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Domain Structures and Magnetostriction in Grain-Oriented Electrical Steels
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It is well known that one of main causes of the noise
in power transformers is magnetostriction in the grain-
oriented electrical steels used as transformer cores. In
order to reduce the magnetostriction, change in the
volume of 90° domains under ac magnetization should
be suppressed. Improvement of the {110} <001) orien-
tation and strengthening of the coating stress are
effective in this regard.

Frequency analysis of magnetostriction under non-
sinusoidal magnetization was carried out. Magnetiza-
tion with lower harmonics did not increase the corre-
sponding frequency components of magnetostriction,
whereas PWM magnetization induced high-frequency
components in magnetostriction.

Key words: grain-oriented electrical steel, silicon
steel, transformer noise, magnetostriction, magnetic
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Fig. 1 Magnetic domains and the magnetostric-
tion of grain-oriented electrical steel sheets.
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Fig. 2. Effects of compressive stress applied to a
specimen on the 0-peak magnetostriction, Ao, at
1.7 T and 50 Hz. The coating tensile stress is 14.7
MPa for sample A and 3.9 MPa for sample B.

Fig. 3 Magnetic domain structures near the
scratched lines without applied stress: (a) for
sample A; (b) for sample B.
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Fig. 4 Effect of applied compressive stress on
the magnetic domain of sample A: (a) stress-free;
(b) 4 MPa; (c) 6 MPa.
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Fig. 5 Effect of applied compressive stress on
the magnetic domain of sample B: (a) stress-free;
(b) 1 MPa; (c) 2 MPa.
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Table 1 Factors and methods for reducing
magnetostriction in grain-oriented electrical steel

Factor Method
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Stress Compressive— X + Reducing residual stress
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Fig. 6 Effects of induction, Bs, and the sheet
thickness on the peak to peak magnetostriction,
Aps at L7 T and 50 Hz without applied stresses.
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Fig. 7 Magnetostriction curves of 0.3 mm grain-
oriented electrical steel with magnetizations of
1.3,15,1.7,1.8 19T, and 50 Hz.
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Fig. 8 Frequency components of magnetostric-
tion (0.3 mm-thick HI-B).
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Fig. 9 Frequency components of the A-weight-
ed magnetostrictive vibration velocity (0.3 mm-
thick HI-B).
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Fig. 10 Analysis of the frequency components
of the flux density under non-sinusoidal mag-
netization (0.30 mm-thick HI-B, harmonics super-
imposed).
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Fig. 11 Analysis of the frequency components
of the A-weighted magnetostrictive vibration
velocity under non-sinusoidal magnetization (0.30
mm-thick HI-B, harmonics superimposed).
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10
ot -x--Sinusoidal
-10 —a— PWM-10 pulse
g &t --@-- PWM-16 pulse
£
-3t
<
-8}
©
. _50 . S
Tt
-70 o =
Mo X x LT}
oy o \x\ I;x’x'-x;( \x’&x\ x xé\ /..l
-90 WA .
0 0.5 1 1.5 2 2.5 3 3.5 4

Frequency (kHz)

Fig. 12 Analysis of the frequency components
of the flux density under PWM magnetization
(0.3 mm-thick HI-B).
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Fig. 13 Analysis of the frequency components

of the A-weighted magnetostrictive vibration
velocity under PWM magnetization (0.3 mm-thick
HI-B).
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