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Abstract—This paper focuses on Grain-Oriented Electrical
Steel (GOES) for rotating electrical machines, specifically the
Yokeless And Segmented Armature (YASA) type Axial Flux
Machine (AFM). Accurate modelling of GOES is essential for a
reliable loss prediction in rotating electrical machine simulations.
However, complete flux measurement in different directions is
often unavailable for many GOES. This work presents a practical
approach to estimate the core loss in different flux directions
for a research GOES material using limited available material
data. The B-H and B-P curves of three reference materials with
known data in the Rolling Direction (RD) and some data in
the Transverse Direction (TD) were analysed to understand the
relationship between core loss in different flux directions. Based
on this comparison, research material data was constructed using
a simple scaling approach. The researched GOES material was
used in YASA AFM and it was found that the average core loss is
reduced by 28% compared to a Non-Oriented (NO) stator core.

Index Terms—Axial Flux Machines, YASA AFM, Electrical
Steel, Isotropic Material, Anisotropic Material, Grain Oriented
Electrical Steel, Non Oriented Electrical Steel.

I. INTRODUCTION

HE performance of the electric machine largely depends

on the materials used and their associated properties. The
selection of suitable traction drive motors involves certain
criteria, such as a higher torque-to-weight ratio, sustainabil-
ity, and manufacturability. The Axial Flux Machine (AFM)
topology is becoming attractive due to its possibility of higher
torque-to-weight ratio compared to a Radial Flux Machine
(RFM).

The selection of electrical steel for the core material signifi-
cantly affects the achievable flux density, losses, and saturation
[1], [2]. The Non-Oriented Electrical Steel (NOES) and Grain-
Oriented Electrical Steel (GOES) are the two widely used
electrical steel materials in electrical machines. The magnetic
properties of NOES are more uniform in all directions; this
property makes them more commonly used in motors and gen-
erators. However, GOES has aligned grain structures oriented
along the Rolling Direction (RD) of the steel. This alignment
enhances magnetic performance in the RD, making it ideal
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for cores where magnetic flux flows predominantly in one
direction.

The GOES is generally avoided in the RFMs because the
flux paths in the teeth and yoke are perpendicular. If flux in
tooth would go along the RD, the flux in the yoke would go
along the Transverse Direction (TD). In addition, the teeth
are curved or arched near the air gap. This curvature causes
the local magnetic flux vector to continuously change direction
along the tooth length. In contrast, AFM employs more planar
teeth in which the magnetic flux remains largely in a single
in-plane direction, even when trapezoidal tapering is present.

In [3], magnetic analysis was performed to apply GOES to
traction motors. The tooth material is changed to perform a
performance comparison under equivalent current conditions,
showing that GOES shows superior iron loss density charac-
teristics at lower frequencies.

In [4], a novel type of permanent magnet-assisted syn-
chronous reluctance motor was proposed, where GOES was
used for the stator teeth. The results showed an increase of
12% torque and a decrease of 11% in iron loss under the no-
load conditions.

In [5], a Yokeless And Segmented Armature (YASA) AFM
was analyzed with GOES, NOES, Soft Magnetic Composites
(SMC), and amorphous alloy for the yoke. The results showed
that GOES as the stator core material can maximize the
output torque, the amplitude of the no-load back-emf, and the
inductance of the YASA AFM, choosing SMC can minimize
the harmonic distortion of the no-load back-emf and the
torque ripple, and choosing amorphous alloy can maximize
the efficiency of the YASA AFM.

A Double Stator Single Rotor (DSSR) type AFM with
GOES stator teeth is analysed in [6]. The teeth geometry was
redesigned by optimizing the dimensions of the slot, tooth,
and pole. It was demonstrated that, compared to a core with
NOES, the teeth with GOES increased in torque by 4%, and
the optimized geometry had an increase of 10% in torque. Iron
losses in both situations with GOES material were reduced by
14%.

In [7], a Grain-Oriented (GO) silicon steel in YASA type
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AFM is employed to improve the torque and efficiency.
However, the author states that dividing the stator into teeth
and yoke to achieve different lamination directions will result
in a low structural strength of the machine and a complex
manufacturing process.

In [8], the performance and iron losses of an Axial Flux Per-
manent Magnet (AFPM) machine for a Single Stator Double
Rotor (SSDR) type with NOES and GOES were compared. It
was identified that the chosen GOES material had around 7
times lower iron loss at the same speed compared to NOES,
and a 10% higher torque for the same current.

When calculating core loss, it should be considered that core
loss is influenced not only by the time and space discretisation
of the used numerical method and by the quality of the used
material data, but core loss is also affected by manufacturing
processes and harmonic effects. As shown in [9], core losses
increase as a result of cutting processes, where the relative
rise in core losses is reported to be approximately 120-180%
for laser cutting, 40-50% for punching, and around 6% for
waterjet cutting.

To perform comparisons of torque and loss, as described
above, accurate data is needed, and this is often lacking
regarding the GOES, especially for the TD, and at frequencies
above 60 Hz. The main contribution of this work is the
description of how to perform electromagnetic analysis of
the complicated AFM with anisotropic core materials. Where,
more specifically, a GOES research material is suggested,
where all the needed data is given such as the magnetization
characteristics and core loss data for both the TD and the RD,
and for different frequencies. Data found from data sheets [10]
and references [11] and [7] are used as a base. Cutting effects
are not considered in this work and core loss coefficients
(Kn, K., K,.) are extracted using Ansys Maxwell’s material
characterization tool by fitting multifrequency B — P curves
to the Bertotti loss separation model [12].

II. MAGNETIC ANISOTROPY IN ELECTRICAL STEEL

A. B—H characteristics in rolling vs transverse direction

GO (anisotropic) steel has grains aligned along the RD,
resulting in a steep B-H curve, with high permeability, and
a narrow hysteresis loop along this direction, but with worse
magnetic properties perpendicular to it. In contrast, Non-
Oriented (NO) (isotropic) steel has randomly oriented grains,
producing a more uniform but moderate B-H response in all
the directions, with lower peak flux density and higher losses.

In GOES, the magnetic properties like permeability and
saturation vary significantly depending on the direction of the
applied field [13]. When a rotating magnetic field interacts
with such material, the flux does not rotate uniformly; instead,
it tends to snap towards the material’s RD, leading to distorted
field shapes. However, these effects are typically seen as a
disadvantage in standard motor topologies where the field must
sweep across the steel.

In a YASA AFM, the impact of anisotropy is unique due
to its segmented stator geometry. Unlike traditional motors
where the magnetic field rotates through a continuous yoke,

the YASA AFM design isolates the flux within an individual
axial tooth. This allows the GOES to be aligned so that the
flux remains primarily linear and alternating along its preferred
RD, effectively bypassing the complexities of a truly rotating
field within the core itself. Consequently, this work focuses on
how the YASA AFM architecture leverages these directional
properties by reducing the losses.
B. Limitations in Available Directional Core-Loss Data
Accurate prediction of core losses in rotating electrical
machines depends on knowing the material’s directional loss
characteristics. For GOES, losses are highly anisotropic: mag-
netization along the RD produces significantly lower losses
than along the TD. Despite the importance, experimental
data for off-axis and rotational magnetization is extremely
limited. The absence of such data poses several problems like
inaccurate loss estimation, design optimization challenges, and
simulation uncertainty.

III. YOKELESS AND SEGMENTED ARMATURE (YASA)
AFPM MODELLING APPROACH

An off-the-shelf inner rotor outer stator machine in [14]
was used as the benchmark machine to model the YASA
AFM. The motor ratings and dimensions are similar to the
reference machine from [14]. The equivalent YASA machine is
built with Finite Element Method (FEM) modelling in ANSYS
Maxwell software. The machine data, like rated power, rated
torque, and speed with dimension details, are presented in
Table 1.

TABLE I

YASA AFPM MACHINE DATA

Description | Value
General details

Rated power 4 kW
Peak power 8 kW
Rated speed 2000 rpm
Maximum speed 4000 rpm
Rated torque 19 Nm
Peak Torque 50 Nm
Number of poles 16
Number of slots 18

Type of cooling

Natural air cooling

Dimension details of reference machine and 3D model

Outer diameter of stator core 166.2 mm
Inner diameter of stator core 94.2 mm
Outer diameter of rotor core 166.2 mm
Inner diameter of rotor core 38 mm
Length of magnet in radial direction, L, 34 mm
Length of tooth in radial direction 36 mm
Stator core length in positive z-direction 30 mm
Total rotor core and magnet length in z- | 7 mm
direction

Winding details
Diameter of single copper strand 0.88 mm
Number of winding layers 2
Number of turns 10
Number of parallel branches 1
Type of winding Concentrated

The YASA AFM 3D model presented in Fig. 1, consists
of an inner yokeless stator, and two outer rotors with surface
PMs. The rotor yoke is assigned with a magnetically leading
material so it completes the flux path. However, solving 3D
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models is time-consuming, hence the 3D model is transformed
to a 2D model, and the transformation process involved is
illustrated in Fig. 2. In the rest of the work, the 2D model
of the machine will be used for further analysis of the core
loss. The stator core material was represented as a solid
(rather than a lamination with a set stacking factor, krg).
This was done to reduce computational complexity, while
still capturing the main electromagnetic behaviour, but also
since some inconsistencies were found from the 3D FEM
solutions with a stacking factor (not getting the same result
with a solid material as with a lamination with a stacking
factor, kpp = 1). The stator core was thus modelled as a
solid with zero conductivity, thus representing a homogenized
laminated material that does not consider detailed inter-laminar
eddy current effects. When two sliding bands were initially

Fig. 1. 3D YASA AFM model
applied (one for each rotor), the predicted torque became
almost twice the expected value, despite refining the mesh
and using smaller time steps. The flux linkage and induced
voltage did not change, which indicates that the difference
was not due to the magnetic solution itself, but due to how
the torque from the two identical air gaps is being accounted
for in the post-processing. Using a single sliding band around
the stator avoids this double-counting.

3D Model cut along computational plane

(TR
2D Model
Fig. 2. Mlustration of transforming 3D to 2D model

IV. GRAIN-ORIENTED ELECTRICAL STEEL (GOES)
MATERIAL CHARACTERIZATION
Modelling anisotropy for a GOES requires B-H curves in
both RD and TD. The initial process of modelling involves
figuring out the material coordinates, namely RD, TD, and
stacking direction. For the 3D stator single segment, the

material coordinates are illustrated in Fig. 3. In the transformed
2D model, the GOES material coordinates are: TD in x-axis,
RD in y-axis, and stacking direction in z-axis, respectively.

Rolling direction
Transverse direction

Stacking direction

Fig. 3. Material coordinate system for 3D model of top half of stator teeth

Magnetic anisotropy is a well known characteristic of
electrical steel arising from the rolling process during man-
ufacturing. As a result, the magnetic behaviour along the RD
and TD differs significantly, particularly in the non linear
and saturation regions of the magnetization curve. However,
in practical material characterization, complete directional
measurements are often unavailable, and the manufacturers
typically provide the magnetic data mainly along the RD. This
limitation poses challenges when accurate anisotropic material
properties are required for the FEM model simulations.

To address this issue, a data-driven anisotropic interpolation
methodology is proposed to estimate the TD magnetization
characteristics using the available data for selected materials
used in the rotating electrical machines. The chosen GOES are
20QG085 [7] (with a lamination thickness, d;;, = 0.2mm),
35ZH135 [11] (05 = 0.35mm) and ARMCO M-6 steel [10]
(6¢r, = 0.35mm) for directional scaling framework. The B-H
curves in RD and TD are presented in Fig. 4.

Flux Density B (T)

0 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000
Magnetic Field Strength H (A/m)

20QGO85-RD == m == = 20QG085-TD
35ZH135-RD 35ZH135-TD
ARMCO-MG-RD == = = = ARMCO-M6-TD

Fig. 4. B-H curve for selected material from references

The approach first exploits the ratio between the RD and
TD magnetic responses through a flux density-dependent
anisotropy factor, which describes how hard it is to magnetize
the material in the TD compared to the RD, and this difference
changes depending on the flux density level. For the same
magnetic flux density B, a higher magnetic field H is required
in the TD than in the RD. The ratio between these two
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field strengths can be described using an anisotropy factor.
Since the difference between the two directions changes as the
material moves from the linear region to the saturation region,
this factor is considered to be dependent on the flux density.
Subsequently, the obtained TD data are represented using
a model that captures the three characteristic magnetization
regions of the magnetic materials, namely the linear, knee,
and saturation regions. This formulation provides a smooth and
computationally efficient representation of the TD magnetiza-
tion curve, making it suitable for numerical implementation
in electromagnetic simulations while preserving the essential
anisotropic behaviour of the material.

The relationship between magnetic field strength H in
A/m and magnetic flux density B in T is described by the
constitutive relation

B=uH (1)

where (4 is the magnetic permeability, which is not a constant
for electrical steel and hence the relationship becomes non
linear. The B-H curve in Fig. 4 is split into three regions.

o Region 1 is linear approximation, termed as linear region,
it is defined at low magnetic fields where the magnetic
domains align easily and permeability is almost constant.

o Region 2 is the knee region, as B increases, the domain
rotations becomes harder and the permeability decreases
and the curve become non-linear. A smooth non-linear
function is required in this region.

o Region 3 is the saturation region where the curve becomes
almost linear again but with a very steep slope.

The low-field region of the B-H curve was approximated as
linear to ensure numerical robustness and stable convergence
in ANSYS Maxwell, since the initial S-shaped toe region
may cause interpolation sensitivity and solver instability. As
the investigated AFM operates mainly near rated flux density,
beyond this low-field region, the impact of this simplification
on the main electromagnetic quantities and total core-loss
prediction is limited.

The split in the B-H curve needs two transition points which
defines the region boundaries. The two transition points are B
marking the end of linear region 1 and By marking the start
of linear region 3. For the knee region, region 2, we need a
function that starts at (B, H;) and ends at (Bs, Hy), when the
flux density is normalized and a polynomial growth equation
is utilized, N

Hrp(B) = Hy + (Hy — Hh) LB 2)

By — By

The exponent n controls the curvature in the knee region and

the most approximate range is 2 < n < 4. After B, the curve

becomes approximately linear again ensuring continuity at Bs,

and the saturation region is modelled as a linear extension

beyond By with a slope kg, = dH/dB representing the low

incremental permeability of the material in high-flux density
conditions,

Hrp(B) = Hy + ksat(B — By) 3)

The final piecewise equation combining three regions is rep-
resented as

—B, B < By

B—-B
Hy + (Hy — Hy) <3231
- B

H2 + ksat(B - 32)7

n
Hrp(B) = ) , Bi<B<B,
B > By
(€]

The derived B-H in the TD for the research material is
presented in Fig. 5. It is based on the B-H in the RD from
[15], using the proposed method in (4), with the values of the
B-H in the RD and TD, B;, Bs, n, and K, given in the
Appendix.

2.5
2 L /
_ f— |
e o .-__-A;J*!""—‘_-
M 1.5 =
B P
‘B
=
A
w1
=
&
0.5
)
)
)
0
0 2000 4000 6000 8000 10000 12000

Magnetic Field Strength H (A/m)

20QG085-RD ——=—=20QG085-TD
35ZH135-RD 35ZH135-TD
ARMCO-M6-RD === === ARMCO-M6-TD
Research Material-RD ~ ======Research Material-TD
® NOES-SURAM235-35A

Fig. 5. B-H curve in RD and TD from the proposed method

V. DIRECTIONAL CORE-LOSS BEHAVIOR AND
SENSITIVITY ANALYSIS IN GRAIN-ORIENTED STEEL

The magnetic properties and core losses depend on the
direction of magnetization relative to RD of the laminations.
Magnetization along RD produces the lowest core loss, while
magnetizations along TD results in significantly higher losses.

A. Representation of B-P Curve

Often, the available B-P curve represents the specific loss as
a function of flux density and frequency under RD excitation,
and only at a few specific frequencies (for example 50H z,
100H z, 200H z). However, it is important to recognize that
the measured B-P curve corresponds strictly to the condition
6 = 0°, where 6 represents the angle between the magne-
tization vector and RD. In YASA AFM the magnetic flux
within the stator laminations does not remain aligned with
this direction. Instead, the flux vector evolves spatially and
temporally, producing magnetization states that deviate from
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RD and may approach the rotational excitation partially. Under
such conditions, the effective loss is generally described as,
P=P(B,f0) 5)
This highlights the directional dependence of core loss in
anisotropic materials. The manufacturer data rarely include
measurements for arbitrary magnetization angles, the RD B-P
curve serves as the baseline representation of the material’s
loss behaviour.
In this study, B-P curves from [11], [7], and [10], as
seen in Fig. 6, are used as the base curves. The research

Core Loss P(W/kg)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Flux Density B(T)

======357H135-50Hz-TD
35ZH135-100Hz-RD

20QG085-50Hz-RD
— === 20QG085-50Hz-TD

ARMCO-M6-60Hz-TD
ARMCO-M6-400Hz-RD

20QG085-400Hz-RD == ====35ZH135-100Hz-TD NOES-SURA-235-50Hz
== === 20QG085-400Hz-TD 35ZH135-200Hz-RD NOES-SURA-235-100Hz
20QG085-2000Hz-RD ======357ZH135-200Hz-TD NOES-SURA-235-200Hz

====20QG085-2000Hz-TD
35ZH135-50Hz-RD

ARMCO-M6-50Hz-RD
ARMCO-M6-60Hz-RD

NOES-SURA-235-400Hz

Fig. 6. B-P curveof selected baseline materials

GOES material, which is the focus of this work, had only
RD measurements for both B-H and B-P characteristics. By
analysing the directional behaviour of these base curves, the
TD behaviour of the research GOES material was derived for
B-P values at different frequencies in the TD, using data driven
anisotropic scaling and interpolation techniques. This approach
enables the reconstruction of the transverse core loss curves
for a material with limited directional data.
B. Transverse BP Values for the GOES Research material

The researched GOES material loss Prp was estimated
using the rotational scaling factors derived from the selected
base curves. Let K,..:(0) denote the rotational factor relating
RD and TD losses,

Prp(B, f) = Kyot(01)Prp (B, f) (6)
Based on the selected base curves, the scaling factor was
observed as,
1.0, 0 ~0°
Hror(6) ~ 1.5—25, 0= 90° ™

The TD loss values are reconstructed from the RD data
using the scaling factor K,, as a first-order engineering
approximation of anisotropic loss behavior. A K,,; = 1.65
was selected to approximate the core loss in the TD. It can

be noted that the loss coefficients in the ANSYS Maxwell
software are sensitive to the B-P values. The loss coefficients
Ky, K., K. and the B-P data for the research material are
given in the Appendix. The B-P values of the research material
for varying K,,; are presented in Fig 7

30 \ \ :

4
Q
0
0
Q
Q
Q

Core Loss P(W/kg)
—_ —_ ) )
(] (o)) (e (9]

W

0.5 1
Flux Density B(T)

50Hz-RD 100Hz-RD 200Hz-RD

o= = S50HZ-TD-K | wmmmm= 100HZ-TD-K | wmmem=?200Hz-TD-k 1
rot rot rot

........50Hz—TD—kr0t2 IOOHZ—TD—krmZ ........ZOOHZ—TD—krmZ
== == S50Hz-TD-k 3 w= == 100Hz-TD-k 3 == == 200Hz-TD-k 3
rot rot rot

Fig. 7. B-P curve in RD and TD for the research GOES material at 50 Hz,
100 Hz, and 200 Hz for Kot (0) = {1.0,1.65,2.5}.

VI. CORE LOSS ANALYSIS WITH GRAIN-ORIENTED STEEL

The YASA AFM was solved with GOES and NOES at
rated operation. The directional dependence of core loss in the
research GOES material, evaluated using K,,; = 1.0,1.65,
and 2.5 is presented in Fig. 8. The analysis revealed that
eddy current losses dominate, while hysteresis losses remain
comparatively small, which is consistent with the lower loss
characteristic of GOES. Scaling with K,.,; = 2.5 corresponds
to the extreme TD and results in an overestimation of the total
losses, whereas using K,.,; = 1.0 underestimates the off-axis
contributions, failing to capture realistic machine operating
conditions. The intermediate factor K,,; = 1.65 was selected
to provide a balanced estimate of effective core loss. This
approach preserves the dominance of eddy current losses,
maintains low hysteresis contribution, and better reflects the
material’s anisotropic behaviour.

K (010 K _(0)=1.65 K _(0)=2.5

I CoreLoss
I HysteresisLoss

Fig. 8. Core loss, hysteresis loss, and eddy current loss comparison for
varying equiavlent scaling factor at 6 ~ 90°

I & ddyCurrentLoss
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The selected K,,; = 1.65 is a nominal calibrated value
within the admissible range of K,:(6); the selected K. is in
robust agreement with reference TD loss trends. Neighbouring
values produce only marginal variation and do not alter the
main conclusions.

The reconstructed TD B-P curve of the research material
(Kot = 1.65) was compared against the NOES SURA M-
235-35A (with d;;, = 0.35mm), and the two selected reference
materials: Material-1 being 20QG085 (with the thinner lam-
inations compared to all the other materials) and Material-2
being 35ZH135. The evaluated relative loss behaviour and di-
rectional scaling trends are presented in Fig. 9. The researched
GOES material (with an assumed d;;, = 0.35mm) shows a
28% reduction in the average core loss compared to the SURA
M 235-35A stator core. Specifically, hysteresis loss decreased
by 74%, while the eddy current loss increased by 37% relative
to the SURA M 235-35A core. Furthermore, the analysis
revealed the distinct characteristics across the three GOES
materials. For example, in reference Material-1 the hysteresis
and eddy current losses were equal (Ph = Pe). Reference
Material-2 exhibited the highest total core losses compared
to the research material and the first reference material. The
research material produces losses between reference materials
1 and 2, providing a realistic estimate of the intermediate
scaling factor used for the research material.

The reported loss reductions are interpreted as comparative
trends under identical modelling assumptions rather than ab-
solute machine-level loss predictions, since the TD behavior
is reconstructed using the simplified scaling approach.

Previous comparative studies showed that the applicabil-
ity of the 2D approximation depends strongly on the ratio
L., /R, For the investigated machine, when L,,, /R, > 0.5,
the difference in predicted average core loss between the 2D
and the 3D models was small, indicating that the dominant
magnetic behavior is well captured in the transformed 2D
plane [16]. Therefore, under this condition, the adopted 2D
model provides a computationally efficient and sufficiently
accurate approach for comparative core-loss evaluation, while
the 3D analysis is mainly required for final validation.

NOES

Res-Mat 35ZH135 20QG085
Materials

I Corel oss I ©ddyCurrentLoss
I HysteresisLoss I ExcessLoss

Fig. 9. Comparison of core loss, hysteresis loss, eddy current loss, and
excess loss between the research material with Ko+ = 1.65 and the
baseline materials

VII. CONCLUSION

This work presents a practical approach for modelling the
anisotropic magnetic behaviour of a research GOES using
limited directional data. The B-H characteristics were divided
into three flux density regions, and a piecewise scaling method
was applied. The three reference materials with known RD and
limited TD measurements were used. This enabled reconstruc-
tion of the TD behaviour and derivation of B-H curves for the
research material.

The core loss coefficients in the TD for the research material
was obtained by using the data driven scaling factor and a
sensitivity analysis using scaling factors K,,; = 1.0,1.65, 2.5.
The results showed that, K,,; = 2.5 tends to overestimate
the losses and K,.,; = 1.0 underestimates the losses whereas,
K.ot = 1.65 provides reasonable representation of loss differ-
ences between RD and TD.

The GOES material investigated was used as the stator
core material in the YASA AFM. These results showed that
the average core loss decreased by 28% compared to a NO
stator core, with hysteresis loss reduced by 74% and eddy
current loss increased by 37% relative to the NO stator core.
The comparison of research material with Krot = 1.65 with
reference materials showed the differing relationships between
hysteresis and eddy current losses. Material-1, with a thinner
lamination of 0.2mm exhibited P, ~ P,, and Material-2 and
the research GOES material, both with a lamination thickness
of 0.35mm, showed dominance in eddy current loss P, < P..
Thus, the results highlight that the scaling methods must be
applied carefully. Hence, the proposed framework combining
B-H analysis, reference-based scaling, and sensitivity evalua-
tion provides a practical method for estimating directional core
losses of GOES. The reconstructed magnetic characteristics
can therefore be used for simulation and modelling of AFMs
when complete angular measurements are not available. Future
work will include experimentally measured TD loss data and
full directional loss modelling.
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APPENDIX A
RESEARCH MATERIAL DATA

A. B-H curve Data

Rolling Direction | Transverse Direction
H (A/m) | B(T) | H(A/m) | B (T)
0 0 0 0
10 0.4 20 0.4

20 1 50 1
50 1.5 150 1.1
100 1.8 300 1.3
500 1.9 500 14
1000 1.93 800 1.42
5000 2 1500 1.45
10000 2.05 3000 1.5
5000 1.53
7000 1.6
9000 1.66
10000 1.7

B. B-P curve data

B(T) Rolling Direction P (W/kg) Transverse Direction P (W/kg)
50 Hz 100 Hz | 200 Hz | 50 Hz 100 Hz 200Hz
0 0 0 0 0 0 0
0.2 0.017 0.055 0.178 0.03 0.088 0.285
0.4 0.067 0.211 0.655 0.11 0.338 1.048
0.6 0.15 0.452 1.414 0.24 0.723 2.262
0.8 0.259 0.733 2.405 0.41 1.173 3.848
1 0.402 1.21 3.57 0.64 1.936 5.712
1.2 0.565 1.674 5.03 0.9 2.678 8.048
14 0.761 2.23 6.72 1.22 3.568 10.752
1.6 1.01 2.905 8.7 1.62 4.648 13.92
1.7 1.18 3.353 9.88 1.89 5.365 15.808
1.8 1.52 4.098 11.63 243 6.557 18.608
C. Boundary and Loss-coefficient data
Parameter Value
B 1.0T
Bo 153 T
Hy 50 A/m
Ho 5000 A/m
n 3
Ky (RD) 45.041
K.(RD) 0.434
K¢(RD) 0.4611
Ky (TD) 72.074
K.(TD) 0.694
Ke(TD) 0.737
mass density | 7850 kg/m?
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