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Abstract. Soft magnetic composite (SMC) materials are broadly used in low cost high 

performance electrical machines due to their magnetic isotropy, low eddy current loss, and 

capability to mould complex shapes. To optimise the performance of electrical machines, the 

three-dimensional (3-D) magnetic properties must be well understood and accurately 

modeled. For this purpose, a 3-D magnetic property measurement system was built and 

special sensing devices were fabricated. This paper presents, in detail, the magnetic flux 

density loci and the corresponding magnetic field strength loci for an SMC material when the 

flux density loci were controlled to be circles lying in the xoy-, yoz-, and zox-plane at 50 Hz. 
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1. Introduction 

 

Soft magnetic composite (SMC) materials are made of ferrous powders. The particles are 

coated with an insulating organic material to ensure low eddy current loss. A high-pressure 

compaction process is used to mould the SMC material into a complex shape capable of 
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producing three-dimensional (3-D) magnetic flux patterns in electrical machines. In order to 

improve the machine performance in the design procedure, a series of experimental data and 

faithful models, which can characterize 3-D magnetic properties of SMC materials, are 

desired by engineers. In the field of theoretical studies, the experimental data will be helpful 

to understand the mechanisms of magnetization. To obtain the experimental data, a 3-D 

magnetic property measurement system was built and special sensing devices were fabricated 

for a cubic sample. This paper presents, in detail, the magnetic flux density B loci and the 

corresponding magnetic field strength H loci for a cubic sample of SMC material when the B 

loci were controlled to be circles lying in the xoy-, yoz-, and zox-plane at 50 Hz, respectively. 

 

 

2. Experimental system 

 

A 3-D magnetic property measurement system was successfully built to magnetize cubic 

samples of soft magnetic materials [1, 2]. A special H and B sensing house, which consists of 

six H coils with embedded planar B coils for sensing the tangential component of H and 

normal component of B at the six sample surfaces, was fabricated and calibrated to measure 

the H and B loci. Fig. 1 shows the schematic diagram of the system and a photo of the sensing 

house. The sample material in this study is an SMC material made of highly pure iron powder 

with surface coating provided by Höganäs AB, Sweden. The dimensions of the sample are 22 

× 22 × 22 mm3. Six thin H coils with embedded B coils were attached to the cubic sample to 

measure the sample H and B vectors. For easy installation six H coils were integrated into a 

rigid sensing house in which the sample was placed. All coils were carefully calibrated in a 

long solenoid to obtain the coil coefficients, which were used to calculate the magnetic field 

at the sample surface. The details are presented in reference [3]. 
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3. Results and discussion 

 

Fig. 2 shows the hysteresis loops while the sample was magnetized at 50 Hz in 3-D 

magnetization system along the x-, y-, and z-axis, respectively. Fig. 3 shows the magnetic 

power loss along these three axes. The results are consistent with the data obtained previously 

by 2-D magnetic tester and those provided by the manufacturer. It is noticed that properties 

measured along the x- and z-axis are similar while the y-axis seems to be an easy direction for 

magnetization. This slight anisotropy might be caused by the compaction process though the 

sample is supposed to be isotropic. The SMC materials are composed of iron particles with 

irregular shapes, and the total power loss of the sample along one direction is a summation of 

losses dissipated by each particle, which are dominated by particle magnetocrystalline 

structure, magnetostriction, stress, shape, impurities and defects. These factors are expected 

not to be impacted significantly during the hot compression as the collective coercivities 

along three directions are the same. As a result, the losses along three directions are similar in 

despite of a present of slight difference caused by slight misalignment of yokes of 3-D 

measurement system. However, the compression causes non-uniform distribution of mass 

density. Morphologies observed using optical microscope display that the interstice rate at the 

compressing surface is 22 % while it is 11 % at the side surface. It means that the particles are 

much closer along the y-direction than along the x- and z-directions, that is, high mass density 

along the y-direction. As a result, a smaller field can reach higher flux density along y-

direction comparing with x- and z- directions. It is the reason that the y-direction is an easy 

direction for magnetization, along which the permeability is relatively higher. 

 

Fig. 4 shows the H and B loci while the B loci were controlled to be circles with different 

amplitudes up to 1.3 T, in the xoy-, yoz- and zox-plane at 50 Hz, respectively. It is shown that 
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the B loci are well controlled while the H loci have some aberrance, that is, they evolve from 

circle at lower flux densities into rectangle at higher densities. Fig. 5 shows the magnetic 

power loss values in three different planes. The rotational magnetic power loss is larger than 

the alternating loss. 

 

 

4. Conclusion 

 

The 3-D magnetic properties of a soft magnetic composite material have been measured using 

a novel 3-D magnetic property measurement system at 50 Hz. For alternating magnetic 

properties the results are consistent with our previous data and those provided by the 

manufacturer. For 3-D properties, the loci of magnetic flux density and field strength, and 

magnetic power losses have been measured and discussed when the flux density loci were 

controlled to be circles lying in three orthogonal planes. 
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Figure captions 

 

Fig. 1. Diagram of the 3-D measurement system (left side) and a photo of the sensing house 

(right side). 

 

Fig. 2. Hysteresis loops while the sample was magnetized along x-direction (left), y-direction 

(middle), and z-direction (right). 

 

Fig. 3. Magnetic loss values for alternating magnetizations on the x-, y-, and z-axis. 

 

Fig. 4. Round B loci (left column) and corresponding H loci (right column) in the xoy-plane 

(top row), yoz-plane (middle row), and zox-plane (bottom row). (a): round B loci in the xoy-

plane. B = 0.22, 0.43, 0.65, 0.83, 1.04, 1.20, and 1.32 T. (b): round B loci in the yoz-plane. B 

= 0.20, 0.39, 0.59, 0.79, 0.96, 1.13, and 1.29 T. (c): round B loci in the zox-plane. B = 0.21, 

0.42, 0.61, 0.81, 1.00, 1.16, and 1.29 T. 

 

Fig. 5. Magnetic loss values for round B loci in the xoy-, yoz-, and zox-plane. 
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Figure 1 (side by side) 
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Figure 2  
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Figure 3 
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Figure 4 
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Figure 5 
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