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Magnetostriction in non-oriented (NO) and grain-oriented (GO) electrical steel is a main source of vibration of iron cores in
electrical machines and transformers. This paper presents the effect of different magnetization conditions, such as direct current
biased magnetic field and higher harmonic field, on magnetostriction of a long strip of electrical steel sheet based on a one-dimensional
(1-D) magnetostriction tester. The anisotropy of magnetostriction and the relation between principal strain and magnetic flux density
was made clear by means of measured data. A vector model was proposed to describe the relationship mentioned above, and was

applied to the magnetostrictive analysis of a synchronous machine.

Index Terms—Magnetostriction, harmonic analysis, soft magnetic materials, magnetization, finite element analysis.

I. INTRODUCTION

HE magnetostrictive phenomenon of non-oriented (NO)

electrical steel and grain-oriented (GO) electrical steel
has aroused the attention in recent years. It has been reported
that magnetostriction of electrical steel is one of the main
sources causing deformation and vibration in rotational
machine and transformer cores [1-3]. Some significant
research work has been conducted on the anisotropic
magnetostriction under the alternating and rotational
magnetization with a two-dimensional (2-D) magnetic
measurement system [4-6], in which the sample was cut into
square shape.

This paper investigates the behaviors of vector
magnetostriction for a long strip of NO and GO electrical
steel sheet under different magnetization conditions, such as
alternating magnetic flux along different directions, direct
current (DC) biased magnetic field, and higher harmonic
magnetic field. A three-axial strain gauge is developed to
measure the principal strain of magnetostriction. A model
based on measurement data is used to describe the vector
relationship between principal strain and magnetic flux
density, and is applied to the magnetostriction simulation of a
synchronous motor.

Il. MEASUREMENT AND ANALYSIS OF PRINCIPAL STRAIN

A. Magnetostriction measurement system

Fig. 1 shows a one-dimensional (1-D) magnetostriction
measurement system, in which the induced magnetic flux
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Fig.1 Magnetostriction measurement system

density B is controlled as sinusoidal waveform from 0.5 T to
1.8T, 50 Hz, the three-axial strain gauge is used to measure
the strain at angles of 0< 45< and 90 “to the rolling direction
(RD). A long strip of electrical steel sheet with 500mm in
length and 100mm in width is chosen as sample for purpose
of reducing the effect of shearing force from mechanical
processing on measurement results as few as possible.

B. Principal strain computation

The in-plane magnetostriction A(z, «), in an arbitrary
direction, can be expressed as
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where o is the angle to the RD, and r=wt. & and &, are linear
strains, and yy, is shear strain, which can be calculated by,
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where 24, A and A are measured by three-axial strain gauge in
three directions chosen as Ha=0°, 0b=45°, and QC:QOO. Thus,
the elongation (4.) and contraction (1) along principal strain
axis can be expressed as

2 2
ﬂ,+,/1 :8X+€yi &~ &, 4 ﬁ (3)
B 2 2 2

The angle from the principal strain axis to the RD can be
calculated from
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Fig.2 Principal strain of the NO electrical steel when B = 1.4T along two
magnetization directions
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Fig.3 Principal strain when B = 1.4T and 0;=0°for GO and NO electrical steel
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C. Anisotropic magnetostriction different

magnetization directions

To magnetize the samples along different directions, the
samples are cut at 15 intervals from the RD to the transverse
direction (TD). Fig.2 shows calculated principal strain in one
time period using experimental data which includes two
elongation sectors and two contraction sectors when
induction B = 1.4T. From this figure, we can see that the
magnitude and direction of elongation principal strain vector
A+ change with the variation of magnetization directions.
Fig.3 illustrates that the GO and NO electrical steel sheet
magnetized along the RD have different strain property, i.e.
for NO steel the elongation along the RD is bigger than
contraction of the TD, while for GO steel the bigger
contraction of strain is along the RD.

along

D. Magnetostriction under higher harmonic magnetic field

For electrical machines, the laminated cores may work
under magnetic field with higher harmonics. The effect of
harmonic field on magnetostriction is also measured by
controlling the induction B waveform with 3th harmonic
accounting for 20% of fundamental one and phase delay of
30< as shown in Fig.4. Fig.4 (b) shows the Fourier analysis
of magnetostriction waveform. It is shown that the 3th
harmonic of induction B has a main effect on the 2th and 4th
harmonics component of magnetostriction, and the high value
of 4™ harmonic of magnetostriction is mainly driven by
higher harmonic of magnetic field.

E. Magnetostriction under DC biased magnetic field

The transformer cores usually stands DC biased magnetic
field, and Fig. 5 shows the measured principal strain 1, and 4.
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Fig.5 Magnetostriction under DC biased magnetic field of 0 A/m and 30
A/m
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Fig.4 Effect of harmonic on magnetostriction along the TD

without and with 30 A/m biased field along the RD. We can
see that the elongation along the TD increases obviously and
the magnetostrictive waveform is not symmetrical any more.

I11. VECTOR MODEL AND APPLICATION

According to the anisotropic magnetostriction of electrical
steel discussed above in this paper, the measured vector
relationship between principal strain and magnetic flux
density is illustrated with 2-D surface in Fig. 6 and can be
described as

A=1(B,6;) (5)
0, =1(B.6)

where B and 6z are the magnitude and direction of applied
magnetic field, respectively, and 1 and 6; are those of
principal strain, respectively. The vector model is applied into
the magnetostriction simulation of a synchronous motor as a
result in Fig. 7, and the detailed discussion will be given in
extended paper.
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Fig.6 Relation between B and 6, Fig.7 Magnetostriction simulation

of a synchronous motor



