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Abstract- In this paper an ab-initio calculation that allows to 
describe the main features of permalloys is presented. The 
calculation is based on Korringa-Kohn-Rostoker electronic 
structure method. The dependence of the magnetocrystdhe 
anisotropy and of thc magnctostriction on thc concentration of 
non magnetic addiction is computed. 

I INTRODUCTION 

Fig.1 The magnetic anisotropy energy ([001]-[Ill], the easy axis is 
[I 111) in rnev vs c k  (c/a is the tetragod variation) in two different 
composition of permalloy 

The use of very soft material in electrical machines permits to 
enhance the efficiency of the machines. The prediction of the 
properties of the used materials is extremely useful in order to 
optimize the design of the machine. In this paper an ab-initio 
calculation of' the properties of permalloys is presented. 
Pemalloys are among the softest materials used in electrical From fig. 1 it can be seen how the sofiest alloy, that 
machine. The calculation is based on the Kohga-Kohn- corresponds to the lowest MAE, is N & ~ F ~ ~ .  However, it must 
Rostoker electronic structure method. The parameters, that are be said that the experimental MAE is higher than the computed 
calculated, are the magnetocrystalline anisotropy and the one. 
magnetostriction. Their dependence on the concentration of the 
non magnetic addiction of the alloy is computed. 

11. MAGNETOSTRICTION AND MAGNETIC ANISOTROPY OF 
METALS AND ALLOYS 

o . ~  o.# 83 0.99 0,885 

The softness of a magnetic material is caused by a low 
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value of both the magnetic anisotropy constant md the 
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magnetostriction coefficient. The softest among permalloys is 
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Nisfiem, moreover it has been shown that the addiction of 
small amount of non magnetic clcmcnts in this alloy can result Fk.2 The magnetic anisotropy energ~([001]-[1111, the easy axis is 11) in 

in an improvcmcnt of softness. In this papcr thc Magnctic rnev vs cla when a small quantity of Cu is added. 

Anisotropy Energy (MAE) and the magnetostriction is 
calculated and it is shown that this calculation can explain the 
two facts above said. 

Magnetic ailisotropy energy cai  be coinputed as follows; 

where E ' ~  and E~~ are the Fermi energies when the system 
is magnetized along the direction el and et and G, are the 
electronic densities of states. In order to calculate the density 
of states the algorithm proposed in [l] has been followed. The 
magnetostriction constant is the change of length of the 
elementary cell when an external field is applied and can be 
computed from the rate of change of MAE. 

The magnetic anisotropy energy and the magnetostriction 
constant have been computed in the case of n Nisfiem and in 
thc casc of Ni75FE25. Thc rcsults arc shown in fig. 1 . 

From fig.2, it can be seen how the addiction of a small 
quantity of Cu can reduce the magnetic anisotropy energy and 
therefore enhances the softness of the material. 

Korringa-Kohn-Rostoker electronics structure method has been 
used for the calculation of magnetic anisotropy energy and the 
magnetostriction coefficient. It has allowed to qualitatively 
describe the enhancement of softness of the Nidezo alloy 
when a small quantity of Cu (0.05%) is added. 
It is under investigation the application of the method in order 
to reach a quantitative description of the magnetic properties of 
the material used in electric machines. 
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