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Abstract The paper presents a two-dimensional numerical model, based on the "nite element method, for the analysis of the electromagnetic "eld inside narrow ferromagnetic strips, including hysteresis behaviour. The e!ect of the ratio between width and thickness of the sheet is analysed for stated supply conditions and the results are compared with the ones provided by a one-dimensional model, previously developed by the authors.  2000 Elsevier Science B.V. All rights reserved. Keywords: Finite element method; Magnetic material modelling; Hysteresis



In these last years, several advanced models of magnetic material behaviour, including skin e!ect and hysteresis, have been proposed for the analysis of laminated structures under sinusoidal and distorted #ux excitations [1,2]. Most of them are devoted to the investigation of in"nite laminations, reducing the electromagnetic "eld analysis to the solution of a one-dimensional (1D) problem. These approaches are satisfactory when applied to the analysis of inductor or transformer cores. However, in rotating machines, the magnetic #ux is often forced to #ow through ferromagnetic narrow strips (teeth, bridges over closed slots, etc.); in these cases, the e!ects of the eddy current component along the lamination thickness are not negligible and the problem cannot be reduced to a 1D analysis. In order to deal with these problems, this paper presents a two-dimensional approach for the analysis of the electromagnetic "eld in a ferromagnetic strip, considering the 2D domain of the cross-section X (x, y-plane) and imposing a normal magnetic #ux (z-direction). This model well simulates the operating conditions in the teeth and in the bridges of electrical motors, where the magnetic-#ux density is mainly unidirectional.



* Corresponding author. Tel.: #39-011-3919776; fax: #39011-6509471. E-mail address: [email protected] (O. Bottauscio).



The problem is formulated introducing an electric vector potential T, such that curl T"J, normalised as T"(0, 0, ¹ (x, y)). Then, applying the "xed point (FP) X iterative technique for nonlinear solutions [3], the "eld equation, at the ith iteration step, becomes
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(1)  with Dirichlet homogeneous boundary conditions. In Eq. (1) p is the electric conductivity, S is the area of X, u is the imposed magnetic #ux, k and R are, respectively, the 2 X FP permeability and residual nonlinearity to be iteratively computed. The steady-state time periodic evolution is handled by solving problem (Eq. (1)) in the frequency domain. Thus, the "eld quantities, expanded in a Fourier series truncated to a suitable harmonic order, are expressed in terms of phasors. The distribution of electric vector potential is computed by the Finite Element method; then, for each node of the mesh, the value of the magnetic "eld at the ith iteration HG is evaluated by X u 1 1 HG"¹G# ! ¹G ds! RG\ ds (2) X X X X k S S k S 2  2 
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Fig. 1. Instantaneous path of the eddy currents (1 T, 400 Hz; ¸"2 mm, d"0.5 mm).



Fig. 3. Distribution of peak values of induction along the lamination thickness, for di!erent x positions and ratios ¸/d (1 T, 400 Hz, d"0.5 mm). Fig. 2. Distribution of induction along the lamination thickness, for di!erent x positions (1 T, 400 Hz; ¸"2 mm, d"0.5 mm).



and the residual term is updated, following the FP technique, as RG"m(HG)!k HG. X X 2 X



(3)



The hysteretic behaviour of the magnetic material, described by function m, is modelled by means of the dynamic Preisach model, including the mean-"eld e!ect (moving terms) through the procedure presented in Ref. [3]. It should be noted that the evaluation of the residual by the material model and the successive update of the "eld equations require, respectively, the use of an inverse and direct fast Fourier transform to handle the time}frequency conversion. The numerical procedure provides the distributions of the magnetic #ux density and of eddy currents in the



cross section of the strip. The instantaneous path of eddy currents induced in the considered strip is presented in Fig. 1. Joule losses (classical losses) are then deduced by the integral of oJ and static and excess losses are estimated from the area of local hysteresis cycles. The 2D model has been applied to the analysis of NO Fe}Si laminations and the results have been compared with the ones obtained by a 1D model for the analysis of in"nite laminations, previously developed by the authors [3]. The comparison has been carried out varying the ratio between the lamination thickness d and its width ¸, under di!erent imposed #ux conditions and supply frequency. The instantaneous distribution of the magnetic-#ux density along the lamination thickness (y-coordinate) varies moving along x-coordinate (Fig. 2), as expected, the skin e!ect is more evident in the central position (x"0). The #ux distribution is similar to the one obtained by the 1D model (in"nite lamination) in the central position, but the discrepancy increases on approaching the boundary of lamination, the end e!ect
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Fig. 4. Distribution of current density (rms values) along the lamination thickness, for di!erent ratios ¸/d (1 T, 400 Hz, d"0.5 mm).



becomes larger when increasing the frequency. The in#uence of the ratio ¸/d on the skin e!ect is illustrated in Fig. 3, where the distribution of the peak values of magnetic-#ux density versus y is reported for di!erent values of ¸/d, in the centre of the lamination (x"0) and at the boundary (x"0.45 L). It is evident that when increasing the ratio ¸/d the pro"les at the centre and at the boundary approach each other. The di!erent distribution of the magnetic-#ux density is coherent with the spatial distribution of eddy currents which depends on the ratio ¸/d, as shown in Fig. 4. The magnetic losses computed by the 2D model are always lower than the 1D ones. These di!erences, which increase with the frequency, are mainly evident in classical losses, while hysteresis#excess losses practically remain unchanged. This behaviour is evidenced in Fig. 5,



Fig. 5. Classical and hysteresis#excess losses versus ratio ¸/d (1 T, 400 Hz).



where the classical and hysteresis#excess losses versus the ratio ¸/d are compared with the 1D ones. The reduction of total losses is also con"rmed by the dynamic hysteresis cycles, which become narrow at the decreasing of the ratio ¸/d.



References [1] L.R. DupreH , R. Van Keer, J. Melkebeek, J. Phys. D 29 (1996) 855. [2] O. Bottauscio, M. Chiampi, C. Ragusa, M. Repetto, in: V. Kose, J. Sievert (Eds.), Studies in Applied Electromagnetics and Mechanics Series, Vol. 13, IOS Press, Amsterdam, 1998, p. 449. [3] L.R. DupreH , O. Bottauscio, M. Chiampi, M. Repetto, J. Melkebeek, IEEE Trans. Magn. 35 (1999) 4171.



























des documents recommandant







[image: alt]





BKS-S 80-G-PU-05 Connectors 

Mechanical data: Cable. Li9YH-11YH. Conductor cross section. 5 x 0,5mmÂ². Ambient temperature. -25...+80Â°C Â°C. Description. Connection cable, straight, 5 pin.










 


[image: alt]





Q uick S tart G uide - UserManual.wiki 

amplifiers) that produce heat. 8. Protect the .... numÃ©rique de classe B, conformÃ©ment aux spÃ©cifications de la partie 15 du rÃ¨glement de la FCC. Ces limites ont ...










 


[image: alt]





BES 516-123-G-S 4-H 

Short circuit protected yes. Degree of protection IP. IP68 per BWN Pr 20. Insulation class. 2. Protected against polarity reversal yes. Approval. CE wiring. Pinout.










 


[image: alt]





BES 516-327-G-S 4-C 

Electrical data: Connection connector. Rated operational voltage (Ue). 24 DC V. Load current capacity (Ie). 200 mA. Time delay before availability. 20 ms.










 


[image: alt]





Blanchet S., Helmus M.R., Brosse S. & Grenouillet G. 2014 

regional-scale characteristics that influence local commu- ..... characteristics might also influence the effect of limiting ..... similarity in a sand dune community.










 


[image: alt]





V G I A. S L N 

l'Académie nationale des sciences des États-Unis et du Conseil de ... Administrateur de FITLY, Start-up spécialisée en santé numérique. (États-Unis). Fondateur ...










 


[image: alt]





BES 516-360-G-S 4-H 

Electrical data: Connection connector. Rated operational voltage (Ue). 24 DC V. Load current capacity (Ie). 200 mA. Time delay before availability. 10 ms.










 


[image: alt]





Joey's CHRISTMAS G g G 

he'd bought for himself with the preacher's love offering. The cocksucker's money came ... They sought a king whose birth had been foretold by the prophets and ...










 


[image: alt]





MS604114CEF(G) MS604114CUF(G) MS634114CEF(G) MS853113 

Installation Manual. Manual de Instrucciones .... ments are needed. .... ate adjustment, at TOTO's option, of the Product or parts found to be defective in ..... Le seul moyen de l'installation de ces toilettes dans une situation de back-to-back, c'e










 


[image: alt]





MS604114CEF(G) MS604114CUF(G) MS634114CEF(G) MS853113 

The mission of TOTO is to provide the world with healthy, hygienic and more comfortable lifestyles. ..... 10) Tighten the screws, applying light torque on each ...










 


[image: alt]





MS614114CEF(G) MS614114CUF(G) MS624214CEF(G 

Les obligations de TOTO selon les termes de cette garantie sont limitÃ©es Ã  la rÃ©paration, rem- placement ou autre ajustement en consÃ©quent, au choix de TOTO, ...










 


[image: alt]





MS604114CEF(G) MS604114CUF(G) MS634114CEF(G) MS853113 

Flush the toilet several times making sure the trip lever operates normally. ... purchased and installed in North, Central and South America. 2. TOTO's obligations ...










 


[image: alt]





MS614114CEF(G) MS614114CUF(G) MS624214CEF(G 

IMPORTANT! Due to the powerful performance of our Cyclone, G-Max, E-Max and Power Gravity .... 8) Align and place the flush tower into hous- ing and gently ...










 


[image: alt]





G 

http://192.168.0.123/cgi-bin/admin/getparam.cgi?network_ipaddress. Response: HTTP/1.0 200 OK\r\n. Content-Type: text/html\r\n. Context-Length: 33\r\n. \r\n.










 


[image: alt]





g 

g 3,02 712 Âº Â· |/1/C : Âº `Âº : c| 226 mÂ° : *}. C) LW . r 80 kf30 : 2150 Âº. (o) . SDB l FRIGC) 65 13 () (o) |- : 343 mÂº. A206. L'Ã©loge du. PARMELAN. Date : Signature :.










 


[image: alt]





g 

GÃ©omÃ¨tre-Expert et associÃ©s Cadastre : AA 157. 34, Boulevard Voltaire. 01000 BOURG EN BRESSE. TEL. 04.74.21.34 .68 seo:Ã‹s-g:ssrs FAX 04.74.32.6064.










 


[image: alt]





G G L. E L 

dont il est devenu PrÃ©sident-Directeur GÃ©nÃ©ral en 1994. Suiza. Foods Corporation, dÃ©nommÃ©e plus tard Dean Foods Company, a Ã©tÃ© crÃ©Ã©e dans le but de ...










 


[image: alt]





Niboyet, A., G. Bardoux, S. Barot, and J. M. G. Bloor. 2017. Elevated 

ance with soil moisture as a covariable; treatment effects ... composition treatments (+21% on average, F1,5 = 7.63, p = 0.04). Moreover, soil moisture content ...










 


[image: alt]





corporate strategies under international terrorism suder g g s dbid 272mxu 












 


[image: alt]





S. Gdoura1, D. Lesselier1, PC Chaumet2 and G ... - Souhir GDOURA 

is fed by a current In when operated in transmission mode). ... The polarization tensor of a body at finite non-zero distance from the interface ..... and H. Kang, Reconstruction of a small inclusion in a two-dimensional open waveguide, SIAM J.










 


[image: alt]





S:\Plans de signalisation\2017\S17-4521 - TERREBONNE - EXC. G ... 

G.ALLARD. N0. CONTRAT: S17-4521. DESSINÃ‰: WÃ‰RIFIÃ‰: C.B.LOvoie PAudet. APPROUVÃ‰: Ã‰CHELIE: Aucune "2017/06/21. PLANCHE DE SIGNALISATION.










 


[image: alt]





drifter s revenge libro inglese owen g irons dbid 4yi6v 












 


[image: alt]





giotto dans la chapelle scrovegni by s poletti g pdf 

Read and Save Ebook giotto dans la chapelle scrovegni by s poletti g as PDF for free at Online Ebook Library. Get giotto dans la chapelle scrovegni by s poletti ...










 


[image: alt]





e .g .b=8f or DE S - Brice Canvel 

the server and get the ans w er w hich is either an error or an ac k no w ledg m ent . W e m odeli z e this as an oracle C . W hen the ans w er is a padding error m ...










 














×
Report S Â¹G





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



