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Fe-based amorphous magnetic materials are recently attracting strong interests for constructing high-power density 

and high-efficiency rotating electrical machines due to their attractive properties, such as low core loss and high magnetic 

saturation. Accurate measurement and modelling of the rotational core losses of the core magnetic materials, and the 

corresponding patterns of rotating magnetic flux density (B) and magnetic field strength (H) are important for the 

analysis and design of electrical machines. This paper presents the measurement of rotational core loss of a Fe-based 

amorphous magnetic material (Amorphous 1k101), and its corresponding modellings under two-dimensional (2-D) 

circularly and elliptically rotating magnetic fields. In addition, an improved and simplified analogical model of rotational 

hysteresis loss is proposed for such magnetic materials. The circular and elliptical B loci and the corresponding H loci 

have been investigated to acquire the perception of anisotropy and permeability of the amorphous materials. The 

proposed theory and models are experimentally verified. 

 

Index Terms—Amorphous magnetic material, 2-D magnetic properties, rotational core loss, magnetic hysteresis. 

 

I. INTRODUCTION 

HE magnetic field in transformers generally varies with 

time which is known as alternating magnetic field that can 

also be defined as one-dimensional (1-D) magnetic field since 

the magnetic field is considered as only time varying along a 

fixed orientation. On the other hand, for some cases, e.g. the 

rotating electrical machines and the T-joint of the three-phase 

transformers, the magnetic field varies with respect to both 

time and orientation [1], [2], and the dissipated power in the 

magnetic core due to the rotating magnetic field is different 

from that caused by the alternating magnetic field. In many 

rotating electrical machines, the rotational stator core loss can 

be accounted for up to half of the total core losses [2]. 

Therefore, it is important to take into account the rotational 

core losses of magnetic materials so that the proper thermal 

and laminated insulation specifications can be contemplated in 

the design of the electrical machines. 

Recently, various rotating electrical machines of amorphous 

material cores were reported by different researchers [3]-[5] 

due to their low core loss property especially compared to the 

silicon steel sheets. Among the Fe-based, Co-based and Ni-

based amorphous magnetic materials, the Fe-based amorphous 

material is most commonly utilized in electrical machines due 

to its higher saturation magnetic flux density (Bs) and lower 

price. There are many Fe-based amorphous magnetic suppliers 

over the world, e.g. Hitachi Metals Ltd., Japan, and Henan ZY 

Amorphous Technology Co. Ltd., China. In this research, the 

Zhongyue amorphous 1k101 metal [6], [7], produced by 

Henan ZY Amorphous Technology Co. Ltd., is used for the 

investigation of two-dimensional (2-D) rotational core loss. 

The selected amorphous material consists of 80% Fe, and 20% 

SiC and B metal elements [6]. Strip-casting technology is 

exploited to manufacture the amorphous strip [6]. The strip-

casting technology is a type of near-net-shape casting 

processes where molten alloy composition is solidified when it 

touches cold rotating surfaces [8]. The fast cooling process is 

used for the amorphous state of the alloy [9]. However, in 

order to improve the magnetic properties, the annealing 

process such as transverse field annealing, longitudinal field 

annealing or no field annealing, is generally carried out on the 

material. No field annealing process is considered for the 

material in this study. 

In 1896, the first measurement technique of the rotational 

core loss was developed by Baily [10], where the developed 

torque, which is imposed on the magnetic material specimen 

by the rotational magnetic field, is firstly measured, and the 

corresponding loss is then calculated from the measured 

torque. In the last hundred years, different 2-D core loss 

testing devices such as the square specimen tester (SST), disk 

specimen tester and large sheet-based tester were developed 

by different researchers [2], [11]-[13].  

The 2-D core losses of soft magnetic composite materials 

and silicon steels were investigated and modelled by different 

researchers [14]-[16]. The 2-D vector magnetic properties of 

Metglas 2605 HB1 and Metglas 2650S-2 amorphous materials 

were examined at constant frequencies in [17] and [18] 

respectively. However, core loss modellings were not carried 

out in these works. For modelling of rotational hysteresis core 

loss, two empirical methods are commonly utilized: one is 

founded on the analogical approach [19] and the other on 

alternating measured core loss data [20]. The analogical model 
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of rotational hysteresis loss shows better accuracy than the 

model obtained from the alternating loss data. In addition, the 

analogical rotational hysteresis model is independent of the 

alternating measured hysteresis loss. However, the first 

method basically uses the torque equation of a single-phase 

induction motor to model the rotational hysteresis loss, as its 

torque-slip relation is similar to the relation between rotational 

hysteresis loss and magnetic flux density. In the same way, it 

is observed that the equation of developed mechanical power 

of a three-phase induction motor, which also shows similar 

patterns to the rotational hysteresis loss, is more simplified 

than the torque equation of the single-phase induction motor. 

Therefore, it is a great aspect to use the developed mechanical 

power equation of a three-phase induction motor to model the 

rotational hysteresis loss for not only simplifying the approach 

but also improving the accuracy. Since the eddy current and 

excess losses occur simultaneously with hysteresis loss for an 

alternating excitation, their modellings are also included with 

hysteresis loss models to obtain the total loss under both 

circular and elliptical rotating magnetic fields. However, the 

modelling of 2-D magnetic rotational core loss of any 

amorphous metal has not been found in the literature. 

In this paper, the 2-D vector magnetic properties of a Fe-

based amorphous magnetic material (Amorphous 1k101) has 

been investigated under 2-D rotating magnetic fields. The key 

contributions of this paper are: (i) measurement of the 

rotational core losses of the selected magnetic material at 

different magnetic flux densities and frequencies; (ii) 

investigation of other magnetic properties, e.g. the loci of 

magnetic flux density (B) and magnetic field strength (H) 

vectors under the rotational magnetic fields; (iii) proposal of 

an improved and simplified analogical model of the rotational 

hysteresis loss; (iv) modelling of the total rotational core loss 

of the magnetic material by incorporating the rotational eddy 

and excess loss models with the proposed hysteresis model; 

and (v) investigation of effects of the changes of major and 

minor axes of the B loci on the total loss of the material. The 

proposed model is verified by considerable agreement 

between experimental and simulation results. The 

measurement data and proposed model can be very useful for 

designing the rotating electrical machines.  

II. ROTATIONAL (2-D) CORE LOSS TESTING SYSTEM 

A. Square Specimen Tester 

The square specimen tester (SST) initiated by Brix [11] is 

favorable for measuring 2-D core loss due to the flexible 

control system, more uniform magnetic field and higher 

accuracy than any other conventional measurement systems. A 

single sheet SST [2], [21] is utilized here to explore the 2-D 

vector magnetic properties of the selected amorphous material. 

The corresponding block diagram of the 2-D experimental set-

up is shown in Fig. 1. The SST consists of yokes made of 

vertically laminated grain-oriented silicon steel sheets. The 

shapes of the yokes were constructed in such a way that the 

tester has four wedge type magnetic poles. Two sets of 

excitation coils are arranged on X and Y-axes magnetic poles, 

and each set has two coils, which are connected in series. Each 

coil consists of 300 turns of 1.6 mm insulated copper wire. In 

the middle of the tester, a square specimen of the material is 

placed as shown in Fig. 1. The rotating magnetic field is then 

generated around the specimen by exciting both groups of 

exciting coils. Labview is used for data acquisition and 

generating the two channel excitation signals of 90o phase 

difference to produce rotational magnetic fields. The rotating 

magnetic field generated by the tester induces the 

magnetization in the specimen, and the induced 

magnetizations are then measured by B and H-sensing coils 

for both axes, respectively.  

 

 
Fig. 1.  Block diagram of 2-D square specimen testing system [21]. 

 
 

 
Fig. 2.  A photo of the 2-D core loss measurement set-up. 

 

A feedback system is employed to control the shape of the 

induced voltage in the B-sensing coils. A two-channel power 

amplifier is used in the testing system to amplify the voltage 

as well as power of the output signals of the feedback system 

so that they can excite the coils of the tester. A photo of the 2-

D rotational core loss measurement system is shown in Fig. 2. 

The specimen was cut from the AMCC-320 [7] amorphous 

core which is made of amorphous 1k101 strips, and the 

dimensions of the specimen are 50 mm × 50 mm × 0.86 mm. 

As the thickness of an amorphous strip of the core is about 25 

μm which indicates that the specimen, whose thickness is 0.86 

mm, consists of a stack of amorphous strips. The stacking 

factor of the specimen is the same as that of the core which is 

about 85%. 
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B. Measurement Methods for B and H 

The core loss is measured using the field-metric method 

where the measurements of B and H are firstly required to be 

measured, and the loss is then calculated from them. B and H 

are measured from sensing coils which are placed around the 

specimen. However, the voltages induced in H-sensing coils 

are normally very small especially at low frequency and low 

magnetic flux density. Therefore, precision operational 

amplifiers for both types of sensing coils are utilized to 

overcome the low voltage measurement problems.  

The B-sensing coils are wound over the middle of the 

specimen so that one coil is positioned in the X-axis direction 

and the other in the Y-axis direction. Each coil consists of 15 

turns of 0.1 mm enamel insulated copper wire. The 

components of B on each axis are then calculated by the 

following equation [2], respectively: 

 

B
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K
i iB v dt i x y= =                                      (1) 

 

where KBi=KsNBiFBidthdlw are the coefficients of Bi-sensing 

coils, NBi the number of turns of the sensing coils, FBi the 

amplification factors, Ks the stacking factor, dth the thickness 

of the specimen, dlw the length or width of the specimen, and 

vBi the induced voltages on sensing coils.  

The H-sensing coil on each axis consists of 153 turns of 

0.06 mm enamel insulated copper wire which are wound over 

a 0.50 mm plastic former. The components of H on each axis 

are then calculated by the following equation [2], respectively:  
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where µ0 is the permeability of air, vHi the induced voltages in 

the sensing coils, and KHi the Hi-sensing coil coefficients 

which are determined by calibration of the sensing coils [2]. 

C. Feedback System 

The magnetization on ferromagnetic materials shows a non-

linear relationship with the magnetic field strength especially 

at the vicinity of the magnetic saturation point. Consequently, 

the magnetic flux density becomes non-sinusoidal in spite of 

sinusoidal excitation voltage. Therefore, the rotating magnetic 

flux density B no longer exists as circular. To obtain a circular 

rotating B, a feedback differential circuit on each axis is added 

in the testing system. A differential amplifier is mainly 

exploited as the feedback system which receives the 

differential input obtained from Labview and amplified B-

sensing coil signals as shown in Fig. 3. In addition, a high pass 

filter and a low pass filter are used to decrease the drift 

voltage, and eliminate the high-frequency interferences, 

respectively. Finally, the gain of the power amplifier is 

adjusted in such a way so that the output of B-sensing coil 

becomes sinusoidal.   

III. CORE LOSS MEASUREMENT UNDER DIFFERENT 

EXCITATION CONDITIONS 

A. Circularly Rotating Core Loss Measurement 

If a rotating magnetic field is imposed on a magnetic 

material specimen, power dissipation happens, which can be 

theoretically derived from Poynting’s theorem [2]. 

Accordingly, the loss dissipated in the specimen is obtained by 

the following equation, 

 

yx

t x y

0

1
T dBdB

P H H dt
T dt dt

 
= + 

 
                                     (3) 

 

where Pt is the total core loss (W/kg), T the time period (s), ρ 

the mass density (kg/m3), Hx and Hy the components of H, and 

Bx and By the components of B, respectively. Fig. 4 shows the 

rotational core losses of the magnetic material at different 

frequencies and different maximum magnetic flux densities 

(Bm). It is noticed from Fig. 4 that the loss increases with the 

increase of the B except when it is near to the magnetic 

saturation region especially at low frequencies, e.g. 5 Hz, 10 

Hz and 20 Hz. In those cases, the core loss decreases slowly 

due to the annihilation and formation of the magnetic domain 

walls.  
 

 
Fig. 3. Feedback system on each axis used for the 2-D magnetic property 

measurement system [2].  

 
Fig. 4.  Rotational core losses of the amorphous magnetic material with Bm for 

different frequencies. 

Fig. 5 shows the controlled circular loci of B and the 

corresponding loci of H at different magnetic flux densities 

under 50 Hz rotating magnetic fields. It is noticed from Fig. 

5(b) that the loci of H are not circular as the permeability of 

the amorphous material varies with both H and B. In addition, 
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the maximum values of Hx and Hy are not exactly the same, 

which indicates that the permeability of the magnetic material 

in X and Y-directions differs slightly. 

B. Alternating Core Loss Measurement  

The above mentioned 2-D core loss testing system can also 

be utilized to measure the alternating loss of the magnetic 

material. In this case, the excitation coils on X and Y-axes of 

the tester are excited separately, and their corresponding core 

losses are measured. The alternating losses on X-axis 

(Transverse direction) and Y-axis (Rolling direction) differ 

slightly from each other due to the anisotropy of the magnetic 

material. Therefore, the average value of them can be used as 

the final alternating core loss of the material. Fig. 6 shows the 

B-H loops in both directions with the peak value of 1.40 T 

under 50 Hz sinusoidal voltage excitation. It is observed from 

Fig. 6 that the B-H loops for X and Y-axes directions are 

slightly different. Therefore, the corresponding permeabilities 

are not the same which indicates that the selected magnetic 

material shows anisotropy property. However, the alternating 

loss always shows an increasing trend with the increase of Bm 

at any operating frequency as shown in Fig. 7. 

 

 
Fig. 5.  (a) Loci of B and (b) the corresponding loci of H at different magnetic 

flux densities under 50 Hz excitation.  

 
Fig. 6.  B-H loops under alternating magnetic field at 50 Hz and peak value of 

magnetic flux density 1.40 T on X and Y-axes. 

 

Figs. 8 and 9 show the alternating and rotational core losses 

of the amorphous material at 50 Hz for different magnetic flux 

densities respectively. From the figures, it is observed that the 

rotational core loss (Pr) is always higher than the alternating 

core loss (Palt) for the same value of Bm. It is observed from 

the measured core loss data that the ratio of the rotational and 

alternating core losses (Pr/Palt) of the magnetic material at 50 

Hz remains nearly 1.90 with some fluctuations for Bm up to 1 

T, and after that it decreases dramatically. There are mainly 

two reasons for the significant reduction of the ratio: (i) the 

rotational hysteresis loss decreases dramatically at the vicinity 

to the saturation region, and (ii) the sharp increase of the 

alternating loss in the magnetic saturation region. In addition, 

the rotating excess loss coefficient changes slightly with the 

change of Bm (details in Section IV.C), which also affects the 

ratio. 
 

 
Fig. 7.  Alternating core losses of the amorphous magnetic material with Bm 

for different frequencies. 

 

 
Fig. 8.  The alternating core losses of the amorphous material with Bm under 

50 Hz sinusoidal excitation. 

 

 
Fig. 9.  The rotational core loss of the amorphous material with Bm under 50 

Hz rotating magnetic field. 

 

C. Elliptical Core Loss 

For elliptically rotating magnetic field, the values of Bm at 

the major and minor axes of elliptical loci of B differ from 

each other. Consequently, both the rotational and alternating 

core losses exist in the total loss. Their shares in the total loss 

depend on the axis ratio of the loci of B. However, the 

elliptical loss is measured by keeping the major axes on one 

axis and the minor axes on another axis as shown in Fig. 10. 
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Fig. 11 shows the average elliptical loss with the axis ratio of 

the loci of B. In Fig. 11, Bm for the major axis is considered as 

1.20 T, and Bm for the minor axis varies discretely from 0 to 

1.2 T. From Fig. 11, it is observed that when only one of the 

axes is excited, the loss becomes equal to the alternating core 

loss. After that the loss increases with the increase of the axis 

ratio although the increasing trend is not linear. At the low 

value of the axis ratio, the loss changes slowly with the change 

of axis ratio but at a high value of the axis ratio the loss 

changes rapidly with the change of the axis ratio. When the 

minor and major axes of loci B are equal, the elliptical loss 

becomes equal to the circular rotational loss.  

 

 
Fig. 10.  Elliptical loci of B at 50 Hz when major axis is on (a) X-axis and (b) 

Y-axis, and the corresponding loci of H when major axis is on (c) X-axis and 

(d) Y-axis. 

 

 
Fig. 11.  Total core loss with different axis ratios at 50 Hz excitation. 

IV. MODELLING OF ROTATIONAL CORE LOSS 

Loss separation method is exploited to model the core loss. 

In the loss separation method, hysteresis, eddy current and 

excess losses are modelled separately, and after that they are 

combined to obtain the total rotational core loss which are 

discussed below. 

A. Rotational Hysteresis Loss Model 

1) Existing Rotational Hysteresis Loss Models:  

An analogical rotational hysteresis model was proposed in 

[19], which is based on the equation of torque-slip relation of 

a single-phase induction motor. By using the analogical 

approach, the rotational hysteresis loss per frequency (Phr/f) 

can be modelled as follows [19]: 
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where M is the amplitude of magnetization vector M 

(M=B/μ0-H), Ms is the saturation magnetization, and a1, a2 

and a3 are constants. Since it can be generally considered as M 

>> H, M/Ms in (5) can be replaced by Bm/Bs [14]. 

Another method was postulated in [22], where the rotational 

core loss could be supposed to the sum of alternating losses in 

both axes under the same magnetic flux density. 

Unfortunately, this approach cannot be directly used for 

rotational hysteresis loss as the rotational hysteresis loss near 

to the saturation magnetic flux density shows different 

characteristic compared to that of alternating loss. To solve the 

problem, the method was modified in [20] where an 

approximate modification factor is included in the calculation 

as follows  

 

( ) ( ) ( ) hr m alt lm alt sm1P a P B P B= − +                       (6) 

 

where Palt is the alternating loss in W/kg, and am is the 

modification factor calculated using measured data, Blm and 

Bsm are the maximum magnetic flux densities in major and 

minor axes, respectively. 

2) Proposed Rotational Hysteresis Loss Model: The 

proposed model is an analogical approach which is based on 

equation of mechanical power developed on a three-phase 

induction motor. The developed power (Pm) in the motor can 

be calculated by the following equation [23]: 
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where ωr= (1-s)ωs, and Vth, Xth, Rth, and ωs are the parameters 

related to the motor. By using the analogical approach, the 

rotational hysteresis loss per frequency can be obtained by 
 

( )

1
hr 2 2

2 3

(1- )
/ =

1 +

b s s
P f

b s b s +
  

                                            (8) 

 

with 
 



 

 

6 

m

s

1
B

s
B

= −                                                                     (9) 

 

From (8) and (9), it is observed that the proposed 

analogical rotational hysteresis loss model is more simplified 

than the existing analogical rotational hysteresis model [19] as 

shown in (4) and (5). 

B. Modelling of Rotational Eddy Current Loss 

Eddy current loss appears due to the micro-eddy currents 

generated near to the moving domain walls. Since the 

thickness of the amorphous sheet is much smaller than that of 

silicon steel, the eddy current loss of the amorphous material 

slightly affects the total loss as shown in Fig. 12. Thus, the 

skin effect on the material in the low and medium frequency 

ranges can be neglected. For modelling of the rotational eddy 

current loss, the classical model can be used which is as 

follows [22]: 

 
2 2

2 2

er m2
6

d
P B f




=                                                     (10) 

 

where Per is the rotational eddy current loss in W/kg, σ the 

conductivity of the amorphous sheet, d the thickness of 

amorphous sheet, f the frequency, ρ the mass density and Bm 

the maximum magnetic flux density. The conductivity is 

defined as reciprocal of resistivity. The resistivity of the 

amorphous material studied in this paper is 130 µΩ.cm [7]. 

The value of mass density of the material is 7180 kg/m3. 

C. Modelling of Rotational Excess Loss 

Rotational excess loss can be modelled by two ways: one 

is the conventional analytical model [19], and the other is 

obtained from measured alternating excess loss data [20]. In 

this study, the first one, i.e. conventional excess loss model is 

incorporated with the analogical rotational hysteresis model. 

The conventional rotational excess or anomalous loss Par 

(W/kg) can be obtained by 

 
1.5 1.5

ar ar mP C B f=                                                           (11) 

 

where Car is the rotational excess loss coefficient. Therefore, 

the total rotational core loss can be obtained as follows: 
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where both Phr and Car are unknown which can be obtained by 

extrapolation and curve fitting of the measured core losses. 

Fig. 12 shows the curve fitting of the measured core losses per 

frequency (Pr/f) with f for different Bm, where Pr is obtained 

from (12). The separation of the rotational hysteresis loss from 

the total loss at different magnetic flux densities is also 

observed in Fig. 12. Thus, Car and Phr for the whole magnetic 

flux density range can be obtained as shown in Figs. 13 and 14 

respectively. From Fig. 13, it is observed that rotating excess 

loss coefficient changes with the magnetic flux density. 

Consequently, the change of excess loss coefficient with 

magnetic flux density affects the total core loss as well as the 

ratio of rotating and alternating core losses. In addition, it is 

observed from Fig. 12 that the lines for hysteresis loss and 

eddy current loss plus hysteresis loss seem overlapping to each 

other which indicates that the effect of eddy current loss of the 

amorphous material is very small.  

In the second method [20], the rotational excess loss can be 

obtained from the alternating excess loss data as the same as 

that of alternating loss based rotational hysteresis model in (6). 

 
Fig. 12.  Curve fitting of the measured core loss data with frequency for 

different maximum magnetic flux densities, e.g. (a) 0.15 T, (b) 0.50 T, (c) 

1.00 T and (d) 1.40 T.  

 

 
Fig. 13.  Rotating and alternating excess loss coefficients with magnetic flux 

density.  

 

 
Fig. 14.  Comparison of different models for modelling rotational hysteresis 

loss of the amorphous magnetic material. 

V. MODELLING OF ALTERNATING CORE LOSS 

The loss separation method is also used for modelling of 

the alternating core loss. The alternating eddy current and 
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excess losses are modelled in the same as the rotational core 

loss model. However, the pattern of the alternating hysteresis 

loss is quite different from the rotational hysteresis loss 

especially at the situation near to the Bs. As the total loss is the 

sum of hysteresis, eddy current and excess losses, the total 

alternating loss Palt can be expressed as 

 
2 2

2 2 1.5 1.5
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= + +                        (13) 

 

where Caa is the alternating excess loss coefficient. The 

calculations of the Pha and Caa are carried out as the same as 

that for the rotational core loss. The calculated alternating 

excess loss coefficient with magnetic flux density is shown in 

Fig. 13. From Fig. 13, it is seen that the rotating excess loss 

coefficient is higher than the alternating excess loss 

coefficient. In the low magnetic flux density region, e.g. up to 

0.5 T, both coefficients increase but after that the alternating 

excess loss coefficient becomes almost constant. On the other 

hand, the rotating excess loss coefficient shows an increasing 

trend. However, the modellings of alternating eddy current 

and excess losses are already included in the last two terms of 

the right side of (13) respectively. The rest term which is the 

alternating hysteresis loss can be modelled by the following 

Steinmetz equation [24]: 

 

ha ha mP C B f=                                                            (14) 

 

where Cha and β are the Steinmetz parameters which are 

obtained by curve fitting of hysteresis loss data. 

VI. MODELING OF ELLIPTICAL LOSS 

The elliptical rotational core loss model was done by an 

analytical approach reported in [19]. In the analytical 

approach, some assumptions are considered such as the ratio 

of minor and major axes of loci of B is equal to that of loci of 

H, and the components of H on both axes are sinusoidal. The 

expression of elliptical loss is then written as [19]: 

 

( )
2

t B r B alt1P R P R P= + −                                             (15) 

 

where RB is the ratio of minor and major axes of the elliptical 

B loci. 

VII. EXPERIMENTAL VERIFICATION  

This section presents the experimental verification of the 

proposed rotational hysteresis loss model, and compares it 

with other models. Accordingly, the modellings of the 

rotational loss, alternating loss and elliptical core losses are 

also carried out and experimentally verified.  

The proposed rotational hysteresis model is verified by 

curve-fitting the rotational hysteresis losses with respect to the 

Bm. To assess the accuracy of the model, the error is defined as 

follows [19]: 
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where N is number of measured data, Pi(test) the measured data 

and Pi(cal) the calculated data. The optimization technique with 

considering the minimum error is applied for calculating the 

parameters of analogical rotational hysteresis models. The 

above-mentioned hysteresis models are applied to model the 

amorphous magnetic material. Fig. 14 (Section IV.C) shows 

the comparison among their results with the measured values. 

It is observed from Fig. 14 that the proposed model achieves a 

better agreement with the measured values than other models. 

The error for the proposed model is 2.11% whereas it is 3.55% 

and 6.42% for the existing analogical model and alternating 

loss-based model respectively. 

Fig. 9 (Section III.B) shows the comparison among the 

simulation results and experimental results of the rotational 

core losses. It is observed from Fig. 9 that the analogical 

approach achieves a better agreement with the experimental 

results than the alternating loss-based approach. 

Fig. 8 (Section III.B) shows the simulated and measured 

alternating losses. It is observed from Fig. 8 that the simulated 

results are close to the measured results. For the elliptical core 

loss, the simulation results also agree with the experimental 

results, although there exist small errors in the middle range of 

the axis ratio as shown in Fig. 11 (Section III.C). As the 

analytical model, which is used for the simulation, is based on 

some approximations discussed in Section VI, it shows small 

errors with the experimental results especially in the middle of 

the axis ratio range. In addition, in both rotational and 

alternating excess loss models, the excess loss is considered to 

be proportional to (Bmf)3/2 as shown in (11) and (13), which is 

not a generalized approach for all types of magnetic materials 

as a perfect alignment of magnetic domains of the magnetic 

materials with magnetic field is hardly possible. Therefore, the 

aforementioned excess loss model introduces a small error in 

the calculation of core loss. Moreover, in this research the 

effect of temperature change and mechanical stress have not 

been considered in the measurement and modelling processes. 

VIII. CONCLUSION 

Two-dimensional magnetic properties of the selected Fe-

based amorphous magnetic material are measured and 

investigated under different excitation conditions. From the 

investigation, some remarkable results have been obtained, 

which are: (i) the rotational hysteresis loss of the amorphous 

magnetic material decreases at the vicinity of the saturated 

magnetic flux density which is similar to that of the silicon 

steels; (ii) the permeability differs slightly with the change of 

the direction of the magnetic field; (iii) the ratio of the 

rotational to alternating core losses is about 1.90, and 

decreases dramatically at the vicinity of saturation magnetic 

flux density; and (iv) for elliptical rotational core loss, the 

small change of axis ratio near to the peak axis ratio highly 

affects the total core loss. In addition, a simple improved 
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rotational hysteresis loss model is proposed and 

experimentally verified. It is also observed that the proposed 

model achieves a better agreement with measured data 

compared to others. Moreover, alternating and elliptical 

rotating core losses are modelled and compared with the 

measured results. The proposed model and the measured 

magnetic properties of the amorphous magnetic material can 

be used to design high-performance electromagnetic devices, 

e.g. electrical motors.  
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