
 

 

Résumé - Magnétostriction dans le fer magnétique des machines 
électriques cause une déformation du stateur et une radiation de 
bruit. Si on connaît le caractéristique du matériel λλλλ(B) 
(élongation magnétostrictive en fonction de densité de flux), la 
distribution de la contrainte peut être représentée par une 
distribution équivalente de forces, en employant la matrice de 
rigidité du stateur. Ainsi les forces magnétostrictives, les forces de 
réluctance et d'autres forces externes peuvent être sommées pour 
obtenir la déformation totale du stateur. Cette méthode est 
démontrée en calculant les forces magnétostrictives dans le 
stateur d'un moteur d'induction de 45 kW. 
 
Abstract - Magnetostriction of the stator iron yoke causes stator 
deformation leading to vibrations and noise. When the material 
behaviour λλλλ(B) is known (magnetostrictive strain as a function of 
flux density), the strain distribution can be represented by an 
equivalent force distribution using the mechanical stiffness matrix 
of the stator. This way, magnetostriction, reluctance and other 
external forces can be summed to obtain the total stator 
deformation. As an example, the magnetostriction forces in the 
stator of a 45kW induction machine are computed. 
 

I. INTRODUCTION: MAGNETOSTRICTION 
 

 The deformation caused by magnetostriction (MS) can 
contribute significantly to the vibrations and noise of electric 
machinery. The incorporation of the magnetostrictive effect 
in the (numerical) design process is usually impaired because 
detailed data on the material behaviour are hard to obtain. 
Versatile experimental methods to obtain all needed technical 
data on MS effects, permeability, losses, etc. are reviewed 
in [1]. Once the MS behaviour of the material has been 
determined, it has to be incorporated in the magnetic and 
mechanical finite element analysis. Here it is illustrated how 
to take the magnetostrictive strain into account using a simple 
cascade procedure. The λ(B) characteristic is assumed to be 
known, i.e. magnetostrictive strain λ as a function of 
magnetic flux density B. 

 
II. COUPLED MAGNETO-MECHANICAL ANALYSIS 

 
 The coupling between the magnetic finite element (FE) 
model and the mechanical FE model is usually effected using 
a weak coupling, because the stator deformation occurring is 
very small (about 10 micron). In a cascade approach, first the 
magnetic problem is solved. The reluctance forces and 
magnetostrictive strain acting on the stator are found by post-
processing the magnetic solution. By magnetisation forces we 
indicate the set of forces that induces the same strain in the 
material as the magnetostriction effect does. This approach is 
similar to the use of "thermal stresses" due to heating [2]. 

 When all relevant forces have been determined, the 
mechanical problem is solved, giving the static stator defor-
mation, a time-harmonic vibration [3] or the full vibration 
spectrum [4]. 

III. MAGNETOSTRICTION FORCES 

 The finite element method is used to solve for the 
magnetic field inside the induction machine (Fig.1), giving 
the flux density vector B for every element. Then, element by 
element, the following steps are taken to obtain MS forces: 

 
Fig.1: Quarter model of induction machine: flux pattern at time t=0s for 

rotor position α=0º. 

1. The strain λe in the element is determined using the flux 
density B in the element. Fig.2 shows a typical 
magnetostrictive strain versus flux density material 
characteristic λ(B) for yoke material for a tensile stress of 
1 N/mm2. 

Fig.2: Typical magnetostrictive material characteristic: 
strain versus flux density λ(B) for 3% Si Fe, non-oriented (tensile stress 

1 N/mm2). 
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 The strain λ given in Fig.2 is the strain in the direction of 
the flux density vector B. The strain in the perpendicular 
direction is λt = –λ/2 [5]. This is equivalent to a 
magnetostrictive 'Poisson modulus' of 0.5, which is bigger 
than the mechanical Poisson modulus of 0.3. Therefore, when 
the MS deformation is represented by a set of mechanical 
forces in the direction of the vector B, there always is a set of 
forces perpendicular to B to correct this difference in Poisson 
modulus (Fig.3). 
 
 
 
 
 

 
 
 

Fig.3: Set of forces (right) representing the strain caused by magnetostriction 
due to the magnetic field B (left), consists of a set parallel and a set 

perpendicular to the flux vector. 
 
2. The strains λe and λe

t are converted into three nodal 
displacements (ax,i , ay,i), i=1,2,3, while considering the 
element midpoint (xe

m,ye
m) as fixed: 
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with (xi,yi) the co-ordinate of node i. The strains λe and λe
t 

have to be applied in a local set of axis, so that the vector B 
coincides with the local x-axis. The three sets of (ax,i ,ay,i) are 
then transformed back into the element's MS displacement 
ae

ms in the global xy-axis. 
3. For static problems, the mechanical element stiffness 
matrix Ke is constructed and multiplied with the MS 
displacement ae

ms , yielding the magnetostriction forces 
Fe

ms = Ke ae
ms on the three element nodes. For vibration 

problems with fixed angular frequency ω (time-harmonic), 
also the mass matrix Me is constructed and the equivalent MS 
forces are found using Fe

ms=(–ω2Me+Ke)ae
ms (damping is 

neglected). 
 This three-step procedure is performed element by 
element; it cannot be done for the whole mesh at once, 
because the displacements ae

ms due to the different elements 
surrounding a node, cannot be summed. The resulting nodal 
forces Fe

ms however, can be added. As a result, the 
distribution of magnetostriction forces Fms is obtained. 
 Fig.4 shows the (static) Fms distribution in the yoke of the 
induction motor, for the magnetic field shown in Fig.1. The 
yoke wants to increase its circumference. The perpendicular 
forces on the outer stator surface are pointing inwards and the 
perpendicular forces at the slot ends are pointing outwards in 
order to help the circumference increase. The forces at the tip 
of the teeth are inaccurate due to the large local field values 
(discretization error). 
 The MS forces can now be added to any external or 
reluctance forces to give the total force distribution acting on 

the stator, which can be readily used for deformation or 
vibration calculation. 

 
Fig.4: Nodal force distribution caused by magnetostriction in the 3% Si Fe 

iron yoke of the induction machine stator. 

IV. CONCLUSION 

 The magnetostrictive strains are represented by a set of 
forces that induce mechanical strains and deformation of the 
same size as those caused by magnetostriction. Using the 
finite element method, the magnetostriction forces are 
obtained as a nodal force distribution on the finite element 
mesh. These forces can be used for further deformation or 
vibration analysis. 
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