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Abstract — This paper deals with the modelling of a
lamination stack, crossed by a conducting buildindar, in the
presence of an inter-lamination short-circuit. Unde a time-
varying magnetic flux, an induced current loop flows through
both the building bar and the fault. To reduce comptational
times, a homogenization technique is used to modehe
lamination stack. Eddy current losses and total maggtic
energy values are compared for cases with and withb
homogenization for 50 Hz and 100 Hz.

. INTRODUCTION

Turbogenerator stators are subjected to interlaimima
short-circuits. The faults create eddy current ®aeyhich
cause local heating in the stator and have impacthe
magnetic flux distribution in the yoke. This maycdease
the performances of the machine and cause, in severe
cases, irreversible damages to the magnetic cirdiot
detect these faults and prevent the damages, amievgntal
method, the EL CID (ELectromagnetic Core Imperfacti
Detector) [1, 5] is used. It consists in excitimg tstator at
3% to 4% of its nominal magnetic flux. In the prese of a
short-circuit in the lamination stack, the magnéfiield
produced by the fault current is detected. Expegeshows
that faults are well detected especially when kedatear a
tooth surface. Therefore, the main objective of thork is
to provide a numerical tool that allows investiggtithe
faultcurrentn relationwiththecorrespondingL CID signal.

In that context, the numerical study of a turboegator
stator is not trivial as it presents dimension esalarying
from the micrometer (thickness of the insulatingnish
between laminations) to the meter (stator radilisjs is the
reason why an adapted numerical approach should be
applied, such as a homogenization technique. Is thi
communication, the work focuses on the modellingaof
lamination stack with a short-circuit.

Il. MAGNETODYNAMIC FORMULATIONS

The studied domain is denotdal with its conducting
part D. (non homogenized laminations, electrical fault and
building bar), non-conducting part,2and non-conducting
homogenized domaiB,, (homogenized laminations). In the
frequency domain magnetodynamics, Maxwell's equatio
and behaviour laws may be written,

curl E=-juB (@ culH=3,+J,, (b 1)
divB=0 @ div@.+J,,)=0 () (2
B=pon H (@ Jina=0E by 3

with E the electric field,H the magnetic field,B the
magnetic flux density]s the source inductor current density,
Jing the eddy current densityg the pulsationy; the relative
permeability, u, the air magnetic permeability ara the
electrical conductivity. On Fig. 1n is the outward unit
normal vector.
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Fig. 1. Studied domain
To ensure the uniqueness of the solution, the idtig
boundary conditions are applied on respectiVglandrl ,
BIn=0 onlg (@ Hxn=0 only (b) (4)
For the conducting domain, the following boundary
conditions are applied,
Jm=0onl; (@ Exn=0 onlg (b) (5
The conditions (5) may be applied simultaneouslywith
conditiong4), asshown in Fig. 1 (conditions in parentheses).

A. Magnetic formulation

In this formulation, an electric vector potenflahnd a
magnetic scalar potenti€l are introduced,
Jing =curl T (6)
H=H_+T-gradQ ©)
With Hg the magnetic source field related to the
inductor. Then, using relations 1(a) and 2(a), teak
formulation to be solved is obtained. In order npose a
magnetic flux, an equation is added to the sysfeis is
described by [2].

B. Electrical formulation

In this formulation, a magnetic vector potential, and
an electric scalar potentiah, are introduced. Thus, the
magnetic induction and the electric field can bétem,

B=curl A (8)
E=-jo A-gradg 9)

From the relations 1(b) and 2(b), the weak formafat
to be solved is deduced. To impose a magnetic fux,
supplementary source field is added to the dedinitbf E
andB [2, 3].
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I1l.  HOMOGENIZATION TECHNIQUE TABLE |
. EDDY CURRENT LOSSES IN THE ELECTRICAL FAULT
The fault current is supposed to flow through the - -

- . . . Reference | Homogenized Difference between
buno!lng par, electrical faylt and the Igmlnatlon§h|s values system values| homogenized and
configuration has been validated by preliminary etioal (W/kg) (W/kg) reference systems (%
calculations. Then, the homogenized region is caagof 50 Hz Ag 0.875 0.868 0.79
the three first sheets, counting from the symmeigne S0 Hz TO 0.865 0.853 1.39
(due to symmetry, only half of the system is moetl] the 100 Hz Ag 2737 2.740 0.10

L : ' . 100 Hz TQ 2.641 2.628 0.49
building bar and the electrical fault (see figurge Zhis
means that the homogenized region (laminations + TABLE Il
insulating varnish) has been replaced by a nonactirdy TOTAL MAGNETIC ENERGY _
volume with an equivalent complex magnetic permgbi Reference Homogenized Difference between homogenized

- - . Values (J)| Values (J) and reference systems (%)
[4, 5]. This one is written under the form, 50z Ao | 755607  6.58E-07 1283
~ 12p 50Hz1-Q | 7.75E-07| 6.71E-07 13.44
M= i onod (10) 100 Hz A | 1.03E-06] 9.76E-07 5.43
J ol 100 Hz +Q | 1.07E-06| _ L.02E-06 5.29

Moreover, the laminations are made of grain-oriénte TABLE I
st_eel which magnetic permeability has been obtaineh CURRENT IN ELECTRICAL FAULT
Single Sheet Test (SST) measurementg={5000 and -

-2000). Th lati bili . | 30 Reference Homogenized system
k=20 ). The relative Ppermeabiliyy, is equal to as with fault (A) with fault (A)
given in [7]. The magnetic permeability tensor $ed, 50 Hz A 0721 0667

50 HZz TQ 0.775 0.671

Holly O 0 100 Hz Ag 1.037 0.984

lel=| 0 myuy, O (11) 100 Hz TQ 1.048 0.986
0 O )urz/jo

Note that these values are extracted from thedipag
of the average behaviour law. In fact, the EL CéSttdoes
not saturate the material. A reference model, witho
homogenization (sheets and insulating layers ardeitex),
is used to validate the proposed numerical approach

IV. APPLICATION

The studied structure is composed of four ferroreign
sheets (0.35mm thick), with a building bar and kcteical
fault crossing through the lamination stack.

Building bar
(non-homogenized)

Electrical fault

non-homogenized
¢ g % Non-homogenized

sheet

Homogenized
sheets

Fig. 2. Modelled structure

Results of the reference and homogenized models, in
terms of eddy current losses in the fault (Tablan) total
magnetic energy in the system (Table Il), are caegbdor
both formulations at frequencies 50 and 100Hz. The
homogenized approach gives good results for they edd
current. In the case of the energy, results arepable.
This can be explained by a coarser mesh in thenktions
whereas the electrical fault and building bar, e/ tare the
regions of interest, have a fine mesh. One candaserve
that the current flowing through the electrical Ifa{Table
1) is in good agreement between both formulations

V. CONCLUSION

A lamination stack with an electrical fault andulthing
bar constituting a “yoke flux linkage” [6] has been
modelled. A homogenization technique has been used,
yielding a low error, especially in the electridalilt, which
is the interest region. These results show that ftossible
to model interlamination short-circuits despite the
differences between implicated dimensions.
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