculate the splitted data.
Mumber of overaps 100
Mumber of sampling data points
Close
Pattem Folder Prldecsalact ]
/ Select the parts which have to be
calculated.
2| Seleat| Star End riﬂ;ﬁ;;f csv
data points ) A
» 1] 1000 1000 e — P : -
2 91| 2000 00| ,0: calculation result does exist in the pattern
3 1901 3000 100, = folder
,X': result does not exist
Save Load

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 27



. ] Fuii El i
Partial Calculation JFC Fuii Blectric.

o i i y . .
= Partial calculation / Reset partial calculation table.
Mumber of cycle data points Set default — —
N - When dividing cycle data, enter the number of
SRS Alculate lines to be overlapped before and after.
Mumber of overdaps
Mumber of sampling data points e . i
Close Enter the number of sampling date points for
(e Folder sokct e R the calculation of the divided cycle data.
| \
Number of Select a specific folder to save the pattern
#  Select Start End sampling Csv .
data points f| Ie .
» 1] 1000 1000
2 5071 2000 1100 = ; . ; . )
3 01 3000 0] The information in the partial calculation table
/ are based on the entered division humber,
number of overlaps and number of sampling
data points.
- o It is also possible to enter values directly in
a\ the table.
g
i \
\ Save partial calculation table.
Load the saved partial calculation table.
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Cycle Mode Calculation Boundary Condition

= Fuiji Electric

Innovating Energy Technology

Boundary Condition
(® Cyclic (O 1shot

Operation pattern

L

---------

output

---------

Cyclic mode: The load cycle pattern is repeated continously.

------------------

0 t, t, X 2 time
Boundary Condition 1 shot mode: The load cycle pattern is not repeated
() Cyclic @ 1 shot
Operation pattern
R Initial condition
output /— \
-0 .
0 t, time
1 Fo Fsw o Mod. VDC N
# lseq) MHZ kHZ W T Rae DUy Circuit o
L [ 1 |-e==_ 50 5 0 0e 1 1 GO0 | 3-phase Sinusoi... v]& Entzr_t'_:he ”_“tI]?_I £
2 11 |50 |5 450 (08 |1 |1 |600 |3-phase Sinusoi. - condaitions In first ine.
3|2 50 5 450 (0.9 1 1 600 | 3-phase Sinusoi... -
MT5F31341b

© Fuji Electric Co., Ltd. All rights reserved.
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Fuji El '
Set Load Cycle LG i Bectric

* Input [& peak] in case of DC Lock or Chopper circuit
|r|F|'|Jt Default Value Delete All * Input [& rme] in other circuits

o— N
9 [ Sé g [EI‘;] [EE:] [:;* PF Circuit
110 50 5 0 0.9 1 1 600 | 3-phase Sinusoi... =
211 50 5 150 109 1 1 J3-phase Sinusoi... -
312 50 5 150 109 1 1 JFphase Sinusoi... -
4 12 50 5 50 -089 1 1 J3-phase Sinusoi... -
513 50 5 50 -09 1 1 J3-phase Sinusoi... -
6 |4 50 5 0 -0.9 1 1 J-phase Sinusoi... -
23 T JF-phase Sinusoi... - r\\
A
ime Duty
For details, For DC Lock or Chopper: please insert the
please refer to duty value in this column.
page 31. All other cases: column will be ignored.
Output Current ircuit
[A peak] in case of DC Lock or Chopper Select circuit and PWM method from the
circuit. dropdown list.
[Arms] in case of other circuits.

MT5F31341b © Fuiji Electric Co., Ltd. All rights reserved. 30



Fuji El '
Set Load Cycle L i Bectre

o Linear change
Parameter values linearly change between two
operation points. anstantaneously change
Example: #1 - #2 [lo] 53
Fo[Hz]
BY
53
FswilkHz] e}
o7 2] |#3)
180
lo[A] IEV /' \ﬂ‘ \E
il

t Fo Fsw lo Mod. VDC - 0
# lsed M kHZ [ T Rae Doy Circut /’§

q1 0 60 5 0 09 1 1 600 |3-phase Sinusoi.. - F.F. y /7 / /
. . -1 /] Z
2 1 &0 5 150 0.9 1 1 G600 F-phase Sinusoi.. - / /
3 |2 60 5 150 |09 1 1 600  |3-phase Sinusoi.__~ MedRate / / /
4 |2 G0 il 50 09 |1 1 GO0 J3-phase Sinusoi. x Lod / /
3 |60 |5 |50 |09 |1 |1  |BO0 |3-phase Sinusoi.__< - 08 y
T s s S AR
6 (4 G0 5 0 0.9 1 1 G00 | 3-phase Sinusoi.. -
0.94
[ 7 - I-phase Sinusaoi.. - 830
\JDCM --------------------------------------------------------------------------------
570
Parameter values change instantaneously if two s 108
. . . D E --------------------------------------------------------------------------------
Operatlon pOlntS have same time t. 094
0 1 2 3 4
Example: #3 2> #4 [lO, PF] Time[sec)
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Set Load Cycle

[F= Fuiji Electric

Innovating Energy Technology

Copy & Paste cell(s) value

Select cell(s) = Right click > Paste

I et |

: : 1 Fo Fsw lo Mod. vDC N
Select a cell or range of cell(s) = Right click * oseq M k@ & T Rae DU v Circuit
~> Copy 1o leo [5 lo Joo [+ [1 600 |3-phaseSinuscidal -~
& [S;C] [Eg] [ﬁ; [J:}* PE gg& Duty VFIZUJI]D Circuit 2 1 B0 5 150 049 1 1 G600 | 3-phase Sinusoidal -
3|2 B0 5 150 049 1 1 G600 | 3-phase Sinusoidal -
» 1|0 60 5 ] IiEr“—L‘—L““‘“an J-phase Sinusoidal - > a2 - 5 50 m P P 0 | 3phase Sinusoidal .
) - . o
2 {1 a0 Ll 160 |09 Cut 3-phase Sinusoidal 5 |3 B0 5 50 0 C TI_W 0 3 phase Sinusoidal .
) ] . u
3 |2 60 5 150 |09 Paste J-phase Sinusoidal E la 60 5 0 Ny I Pt I 3 phase Sinusoidal .
_ i i - aste
4 |2 60 5 A0 0.9 Insest F-phase Sinusoidal . 7 3 phase Sinusoidal .
h (3 60 5 A0 -0.9 F-phase Sinusoidal -
Insert x100
6 |4 B0 |5 0 09| 3-phase Sinusoidal - Insert x100
ear
® 7 3-phase Sinusoidal - Clear

Delete

Copy & Paste line

Select a line > Right click > Paste

Delete

. . . . t Fo Fsw lo Mod. vDC -
Select a line (click 1st column) = Right click # eeq M i BF T Rae OYY Circuit
QCOpy 1|0 0 5 0 [ 1 00 | 3-phase Sinusoidal ~

2 1 &0 5 150 |09 1 1 600 | 3-phase Sinusoidal -
t Fo Faw o Mod vDe 3 |2 &0 5 150 |09 1 1 600 | 3-phase Sinusocidal -
# PF - Duty Circuit ) -
[sec] [Hzl [kHz] [AF Rate Wil 4 |2 G0 5 50 -0.9 |1 1 G00 | 3-phase Sinusoidal -
3 e > 600 Sinusoidal 513 60 5 50 09 (1 1 G00 | 3-phase Sinusoidal -
5 180 09 1 1 00 3-phase Sinusoidal - 6 |4 60 5 0 -09 1 1 G600 3-phase Sinusoidal -
ut
5 150 0.9 1 1 G600 | 3-phase Sinusoidal -
Paste ) )
| ] ] 0.8 |1 1 G00 | 3-phase Sinusoidal -
nsert
5 50 0.8 |1 1 600 | 3-phase Sinusoidal -
Insert x100 - -
5 0 -0.9 |1 1 G600 | 3-phase Sinusoidal -
Clear . _ Insert
" T 3-phase Sinusoidal - Insert %100
I (e .

MT5F31341b
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. . : Fuji Electri
Simulation Results (Cycle Calculation) [ Fuli Blectric

F= Fuji IGBT Simulator Ver 6.2.0 Result:003 - O >

2MBIGD0XNG120-50

Total average loss in each arm and whole system. For

0ss(W 1 ) .
Total per arm ﬂ Tntalpers‘_.é detalls refer to page 17
k Total per arm per parallel Total per system per parallel Rglon) 056 ? | / E i- i | r
P
. IWI % Loss of IGBT and FWD per arm per parallel
Conduction 1091 m Loss mOdUIe
{;;z;:lery} | Time[sec] r
\_ Turn off /—J_e - :
4 / 3 Junction temperature Tv.
Temperature(*C) . .
. Q o Z . Please see the figure below for details.
Tvj (peak) 1324| | 1159 —
Tvj (ave) 107.3| | 103.4 ;:;
Tvj (min) o18| | 917 E—— 5 1o
ATvi 40.6 241 E 100
> Te(T1/D1) ) e - a0
Te (p 100.1 Tt {ave) B 1 2 3 4
TAave) 96.0 kTa J Time[sec]
\_ / 1 T
/ 96
1 g3 . o 94
Case temperature T.. s %2
5 90
P.F 3 Eﬁﬁ
Mod. Rate {35 j E e
DUW &BEE ...................................................................................... Heat sink temperature Tf and ambient temperature Ta.
VDCM B3
Mode 1, USRS RSOOSR ———————.___ T =
0 1 Timez[sec] 3 4 Print Save Image Data Export Close
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Simulation Results (Cycle Calculation)

[F= Fuiji Electric

Innovating Energy Technology

I — Oa =,
éLoss curves
—T1=D1
500
400
T — WJ §3DD /
0.56 =

aTemperature curves 0ss| |4 200 / ~

100 / ‘”‘k

ﬁc’mr 0

1 Tocooo

Temperature curves

1 Tyilneakt | e 51

Print the window

| ToM1md)

Save the window

Filename: *.xml

a 1

2
Time[sec]

= Tj-Ave(T1) = Ti-Max{T1) =- Tj-Ave(D1) — Tji-Max(D1)--- Tc1 — Tf

| T 53]

Export the results
Filename: *.csv

[

Close the window

9 60 0 0 0

Time[sec]
N

98 \
o5 92
@
5 90

88 \

86 N\

2 3 4
Time[se
\

Print | Save Image IData Export I Clﬁse

/

MT5F31341b
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[F= Fuiji Electric

Innovating Energy Technology

Circuits & PWM Methods
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Circuits & Modulation Methods

JF= Fuiji Electric

Innovating Energy Technology

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

Circuit PWM Method

3-Phase 2-Level Inverter —

3-Phase 3-Level I-type —

3-Phase 3-Level AT-type ——

Sinusoidal

Space Vector

3 Harmonic Injection
2-Phase (A)- DPWM1
2-Phase (B)- DPWMMin

DC Lock

Sinusoidal
Space Vector

3 Harmonic Injection

Sinusoidal
Space Vector

3 Harmonic Injection

Circuit

PWM Method

DC Chopper

Boost Chopper

3-Phase 3-Level T-type

—— Buck Chopper

—— Sinusoidal

—— Space Vector

3-Phase 3-Level

A-NPC-type

—— 3" Harmonic Injection

— Sinusoidal (PWM1)

—— Space Vector (PWM1)

MT5F31341b © Fu

—— 3" Harmonic Injection
(PWM1)

ji Electric Co., Ltd. All rights reserved. 36



Circuit Topology FC Fuii Blectric

Innovating Energy Technology
3-Phase 2-Level DC Chopper
(Buck)

(Boost)
o}
o 0 —lg
D1 1i
Vo =/ Voo | == . o—Mrn—y = Vo
T
D1 & OJK’}
© 1 O O .

All devices are
mounted on a
single heat sink.

All devices are All devices a?e
m mounted on a m mounted on a
single heat sink. single heat sink.
3-Phase 3-Level I-type 3-Phase 3-Level AT-type

VDC —— ;} ;] :]
o

All devices are All devices are

mounted on a mounted on a

single heat sink. single heat sink.

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 37
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. . Fuji El '
Circuit: 3-Phase 3-Level type G Fui Bectrc

3-Phase 3-Level
3-Phase 3-Level T-type A-NPC-type

oJIG‘ JF T I F
Voo =
OJK:} N N
All defi eeeeee
mounted
single heat sink.
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PWM Method (SPWM, SVPWM)

M

|
||

Sinusoidal PWM

Space Vector PWM

The reference voltage is a sinusoidal waveform.

The amplitude of the reference voltage Vref is defined
by the following equation using modulation ratio m.

Vref — mvdc

The maximum value of mis 1.

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved.

The amplitude of the reference voltage Vref is
defined by the following equation using modulation

ratiom
V3

Viet = vadc

m is defined to be the same output voltage to
the sinusoidal PWM.

The maximum value of m is 2/v3 = 1.1547

JF= Fuiji Electric

Innovating Energy Technology
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PWM Method (3'@ harmonic injection) £, i ectric

V. 3'd Harmonic Injection PWM

N

The amplitude of the reference voltage Vref is
defined by the following equation using modulation

ratio m
V3

Vref — vadc

m is defined to be the same output voltage to
the sinusoidal PWM.

The maximum value of m is 2/v3 = 1.1547

MTS F3 1341b © Fuji Electric Co., Ltd. All rights reserved. 40



2-Phase Modulation

2-Phase (A) - DPWML1

b
Il
SINIRINi

| |

I

7\“\‘ B
{\/ M \/‘ \‘\ [ H

JF= Fuiji Electric

Innovating Energy Technology

2-Phase (B) — DPWMMin

The amplitude of the reference voltage Vref is defined The amplitude of the reference voltage Vref is
by the following equation using modulation ratio m. defined by the following equation using modulation
\/§ ratio m. \/_
_ 3

2

m is defined to be the same output voltage to
the sinusoidal PWM.

The maximum value of m is 2/v3 = 1.1547

m is defined to be the same output voltage to
the sinusoidal PWM.

The maximum value of m is 2/v3 = 1.1547

© Fuji Electric Co., Ltd. All rights reserved.
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PWM Method (A-NPC circuit)

Several methods have been proposed for the PWM method of the A-NPC circuit.
This simulator performs simulation with the PWM method (PWM 1) shown below.

A-NPC circuit diagram

o

SsItC & Sz

o—
L

Seit’ %S,

S¢ ]

Switching pattern (PWM1)

. \ A
Control signal —— 5 \/

Carrier waveform 1 L /\ /
Carrier waveform 2 — \/ | VAV
- Si
S, “ S,
S; S;

S | Se

Sl

MT5F31341b
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Motor DC Lock Operation JFC Fui Blectric.

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.

All devices are
mounted on a
single heat sink.

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, Tf and Tc might Current path when IGBT is off.
become high.
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If you have any questions, please contact us.

JF= Fuiji Electric

Innovating Energy Technology



http://www.fujielectric.com/products/semiconductor/contact/index.html

