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The operating conditions such as frequency of excitation, stress and temperature in electrical machines severely affect the magnetic
behavior of ferromagnetic cores which translates into increase in iron losses. Physics-based hysteresis models such as the Jiles-Atherton
(JA) model can incorporate the effects of operating conditions on iron losses. In addition to this, these models can be embedded in finite
element simulations. In this work, we have implemented JA model to predict iron losses and the effect of frequency of excitation waveform
and compressive stress on JA model parameters has been investigated. A simple approach is proposed to predict iron losses for any value
of frequency and compressive stress using original JA model equation. This approach not only reduces the computational complexity of
the problem but also reduces the amount of material information required.
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|. INTRODUCTION

FERROMAGNETIC MATERIALS in modern electrical machines
are subjected to compressive stress during manufacturing of
machine cores, and high frequency excitations and high
temperatures during operation. These factors contribute to iron
losses and should be considered in computer-aided machine
design. Physics-based models such as Jiles-Atherton (JA)
model [1] are the promising candidates to incorporate the above
mentioned factors. In this work, we have investigated the effect
of frequency and compressive stress on the JA model
parameters and this investigation leads to the reduction of
computational complexity and the required material
information. This work can be useful for predicting iron losses
of ferromagnetic materials subjected to any value of frequency
and static stress.

Il. THE JILES-ATHERTON MODEL

The JA model is one of the most popular physics-based iron
loss models and it explains the hysteresis loss mechanism with
the help of domain wall motion. The two modes of domain wall
transitions (both its bending and translational motions) result in
a reversible and an irreversible component of magnetization,
respectively. The total magnetization inside a material is
computed using a differential equation (Eq. (1)).
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Where, Man(Ms, @) is the anhysteretic magnetization that is
computed using Langevin’s polynomial [1], Ms, &, a, k and ¢
are the JA model parameters. The details of these parameters
and the differential equation are given in detail in [1]. Eq. (1) is
an iterative equation and is simple to implement. It offers com-
putational and memory complexity of O(1) [2]. The model de-
scribed by Eq. (1) is a frequency independent model. A dy-
namic version of this model was proposed in [3] by adding the
eddy current and excess loss terms [4] to Eq. (1) to incorporate
the frequency dependency. The resulting dynamic JA model is

given in Eqg. (2). It can be seen that Eq. (2) is a nonlinear func-
tion of dM/dH thus, is expensive to solve.
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Jiles proposed a stress dependent model [5] by introducing an
additional term Ho in the effective magnetic field equation (Eq.
(3)) [6]. Hois a function of the stress o-and the change in mag-
netostriction with respect to magnetization.
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Hesp = H+aM + Hy =H+aM +5720 (3)

Where, H is the applied field intensity and « is the inter-domain
coupling coefficient [1]. It should be noted here that material
magnetostriction data is not readily available. Based on Eq. (3),
stress dependence was included in Eq. (1) and the resulting JA
model is given by Eq. (5).
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In [7], the input parameters of the original JA model were
considered as the function of tensile stress [7] to compute B-H
loops of Nickel. The parameters were also considered as
function of temperature in [8] to model temperature effects in
hysteresis but few more material parameters need to be
identified to accomplish it.

I1l. METHOD AND RESULTS

A simple approach is presented here to predict the magnetic
behavior of the ferromagnetic behavior. A total of twelve B-H
loops (Bmax = 1.5 T) were measured for 35WW300 non-
oriented steel at different values of frequency and compressive
stress using Brockhaus stress based Single Sheet Tester (SST).
The JA model input parameters were identified for each of
measured loops using nonlinear least square method [9].
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Fig. 1. Measured and computed hysteresis loop at B = 1.5 T, f'= 50 Hz, and
stress = 0 MPa. The identified JA parameters’ values are M, = 1.229 x 10°A/m,
a=33.7A/m, a=8.77 x 107, k=57.9 A/m, ¢ = 0.05. Error is defined as
(ELDcomp = ELDyyeas)) ELD eqs x 100 %. ELD is the energy loss density.

One of the measured loops along with the computed loop using
JA model is shown in Fig. 1. An error metric is defined to check
on the accuracy of the prediction. The dependence of five JA
parameters on frequency and compressive stress has shown by
plotting the parameter values versus frequency and stress, as
shown in Fig. 2(a)-(e). Once we have this dataset available, we
can use two dimensional interpolation schemes to determine the
JA model parameters’ values for frequency and stress. Then, Eq.
(1) can be solved using these interpolated parameters to predict
iron loss. One such prediction is shown in Fig. 2 (f).

The approach offers a couple of advantages. It is simple to
implement, requires less material information and retains the
computational complexity of the original JA model.

The same approach can be extended to take temperature effects
on iron losses into account.
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Fig. 2. The identified JA parameters are shown as a function of frequency and stress, (a) M (b) a (¢) & (d) k (e) ¢. (f) Measured and computed hysteresis loops
using interpolated model parameters at B = 1.5 T, / = 800 Hz, and stress = -30 MPa. The interpolated JA parameters’ values are M, = 1.583x 10°A/m, a = 532.6
A/m, a=6.38 x 10*, k=327.89 A/m, ¢ = 0.05. Hysteresis loops used as input dataset were measured at frequencies 50 Hz, 400 Hz and 1000Hz for all values of

compressive stress (i.e. 0 MPa, -10 MPa, -20 MPa, and -40 MPa).



