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— Frekvencni zavislost ztrat v magnetickych materialech

Ref. JENTON
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__ Magnetizace a demagnetizace PM
* Cilovy projekt mlze obsahovat rtizné instance magneti
pochdzejicich z rlznych zdroja.
» Zdrojovy a cilovy projekt mohou mit rizné geometrie.
* Mapovani je zaloZzeno na soufadnicovych systémech objekta.

Nastaveni propojeni

Setup Link

. . General | Variable Mapping  Obiect Mapping |
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2
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Pfed magnetovanim y S
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Cilovy projekt
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Vektorovy hysterezni model K‘gzr}s'kssﬁ'cs

* Funguje ve vSech Cctyrech

kvadrantech. = sssruzssss
. y : eSS - * Zohlednuje hysterezni chovani mag. materialu

* Zaroven modelujte proces = ] 7(*

magnet{zace|demagne'f|zace. n .«'1‘ «j «  Pamétové nenaroény
* Magnetizace/demagnetizace - |

ve vsech smérech. y BB - ¢ Bézné experimentalni naroky
* Pouzitelné pro vsechny SSSsrssee

nellnea' rnl’ PM. ~.2500000 1jsoooa‘ Sl RN vmo?: ) 2500000 | 8

o o Hysterézni motor s masivnim

* Efektivni modelovani realnych rotorem .
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— Vektorovy hysterezni model

¥

Linearni material
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— Vektorovy hysterezni model Kggr}s'ks icE

Y
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__ Demagnetizace permanentnich magnett

U elektrickych stroj s PM se muUzZou
vyskytnout stavy, které mohou vést ke
zmeéneé jejich normalniho pracovniho bodu.

Kombinace pretizeni s teplotou, kterych
disledkem muU0Ze byt demagnetizace
permanentnich magnetd.

Demagnetizaci |ze modelovat
zjednodusené sérii reverznich  krivek
vychazejicich z demagnetizacni krivky ve 2.
a 3. kvadrantu.

Demagnetizacni koeficient:
Demag_koef = Br1/Br0*100%

Demag_koef =1 ... Zddna demagnetizace
Demag_koef =0 ... iplna demagnetizace

Pokles ucinnosti a funkce stroje.

ALB

Bro: Residual Flux

Bri: Recoil Residual

B v 0 H
Worst-Case BHPoint A Jmenovity pracovni bod

B ... Porucha (demagnetizace)
C ... Posunuty pracovni bod
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Okamzita demagnetizace

Demagniization coeflicient st spacdied peint Manwai00sizt

iag costficient atove diferent thresholds [ —

B ]

Procentudlni kfivky demagnetizace
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— Demagnetlzace permanentnlch magnetu ngFER CE

POpiS ¥ | Ui [V] ANSYS | Curve Info s
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i Masz Density Simple 4900 kgém™3 0.10 { P /'-\\
i Composition Solid 1 oo —\'6‘/}
w Young's Modulus Simple 170000000000 Nim"™2 0.05 { AmgC
i Poiszon's R atio Simple 0 1
i M agnetostriction Custom Edit... | 0.00 - ! T T I T T T T T T : T T
: Inverse Magnetastriction Custom Edit... | -3.00E+05 -2.005+05 H (A_per_meter) -1.005+05 0.00&+00

BH charakteristika PM
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__ Demagnetizace permanentnich magnett

n

Popis

* 3 fazovy 4 polovy
generator s PM

e 550 W, 50 Hz

* 1500 ot min-?

* PM: Ceramic 8D

Porucha

e Zkrat vSech fazi

v okamziku maxima
proudu fazi A

.

[=ello=]|x
El ’@ Model — o EI"’-@ Model
-3 Shests Demag-Coel 3.0 Shests
1.0000E+00 &F CeramiciD
9 3333E-01 & copper
8.6867E01 & M19-24G_La
. 00 & vacuum
L2, Coordinate Systerns Coordinate Systems
& Planes % A% Global
@22 Points 6 6667E-01 W, ObjectCS1
B Lists 6.0000E-01 &% Planes
5 3333601 [ P.mnts
| [ Lists
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Y
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I oo ———
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Demag-Coef

1.0000
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0.85%0
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0.7885
| 0.7532
1 0.7179
06827
06474
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0.5769
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Time = 0.00000s
Speed =1500.000000rpm
Position = 15.000000deg 0
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70 (mm)

CE

¥ PokusGenerator_PM_2020R1 - 95_PMSG_Mominal_Lamin_02_Circuit_Demag2 - Induced Voltages

(=]l =

¥ PokusGenerator_PM_2020R1 - 95_PMSG_Zkrat_demagnetizace - Schematic

=SS

¥4 Il

-75.00

Induced Voltages ANSYS
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Setupi
Setupi
L By B
20.00 3000 40.00 50.00 60.00 70.00
Tirme [ms]
13.00 ITa20
50.20

04.06.2026 12:05:54

Curve Info

InducedVaollage{Phas ed)
Transient

InducedVallage{Phas eB)
Transient

InducedVallage{Phasel)
Transient

Swhodel
S_sw2 47 i
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=
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__ Teplotné zavislé BH krivky xgip}s'ks iCE

DEXTER MAGNETIC TECHNOLOGIES

Tel: +1-847-956-1140 Email: ir m  Web: dextermag.com

e Kromé stavajiciho teplotniho modifikatoruje &%= = = w2 5 7

3 _
v 7 ré r Ve 4 L3 4 N5211 \\\ \\ \‘\ =

moznost zadani vice BH krivek zavislych na TR

teploté' o Tﬂ::;]g'ﬁgi < 8

)
-20°C 0°C.] 20°C-].40°C.J 60°C | B0 °C

* Solver vytvori novou nelinearni BH krfivku na ..
zakladé zadané nebo vypoctené teploty pro 03

v s 7 v 0 UQ\
kazdy element zvlast. EEm==mEs N
—
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,

@ Active Design
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] - ]
> J
. , , , | Swap % Data | Impart Dataset. Export Dataset. [~ Show all curve: 050 ]
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] Tries won . 1 7’
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Nt ° 2 1 1 y !
) o bl s A, e s -160E+006 -1.10E+006 -6.00E+005 -1 ,anﬁsm
[co | 7o les3nre [ i [
- H B
‘ ‘ Intercepts [0 o
Lepend Hon ‘ ‘ Unit [&_per_meter ~| [test =l
Cancel

12 SVS FEM

04.06.2026 12:05:55




__ Podpora anizotropnich ztratovych koeficientt

13

Pro izotropni koeficienty ztrat v zeleze jsou ztraty ve

frekvencni oblasti:
Pv = 'Dh * 'Dc + Pe = th(Bm)2 * Kc (me)Z * Ke(me)l'5

Pro anizotropni koeficienty maji koeficienty rGzné
hodnoty v jednotlivych hlavnich smérech:

(Khxf Khy' Khz)l (ch' Kcy'

K_.) and (K., K

ex’ Neyr

Ke,)

Anizotropni koeficienty se zadavaji volbou
,Anisotropic”.

04.06.2026 12:05:55
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EH] view / Edit Material

b4 aterial M ame

I aterial Coordinate System Type:

[M13_245_2D5F0.360

Praperties of the M aterial

|Eartesian -

Wiew/E dit Material far

Mame Type | Value | Urits | ~ * &ctive Design

- Relative Permeability Honlinear B-H Curve... ¢ betive Project

Bulk. Conductivity Simple 0 ziemens/m
N bt agretic: Coercivity Wectar " Al Properties
- Magnitude Wector Mag 0 A_per_meter Physics:
] % Component Urit Wector |1 i
: - Component Uit Yectaor 0 -

- Z Component Urit Wectar |0
- |Core

Electrical Steel |wim™3 [

s Siml ; [ Thermal Modifier
- E quir. Cut Depth Simple Q.00 meter
B tasz Density Simple FER0 kadm™3 Matenal Appearance
B Composition Salid [ Use Materal &ppearance
| |'vouna's Modulus Simole 0 Mim™2 4

Wiew/E dit Modifier for

Motez |

|Ealcu|ate Froperties for:

| |

j Walidate b atenal

Cancel ‘
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— TEpIOtné ZéViSlé Ztra’tOVé k‘r,iny P(B’T) Material Name Material Coardinate System Type:

|C5C'I:'I:'Er | Cartesian -

Properties of the M atenal

Mame Type | Yalue Uitz | Thermal Modifier
Relative Permeability Simple 0933591 Mone
, , ., " B Bulk. Conductivity Simple R8000000 siemens/m Mone
d N Ovy m Od e I Zt rat J a d ra ” B' P C U rve : M agretic Coercivity Wector
. s . 7 vV _ veve - Magnitude Wectar Mag 0 A per_meter Maone
v transientnim a harmonickém resici. e T L e —
. , v. , , , tazs Density Simple H' - Mone
* Pro jednu nebo vice teplot uzivatel zadava ztraty Compostion 'P e
. . ’ Young's Moduluz Simple B-P Curve | M/m”™2 Hone
Jad ra P( B) V Jed nOtkaCh : Pni&sin'& Fi atio SimEIe 0.38 Maone

I agretostriction Cuigtom Edit... Hohe
Irwverze M agnetostriction Cuaztarnm Edit... Mone

" ar=
B-P Curves O X

W/m3, kW/m3, W/lb, W/kg

* Automaticka extrakce Steinmetzovych
koefi Cie ntcl Zt ra/t jal d ra : TE:E:;:{:J el j Impart D ataset Export Dataset ¥ Show all curve: e

Bitesta) [ Pwim™3) [ a 120E+05 —
B ] |
Kh, Kc ,Ke [ Hn e |
pro kaZdou teplotu. ot e || £
* Odvozené koeficienty ztrat jadra jsou prostorové | [n oo M st
zavislé a mohou se ménit jak s magnetickou : : e rm w2 20 ]
indukci, tak s teplotou. N — R ——
oK | Cancel | Mass Density: | 7872 kgfm~3  Lamination Thickness: [0.5 |~
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Rozsireni knihovny material

U
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B
{* Maormal " Intringic Swap =~ Data Import Dataset... Export D atazet.. |
V rdmci instalace dostupné knihovny vyrobcu: Tl
. nordinates JFE_Steel 35JN250
H [&_per_meter] | B [tesla) | -~ 2.50 —
o ’ 1 D D L : e
* Arnold Technologies (permanentni magnety) e . 2| e
. ) 3 |20 0,051 ] /,7
* ShinEtsu (permanentni magnety) Nk 0137 7% ]
s |40 0.302 2 3
: m1.00
. H H 4 £ |50 0523 ]
* Hitachi Metals (elektrotechnicka ocel) ) .y ;
' : 0.50 —
2|70 0.a3A ]
* China Steel (elektrotechnicka ocel) s [a0 0.342 00— o
Rl ppp— - 0.00E+00D 1.00E+005 2.0DE+005
H (A_per_meter)
* JFE Steel (elektrotechnicka ocel)
&f 4 I aterial Mame taterial Coordinate Swstem Type:
DalSi budou nasledovat... e e -
Froperties of the M aterial
Relative Permeability Marlinear
- Bulk. Conductivity Simple 1851852 siemensm
,-"II Mame Location Origin Caolor Pj:l':zt;z?ity - Magnetic Coercivity Wector
- Magnitude WVector Mag 0 A_per_meter
Amold_Magnetics_Alnico 8, Sintered_20C SysLibrany AmoldMagnetics [ B-HCurve... T w Comporent Unit Vector |1
Amold_Magnetics_Alnico 8B, Cast_20C Sy=Librany AmoldMagretics [ B-HCurve... |- ¥ Component Unit Weckor | 0
Amold_Magnetics_Alnico 8B, Sintered_20C SysLibrary AmoldMagnetics [ |B-H Curve... | |- Z Component Urit Vectar |0
Amold_Magnetics_Alnico 8H, Cast_20C SysLibrary AmoldMagnetics [ B-H Curve... | |Core Loss Madel Electrical Steel w/m”™3
- Kh Simple 2B8.326E10257612
- ke Simple 0.227103027671392
- Ke Simple 2.22473804712886
- Kdo Simple 0
Mass Density Simple 7600 kgém™3 svs FEM
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Magnetostrikce
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— Zaklady magnetostrikce KONFERENCE
Magnetostrikce je proces zmény fyzickych rozmér Inverzni magnetostrikéni (Villariho) efekt — zména
materialu vlivem pUsobiciho magnetického pole. charakteristik feromagnetického materialu pfi

plUsobeni mechanického napéti.
Magnetostriction vs. Magnetic Field Magnetostriction vs. Magnetic Field
h -15000 15000 1.80
160%
v40 ] 01<0,<03
B Stress levels
120
%100—
- 7 : - 7 go‘so—_
l l g
060—_
e 04[)—: '/
e DG 2 ; /
e 020 - /,/
I I 000-""I""l""I""I'
l 0.00 10000.00 H 2032{;22“(: S 30000.00 40000.00
Tahové napéti Tlakoveé napeti
17 SVS FEM
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— Vliv magnetostrikce na vypocet sil ngr}s'}ssﬁ'cs

i * Transientni simulace. 300 -
* Vypocet sil na konce zubd. 3 | Pretvoreni = f(H) /\

* Vhodné pro NVH simulace (hluk, | e
vibrace a nepfijemné projevy). Eioo
%1.00—2
050—5

S s s S o

Maanetic Field(H)
Vokume Force Radial o B agcsrctcn & o000 Volume Force Tangential 2_Baseline_w_Magnetostriction ‘:
EM sily =
‘\\ l\ A 1\
{ X ,/ / f
: O “ EM sily + Magnetostrikce [~ P
Celkova radialni sila pisobici na konec zubu Celkova tangencialni sila na konec zubu
18 SVS FEM
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L. .« 1 , . v . \nsys
_ Porovnani magnetickych vlastnosti kaleného a zihaného vzorku K‘ngEREKJCE

BH charakteristika vzorkd Zavislost Hysterezni smy¢cky na H,,,, pro vzorek nerez kaleny a méfici periodé 40 s
18
2
e 1.75 | | | | |
1.5
e ‘ L /
B[T] mékky
12 8 7; A —15000 Alm |
0k / ‘ —10000 A/m
e — 025 7 —5000 A/m | 500
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i /| —= —1000Am | ]
o4 -1.25 ,___-é,,y —500Am |- G
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210 FAY NEka|enV vzorek ||| 230 I T Tl - 7.745937671328E-01 || || ]
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L L 210 I ! L R2 =9.991278173978E-01 Ll ]
480 X R? = 9.998696376245E-01 A | ] e
460 200 4 Setup1 : Transient
o \ | — . FR [T — ]
420 \ ——Mir_interpobce 1] ras b ——Mir - interpolace ||| -1.50 ] R —
= + \ - il 170 ! I L 1 | L i,
380 + x ——Mir_s T " Hq
360 HH 160 i ——Mir_s I R
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250 4 L B 1] 140 4 L -20000.00 -10000.00 0.00 10000.00 20000.00
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280 4 1 =T 120 | BHE
260 1
i L 110 . ) H
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180 7 L 80 | F i
4 % \
160 70
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140 7 60 . \
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100 1 LY 20
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Hluk a vibrace elektrickych stroju
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__ Prenos objemové hustoty sil na zakladé elementu

21

Maxwell Eddy Current / Transient
do Mechanical Harmonic Response
Pouziva DFT k prevodu sil

do frekvencni oblasti

Harmonicka odezva a akustika

Mapovana objemova hustota sil

v JOX lide D 40X

Harmonicka odezva

04.06.2026 122d5:55
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— Napajeni motoru zdrojem SVPWM
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Ansys
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__ Modelovani vibraci a hluku elektrickych stroju

Transfer Sil

Maxwell NF Analyza

2 @) Geometry
—»3 | [pd Parameters

- F

2 | & Geometry

3 Setup v
4 ﬁ Solution F

— 5 [5d Parameters

Transient Maxwell

v 4

il 77 Maxwell 30

I

il == Static Structural
2 Q Engineering Data  +*

3 @ Geometry v"
4 @ Model v
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] Solution W
7 @ Resuts v

—» 8 [pd Parameters

Static Structural_PreTension

- C
8 T Modal

P @ Engineering Data " ,——# 2 @ Engineering Data

a1 ﬂi} Geometry
——— W4 @ Model

p /—- 5 @8 setup

4 ] Solution

P 7 @ Results
—> 8 [}ﬂ Parameters

Prestress_Modal

Tvorba ERP a kaskadovych diagramti
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- D
=
J8 "+ Harmonic Response
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Pohyb vétsiho poctu téles v magnetickém poli ngr}s'}s iCE

 Kombinace rlznych typl pohybu v jednom projektu (cylindricky rota¢ni pohyb,
necylindricky rota¢ni pohyb, periodicky translacni pohyb a neperiodicky translacni pohyb).

* Oblasti mezi jednotlivymi typy pohybu se vzajemné nedotykaji.
* Typické aplikace:
 Elektrické motory, napftiklad vicerotorové motory pro optimalni vykon v rGiznych rozsazich
otacek
* Simulace systému — obvykle zahrnujici vice pohybovych komponent

* Magnetické prevodovky

Oblast1

Axialni magnetické loZisko

Oblast2

)
: h SVS FEM
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Simulace tenkych vrstev
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— Tenkeé vrstvy — 3D proudové pole ngr}s'}ssﬁ'cs

* Model tenke vrstvy zaloZeny na elementech. voltage Ansys
DC_thin_layer it

— Meazi uzly na obou stranach povrchu je definovan potencialovy skok. °]

— \oltage
Setup1 : LastAdaptive

 UmozZnuje obousmérnou tepelnou vazbu (AEDT a WB).

*  Voltage_volume| |
Imported

Y1 V]

00 02 04 06 08 10

Distance/2.2 [meter]

=2~ Povrchové ztraty ™

s | SVS FEM
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— Rezistivni vrstva — harmonicky ustaleny stav

onre o -
« Rozsiteni aplikace rezistivni vrstvy z transientni M'M1 =
simulace i na simulaci harmonického ustaleného - “
stavu.
 Rezistivni vrstvu lze definovat pro: | pie | eo
= Masivni proudovy zdroj. | ~ e
= Vinuti libovolného typu. l“ W
= Vodi¢ s aktivovanym vypoctem vifivych proudd.
Predpoklady , "
* Proud tece kolmo k rezistivni vrstve. ,é,_” 83—
 Podpora DDM resice. ==
e Hustotu povrchovych ztrat Ize zobrazit na
povrchu.
29 SVS FEM
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_ Skorepinové elementy pro modelovani tenkych vodivych vrstev

Motivace

* Vzhledem k velkému poméru rozmérti vede
hruba diskretizace tenkych objem0 v MKP
prostfedi k nekvalitni siti, ktera snizuje
presnost a zhorsSuje konvergenci.

* Jemna diskretizace vyrazné zvysuje vypocetni
narocnost simulace.

Reseni

 Objem tenkého vodice je v numerické oblasti

nahrazen geometrii se snizenou dimenzi
(povrch nebo skorepinovy objekt).

Thin Layer | Defaults

MName: ThinLayerl

Parameiers

[~ AirGap
Relative Permeability. |1
Conductivity |5E1UUU':JE'UU |S_pe r_m ﬂ
Thickness: |lJ n |mn'| ﬂ
Use Defaults svs F

04.06.2026 12:05:56 OK Cancel




— Nelinearni rezistivni vrstva — magnetostaticky 3D resic

31

Motivace

* Velky pomér rozmérl zplsobeny pritomnosti
tenké vodivé vrstvy ve velké proudové draze.

Re3eni

* Pouziti povrchu jako okrajové podminky
reprezentujici tenkou vodivou vrstvu.

Predpoklady

* Rezistivni vrstva musi byt uvnitr proudové
drahy.

* Proud musi protékat rezistivni vrstvou.

* Proud v tenké vrstvé je povazovan za kolmy
k povrchu. (Neznamena to, Ze proud
vystupujici z rezistivni vrstvy musi byt kolmy.)

* Povrchové ztraty na rezistivni vrstve jsou
dostupné jako vystup.

04.06.2026 12:05:56
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— Nelinearni rezistivni vrstva pro magnetostaticky 3D resic

Nelinearni vztah Ize popsat lokalni elektrickou vodivosti zavislou na proudové hustoté:

+ a() =L(c+]Y/(a+bj*™t)

RC RG
9 ~
| |
%3 |
Coefficient Anode Cathode & F\mj__.__ e KG —1-A
i | y
' :‘_/
a 3,0-108  3,0-108 B ol
Ka e = et o =T
b 5.0 1.0+ 101 ——c--i fFall Bogensidule —1' ’fall
’ ? U cathode arc column fnll‘ol(l‘c
: 0 A
c 13000 Ris1p* fal ‘
U
d 2,0 2,0 [ Re :
: , K, A = cathode and anode
U i RG = space charge region
Moo e—— = KG = region of contraction
Ame: U,x = anode and cathode voltage fall
— ] Ug,r = voltage drop across space charge region
drametiers ~
Ug = voltage drop across arc column
[+ Monlinear U U N . .
8 LB arc voltage
l U
Resistance: |'| |l:|hm J l LB
Anode (curent flows out)
a: (300000000 b: [5
c: [11000000000000C d: |2 Uy
Cathode (cument flows in) U RK
a: 300000000 b: {10 ‘ ’
c: [11000000000000C d: |2 Lichtbogenlinge X
(Arc Length)

32 SVS FEM
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— 3D transientni impedancéni okrajova podminka

33

* Impedancni okrajova podminka dostupna v casové
oblasti.

« Casovy integral hustoty povrchovych ztrat.

— Flexibilni vypocet primérné hustoty ztrat v
casovém interval definovaném uzivatelem.

— Casové primérovanou hustotu povrchovych
ztrat lze zobrazit na impedancni okrajové
podmince.

* Na vodivost a permeabilitu materialu impedancni

okrajové podminky lze aplikovat teplotni
modifikator.

04.06.2026 12:05:56
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Vypoctené a mapované rozlozeni hustoty tepelnych ztrat
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— Tepelna vazba s impedancni okrajovou podminkou

* Impedancni okrajova podminka vyuziva teplotné zavislé materialy.

* Umoznuje obousmérnou vazbu s teplotnimi solvery.

- F

il | Stesdy-State Thermal

2 | Enginmmring Dats

v a4
3 s o T3 (] Geometry v
4 [ Sdufon o - 4 | Made v
Macwell 30 Imp Sound Peediack | 45 E Selup -
5 M| Solution '
| 7@ R s,
Simatty-Srate Therma
\
1
\
\
- B
I"_ i Fm=mdback Di=rabor
S B Feedbeck Reato
Femdback Tlerslor
8" Temperature of Objects
IV Include Temperature Dependence ¥ Enable Feedback
y Object Name b aterial Temperature Dependent | Temperature LIt

plate_iron mild_stee|_temp

plate_copper copper_terp

34

[v 70 cel
[+ &0 el

," EM - ANSYS Electronics Desktop 2020 R2 - MaxwellProject - Maxwell2DDesign2 imped bound fbk (Maxwell 30 Imp Bound Feedback) - 3D Medeler - SOLVED
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Splétané vodice
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__ Modelovani splétanych vodicu Litz

navzajem izolovanych dratka.

 Volba materidlové vlastnosti:
Kompozice — Litz Wire

* Prlrez vldken: kruhové, ctvercové, obdélnikové
« Zohlednuje pridavné ohmické ztraty zplisobené
povrchovym jevem a jevem blizkosti.
* Vycisleni ztrat: StrandedLossAC.

| Report: SimpleMagTransient2D_1 - Maxwell2DDesign - New Report - New Trace(s)

Context Trace ] Families ] Families Display ]
Solution:

Setupl: Transient hd

Primary Sweep: |T|me

¥ |CoreLoss Ege

Function...
Category: Quantity: & Function:
; Variables | <nore> PR
Output Variables EddyCurren toss b <
Force

abs
acos

Torque Excess LO_SS acosh

Hysteresis| Loss ang_d
Misc. Solution angefeqg_val
Design g_rad
Expression Cache i
Expression Conver ge asinh

Update Report

Vicezilovy vodic slozeny z mnoha velmi tenkych,

Kompozice

Prurez dratka

x| fan il |
Domain : ’m : ¥ Default | Time
Parameter: |None - x . = St ra ndEd LOSSAC

Litzendraht = ,,splétany vodic”

33'\nsys

KONFER

[T, View / Edit Material

X
Model Litz

Material Mame

Matenial Coordinate Systerm Type

|copper_Litz

|Cartesian
Fropeties of the Material
Name | Twe | alue | units i
Feative Permeabiity Simple 0993331
Bul: Conductivity Simiple. 5E000000 SEmens/m
Magnetic: Cosrcivity Vector
Magnitud WectorMag 0 A_per_meter

™ m
120000000000 MN/m™2

Poiszon's Rabo Simple 03
Gt Eat. |
Irverze Magnetostricion | Custom Je
Moty
|Ca\cu|a19 Propeies for: j

Cancel |

v
Model Litz

=l
View/Edit Material for
® Active Design
(" Active Project

(" All Propeties

o 5 A3

View/Edit Modifier for

[ Themal Madifier
Material Appearance

[ Usa Matenal Appearance

Validate Material |
dbsneilanabin] |

2DRZ

Vodic po vodici

CE

B
V¥ Real time EEST N

Qutput Variables... | Optiuns...|

Ztraty

3143 mW

1013.2 mW

1003.9 mW

MNew Report | | |
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_ Ztraty ve vodici typu Litz — impedanéni matice 2D/3D

37

* V ramci harmonické analyzy.

* Model Litz zohlednuje pridavné ztraty zplUsobené povrchovym jevem a jevem blizkosti

ve vlaknech vodice.

V4 y Vv 7

* Redlna cast matice impedance zahrnuje vliv téchto ztrat.

] Litz26_2021R1_2D3D_with_core - 2D RZ - actual strands - Modeler

[=[@]=]

] Litz26_2021R1_2D3D_with_core - 2D RZ - actual strands - R, L vs Freq (2.. [ = |[ = |[E3s]

= Model
E-E30 Sheets
&P Non Model
& copper
£ 45 M6_00_elect_steel

|, Coordinate Systems
& Planes
&P Lists

)

R, L vs Freq (2D actual) ANSYS

Matrix1 R/(26%26) [nOhm]

Matrix1 LI{26%26) [uH]

Ereq [kHz] Setupi : LastAdaptive Setup1 : LastAdaptive
1 0000100 11.254354 70936387
2 100000000 228.800781 70877518
< ¥

] Litz26_2021R1_2D3D_with_core - 2D RZ Methed - LITZ - Medeler

[=@]=]

R Litz26_2021R1_2D30_with_core - 2D RZ Method - LITZ - R, LvsFreq (20 ... [ o |[ & |[5=2]

=g Model
57 Sheets
B copper litz 26_273mm
1 £ M6_00_elect steel

& vzcuu m
|z, Coordinate Systems
42 Planes
&P Lists

R, L vs Freq (2D Litz) ANSYS

Matrix1 R [mOhm] Matrix1 L [uH]

R,L vrdmci 6%

Freq fkHz) Setup1 : LastAdaptive Setupi : LastAdaptive
1 0.000100 10.914307 71177176 I
2 100.000000 244203049 71177176 to e ra n Ce p rO

vsechny uvazované

fipad
- > | Pripacy 100

X Litz26_2021R1_2030_with_core - 3D Method - LITZ - Modeler

[=@]=]

B Litz26_2021R1_2D3D_with_core - 3D Method - LITZ - R, Lvs Freq (3D L) [ = |[ @ |[ =]

L. Coordinate Systems 1

-4 Planes &, : -
=69 Lists & L& =
o
n 4n

mmmmmm

-4 Model R, L vs Freq (3D Litz) ANSYS kH Z
B Solids Z
g copper_litz_26_278mm Freq kHz] Matrix1.R [mOhm] ) Matrix1.L [uH] )
5 £ M_00_elect steel S ELEn A S EE
T 5@ Core 1 0000100 10.952398 71.366292
&P vacuu m 2 100.000000 243.084740 71.386292
3 Sheets 2 bl
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__ Obousmeérna tepelna vazba ztrat vodice Litz

Ohmic-Loss
Wim=3]
T 4005E+10
i 0@
2 0B04E+1D
1 S204E+10
1.7604E+1D
1.B003E-10
14803010
=~ 900
1.1202E+10
85021 E+D8
BO0MBE+D9 . . .
E4NEE+09
4 BNZEDS
F2009E+09
1. 600TE+D9

IETTIE+DE

 DC ztraty a AC ztraty jsou pfifazeny jako Emloss pro tepelnou ... |

vazbu u Litz vinuti.
00
e Zobrazeni pole ztrat Emloss. | ... |

* Integrovany vypocet ztrat Litz vodiCe v transientnim solveru. ... |

* Soubor .Iss ve 3D solveru vifivych proudd pro vystup ztrat Litz ... |
vodice.

EM ztraty — X Model Litz EM ztraty — v Model Litz

* Podpora pro 2D/3D harmonicky i transientni solver.

* Obousmeérna tepelna vazba WB — AEDT. e e
625120011239 PM
354 Max
31808
m.6
WU
21032
e
66643
30.73 Min

* Na elektrickou vodivost materialu lze aplikovat teplotni
modifikator pro zahrnuti modelu teplotné zavislych ztrat Litz
vodice.

Importovana hustota ztrat RozloZeni teplotniho pole

38 SVS FEM
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_ Vliv krouceni vodice Litz na AC/DC odpory a ztraty

Stavajici model

* Na svorkdach vinuti typu Litz je efekt vifivych proudll zohlednény semianalyticky.

* Presnost stavajiciho modelu: Litz vodice jsou uvnitr svazku dokonale zkrouceny, F
aby se zabranilo cirkulaénim proudim mezi jednotlivymi prameny vodice.

* Pri zanedbani vlivu krouceni jsou AC/DC ztraty podhodnoceny.

Vylepseny Litz model

* Neni nutné vytvaret geometrii jednotlivych zkroucenych plnych vodicu po
jednom.

Properties of the katerial Wiew/Edit Material for

* \lyZaduje pouze jeden dodatecny parametr — faktor délky zkrouceni (Twisting

Name | Type | alue Ur {* pActive Design

Length Factor), tj. pomér délky zkrouceného vodiée k délce pfimého svazku. b Coainy 5 30000  botve P

Bulk, Conductivity Simple | BB000000 | sieme

4 agnetic Coercivity Yectar " All Properties

» Zohlednuje vliv krouceni na AC/DC odpory a ztraty v 2D/3D transientnich T R N e
simulacich a simulacich vifivych proudd. [ [tss Dty Sige 8553 __ g "
. 7 o s o . «v O s v s . - ire Type ou I
« Podporuje krouceni rGiznych typt Litz vodi¢d: kruhovych, étvercovych i R P

Wiew/Edit Modifier for

obdélnikovych vodica.

™ Thermal Madifier

Young's Moduluz Simple | 12000000... M/m”

Prisznn's F atin Simnle 1137 b I Spatial Modifier
>
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ZeSikmeni drazek
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— Podpora zesikmenych drazek ve vice reznych rovinach — 2D transient

* Vicevrstvy model zeSikmeni.

* Porovnani simulaci s a bez efektu zesikmeni.

torque2

uuuuuuuu
— Moving1.Torque_Skew
--- Moving1.Torque_NonSkew

3 : FH i H
2 H : [H H
S : I 2 =

2D (without considering 3D skew effects)

Moving Torque: Non-Skew Vs. Skew

2D multi-slices (considering 3D skew effects)

2D Design Settings

*

Advanced Product Coupling ] Backaround ] Matrix Computation ] Validations ]

Material Thresholds ] Symmetry Multiplier Model Settings

Preserve Transient Solution ]

Model Depth: ~ [250 jmm -
Skew Model
[ Use Skew Model
Skew Part: {+ @
Skew Type: |C0|1tinuu:uus J
Mo. of Slices: 5
Skew Angle: |5 ||:|e|;| J
Slice Mo. Skew Angle (deg) | Slice Length {mm) |
1 -2 50
. -1 50
N E 0 50
T4 1 50
s 2 50

[ Save as default

FEEL

20.00
Time [ms]

41
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’Tl Cancel |
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— 2D vylepseni zesikmeni

42

Podpora pro spojité i krokové zesSikmeni.

Spojité zeSikmeni se obvykle pouziva k modelovani Sikmych

drazek.

Krokové zeSikmeni se obvykle pouziva k modelovani

magnetl nebo vicestupnovych rotorda.
Podpora sudého i lichého poctu fezu.

20 Design Settings e

Advanced Product Coupling I Background | Matrix Computation I alidations
Material Thresholds I Symmetry Multiplier ~ Model Settings |Prese.-nre Transient Solution

Model Depth: ~ [250 [mm |
— Skew Model
¥ Use Skew Model
Skew Type: f* Continuous  { Step
Skew Angle: |7.5 |dea |
Mo. of Slices: |5
Plot Field on Sice: [ -]

[T Save as default

04.06.2026 12:05:57

23 '\nsvs
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3D - Spojité ze&ikmeni

3D - Krokové zesikmeni

SVS FEM




Vyssi presnost — zesikmeni se spojitym vzduchem

stationary part coupling
surface 1

* Vylepsené rozhrani pro zeSikmeni ve 2D.

- Skew Model

A

IV Use Skew Model .
coupling
Skew Part: ' Rotor " Stator - r ——————————— p 2
Skew Type: IStep ;I A \ mOVing part surface
No. of Slices: I3— 1 \_ __________ - (
Skew Angle: |360deq/43 | -l : % __________ L _\_ .
| SiceMo. | Skew Angle (deg) | Sice Length nm) | | : \ Without Continuum Air
1 -37 2793333333 1 _
5 5 793333333 I - - — —\r Lumped Tangential Force at a Tooth i _skewed nonciicking ANSYS
3 375 2793333333 J : — — TransientForce_t(ForcelLine_1,Slice0)
1 B - _\ S 2 Setup1 : Transient
1 r E — TransientForce_t(ForceLine_1,Slice1)
le o ¢ > ,E, 0 - Setup1 : Transient
4 A H . | — TransientForce_t(ForceLine_1,Slice2)
* VVysoka presnost i bez: 3 5 Setup - Tramsiant o
w T T T T T T W
. v s 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
= Synchronizace ¢asovych Time [m}
o ry 7 . .
kroku se siti. o : Continuum Air
| =1 Betm Opfions * Lumped Tangential Force at a Tooth
, v , ETEEd Ilmpakmw:::;'ﬁme L = — TransientForce_t(ForceLine_1,Slice0)
| | r Icepak Dyramic Thermal Modeling =} J :’ E E E : ? Setup1 : Transient
KO n Sta nt n I h O Ca Sove h O | r Icepak GPU Computing E 2 — TransientForce_t(ForcelLine_1,Slice1)
ll: ;oepa:::rtbviarmis:ing : E‘ 0- Setup1 : Transient
o A | ) — TransientForce_t(ForceLine 1,Slice2)
kroku/rychlosti. . 8 - Setupt : Transient
= L M
r u \ 1 T T \ 1 I \
r " 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Cancel Time [ms]

43 SVS FEM
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— Prenos harmonickych sil z 2D modelu se zesikmenim drazek na 3D model

Project Manager
H i 4 LY 4 ¢ 2[5 test_project_from_CADFEM 2
* Kvazi-3D efekt zeSikmeni drazek uvazovany — B WarmetaDbesons (rransicnt )
v Maxwellu na 2D rezech. Eg&gﬂmmm Model Depth: [P foeter — ~]
. v . , « 1z s € List.. - Skew Madel
* Objektove orientovana harmonicka sila. G0 sign Materi- B
. , . v , . ﬁ Par: R Skew Type: " Confinuous ¥ Step
e Harmonicka sila prenasena do mechaniky w88 Mes et Symmetry Multipler. Skew Angl: % .
, - Ana Set Model Depth... '
na cely 3D model. »gon o NofSices [
+-[% Resti.
Field Cverlays Flot Fiekd on Sce: 11 j
! ]
- MeshPlots

Maxwell 2D model 2D model celého statoru 3D segment statoru 3D stator pro harmonickou odezvu

bt SVS FEM
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Metoda casové dekompozice
TDM resic
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v , : 33\nsys
Metoda casové dekompozice KONFERENCE

ANSYS Patent
k — Simultaneous Time Steps 6
n — Parallel Distributed Tasks T1 GTJ

Rychlé vypocetni metody — casova dekompozice

Klasicky postup — sekvencni vypocet
casovych kroku:

FEM Matrix

Nova metoda (TDM) — simultani vypocet Simultaneous Simulation
casovych kroku:

Matrix Size

oto o t1 otz o

Py 0 0 f el Ty

47 SVS FEM
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_ Metoda casové dekompozice (TDM)

ANSYS Patent
« Béhem jedné davky Maxwell distribuje reseni

casovych krokt v ramci dostupnych HW moznosti

Simulovany ¢asovy Usek Koncovy cas

33'\nsys
KONFERENCE

Davky jsou
reseny

davka 1 davka 2 davka M sekvencne

I 1 | Uloha 1
etz Casové kroky obsaZené v davce
jsou resSeny paralelné v ramci

> dostupného HW
Uloha 3
Uloha N

48
04.06.2026 12:05:57
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_ Metoda casové dekompozice — testovaci uloha

El‘ ANSYS Electronics Desktop 2019 R2 - W55_1_30 - 10_assm_6&p - Machine

File Edit WYiew Project Machine RMxprt

Tools

Window  Help

33'\nsys
KONFERENCE

=10l x|

RN AN NN N EAEsEEAEAEARARSEEEEsEsEsEsEEsEsEAEAEEEEEE
# Cut ¥ Undo () EEE Active: Local - 3 e
53 Copy (¥ Redo - EEAnalysls Config —— - —— - ——)
Save L Setup Optimetrics  Validate Analyze 3 HPC Scheduler Submit Monitor
1% Paste X Delete - All % Options
Desktop View Simulation Results Automation
Praject Manager L lCH wss_1_30 - 10_assm_6p - Machine

B wss_1_30*
EQ 10_assm_6p (Adjust-Speed Sync
G1-{8 Machine
[]---}? Analysis
@ Optimetrics

-JifA 25_Maxcir_2p
[—]@ 30_Maxwell3DDesign (Transient)™
é 3D Components
[]---@ Model
[+-E5 Boundaries
[+-#% Excitations
% Parameters
[+]-E8 Mesh Operations
Hﬂ Analysis
. }? Setupl
@ Optimetrics
[]---@ Results
[]---ﬁ Field Overlays
[]--@ 30_Maxwell3DDesign1 {Transient)*
-Jif2 35_Maxcir_3p

Main | Diagram

| winding Editar |

=10

® ws5_1_30 - 30_Maxwell3DDesign1 - Modeler

-4 ¥G196/96_3DSF 1.00(
-7 Mag_0

[ Sheets

@-1p, Coordinate Systems

-4 Planes

- Lists

« | B me

-2 Definitions W ws5_1_30 - 25_MaxCir_2D - Schematic =] ]
T of Sy S I
Properties 1 x
Name: I Value I ( =T re@:_é.‘
Machine Type Adjust-Speed Synch... i T
T e N P
MNumber of Poles |6 = e e
Rotor Position Inner Rotor ( e = £ -
Frictional Loss 12 W T i T
Windage Loss o W
Reference Speed 1000 iy E 7 75 E
Cortrol Type: PWM b b b
Circuit Type Y3 |
4 | | 1 | New Page I

Machine [

[N ws5_1_30 - 30_Maxwell3DDesign - Torgue

300.00

200.00

100.00

Moving1.Torque [NewtonMeter]
e
[ =]
(=

Curve Info

— Moving1.Torque ||

75.00

Time [ms]

100.00

125.00

150.00

49
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_ Metoda casové dekompozice -testovaci uloha

Configurace: Small

50

Maxwell 3D Profile
Project:
Design:
Solution setup:
Design variation:

Task

Start

Mesh TATES ao:
Mesh TAU (Coarsening) aad:
Mesh Fost ag:
Mesh (volume, sSeed) 00:
Start Simulation ao:
Start Preprocessing for TDM General Transient Model 00:
Finish Preprocessing for TDM General Transient Model 0QO0:
Solwver Progress
Start TDM Simulation ao:
TDM General Transient Model Subdiviszion 1 ao:
Solver Progress
TDM General Transient Model Subdivision 2 ag:
Solver Progress
TDM General Transient Model Subdiviszion 3 ao:
Solwver Progress
TDM General Transient Model Subdivi=zion 4 ao:
Solver Progress
TDM General Transient Model Subdivision 5 ag:
Solver Progress
TDM General Transient Model Subdivision 106 00:
S5olver Progress
TDM General Transient Model Subdiviszion 107 00:
S5olver Progress
TDM General Transient Model Subdiviszion 108 00:
S5olver Progress

Solution Process

Total 01:

Ws5_1_30

30 Maxwell3DDesign

Setupl
endRegion="'48.374740024775mm"

fractions='g"

Eeal Time

halfixial="1"

CPUJ Time

At=200 us -> 750 ts

ao:
ao:
ag:
ag:
ao:
ag:
ag:

ao:
ao:

ag:

ao:

ao:

ag:

ag:

ao:

ao:

a7:

04
0z
52
01
01
01
00

01
50

49

43

4z

33

35

34

37

20

ao:
ao:
ag:
ag:
ao:
ag:
ag:

ao:
ao:

ag:

ao:

ao:

ag:

ag:

ao:

ao:

01:

ao:
ao:
ag:
ag:
ao:
ag:
ag:

ao:
ao:

ag:

ao:

ao:

ag:

Qo:

a0:

a0:

a5:

10
0z
52
01
01
00
00

01
49

49

4z

41

32

34

34

36

HMemory

85 M
85 M
101 M
50.4 M
161 M
23 M
25 M

165 M
346 M

407 M

416 M

416 M

418 M

429 M

428 M

430 M

J

Kg.zF\E'}?SEX?CE

Information

Time: 12/09/2019 11:44:50; Host: c731b63bT7fdad493c8c5dd65b2Tc8612a000000;

Frocessor: 8 05: Linux 3.10.0-693.21.1.e217.xE86_64; Maxwell 3D 2015.2.0
Executing from /fansys inc/AnsysEM/AnsysEMI1S9.4/Linux&4/MAXWELLCOMENGINE.exe
HPC Enabled

Desired E&M limit not set.
393520 tetrahedra
17365 tetrahedra
18079 tetrahedra

183530 tetrahedra
Length Coil, Length Mag, Length Main

1839380 tetrahedra

7 Time Domains
1

7 Time Domains

Requested from t = 0 to £t = 0.15

1289380 tetrahedra

21 Nonlinear iterations 7 Time steps
Completed time point 0.0012s
23 Nonlinear iterations 7 Time
Completed time point 0.002&s
20 Honlinear iterations 7 Time
Conpleted time point 0.004s

20 Honlinear iterations 7 Time
Completed time point 0.0054s
16 Nonlinear iterations 7 Time
Completed time point 0.00&8=

steps

steps

steps

steps

17 HNonlinear iterations 7 Time
Completed time point 0.1482s
17 HNonlinear iterations 7 Time
Completed time point 0.1496s
18 Nonlinear iterations 7 Time
Completed time point 0.15=

steps
steps

steps

SVS FEM

Elapsed time 01:15:21 , Maxwell ComEngine Memory 1.74 &

Time: 12/09/2019 13:00:11, Status: Normal Completion




_ Metoda casové dekompozice -testovaci uloha

Configurace: Large

51

Maxwell 3D Profile

Project: W35_1 30
Des=sign: 30_Maxwell3DDesign
Solution setup: Setupl

Design wvariation:

Task

Startc

Mesh TAULlG
HMesh TAU
Mesh Post

{Coarsening)

HMesh (volume, seed)

Start Simulation

Start Preprocessing for TDM General Transient Model
Finish Preprocessing for TDM General Transient

S5olwver Progress
Start TDM Simulation
TDM General Transient
Solwver Progress
TDM General Transient
S5olwver Progress
TDM General Transient
S5olwver Progress
TDM General Transient
Solwver Progress

S5olver Progress
TDM General Transient
Solver Progress
TDM General Transient
Solver Progress
TDM General Transient
S5olver Progress
TDM General Transient
S5olver Progress

Solution Process
Total

Model Subdivisgion 1

Model

Model

Model

Model

Model

Model

Model

Subdivision

Subdivision

Subdivision

Subdivision

Subdivision

Subdivision

Subdiwvision

22

23

24

25

Beal Time

ao:
0o:
Q0:
Qa:
Q0:
oo0:
Qa:

Qa:
Q0:

Qa:

Qa:

oo0:

00:

00:

00:

00:

00:

endRegion="'48.374740024775mm"' fractions='eG"

ao:
0o:
Q0:
Qa:
Q0:
oo0:
Qa:

Qa:
01:

Qa:

Qa:

oo0:

00:

00:

00:

00:

04
02
52
01
01
00
01

01
20

41

43

45

39

40

40

41

44

halfAxial="1"

CPT Time

a0:
0o:
a0:
ag:
a0:
0o:
ag:

ag:
a0:

ag:

ag:

0o:

ag:

ag:

ag:

ao:

ag:

a0:
0o0:
a0:
ag:
a0:
oo:
ag:

ag:
0l:

ag:

ag:

oo:

ao:

ao:

ao:

00:

02
51

01

01

ao

01

0o
20

40

43

44

40

39

40

30

Memory

85 M
85.9 M
102 M
50.4 M
160 M
23 M
26 M

159 M
350 M

370 M

370 M

373 M

426 M

423 M

425 M

424 M

Information

Time:
Processor: 32 0O5:

HPC Enabled

Desired BAM limit not set.
39920 tetrzhedra

17365 tetrahedra

18079 tetrahedra

18990 tetrahedra

12/09/2019 10:51:48; Host:
Linux 3.10.0-693.21.1.el7.x86_ 64; Maxwell 3D 2019.2.0
Executing from fansys_inc/AnsysEM/AnsysEM19.4/Linux64/MRAXWELLCCMENGINE .exe

J

Kg.zF\E'}?SEX?CE

070121ec98334b229eT718362e52aTdEd000000;

Length Coil, Length Mag, Length Main

18980 tetrzhedra
31 Time Domains
31 Time Domains
Requested from £t = 0 to £ = 0.15

18990 tetrahedra

23 Nonlinear iterations 31 Time steps

Completed time point 0.006s

_ _ T —
17 Nonlinear iterations 31 Time steps

Completed time point 0.0122s

18 Nonlinear iterations 31 Time steps

Completed time point 0.0184s

18 Honlinear iterations 31 Time steps

Completed time point 0.0246s

Completed time point 0.13s

17 Nonlinear iterations 31 Time
Completed time point 0.1362=

17 Nonlinear iterations 31 Time
Completed time point 0.1424=s

17 Nonlinear iterations 31 Time
Conpleted time point 0.1486=

17 Nonlinear iterations 31 Time
Completed time point 0.15s

ElaEsed time : 00:26:28 , Maxwell ComEngine Memory

Status: Normal Completion

Time: 12/09/2019 11:18:1&,

steps
steps
steps

steps

SVS FEM
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Vlastnosti TDM resice
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— Metoda casové dekompozice

53

| use Automatic Settings

Machines |Optior15 |
— Machines for Distributed Analysis

Total Enabled Cores: 24

Virivé proudy

periodicky TDM

Name | Cores | RAM Limit (%) | Enabled |
localhost 8 50 [v
pitansoft16 |16 90 |7

Automatické nastaveni

Cisty stop/restart

Dynamic Hysteresis Loop Cluster
+ B

Hysteréze

T

/ :

1
ES
-
H
. =

Distributed Expression Cache

04.06.2026 12:05:57

33'\nsys
KONFERENCE
9 (ig=iy)
Zakladni externi obvod
LVEC e ;@1 {g ™ PT
Ven 0@“ N, PT
Transient-Transient link
B
-7 Br
Demagnetizace |-~ _ g
- - - - Brll
- - l;a/ -~
-~ Lb
ay
b
Hc 0 HV
SVSFEM
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Metoda casové dekompozice
Periodicky TDM resic

04.06.2026 12:05:57
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— Periodicky TDM resic — priklad KggF\Erl'?S iCE

e 10 pdlovy stroj s PM na povrchu rotoru.
* 2D Model — 3354 elementd.

* Napétovy zdroj s velkym pomérem L/R.
e Periodicky pribéh 166 Hz..

* 3 simulace:
— 1jadro, 30 elektrickych period .

— 8 jader, HPC (TDM general transient), 30 elektrickych
period.

— 8 jader, HPC (TDM periodic), 1 elektricka perioda.

55 SVS FEM
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TDM res

Project Manager

=B - PM_2D_2017*
Y, T onsicnt (rransient 1)
=0 Z_Penn:u:hn: (Transient, XY)*

-Ea 30 Components

]%& Model

- EF Boundaries

[+-#%g Exdtations

& Parameters

----- BH Mesh Operations

- JF Analysis

. Iﬁ' Setupl

I+l....[+1

gl

Moving1 Torgue [N

100.00

75.00

1
]
bl
=
=

-50.00

-75.00

-100.00

-125.00

56

¢ — priklad na prechodovy deé;j

Torque 2_Full_Transient
j” Curve Info avag mean |
i — Moving1.Torque
— \ Setup1 : Transient -127343 | 127
] |
I
I
=] i
I
4 I
W |
I
A I
= i
I
4 I
4 I
I
I
] I
I
7 I
T 1
- I
i I
4 I
— 0 :
] L :
- |
] [ :
- I
1Y !
4 I
_ I
11 l
i :
] |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T | T :I T T
0.00 2500 50.00 75.00 100.00 125.00 150.00 175.00 I EU[}.DU
Time [ms] |

04.06.2026 12:05:57

im

183.89

A
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— Periodicky TDM resic — p

riklad

ﬂ‘ ANSYS Electronics Desktop - PM_2D_2017 - 2_Periodic - Torque - SOLVED - [PM_2D_2017 - 2_Periodic - Torgue]

# | Fle Edit View Project Report?2D Maxwell 20 Tools Window Help

DS HE| Y BB(&| X D imec

@M@l dBPESELESNADNIEE R KM

Project Manager

= PM_20_2017%

1_Ful_Transient (Transient, XY}
2_Periodic (Transient, XY)*
é 3D Components

[]---@ Model

- Boundaries

-4 Exdtations

% Parameters

----- BB Mesh Operations

=-JF Analysis

o JP Setupt

@ Optimetrics

# Moving1.Torque
B currents

B3 Induced voltages
B Flux Linkages

B3 Transient Plot 1
[]---ﬁ Field Overlays

-2 Definitions

W Analysis Configuration

Name | Configuration name: |4_HPC_AubJ

- Scrollbar
Show X 5. V¥ Use Automatic Settings

Machines |Option5 I

— Machines for Distributed Analysis

Total Enabled Cores: 4
Name | Cores [ RAM Limit (%) | Enabled |
localhost 4 50 |7

K IS
Cartesian [ General

& Local machine

57 " Machine Details:

_(olxI
_181x]
dEE D E@ORIFIBiAmMWMWAYIiKar» B BB BT
Torque 2_Periodic
-9.00
T Curve Info avg
b = Moving1.Torque
| Setup1 : Transient -12. 7596
-10.00 —
-11.00 —
T 4
g 4
5—12.00 —
Z ]
@ -
g
8 ]
Tr13.00 —
.= -
3
= 4
-14.00 —
-15.00 —
4 Moving1. Torque [NewtonMeter]
| Setup! : Transient
—16.% T T T T | T T T T | T T T T | T T T T T T T T I T T T T
0.00 1.00 2.00 3.00 4.!]0 5.00 6.00
Time [ms]

[l Show 0 Messages

04.06.2026 12:05:57
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— TDM - magnetické prvky pro vykonovou elektroniku K‘gzr}s'}s iCE

 Simulace elektronického transformatoru.

Finite Elements: 900k Nelinearni i4dro HPC Performance

DOFs': 1.5Mil J 30

Time Steps: 1,000 2 CE—
! 08h:40min

Input Voltage Rising Time: 20ns 20 -

=
o

Speed Up Factor
=
[V, ]

Masivni primarni a sekundarni vinuti

wu

64 128 256
Number of Cores

o

No-TDM: 6.5 day (1 core)

# Core Distribution TDM Simulation Time Speed up

Ztra't I 32 tasks x 2 cores/task 11h:20min 14X
y m 64 tasks x 2 cores/task 8h:40min 18X
256 128 tasks x 2 cores/task 6h:30min 24x
| Benchmark system used: Windows Server 2012 R2; 512 GB RAM per node; Clock Speed 2 GHz;
£ - 16 nodes and 448 cores (28 cores per node)
i
g = ; SVS FEM
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Metoda casové dekompozice
%2 periodicky TDM resic
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¥ periodicky TDM resic - priklad

¢ ANSYS Electronics Desktop - PM_2D_2019c1_HalfPeriodicTDM - 2_ Periodic - Currents - SOLVED i ]

File Edit Yiew Project ReportzD Maxwell 2D Tools Window Help

I I 4 Cut ¥} Undo

53 Copy (™ Redo
2} Paste X Delete

4 Layouts +
Save

Desktop View

Project Manager 3 x

Simulation Results

[T] Docking Windows ~ Q @ zoomIn

=10l x]

$ @, Fit Al
& zoom out @, Fit Selected

Zoom

Automation

Pan

N

= - PM_2D_2019c1_HalfPeriodicTDM*

- 1_Full_Transient_Fast_MP4 (Transient, XY}

] 2_Full_Transient (Transient, XY)
=8l 2_periodic (Transient, XY)*
é 3D Components
E]n-@ Model
- E% Boundaries
= #@ Excitations

Il PhaseA

@ {LLl| Phases

-{Ill| PhaseC
& Parameters
B8 Mesh Operations
=4 Analysis
. @ Optimetrics
=-[F] Results
- Torque

Q Currents
. L. current(PhaseA)
Current(PhaseB)
- Current(PhaseC)
1 Induced Voltages

Properties

3 X

-~

=-€P Lists

Solve Setup

Name:

[N PM_2D_2019¢c1_HalfPeriodictDM - 2 P

£ PM_2D_2019c1_HalfPeriodicTDM - 2. Periodic =~ Gl [=] b |

Currents A Curve Info

125.00 = Current(PhaseA)
Setup1 : Transient

- Current(PhaseB)

62.50 Setup1 : Transient

= Current(PhaseC)
Setup1 : Transient

-62.50

Y1[A]
(=
o
o
PRRPRSTYN T (P WATRT Y T EOVIRN YO RO i N T IO

Time = 3.00000ms -125.00 411 [TT T T 7TTTT
Speed =2000.000000rpm 000 200 400 6.00

General | Save Fields | Advanced | Solver | Expression Cache | Defauts |

Position = 43.500000deg_§ Time [ms]

|Setup1 IV Enabled

Name | Value | Unit [Evaluated Value

Name Setup1
Enabled v
Stop Time 3 ms |3ms

60
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Urychleni dosazeni ustaleného stavu
(Transient Fast Reach Steady State)

04.06.2026 12:05:58
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__ Urychleni dosazeni ustaleného stavu

* Problém: Trva velmi dlouho, nez dosdahne ustaleného stavu kvuli velmi
pomalému ubytku stejnosmeérné slozky toku, zejména pri velké casové
konstanté.

* Reseni: pfidat napétovy zdroj béhem prvni poloviny cyklu, aby DC tok
rychle klesl na nulu.

* Pouzitelné pro vSechny typy nestacionarnich aplikaci.

* Lze kombinovat s metodou casové dekompozice.

Before .
Using Fast Reach Steady State
Ansoft LLC Current Report W) 280 model A ey Lurrent Kepor Wgbsy_Z30_coreloss

020
q Cnehlo [ 013 Curve Info [~

— CurentiHA in) [,

—— Current{HA_in) ]

015 —
010 —
005 ]
g 000
0054
0104

015 4

220

T T T
10.00 20.00 30

T UL L
00

40.00 50.00
Time [ms]

L LA AL LA N N S
60.00 70.00 8000 90.00 100.00
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Solve Setup [&J
General ] Save Fields ] Advance d Solwer ] Expression Cache ] Defaults ]
Monlinear Residual: 0.0001
v Output emor
Time Integration Method: |Backward Euler -
[ Fast Reach Steady State
Added Voltage Source Frequency: |70 Hz -
TDM Option Set frequency
* General Transient
I MNumber of Time Sub-division: 4
¢ Periodic
Use Defaults
OK | C. |
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_ Urychleni dosazeni ustaleného stavu

* U elektrickych strojl Ize dalsi zrychleni vypoctl dosdhnout pomoci simulace
s nepohyblivym rotorem jako inicializacniho kroku

150.00

100.00 o

50.00

0.00 —fm

-50.00 —

-100.00 —

-150.00

Dlouhy prechod bez aktivace , Fast Reach Steady state”

/

Stacionarniho stavu se dosahuje
mnohem rychleji

Simulace s nepohyblivym rotorem
pomoci ,Fast Reach Steady state”
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T
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Urychleni dosazeni ustaleného stavu

(Restart transientni analyzy z harmonického ustaleného stavu)
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_ Urychleni dosazeni ustaleného stavu x%im CE

O, =0"§

"

where g, is the transformed conductivity from speed n to speed zero, which is to be set
inthe ed%y current S|mu|af|on, 015 the real conductivity in transient simulation, and s, is

the slip, defined as:

where ng is the synchronous speed.

If there is an end connection, the end resistance R used in the transient simulation also
has to be referred to the value R associated with zero speed before being used in the
eddy current solution by:

R,=Rl/s,

Prerequisites
+ Source design - Maxwell 2D (or 3D) Eddy Current (Last Adaptive solution only)
« Target design - Maxwell 2D (or 3D)) Transient
» The source and target designs must be identical (identical geometries, boundaries,
excitations, windings, etc).
To setup and use a 2D (or 3D) eddy current solution as the initial condition for a corresponding 2D
(or 3D) transient solution:
1. Create an eddy current source design, and ensure that Solve Matrix: After last pass is
selected on the General tab of the eddy current Solve Setup dialog.
2. Solve the eddy current design.
3. Create a transient target design, whose geometry, boundary conditions, excitations,
windings, etc., are identical to the the source eddy current design.
4. On the transient target design's Solve Setup dialog box, Advanced tab, click
Start/Continue from a previously solved setup to open the Setup Link dialog.
5. Onthe Setup Link dialog General tab, select the source eddy current design and solution

(Last Adaptive solution only). Refer to "Setup Link for Transient Solutions " on page 16-42
for details on setting up this link.

6. Solve the target transient design.

Note « Ifthe source and target designs are not identical, an error message
displays.

« Ifthe eddy current source design has not been solved, an error message

Specifying Solulion Settings 16-44
Ansys Electromagnetics Suite 2022 R2 -© ANSYS, Inc. All rights reserved. - Contains proprietary and confidential
65 information of ANSYS, Inc. and s subsidiaries and sffikates.

E Iﬂ 320_IM3Y _Maxwell_from_RMxprt_cos_ext_restart_from_Eddy {Transient, X¥)

Iﬂ 305_TM3Y_Maxwell_from_RMxprt_cos_external (Transient, XY)
M 310_1M3Y_Maxwell_from_RMyxprt_cos (AC Magnetic, XY)

.E; 30 Components
Eﬂ..f@ Model

B Boundaries
-4 Excitations
% Parameters | Generall Save Fields Advanced |So|ver| Expression Cache' De¥auhs|
B8 Mesh — Contral Program

=-fF Analysie
_}.E Setup1 I [~ Use Control Program I |

[ Arguments: I

| Solve Setup

[ Call after last time step for post processing

 Import Option
[W Start/Continue from a previously solved setup Setup Link... |
¥ Impart mesh Setup Link... |

Setup Link

General I‘u’ariable Mapping I

Praduct: | Maxwel =] @ Viewonly ¢ Edit Lnk | g Defats |

Source Project: [ Llse This Project

Save source path relative bo:
€ The project directory of selected product
& This project

IThis Project” - IM3_Trans_from_Hamonic_25R2_final

Source Design: |3‘I 0_IM3Y_Maewell_from_RMsprt_cos ;I

Source Solution: ISetup1 : LastAdaptive

¥ Simulate source design as needed

SVS FEM

[¥ Preserve source design solution

04.06




, v _ s , , \nsys
_ Urychleni dosazeni ustaleného stavu Kg‘zrsns‘kce

WindingCurrent Ansys m
2025R2 |[— Current(PhaseA) 14.8140

= Current(PhaseB) 14.8015
— Current(PhaseC) 14 8136

300
O-ll = Sar

200
where gy is the transformed conductivity from speed n to speed zero, which is to be set

in the eddy current simulation, o is the real conductivity in transient simulation, and s, is

the slip, defined as: 100

L
|
Y1[A]

where ng is the synchronous speed. -100
If there is an end connection, the end resistance R used in the transient simulation also
has to be referred to the value R associated with zero speed before being used in the

eddy current solution by: -200

Bez restaru

80 100

R,=R/s,

300 +—T—T—— ] T—— T

o
N
o
Y
(=]
@
=]

Prerequisites Time [ms]

+ Source design - Maxwell 2D (or 3D) Eddy Current (Last Adaptive solution only) WindingCurrent An sys rms

+ Target design - Maxwell 2D (or 3D) Transient 2025R2 |[— Current(PhaseA) 14 6277
+ The source and target designs must be identical (identical geometries, boundaries, 30 —— Cumrent(PhaseB) 14 6526

excitations, windings, etc). _ — Cunent(PhaseC) 14 6825
To setup and use a 2D (or 3D) eddy current solution as the initial condition for a corresponding 2D

(or 3D) transient solution: 20

1. Create an eddy current source design, and ensure that Solve Matrix: After last pass is
selected on the General tab of the eddy current Solve Setup dialog.

2. Solve the eddy current design.

3. Create a transient target design, whose geometry, boundary conditions, excitations, —_

_— ) . . <

windings, etc., are identical to the the source eddy current design. - 0

4. On the transient target design's Solve Setup dialog box, Advanced tab, click -
Start/Continue from a previously solved setup to open the Setup Link dialog.

5. Onthe Setup Link dialog General tab, select the source eddy current design and solution
(Last Adaptive solution only). Refer to "Setup Link for Transient Solutions " on page 16-42
for details on setting up this link.

6. Solve the target transient design.

Note « Ifthe source and target designs are not identical, an error message
displays. 11 e e e e e A e B By B S B B s s B ms B |
0 20 40 60 80 100

Tmems] S restartem z harmonické

« Ifthe eddy current source design has not been solved, an error message

Specifying Solution Setbngs 16-44

Ansys Electromagnetics Suite 2022 R2 -© ANSYS, Inc. All righls reserved. - Conlains proprietary and confidential
6 6 infermation of ANSYS, Inc. and its subsidiaries and affiiates.
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Urychleni vypoctu
volbou radu elementu
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__ Elementy 1. radu pro rychlejsi 3D simulaci nestacionarnich uloh

Maxwell vyuziva numerickou formulaci T-Q omega

* T predstavuje vektorovy potencial (vifivé proudy
odvozené z T) pomoci hranovych prvkl 1. radu
(u vodivych objektl).

* Q predstavuje skalarni potencial (H je odvozeno UZIT:Vé ;;er();ef?:;ace Hranové;eirtvefzntace
’ 4 (-] V4 v 7 ro . ra ]
z T, Q) pomoci uzlovych prvka druhého radu. pro T (1. ¥ad)

Zavedena nova moznost, kde:
* T se stale feSi pomoci hranovych prvku
prvniho radu.

* Q) se feSi pomoci prvkd prvniho radu. Uzlova reprezentace Hranova reprezentace
Pro Q (1. Fad) proT (1. fad)

68 SVS FEM
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__ Elementy 1. radu pro rychlejsi 3D simulaci nestacionarnich uloh

Asynchronni motor

57k elementu - 500 casovych-kroku

14,700

Prvky 1. radu

Prvky 2. radu

69

84,000

Bez TDM

1h11lm

3h45m

04.06.2026 12:05:58

Solve Setup

Generall Save Fieldsl Bdvanced  Solver |E>:pressi0n Eachel Defaultsl

Monlinear Residual: |1B-U5

[ Smooth BH Curve

[+ Output per object core loss [~ Output per object solid loss [~ Output errar

Scalar Potential Second Order =
[ Mumber of Monlinear lte ‘
FeiirnLarn:
b airnuim: 100
— Steady State
[ Fast Reach
[T AutoDetect  Stop Criterion: IDDD5—
Frequency of Added Yoltage Sounce: IED IHZ j

— Time Decomposition Method Option

+ General Transient

£ Periodic ™| HElf- peradic

Use Defaults |

o]

Cancel |
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~ Srovnani

* Pfipouziti stejné sité poskytuji prvky 1. radu dostateCnou presnost pro vypocet momentu,
proudll a magnetického toku, ale nizsi presnost pro odvozené veliciny (napf. ztraty v masivnich
vodicich).

| Elektromagneticky moment

6250

Primérny moment:
Rozdil 1%

50.00

=
537.50

¥1 [NewtonMeter]

25.00

XY Plot 3 Maxwell3DDesign2
2274

nnnnn

{Jouleovy ztraty Primérné Jouleovy ztraty:
Rozdil 10%

AT it

— 1250

A
" — 0.00

Y2 [A]

—-12.50 10000
H s

T — T T T T T T 2274
35.00 40.00 45.00 50.00 55.00 60.00 65.00
Time [ms]

0 _ SVS FEM
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__ Elementy 1. radu pro rychlejsi 3D simulaci prechodnych jevti

il
Y@?’g;?’- L

IPM
460k elementu — 1000 c¢asovych kroku

Bez TDM

4
Vase ST
AVAN S
el

Velikost matice

Prvky 1. fadu 337,000 24h

Prvky 2. Fadu 892,000 91h

71 SVS FEM
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/4 I 4
Srovnanl Torque _ MaxwelIDDesignl 4
— 200

Curve Info avg

. Moment o eeff Moment:

—— Torgue S d Ord
Setup2 :o_lr_r::me?‘ct:o_n___r er_ 141 < 1% Rozd I’I

¥1 NewtonMeter]
H
I B

« || CoreLoss:

N\W T <2% Rozdil

‘ B — o of | JOUlELOSS:
Jouleovy ztraty = e% Roadil

0.00 T
0.00 10.00

Ztraty v zeleze

25.00

3000
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[ V 4 v 4 A4 VewV [ ] v 4 V' é [ V4 3 ns
— Masivni zrychleni 2D resSice nestacionarniho magnetického pole KONFER

* Nova moznost — prvky 1. radu

Nastaveni resice — Solver

Bylo dostupné jen v 3D reSiCi magnetic transient

Od 2026R1 je dostupnaive 2D
* Vylepseni kodu a snizeni rezie
Plati to pro prvky 2. a 1. fadu

Computation Time Reduction

(Maxwell 2D Magnetic Transient)
1
0.8
0.6
0.4
0.2
0
25R2 (2nd Order) 26R1-2nd Order 26R1-1st Order
73
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Solve Setup

General | Save Fields | Advanced Solver l Expression Cache ] Defaults l

Monlinear Residual:

|n_nnm
[ Smooth BH Curve

[+ Qutput per object core loss [+ Qutput per object solid loss

[ Qutput error
Scalar Potential

|First Order ﬂ

Time Integration Method:

ISecond Order

A ™
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ARRRRRERh
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— Masivni zrychleni 2D resSice nestacionarniho magnetického pole KgNFERE%

Torque Companson Metor-CAD e4a_EMobillty_IPM_1Core A?,,?Rﬁ

AP

* Nastaveni reseni — Solver st Order 38.28111
— 2nd Order 38.8829/°

N
IS

~
o
|

* Nova moznost prvku 1. radu

Y1 [NewtonMeter]
w
w
|

w
S
.O

- Byla dostupna jen v 3D fesi¢i magnetic transient Time [me]
- 0d 2026R1 je dostupna i ve 2D PM Loss Comparison  eca s exctity pw_scoe ARSYS
12.5
* Vylepseni kodu a snizeni rezie
- ~v - 75_
- Plati to pro prvky 2. a 1. radu 550_
| AL Al \A A
2.5 g
00 — 1st Order 4.0534
0.0 0.2 0.4 06 |— 2nd Order 4.2589)
Time [ms]
Computation Time Reduction
. (Maxwell 2D Magnetic Transient) Core Loss COMPATiSON  Howcan ete e i 1co ANSYS
0.8 1.5
0.6 - g 10-
0.4 3.5x s
0.57 avg
0.2 _ — 1stOrder 1.0423
0 0515 o o o |—_2nd Order 1.0237
25R2 (2nd Order) 26R1-2nd Order 26R1-1st Order ' ' " Time[ms] ' '
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— Masivni zrychleni 2D resSice nestacionarniho magnetického pole KONFERENCE

0.8
0.6
0.4
0.2

75

* VylepSeni mapovani sité pro pohyb (Band mapping).
Globalni nastaveni maximalni velikosti elementd

« Pocatecni nastaveni sité

Nastaveni uhlu segmentace

«  Cylindrical Gap MeshOP

Zjemnovani na zakladé délky (v pripadé potreby)

Computation Time Reduction
(Maxwell 2D Magnetic Transient)

az 10 x zrychleni

26R1-1st Order 26R1-2nd Order
(Band mapping mesh)

25R2 (2nd Order) 26R1-2nd Order

04.06.2026 12:05:58

Initial Mesh Settings

General lAdvanced

Curved Surface Meshing

Mame ‘ Value Lnit
i~ Manual Settings
Mame CylindricalGap1
Type Cylindrical Gap Based
Coarse Resolution Fine Assignment Rntating_Band
j : Region Inside Selection
Small Mesh Count Large - ' IJse Band Mappir‘lg Ar‘lg|e |7
Band Mapping Angle 025 deg

Mesh Density

[+ Maximum Length: |4-

26R1-1st Order
(Band mapping mesh)

EI@ Mesh

B8 CylindricalGap1

------ B8 Magnets_inside

XX
‘VA"Y‘»,_
Sl
AR
KKK
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Pohyb téles v magnetickém poli
Simulace vitivych proud(
Pokrocilé materidlové modely
e Magnetizace, Demagnetizace, Magnetostrikce
* Magneticky vektorovy hysterézni model
e Ztraty v zeleze, feritech
e Teplotni zavislost materiall

Vinuti ze splétanych vodicl (Litz)
SesSikmeni drazek: soustava 2D fezli se zpétnou vazbou
Excentricita: 2D & 3D
Pokrocily transfer sil 2D&3D pro akustiku
Spoluprace s programy Twinbuilder a Simulink

e Ztraty indukované stridacem

e Simulace rliznych provoznich stavu (zkrat, rozpojeni,...)
Extrakce model( s redukovanym stupném volnosti: ROM, ECE
Mapy ucinnosti na ROM i detailnim fyzikalnim modelu
HPC (TDM, DDM, DSO-Optimization/DOE)

SVS FEM
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