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Simulation of the complete
system

e Multiple domains
— Mechanical
— Hydraulic
— Electrical
— Thermal ._,_,_,_:J J o

e Different levels of b o 0
abstraction awrarwrar | feud

— Conceptual
— Behavioral
— Component level
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From the system level to the
subsystem level

Complete system Power system

The power system can not be
modeled as an ideal system

 The power system involves:
— Losses
— Dynamic limitations
— Temperature issues

— Failures
Leadinglnsight % UPM
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System and subsystem
design

The power system architecture is defined
based on the system requirements

The architecture can be implemented with:

Commercial modules
Custom made modules

There is a wide list and

are already tested Are developed to meet

specific requirements

A\ LeadingInsight % UPM
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DC/DC converters: device level

Custom made modules implementation steps:

c Design

e Model development (Component level)
e Module simulation
e Physical implementation

e Verification

Component level model used in the complete
system simulation

ACVERTEGES Disadvantages
J Acelfziie = Slow
J Provicles catzllec irforaslzttior) = Provides unnecessary information
Leadinglnsight ZUPM
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DC/DC converters: system level

Commercial modules implementation steps:

QSeIect based in the datasheet information
e Physical verification

Commercial converters

Disadvantages

= |n MESt cases component or average: levellmoedel
can net e obtained

A\ LeadingInsight % UPM
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System level simulation

Power systems simulation require

Fast models for
complex
simulations

9\9

Models with multiple Models with different
domains simulation levels of abstraction

=
~ mal( M
Kﬂodelsthat provide t@j

necessary information in each

case
Obtained from commercial and custom made
modules
A\ Leadinglnsight
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Example: Airbus A400M

Dimensions

Overall Length 45.1m
Wing Span 42.4 m
Overall Height 14.7m
Cargo Box Dimensions

Length (excluding ramp) 17.71m
Ramp Length 5.40 m
Width 4.00 m
Height 3.85m
Height (aft of wing) 4.00m
Weights (2.259)

Max. Take-off Weight 136.5t
Max. Landing Weight 120t
Max. Payload 37t
Total Internal Fuel 47.7 t

A\ LeadingInsight

ANSOFT Application Workshops for High-Performance Design

%AIRBUS MILITARY

Copyright < Alrbus Military S.L. 2005

zUPM



Subsystem design (Airbus
A400M)

Converters

"’?\

e +28V to +48V
e +28V to +15V
* +28V to +5V
* +5V to +3.3V

* +5V to -3V
I —1
Filters
o — —1_ |
*Eight filters
—___ ]
—__
—|__
Power sub-system example
Leadinglnsight ZUR
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Modeling approaches

¥ Il

L =

« Switch level models
— Are based directly on the structure

— Provide information for each
component in every switching
cycle

e Averaged models

— Switching information is lost but B-DB,+D' B,
structure is kept C=DC,+OC,

— There are several techniques like: R E b [ 1[T]o
« State space averaging teraged switch network
» Averaged switch modeling
e Behavioral models

— Based on the input-output
behavior DC/DC

— The model is a black box, the real " -
structure is lost

—

F=®mne

©/ il I @ @
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Modeling approaches

Dchc

Transient response o ol |
3.61 d; $

2| R3

ulle 1w _|
3.00- = ?r = 1
R2.V ...
Averaged R3V . Averaged (SMPS library)
a PRE ] |
= s ;
1.887 | | & R2 §
259.47u 400.00u 499.18u
. . . ST + L
Comparison of a switch level circuit, an

averaged model and a behavioral L1
approximation T <
e B A cz ] R § -
simzplorer
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Behavioral models capabillitie

e Behavioral models

DC/DC DC/DC
330V 300/100 100/30
COmMMOonN USes i I
— Efficiency calculation nRULpowe

0p

R1

C

Input power,
|
120.

100,000 DC/DC

— Transient responses 10030

= O
— Temperature calculation 4¥ S -

J

.- — | T 100130 =
_ Stablllty 5.37m 500 *\0 0.00 — t_l—i
) } i Total losses
— Failures simulation Load change
L Efficiency and losses calculation
e 11 oo F—1 Three currents with Compensation
Q| | % simulated deviations of other
| Bus volt\age | o aE =T — \ converters
Output Yoltage, it |: i - st \ Fali /I
e
Ou.[p ut ” 93 .00m 102.00m  104.00m ) \i DC‘J_DC—:L—L % ]
voltage \ /é S——
o T /
Load step Input current One converter
at startup fail
Transient response Failure simulation

Leadinglnsight




Behavioral model advantages

Is not necessary to know the
real structure

Models can be obtained
form commercial and
custom made converters

The model can be adapted
to the get required
Information for each test.

simzplorer

Leadinglnsight

Circuit implementation

fregin

=ec:=FRestllec:;

while [(Iol>RestlPoints(sec+l)
if Iol>RestlPoints(sec+l)

=nd process;
lrreak on Restl3ec:

if TempEfficiency>l.0 use
Efficiency==1.0;

=1sif TempEfficiency<0.0 use
Efficiency==0.0;

=lse

Efficiency==TempEfficiency;

end use:;

seci=sec+l;
end if:
if Iol<RestlPoints(sec) and se
sec:i=sec-1;
end if
d loop
Festllec<=zec;

and sec<BestlPoints'right-1)or(Iol<EestlPoints|
and sec<BestlPoints'right-1 then

crRestlPoints' left then

TempEfficiency==(EfficiencyM(EfficiencyZec) *Iol+EfficiencyC (Efficiencylec) )

VHDL-AMS implementation




Averaged model advantages

The effect of each '9.'0’7"-#K e
component in the design A\

RS =~y
can be analyzed ol k\7/ 1 ¥

Provide a more accurate

dynamic behavior L =
30y HL2
. . S NP A A, G
Plus all information of = ’J) T_ﬁ f f Cz%m
behavioral models ==
SMPS Library
=
SIM ﬁ% Illnlie Averaged Forward with active clamp
from SMPS library
UPM
LeadingInsight
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Switched model advantages

e Provides information M \..
about the instantaneous '
stresses for each

component .f,'
« EMI effects can be | 002
analyzed 6 " i\_E g' ' T =
25 T D _ T_1 ‘ L 0 e {1 Ghm
. _ | +
. i ] l FAC_S1 _
e Plus all information in + SMPS Library

beha\linral and awiaranod

Switch level Forward with active

=l
mOCSIM ﬁ% III“I'EI] clamp from SMPS library

\ : ] UPM



Simplorer SMPS library

SMPS library contains a
wide list of averaged
and switch level models | v

+- ] Piezoelectric - "
=] Power Converters 4

=] Averaged Power Caonverters |
=i Mon Isolated

=i Ideal
+- ] With External Inductor —'“‘ﬁa'ﬁ“—Lj—H*
=

+- ] With Internal Inductar —
=] Mon Ideal \ L
+-f7 with External Inductor
+- 571 with Internal Inductor - .
—|-fi1] Isolated — . H
& Flyback *3
oF Forward =
oF Forward with Active Clamp —_ Fonuard_=in
o Forward with Active Clamp - Two Qubputs Fhpack s
o Full Bridge . .
g Half Bridge Current Doubler Rectifier L, E
g&F Half Bridge with Complementary Cantrol LF[‘ l”

g&F Half Bridge with Complementary Cantrol Sync N

+ El Switch Level Power Converters # JI: % Ly
+- 7] Power Factor Corrector L 2

+- 7] System Modeling v
lorer

Leadinglnsight

l Object Browser l Modelagent




From System to Device and vice-
versa

' DC/DC
) 8V—H Filter

Filter DC/DC U

Leadinglnsight
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FE waveforms |'a Design Inputsl E Modeling Dptiu:unsl

Device Level with PExprt. Step 1: Design

& Square

™ Sinuznidal

— Woltage " awefarm

Woltage value

W positive l?.E Iﬁ.‘.f vI
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PExprt. Step 2: Select & Compare

= Wavefnrmsl | Deszigh Inputsl E Modeling Elpticunsl '}@ Congtructive Hesultsl @ Performance Fesults  [E] List of Results |

Core [Mame]

| Wire [Mame]

| volume [mm™3] | Tums

| T emperature [2... | Farallel Turnz [n]| Fower Lozzes ... | Window Filling... |

EEMT0
By Rt 1041
Ef, Rta
By Rr10
Ef, Rt 104
Effy Rr10
Ef, Firs
B, Rr41041

&G0
AwG15
AwiE1h
AwG15
AwiE1h
AwG15
AWwWiE15
G165

9

a Cusztomize List of Rezults

W Coe [name]
I-W [narne]
W wie  [name]
I-W [narne]
¥ Volume — [mm"3]
I~ Height  [mm]
WEg |
I Tums  [#]
7' Power Losses W]

[ Torperate  (C]
™ Leakage Ind.  [nH]
[ Pralel Turs [#]

% Window Filng 2

I Winding Fate. 1]
Fios 4

b axinLinm

3469 44
4.308.36
2413.20
3463.44
430836
3463.44
184E.00
420835

M inirwim

[4308.36

[1846.00

[ 200

[ 200

[0

[0.0367

[2a22

[z

[ 300

[ 100

[4353

[2&77

[ Show Only 10 Solutions

Cancel

[ I L T Y o T ¥ T L T % T A R L [

26.95
2796
27.02
2707
2714
28.22
2718
27.20
2727

=N & =3l

4

0.09&7
0.0933
0.0333
01m7v
0108
0.1053
01072
01100
01107

onnm

L I L% Y T L T L T T L

‘-J
i

M =

2870
42.24
28.70
3598
3476
3992
28.70
43.53
26,77

0,200
0,100
0,1000
0,0900
0,0800
0,0700
0,0600
0,0500
0,0400
0,0300
00200
0,0100
0,0000

Power Losses (W)




PExprt. Step 2: Se

ect & Compare

— Logses
Care: 20240 mia I
YWindings: 6. 444 mis I
Tatal: 96,635 mia

Windings [with Bdc]: 26717 i

—wWindings

| winding 1

=

Current Density:;

| 80554 ma/mm"2

t agnetizing Inductance: |

18.08 uH

Yaltage [V] |

Lozzes [zelected model]:

7500
MEEO W |

B Leakage Inductance

Window Filling Losses
Wit
i
"
Ajr
. Ay
Winding Rate
iy ‘ Wincling

= [with Rdc:

BAZEmw |

DC Resistance]:

401 405 uohm |

—%findow O coupancy
Whindaw Filling [%]

WWinding Fate [%]

| 43.59
| 7340

— Flux Density
Wariation of B [mT]

b axirurm B [T ]

| 5E.34
| 2817

— Temperature

kax. Temperature [2C]

Core Temperature [2C]

26.91 |
2B.82 |

— Compornent

Core Size:
Bobbirn:
Core Material:

Library:

e | 4T5A
. Core
—Windingz
Rk 10/1 | [winding1 =]
Rk10/ | Wire: AWE1E
3C94 | Murnber of Tums: | 2
2

Ferroxcube_Design

Farallel Turns: |

ht




PExprt. Step 3: Optimize

- Losse
Windings:
Total
‘Windings [with RBdc]:

— Leakage Inductance

DLC Walue:

13.795 uH

Switch. freq. wal

\

—Window Occupancy

41.47
82.81

window Filling [%]
Wwinding Rate [%)

—Windings

Non-Interleaved Solution

IW’inding 1 'I
A2
kM agnetizing Inductance: IW
Woltage [V]: IW
Lozses [zelected model): M, |
73752 miv |

Current Dengity:

ozzes [with Fidc]:

Rde [DC Resistance]: 113.847 mohm |
Irris: T34 4E5 mé,

r— Flux Dengity
“Wariation of B [mT) 93.76
M awirurm B [mT) 99.76

— Incremental permeability

Permeability ¥ alue

Hareg [&m];

,T Initial: 2700.00
; Actual | 270000

— Temperature

Max. Temperature [°C) A |
Coare Temperature [°C) 1 |

L X B DX DX X IX BX

[ E I I DY |

L
L
»
i d
L
L
»
L
i
L
L

L
L
L
L
L
L
L
-

»
-
L
-
L
-
L

—windaw 0 Coupancy  —
‘windaw Filling ) 147
‘Winding Fate [%] 82.51

Interleaving Application

Rdc [DC Resistance); 134,237 mobhm |
Irrnis: 784 465 A,

—Loszes —windings  Flux Density

Core: 340,258 miw | Im Yariation of B [mT] 93.76

Windings: M aximum B [mT) 93,76

_ N Current Dengity: 1.26 &dmm”™2 »
Total: ’, — Incremental permeahility
‘windings [with Fidc) M agnetizing Inductance: 33941 uH Permeaility 4 alue
Hawg [A/m): » ’7
— Leakage Inductance Voltage [V] =25.000 IT Inifsk e
. ) Actual 2700.00
DC Y alue: H Lozzes [gelected modell: T |
Switch. freq. val 3316 uH )Dsses [iwith Fidc): 82607 mw | [ Temperatue

tdaw. Temperature [2C] oA EE |
Core Temperature [2C) i |

v — - .



PExprt. Step 4: Simulate

N

smzplorer — 7] o
I ﬁLL

A LeadingInsight
Application Workshops for High-Performance Design
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iﬁSimplnrer Schematic - [Forward_PExprtXtrf.ssh]

”E’j File Edit Wiew Element Connect  Draw  Sheet  Simulation  window  Help

FH@E0 =2 LR &1

o

”ISimuIatnr-KerneI TR j | ] |N0 Running Sirmulation

]\ OO < 5 bk E@@E

=001 |[feg GZaqqRldi+1 Q@& 4

PExprt. Results: Simplorer

Model

=18

Saturation & Hysteresis

- 8 X
n S

| MadelTree

4x|

Basics | Displays | AMS | Digta

Tools Add Ons | Manufacturers | Users

mechsimeé -

poters

servo_iske

smps6 J
iStZ6 -

sym_|

I'l"l Advanced
[ﬁ_"l Controllers
-5 Contral Madules
[ﬁ_"l Power Converkers
[~ System Madeling

)

PExprt Model

MELN2
Forward Converter

feo Nan-Lingar CorqdMode!  m
FELpriLink1 ;

[
| oz =

|

Ot Woiage

Arnettrongh diode 02

-k

EREE

Carmertthrongh diod D4

a.

[
R

a i o I Oim 0.03n  0O.r 0|

QG
Simulation Froperties :
Minimum Step Size 10n
M a=imum Step Size 100n
Simulation End Time 15IZII.|
Local Discretization error

egetSarmend

§EyBEEE &

SIM[I%II“]I‘BF

@_
g
é
3
¥
—
¥
B
B
4

e

|Message window

e

Over-Voltage at the Switch because
of the leakage Inductance

Converter Losses: 1.7 W

4] 4] [ M} Build A Simulation seript, %, Simulator %, Compiler ™, Edibar

ANSOFT

eady; Use F1 ko get help,

Ml WS WV W VJ‘.- wva- -

Application V

W

|1]T

gh-Performance

r—UPM



PEXxprt Example 1:
Buck Converter

A\  LeadingInsight



Step 1: Select the topology
(=) 5 R

42V PowerNet
Geniratnr 36/42v High power
Rectifier > — I - loads

DC =36V
Battery
DC =
‘ 12/14V Low power
L ‘ i » loads

v
Buck Converter Fn N

Decide to use
either average
or switch level
Buck Converter
LeadingInsight




Step 2: Simulate in Simplorer with SMPS library

iﬁSimplorer Schematic - [BuckConverter_OpenLoop_SimpleInductor.S5H] - |5 |1|
”:-’:j File Edit ‘iew Element Connect Draw Sheet  Simulation  ‘Window Help - & X

PEHE@ER|= s oB O NNOcog s aree DHRE|: =470 EE: [HTd
”ISimuIator-KemelTH 'l » O | BuckConverter_Dpenloop_. = I 1l e ”@h S O D Wy G oL I o £ 0 D@ E

| ModelTree - x| e . .
Basics | Dislaye | aMs | Digha Use switch level Buck Converter from SMPS library
Tools  AddOns | Manufacturers | Users
TT T
asm_jst26 - = L1 [w]
aukormotives — =
bité b N
de_istz6 w
Fliodess - 5 T
@ F\d'\"anced ; Flller_Capad kor B Lot -QI
-] Contrallers T -
----- & I Controller — 31 e e I Change dUty CyCIe
----- F PI Controll fefatitid b i ’ o
..... 2 PID Cortrcler 1 and inductor value
[-[H] Contral Modules - = ] ] ] Load iy [i] H H
B 0 romer ot : i 2 L 63 to achieve desired
=-[E] sveraged Power Conver ) - L11[8] Output VO |tage
-[E7] Mon Isolated B "
[ [1] Isolated . : + ] Sl =
I'_—'IEI Switch Level Powf Converters e Ceelnist link=ge a
B : i =
Y ¢ |- U 0.7 Gém Ofm 03m tm 13m Gk Imoam @ I am am m @ am am mim
= oLOST
& BOOST Simulation propeties
LR SERIC Step width max  50n SIM 2 I]Il“'ﬂl"m
S s Step width min 10
- [H] Isolaked —ILI Simulation end time 2m e -
. | am| P : LI_I

Create model script {(C:~Rober-Departamento™dn=of t*Simplorer PEzprt*BuckConverter_ Openloop Simplelnductor . =ml) .. ;I
4|Sorting blocks automatically.
. Creation of model script (C:“Rober“Departamento“insoft~Simplorer PExprt>BuckConverter Openloop Sinplelnductor. =ml) =succ

x|

-
4| | 3

[4] 4] » [ M5, Build 4 Simulation script, b, Simolator *, Compiler, Editor

Ready; Use F1 to get help. IR

riisirr ot o e

|Message window




Step 3: Design Inductor with PExprt

Easy transition from
Simplorer to PExprt

E1
o3 =
SMPE by = ( \
by e
BUCK_Convartsr % \ )
ler_Capad lor

az lC:-:’I mpu_vd bge £ T

Dlods _Charaatern e

1

[ . =151
=15 x]

Froperty | Walue |

— Input Valtag =0

5 |42 Iv jv 3 |12— m Cuirent: 5004 |
Build a waveform S Py o] e 2adm |

b ase d i n d u Cto r O r = S  Inductor AverSe Currant —Inductance—————————————
. r~ Inductar Current Ripple——————————— 5 si 599 |
b u C k CO nve rte r I n P EX p rt Cores | Bobbing | Wires | b aterial | Igle Hillz W m  Conduction Mods  Duty Cycle
ContinLous ; !

286 %

E- @ Stock Libraries 95.8 % of laverage

(EF] A
Epcos \

Feroxcube

M agnetics

WIEEIEED Yoltage Current
H

Steweard

&)

.TDK. %]
Bl Design Library o A1 714
ﬁ Fenoxcube_Design 000 .
Y, 3 500

S L 1
285

V'I ID C:: §Io [ERTEEN (TR ETRNRTRNNERNT: JARNAT] INANRTRRNTNRRRNT]
HHHHHHHHH Y

v 5.0 '
REDN B N

T e |\/|

.
>% ] eadlng]’ls PExprt Wersion 5.0, 16, Copyright 1992-2003, Universidad Politecnica de Madrid (UPM) and Ansoft Corporation
) » Fuw

ANSOFT



Step 3: Design Inductor with PExprt

1% PExprt - [Buck.cia] =]
ﬁ File Libraries Calculations Modeler Reports  Options  Wiew Window Help =] R u n the P EXp rt
2 @l
== B3| 8| 7
) Waveformsl 3 Design Inputsl Q Muodeling O ptions 2% Canstructive Results | Performance Hesultsl Ligt af Hesultsl I I IOdeI and SEIeCt
Froperty | Walue | .
— Camponent — Parameter th e d eS I g n
Core Size.: P2E/E I f
Gap 745,48 um you pre er
Babbin: F2E/18 I
2 Mumber of Tums: 8
Core M aterial 3F3
wline: AwG13 I Parallel Turns: 3
Library: Feroxcube_Design
Cores | Babbins | Wies | Materel| LI
5% File Libra culations Modeler Reports Options Yiew Window Help 18] x|
D|=HE | & %
=@ Stock Libraries 1
B ¥ wiavetorms | 3 DesignInputs | /) Modeling Opiions | 32 Constiuctive Resuts | @) Performance Resuts (] Listof Resuls |
il Fiktes Propery | Walue |
j, EDCDS Core [Name] “wiire [Name, WYolume [mm”3] Tumsz | Temperature ... | Gap [mrm] | Parallel Turns [n]| Power Losses .. |
7 Femoxcube AP AWG19 363064 8 419 0.7455 3 01571
il Magnetics P9 AWwG19 6192.40 3 315 1.4851 3 01641
= [ e AWG19 10746 40 10 276 29784 3 01934
il Micrametals AP AWGE19 ANEL 3 546 07465 2 02114
o Steward (S ALl AWG19 192,40 3 430 1.4851 2 0.2338
[ ] AWG19 18179.00 13 248 71013 3 0.2630
A TDK
Diasian Lib A Pa6/22 AWG19 10746.40 10 385 29784 2 2928
ESIGHISIRISTY } APz AG19 530,64 E] 2,40 0.7465 1 0.3743
ﬁ Femoxcube_Design Cores |B°bbm| Wires | Materal | & P23 AWGE19 1817300 13 350 71013 2 04007
EAraM9 AWG19 192,40 3 7.87 1.4351 1 0.4430
Stock. Libraries
G0
Epcos
4 3
Femoscube I | I
Magnetics

Micrometaks: E EEE

Power Losses (W)

€7 Feroscube_Design

044
040
0,36
032
028
024
020
016
012
008
004
0,00

PExprt Yersion 5.0.16, Copyright 1992-2003. Universidad Politecnica de Madrid (UPM) and Ansoft Corpaoration

PExprt design results, including constructive data

LeadingInsight




Step 4: Generate Model

& i8] x]
I [ = e R o 3 N 0 ] 3 e = =) = 1
58 winding Setup | £ Cunent Desion | (2] Design Status
Property |\-"alue | 9 vindng sete ]Efﬂ - =i ] Ehe e ] Generate a
g_:[n;ermittivity ?Eguun_u 1D Analytical
Init. Permeability 2000.00
Saturation B [T 034
Fietsistiifity [DI'[m'l]"m] 200 Or a 2D FEA

based model

Define properties of the model

kaodel Settings ] todel Language
Capacitances Core Model ] Curve Fitting Settings ]

Cores I Bobbins] Windings | Wiresdnz. Core Material

=I-f£fl Component Library

@ 3
+- [ PEmag Default Library
+ Eﬂﬂ\-‘x
+ E’ﬂEpcos
=-{£f] Fenoxcube

@ ¥F3

@ 3090

© 34

© 3081

& 094

© FH

& 4F1

@ 3CAN

@ 3032

fg 3C93

g 096

g 3F45

& IF5

@ Air . .
1 @Magnetcs Can include core non-linear effects ancela Apiar

+ Eﬂ Micrometals

2 @listenard using Jiles-Atherton model if the core
IS operating in the nonlinear range
(usually this is a bad design)

Lirear

Mon Linear [7]

FEmag Tip

Linear core model accounts far Eddy Currents lozzes, but not for
hysteresiz. Maon linear models accounts for non lingarnties, Eddy
cunent loszes and hysteresis,

[*] Man linear core model cannat be used with Magwel Spice
language models.

PExprt Modeler [PEmag] wersion 5.0, 16, Copyright 1992-2003

A\  Leadinglnsight




ANSOFT

< interfacesa ’

Step 5: Import PExprt Model into Simplorer

HﬂSimplnrer Schematic - [BuckConverter_OpenLoop_SimpleInductor.55H]

=171 %]

”?j File Edit Wiew Element Connect  Draw  Sheet  Simulation  window  Help

==2=T- EX-V=IR Y-

].\ OO0 O G e B EE @ _J]IE'::% T
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Step 6: Simplorer Simulation With PExprt Model

i[ﬂlﬂSin'u:uli:nrer Schematic - [BuckConverter_OpenlLoop_PEAprtInductor.55H] ;lilﬂ
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Step 7: Load Step Test: Feedback loop is needed

iﬁSimplurer Schematic - [BuckConverter_OpenLoop_PExprtInductor_LoadStep.55H] =] ]
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Step 8: Design Feedback Loop in frequency domain

iﬁSimplnrer Schematic - [BuckConverter_Frequency_Response.SSH]
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Step 9: Feedback Loop Test: Time Domain

Finally, return to the time domain analysis
to see how the buck converter performs

HSimplurer Schematic - [BuckConverter_CloseLoop_PExprtInductor_LoadStep.5SH] - IE’ |1|
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PEXprt Example 2:
Forward Converter
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Summary of Design Process

| | S Simplorer | :

o Basic design using Simplorer :
Q Study saturation effects using JA Model PEXprt
e Detailed design using PExprt E
PEma :

e Model Generation with PExprt Modeler [PEmag] J :
e Use Simplorer to simulate the detailed PExprt Simplorer
model :

v
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Step 1: Basic topology design in Simplorer

HﬂSimplurer Schematic - [Forward_SimpleXtrf.ssh]
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Step 2: Study saturation effects using JA Model

As load is increased the Jiles-Atherton core model shows
saturation

Hﬂﬁimplurer Schematic - [Forward_SimpleXtrf_Saturation.ssh]
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tep 3: Detailed design using PExprt
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Step 3 (cont): Detailed design using PExprt
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Step 4. Model Generation with PExprt Modeler
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Step 5: Simplorer analysis using PExprt model

{5l Simplorer Schematic - [Forward_PExprtXtrf.ssh] =121l
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