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Виконано розрахунок розподiлу щiльностi вихрових 
струмiв для трьох типiв котушок збудження рухомих 
накладних вихрострумових перетворювачiв, зокрема кру-
гової, прямокутної, ортогонально-прямокутної форм, за 
формулами «точних» електродинамiчних математич-
них моделей iз врахуванням ефекту швидкостi.

Встановлено час розрахунку для котушки збуджен-
ня кругової форми iз площею зони контролю 50×50 мм 
при швидкостi υx=40 м/с, який складає вiд 8 до 20 годин. 
Час розрахунку для котушки збудження прямокутної 
форми при швидкостi по двом складовим υx, υy=20 м/с 
iз площею зони контролю 80×48 мм складає вiд 8 до 
9 годин. Для котушки збудження ортогонально-прямо-
кутної форми розмiром 12×12 мм час розрахунку iз пло-
щею зони контролю 15×35 мм при швидкостi по двом 
складовим υx, υy=40 м/с складає понад 7 годин; а для 
котушки розмiром 12×24 мм при υx, υy=40 м/с – скла-
дає понад 9 годин. Виявлено, що обчислювальна склад-
нiсть розрахунку розподiлу щiльностi вихрових струмiв 
за «точними» математичними моделями при змiнi навiть 
двох просторових координат у зонi контролю є досить 
великою. Тобто використовувати «точнi» математичнi 
моделi безпосередньо, розраховуючи значення розподiлу 
щiльностi вихрових струмiв в точках контрольованої 
зони, недоцiльно з огляду на значну ресурсоємнiсть 
обчислювального процесу.

Обґрунтовано необхiднiсть використання для проек-
тування вихрострумових перетворювачiв з однорiдним 
розподiлом щiльностi вихрових струмiв в зонi контролю 
математичного апарату сурогатної оптимiзацiї.

Дане дослiдження є корисним для спецiалiстiв з неруй-
нiвного контролю в галузi машинобудування. Результати 
дослiджень можна застосовувати для вдосконалення 
конструкцiй вихрострумових перетворювачiв з покра-
щеними метрологiчними характеристиками, зокрема 
однорiдна чутливiсть, локалiзацiя зондуючого поля збуд-
ження, пiдвищена завадозахищенiсть, можливiсть позбу-
тися проявiв крайового ефекту при контролi
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1. Introduction

Today, the eddy current testing method and devices 
based on it are widely used for nondestructive testing in 
industry, e. g. for material discontinuity detection in defec-
toscopy and defectometry; measuring dimensions of testing 
objects (TO) and vibration parameters in thickness meter-
ing and vibrometry; definition of physical and mechanical 
parameters and structural state of materials in structurosco-
py; detection of electric conducting objects, etc.

An important characteristic of the eddy current method 
is its sensitivity which depends on testing conditions, prod-
uct material and positional relationship of the eddy current 
probe (ECP) and TO. For example, in the process of eddy 
current defectoscopy, sensitivity will be zero if surface crack 
of a finite length is located under the geometric center of 

the probe winding. Minimum sensitivity is observed when 
crack is parallel to the eddy current direction. Maximum 
sensitivity will be if the crack is perpendicular to the eddy 
current direction.

To reduce dependence of probe sensitivity to defects on 
ECP position relative to TO, it is necessary to ensure homo-
geneous distribution of the eddy current density (ECD) in 
the testing zone. It is technically impossible to implement 
such distribution in classical ECP designs. This problem can 
be solved by applying an optimal parametric synthesis of 
ECP excitation coil structure. In order to solve the optimal 
synthesis problem, it is necessary to solve the analysis prob-
lem over and over again for each excitation structure per-
forming calculation of ECD for a set of points in the testing 
zone. Urgency of this task consists in a necessity of studying 
the possibility of using mathematical models of moving ECP 
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obtained by analytical methods (which will be called “exact” 
models hereinafter) as components of target functions in the 
problems of optimal synthesis. The studies are aimed at de-
termining computational and time resources required for a 
one-time calculation of the target function in the problems of 
optimal synthesis of various ECP structures. In a case when 
requirements exceed critical values of resources, possibility 
of this task realization becomes problematic in general and 
a need for another approach significantly differing from the 
classical one arises, namely, application of a mathematical 
substitute model suitable for real calculations in the process 
of synthesis which will be called a metamodel. The meta-
model approximates the “exact” mathematical model, that is, 
it is the model of model.

2. Literature review and problem statement

A linear problem of ECP synthesis with a target ex-
citation field structure in the testing zone was solved in 
[1]. This problem is characterized by relative simplicity of 
the mathematical models used which is due to the linear 
dependence of the generated field on excitation current den-
sity. The drawback of linear synthesis consists in obtaining 
actual values of current density in the coil sections which 
greatly complicates practical implementation of the probes. 
The variant of a fixed probe is considered. The question of 
when the desired field structure is reached by means of the 
probe parameters nonlinearly included in the formula for 
calculation of the excitation field remains unresolved. This 
approach makes the ECP design much simpler.

Solution to the problem of spatial position of the exci-
tation coil sections and determination of their geometric 
dimensions under the condition of fixed excitation current 
density, that is, the problem of nonlinear optimal synthesis, 
is proposed in [2]. The problem was stated as an optimization 
problem in which an algorithm suitable for multidimensional 
“ravine” target functions is used in a search for an extremum. 
The problem of synthesis of a fixed probe is considered. The 
aforementioned approaches considered in [1, 2] are designed 
for parametric optimization and the problem of choosing 
the ECP excitation system structure, that is, the number 
of coil sections, remains unresolved. This is caused by sub-
jective difficulties of structure selection which can result in 
obtaining of its unsuccessful variant. The error in selecting 
the structure cannot be fixed by means of parametric opti-
mization. The way to overcome these difficulties namely, the 
method of structural-parametric synthesis of the source of 
electromagnetic excitation field is proposed in [3]. The effect 
of speed is not taken into account which is a problematic 
unresolved part of the study.

A methodology of optimization of the excitation system 
design by using a planar coil of linear eddy currents was 
proposed in [4] for obtaining tangential and uniform dis-
tribution of eddy currents with the use of a multi-purpose 
genetic optimization algorithm. This approach allows one to 
take into account many various requirements to the probe 
being designed. Still unresolved is the accounting of the 
speed effect. Inn addition, the issue of synthesis for frame 
probe designs was not considered.

The method of finite elements is used in [5, 6] for synthesis 
in conjunction with Monte Carlo optimization methods and the 
genetic algorithm. The use of numerical methods for analyzing 
the excitation field improves accuracy of calculation on the one 

hand and significantly increases simulation time on the other 
hand. Studies were limited to planar coils of linear eddy cur-
rents and coils of a round shape. Regarding the frame ECP, no 
studies were conducted and the contribution of carry currents 
to excitation field formation was not taken into account.

An idea to suppress eddy currents on TO surface and 
thereby realize deeper penetration of eddy currents into ma-
terial is proposed in [7]. This idea was realized by a combina-
tion of several coils fed by excitation currents with different 
amplitudes and phases which provides the possibility of em-
ulation of the desired effect. Unresolved issues in this study 
include determination of the number of coils in the excitation 
system to provide the desired effect and ignoring the effect 
of carry currents in TO for moving ECPs.

Rotational excitation field was generated in [8] by means 
of a system of rotating orthogonal coils. First, an optimized 
distribution of ECD was calculated which provides uni-
form sensitivity to flaws regardless of their orientation in 
space and then the coil with uneven winding was designed. 
Distribution of coil excitation currents was optimized by 
the method of polynomial approximation. Complicated im-
plementation of the excitation system which must perform 
rotational motion is the problematic point of the study.

The study analysis gives grounds to state that it is ex-
pedient to create systems of ECP excitation of circular and 
frame shapes moving over TO with a uniform distribution of 
electromagnetic excitation field. Such distribution ensures 
uniform sensitivity to defects of all spatial orientations re-
gardless of their relative position to the ECP measuring coil. 
Solution to this problem consists in optimal synthesis of the 
ECP excitation system.

3. The aim and objectives of the study

The study objective is to evaluate, in the sense of compu-
tational cost, the possibility of calculating ECD in spatially 
distributed testing points on the object surface within the 
testing zone for the ECP synthesis problems using “exact” 
electrodynamic models. This will make it possible to deter-
mine resource needs of “exact” models and evaluate realizabil-
ity of optimization procedures proceeding from the timetable.

To achieve this objective, the following tasks were solved:
‒ based on the “exact” electrodynamic mathematical mod-

els of surface ECP and using tools of the MathCAD package, 
create computer models for calculating the ECD distribution 
in the probe testing zone taking into account the speed effect;

‒ to carry out model calculations in order to determine 
timetable for their implementation;

‒ to evaluate the possibility of using “exact” mathemati-
cal electrodynamic models for optimal ECP synthesis.

4. Mathematical models of surface eddy current probes 
taking into account the speed effect 

The objective function for statement of the optimal syn-
thesis problem is as follows:

( )2

1

min,
N

target reference
i

F J J
=

= − →å     (1)

where J is the ECD distribution in the testing points on 
the TO generated by the excitation coil and determined 
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by the “exact” electrodynamic mathematical model; Jrefer-

ence is the target homogeneous ECD distribution; N is the 
number of testing points in the zone.

The mathematical model of ECD distribution in the 
testing points represents a complex functional dependence 
on the set of parameters, namely: spatial coordinates, eleva-
tion of the probe above TO, geometrical parameters of the 
excitation coil, frequency and strength of excitation current, 
electrophysical parameters of the material, TO speed, etc. 
obtained from Maxwell differential equations:

;H J∇ × =
� �

 � � ;
dB

E
dt

∇ × = −
�

�
 �� 0,B∇⋅ =

�
  (2)

taking into account 0J∇⋅ =
�

 and the material equations

0B H,r= µ ⋅µ ⋅
� �

 0D E,= ε ⋅ε ⋅
� �

where ∇ is the differential nabla operator 

� � � i j k;
x y z
∂ ∂ ∂

∇= + +
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�� �

Н
�

: vector of magnetic field strength; J
�

: vector of current 
density; B

�
: vector of magnetic induction; D

�
: vector of electric 

induction; E
�

: vector of electric field strength; mr: relative 
magnetic permeability of the medium;

7
0 4 10

H
m

−µ = ⋅p ⋅ : magnetic constant in vacuum;

e: relative electrical penetration;

9
0

1
10

36
F
m

−ε = ⋅
⋅p

: electric constant in vacuum.

Since TO is movable, it is necessary to additionally 
take into consideration induced eddy currents, that is, 
the speed effect. Then, the vector of current density at 

( ), ,0x y= uu u
�

 is described by the following equation which 
takes into account conduction and carry currents:

( )J E B ,= s⋅ + u ×
� � ��

  (3)

where σ is electrical conductivity.
Using formulas (2) and (3), magnetic induction B

�
 in a 

moving conductive TO is determined from equation [9]:

2 B B
B � � � B 0,x y j

x y
∂ ∂

∇ −s⋅µ ⋅ u ⋅ − s⋅µ ⋅ u ⋅ − ⋅w ⋅s⋅µ ⋅ =
∂ ∂

� �
� �

 (4)

where ux, uy are the components of the excitation coil 
motion speed;

2 2 2
2

2 2 2 .
B B B

B
x y z

∇ = + +
∂

∂
∂ ∂

∂ ∂

The differential equation is solved under the following 
assumptions and boundary conditions:

‒ medium is linear, homogeneous, isotropic;
‒ the testing object is moving, conductive, has infinite 

width and length and finite thickness, d;
‒ the coil is in one position above the object;

‒ the coil is excited by alternating current I with fre-
quency w;

‒ the coil conductor is infinitely thin;
‒ electrical conductivity, s, magnetic permeability, mr 

and speed of motion, u
�

, are constant;
‒ tangential components H and normal components 

В on the interface between the media 1 (air) and 2 (TO 
medium) are continuous:

1 2 ,t tH H=  1 2 .n nB B=

For solution of the differential equation (4) in partial 
derivatives, Fourier method of integral transformations 
in the Cartesian coordinate system is used, that is, first, 
direct double transformation [9‒13]:

( ) ( ) ( ), , � , , d d ,j x yb z B x y z e x y
∞ ∞

ξ+ η

−∞−∞

ξ η = ⋅∫ ∫    (5)

thereby, the independent variables x and y are temporarily 
excluded from the equation. As a result, a common differ-
ential equation for the image is obtained:

 ξ + η − ⋅s⋅µ ⋅ u ⋅ξ −∂
− ⋅ = − ⋅s⋅µ ⋅ u ⋅ η+ ⋅w⋅s⋅µ∂  

�
�2 22

2 0.x

y

jb
b

j jz
  (6)

Solution to equation (6) gives components of the mag-
netic flux density, bx, by, bz, that is, their form, by Fourier, for 
example, for the case when d<z<0 (Fig. 1):

( ) ( )

( )

2 2

2 2

2
0 02

0 0

1
1

1 ;

dd zr
x d

d z
ix

b e e e
e

e e C

γ − ξ +η ⋅⋅γ⋅ γ⋅
⋅γ⋅

γ − ξ +η ⋅ −γ⋅

 µ
= − + λ ⋅ + ν ⋅ ⋅ + −  

  + + λ − ν ⋅ ⋅ ⋅   

 

 

(7)

where Cix, Ciy, Ciz are the coefficients taking into account the 
function of the probe shape;
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( ),S ξ η  is the function of the coil shape;
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( ) ( )2 2
12 2

2
,

a
S j J a

⋅π ⋅ ⋅ h
x h = − ⋅ ⋅ ⋅ x + h

x + h
 for Fig 1, a;

( ) ( ) ( )4
, sin sinS j a bx h = − ⋅ ⋅ ⋅x ⋅ ⋅ h

x
 for Fig 1, b;

( ) ( ) ( )
0

2 2
, sin

j xe
S b

⋅ ⋅xx ⋅
x h = ⋅ ⋅ h

x + h
 for Fig 1, c;

( )2 2
0 0 ;r x y rj jγ = x + h − ⋅s⋅µ ⋅µ ⋅ u ⋅x + u ⋅ h + ⋅w⋅s⋅µ ⋅µ
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To obtain solution to equation (4) the inverse Fourier 
transform is applied to the found images (7):

( ) ( ) ( )
2

1
, , , , d d ,

4
j x yB x y z b z e

∞ ∞
− x+ h

−∞−∞

= x h ⋅ x h
⋅π ∫ ∫   (8)

where x, h are the variables of integration.
Solving the differential equation (4) gives components of 

magnetic induction, Bx, By, Bz, in spatial coordinates [14, 15]:
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Then, components of the current density in the spatial coor-
dinates, x, y and z, are respectively determined from formulas:

0

1
;yz

x
r

BB
J

y z

∂ ∂
= ⋅ − µ ⋅µ ∂ ∂   

0

1
;x z

y
r

B B
J

z x
∂ ∂ = ⋅ − µ ⋅µ ∂ ∂   

0

1
.y x

z
r

B B
J

x y

∂ ∂
= ⋅ − µ ⋅µ ∂ ∂   

 (12)

Formulas (9)‒(11) contain improper multiple integrals 
of the first kind. The truncation method is used to compute 
improper integrals with infinite intervals of integration. In 
order to implement it, it is necessary to previously represent 
them in the form of the sum of three integrals one of which 
is definite and two are improper unspecified integrals which 
can be neglected with some accuracy.

In real ECP designs, not one turn (Fig. 1, a‒c) but a coil 
having N turns (Fig. 1, d) is used as an excitation structure. 
Then, in order to calculate the ECD distribution, it is nec-
essary to supplement the mathematical model (9), (11) with 
integration of the coil cross-section area. For example, for a 
circular coil with a rectangular cross-section l´w (Fig. 1, d), 
the area integration is set by expression:

( ) ( )( )

( ) ( )2 2

2
2 2

12 2

2

2

2

2
d

d , , ,
m

m

w

m
m

w

ll

q
s m E m

ll

r pN
j J r p p

w l

N
e q I r w I l l

w l

−

+
− ⋅ x +h

−

 ⋅π ⋅ + ⋅ h ⋅ − ⋅ ⋅ + ⋅ x + h ´ ⋅ x + h  
  ´ = ⋅ ⋅  ⋅  

∫

∫  (13)

where ( ),sI  ( )EI  are the corresponding functional de-
pendences with integral operators; 2 1;w r r= −  2 1l l l= −  are 
dimensions of the coil cross-section; ( )1J  is the Bessel 

function of the 1st kind of the 1st order; 1 2

2m

r r
r

+
=  is the  

 
mean radius of the coil; 1 2

2m

l l
l

+
=  is the mean height of the 

coil location relative to the TO.
Hereinafter, the set of equations (9)‒(12) will be called 

the “exact” mathematical model of the surface ECP.

5. Results of studying the computational and time 
resources for “exact” mathematical ECP models

For further calculations of ECD distribution in the TO, 
a turn with alternating current I of frequency w was used 
in these studies as the structure of ECP excitation. This 
structure is positioned at a height z0 above a TO having 
thickness d with a constant specific electrical conductivity 
s and magnetic permeability µr (Fig. 1, a‒c). In this case, 
the turn can be circular with radius r0 (Fig. 1, a) or as a 
frame with dimensions a´b in various positions relative 
to TO, e. g. a frame parallel (Fig. 1, b) or perpendicular  
(Fig. 1, c) to TO.

The ECD distribution for excitation coils (Fig. 1, a‒c) 
was calculated for the case of variation of only two spatial 
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dinates, that is, J=f(x, y) by formulas (9)‒(12) of the “exact” 
mathematical model at initial data given in Table 1.

 
 а                                               b

 
 c                                                d

Fig. 1. Geometric model of the ECP excitation coil: a circular 
turn (a); a rectangular turn (frame) (b); a rectangular turn 

(tangential frame) (c); a circular coil with rectangular  
cross-section (d)

Numerical results were obtained using the MathCad 15 
application package with the following resource support: 
CPU Intel (R) Core i5 PC, 2.9 GHz, 8 Gb RAM, 64-bit 
operating system.

Table 2 shows the results of calculation of ECD distribu-
tion for the circular excitation coil with different geometric 
dimensions of the coil r0 and, respectively, with a stationary 
TO and taking into account its speed of motion along one 
component. For a stationary TO, distribution of ECD was 
symmetrical with respect to the coordinate axes Ox, Oy, 
so the number of points for calculation was set only in the 
quadrant I and equal to 625. For the case of taking into ac-
count speed along one component, for example, ux, the ECD 
distribution was symmetric with respect to one coordinate 
axis, Ox, that is, points for calculation were set in quadrants 
I and II. Their number was 1325.

The timetable for calculating the ECD distribution 
by the “exact” mathematical model for cases of a station-
ary probe and taking into account the speed effect was 
from 3.5 to 20 hours, respectively.

Table 1 

Initial data for calculating the eddy current density

Geometrical 
model of 
the ECP 

excitation 
coil

Dimen-
sions of 

the testing 
zone, x´y, 

mm

Height 
of ECP 
position 

above TO 
z0, mm

Exci-
tation 

coil feed 
current 

І, А

Alternat-
ing current 
frequency 

f, Hz

Control 
object 

thickness 
d, mm

Electrophysical 
parameters of 

the TO

Fig. 1, а 50×50 3

1 100 10

62,5 10 S
mσ = ⋅

1rµ =
Fig. 1, b 80×48 10

Fig. 1, c 15×35 3

The results of calculation of ECD distribution for the rect-
angular excitation coil with the same geometric dimensions 
(40×20 mm) and taking into account the speed of the TO 
movement along one and two components are given in Table 3.

For a stationary TO, ECD distribution was symmetric with 
respect to the coordinate axes Oh, Oy, so the number of points 
for calculation was set only for the quadrant I and was 274. For 
the case taking into account speed along one component, e. g. 
ux, ECD distribution was symmetric with respect to one coor-
dinate axis Ox, that is, points for calculation were set in quad-
rants I and II and their number was 534. When taking into ac-
count speed along two components, ux, uy, the number of points 
for calculation was 1024 and they were set in quadrants I‒IV.

Thus, there were considerable timetables for calcula-
tion of the ECD for a rectangular probe: 2.5 to 9 hours, 
respectively, for cases of stationary ECP and with consid-
eration of the speed effect.

Table 4 shows the results of calculation of ECD distri-
bution for a rectangular excitation coil (tangential ECP) 
at various geometric dimensions of the coil and with con-
sideration of speed of the TO moving along one or two 
components as well as for a stationary TO. For the variant 
of distribution in Table 4 a‒d, calculation was made at coil 
dimensions of 12´12 mm and 12´24 mm for the distribution 
variant in Table 4 e‒h.

For a stationary TO, distribution of ECD was symmetri-
cal with respect to the coordinate axes, Ox, Oy, so the number 
of points for calculation was given only for the quadrant I and 
equal to 576. For the case of taking into account speed along 
one component, ux, distribution of ECD was symmetrical with 
respect to one coordinate axis, Ox, that is, the points for cal-

culation were set in quadrants I and II and 
their number was 1116. For uy speed compo-
nent, points were set in quadrants I and IV 
(1136 points) and 2201 points were set in 
quadrants I‒IV for ux, uy speed components.

For a stationary TO, distribution of 
ECD was symmetrical with respect to the 
coordinate axes Ox, Oy, so the number of 
points for calculation was set only for quad-
rant I and was equal to 576. For the case of 
taking into account speed of movement in 
direction of one component, ux, distribu-
tion of ECD was symmetrical with respect 

to one coordinate axis, Ox, that is, the points for calculation 
were set in quadrants I and II and their number was 1116. 
For the uy speed component, points were set in quadrants I 
and IV and their number was 1136; and for the ux, uy speed 
components, 2201 points were set in quadrants I‒IV.

For this case of the ECP design, timetable for calculation 
of ECD was also rather large: 2‒3 hours for a stationary 
probe and 4‒9 hours with consideration of the speed effect.

To reduce calculation time, it makes sense to substitute a 
surrogate model, that is, a metamodel, for the “exact” math-
ematical model. Such a substitution was made, for example, 
in studies [16, 17] where numerous examples of construction 
of metamodels of a stationary circular ECP with excitation 
structures in a form of a single turn of infinitely small 
cross-section and a coil with rectangular cross-section were 
illustrated. Calculations using the obtained metamodels indi-
cate a significant reduction in computation time correspond-
ing to 20 and 35 seconds of total time for all points in the 
testing zone. The comparative analysis convincingly demon-
strates the computational efficiency of using metamodels.
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Table 2

Timetable for calculation of the ECD distribution for a 
circular excitation coil 

( ); ,x y
m

su = uu
� Variant of 

ECD dis-
tribution

Σtcal,  
hr

r0,  
mm

ECD distribution

(0; 0) а 3.5

5

(40; 0) b 8

(0; 0) c 8

25
 

(40; 0) d 15

 

(0; 0) e 11

35
 

(40; 0) f 20 

 

Table 3

Timetable for calculation of the ECD distribution for a 
rectangular excitation coil 

( ); ,x y
m

su = uu
� Variant of 

ECD dis-
tribution

Σtcal,  
hr

ECD distribution

(0;0) а 2.5

 

(10;0) b 3–4

 

(0;10) c 3–4

 

(10;10) d 7–8

 

(20;0) e 5

 

(0;20) f 5

 

(20;20) g 8–9
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Table 4

Timetable for calculation of ECD distribution for a 
rectangular coil of excitation of a tangential ECP

( ); ,x y
m

su = uu
� Variant of ECD 

distribution
Σtcal,  

hr
ECD distribution

(0;0) а 2

 

(40;0) b 4

 

(0;40) c 4

 

(40;40) d 7

 

(0;0) e 3

 

(40;0) f 5–6

 

(0;40) g 5–6

 

(40;40) h 8–9

 

6. Discussion of the results obtained in the study of the 
resource need for mathematical models

The results obtained in numerical experiments allow us 
to draw the following conclusions useful in an optimal syn-
thesis of various surface ECP. They also make it possible to 
suggest solutions to emerging issues.

Data from Table 2 show that the time spent in calculation 
of ECD distribution for the circular excitation coil at a sta-
tionary TO becomes almost three times as large with growth 
of the coil geometrics. The calculation time does not sig-
nificantly increase with taking into account the ТO speed. 
For example, comparing the results for identical geometric 
dimensions of turns, the time taken with an account for one 
speed component is 23 seconds per point of the testing zone 
vs. 20 seconds for the stationary ТO or 9 hours vs. 7.5 hours 
for 1325 points.

Analysis of Table 3 shows that the total timetable is not 
significantly affected by the ТO movement speed. For example, 
calculation time in one point is about 28‒33 seconds regardless 
of the number and nature of the speed components taken into 
account. Since calculation time depends on the number of cal-
culation points, the increase in the geometric dimensions of the 
ECP and accordingly the testing zone necessitates an increase 
in the number of points which automatically make larger the 
time resource needed for calculation. At the same time, the 
number of calculation points essentially depends on symmetry 
of the ECD distribution relative to the coordinate axes.

Table 4 shows the timetable for calculating ECD distri-
bution for a rectangular excitation coil (tangential ECP). As 
in the previous case, the speed of movement almost does not 
affect the calculation time which is 12‒18 seconds in this 
case for one point of the testing zone. Also, dependence of 
time on the increase in geometric dimensions of the coil is 
observed where it is equally essential for which of the quad-
rants the calculation is made.

It is clear that calculation time will increase significantly if 
the optimal synthesis problem is multiparameter, for example, 
J=f(x, y, z) and solution of the synthesis problem in this case is 
problematic in general.

This problem is solved by application of the computation-
ally simpler ECP metamodel in the optimization algorithm. 
That is, to formulate the goal function (1), the ECP metamodel 
is used which makes it possible to avoid the problem of unlim-
ited growth of computational resource requirements in solving 
problems of optimal synthesis [16‒18].

This study is useful for specialists in non-destructive test-
ing in the field of mechanical engineering. The study results 
can be used to improve the ECP designs with improved me-
trological characteristics. Such ECPs feature homogeneous 
sensitivity, localization of the probing excitation field, improved 
noise immunity and the ability to get rid of the edge effect man-
ifestations in testing.

The obtained study results can be used as the basis for 
construction of ECP metamodels for the further surrogate 
optimal synthesis of various probes with the above properties.

In conclusion, it should be noted that the “exact” math-
ematical models of surface ECP are costly in the computa-
tional sense and cannot be used directly in optimal synthesis 
as the target function components. The disadvantages of the 
study include carrying out of numerical experiments just for 
the case of the ECD dependence on two spatial coordinates. 
An increase in the number of independent arguments in the 
function of the ECD calculation which is appropriate for 
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to 9 hours taking into consideration speed in direction of two 
components ux, uy=20 m/s;

‒ for a rectangular coil of tangential ECP excitation with 
dimensions of the testing zone 12´12 mm with dimensions of 
testing zone 15´35 mm, the ECD distribution calculation time 
with application of the “exact” mathematical model was more 
than 7 hours taking into consideration the speed in direction of 
two components ux, uy=40 m/s;

‒ for the testing zone dimensions 12´24 mm, the ECD 
distribution calculation time was longer than 9 hours at 
ux, uy=40 m/s.

3. Estimation of timetable was made and it was found 
that the “exact” mathematical ECP models cannot be di-
rectly used in the problems of optimal synthesis of probes 
because of substantial computational resource needs, even 
for a simplified case taking into account two spatial coordi-
nates. Thus, the necessity of using a mathematical apparatus 
of surrogate optimization with metamodels created on the 
basis of “exact” electrodynamic models was substantiated for 
designing moving ECPs with a homogeneous ECD distribu-
tion in the testing zone.

real synthesis problems will result in even larger computa-
tional burden what is unacceptable. The prospect of further 
development of the study data consists in construction of 
metamodels for all cases of design of the moving ECP exci-
tation structures.

7. Conclusions

1. Computer models to determine modeling timetable have 
been constructed on the basis of “exact” electrodynamic math-
ematical models of surface ECPs.

2. The numerical model experiments have established the 
following:

‒ for a circular coil of ECP excitation with dimensions of 
the testing zone 50´50 mm, ECD distribution calculation time 
with application of the “exact” mathematical model was 8 to  
20 hours taking into account speed ux=40 m/s;

‒ for a rectangular coil of ECP excitation with dimensions 
of the testing zone 80 4́8 mm, the ECD distribution calculation 
time with application of the “exact” mathematical model was 8 
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