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Abstract 

Magnetostriction is an important cause of vibration and 
noise in transformer operation. It is of great significance 
to measure and study the magnetostriction of electrical 
steel sheet for transformer design, optimization and 
vibration and noise reduction. In this paper, a single 
sheet tester is set up to measure the alternating 
magnetostrictive characteristics of a single sheet 
sample of electrical steel with laser interferometer. 
Further, the variation trend of magnetostriction with 
magnetization frequency is also studied. 

1 Introduction 

As an indispensable equipment in power network, the 
vibration and noise of transformer has been paid more 
and more attention. The main reasons for the vibration 
and acoustic noise generated by the transformer during 
operation are as follows: the magnetostrictive effect of 
the core material, the air gap in the core and the 
electromagnetic force between the lamination, and the 
mechanical noise caused by the structural parts. 

As the core material of power transformer, the 
magnetostrictive effect of electrical steel sheet is worth 
measuring and studying. Hisashi Mogi and Tomoya 
Nakase have measured the magnetostriction of oriented 
electrical steel sheets by using laser interferometers 
[1,2]. Setareh Gorji Ghalamestani designed and built a 
single sheet tester based on the laser interferometer to 
measure the magnetostriction [3]. Philip Anderson et al. 
measured the magnetostriction of oriented electrical 
steel sheet under temperature and harmonic conditions 
[4-6]. Yongjian Li et al. measured the magnetostriction 
of non-oriented electrical steel sheet along different 
magnetization angle [7]. However, the study on the 
magnetostriction of oriented and non-oriented electrical 
steel sheet with the change of magnetization frequency 
is still not perfect, and the measured results are few. 

For oriented and non-oriented electrical steel sheets, 
the magnetic and magnetostrictive characteristics of two 
typical materials at magnetization frequency from 50Hz 
to 200Hz are measured and compared in this paper. 
The magnetostriction of them with the variation of 
magnetization frequency is discussed in detail. 

2 Measuring devices and systems 

The measuring system consists of a single sheet tester 
and a laser interferometer. Synchronous acquisition of 
induced voltage and magnetostriction is realized.  

2.1 Single sheet tester 

The single sheet tester (SST), as shown in fig. 1, 
consists of an iron core, an exciting winding, an 
induction winding and other structural parts.  
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Fig. 1 The single sheet tester 

The measurement principle of the SST is based on 
Ampere circuit law and Faraday's law of 
electromagnetic induction. The magnetic field intensity 
and magnetic induction intensity are calculated by (1) 
and (2), respectively. 
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Where n1, n2 represent the number of turns of the 
excitation winding and the induction winding 
respectively, I represents the excitation current, l 
represents the length of the effective magnetic circuit, A 
represents the cross-sectional area of the effective 
magnetic circuit, and u represents the induced voltage. 

2.2 measuring system 

The NI-DAQ is used to generate sinusoidal excitation 
voltage and collect induced voltage. The laser 
interferometer is used to collect the vibration velocity 
signal of the reflector pasted on the surface of the 
sample, and convert the vibration velocity into the 
magnetostriction by (3). Ten percent of the induced 
voltage is set to the trigger level of the vibration velocity 
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to implement the synchronous measurement of the 
magnetic induction intensity and magnetostriction. 

 ( )
( )v t dt

ε t
l

=


 (3) 

where v is the vibration velocity, l is the distance from 
reflector to clamp end. 

3 Results and discussion 

The alternating magnetic and magnetostrictive 
characteristics of oriented and non-oriented silicon steel 
sheets at frequencies from 50Hz to 2500Hz were 
measured, and the measurement results were shown in 
fig. 3 and fig. 4. 
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(c) 1000Hz (d) 2000Hz 

Fig. 3 The Magnetostriction of the oriented electrical 
steel sheet (B30P100) 
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(a) 50Hz (b) 200Hz 
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(c) 1000Hz (d) 2000Hz 

Fig. 4 The Magnetostriction of the non-oriented 
electrical steel sheet (B30AV1500) 

4 Conclusion 

According to the measurement results, the 
magnetostriction of the non-oriented electrical steel 
sheet is larger than that of the oriented electrical steel 
sheet. At the same time, the magnetostrictive shape of 
the non-oriented electrical steel sheet is disordered, 
which is related to the motion of the internal magnetic 
domains. Magnetostriction at high frequencies is 
affected by the harmonics in the magnetization of the 
sample and the intrinsic modes of the sample. 
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