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Abstract. The no load losses and the manufacturing cost of a typical strip-wound core can be 
reduced by constructing the wound core with a combination of average and high 
magnetization grade steel. The present paper introduces a two-dimensional finite element 
package intended to evaluate the two-grade lamination wound core iron loss. It is also used in 
conjunction with deterministic and stochastic optimization algorithms in order to compute 
specific design variables of the two-grade magnetic steel wound core that ensure the 
minimization of the no load losses and its manufacturing cost. 

 
1. Introduction 
 
The purchase decision for a typical wound core shell type distribution transformer depends not only on its 
bidding price but also on the present value (PV) of its future losses. The PV of the future no load losses 
constitute more than 60% of the PV of the transformer’s total future losses [1]. Furthermore every attempt to 
reduce the iron losses results in a significant increase of the transformer’s first cost as of the various materials 
required to manufacture a transformer, the magnetic steel comprises the largest investment [2]. As a result the 
design of a transformer requires the right balance between the first cost and the cost of future losses. 

By using wound cores constructed with a combination of average and high magnetization grade steel, the 
transformer manufacturer can effectively reduce the sum of first cost and the PV of future no load losses. 
However the prediction of the iron losses of a two-grade lamination wound core presents difficulties. Also 
specific design parameters of the two-grade lamination wound core must be defined and computed in order to 
minimize the manufacturing cost and the iron losses [3]. For that purpose a two-dimensional finite element 
(2D FEM) package is developed and is combined with a number of deterministic and stochastic optimization 
algorithms.   
 
 
2. Description of the optimization formulation and the 2D FEM package 
 
For a wound core of fixed dimensions Eu, F1, G and D, illustrated in Fig. 1, the design variables x1 and x2, 
depicted also in Fig. 1, that minimize the objective function f(x) given by (1) must be evaluated, 

( ) ( ) NLLSMSMHMHM APSMMCMCf ++= /x                                             (1) 
where CHM is the high magnetization steel cost ($/Kg), MHM is the mass of the high magnetization material, 
CSM is the standard magnetization steel cost ($/Kg), MSM is the mass of the standard magnetization material, 
SM is the sales margin and PNLL is the iron losses (W). The A factor ($/W) is defined as the PV of 1 W of no 
load loss over the life of the transformer. In that way the exact position of the high magnetization grade steel 
inside the core, ensuring the minimization of the manufacturing cost and the iron losses, is determined. 

The mass of the high and the standard magnetization material can be evaluated by simple analytical 
relationships. However this is not the case for the prediction of the two-grade lamination wound core iron 
losses. For that purpose a 2D FEM package has been developed. It is based on the computation of the 
magnetic vector potential A. The effect of grain orientation and iron laminations has been considered by 
taking into account the directional dependence of the B-H characteristics. The reluctivity v is assumed to have 
two components as described by (2), one along the rolling direction vt, and the other normal to the rolling 
direction vn, within each element. 
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A macroscopic representation of the nonlinear characteristics of the core materials by cubic splines and a 
Newton-Raphson iterative scheme has been adopted. Fig. 2 portrays the vector plot of the flux density 
magnitude distribution of a wound core constructed by a standard magnetization grade steel M4 and by a high 
magnetization grade steel M-OH both by Nippon. One half of the wound core geometry is modeled and 8110 
first order triangular elements and 4246 nodes constitute the mesh. The accuracy of the results obtained by the 
2D FEM package is verified by iron loss and local field measurements using search coils and a data 
acquisition card (DAQ) by National Instruments (NI) as illustrated in Fig. 3.  

  

  
Fig. 1. Geometry of the two-grade lamination wound core Fig. 2. Vector plot of the flux density magnitude of a two-

grade lamination wound core 
 

  
Fig. 3. Experimental setup Fig. 4. Variation of the objective function with respect to 

the SA iterations 
 

For the minimization of (1) a number of deterministic, like the Davidon-Fletcher-Powell (DFP) method 
and the Broydon-Fletcher-Goldfarb-Shanno (BFGS) method, and stochastic optimization algorithms, like the 
simulated annealing (SA) method, have been used. Fig. 4 depicts the variation of the objective function with 
respect to the SA iterations. 
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