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COMMUNICATIONS

Vector B-H tester for simple evaluation
of vector magnetic characteristics
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This paper presents Vector B-H tester. Vector magnetic characteristics can express the vector relationship between mag-
netic flux density vector and magnetic field strength vector. A precise measurement method of vector magnetic characteristics
has been imposed. However, this method spends time and requires an effort to prepare the measurement. Vector B-H tester
can easily measure and evaluate the vector magnetic characteristics.
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1 Introduction

In order to development high efficiency electromag-
netic appliances such as a motor, it is necessary to mea-
sure detail magnetic characteristic of magnetic material
used as a core. Vector magnetic characteristic is well
known as a detail magnetic characteristic.

In precise measurement of vector magnetic character-
istics [1, 2], a method combining search coil method and
H-coil method is used generally. However, this precise
measurement method spends time, effort and money to
prepare samples for the measurement. For example, in
the search coil method, it is necessary to drill four holes
of Φ = 0.4 mm in a sample of approximately 80 × 80
square mm, and to wind the coil through the holes. The
other method has to use a calibrated double H-coil that is
very expensive and difficult to handle. Vector B-H tester
does not need winding the search coil and using double
H-coil. In this paper we present Vector B-H tester to eas-
ily measure vector magnetic characteristics and evaluate
its feates.

2 Vector magnetic characteristic

In the practical material, it is well known that the
magnetic flux density and the field strength are vector
quantities and their relation can be expressed by a tensor.
However, the conventional measurement method such as
SST and Epstein only provide scalar quantities. On the
other hand, vector magnetic characteristics can measure
the magnetic characteristics as a vector quantity. In order
to evaluate accurately a magnetic material, it is necessary
to measure vector magnetic characteristics.

Figure 1 shows the representation of the alternating
and rotating flux conditions. In the definition, we used

four parameters: the maximum magnetic flux density

Bmax, the inclination angle ΘB , the axis ratio α , and the

excitation frequency F . The inclination angle is defined

as the angle between the rolling direction and the direc-

tion of the maximum flux density vector. The axis ratio

is the ratio of the minimum flux density to the maximum

flux density. The precise circular rotating flux condition

corresponds to α = 1 and the alternating flux condition

means α = 0.

The magnetic flux density waveforms in x- and y -

directions are defined by parameters of Bmax,ΘB, and

α and are controlled to be sinusoidal with the feedback

control using a personal computer. The iron loss are cal-

culated from the measured flux density vector B and the

measured magnetic intensity vector H with the following

equation
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where ρ is material density and T is period of the exciting

waveform.
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Fig. 1. Definition of magnetic flux conditions: θB - inclination
angle, α = Bmin/Bmax - axis ratio
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Table 1. Comparison between precise measurement system and Vector B-H tester

Precise measurement system

for vector magnetic characteristic Vector B-H tester

Converge of Measurement
Bmax = 0.1− 1.8 T Bmax = 0.1 − 1.8 T

θB = 0− 180◦ , α = 0− 1.0 θB = 0− 90◦ , α = 0− 1.0

Measurement time 10 minute /one data 1 minute / one data

Handling Sensitive and technical Nice

Utilization & Application
Useful for magnetic Useful for fundamental

& characteristic analysis design complex vector analysis

Data collection unit

DA converter AD converter

Power
amplifier

Power
amplifier

Exciting coil (X) Exciting coil (Y) B-coil (Y)B-coil (X)

PC

Fig. 2. Measurement system
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Fig. 3. Details of each yoke and coil

3 Vector B-H tester

Figure 2 shows the measurement system of the Vector
B-H tester. The data collection unit of vector tester con-

sists of D/A converters, A/D converters and a set of two

power amplifiers, for x - and y - direction. A sample used

in the measurement is 80 mm × 80 mm sheet and placed
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Fig. 4. Measurement result of |B| and |H | loci (up), and hysteresis loops of each direction; with sequence of inclination angles: 0,15,30,
45,60,75,90 degres
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Fig. 5. Iron loss of each direction

at the center of the excitation yokes. The x -direction is to
be along the rolling direction. We can arbitrary generate
magnetic flux conditions with the two-directional excita-
tion of a sample sheet. The components of the magnetic
flux density vector in the x - and y -directions are mea-
sured using the B-coil (search coil) directly wound at the
excitation yokes. The components of the magnetic field
strength vector in the x - and y directions are measured
by magnetizing current method [3]. Excitation currents
in x- and y- direction are measured using a shunt resis-
tance (0.5 Ω) connected to exciting coil. Figure 3 shows
details of yokes and coil for Vector B-H tester. Magnetic
flux density and magnetic field intensity in both direc-
tions are calculated by following equation

B =
1

N1

Seff

∫

VBcoildt, (2)

H =
N2I

leff
, (3)

where Seff is effective cross area, leff is effective magnetic
pass length, I is excitation current, VBcoil is induction
voltage of B-coil, N1 is winding turn number of B-coil and
N2 is winding turn number of exciting coil. We calibrated
leff and Seff using correction value for measuring the
magnetic flux density and the magnetic field strength of
specimen. Table 1 shows the comparison between precise
measurement system and Vector B-H tester.

4 Measurement result

Figure 4 shows the measured flux density and the field
intensity vector loci, and hysteresis loops in each direc-
tion, respectively. The grade of measured sample is non-
oriented electrical steel sheet. As shown in this figure, the
direction of the flux density vector B and field intensity
vector H were completely different.

Figure 5 shows the iron loss at each direction. As
shown in those figure, the iron loss was the smallest when
θB = 0◦ , and the iron loss increased as θB approaching
to 90◦because the magnetic anisotropy is affected. Vector
B-H tester can evaluate the magnetic characteristic such
as the magnetic anisotropy of one sheet sample easily.

5 Conclusion

As described above, we suceeded in

• developing Vector B-H tester for measuring the mag-
netic characteristic of soft magnetic material such as
non-oriented electrical material.
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• showing results the Vector magnetic characteristics
can be measured easily, giving appropriate values of
quantities including such as the magnetic anisotropy
of one sheet sample.
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