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Eddy current (EC) method is one of the more perspective for detection and estimation of surface and subsurface flaws of different types, especially for detection of dangerous fatigue and corrosion flaws in structural components in aircraft, nuclear power plants in service. The differential type EC probes are applied in situations where the good suppression of undesirable influences in the EC probe signal response it is needed. But the selective possibilities of multidifferential eddy current probes and new practical possibilities of this kind of probes are not investigated and developed enough yet. In this paper we represent the new LEOTEST 2DD family multidifferential EC probes and some new practical results obtained with this type probe application.

The dual differential (in different directions) connection of four pick-up coils it is used in this probes to reach the better selective ability and sensitivity. In this case for good noise and undesirable signal suppression in multidifferential EC probes it is very important to supply the parameter identity of multiwinding coils installed on ferrite cores. Good parameter identity of coils depends, among other things, upon the identity and stability of material magnetic parameters and geometrical parameters of used ferrite core. On the basis of new Fair-Rite Corp. (USA) ferrite materials and new precise producing technology a new series of small size high and low-frequency EC probes with a sharp response on high and low operational frequencies were designed in “Leotest-Medium” Center. The Fair-Rite ferrite materials have also small own noise level and temperature stability. The special calculations also were done for the ferrite core coils sensitivity optimisation on needed operational frequencies. 

The main features of designed LEOTEST type EC probes are:

· Excellent sensitivity to shallow long and short cracks;

· Excellent sensitivity to local flaws, such as pore or pitting; 

· Good lift-off compression due multi-differential construction;

· Excellent spatial resolution;

· The sensitivity to conductivity anisotropy;

· Excellent depth of testing for low frequency probes;

· Small size (best ratio of probe size to penetration depth);

· Flaw parameters estimation ability. 

One of the possible constructions of designed EC probes that have the smallest size is represented on Fig.1 [1]. In this probe special slot in ferrite core for winding packing were made to decrease the probe size and the base of signal differentiation for better noise suppression during the scanning in the nonhomogeneous (for example, welding) zone. On fig. 2 the typical 2-D signal response of four-coil multidifferential EC probes during local flaw testing is presented. Due to the asymmetrical (in reference to the probe axis) construction the signal response depends strongly on direction of scanning and crack orientation. It is interesting that for long cracks the probes has a quasi-absolute signal response if the scanning direction is coincided with the main probe orientation (point on the probe case).    
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Fig.1.
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Fig.2.

The LEOTEST 2DD family eddy current probe kit designed for different applications and preliminary investigated parameters are represented in next table. All probes are adapted for different eddy current devices (FORSTER devices, ROHMANN ELOTEST, Frounhofer Institute MFEC1-4 device) with the LEMO or FISHER connectors. 

Probe 

Type
Diameter

mm
Frequency range, kHz
Detected flaws
Special feature

(Best effectiveness)

MDF 0501
5
500 – 4000
Surface short cracks, pores, pitting etc.  
Low conductivity nonferrous material testing

MDF 0502
5
150 – 900
Surface and near surface cracks, pores, local corrosive pitting etc
Automatic and manual scanning with gap to tested surface

MDF 0701 
7
1.0 – 20.0
Surface and subsurface cracks, pores, local corrosive pitting etc.
The nonferrous material flaw detection on the residual depth up to  3 mm

MDF 0901
9
0.4 – 15.0 
Surface and subsurface cracks, pores, local corrosive pitting, etc.
The nonferrous material flaw detection on the residual depth up to  5 mm

MDF 1201
12.5
0.1 – 10.0
Surface and subsurface cracks, pores, local corrosive pitting etc.
The nonferrous material flaw detection on the residual depth up to 8 mm

The new EC probes were investigated in Otto-von-Guerike University (Magdeburg) in connection with ELOTEST B1 and new testing technologies are developed [2,3]. In fig. 1,2 result obtained on a standard specimens (ATG, Prague) with subsurface like-crack artificial flaw with residual Hr = 3 mm (fig.1) and Hr = 1 mm (Fig 2) with usage of   low-frequency eddy current probe MDF 1201 and ELOTEST B1 device are presented. On fig. 3,4 subsurface flaw signals are compared with full (more than 100 mm) lift-off signals. These results have confirmed higher opportunities of new probes, especially at detection of subsurface flaws with high lift-off suppression.
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Fig.3.   Hr = 3 mm
Fig.4. Hr = 1mm   

The similar results were obtained in Frounhofer Institute for NDT (Saabrucken, Germany) with MDF 1201 EC probe in connection with PC-aided  MFEC1-4 device [4]. In fig. 5 we can see the PC screen with complex plane EC signal responses obtained with the 6 mm thick stainless steel plate. From up to down the signals from subsurface 4 mm depth slot (Hr = 2 mm), 2 mm depth slot (Hr = 4 mm) and full lift-off signal were presented.
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Fig.5.

The probes were investigated also in Otto-von-Guerike Magdeburg University in connection with scanning system for two-dimensional pseudo-colour visualization [3]. The investigation scheme and two-dimensional (pseudo colour on PC screen) presentation obtained with PC-aided EC scanner system for subsurface drilling flaw with different residual depths Hr is represented on fig.6. We can see, that with MDF 1201 EC probe we can detect like corrosion pitting flaws on the residual depth near 8 mm.  
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Fig.6.

The detection and flaw sizing ability of the probes were evaluated in Uppsala University using sandwich specimens to simulate flaws in copper canisters of different volumes and located at different depths [5]. The specimens have three layers: the upper one for simulating given residual depth, the middle one with holes, and the bottom plate. EC response of 1 mm hole at the depth of 2 mm is presented on fig.2. The probes were connected to ESR Rohmann PL.E EC instrument. LEOTEST type probes were compared with another known big size low-frequency probes. From obtained results the following conclusions were done: 1) Leotest MDF 1201 EC probe has the best sensitivity and spatial resolution; 2) This probe enables detecting flaws as small as 0,8 mm diameter hole drilled in 1 mm plate under 4 mm of copper; 3) It is possible to make characterization of defects using phase and amplitude of their EC response [5]. 

Some new testing technologies with the Leotest type probes applications in aircraft and space engineering are developed. Due small size and flaw sizing ability Leotest probes may be recommended also for heat exchanger tube testing with rotational probe tool.  

Additional information by e-mail: leotest@org.lviv.net.            
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