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Abstract. Steel samples under different pulse magnetic field are produced using self-developed pulsed 
magnetic field generator, and the discharge voltage of the pulsed magnetic field selected from the 
experiment is 0V, 40V, 80V, and 100V four gradient levels. The morphology of the microstructure is 
photographed by metallographic microscope, then the calculation of the multi fractal software，which 
is designed by Visual C++，of the optical image input is carried out. The distribution patterns of 
different pulse magnetic fields have been quantitatively characterized by the results of the calculation. 
With the increase of the discharge voltage,  ( Multifractal spectrum width) decreases from 0.481338 to 
0.439.5 and then increases to 0.545596, which explains process of the change from uniform to uniform 
to uneven and more complicated organizational structure;  (multifractal spectrum)＞0, the fine 
microstructure dominated，the increased proportion of intracrystalline ferrite.  

Introduction 
Recent studies show that  pulsed magnetic field can control solidification process and effectively 

refine the metal solidification microstructure[1-3]. The oxide metallurgy technology can use inclusions in 
steel pinning movement of grain boundaries at high temperatures to inhibit grain growth and promote 
the nucleation of intragranular ferrite to refine the microstructure of the steel[4] . The steel in this paper 
is to use the dual thinning effect of pulsed magnetic field and oxide metallurgical technology. It is hard 
to describe with the traditional quantitative method because of the irregularity of the structure of the 
steel structure. The simple fractal dimension is only the overall characterization of the surface 
morphology and not detailed description of details [5]. Multifractal can reflect more details of material 
surface and more real description of the surface morphology of the material[6]. The multifractal 
spectrum of organizations at different discharge voltage are quantitatively calculated and the influence 
of pulsed magnetic field on microstructure of steel is studied in more detail using self-designed 
multi-fractal software. 

Experiment 
In experiment, steel samples under pulse magnetic field with different discharge voltage are 

produced using self-developed pulsed magnetic field generator. In order to study the effect of pulsed 
magnetic field under different discharge voltage by using multifractal method, the discharge voltage of 
the experiment consists of 0V, 40V, 80V and 100V four gradient level. One 10mm×10mm cross 
section for the samples is obtained by wire cutting. The samples are polished, ultrasonic cleaning, 
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drying and Nitrate corrosion and the morphology of the microstructure is photographed by 
metallographic microscope, and then the calculation of the multi fractal software of the optical image 
input is carried out. 

Results and discussion 
In order to more systematically study the effect of pulsed magnetic field under different discharge 

voltage, the surface morphology of the 0V, 40V, 80V and 100V is photographed, As shown in Figure 
1. With increasing discharge voltage, the surface morphology of the microstructure gradually becomes 
micro organization from relatively coarse microstructure and the metallographic structure becomes 
more complex, which is mainly due to the increase of the discharge voltage and the generation of large 
amount of acicular ferrite structure.  

    
(a)                           (b)                           (c)                          (d) 

Fig. 1 Microstructure of different discharge voltages(a:0v;b:40v;c:80v;d:100v) 
In this paper, the box countin method is used to calculate and count. First, microstructure 

pictures are binarizingly processing by selecting the appropriate threshold. Figure 2 is binarized images 
of Fig. 1 in the conversion threshold with respectively 116, 123, 105, 124. 
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 and calculate the corresponding probability measure. Define a distribution function χq (ε) = ∑ 

Pij(ε)q = ε ln χq (ε)/lnε , and If the equation is established, the distribution function χq (ε)and ε have a 
power function relationship and in χq (ε)～ln(ε) are a straight line. Namely, it can meet the invariance or 
self similarity of the scale change and it is suitable for the analysis of multifractal spectrum. α = d[ln χq 
(ε)/lnε] / dq, which is the singular index, can reflect the singularity of the units in the fractal. Here, f(α) 
= αq - ln χq (ε) / lnε，which is a multifractal spectrum, reflect fractal dimension of the subset of the same 
α value. By choosing the appropriate q values and the calculated Pij(ε), we can calculate the α and 
f(α),which can quantitatively characterize the complexity of fractal structure[7]. 

    
(a)                           (b)                           (c)                          (d) 

Fig. 2   Binarized images of Fig. 1(a:0v;b:40v;c:80v;d:100v) 

  
Fig. 3 Curves of f(α)～q and α～q of Fig. 2 

By the relationship curves between α～q and f(α)～q(Figure 3), we can know, when ｜q｜>10, a 
almost does not change with the change of q, that is to say, the weight factor q has little effect on the 
value of multifractal spectrum function, which can be neglected. By the right, when the q ranges from 
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-20 to 20, f（α）dramatically changes with the change of q. Beyond this range of q, f（α）slowly changes 
with the change of q, which almost can be ignored, consequently, the range of q is from -20 to 20 in this 
experiment. 

   

 
Fig. 4  Curves of ln χq(ε)～ln (ε) of Fig. 2 

It can be seen from figure 4 that these lines infinitely extended to smaller ε until gather in the (0,0) point, 
and in the small change range of ε, the absolute value of the slope is small, that is to say, scaling 
invariance is not satisfied in all the range of ε. The appearance of this anomaly is related to the 
fluctuation of the small probability. With the decline of ε, Pij (ε) may decrease sharply, which causes 
that ln χq (ε) abnormally increases in the range of ε, when q is negative. An approach to the partial 
solution of the anomaly is to ignore a part of very small Pij(ε), which is considered to be errors in actual 
graphics and be neglected. It is explained that a series of samples with different discharge voltage have 
scale invariance and two dimensional structure of the organization can be studied by multifractal 
theory. 

  
Fig. 5  Curves of multifractal spectrum of Fig. 2 

Table 1 Parameters of multifractal spectrum 

Discharge 
voltage αmin αmax Δα f(αmin) f(αmax) Δf(α) f(α)max 

0 1.979911 2.461249 0.481338 1.955625 0.474205 1.48142 2.017399 

40 1.924788 2.363838 0.43905 1.736664 0.85946 0.877204 1.989283 

80 1.905614 2.418985 0.513371 1.698587 0.956878 0.741709 1.984146 

100 1.877441 2.423037 0.545596 1.489196 0.960038 0.529158 1.979204 

The multifractal spectrum and the main parameters of the structure under the different pulse magnetic 
field are given in Figure 5 and table 1. As shown above, Δα decreases from 0.481338 to 0.439.5 and 
then increases to 0.545596, which shows tissue distribution under different discharge voltage 
experiences the process from uniform to uniform. This is mainly due to the formation of a large number 
of acicular ferrite, which makes the structure more complex; Δf(α) > 0 ,that is to say, the number of the 
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smallest probability subset is greater than the maximum probability subset, which indicates that the fine 
microstructure is dominated. The f(α) maximum value decreases with the increase of the discharge 
voltage, which shows the maximum probability is decreasing and the discharge voltage has an obvious 
effect on the microstructure refinement. This is the same as the observation of the metallographic 
microscope. 

Summary 
(1) The multifractal software can well describe the degree of distribution irregularity and the size 
distribution of the steel organization. 
(2) With the increase of the discharge voltage of the pulsed magnetic field, the microstructure of the Ti 
bearing carbon steel is from even to more uniform, and then to the uneven. As the appearance of the 
acicular ferrite, the tissue structure becomes more complex. 
(3) The fine microstructure is dominated and the pulse magnetic field has an obvious refinement effect 
on the microstructure of steel. 
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