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Abstract. Based  on  a  transformer  eddy  current  transducer  (ECT),  a  probe  has  been  designed  

to  study the titanium slabs weld seams. The structural diagram of the probe is given and the basic 

technical data are  stated  (the  number  of  windings  is  10–130  turns,  and  the  value  of  the  initial  

permeability  of  the  core µ max = 500). The scheme that uses the computer as a generator and 

receiver of signals from windings is considered. The measurement procedure allowing one to detect 

defects titanium slabs with a high accuracy is described. The transducer was tested on the titanium 

slabs consisting the model defect was placed. The dependences of the ECT signal on the defect in this 

structure are given. The purpose of research is demonstrate the working efficiency of the device 

introduced. The results of the experiments showed  that Thanks to the change of the eddy-current 

transducer signal amplitude in the area of the weld seam, we succeeded in defining the edges of the 

weld seam exactly, its low quality being obvious due to a steep drop in the signal amplitude.  

Introduction 

A subminiature eddy current transducer [1] has been designed to monitor physical parameters 

when studying the properties of metal–dielectric junctions. The monitored parameter is the 

conductance value of the material and its distribution over the surface and in the thickness of the 

studied object. The eddy current transducer (ECT) is connected to the sound card of the personal 

computer operating under control of the special software. The software controls the voltage applied to 

the generator winding of the transducer and reads voltage values from the measuring winding in 

terms of arbitrary units, which are thereafter, with allowance for the preliminary calibration, 

transformed into conductance values.  

 Materials and methods 

A subminiature eddy current transducer [1] has been designed to monitor physical parameters 

when studying the properties of metal–dielectric junctions. The monitored parameter is the 

conductance value of the material and its distribution over the surface and in the thickness of the 

studied object. The eddy current transducer (ECT) is connected to the sound card of the personal 

computer operating under control of the special software. The software controls the voltage applied to 

the generator winding of the transducer and reads voltage values from the measuring winding in 

terms of arbitrary units, which are thereafter, with allowance for the preliminary calibration, 

transformed into conductance values. 

The exciting winding of the subminiature transducer consists of 10 turns, and its diameter is 0.13–

0.12 mm. The measuring winding consists of 130 turns and has a diameter of 0.05–0.08 mm. To 



 

 

minimize the influence of the exciting winding on the received signal, the scheme contains the 

compensation winding, connected to the measuring winding so that the voltage of the exciting 

winding is subtracted. It consists of 20 turns. The copper wire with a diameter of 5 mm is used for 

winding turns. The windings are wound round a pyramids-haped core. The core is made of a 

2000НМ3 ferrite having an initial permeability of 500. The scheme of the subminiature ECT is 

shown in Fig. 1. The characteristics of the designed transducers allow one to efficiently localize the 

magnetic field within 2500  µm2 and ensure a significant depth of its penetration into the studied 

object [2] 

 
 

Fig. 1. Scheme of the eddy current transducer: ( L1 ) measuring winding, ( L2 ) exiting winding, 

and ( L3 ) compensating winding. 

The additional scheme of the subminiature VCT is represented on the Fig.2. 

 

 
Fig.2. The scheme of the SMVCT.  



 

 

 

The VCT is a transformer. It has 1) an actuating 2) a compensation windings 3) and a magnetic 

conductor 4) which is placed inside the cylindrical platform 5) with the tracks for the windings, cut on 

the outer side 6) which is impregnated with a compound at 200 degrees centigrade in order to prevent 

the windings from destruction while the ferrite screen is being put on 7) which is meant for the 

magnetic field localization on the controlled object. From the outside the sensor is covered with a 

corundum washer 8 that protects the core 4 from contacting with the controlled object. 

The ECT is connected to the sound card of the personal computer  PC , operated under control of 

the special software (SW) (Fig. 3). The SW was developed in the C++ language for Windows 

operational systems. Using the mixer subsystem of Windows, the SW applies the voltage to the 

exciting winding of the transducer, specifying the level and frequency of the sinusoidal digital signal 

of the virtual generator. 

 

 
Fig. 3. Block diagram of the probe. 

 

The digital signal from the virtual generator arrives at the input of the digital-to-analog converter 

DAC of the sound card, from the output of which the analog signal is applied through the power 

amplifier A to the exciting winding ( E ) of the converter. Being transmitted through the exiting 

winding of the ECT, the sinusoidal signal creates the electromagnetic field, which induces the emf in 

the measuring winding ( M ) of the ECT. This voltage arrives at the microphone input of the sound 

card and next through the preamplifier PA at the input of the analog-to-digital converter ( ADC ) of 

the sound card. The analog signal is converted into the digital one and transmitted to the processing 

and control unit of the SW. The processing and control unit records the digital signal level in arbitrary 

units corresponding to voltage values at the measuring winding.  

This level is assumed to be the zero level corresponding to the voltage level at the measuring 

winding without the monitored object; i.e., in the absence of the monitored object, the indicator shows 

zero corresponding to the zero conductance value. The use of the computer sound card enables one, 

while scanning, to vary the frequency of the electromagnetic field, created by the exciting winding of 

the converter, from 20 Hz to 2 kHz. 

The designed ECT allows one to efficiently study metal–dielectric junctions in miniature laminate 

metal–polymeric composite objects. Similar composites n contain several metallic layers separated by 

thin polymer dielectric interlayers [2]. Typical defects of such materials include, e.g., discontinuities of 

layers and bridging between layers. The earlier designed IENM-5FA device [3] (conductance meter 

for nonferromagnetic materials) was used to study metal–dielectric–metal layer structures, and a 

specially modified Fourier analyzer was used to measure amplitude–frequency characteristics. 

In order to demonstrate the working efficiency of the device introduced, a series of measurements 

was conducted, the specimens being provided by the “Altay Instrument Engineering Plant Rotor”, the 



 

 

city of Barnaul. The specimens were titanium slabs, joint with the help of weld seams. The gauge of 

the slabs equaled to 5 mm. The weld width equaled to 5 mm. 

The results of the experiment and their discussion. 

In order to demonstrate the working efficiency of the device introduced, a series of measurements 

was conducted, the specimens being provided by the “Altay Instrument Engineering Plant Rotor”, the 

city of Barnaul. The specimens were titanium slabs, joint with the help of weld seams. The gauge of 

the slabs equaled to 5 mm. The weld width equaled to 5 mm. 

The test feature is the voltage induced by the eddy-current field developing in the monitored object. 

The sensor calibration was performed before the beginning of the measuring operations, it consisting 

in the definition of the inserted voltage from the defect-free section. The calibration was performed at 

different frequencies. At the same time the variation of the frequency in a 500 – 2000 Hz range at a 

pitch of 100 Hz was performed. The further scanning was conducted by means of the sensor moving 

through the length or breadth of the weld seam or crosswise of the defective section. During the 

experiments, it was found out that the optimum frequency range of the induction winding 

electromagnetic field for the titanium study equals to 1500 – 1700 Hz. The results of the experiment 

are presented in Fig.  4a. 

 

 
Fig. 4a. The extent of the response, while scanning the weld seam. The scanning frequency is 

1600 Hz.  

 

The scanning lengthwise of the weld seam surface was conducted in order to determine the weld 

seam homogeneity. Herewith, it should be noted that any significant change in the signal amplitude 

wasn’t pointed out.  

The results of the experiment say for the relatively homogeneous structure of the weld seam but 

don’t provide us with any information regarding the quality of the seam itself. Judging by the results 

of the given experiment, it could be concluded about the equal distribution of the weld seam defects 

or its zero-defect quality only. 



 

 

The scanning was conducted crosswise of the weld seam in the next experiment. The length of the 

weld seam was 150 mm. The seam was divided into 30 sections, 5 mm each, so that the signal from 

the seam itself as well as the one coming directly from the slabs was withdrawn. The dependences 

received were averaged. The results of the experiment are presented in, Fig. 4b 

 

 
Fig 4.b Specimen №1  

 

In the specimen given, the influence of a deficient weld seam on the inserted voltage is clearly 

traced by a significant drop in the signal amplitude in the weld seam area in comparison with the 

slabs. 

The conclusion about the weld seam of Specimen 1 low quality was made based on the experiment 

conducted. The low quality of the welding was confirmed directly by the weld seam cut as well. 

In order to simulate such a drop in the amplitude, an additional experiment was conducted (Fig 4.c 

) . 



 

 

 
Fig 4.c  Specimen №2 

 

 During the experiment, two titanium slabs of the same gauge were joint tightly, the area of the 

junction being scanned afterwards. The signal amplitude in the area of the junction changed by more 

than a decade in comparison with the signal amplitude from the slabs themselves. 

Conclusions. 

The results of the experiments conducted showed a high efficiency of the developed method in the 

search for defects of the titanium slabs weld seams and in the evaluation of the welding quality. 

Thanks to the change of the eddy-current transducer signal amplitude in the area of the weld seam, 

we succeeded in defining the edges of the weld seam exactly, its low quality being obvious due to a 

steep drop in the signal amplitude.  

So, the analysis of the eddy-current transducer response can be used for the evaluation of the 

performed welding quality. 

Insignificant changes in the eddy-current transducer response reflect the distribution of the weld 

seam surface cracks, which can be used for the evaluation of the wear rate of the weld seam, exposed 

to stresses. 
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