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ABSTRACT

On the basis of the equilvalent sources method the small
defect with 1ts maximal dimension more 1less than
electromagnetic wave length in the materlal under evaluation
are substituded by electric and magnetlic dipoles. Equivalent
dipole moments are presented as a product of a polarizability
tensor and field Intensity vector at the defect coordinate.
Such representation allows the analysis of the defect sha;t)e
and orientation 1Influence upon scattered fleld to reduce to
the polarlzablllity tensor Investigation. Numerical analysis
of the dependence of the vold spheroldal defect shape and
or%entation upon equivalent dipole moment has been carried
out.
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THEORETICAL BACKGROUND

Dipole Model. For the case of small defects while a « A, 1In

which a 1s the greatest defect dimension and A 1s a
wavelength 1n the materlal with defect, scattered fleld with
sufficient for the practical purposes accuracy 1s deéscribed
by a dipole model. Such mathematlcal model results from the
equlvalent sources method 1In which small defect 1s
substituted by sum of the electric and magnetic dipoles with
orientation depending on defect shape and orienfation and
primary electromagnetic field electric and magnetic intensity
vectors direction. Besldes dipoles moment value depends upon
defect and medla electri¢c and magnetic permeablllty
correlations (Senior,1976). Then the problem 1s reduced to
three 1ndependent subproblems:
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4) fleld determination at defect coordinate by given primary Table 1. Electric and magnetic intensities
Ileld sources in defectless material; fleld componenis at the defect
0) Polarizabillty tensor calculation ag a function of the centre due to the defect rield
defect electrical and magnetic parameters with regard of that Interaction with plain boundaries.
of the material and defect shape (electric and magnetic
dipole moments e%ual 1o the product of the electric and Dipole Fleld components
Tagnetic polarizabflity tensors upon electric and magnetic
fleld Inteénsity vectors): components &, E, E, H, i, Hy
¢) derived equivalent dipole field calculation at points ' - D
under consideration as a defect scattered field. Py "“E’ 0 0 0 hyr 0O
o, 0 eb2 0o nl2 0 o
Presentation Advantages. By such treatment of the problem one 0 &3 0 o0 o
can 1ndei3endently consider and analyze the Influence of the B3 2 O 833 ( -
QEIect dlmensions, shape and orientation, 1ts depth, and the 0o €% o "W o 0o
geometric or physic material parameters. 1t 1s convenient for Ry 2 !
eddy current probes design too allowi apart consideration e 0 0 0 Wte 0
and cholse of ‘the primary and the secondary probe coils. Mo o7 2
m. O 0 0 0 o A3
Solution Method. Knowing the electric and magnetic field d t1 the algebraic
Tl g Ly 1 ceou 7 tioned correiations
é@gensni{es at _the point of the small defect location is ‘ Zgﬁt oﬁmosy%t%z%hnttoab?a?{%ﬁate the electromagnetic  fleld
Tporoary 1o calculate equlvalent electric ana g intensities components at the point of the defect location

dipole moments. In general one can represent such a field as

2,5um of the primary electric and magnetic field intensities has been obtalned:

244 — -, ”l
§:“c. H'™ 1n the material with no defect and components ", | E, = egp Ty, (8)E, + e’ Toy(WH, + E°,
H to taking into account secondary scurces (1.o. equivalent m @)
dipoles) 1nteraction with plecewlse homogeneous media gy - nFe T, (€)E, + hP T (uwH + Hénc,
boundaries. Components B and i” values are determined having a = Td Ty Ty T T Ty Y
éggl(’)l?ea sgilug:jion fr ttrl;e roble&n ojz'ﬂthe gﬁlectric and magnetic AP,y € (1,2,3),
raclation in the Iayered media (Stoyer,1977). tic larizabilit
In" order to obtain the analytical expressions for the I waien 4 1 f;s ele]ctrici (83 gr magni;c:r‘ d(iu())lgo me;mients arZ
components E;, H; were derived the 1limit values of the ;,1‘2?%‘32;1 aHSere he electric and magnetic P
reflected from the boundaries dipole rield com onents by z = = 3
and r tend to zero (coordinate ogset and defect are at the Py = Ty (8IEy Mo = Ty (WHy B
Same point and z 1s perpendicular to boundaries): Polarizability tensor dependence upon the defect orientation
Mﬁ with reference to plain layer media boundaries 1s next:
r:g © B Yrr T MYy 22721 33731°
2=0
T 0,205 — 1tm 5 qn ) - g s () Tro = Top = Wyy®y 50, + Ny, + 3385505,
d (8, ,7=0,2=0; = 11; = N T, - —
Sl nep 46 e Tig =Ty = Wy (8,58, + Vo2823051 + N3395508,,,
220 Too = N, 0, + N, 02, + N.9° "
A, Bel1,2,3) = (z,y,2}, Mﬁe{pﬁ’ mp}' 22 11712 22722 33~3o"
b T—-T:N'(‘)m‘)+N1919+N1915,
in which p,, mﬁ are electric and magnetic dipole moment s 23 5 Freia ;2 22 53 22 98733 2
components, and r = (25,4270 ’ Tag = NyyW55 + Nypt5, + ¥33955-

Obtalned due to the 1mit fransition (1) reflected from
planar layered media boundaries dipcle rield structure is
shown 1n Table 1
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Here o, , = cos/réjmsj. in which /x&rrp) 1s the angle ot the
local frame of axes with the shape tensor Nxﬁ to be
calculated, with respect to the common one with the dipole
radiation to be determined. Shape tensor for cllipsoild is
described anallilecally (Dod et.al.,1971; Kolodly
€t.al.,1985; Orlowsky,982; Rudakov et.al.,1984), and by the
rimary field t*me dependence exp(-twt) it equals

3 Ep(E,-8,)8
4 S0 =22 My )
Hoo=-5lotpn a E‘“’E_:;j——g » Eele,ul, (5)
ap 3 =1 &t (E,E, Tap

in which a, are the ellipsoid semi-axes, Gda 1s the Kronecker

symbol, ‘

YOels 1 -2 3 ~1/2

ng = —=—= J (w+aﬁ) n (%+aj) de, (6)
0

S.4 are electric and magnetic permittivities, and 1indices

2,7,2 1dentify free Space, material media and deTect

correspondingly.

Conductors have complex electric permittivity € = &+i6/w, 1in

which G 1s the material conductivity.

Conductive Media. To Investigate defect shape and orientation

relationship it 1s worth while to consider the nondestructive
ad current testi commonest case with nonmagnetis media
and defect and media material to be distinct only by 1ts
electric parameters. For good conductors while le, > €51

formula (5) accurate to the terms order O(so/(§,(1—np))) can
be written 1n the form Ny = 3 toma, a,a,  £4(1-n,).

(7) In such a case polarizability tensors don't depend
pon medla material conductivity.

Spheroidal Defect Investigaion. To study shape and

orientation influence upon the defect scattered field a void
in a form of the ellipsold of revolution (@,=a;) was chosen.

For the analysis clarity such a defect was located fairly

far of boundaries to neglect their influence. There were two
cases of axes change under Investigation a) a, = a =
const, O < Ay = Qpy, < a,, D) 0« a,=a = Quar =
const. In the first case defect changes 1%s shape rrom sphere
(A,=a,) to needle (@,~0). In the second case shape varies

rom sphere (a,:ag) to disc (@,~0).
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NUMERICAL ANALYSIS.
The ratio of the equivalent dlpole moment of the ellipéoidal
vold to that of the circumscribing spherical one b, Wwas taken

as a flgure of merit in numerical study of void shape 1influ-
ence upon the value or equivalent dipole (Fig.1).
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Fig.1. Dipole moment dependence upon the ellipsoid semi-axes
ratio.
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Fig.2. E%uivolume spherical void dipole moment reduced to that
0f the elllpsoidal one.
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Curves on F18.2. represent the ratio of the equivolume
spaerical voild dipole moment to that of the ellipsoidal one
48 A runctlon of 1ts semi-axes ratio.

For the analysis of the orientation influence %?on the defect
scattered field <the ellipsoidal void was rotated around 1its
aX1s Q4. This axis was chosen to Dbe perpendicular to the

plain boundary surraces of the material under evaluation, and
all the axes “were ferpendicular 10 each other as well. The
results of caleculations are presented on Fig.3.
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F1g.3. Orientation relationship for disc (—) and needle (--).

CONCLUSIONS

1) The Investigation of the local defect Shape and
orientation Influence upon the scattered electromagnetic
Tleld value 1s reduced *o the equivalent dipole moment chanﬁe
analysis and, in  particular, o the study of tle

S

polarizability tensor by means of the dipole moment
presented.

2) The greatest disturbance of electromagnetic field 1s
caused by perpendicular defect orientation with reference to
primary field intensity direction and the smallest one — by
pbarallel orientation.
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A ke defect locating perpendicular with reference to
3%1£g§§l%ield direction cahsgs disturbance less than twice
gy that of curcumscribing spherical defact, and by parallel
iocation 1ts dusturbance approaches to zero.

08t hardly detectable defect shape 1s a needle. By
4&£hgnégghlar ng pfimary fleld orientation 1ts fileld
gis urbance 1s twice greater than that due to suen defect
parallel orientation.

e disturbance due to disclike as well as needle like
gégég%db§iit's parallel location 1s one and half times less
than that due to equivolume spherical defect.
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