
Abstract—As a follow-up to our previous efforts to take into 
account the effects of steel lamination core losses on 3D transient 
magnetic fields, a new algorithm is proposed to eliminate possible 
convergence problem and improve computation efficiency when 
strong eddy loss component is involved. 

Index Terms—Magnetic losses, transient analysis, eddy current 

I. INTRODUCTION 

The steel lamination core loss with sinusoidal excitation is 
commonly computed based on loss separation, which breaks 
the total core losses into static hysteresis loss, classical eddy 
current loss, and excess loss in the frequency domain [1]. In 
order to apply the method to the time domain, an equivalent 
elliptical loop (EEL) method was presented to model the 
hysteresis loop [2], and therefore, the instantaneous core losses 
at each time step can be predicted in the transient FEA. 
However, the instantaneous core loss presented in [2] is 
derived as a “post process”, that is, it did not consider the 
feedback of the core losses on the transient magnetic fields. To 
this end, an attempt was made in [3] to consider the effects of 
core losses through introducing an additional H component 
which is derived from the instantaneous static hysteresis loss, 
classical eddy current loss and excess loss in an iterative 
manner.  Excellent results are achieved. However, it is shown 
from some applications that if the component of classical eddy 
current loss is very strong, the solution may become diverged. 

The possible divergence is caused by the fact that the 
derived eddy current loss component is very sensitive to any 
numerical error due to its proportional to the square of (dB/dt) 
where B is just a guess of the true value during the iteration. 
When such a component is used as an additional source 
component in the right hand side, the error will propagate and 
accumulate with time, which is very much prone to unstable 
behavior during an iterative process. To this end, in this paper, 
a new algorithm is proposed to incorporate the feedback of 
classical eddy current loss component directly into magnetic 
field equations through introducing an equivalent permeability. 
As a result, the iterative process for considering eddy-current 
loss effects is completely eliminated, and both stability and 
computation efficiency are significantly improved. 

II.  BASICS OF CORE LOSS FEEDBACK ON MAGNETIC FIELDS 

For the sake of conciseness but without loss of generality, 
we take 3D T-Ω formulation as illustration example in the 
following discussion. When the effects of lamination core loss 
on fields are taken into account, according to [3] we have 
                     Ω∇++=+= THHHH spre

      (1) 

where 

                     µν /BBHHH ==−= pre  (2) 

is the reversible component of the magnetic field associated 
with normal B-H curve without hysteresis loop and Hs is the 
source field component produced by either known current or 
unknown current associated with the voltage excitation or 
connected with external circuit; on the other hand, 

                         
pepcphp HHHH ++=  (3) 

is an additional irreversible field component which is 
introduced to consider the effects of the total core loss on H 
field. Here Hph, Hpc and Hpe are associated with individual 
effect of static hysteresis loss, classical eddy-current loss and 
excess loss, respectively. 

According to Maxwell equations, we have [4] 
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Unlike the source component Hs that is either known or solved 
together with voltage and/or circuit equations, the handling of 
additional component Hp is not so straightforward since the 
determination of Hp is solely dependent on field solution B 
which is available only after solving. For the completeness, let 
us have a brief overview of the algorithm developed in [3].  

The basic concept for deriving the contribution from each 
core loss component to Hp field is to factor individual core 
loss expression in the form of tBk ∂∂⋅ . In such a way, k  is 

just the individual component of Hp, which can be derived as 
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In (6), each coordinate component is computed separately. 
Since all Hph, Hpc and Hpe depend on field solution B which is 
not available until it has been solved. Thus, an iteration 
process has to be involved: 

1. Using the value of the additional source component H )( 0t
p  

at the last time step 
0t as the initial guess of H )( 1

)0(

t
p

 for the 

current time step 1t , solve the non-linear system 
equations of (4) based on Newton-Raphson method; 

2. Linearize all non-linear materials by freezing the 
permeability at each element; 

3. Solve the frozen linearized system equation of (4) based 
on the updated H )( 1

)(

t
p k

at the right hand side; 
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4. Compute B from the solution of the above step 3 and 
further re-update H )( 1

)(

t
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 based on (10), (12) and (14); 

5. If the error between H )( 1
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t
p k

 and H )( 1

)1(

t
p k−

is acceptable, go to 

the next time step; otherwise, go back to step 3. 

This iterative procedure works for most cases. However, it is 
found that for some applications with very strong classical 
eddy current loss component, the solution becomes hard to 
converge, even leads to divergence. 

III.  NEW ALGORITHM TO ALLOW STRONG EDDY-CURRENT LOSS 

COMPONENT 

Let us assume the flux density B at the last time step is 
)( 0tB . From (5), after time discretization, the equivalent 

additional field component Hpc due to eddy-current loss at 
time t can be expressed as 
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From (2), (3) and (8), we have 
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With the introduction of the equivalent permeability 
                              ,µµµ keq =  (13) 

and the replacement of H p by pH′ ,  Eq (4)  becomes  
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After (14) has been solved, H and B can be further obtained by 
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The similar iterative procedure described in the previous 
section can be applied to consider the feedback of other two 
components: hysteresis loss component by Hph and the excess 
loss component by Hpe. However, the feedback from the eddy 
current loss component has been directly incorporated into 
original field equations without involving an iteration process 
based on equivalent permeabilityeqµ and

0pcH which are known 

and constant during the iteration process. Therefore, this new 
algorithm is much more stable and efficient with less iteration. 

IV.  NUMERICAL VALIDATION  

The proposed approach can be validated by the power-
balance testing method, that is, the input power increase 
between with and without considering core-loss effects should 

equal the total core loss. The validation example is a 500W, 4-
pole adjustable-speed synchronous motor (ASSM). According 
to the periodic condition, only one pole is required as shown in 
Fig. 1. Due to its strong eddy-current loss component 
(kc=3.12), the iterative approach used in [3] failed to converge. 
But the new approach works without any problem as expected. 
At no-load operation without considering core loss effects, the 
developed torque has only the cogging torque component. 
When core loss effects are taken into account, there exists an 
additional torque component due to the impact of core losses. 
Fig.2 shows this additional torque component derived by 
subtracting the torque waveform without considering core loss 
effects from that with core loss effects, where negative value 
means that the additional torque component is in the opposite 
direction of the speed. The resultant (mechanical) input power 
increase (the rotor speed multiplied by the additional torque 
component) matches well with the core loss as shown in Fig. 3.  

 
Fig. 1 500 W, 4-pole ASSM motor (kh=160.1, kc=3.12, ke=2.54) 

 
Fig. 2 Torque increase due to core loss effects at no-load and 1500 rpm  

 
Fig. 3 Mechanical input power increase due to considering core loss effects  
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