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NGSolve

*High performance multiphysics finite element software
*Problembeschreibung tiber mathematische Formulierung
*Python-Interface

*Entwickelt an der TU Wien

*Aktive Community
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Homepage
https://ngsolve.org/

Kelvin-Helmholtz instz

Netgen/NGSolve is a high performance multiphysics finite element software. It is widely used to analyze models from solid mechanics, fluid dynamics and electromagnetics. Due to its
flexible Python interface new physical equations and solution algorithms can be implemented easily,

All'in one /'ﬂ"] Flexible Accurate
Seamless integration from geometric modeling, mesh ical description of Cutting edge numerical techniques: high order, vectorial,
numerical si 1o vi i allows coupling of arbitrary physical models mixed and discontinuous, Galerkin methods

Open

\ Efficient ® ® High Performance
®) T ’i

Robust preconditioners adapted to function spaces and Parallel compute core written in modern C++ combined ~ Open source based on the LGPL license, extendable by C+
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3D Aspects for Electrical Machine Simulations

Radial Flux Machine Axial Flux Machine

» Magnet-Losses

 Endwinding
Inductances
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Magnet-Verlust Abschitzung
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Herangehensweise

[Carpenter1977]
2D Abschatzung 2D/3D Kopplung
Jo
° SchneIIe.Ber.echn.l.mg |  Beinhaltet Endeffekte
» Vernachlassigt Ruckwirkung « Vernachldssigt Riickwirkung

« Magnet ,unendlich*-lange modelliert
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Model: Eddy Current Problem

Aus
| E — 0B
curl E = m
] =0oE
div/=0 =] =curlT
Resultiert
0B
curl—curl T = ——
o ot

Mit

Q « T m

elektrische Feldstarke
magnetische Flussdichte
elektrische Stromdichte
elektrische Leitfahigkeit

elektrisches Vektorpotential
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Implementierung |

* 2D Motor Simulation in FEMM42

* Export des Magnet-Meshs und B-Feldes

oB
* Berechnung von — P

* Extrusion des Meshs
*Losung von

1 0B

curl—curl T = ——
o ot
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Implementierung Il

* 2D Motor Simulation in FEMM42
* Export des Magnet-Meshs und B-Feldes
)

* Berechnung von — P

* Extrusion des Meshs

0B

1
curl—curlT = ——
o ot

*Losung von
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Implementierung lli
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* 2D Motor Simulation in FEMM42
* Export des Magnet-Meshs und B-Feldes
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* Berechnung von — o
* Extrusion des Meshs

*Losung von
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1
curl—curl T = — —
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Example: Prius

*Rpm = 1800
* Sigma = 666666.6666
* Simulation length = pi/8

* Magnet length = 84.0 mm (not segmented)
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Vergleich: Prius

Ansys Maxwell Simulation

Loss plot, All magnets 3D _transient  ANSYS
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Maxwell avg. losses: 0.228 W
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NGSolve Simulation

Magnet Losses |average = 0.04586342069803151 * magnets [W])
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NGSolve avg. losses: 0.367 W
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Example: Generator

*Rpm = 300
* Sigma = 666666.6666

* 4 Magnet Segments
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: Generator

Vergleich

NGSolve Simulation

Ansys Maxwell Simulation

W)

Total Magnet Losses (average = 7.
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« Segmentierung in der x-y-Ebene

* Snakeline Segmentierung
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Extensions

* Berlicksichtigung der Riickwirkung

C’;*f [Okitsu2009]
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Axial Flux Machine
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Geometrie: Rotor
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* Hetgen 6.2-dev
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Geometrie: Stator

x Hetgen 6, 2-dev
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Geomtrie
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Nitsche Mortaring

Find ue V and A € ® such that
a(u,v, \,¢) = (f,v) YWeVandy e d

where V = {w € H (curl,Qr) N H (curl,Qs) lw =0 on 002}
and ® = [? (Qr N Qs)
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Semilinear Form

a(u,v,\, ) = Z / (v(curl u) - (curl v) + ku - v) dx

ic{R,S}

+/r'1/cur|u-((v—¢~)><n)ds
—I-/r veurlv - ((u—A) x n)ds

i

+.% v((u—A)x n) - ((v—v)xn)ds
[
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Linear Form

Z / J v+ M- curlv)d

i€c{R,S}
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Implementierung |

* Geometrien fusionieren

* Berechnung der Bestromungsfelder in den

Spulen
* Berechnung des Vektorpotentials

* Bestimmung von Drehmoment und Verketten

Fliissen
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Implementierung li

* Geometrien fusionieren

* Berechnung der Bestromungsfelder in den

Spulen
* Berechnung des Vektorpotentials

* Bestimmung von Drehmoment und Verketteten

Flissen
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Implementierung lli
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* Geometrien fusionieren

* Berechnung der Bestromungsfelder in den

Spulen
* Berechnung des Vektorpotentials

* Bestimmung von Drehmoment und Verketten

Flissen

Ponts: 6921 Blements: 547) SurfEements: 20777
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Wickelkopf-Induktivitaten
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Linz Center of Mechatronics GmbH Altenberger StralRe 69, 4040 Linz AUSTRIA

Haben Sie noch

. Fragen
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