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KOMIIBIOTEPHBIE TEXHOJIOTHH B ®U3KMKE

ON FINITE-ELEMENT MODELING
OF LARGE-SCALE MAGNETIZATION PROBLEMS
WITH COMBINED MAGNETIC VECTOR
AND SCALAR POTENTIALS

A.Chervyakov!

Joint Institute for Nuclear Research, Dubna

The finite-element analysis of three-dimensional magnetostatic problems in terms of magnetic
vector potential has proven to be one of the most efficient tools capable of providing the excellent
quality results but becoming computationally expensive when employed to modeling the large-
scale magnetization problems in the presence of applied currents and nonlinear materials due to
the substantial number of the model degrees of freedom. In order to achieve a similar quality
of calculation at lower computational cost, we propose to use for modeling such problems the
combination of magnetic vector and total scalar potentials as an alternative to magnetic vector
potential formulation. The potentials are applied to conducting and nonconducting parts of the
problem domain, respectively, and coupled together across their common interfacing boundary.
For nonconducting regions, the thin cuts are constructed to ensure their simple connectedness
and therefore the consistency of the mixed formulation. The implementation of both formulations
in the finite-element method is discussed in detail with difference between the two emphasized.
The numerical performance of finite-element modeling in terms of combined potentials is assessed
against the magnetic vector potential formulation for two magnetization models, the Helmholtz
coil, and the dipole magnet. We show that the mixed formulation can provide a substantial reduction
in the computational cost as compared to its vector counterpart for a similar accuracy of both
methods.

KoneuHo-3/1eMeHTHOE MOJIEIMPOBAHHE TPEXMEPHBIX MPOOJEM MarHUTOCTATHKH C HCIOJb30BaHU-
€M MarHMTHOTO BEKTOPHOTO TOTeHIMaJa SIBJISeTCs OOHUM M3 OCHOBHBIX HHCTPYMEHTOB BBIYHCJEHHS
MarHUTHBIX MOJIEH C BBICOKOH TOUHOCTBIO, HO MOXeT TpPe(GoBaTb 3HAYMTENbHBIX BBIYMCJIHUTENbHBIX
PEeCcypcoB aJisi MPOOJEM CO CJIOXKHOH reOMeTpHell W HeJUHEHHBIMH MarepuajaMu B CUJy GOJbLIOrO
qucsaa crTeneHed cBo6onbl. [ls1 yMeHbIIeHHs] BBIYUCJIUTEIbHBIX 3aTpaT 6e3 MOTepH TOYHOCTH B Ka-
YeCcTBe a/bTEPHATHBbI NPEJ/araeTcsl UCIoAb30BaTh KOMOMHALIMIO MarHUTHBIX BEKTOPHOTO M MOJHOTO
CKaJ/IIPHOTrO MOTEHLHA/OB, IPUMEHSIEMbIX K MPOBOASLIUM H HENPOBOAALIMM M0A06JACTAM pellaeMoi
3a/laud COOTBETCTBEHHO M CBSI3aHHBIX YCJIOBHSIMHM CONpS)KEHHs Ha oOlleHd rpaHune pasgena. [lias
KOPPEKTHOCTH KOMOUHHPOBAHHOH (hOPMYJHMPOBKH B HENPOBOAALIMX MOA06/IACTAX CTPOSTCS paspessl,
obecrneunBaIlie UX OLHOCBA3aHHOCTh. [logpo6HO 06CYKAaI0TCS BapHaLMOHHbIE TTIOCTAHOBKU 3a1ay
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C HCIOJIb30BaHHEM KaK BEKTOPHOrO MOTeHLHasa, TaK ¥ KOMOHHALKKM OGOMX MOTEHLHANOB B METO-
e KOHEUHBIX 3/1eMeHTOB. CpaBHUTE/bHBIN aHAMU3 YUCIeHHOH 3(P(HEKTHBHOCTH 000UX (HOPMYIUPOBOK
MPOMJITIOCTPUPOBAH MPUMepPaMH KOHEYHO-3JIeMEHTHOTO MOJIe/IMPOBAHHUS KATyIKH [esbMrosibla u au-
nosnbHoro marHurta B cpege CONSOL Multiphysics. [TokasaHo, uTo npuMeHeHHe KOMOWHHUPOBAHHOM
(hOpMYIHUPOBKU MO3BOJISIET HOOUTHCSI 3HAUUTENBHOTO YMEHbLIEHHs] 00beMa HCMOJb3yeMOl MaMsTH U
COKpallleHHs] BpeMeHH BBIUKC/JEHHH MPH aHaJOTHUHONH TOUHOCTH 0OOMX METOMOB.
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