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Abstract: Base on the basic principal and existed generation method, the system sets up a pattern of electro-
magnetic ultrasonic generation. By the experiment, revise original amplitude formula. The aim is making fur-
ther efforts on finding the law of electromagnetic ultrasonic generation. Using power device to improve the 
system can reduce noise and eliminate electric arc, which always effective the experiment when using AC 
contactor as circuit changer. By comparing experiment data between before and after revising the system, ex-
plaining the advantages after improving it. In the end, revise original amplitude formula, and gain more ideal 
electromagnetic ultrasonic-testing results. 
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1. Introduction 

Electromagnetic ultrasonic is a new technology of non-
destructive testing. It uses a way of electromagnetic cou-
pling generation and receipt ultrasonic-wave. Comparing 
common ultrasonic, electromagnetic ultrasonic does not 
need couplant, and it can test both any ultrasonic-testing 
and ultrasonic-testing unable to do, such as high-tem-
perature environment elements with keeping warm and 
shielding layer, and so on. At present, in this field in 
China, there are some distinct shortcomings of big noise, 
high heating, and low transforming efficiency. However, 
the main problem is at the generation part. The system 
sets up a pattern of electromagnetic ultrasonic generation 
base on the basic principal and existed generation 
method. The aim is making further efforts on finding the 
law of electromagnetic ultrasonic generation. Through 
the experiment, revise original amplitude formula. By 
comparing experiment data between before and after 
revising the system, explaining the advantages after im-
proving it. In the end, revise original amplitude formula, 
and gain more ideal electromagnetic ultrasonic-testing 
results. Using power device to improve the system can 
reduce noise and eliminate electric arc, which always 
effective the experiment when using AC contactor as 
circuit changer. 

2. Optimize Experiment System 

The experiment improves the EMAT (electromagnetic 
acoustic transducer) in generation system, circuit charger 
and tested device, and establishes generation pattern, to 
gain a more ideal and credible EMAT system. 

2.1 Generation System 

The main parts of the system are shown in Figure 1. 

2.2 Ferromagnetic Metallic Sample 

The experiment selects sample of steel (225.5×34.5×25) 
which has three holes ( =3mm). The holes are used as 

defect inside. And make sure that there is enough dis-
tance between holes. 

The general outline and parameters are shown in Fig-
ure 2. 

 

 
Figure 1. Improved EMAT generation system 

is making real-time test 

 

 
Figure 2. Structure of sample. 
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2.3 The Whole Experiment System 

The experiment improves original system; the diagram of 

 
improved pulse electromagnetic ultrasonic generation is 
shown in Figure 3. 

 

 

 
Figure 3. Improved EMAT system 

 
Using a new charger, IGBT, improved the original 

system deeply. It can not only eliminate noise, but also 
reduce the energy consumption. So, the amplitude of 
ultrasonic is more obvious, and it is easy to observe and 
summarize. 

2.4 The Process and Conclusion of the Experi-
ment 

2.4.1 The Process of the Experiment 
To meet the demands of IGBT, the experiment chooses 
devices as follows: 

(1) L=3.51μH, R=0.094Ω with core; 

(2) Capacitance (10μF, 1000V); 
(3) U shape magnetic-iron made by (NdFeB); 
(4) Sample of steel; 
(5) Two IGBTs parameter is 600V and 1200A; 
(6) Wooden trough; 
(7) Piezo-electric detector, oscilloscope and high 

voltage source. 
(8) Some pure copper lines. 
The experiment uses detector to receive ultrasonic 

signals, oscilloscope to display and preserve them, and 
then the computer collect and analysis data. The flow 
chart is shown as follows: 

 

 
Figure 4. Flow chart of EMAT 

 
The detailed process is: switch on the IGBT1 firstly to 

make the source charge up the capacitance. Then turn off 
the IGBT1, and turn on the IGBT2, to make the right 
parts of the circuit a whole RLC circuit and oscillate. 
Vortex is created and generates ultrasonic in the sample, 
and tests the sample. 

Through lots of experiments, improve nondestruc-

tive testing (NDT), hence the amplitude and strengthen 
power transforming efficiency and penetrate ability. So, 
the experiment starts at 100V, straight to 1000V. The 
common difference is 50V. Gain lots of data and fig-
ures. 

Give fore typical figures (they are the same except 
amplitude) and all data. 
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Table 1. Data comparing 

Before improve system After improve system 
Voltage 
（V） Ultrasonic am-

plitude（V） 
Ultrasonic fre-

quency（kHz） 
Ultrasonic 

amplitude（V）

Ultrasonic 
frequency
（kHz） 

The second 
ultrasonic am-
plitude（V） 

Interval 
time（s） 

Ultrasonic 
amplitude
raise（%）

100 0.34 41 0.41 43.8 0.117 0.24 20.6 
150 0.38 42.5 0.47 42.9 0.134 0.21 23.7 
200 0.66 42.6 0.81 45.6 0.231 0.26 22.7 
250 0.81 44.1 1.02 43.7 0.291 0.28 25.9 
300 0.96 43.2 1.23 43.1 0.351 0.25 28.1 
350 1.1 41.3 1.43 41.7 0.409 0.26 30 
400 1.26 44.8 1.64 42.6 0.469 0.23 30.2 
450 1.42 42.8 1.84 44.1 0.526 0.23 29.6 
500 1.59 41.7 2.1 43.7 0.604 0.22 32 
550 1.73 43.5 2.25 44.6 0.643 0.22 30.1 
600 1.88 42.8 2.46 42.5 0.703 0.22 30.9 
650 2.05 41.9 2.66 44.8 0.761 0.27 29.8 
700 2.2 43.7 2.86 43.8 0.817 0.26 30 
750 2.39 43.8 3.07 43.2 0.877 0.23 28.4 
800 2.55 42.5 3.27 41.4 0.934 0.26 28.2 
850 2.7 42.9 3.48 42.5 0.991 0.27 28.9 
900 2.89 42.7 3.68 42.8 1.05 0.23 27.3 
950 3.01 41.1 3.89 43.5 1.111 0.22 29.2 
1000 3.1 41.7 4.1 43.8 1.173 0.25 32.3 

 

            
Figure 5. U0=200V                                         Figure 6. U0=450V 

 

The chart and figures show that the second wave am-
plitudes are low because of defect. The second is lower 
1/3 than the first. The interval time is about 0.25×10-5 

second. The factors of affecting receiving ultrasonic are 
many and very complicated, so it describes the appear-
ance qualitatively. However, that the reduction and the 
interval time are similar. That explains that we can find a 
law and make base for the future research. 

If there are no defects inside, the physical formula dur-
ing the whole process is: 

s
t

v
  

s means ultrasonic effective distance and s=25mm; v 
means ultrasonic propagation velocity in the sample, and 
v≈5900m/s; t means ultrasonic propagation time. 

After calculation, the ultrasonic propagation time is 

about 0.42×10-5s when there are no defects. However,  
after the reduction given by defects, the second wave is 
0.17×10-5s later than the first. That explains the main 
reason of the reduction is defects. So it can be sup-
posed that we can gain the location, size and even 
shape, by calculating and anglicizing ultrasonic reduc-
tion. 

2.4.2 Revising the Experience Formula 
The common method of Pulse electromagnetic ultrasonic 
generation is: the source creates the pulse signals, and 
then amplifies the power, and generates the coil. A big 
disadvantage of this method is wasting power and the 
heat-resisting of the coil will limit generation of the ul-
trasonic signals. 

Using RLC in-line electric discharge loop can achieve 
generation. Because it’s an advanced technology, it is 
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used in many pulse-power systems. Its basic principle is sh wn in Figure 9.   o  

        

Figure 7. U0=650V                                              Figure 8. U0=1000V 

 

           
Figure 9. RLC discharge circuit                           Figure 10. Typical damping oscillation chart 

 
E is high-voltage source; 
C is high-voltage capacitance; 
L is a coil; 
R is the sum of coil-resistance, line-resistance, touch-

ing-resistance, and internal resistance.; 
S is controlling charger. 
Its working process is: the source charges the capaci-

tance firstly, cutting down the charging loop when the 
capacitance is full. Then connect the discharging loop 
(RLC). The discharging process is a second order zero 
input. The formula is  

2

2
0C C

C

d U dU
LC RC U

dtdt
    

Wanting to gain alternating signals, the demand is 

2
L

R
C

 . Now 

0 sintU
I e

L


Form the formula knowing that to gain heavy current, 
C should be large. The typical discharging wave is: 

So when mt



 , the peak value of impulse current 

is. 

0

0
m

U
I e

L







  

In the formula 

2

R

L
  , 

0

1

LC
  , 

2 2
0    , 

1 

t


  

0

. sin


The coil will create alternating magnetic field when 
it gets alternating generation signals. Keep the coil above 
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the sample, it will be induced vortex, the degree and na-
ture of it obey Faraday electromagnetic induction law. 
The degree of vortex density depends on variety speed of 
alternating magnetic field in the coil. And its rate equals 
to current in the coil. Current will be affected by Lorentz 
strength in any magnetic field. Alternating current and 
magnetic interact on each other. Particle of the sample 
will be bear by alternating power and vibrate. Ultrasonic 
wave is generated in the sample. By the Lorentz strength, 
amplitude of molecule vibration is: 

2 2
1/ 22 (1 )

2

r
L

l

I
A B

q
a S


  




 

r  s relative permeability of material, 
I  s the maximum current of the coil; 
a  s the distance between coin and material; 
  s density of material; 

S  s current angular frequency of the coin; 

l  s number of sonic wave; 

q  s the deep of skin effect; 

  s magnetic induction intensity of horizontal direc-
tio

d inductance, the form
should be revised as follows: 

n; 
According to the experiment, given constant parame-

ters, the data gained are about 22%-28% morn than cal-
culation. The formula above is base on the common 
method. So after improving the system and considering 
the factors of capacitance an ula 

0
2 2

1/ 2
0

(1 )

2 (1 )
2

r L

l

U B e
A K

q
a SL



   



 


 

ter, and it will make fine 

er research. 

ulse genera-
magnetic ultrasonic testing. 

ron. Development of an EMAT ILI System for 

, T. Beuker. First Survey Run with Electro-

I. Flaw Detection by Line- 

-wave EMAT Phased Array Inspection by New Eight 

LACK, B COX, . Recent Ad-

. HIRAO. Arrayed-coil 

reira da Cunha, J. W. Jordn. Improved Longitudinal 

 and Input Impedance of a 

, C S HEHMAN. Empirical Mod-

ensional Finite Elements [J]. IEEE Trans, on Ultra-
sonics, Ferroelectrics, and Frequency Control. 1990, 37(2): 
233-247. 

Here, K is revised parameter; its valuation is about 
between 0.22 and 0.28. From this way, the electromag-
netic ultrasonic formula is exac

basement for furth

3. Conclusion 

The main introduction is an improving EMAT system, 
and the process of the experiment. By comparing data 
before and after improving, it gains morn ideal conclu-
sion. In the end, revise the experience formula, and gain 
exacter amplitude formula. The next step of the experi-
ment wants to use single chip or “555” timer to control 
GBT, which wants to make a continuous pI

tion and electro
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