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ABSTRACT
A new type of surface eddy current probes of double differential type, which are characterized by increased sensitivity to 
surface and subsurface defects of various types, is presented. A family of double differential eddy current probes of different 
diameters with different spatial resolutions has been developed. The paper analyzes the main features of double differential 
eddy current probes and presents new innovative inspection techniques which allow solving the most complex problems of 
non-destructive testing. In particular, the developed eddy current probes have been researched and tested as an effective tool 
of inspection of multilayered aircraft structures, in which it is necessary to detect internal defects. they provide, in particular, 
the detection of cracks in the second layer of stratified aircraft structures or cracks on the back surface of the aircraft structures 
skin; detection of subsurface defects in the weld zone with a rough surface; detection of cracks through repair patches made 
of aluminium alloy or carbon composite; detection of subsurface cracks near rivet holes, etc. these techniques create unique 
opportunities for timely detection of dangerous damage without disassembling the inspected object or removing the protective 
coating. The developed eddy current probes are effective for detecting cracks in ferromagnetic steel products such as forgings, 
gas turbine blades and shafts, rails, wheels or axles of railway rolling stock, rough-surfaced castings, etc. In addition, high 
sensitivity to defects can be achieved even during the inspection through an air gap or dielectric coating. this allows them to 
be successfully used in many automated inspection systems.

KEYWORDS: nondestructive testing, eddy current probe of double differential type, stratified aircraft structure, subsurface 
defect, repair patches, rivet hole

INTRODUCTION
eddy current (ec) method of non-destructive testing 
(nDt) is one of the most widespread for detection of 
surface and subsurface defects and determination of 
the characteristics of conductive materials [1-9]. at 
the beginning of its development the ec method was 
mainly used for detection of surface defects due to high 
operating frequencies which were used in the first EC 
flaw detectors. This resulted in the concentration of al-
ternating current in the external layers of the conductive 
material due to skin-effect [10, 11]. Later on the low 
operating frequencies started to be used that expanded 
a sphere of application of the ec method and allowed 
detecting hidden subsurface defects including in multi-
layer structures of aircrafts. eddy current probes (ecp) 
being commonly used in ec testing practice are divid-
ed on two main types, namely absolute and differential 
[3–5, 8]. Several decades ago a new type of surface ecp 
named double differential ECP [8, 12, 13] was created 
at G.v. Karpenko physico-mechanical Institute of the 
naSu (pmI) for the purpose of improvement of ec 
testing selectivity. the experience of their application 
showed that these ecp can solve the tasks, which are 
difficult (and sometimes impossible) to solve using tra-
ditional ECP of absolute or differential type. Proposed 
ECP of double differentiatial type are characterised with 

increased sensitivity to surface and subsurface defects 
of different type which appear during manufacture of a 
product or initiated by fatigue or corrosion phenomena 
in an operated structures. there was developed a fami-
ly of double differential ECP of different diameter with 
various spatial resolution. Its content is constantly ex-
panded [8]. Developed ecp were examined and tested 
as an effective tool of NDT of typical aircraft multilay-
er structures (aS), where it is necessary to detect inner 
defects. they, in particular, provide detection of cracks 
in a second layer of multilayer aS or cracks on reverse 
surface of AS skin with decrease of effect of reinforcing 
band edge; detection of subsurface defects in weld zone 
with rough surface; detection of cracks through repair 
patches, made of aluminium alloy or carbon compos-
ite; detection of subsurface cracks near rivet holes etc. 
these technologies create unique possibilities for time-
ly detection of dangerous damages without disassembly 
of a tested object (tO) or removal of a protective coat-
ing [8, 12, 13]. Besides, developed ECP are efficient 
for detection of cracks in ferromagnetic steel products 
such as forgings, blades or shafts of gas turbines, rails, 
wheels or axes of railway rolling stock, castings with 
rough-finished surface, etc. [8]. The double differential 
ECP, for example, is used in the mechanized 8-channel 
unit for crack detection in welds of ferromagnetic alloys 
through dielectric protective coating of 4 mm thick-
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ness developed by German company test maschinen 
technik GmbH. at that high sensitivity to defects can 
be reached even at testing through air gap or dielectric 
coating of up to 10 mm thickness. thanks to this pe-
culiarity double differential ECP are successfully used 
in many automated nDt systems, for example, in the 
64-channel ec testing system for detection of defects 
of aluminium bands developed at fraunhofer Institute 
for non-destructive testing (Saarbrücken, Germany), 
multichannel nDt systems for wheel pairs and railway 
axes, developed at the ukrainian Institute for non-De-
structive testing (Kyiv) etc. [8].

this paper analyses the main peculiarities of the 
double differential ECP and provides new innovative 
technologies of ec nDt which allow solving the 
most complex nDt problems.

DESIGN OF DOUBLE DIFFERENTIAL ECP 
AND MAIN PECULIARITIES 
OF FORMATION OF SIGNALS 
FROM DEFECTS
Double differential ECP consist of two drive coils 1 
and two sensing coils 2, installed on the ferrite cores 
and located in the corners of a square (figure 1, a) 
[8]. two drive coils 1 have a series connection and 
oriented for generation of the similar and opposite 
primary electromagnetic fields. Developed ECP were 
mounted in a casing from aluminium alloy in order to 
reduce electronic interferences and provided with the 
connectors of different type for work with the flaw 
detectors of the leading manufacturers of devices for 
ec testing (figure 1, b).

Design of the double differential ECP (Figure 1, a) 
creates the important peculiarities for distribution of a 
primary and secondary electromagnetic field, created 
by eddy currents induced in tO (figure 2). In particu-
lar, a typical neutral plane is created in a zone between 
the drive coils. In it a vertical component of a total elec-
tromagnetic field equals zero (shown in Figure 2, a by 
dotted line) [8]. the sensing ecp coils are installed in 
the neutral plane and they have sensitivity orientation 
to a vertical component of the electromagnetic field 
which equals zero for isotropic and defect-free TO ma-
terials. It is important that eddy currents generated by 
both drive coils have similar direction and thus being 
added in the neutral plane (figure 2, b) that promotes 
increase of sensitivity of EC testing. A double differ-
ential response of output ecp signal is realised due to 
counter connection of the sensing coils.

The design of double differential ECP provides deep 
penetration of eddy currents inside tO material since 
attenuation of eddy currents can be reduced by means 
of selection of large diameter of ecp coils of co-axial 
type or by using the drive and sensing coils of small 
diameter located at some distance from one another 
(figure 1). thanks to relatively small diameters of the 
coils it was also obtained a high spatial resolution that 
is important for detection of local defects. a typical pe-
culiarity of such ecp in comparison with regular ones 
is a high sensitivity to elongated (crack type) as well 
as local (such as short crack, corrosion pitting or pore) 
defects; high sensitivity to surface and subsurface de-
fects including at testing through a non-magnetic skin, 

Figure 1. Design of double differential ECP (a): 1 — drive coils; 2 —sensing coils; 3 — TO; double differential ECP of different size 
and spatial resolution (b)

Figure 2. Primary electromagnetic field generated by drive coils (a) and corresponding eddy currents (b): 1 — ferrite cores; 2 — pri-
mary electromagnetic field; 3 — neutral plane; 4 — tO; 5 — eddy currents
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layer of a protective coating or a gap between ecp and 
tO surface; high testing depth for low-frequency ecp; 
low level of interferences including caused by effect of 
lift-off change. There was developed a series of double 
differential ECP of 4–33 mm diameter that are charac-
terized by different size of the coils, range of operating 
frequencies and spatial resolution (figure 1, b). Double 
differential ECP are adapted to modern versatile EC 
flaw detectors. They provide testing on different oper-
ating frequencies in 50 Hz–12 MHz range.

The peculiarity of double differential ECP is a de-
pendence of their sensitivity on crack orientation. the 
optimum orientation of these ecp relatively to crack 
direction is shown on figure 3, a, where a line con-
necting a centre of drive coils is oriented under 45° 
angle relatively to a crack direction. Special mark on 
ecp casing helps selecting the optimum orientation. 
at that a signal from the crack has “quasi-absolute” 
nature (figure 3, b) similar to an ecp absolute signal 
which is characterized with the maximum amplitude 
at a time of ecp location directly over the crack.

Real signals of low-frequency double differential 
ecp of mDf 1201 type being generated by a subsur-
face defect in a complex plane of ec impedance of 
ELOTEST B1 type flaw detector of German company 
rohmann GmbH are presented on figure 4. a low op-
erating frequency 2 kHz was used for detection of the 
subsurface defects of crack type located at 1 and 3 mm 
depth. Sensitivity of EC flaw detector as for a defect ly-
ing at 3 mm depth was taken by 10 db more than for a 
defect with lying depth 1 mm. In this case the depth of 

defect lying corresponds the distance between the upper 
edge of subsurface defect and tO surface. also for com-
parison there was given a signal from a gap (“lift-off” 
on figure 4) as the main source of the interferences. the 
lift-off signals are oriented in a complex plane horizon-
tally corresponding to a standard ec testing procedure.

provided results show a relatively high sensitivity 
to subsurface defects with high level of suppression 
of effect of lift-off change. Even for a defect locat-
ed at 3 mm depth a relationship of the amplitude of 
signal from defect to the amplitude of lift-off signal 
significantly exceeds 6 dB. Besides, the signals differ 
by phase (direction of signals in a complex plane) that 
provides additional possibilities for separation of the 
useful signals created by the defect and lift-off effect.

for local defects, such as pores or corrosion pit-
ting, the double differential ECP create a specific spa-
tial four-point distribution of the signal with two posi-
tive and two negative peaks. figure 5 provides typical 
experimental distributions of sensitivity obtained us-
ing double differential ECP of MDF 1201 type during 
serial scanning of a zone of local defect simulated by 
1 mm diameter hole drilling [8].

DETECTION OF FATIGUE CRACKS 
IN A SECOND LAYER 
OF RIVETED AIRCRAFT STRUCTURES
let us consider a problem of detection of fatigue 
cracks between the rivets in a second layer of dou-
ble-layer joints stringer-skin that appeared during aS 
operation. Such joints are typical for most aS.

the task was to detect in the investigated speci-
men the cracks between the rivets through 1.4 mm 
thick upper skin. the distance between the edges of 
the flush rivets made only 8 mm. Thus, scanning of 
the zone between the rivets revealed a false signal 
at defect absence related with rivet hole influence. 
figure 6 presents a specimen for adjustment of ec 
flaw detector. Two trajectories of scanning were used 
during testing, namely trajectory 5 allows observing 
the signals at defect absence and trajectory 6 sim-
ulates scanning through a crack located in the aS 
second layer [12].

the main problem at ec testing of such struc-
tures is a high level of interferences related to the 
defect-free rivet influence. Therefore, the testing 

Figure 3. Optimum orientation of double differential ECP rela-
tively to crack direction (a): 1, 2 — drive and sensing coils, re-
spectively; 3 — crack; 4 — casing; 5 — special mark; “quasi-ab-
solute” signal from crack (b)

Figure 4. Signal of double differential ECP from subsurface 
cracks with lying depths 1 (a) and 3 mm (b)

Figure 5. four-point spatial distribution of signal with two posi-
tive and two negative peaks for local defects
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procedure should separate the defect signals in the 
second layer from the interference signal created by 
the rivets. Selective interpreting of the signals can be 
provided by means of analysis of the features typi-
cal for the defect in a complex plane on a flaw de-
tector screen. Developed procedure provides applica-
tion of ecp of mDf 0602 type of 6 mm diameter, 
which scans the zone between the rivets (dashed line 
on figure 6, a). preliminary an imbalance signal was 
compensated after ecp installation in point 4 which is 
located at 10–12 mm distance from a line joining the 
rivets 2. the signals were registered using ec board 
of EDDYMAX type on operating frequency 6 kHz. 
figure 6, b shows the signals from crack in the second 
layer and figure 6, c the signals during scanning of 
defect-free zone between the rivets.

the obtained results indicate that the ecp signals 
during scanning of a defect-free zone (Figure 6, c) 
move from a balance point (“0” on figure 6) in a di-
rection of lower part of a complex plane. and vice 
versa, a signal from the defect has another upward 
direction into another quadrant of the complex plane 
(figure 6, b). these results show the possibility of se-
lective ec testing at which useful signals from the de-
fects are easily separated from the signals generated 
by the rivet holes at defect absence.

DETECTION OF FATIGUE CRACKS 
CREATED ON AS REVERSE SIDE IN A ZONE 
OF EDGE OF REINFORCING BAND
Another typical example of effective EC testing of AS 
concerns the problem of detection of internal fatigue 
cracks in fuselage skin of boeing 737 airplane in the 
places of juncture joints with additional reinforcing 
band (rb) (figure 7, a). rb 3 of 0.9 mm thickness is 

located between the skins 1 and 2 from aluminium al-
loy of 0.9 mm thickness (figure 7, a). the proposed 
ec testing procedure is oriented on detection of fatigue 
cracks of 0.45 mm depth (50 % of skin thickness) be-
ing initiated on the inner surface of upper skin 1 along 
the edge of rb 3 with access only from fuselage side 
(figure 7, c). the problem is in the necessity of separa-
tion of the signals from cracks located on the inner sur-
face of upper skin from sufficiently strong false signals 
caused by effect of RB edge being generated due to the 
application of low operating frequencies.

the proposed nDt procedure is based on applica-
tion of low-frequency ecp of mDf 1201 type with op-
erating frequency 26 kHz. The ECP signals were reg-
istered in a complex plane which was rotated in such 
a way that a signal from the rb edge being directed 
horizontally (Figure 7, b) [12]. It can be seen (figure 7, 
b) that the signal from a crack that occurs at 0.45 mm 
depth deflects from a horizontal line for ~30° angle. 
This difference is enough for complete separation of 
the signals from the crack and rb edge. moreover, an 
angle between these signals can be easily increased by 
selection larger (for example by 12 dB) amplification 
on a vertical axis in comparison with amplification on 
a horizontal line. This procedure was implemented for 
maintenance nDt of boeing 737 airplane at “ukraine 
International airlines” company (figure 7, c).

DETECTION OF AS FATIGUE CRACKS 
THROUGH REPAIR PATCHES
repair patches glued on airplane damaged structures 
are widely used as economic effective method of ser-
vice life increase. the methods of repair with the pur-
pose of reinforcement of damaged aS provide appli-
cation of different materials such as aluminium alloy 

Figure 6. Specimen for simulation of double-layer aS with rivets (a): 1 — double-layer structure; 2 — rivets; 3 — crack; 4 — balanc-
ing point; 5, 6 — trajectories of scanning in defect-free and defective zones, respectively; ECP signal in complex plane from crack in 
second layer (b); signal caused by influence of holes of defect-free rivets (c)
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or carbon fiber-reinforced plastic etc. Such structures 
are subjected to additional nDt for the purpose of de-
tection of fatigue cracks which can appear in repaired 
AS under a patch. The double differential ECP were 
successfully used for detection of cracks through a 
patch from aluminium alloy glued on a damaged wing 
of tu-154 airplane. after crack removal a rounded 
cavity was formed for reduction of mechanical stress 
concentration. It was expected that a crack can appear 
in a lower part of the cavity due to skin weakening. 
because of such expectations it was planned to de-
mount the patch every 300 landings of airplane for 
detection of possible cracks at the bottom of cavity 
using traditional ec testing methods. the procedure 
of ec testing built on application of low-frequency 
double differential ECP provided detection of cracks 
in a wing skin through the patch from aluminium al-
loy of 2 mm thickness without its dismounting.

current aS repair technologies use the patches from 
composite carbon materials [14, 15]. most often the 
repair patches from carbon fiber-reinforced plastic are 
glued on a damaged aS element from aluminium alloy. 
To investigate sensitivity of double differential ECP of 
mfD 1201 type there was produced a specimen of alu-
minium alloy with two electrodischarge cuts of 0.5 and 

1 mm depth which was covered with a carbon fiber-rein-
forced plastic 4.5 mm thick sheet. any common ecp do 
not have sufficient sensitivity for detection of such de-
fects through a carbon fiber-reinforced plastic layer. The 
signals generated by defects under the patches were reg-
istered on operating frequency 30 kHz using EC board 
of eDDymaX type in a complex plane and in a mode 
of time-base sweep (figure 8) [12].

the results given on figure 8 demonstrate suf-
ficiently high level of signals from a 0.5 mm deep 
crack during testing through a carbon fiber-reinforced 
plastic 4.5 mm thick patch that is enough for effective 
maintenance nDt. at that an amplitude of a signal 
correlates with a depth of detected defect that can be 
used for their quantitative evaluation.

ROTATION PROCEDURE OF DETECTION 
OF FATIGUE CRACKS IN MULTILAYER 
AS UNDER RIVET HEAD
earlier it was shown that the highest sensitivity to 
cracks starting from rivet holes has a rotation method 
at which ecp is installed on a rivet head and rotated 
around its axis [8]. figure 9 presents a scheme of re-
alizing of such a procedure using double differential 
ecp. a special hole was made for ecp installation 
and centering in its body. a dielectric plate is used 
for centering of countersunk rivets. accuracy of cen-
tering of ecp relatively to rivet during its rotation is 
important since effects the level of interferences.

rotation ecp was tested on operating frequency 
2 kHz. The specimens with a hole of 6 mm diameter 
were used for the investigation. On hole side sur-
face electro-discharge cuts of 0.1 mm width and the 
lengths in the range from 1 to 6 mm were produced. 
the specimen was covered with defect-free 2 mm 
thick skin with a hole of 6 mm diameter and joined 
with a rivet for simulation of real aS (figure 9, a, b). 
the ecp signals from the defects were investigated 

Figure 7. multilayer structure of boeing 737 airplane with reinforcing band (a): 1, 2 — skins; 3 — rb; 4 — stringer; 5 — crack; 6 — 
ecp; 7 — scanning trajectory; signal from crack (b); testing of boeing 737 airplane skin using ecp of mDf 1201 type (c)

Figure 8. Signals from crack of 0.5 and 1 mm depth during test-
ing through 4.5 mm patch from carbon fiber-reinforced plastic in 
complex plane (a) and in mode of time-base sweep (b)



51

surface eddy current probes of doubLe dIfferentIaL type as an effectIve tooL                                                                                                                                                                                                    

                                                                                                                                                                               

in a complex plane of ec board of eDDymaX type. 
firstly, the ecp were installed on the defect-free 
specimen that simulates aS without defect and per-
formed compensation of unbalance [13]. after that 
registration of the signals from the defects was per-
formed by means of ecp rotation. all the defects 
were detected with a high signal-to-noise ratio. fig-
ure 9, c as an example provides a signal in the com-
plex plane obtained from the smallest 1 mm long 
defect. figure 9, d shows the interference signals 
generated during rotation of ecp around the rivet 
in the defect-free specimen. these results show that 
a signal from the shortest 1 mm long crack for more 
than 6 db exceeds the level of signal from possible 
interferences. It convincingly demonstrates that the 
proposed rotational ecp is able to detect at least the 
1 mm long cracks under rivet and upper 2 mm thick 
skin. for many aS it means that fatigue cracks will 
be detected before they developed beyond the edges 
of a rivet head when fatigue crack reaches the criti-
cal size and avalanche-like failure of AS takes place.

PROCEDURE OF SLIDING TESTING 
FOR DETECTION OF FATIGUE CRACKS 
IN MULTILAYER AS
new highly productive procedure of detection of 
transverse (relatively to a row of rivets) cracks occur-
ring in a riveted zone of AS during operation is also 
based on application of the double differential ECP 
(uchanin v. eddy current method of detection of de-
fects in a rivet zone in the inner layers of one-piece 

aircraft structures (pat. of ukraine 122624, publ. 
10.12.20, bul. no. 23).

For procedure realizing there was developed a 
low-frequency ecp of mDf 1502 type of 15 mm di-
ameter. following the proposed procedure, ecp scans 
aS along the rivet row line parallel to a row of rivets 
at some distance as shown on figure 10.

Possibility of application of the double differen-
tial ecp for detection of transverse cracks located 
in a second layer of 3 mm thickness close to rivets 
(figure 10) was investigated using ec board eD-
DYMAX. The double differential ECP provide the 
possibility to increase the testing reliability related 
with complete separation of ec signals from trans-
verse cracks and defect-free rivets by different direc-
tions of a signal in a complex plane. this peculiarity 
is illustrated on figure 10, which shows the signals 
for a crack of 6 mm length in a second layer in the 
complex plane (figure 10, b) and in a mode of time-
base sweep (figure 10, c). for comparison figure 10, 
d and figure 10, e present the signals obtained from 
the defect-free rivet holes in the complex plane and in 
the mode of time-base sweep, respectively. It can be 
seen that the signals from the defect-free holes have 
sufficiently large amplitude since they are located in 
upper skin. However, these results show possibility 
of reliable differentiation of the signals generated by 
the cracks in the second layer of aS and defect-free 
holes, by direction in the complex plane or by sign 
of the signals in the time-base sweep mode. this pro-

Figure 9. Rotation double differential ECP installed on rivet of double layer AS: cross section (a) and upper view (b): 1 — tO; 2 — 
rivet; 3, 4 — drive and sensing coils, respectively; ecp signals in complex plane from 1 mm long crack located under rivet head and 
2 mm thick skin (c); interference signals during ecp rotation around defect-free rivet (d)
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cedure has lower sensitivity to cracks in comparison 
with the rotation method. thanks to this it can be used 
in the cases with lower requirements as for threshold 
sensitivity. Nevertheless, significantly higher produc-
tivity of the sliding ec testing in comparison with the 
rotation method provides some advantages for on-line 
testing under aS operation conditions.

DETECTION OF CRACKS IN FILLET ZONE 
OF GAS TURBINE BLADES
To master a new NDT technology in a fillet zone of a 
blade there was made a 4 mm long and 0.2 mm deep 
cut (opening 0.2 mm) using electro-discharge method.

there is always a gap of ~1 mm between ecp op-
erational surface and blade surface due to its curvature 
(figure 11, a) which limits ec testing possibilities us-
ing conventional ECP. Besides, zigzag scanning of this 
zone provokes change of ECP position relatively to a 
testing surface that results in generation of high level of 
interferences by traditional ecp which makes impossi-
ble performance of ec testing. these limitations can be 
eliminated using the double differential ECP of MDF 
0501 type on operating frequency 800 kHz. ECP signals 
were registered using EC flaw detector of ELOTEST 
300 type (rohmann GmbH company, Germany). the 
results given on figure 11, b also demonstrate suffi-

ciently high level of signal of double differential ECP 
of mDf 0501 type in comparison with interference 
signals. The special double differential ECP with op-
erational diameter 5 mm and long handle was devel-
oped for detection of cracks in a fillet zone of gas tur-
bine blades during periodic maintenance ec testing 
(figure 12).

DETECTION OF CRACKS IN HOLES 
OF GAS TURBINES
for detection of the defects on a side wall of gas 
turbine holes there was developed a special rota-
tion head with double differential ECP based on 
elOteSt Sr-1 rotor of rohmann GmbH (fig-
ure 13, a). a standard specimen with a hole of 39 
mm diameter was produced for testing procedure 
mastering. Four artificial defects of crack type of 
0.2; 0.3; 0.5 and 1.0 mm depth were made on the 
specimen side wall.

figure 13 b, c demonstrates the results obtained 
in a rotational mode at operating frequency 400 kHz 
with application of a standard specimen with defects 
without signal processing and using a filter of upper 
frequencies with cut-off frequency 20 Hz. In both cas-
es there was achieved a high sensitivity with suppres-
sion of typical interferences related to non-uniformity 

Figure 10. Scheme of realization of sliding procedure for detection of transverse cracks in rivet zone in AS second layer (a): 1, 2 — first 
and second tO layers, respectively; 3 — rivet; 4 — transverse crack; 5 — ecp; ec testing signals in complex plane (b, d); time-base 
sweep (c, e) from crack in second layer (b, c) and from defect-free rivet holes (d, e)

Figure 11. ECP located in blade fillet zone (a) and signals (b) of gap change during scanning of defect-free zone for different ECP 
orienting (left) and signal from defect (right)
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of magnetic properties of tO material and change of 
ecp position relatively to the surface during scanning.

MULTIELEMENT ECP 
FOR TESTING PRODUCTIVITY INCREASE
Testing of large-sized structures takes a lot of time 
necessary for sensitive and reliable inspection due to 
small dimensions of ecp. ecp with elongated sensi-
tivity zones are used in some cases in order to increase 
testing efficiency. But such ECP do not correspond to 
the sensitivity requirements that limit their applica-
tion. The best efficiency can be achieved with appli-
cation of multiplex testing systems based on array 
ecp [16, 17]. However, such systems have high cost 
and necessity of adjustment to assemblies of differ-
ent sizes and shapes. Our main aim was development 
of a new ECP characterized with high sensitivity and 
spatial resolution in combination with expanded test-
ing zone and possibility of work with comparative-
ly cheap one-channel EC flaw detectors. In order to 
increase testing productivity there was developed the 
five-element ECP of EDDYLINE 5/12 type (Ucha-
nin v., Ivashchenko K. multielement eddy current 
probe of transformer type for single-channel flaw 
detectors. positive decision on invention application 
ukraine no. 202101949 dated 13.04.21). the mul-

tielement ECP consists of five separate located in se-
ries ecp connected using a special switching unit for 
summation of signals from separate ecp (figure 14). 
All separate ECP are realized by double differential 
scheme for better interference suppression. thanks to 
such connection it was possible to get a high sensitiv-
ity zone of ~60 mm. at the same time high locality of 
testing was provided since each separate ecp works 
with the same sensitivity as before their connection by 
the proposed scheme.

Sensitivity of the developed ecp of eDDylIne 
5/12 type was studied on a specimen made of ferro-
magnetic steel St 45 with artificial defects of crack 
type of 0.1 mm width and 30 mm length made by 
electric erosion method. produced defects have dif-
ferent depth in the range from 0.1 to 2 mm. figure 15 
shows the signals of eDDylIne 5/12 type ecp from 
the smallest 0.1 and 0.2 mm deep notches of when a 
defect zone was scanned only with one separate ECP 
on operating frequency 200 kHz. At this moment oth-
er four ecp were located outside the specimen (in 
“air”). figure 15, a demonstrates the signals for the 
same defects when the defect zone was scanned with 
two separate ecp. figure 15, c shows the defect sig-
nals when three separate ecp simultaneously scanned 
a zone of elongated defect. It can be seen (Figure 15, 

Figure 12. maintenance testing of gas turbine blades using ecp of mDf 0501 type

Figure 13. ELOTEST SR-1 rotor with double the differential ECP and standard specimen (a) and four signals from defects on side wall 
of hole without signal processing (b) and with application of filter of low frequencies with cut-off frequency 20 Hz (c)
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a–c) that the signals of each of additional separate 
ecp passing over the elongated crack are summed in-
creasing an amplitude of signal respectively to num-
ber of such ECP, i.e. an effect of possible mutual com-
pensation of their signals is absent. figure 15, d for 
comparison shows a lift-off signal in a complex plane, 
from which it can be seen that the lift-off signal and 
the signals from defects have opposite direction. this 
demonstrates possibility of reliable separation of use-
ful signals generated by the defects, and interferences, 
generated by lift-off change of ECP during scanning 
of tO surface.

multielement ecp of eDDylIne 5/12 type is 
successfully used in a connection with a single-chan-
nel flaw detector of ELOTEST B300 type for testing 
of forgings from ferromagnetic and austenite steels 
under their production conditions (figure 14, b). 
there were also carried out the successful trials of 
multielement ecp for manual testing of shafts of gas 
turbines and airplane shock strut pistons.

CONCLUSIONS
there was presented a design of the proposed at pmI 
surface eddy current probes of double differential type 
and analysed the peculiarities of their signals generated 
by the different type defects. There were given the typ-
ical examples of innovative procedures for ec testing 
based on application of double differential ECP. Result 
obtained demonstrates high sensitivity and selectivity 
of double differential ECP to the surface and subsurface 

defects of different type and large testing depth that is of 
particular importance for detection of hidden defects in 
the inner layers of the multilayer aircraft structures. pre-
sented ECP can be used in industry for effective solution 
of the most difficult NDT tasks.
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