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Abstract — Core loss for rotating electrical machine can be 
predicted by identifying the magnetic properties of the 
particular magnetic material. The magnetic properties should 
be properly measured since there are some variations of vector 
flux density in the rotating machine. In this paper, a kind of 
soft magnetic composite material, SOMALOY 700, has been 
measured under one axis flux density penetration by using a 3-
D magnetic tester. The LabVIEW has been used to measure 
the induced voltages of B (magnetic flux density) and H 
(magnetic field strength) sensing coils. The voltages are used in 
obtaining the magnetic properties of the sample such as B, H, 
hysteresis loop and core loss by using the Mathcad software. 
 
Index Terms — core loss, hysteresis loop, SOMALOY 700 
material, 3-D magnetic tester. 

I. INTRODUCTION 

       Soft magnetic materials have been used in various 
electrical appliances at various operating frequencies for 
more than 100 years. The unique soft magnetic composite 
(SMC) materials are developed to support the needs of 
advanced electrical motor applications with complex 
structure and 3-D magnetic flux path [1]. To properly design 
and analyze these machines, the 3-D magnetic properties 
should be obtained and understood. Several kinds of SMC 
material have been measured and analyzed by using a 3-D 
magnetic property tester [2-18].  
      The 3-D magnetic property tester was successfully 
developed by Zhu et al. in 2001 in order to investigate the 
magnetic properties of soft magnetic materials under 3-D 
magnetic excitations [2]. This system consists of a 3-D yoke 
to guide the magnetic fluxes in three axes, a data acquisition 
system, and three groups of coils to produce magnetic field 
along the orthogonal x-, y- and z- axes. The tester is able to 
produce different magnetic flux patterns such as alternating, 
rotating in a plane and rotating in a 3-D pattern.  
      In this paper, the magnetic properties of SOMALOY 
700 (5P), a type of SMC material, are investigated by using 
the 3-D magnetic tester, as shown in Fig. 1. Fig. 2 shows the 
cubic SMC sample with length of 20 mm, together with the 
H and B sensing coils. Six guarding pieces of 20 x 20 x 6 
mm3 are used in this measurement for improving the 
uniformity of flux density within the sample. The guarding 
piece is made of the same material as the test specimen 
[3] as shown in Fig. 3. The magnetic properties of the 
sample under the x-axis penetration of 50 Hz frequency are 
reported in this paper. 
      The sensing coils are important subject to be focused. 
Therefore, the structure of both B and H coils should be well 
formed. The 200 turns of H sensing coil is wound around 
                                                            
 

0.6 mm thickness epoxy resin board. The round B sensing 
coil with 6 mm diameter has been embedded in the center of 
the H coil and it has been wound for 60 turns as shown in 
Fig. 4. 
 
 

 
 
Fig. 1.  3-D magnetic property tester. 
 

 
 
Fig. 2.  Cubic SMC sample with sensing coils.  

 

 
 

Fig. 3. Structure of guarding pieces: cubic sensing box with sample, 
sensing coils and guard piece [3]. 
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Fig. 4.  Structure of B and H sensing coils [4]. 
 
      In Fig. 5, each 16-layer excitation winding includes 
three coils, 2-layer coil for No. 1, 6-layer coil for No. 2, 
and 8-layer coil for No. 3, and each layer is designed to be 
35 turns [5]. No.1 coil is for 200-1000 Hz, No. 1 and No. 2 
coils are assigned for 20-200 Hz experiment, and all the 
three coils of No. 1, No. 2 and No. 3 are set to be in 
series for 2-20 Hz experiment as displayed in Fig. 6 [6]. 
 

        
 
Fig. 5.  Scheme of improved excitation winding coil [5]. 

 
      Each pair of excitation winding coils are connected in 
series or parallel depending on the required frequency and 
impedance. Thus, both low and high frequency can be 
detected since each level of frequency has been assigned 
for the particular excitation coils. Fig. 6 illustrates the 
scheme of excitation and sensing structure in the x axis. It 
is also applied in the y and z axes. Experiment 
implementation for different typical frequency scope is 
performed by selecting the option switch of corresponding 
excitation coil [6]. The two exciting winding coils of x 
axis are connected in series without phase angle difference 
to ensure the generation of maximum and uniform 
magnetic field inside the sample [6, 18]. 
       From the scheme of excitation and sensing structure, 
it can be seen that the operational amplifier (OA) is needed 
before data acquisition since the voltage of H signal is 
very small [6]. The actual figure of operational amplifiers 
is shown in Fig. 7. 

 

 
Fig. 6. Excitation and sensing structure in one axis [6]. 

 

 
 
Fig. 7.  Set of operational amplifiers for VB and VH signals. 

 

II. CALIBRATION OF SENSING COILS 

       The sample surface field intensity components and the 
flux density components can be detected by B (magnetic 
flux density) and H (magnetic field strength) sensing coils 
which induce the sensing voltages.  

  The B and H can be obtained by 
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where V is the RMS value of the induced EMF, KH is the 
coefficient for H coil and KB is the coefficient for B coil .   
  
       The coil coefficients (in m2) can be obtained by 
conducting a calibration in a long solenoid. Calibration of 
sensing coil was studied by considering the following 
equations [19-20].  
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where f is the frequency of the excitation current, and Hm is 
the magnitude of the magnetic field strength in the center of 
the solenoid.  
 

Fig. 8.  The coil coefficients of B and H sensing coils. 

 
The results from Fig. 8 are averaged over a number of 
measurements as KHx = 0.004241 and KBx = 0.004344. 
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The calibration process is important in order to 
eliminate the system errors before being employed to 
measure the magnetic field components in the 3-D 
magnetic properties testing system. Fig. 9 shows the photo 
of calibrating, and Fig. 10 plots the induced voltages in the 
sensing coils with different excitation currents. Fig. 11 
shows the block diagram in LabVIEW for acquiring the 
induced voltage signals during the calibration process. 

 

 
 
Fig. 9.  Experiment of sensing coil calibration. 

 

 
Fig. 10. The induced voltages of B and H coils during the calibration 
process. 

 

 
 
Fig. 11. Block diagram for acquiring the sensing coil voltages during the 
calibration. 

 

III. MEASUREMENT 

A. Waveform Control 
 As shown in Fig. 12, the waveform of excitation 

voltage is generated by the function generator, and exported 
to the channel of linear power amplifier, which feeds the 
excitation windings of the tester. The voltage signals of B 
and H are amplified by operational amplifier before having 
been sent to the A/D and D/A board for the data acquisition 
process. The signals are used to determine the relationship 
of B and H in order to calculate the core loss of the sample. 
Fig. 13 illustrates the block diagram of LabVIEW in 
controlling the magnetic flux density (magnitude and shape) 
and the data acquisition of sensing voltages of B and H 
coils.  

 

 
Fig. 12.  Flow chart of the 3-D magnetic property testing system under 3 
magnetic fluxes of excitation [2]. 

 
 

 
 
Fig. 13. Process of controlling magnetic field and acquiring the signal 
voltages. 
 

       The recorded data will be analyzed by Mathcad 
software in obtaining the important parameters such as 
magnetic flux density B and magnetic field strength H, in 
order to determine the hysteresis loop of material.  
 

B. Core Loss 
       The core loss is calculated from the magnetic field 
strength H, at the sample surface and the magnetic flux 
density B, inside the sample, by using the field-metric 
method [7]. This method evaluates the total specific core 
loss Pt, by using the Poynting’s theorem: 
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where T is the time period of magnetization, ρm is the mass 
density of sample.   
 
C. Experimental Measurement 
       The experiment at 50 Hz has been carried out by using 
the 3-D tester under x-axis penetration of magnetic flux 
density. The hysteresis loops for a number of increasing 
excitation currents of the SOMALOY 700 sample are 
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narrower compared to that of SOMALOY 500 sample. 
Since the area of hysteresis loop is proportional to the core 
loss, the energy dissipation of SOMALOY 700 is lower than 
SOMALOY 500; this makes it more preferable for electrical 
machine application. Fig. 14 shows the hysteresis loops of 
SOMALOY 500 material [6], and Fig. 15 shows the 
measured hysteresis loops of SOMALOY 700. 

 
Fig. 14. The hysteresis loops of SOMALOY 500 under x-axis at 50 Hz of 
penetration. 

 
  
Fig. 16 illustrates the core loss curves of two different 

materials, SOMALOY 500 and SOMALOY 700. The core 
losses of SOMALOY 700 are lower than SOMALOY 500 
due to the special characteristics of SOMALOY 700, such 
as the new coating concept which is larger grain with ultra-
high insulation [21]. During the manufacturing process, the 
electrical resistivity is controlled to minimize bulk eddy 
current losses. It also significantly reduces the hysteresis 
loss. 

 

Fig. 15.  The hysteresis loops of SOMALOY 700 under x-axis at 50 Hz of 
penetration. 

 
Fig. 16.  The core loss of two SMC materials under x-axis at 50 Hz of 
penetration. 

IV. CONCLUSIONS 

       This paper studies the magnetic properties measurement 
of new SMC product which is SOMALOY 700 (5P).  It 
describes that area of hysteresis loops of this material are 
narrower than SOMALOY 500 material which corresponds 
to the lower core losses. 
        Due to the lower core loss, the power dissipation will 
be reduced successfully. Hence, this material is more 
suitable to be used in the electrical machine devices since 
core loss is an energy waste. This waste occurs when the 
power is dissipated in the form of heat within the core of 
electromagnetic devices due to the changing of magnetic 
flux field [22]. 
        In this paper, only the 1-D measurements of 
SOMALOY 700 are reported. In the near future, 2-D and 3-
D measurements will be investigated under rotating 
magnetic flux excitation.  
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