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Abstract —Mass production processes are generally sources of other dimensions of the stator are deterministit are equal
variability on the geometry of the product. A probabilistic  to their nominal value. We perform measurements 5on
approach is one way to take into account this varlglity and to  stators. The interior surface of the stator is did into 30
communication, we apply this approach to study theffect of the  5ition of 36 points corresponding to 36 teethdetrmined
\éfgﬁﬁggfrﬂgcmsns'm of the stator on the perbrmances of an by measurement (Fig. 2). We obtain then 30x36 =1080
' coordinates. According to these coordinates, wededime the
center axe (represented by the point O in Fig.nt)) then the

. INTRODUCTION 1080 radii corresponding to the 1080 points.

In the field of electrical machine modeling, nuncati
approaches are more and more widely used. With the
performance increasing of the computational toiblss now
possible to simulate, in a reasonable time, elewgnetic
devices with a complex geometry and with more aratem
realistic material behavior law. In these models input
parameters, the geometry (dimensions...), the clersiits
of materials (permeabilities...) and the sources réaur
densities...), are assumed to be perfectly knowmréctice,
the values of the input parameters are not gewperadll
known and are often tainted by uncertainties. Bamgple,
dimensions are subject to deviations and are giyegraen in
a tolerance interval. These uncertainties on tpetidata lead
to uncertainties on the outputs of the numericati@hoSince
the numerical models are more and more accuragseth
uncertainties on the outputs are sometimes monafisignt
than the modeling errors and numerical errors amolld
therefore be taken into account. To model and tpagate
uncertainties on the input data, stochastic apprazm be

_ Fig. 2. M_asure_zmen. ) _ _

used which is currently presented in numerous studrhis The histogram of the radius is presented in the Eifpr
approach consists in modeling the uncertain inpotsoutputs  the 5 stators. The vertical purple lines represeettolerance
by random variables or fields [1, 2]. This approaehuires interval. One can notice that some values are éocautside

the characterization and the modeling of the indata as the tolerance interval.

random variables and then the numerical solutioe th 120,

stochastic model. In the computational electromtgsdield, 100k _:::g gg
numerous studies address the second step [3, 4jfehut — stator S2
address both steps at the same time. 80 stator S7

In this paper, we propose to study the influencethef 60t —stator S20
uncertainties bore by the dimensions of the statorthe 20
performances of a synchronous machine. In the g, we
present the model chosen to describe the unceesinbre by 208 May/ \
the dimensions. Then, we quantify the effect of séhe 8 o a0 a9 195 avss 49‘.54/ 1956 49.58
uncertainties on the torque at no load of the stedtmachine.  (mm)

The electrical machine is modeled using the FiEtement
Method and an approximation based on a polynomntiabs
expansion is used to quantify the uncertaintiethertorque.

Fig. 3. Histogram of the radius

I1l. PROBABILISTIC MODELING

II. DESCRIPTION OF THE STATOR One can notice that the interior surface of théostean be
a priori represented by 1080 radius. A stochastic model of
1080 random variables can be used to model thahibity of
the interior surface of the stator. However, a nhedéh such
number of input random variables can lead to aressive

We are interested in a stator of an electrical rim&ch
presented in the Fig. 1. We will focus our study e
uncertainties of the radius of the 36 teeth. Weimssthat the



numerical cost while applying an uncertainties pggtion the PCE are determined using a projection techniqgtiest,
method. Furthermore, the 1080 random variables loan we have studied the effect of each harmonic indeethy
strongly correlated. A reduced model could be theassuming that the other harmonics are constant éguhbeir
interesting. mean value. The mean value and the standard eviatthe

To establish such reduced model, principal compbneRMS value of the torque are reported in Table BtFive can
analysis (PCA) can be used [5]. This method cossist notice that the contribution of each harmonic te tariability
representing the 1080 random variables by N mutualbf the RMS value of the torque is very small anssi¢han
uncorrelated random variables with N < 1080. Howedele 1.2%. Even though, the variabilities of the harmnesndf the

to its unphysical nature, the reduced model obthimg this

method can give results that can be difficult tteipret. In
fact, the new random parameters can not be linkaglg to

the geometry anymore. In [6], we have propose@poesent
the deformation of the stator using a discrete rieou
transformation. After an analysis based on the oreasent
on the 5 stators, the main harmonic of the defammatf the

stator has been determined. Finally, the modelinedato

describe the interior surface of the stator is temitunder the
form:

1(0) = R+, (6) +r, (0)cog 22 40, (o)

141 cos[ }+16 cos[Gzil +<1)GJ }

with r;(6) the radius of the tooth i related to thdayer, R the
nominal value of radiusyg(8),15(6), ¢2(6), T4(6), ¢4(6),
T6j(6) and ¢(8) the random variables related to the most
significant harmonic (2, 4 and 6). In our case, tkenber of
realizations oft;(8) is very small and equal to 5. To model
them, we assume that the random variables are émdient
and gaussian. The mean value and the standardideviave
been estimated from the available measurementfalite 1,

1
2 1)

deformation of the stator are of the same order,camr see
also the harmonic 0 has the most significant effddte
variability induced by the harmonics 2, 4 and 6 ahlmost
negligible due to an auto compensation effect & tbrce
distribution inside the machine.

A sensitivity analysis has been undertaken by tatitg the
Sobol indices [7]. It confirms that the most infltevariable is
the random parameteg(6). The contribution of the magnitude
7(0), 1(0), 75(0) represents less than one per cent. The
contribution of the phase is almost negligible adlvas the
joint effect of the input parameters.

Globally, this study illustrate that even though mave radius
values outside the tolerance interval,
torque is almost negligible.
radius of each tooth were equal to the minimum el
maximum values of the tolerance
scenario),
stimated equal to 5%. Thus, stochastic approacid doe
required instead of worst case scenario methodafonore
precise modeling.

the infleeron the
If we had considethdt the

interval (worst ecas
the variability of the torque would habeen

we have reported the mean and the standard devifiche

layer j =15. We can see that the modes 0, 2, 46anave the

same order of variability.

TABLE |

MEAN VALUE AND STANDATRAIE II_DEE%/IATION OF RMS VALUE OF
THE TORQUE
Mode 1) n Iy Ts
Std (N.m) 560.180 | 9.22.1¢° | 0.95.10F | 2.53.1C
Mean value (N.m) 0.4047 0.4047| 0.4046 0.4046

MEAN VALUE AND STANDARD DEVIATION OF RANDOM
VARIABLES 1 ASSOCIATED TO THE LAYER 15

Mode To To Ty Tg

Mean (1m) 1.9: 5.1€ 1,71 3.7¢ (1]

Std um) 3.86 3.93 1.18 1.59 2
[3]

IV. IMPACT ON THE MACHINE PERFORMANCS

We consider now a 2D synchronous machine with a
wounded rotor supplied by a current I. We want valeate [4]
the effect on the torque at no load (cogging toyqufethe
uncertainties on the tooth radii of the stator nlede [5]
previously. We assume that geometric uncertairgiesbore
only by 7 random variableg(0), 1o(0), T4(0), T6(0), ©.(0), 6
04(0), ©s(0) characterized previously. The other dimensions
are considered deterministic. The machine is reptes using
a Finite Element Model. The uncertainties on thengetry are
taken into account using a transformation Methol [8
Polynomial Chaos Expansion (PCE) is used to appraté
the random RMS value of the torque [1]. The codffits of
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