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In order to address their considerable impacts on @th the energy efficiency and performance requiremas, eddy current modeling
and its accuracy are discussed from a thermodynamiapproach. Coupled with an adaptative meshing stratgy, some numerical results
are given on an induction machine.

Index Terms— Eddy currents, Finite element analysis, Adaptivenesh refinement, Induction motors.
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DDY CURRENTS are at the origin of losses and signal . N 0 )

distorsions in power electrical devices from dedthw EXtending the elelctrlc field in the conductor actng to
the conducting materials to power electrical devicale. At Ohm's law:E = ¢ - VxB, Faraday's lawcurl E =-0,B
the design level, reducing losses requires thezefetevant May be viewed as acting locally to check globatly optimal
behavior laws and efficient numerical techniquesuding tendency towards reversibility expressed by (1)ndée the
inspection of the solution. While adaptive meshatigitegies functional (1) balances the variations with time tbé co-
have been extensively used in static cases [h2}; temain energy ¢G) and the mechanical power supplied to the field
little explored in transient [3]. In the followingn energy- Pmecn IN order to consider sub-systems for design paepib is
based error criterion well-fitted for eddy currenbdeling is convenient to introduce the electrical power ofdbenainQ:

obtained from a thermodynamic  derivation  of Pelec(Q):_§(E x H ) d?x 3)
electromagnetism. Associated with an adaptive meshi 0
strategy, some valuable results are carried oanhiinduction After some calculations, it follows:
machine case-study. Paec(@) = =[ (curlE +0,B) (H o x+ [ (curlH - J -0, D) [E d’
Q Q
[l. VARIATIONAL FORMULATION + IJ dE-023+VxB)d x+ PJ(Q)+di(Q)+ IV {3 xB)d®x @

Denoting, as a general rule in this paper, vamaio  coe dt co
parameters or functional thanksitalic fonts whereas roman ? ? )

. : S . - ExH|h-||H @b+ |E |V, 0)|d
ones specify their value at the minimum, the magghgtamic Z§ [ExH] I +I (v, ) | x

behavior of any electrical system is derived froime t yhereF is the Helmoltz' potential and the brackets [-hoke
functional, expressing the difference between teelmanical e giscontinuities occurring at the interfades O Q. At the

power received by the field from the actuatBrgcn and the  minimum of the functional (1), the Maxwell equatisat and

variations with time of the Gibbs’ free energy G.[4 Ohm’s law are checked so that;
ac . . » o d ; » the first three residual terms vanish in (4). Afseme
Precn™ ¢ = TN fot(eurH)d X+EI(BD‘| +DIE)d’x| (1) tedious calculations on the motion induced-intexfac
¢ discontinuities, the last two terms provide the
where the functional in the RHS exhibits: mechanical power in a form close to the Maxwekssr
« the magnetic fieldH related to free and displacement tensor:
currents according to the Maxwell-Ampere equation. _p _(0) =y § nv)DxB|v, d2x+zj JxB)IV, d* x
The quasi-static approximation enforcB=0 in i o
conductors; (5)
+ the Joule losseB; in conductors. This term is even to +., § [ B m)H + (D m)E] - {J'Bﬂb‘h +J.DU59} ]Wi d*x
respect losses with time inversionoc¢ is the b o
resistivity);  the contribution of2 to (1) reads:
+ the variation with time of the electromagnetic r _dG
coupling the field with the generator | andgthe m\%ye Poec (@) Paec (@) dt @) (©)

« the magneti®(h) and electrostatiD(€) behavior laws The Finite Element Method consists in building an

derived from thermostatic equilibrium of the Gibbs?Pproximation of (1) and (2) but with a finite nuembof
potential: degrees of freedom chosen on a mesh. Whereasatienaty

conditions expressed on (1) and (2) provide anapration



of the fields, the consistency of the solution withergy

conservation may be assessed through the locahtawviof TABLE |
the Poynting's equation' NUMBER OF ITERATIONS AND COMPUTATION TIME TO REACH ASIVEN

ACCURACY ON TORQUE VALUE AT SLIP VALUE OF0.6

dF
£(Q) = Puee (@)~ P, (Q) -~ (Q)+ Precn (@) () Torque accuracy Non-optimized mesh _ Optimized mesh
Strictly enforcing two relations among Maxwell-Antpeor <3% géfrat'ons gétserat'ons
Maxwell-Faraday equations and Ohm’s law, the ecriterion . 50 iterations > iterations
(7) highlights the elements where the third on#l-shecked. <1% 170s 35s
In the following, an iterative remeshing technig[® is
coupled with the criterion (7) and applied to amluation ] o o
machine (Fig. 1). A selection of the worst elemeinisthe o LN e .
sense of the criterion is refined at each iteratibor each o8 g NG e e
targeted element, a node is added, the elemenlitsasd o
neighbor elements are also split to ensure confgrofi the £ 04 ff N
mesh. A mesh optimization may be performed at titeaf the g 0 ] B
iteration to improve the aspect ratio of the me3ihe S B
performance of such process is tested to find test b 02 /7
compromise between accuracy and computation time. °01j |
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For time-harmonic magnetodynamic linear problems, &ig. 2. Torquess. slip characteristic using adaptive mesh withqiiroization
phasor-complex representation of the field is add;pt.e. Notice the convergence of the curve after 5 iteretifor any slip value.
d/dt—jw Denoting with” the complex representation, the
electrical power and the Helmoltz’ free energy onductors
read respectively:
PeedQ) = ~§(ExH |max ®)

0Q

E(Q):J'%,uﬁ H d°x 9) =)
Q ) = ~ RIS NEEEE P A
o : . Fig. 3. Mesh of Induction machine: mesh after rfitlent: without mesh
so that thf criterion (7) is as follow atiapted. _ optimization (left) and with optimization (right)
£(Q) =[RelPa(@)) - P () + Pren(@) + i(im(Poe)) - 2007 (@) (20)
IV. CONCLUSION

The developed criterion and mesh refinement styatdigws
to correctly evaluate the eddy currents in therrbtars of an
induction machine and the resulting magnetic torfitethis
stage, we have chosen to check the accuracy thraugh
suggestive value like the torque; in the full paptre
convergence will also assessed considering theutonl of
(6); other examples will also be shown. As a petpe
especially dedicated to open-boundary problemsthéuar
calculations of the electric field within the diefgéc region
can be developed, to derive fully energy-based tadap
meshing strategies within FEM

Fig. 1. Inductio machine:

initial mesh.
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