N

N

3D computation and analysis of magnetic field in the
end-region of turbo-generators
Gilles Vogt, Raphael Romary, Guillaume Parent, Valentin Costan

» To cite this version:

Gilles Vogt, Raphael Romary, Guillaume Parent, Valentin Costan. 3D computation and analysis of
magnetic field in the end-region of turbo-generators. The Fifteenth Biennial IEEE Conference on
Electromagnetic Field Computation (CEFC 2012), Nov 2012, Oita, Japan. hal-04260641

HAL Id: hal-04260641
https://hal.science/hal-04260641
Submitted on 26 Oct 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04260641
https://hal.archives-ouvertes.fr

11(a)

3-D computation and analysis of magnetic field in the end-region of turbo-
generators

G. Vogt'?® R. Romary*®, G. Parent”*® and V. Costan®
YElectricité de France (EDF) R&D, 92141 Clamart, France
2Univ. Lille Nord de France, F-59000 Lille, France
3UArtois, LSEE, F-62400 Béthune, France
vogtgilles@gmail.com

Abstract— This paper presents a 3D finite element model of
the end region of a large turbo-generator. The analysis focuses on
the axial magnetic field distribution, and its sources. This axial
component may cause severe deterioration of the stator core
(insulation breakdown, overheating).

I. INTRODUCTION

The edge effects in the large turbo-generators end-region
induce high electrical, thermal and vibratory stresses that
cause aging and deterioration of the stator core. In particular,
the magnetic field includes an axial component that incomes
transversely to front part laminations. It causes in-plane eddy
currents, inter-lamination  voltages, additional losses,
overheating and hot points. The analysis of the field in this
region aims at analyzing the behavior of the field with regard
to the operating conditions, and then preventing deterioration.

The behavior of magnetic field in the end-regions is
complex and 3-dimensionnal [1]: the axial component of the
magnetic field comes mainly from the air-gap fringing across
the core end and from the stator and rotor end-winding
currents [2]. Moreover, the geometry of the stator end region
is very complex (Fig. 1) and meshing laminated materials (and
skin effect) raises well-known problems.

Fig. 1. Finite element model of the 125 MW turbo-generator end-region.

Il. FINITE ELEMENT MODEL

The Finite Elements method simulations are run with
code Carmel3D which is based on Whitney’s elements and is
developed by the LAMEL (common laboratory between EDF
R&D and L2EP).

The end region of an actual 125 MW turbo-generator has
been fully modeled and meshed, including:

« the steps of the stator core and the wedge notches (the
tooth slits are neglected)

* partially: the stator segments with regard to their
lamination direction, the butt-joins between segments and the
staggering between layers

« the actual stator and rotor end-windings geometry

« the press fingers, cooling ducts, frames.

This led to a heavy mesh, with 60 stator inductors and 16
rotor inductors. The simulations are linear, and the laminated
core is taken into account using anisotropic (homogenized)
domains: the permeabilities are function of the three
directions. Rough typical values are py,mw=30,000 in the
lamination direction, p,j.m =3,000 perpendicular to the
lamination direction and py..s = 30 transverse to the sheets.
The transverse conductivity is arbitrary chosen so that 6yans<<c
(e.g. oyans = 100 S/m), the actual value does not have a major
impact.
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Fig. 2. H field map in the end-region of the ubo-generator (cf. figure 1).

Il. RESULTS

In Fig. 2, the magnetic excitation H is shown on a cut
plane (with imposed currents through the stator bars only, and
fixed rotor), the incoming transverse field may be observed
upon the end laminations.

In the full version, its distribution in the whole end-region,
including the penetration in the first laminations, will be
analyzed carefully. Notably, some teeth carry higher magnetic
flux (over one period) than others. The relative influence of
each source of axial component (end windings, air fringing)
will be evaluated.
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