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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.

MT5F36567a © 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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Module Selection | ThermW Sondition | Single Mode | Cyvcle Mode

Select Module Type
Series: Clear VCESVL

Circuit: Clear ICTAL

Module BMBIg00XNV-075W-01(FR=10L per min)

Product Information

MNext

Clear All

BMBIE00XV-075W-01(FR=10L per
X series

Circuit

VCES[V]

IC[A]

Package

Download Data Sheet

Goto Fuji Web Site Technical Infomation

MT5F36567a

[F= Fuiji Electric

Innovating Energy Technology

‘; Select language

- English
- Japanese
- Chinese

Language | Help
English onditior

Japanese
Chinese lies
Circuit; 6-Pack

2 Help

Visit Fuji Web site to get the
latest version.

Check the version.

Language | Help

Module Selection Visit WEB site G

Select Mody Manual
Series: X series v Clear W(

© Fuiji Electric Co., Ltd. All rights reserved 5
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Module Selection

[F= Fuiji Electric

Innovating Energy Technology

pdule Selection | Thermal Gondition | Sinele Mode | Cycle Mode

Select Module Type

Series: X series v Clear VCESM]: 750

Circuit: 6-Pack v Clear IC[A) a00

W

W

;-2-4:

p Next

Clear All

Module 6MBIB00XV-075V-01(FR=10L per min]

6MBIBOOXV-075V-01(FR=10L per min
Product Informa SMBIB00XV-075V-01(FR=4L per min)
6MBIBOOXV-075V-01(FR=6L per min)
BMBIBO0XV-075V-01(FR=8L per min)

W

Jyee 6MBIZ00XV-075WO1(FR=10L per |

Series X series

Circuit 6-Pack

q Click “Module Selection” tab.

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

<} Select module from the
dropdown list.

Select the flow rate of
cooling water (FR=4,6,8,10L
per min).

Click “Next” button.

VCES[V] 750
IC[A] 800

Package M653

Download Data Sheet
Go to Fuji Wel Site

l Technical Infomation

N

Download product datasheet.

Visit technical information
page.

Visit Fuji Semiconductor web

MT5F36567a

site.

© Fuiji Electric Co., Ltd. All rights reserved 6
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Set Thermal Conditions ,ﬂ@atm@,ﬁi'rgyr?c‘iﬂfgy

@ x
Language Help
todule Selection | Thermal Condition | Single Mode | Cvcle Mode Z Input the fixed coolant temperature TW

 The following calculation is based on a
constant coolant temperature Ty,

Cycle Mode ==

<= Back
Thermal Resistance Model
Cooalnt Temperature: Tw
@ Fixed Coolant Temp. 50| =C
IGBT | | FWD
| Tj( IGBT) 'j(FwD)

Junction temperature

Thermal resistance

Coolant temperature //,/TW

MTS F3 65673 © Fuji Electric Co., Ltd. All rights reserved 7
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Innovating Energy Technology

Single Mode Calculation
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[F= Fuiji Electric

InpUt SimUIation Condition (S|ng|e MOde) Innovating Energy Technology

x
Lerrsze Rl Click "Single Mode" tab.
Module Selection | Thermal Condrean | Single Mode )| Cycle Mode
6MBIB00XV-075V-01(FR=10L I
2 Circuit Thermal Condition Calculate
| 3-Fhase 2-LevelIwerter  v| | "Fixed Coolant Temp. Tw 65, Select circuit topology.
3 ;:::’li:"f“'a““” Liin _ Detail Temperature Condition See pages 32 — 33.
| Calculation Condition Explanation I
Swee )
4| Number of Parallel Devices 1 pes WE" e Select PWM modulation method.
Cr
Cutput Freq. Fi 100 (H b L LDy CEETLEES ]
5 N ) A 37 | Seepages34-37.
Cutput Current o 100 (Arms OJ P |
Switching Freq. Fsw 4| (kHz) ¥ Gl o 1N
Power Factor 0.9 - T1 | D1 S5 Input the number of parallel connected
Modulation Rate 1 modules.
Duty A N Vol ==
OC Link Voltage VDC 4000 (v)
T1 RG{ON) 27| () I
T1RG(OFF) 18 @ :"II/ (L gL T
T2RG(ON) 27 (@ A Input operation condition.
QZRG(DFF} 1.8 {ﬂu o
All devices are For paralleled modules, the current through
mounted on a ‘ | I the individual module is obtained by
Loss Callbration Factor =l et dividing given I, by number of prallel
modules.

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 9
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Loss Calibration Factor ,ﬂ@atm@,ﬁiﬁgﬂiﬁﬁﬁ,’fw

= x
Language Help

Module Selection | Thermal Gondition SII‘TE'EMUC'B Cycle Mode

BMBIB00XV-075V-01(FR=10L

Circuit Thermal Condition Calculate
2-Phaze 2-L evel Iwerter W Fixed Coolant Temp. Tw G5! -
) =< Back
PWM Modulation Method Detail Temperature Condition
Sinuzoidal W
Calculation Condition Explanation
. Sweep
Mumber of Parallel Devices 1 pcs [
o

Cutput Freq. Fo 100 (Hz) P L LLLTTTOR :
Output Current lo 100 (Arms) |<
Switching Fregq. Faw 4| (kHz) O'J i
Power Factar 0.9 "'T11] D1 IGBT conduction loss

Click ,Loss Calibration Factor* tab. IGBT tumn-on loss

IGBT turn-off loss

FWD conduction loss

R L . ¢ FWD reverse recovery loss
T2RG(ON)™ [ 20 0 - ] . :
T2 RG{OFF) 1.8 {(B) e ) r
All devi :
6 o AT Every generated loss by IGBT / FWD is
single heat sink. _|_L|_L multiplied with the provided calibration
Lose Calibration Factor faCtor

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 10



. Fuii Electri
Run Calculation ,Fetg Eroray Toohnolony

Fe x
Language Help

EMBIBO0XN-075V-01(FR=10L
Circuit Thermal Condition Calculate
3-Phaze 2-Level Iwerter v Fixed Coolant Temp. Tw 5|
: <« Back
PWM Modulation Method Detail Temperature Condition
Sinusoidal ¥
Calculation Condition Explanation . . .
. Sweep Calculation will start when you click the
Mumber of Parallel Devices 1 pcs [ » . "
o Calculation” Button.
Cutput Freq. Fo 100 (Hz) A m======a ] |
Output Current o 100 (Arms) OJK
Switching Freq. Fsw 4| (kHz) OF i)
] [

Power Factor 0a C T1
Modulation Rate 1
Dty 0 VDC
DC Link Voltage VDC 4001 )
T1 RG(ON) 27 (@) 4
T1 RG(OFF) 18 (@) |< ! |
T2 RG(ON) 27 (@ OJ
T2 RG{OFF) 18 () o )

All devices are

mounted on a

single heat sink.

Loss Calibration Factor

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 11



Simulation Results (Single Mode)

BMBIB00XV-075V-01(FR=10L per min)

Loss(W)

[F= Fuiji Electric

Innovating Energy Technology

Condition

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

For details, check next page.

3-Phaze 2-Level Inverter

Number of

/N

MT5F36567a

Total per arm 89 1| Total per system R34.7 . 1 ano
Total per arm per parallel 29 1| Total per system per parallel Fo(Hz) e LOSS Of IGBT and FWD per arm per para"el
™ D pIAmE) module.
Total 69.2) | 19.9 Fe(kiz) _ . .
pf 09 (3 100
Conduction 349 57 Mod 1 / \
Turn on _
Recovery) | 165/ | 142 3”:"M Junction temperature T,;.
Curn off 17.8 ) = . .
‘emperature{~C) N\ T1 RGon) For detalls, check the flgure below.
1 o1 T2 D2 T/ D5 :_; EEDT ""”—| Time[sac] I
. = on
TeeR) | 847} 847 T2RG0MM —Ti(T) = THD) — Tw
Tvj (ave) 80.0| | 80.0 s T
Tiwiave} 15.0 15.0 :-\/J(D—Lk)
ATvj T4 T4 ) | Loss Calibration Factor | I P R ] _ T
:;BU AT 7 vj(ave)
NS v -
i ity et N T
Temperature(=C) 575 vj(min)
Tw 4 5.0 E
% OJG DJG E 70 Tj-w(ave)
11 01
o —|
Voo — — ° -
0 0.02 n.ql_xi [ Djuﬁ 0.08 0.1
/] ime[sec
| Coolant temperature.
Al devices are |
mn TN | Save Image Data Export Close

12
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. . Fuji El '
Simulation Results (Total Loss) TG i Bectric

Example: 3-Phase 2-Level Inverter; 2 modules in parallel

G6MBIB00XWV-075Y-01(FR=10L per min)
Loss{\W)
(Tntal per anm 85 g | Total per system 5153 } OJKE OJKE 0JI<:|
(Tntal per arm per parallel 42 g | Total per system per parallel 2577
O
D1 T2 DQETE D5 o
Total 32.9 100 ©
Conduction 16.6 25
Turn on
(Recovery) 84 7.5
Turn off 29

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: @)X 6)

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

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 13



Simulation Results (Single Mode) F&;fi Biectric

Condition 250
Loss waveforms (1 cycle) 3 Phase 2-Level Inverter /.\
0 Number of
- - o 5347 P:rn;II:IrETevices L 200 \
I Total per arm per paraliel 891/ Total per system per paralel 5347 Fo{Hz) 10 / \
i 05 In{Arms) 100 ?,:.T 150 j
Temperature waveforms (1 cycle) Fe(kHz) 4 12 / o \
0.9 |5 100

T P B | |
Lo oo

Save the window as image file
filename: *.bmp

@ N \

18 0 0.02 0.04 0.08 0.08 0.1
Time[sec]
I T‘-’J: (peak) 4.2 4.2 . T =TD1) — Tw
Export the results to text file [ Loss CaXration Facty | \
. . o 80
filename: *.csv \z’; | S
I Temperature(=C 5 e

Tw 65.0

Close the window and return to the
previous window

I

Ml devices are

mmwes UL UL L

0 06 0.0 O

MT5F36567a © Fuji Electric Co., Ltd. All rights reserved 14



Display Multiple Results

[F= Fuiji Electric

Innovating Energy Technology

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

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.

=
Language Help

Module Selection | Thermal Gandition | Sin

gle Mode || Gycle Mode

6MBIBO0XV-075V-01(FR=10L
Circuit
3-Phase 2-Level Inverter v

PWM Modulation Method

Sinusaidal v

Calculation Condition

Loss Calibration Factor

Thermal Condition

Fixed Coolant Temp. Tw 65

Detail Temperature Condition

Calculate

<< Back

Number of Parallel Devices 1 pes SWETP

Output Freq. Fo 10 (Hz) ©
Output Current lo 100| (Arms)

Switching Freq. Fsw 4 (kHz)

Power Factor 0.9

Wodulation Rate 1

Duty 0 VDC e
DC Link Voltage VDC 400 (v)

T1RG(ON) 27| @

T1RG(OFF) 1.8 (@

T2 RG(ON) 27 (@

T2 RG(OFF) 18 (@

[}
All devices are
mounted on a
single heat sink.

6MBIB00XV-075V-01(FR=10L per min)
Loss(W)

Total per arm

Total per arm per paraliel

T

™

D2

9.1/ Total per system 5347

8.1 Total per system per paralel| 5347

L

Condition

3-Phase 2-Level Inverter

Number of
Parallel Devices.
Fo(Hz)
IoArms)

Total
Conduction
Jlucran 6MBIBO0XV-075V-01(FR=10L per min)
(Recovery)
Turn off Loss(\W) 3-Phase 2-Level Inverter
Number of
Temperature] Total per arm 89.1 Total per system 5347 Parallel Devices !
Total per arm per paraliel 89,1 Total per system per paraliel FolHz}
Tvi (peak)
L
FHE) Total
Thwiave)
ATvj Conduction 6MBIB00XV-075V-01(FR=10L per min) Condition
e 3-Phase 2-Level Inverter
(Recovery) Loss(W)
Turn off Total per arm 9 1| Total per system 5347 Il 1
Parallel Devices.
Total per arm per paraliel 891 Total per system per paralel| 5347 Fo(tiz) 10
T 01 irl D2 T DS lo(Arms) 100
Tvj (peak) Total 592 [ 199 Fefkiz) 4
Tvi (ave) pf 0.9
Thwi (ave) Conduction 349 57 Wod 1
AT Turn on
v (Recovery) 16.5 14.2 Duty
Turn off 178 Vde(v) 400
T1 RGion 27
Temperature{“C) fon)
T1 RG{off} 18
T D1 2 D2 L] D5 R
Tui (peak) ga2| [ 842 - RG(D:'
T ave) 800 | 800 $ip
Tiw(ave) 15.0 15.0
Temperature{~C)
Tw 65.0

== T U

\

\

T

0 0.02 0.04 0.06 0.08 01
Time[sec]
= Tj(T1)=T(D1) — Tw
g5 — TN —TiOT)
o 80 \\
o ———
=
=
575
=
s
a
S0
=
65
0 0.02 0.04 0.06 0.08 L]
Time[sec]
Save Image Data Export Close

MT5F36567a

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

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved I 16



. Fuiji El '
Parameter Sweep Calculation LG i Bectric

Click "Single Mode" tab.

Language Help
Module Selection | Thermal Condition | Single Made | Cycle Mode

GMBIB00XV-075V-01(FR=10L CIle Sweep“ check box
Circui it Calculate ” .
ircuit Thermal Condition

3-Phase 2-Level Inverter v Fixed Coolant Temp. Tw 51 c

<= Bhck
PWM Modulation Method

Sinuzoidal

Detail Temperature dﬁon

Calculation Condition Explanation

Mumber of Parallel Devices SeleCt parameter Wh|Ch yOU
O = - want to sweep by clicking

radio button.

g I3

Output Freq. Fo

CQutput Current lo

\

Switching Freq. Fsw

Power Factor

SN ONS N

Modulation Rate

Duty

DC Link Voltage VDC
T1 RG(ON)

T1 RG(OFF) ! (L] (L1 5 (L]
T2 RG(ON) . —h T © AT oEINGHT Click “Calculate” button to

T2 RG(OFF) . o start the calculation.
All devices are

mounted on a
single heat sink.

Lo=s Calibration Factor

MT5F36567a © Fuji Electric Co., Ltd. All rights reserved 17



Parameter Sweep Calculation Result £G fuiEectic

BMBIB00XV-075V-01(FR=10L per min) Condition . T1—D1
Loss{\W) 3-Phaze 2-Level Inverter /"’
Total per arm Total per system Number of ) bl 300 /
Parallel Devices /
Total per arm per parallel Total per system per paraliel Fo(Hz) 10 250 /
T )] T2 D2 s 05 IoArms) 100 =" 200 P
Total Fe(kHz) Sweep 'E' //
pf pa| |5 ™0 v /’ -
(T:Dnductlun Mod 1 100 // X CaICUIated |OSS€S Wlth
urn on
Duty :
(Recovery) - w0 | — variable parameter on
Turn off Wde(V) 400 e ____,_,...--"""" B .
remeratireC T1 RG(on) 27 o b= horizontal axis.
emperature(*C) T1 RG(off) 15 0 5 w15 20 25 30
T D1 T2 D2 T5 D5 SR Switching Frequnecy[kHz]
. on
e T2 RG(0F) — Ti-Max(T1) = Tj-Ave(T1) — Tj-Max(D1)
Tvi (ave) -- Tj-Ave(D1) — Tc1-Max - TeD1-Max --- Tf-Max
Twiave) 180 —
ATV Loss Calibration Factor | . Ti(op) »
%)
2 140 e /-'"
a "
2 / A
Temperature{~C) ; 120 /'_,-‘
v : -
3 i @ 100 =17
QK;:? JG 3 £ e \Q
T D1 g0 L. '__.-“ .
Vo= , o=l =% Calculated temperature with
DC| m——
— &0 H
__ [ o s w2 oW variable parameter on
K 3 oJKj 3 witching FrequnecylkHz] horizontal axis.
A devices are ) - ) S | D E Cl |
e TN feii ZEIE ! 2

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 18
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Innovating Energy Technology

Cycle Mode Calculation
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Cycle Mode Calculation Casit

‘I Click "Cycle Mode" tab.

E
Language Help 1
| Module Selection I Thermal Condition I Single Mode| Cwcle Mode
2 SMBIS00XV-075V-01(FR=101 (Gate Resistance Boundary Condition S
() Cyclic (@ 1shot dalculate
Thermal Condition T1RG(ON) 2.7 Q
Fixed Coolant Temp. Tw C T RG{DFF:" 1-8| Q Partial calculation
T2 RG{OM) 27 0 )
| Detail Temperature Condition | o —
T2 RG(OFF}) 18,0 J 18 v << Back
Cycle Data \ Drive Condition
Mumber of Parallel Devices 1| pes | Lm\@"hram“ F‘*““r | L : :
*Input [A peak] In case o et
| InputDefaultValue | | DeleteAll | =input [Arms] in other circuits Input coolant temperature.
5.3
t Fo Fsw [ Mod. VDC g
FswikH
# seqd M kHZ AF T Rate PW oy C'N swikig
1 |z 60 |5 |0 |08 |1 1 400 |3-phase Sinusoi - e -
21 60 |5 100 (08 |1 |1  |400 |3-phaseSinusoidyl - Input gate resistance value.
3|2 (60 |5 100 (08 |1 1 400 |3-phase Sinusoidd - | pF '
4 |2 60 5 50 0.9 1 1 400 | 3-phase Sinusnida\ - -
5 |3 B0 |5 50 [-08 |1 1 400 | 3-phase Sinusoidal— Select boundary conditions
% 7 3-phase Sinusoidal - D'ty
094
420
VOCIV]  freeeerrersssssdssmasdessbn,
380
1.08
| Save | | Load

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved I 20



Cycle Mode Calculation

Help

Language

|

[F= Fuiji Electric

Innovating Energy Technology

' Module Selection | Thermal Gondition | Sinele Mode Cpetetode—

Thermal Condition

BMBIS00XNV-075V-01(FR=10L

Fixed Coolant Temp. Tw "

Detail Temperature Condition

cle [ata

Number of parallel connected modules.
Note: All modules are considered to be mounted on
the same heat sink.

____Partial calculation

te Resistance Boundary Condition
TIRGON) | 27/ O Cydic @ 1shot
T1 RG(OFF) 18 0
T2 RG[OM) 27 0 Sampling N 6
T2 RGIOFF) 18 0O

Mumber of Parallel Devices pCs | e |
*NpUL & pear] N case o Fo[Hz]
Input DefaultValue | |  DeleteAll | *input [A rms] in other circuts o
53
t Fo Fsw lo Maod. VDC o
FswkHz
# sed [Hd [kMa [AF PF pote DUty M Circuit [kHz] o
1 |-=<_ B0 |5 0 09 |1 1 400 | 3-phase Sinusoidal - (| | 100
[ 2 1 60 5 100 |08 1 1 400 | 3-phase Sinusoidal - 0
1
32 60 |5 100 08 |1 |1  |400 |3-phaseSinusoidal ~ || p g
4 |2 60 5 50 -0.9 1 1 400 | 3-phase Sinusoidal - “;;
5 (3 60 5 50 09 1 1 400 | 3-phase Sinusoidal - Mod. Rate '
\ 5 |4 60 |5 0 09 [1 1 400 | 3-phase Sinusoidal v‘ ?-g
& T }phase Sinusmdaj - |:]|_”_-!'|I ....................................................
0.94
420
L1070 1, R P . S T
330

Input operation pattern.

MT5F36567a

For details, please refer to page 26 et seq,.

© Fuiji Electric Co., Ltd. All rights reserved I 21



i Fuji Electri
Cycle Mode Calculation G i Bectrc

o

Languag Click “Calculate” button to start the

calculation.

BMBIS00XV-0TSVTTIER=T0 rETETTE ST T oty Condition
ch @ 1shot Calculate

Module Sele

Thermalg If the cycle data have more than 2048
0

Fixed C lines, it is possible to divide the pattern cl Partial calculation
~peri7| @nd calculate them separately_. !umher << Back

Cycle Data Drive Condition

Mumber of Parallel Devices pCs | e |

17 | *Input [A peak] in case of DC Lock or Chopper circut

Fo[Hz]

Input Def;

Save operation pattern
# —Faw[kHz]
Filename: *.xml

idal
60 5 100 |08 3-phase Sinusoidal
G0 5 100 0.9 3-phase Sinusoidal
60 5 50 -0.9 3-phase Sinusoidal

Load operation pattern

Filename: *.xml

MT5F36567a © Fuji Electric Co., Ltd. All rights reserved I 22



Cycle Mode Calculation Boundary Condition

JF= Fuiji Electric

Innovating Energy Technology

Boundary Condition
® Cyclic (O 1shot

Boundary Condition
() Cyclic (® 1 shot

Cyclic mode: The load cycle pattern is repeated continously.

Operation pattern

output | o __L -

nay

---------

1 shot mode: The load cycle pattern is not repeated

Operation pattern
_Initial condition

Output | /—_\

Fo Fsw o Mad. VDo -
# tlsed] H2l [kHzl AP PF Rate Dty n Circuit

1 |-wzt=0 |01 |5 30 038 [1.1 05 (413 | 3-phase Space Vector -
2 1 01 |5 30 08 (1.1 |05 413 | 3-phase Space Vector -
3 |10 10 |6 100 (08 11 05 |413 | 3-phase Space Vector -

Enter the initial
conditions in first
line.

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 25



Fuji El '
Set Load Cycle LG i Bectric

* Input [A peak] in case of DC Lock or Chopper circuit

Input ult value | | Delete All * Input [A rmakin cther circu
—ﬁﬁ. N
Fo Fs lo Mod VD

# [5;:] g gl e | PP Rae | P9 m Circuit
110 &0 5 0 08 1 1 600 | 3-phase SpaceV.. -
211 60 5 100 j09 1 1 600 | 3-phase Space V.. -
312 60 5 100 09 1 1 600 | 3-phase SpaceV.. ~
412 60 5 50 09 |1 1 600 | 3-phase SpaceV.. -
8 ’ 3 60 ] a0 089 1 1 600 3-phase Space V.. -

B0 5 0 09 |1 1 ) 600\ 3-phase Space V.. ~| )
3 3-phase Sinusoi... -
Duty

Time For DC Lock or Chopper: please insert the

For details, duty value in this column.

{o()les;geergl‘?e.r All other cases: column will be ignored.

eOutput Current Circuit

[A peak] in case of DC Lock or Select circuit and PWM method from the
Chopper circuit. dropdown list.
[A rms] in case of other circuits.

MT5F36567a © Fuiji Electric Co., Ltd. All rights reserved 26



Set Load Cycle

Parameter values linearly change between two

operation points.
Example: #1 > #2 [lo]

JF= Fuiji Electric

Innovating Energy Technology

@ Linear change

63
Fo[Hz]
Fsw(kHz] 12—3]
t  Fo lo Mod. VDC o lo[A]
; # sec] [HZ [kHA (AP PF Rate Duty V] Cireuit
q 1
0[1 0 B0 5 0 04 1 1 600 | 3-phase Space V.. P E /
2 1 60 |5 100 (09 |1 1 600 | 3-phase Space V.. Z1
3 |2 60 |5 100 |09 |1 1 600 | 3-phase Space V.. A
4 2 60 |5 |50 |08 1 |1 600 |3-phase Space\.. Mod. Rate —
5 |3 B0 5 50 09 |1 1 B00 | 3-phase Space V. o5
64 |60 |5 |0 |09 |1 |1 |e00 |3-phaseSpaceV. Duty
.54
K 7 - 3-phase Sinusoi... &30 [T TTVTTTTTTTTTRTTTTTTTTTYTTTTTTTTT
i WDOCV]  feeresesreederssrrsnsfrern e
iV I N I
2.1
Mode freeesseessdeesssssn b,
Parameter values change instantaneously if two ”‘E'D 1 . - .
operation points have same time t. .
Time[sec]

Example: #3 = #4 [lo, PF]

MT5F36567a

© Fuji Electric Co., Ltd. All rights reserved

@ Instantaneously change
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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 -
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. . . Fuji El '
Simulation Results (Cycle Calculation),f&,fui Biectric

GMBIG00XV-OTEV-ONFR=10L per 0 condition Total average loss in each arm and whole system.
(‘Loss(W) ) phase Shusoidl For details refer to page 13.
Total per arm 57.3| Total per system 343.9 Mumber of =
Parallel Devices 40 / \
LTntaIperarm per paraliel 57.3| Total per system per paraliel 343_9J Rgion) 7 g / \_
4 T b 1 T ? Ra(of) é Loss of IGBT and FWD per arm per parallel
Total 397 17.6 e _— mOdU|e
Loss Calibration Factor
Conduction 15.0 71
I;-;l;.lr-lery} 119 105 —as = Ti-Ave(T1) _. Ti-MaxiT1) = TI-A\'ECD‘U - TrIMax(Dﬂ Tw I
\Turn off 127 ) = | ; e : |
/Temperature(:C] < e Junction temperature Tvj.
T o1 D2 TS ){\ . )
T (peak) 231 | 831 Please see the figure below for detalils.
Tvj (ave) 74.1 74.1 Eﬁfr- A D D . |
Tvj-w(ave) 65.0 65.0 a 1 2 3 4
AT 181 181 Temperature{=C} ) Time[sec]
j T 65.0 v
4=
: a7
f ‘o 66
T S
/ ‘?E 64
Fao[Hz] &2 /4 o g3
FawlkHz] 4.3 E' po
lo[A] 100 @ 61
Efu% Rate @é; 0 ! 2 3 4
Duty S R [ Time[sec]
VDG b ] T Tt A AR TR R
Mndgﬂ T e e B ETTTTTTTTISN [ Drint Save Data Clace
0 1 2 3

Coolant temperature.
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. . Fuji El '
Simulation Results (Cycle Mode) TG i Bectric

Loss curves: T1, D1

per minj Condition 80 =T1=D1
Sinusoidal / \
a0
Temperature curves: Ty, Tipgy Tw . 1 E, / g \
I T L L B« et L e L S e il Faton) .j; = - / ] \ -
e Temperature curves: Ty, ! e ’ 2 3 s
— —_ -alibration Factor Time[sec]
I;-;l;.lr-lery} 19 105 g5 TiAve(T1) = Ti-Max({T1) = Ti-Ave(D1) = Ti-Max(D1) — Tw
Turn off 127 EEBD ,/,..::_:“\‘:\
q Print the window 5 // e k—\.\
I L R Ly T o831 83T E’.. 70 .
T (awal A 4 A4 E &5 Z
Save the window - 1 2 3 4
Time[sec)
. 65.0
Filename: *.xml
Export the results \\ """""""""""""""""""""""""""
. \\ \
Filename: *.csv — \_
Mod Rete A R / 1b Timejsecol) '
o i Save Data
q Close the window 4 Pt Close ]
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. ] . Fuii El i
Circuits & Modulation Methods JFC Fuii Blectric.

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

Circuit PWM Method Circuit PWM Method
3-Phase 2-Level Inverter g msi TSk DC Chopper Boost Chopper
—— Space Vector —— Buck Chopper

—— 3" Harmonic Injection
——— 2-Phase (A)- DPWM1

—— 2-Phase (B)- DPWMMin

— DC Lock
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Circuit Topology P, ruli Bectric

Innovating Energy Technology

3-Phase 2-Level DC Chopper

(Buck) (Boost)

O—q

0 —lg

VDC — — YV — |O o—IYYY L ¢

D1 X | %
(e o) O d 0
All devices are All devices are
m mounted on a mounted on a
single heat sink.

single heat sink.

All devices are
mounted on a
single heat sink.
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PWM Method (SPWM, SVPWM) ASA i

Sinusoidal PWM Space Vector PWM

The reference voltage is a sinusoidal waveform. The amplitude of the reference voltage Vref is
The amplitude of the reference voltage Vref is defined ?a?[];glfnd by the following equation using modulation
by the following equation using modulation ratio m. \/_
3
Viet = vadc

Viet = mVgc . .
m is defined to be the same output voltage to

the sinusoidal PWM.
The maximum value of mis 1.
The maximum value of m is 2/v3 = 1.1547
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PWM Method (3@ harmonic injection) £, i fectric

V 3" Harmonic Injection PWM
C

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
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Innovating Energy Technology

2-Phase Modulation

2-Phase (A) - DPWML1

2-Phase (B) - DPWMMIN

.
(Wi
D R

I

N ain

R | \
VNG UL IRIR
| BT

I

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

tio m.
\/§ ratio m \/§

Viet = > mVyc Viet = vadc
m is defined to be the same output voltage to m is defined to be the same output voltage to
the sinusoidal PWM. the sinusoidal PWM.

The maximum value of m is 2/v3 = 1.1547 The maximum value of m is 2/v3 = 1.1547
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. Fuiji El '
Motor DC Lock Operation G i Bt

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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Further Information

If you have any questions, please contact us.
http://www.fujielectric.com/products/semiconductor/contact/index.html
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