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THE THEORY OF MATRIX MAGNETOSENSITIVE SENSOR
ON THE BASIS OF FERROPROBES

Vadim Miroshnikov, Nikolay Karmanov, Sergey Kostin

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary: The mathematical models of field, which allow &tetmine the interaction of ferroprobe cores in
a matrix with the influence of a constant magngéit of article are considered. The models allovexecute
numerical calculation of an electromagnetic fieidcores created by both the field of a defect, thedfield
excitation. The calculation allows to receive dafimsthe rational arrangement of ferroprobe coreshie
matrix, and also to determine the transformatiorcfion of the matrix sensor.
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INTRODUTION

The matrix disposition of ferroprobes for contrdl @efect in ferromagnetic
article has a number of advantages such as paigsibfl surface control without
mechanical scanning, forming a three — dimensiam@rmation signal about defect
with the help of computer, possibility of curviliwe surface control. The impulse
schemes of excitation [Krotov L.N. 1985; GaichenkbY. 1992] are applied
simplification of the schemes of treatment of otitpignals of ferroprobes. The close
disposition of elements in the matrix sensor (M8luences the transformation function
of every ferroprobe by the inductive connectionaofoils of excitation. In this paper
two problems are decided. One problem allows terddhe the magnetization in the
cores caused by the magnetic field of defect, duosd one assesses the influence of
MS elements on each other, caused by a curreninidings of excitation.

OBJECTSAND PROBLEMS

For the construction of the mathematical model filowing assumptions are
made:
« the magnetization area, in which the defect istediadoes not vary at a
measuring of the MS field,;
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« the field strength of the source, which magnetizédan article is
considered to be known.
The mathematical model of the field of defect reprds an integral equation
[Vinokurov V.E. 1991]

o R R R RY

ans  (R-R) J R-R)

where: M is the vector of a ferromagnetic material magrgiim; R and R’ are
vectors of points of observation and sourcés;is the normal to a ferromagnetic

surface; H is the magnetic field strength in a point of ola¢ion; ﬁo is the

magnetized field strength.

By the approximation of area or a ferromagnetic amat with elementary
volumes (EV), which have the shape of rectangulesngs, inside which the vector of a
magnetization is constant, the equation (1) will ttensformed in a system of the
algebraic equations

H; = |_Aij ]'Wij (H j )+Ho (2)

where:i, j are points of observation and source.
The elements of the matnbA J are determined by geometric parameters of the

defect and the space adjoining to it and are catledl for each EV by the following
formula:
18, 7R-R)
% = =Yy ds (3
mias (R - R, )
The system of equations (2) is supplemented byfahetion of a nonlinear
dependence of the module of the ferromagnetic nahteragnetization vector of an
inspected article on the strength for the first #mel second quadrant of the hysteresis
loop

M; =f(H;), (4)

which is approximated by the cubic splines. Theaesysof equations (2) is solved by an
iterative mode with the help of algorithm offered $hvedchicova I. 1996].

Electric circuit of the ferroprobe is shown on fie 1.

For excitation circuit it is possible to write down

L (ar * )+ Ho o R=el), ()

where: @, W,; — magnetic-flux linkage of excitement windingsfefroprobes semi-

elements a and Ibj, — field intensity in the cores of semi-elemergf) — excitation
voltage of ferroprobe.
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Output voltage of ferroprobe is determined fromfihllowing expression

d
u, :a(waz‘wbz): (6)

where: Y ,,, W,, — magnetic-flux linkage of output winding of fepmbe. The task
of further theoretical construction is the deteration of magnetic-flux linkages
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Fig. 1. Electric basic circuit of ferroprobe

According to the theorem of reciprocity [PolivansvM. 1974] the magnetic-
flux linkage in the winding of the semi-elementual to

1 . _
Py, =— Zj'Hu[lMuqu+J'Hp[lMpde ©)
v

Iy Lu=ly

where: M, — magnetization in the cores of ferroprobes, causeexcitation voltage;
M, — magnetization of the defect aredf,, H, — field intensity, created by

excitation current in the cores and in the arededéct location.

While dividing the ferroprobes cores into EV (e&@ohe is given as K EO located
along the core length), ratio (7) is presentechnform of U-quantity of semi-elements
in the group.

1luk P
LIJU = zzHukDMukAVuk +ZHpDMpAVp ' (8)
Iy | u=lk=1 p=1

where: AV, AV, — EV of corresponding areaB; — quantity of EV in the area of
defects.
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Functioning of MS takes place both under excitatadnone ferroprobe, and
under excitation of the group or all ferroprobes.

It is quite sufficient to consider the influence afgroup of cores on each other
and located near each other.

There are three variants of a group of cores lonatnfluencing each other in the
matrix MS (fig. 2) — groups 10, 6, 4 according he humber of cores of semi-elements
in the group, surrounding one ferroprobe (the carfethe considered ferroprobe are
lined, the direction of the excitation field areogm by crosses and dots).

As a mathematical model of the vector field of metgration in the cores an
integral equation (1) is used. It is represented Isystem of algebraic equations while
dividing the volume of ferroprobes cores into EV

H, =[cy M H; +[p, M, +H,, ©)

where: lCijJ the matrix with dimension LxL , wheré =K [U ; [Dipj — matrix for

calculation of intensity in i-EV, created by j-m gretized EV defectH, — intensity

vector of excitation field.
The system of algebraic equations (9) is added My dependence of
magnetization on the field intensity for ferromatimenaterial of ferroprobes cores

M; =6(H,) (10)

The elements of the matrix [C] and [D] are calcedathrough the formula
analogous to (3).
Transformation function of ferroprobe is determirgcthe following ratio:

S:Uﬂ (11)
HO
where: U,,, — amplitude value of outlet ferroprobe signbly — intensity of the

measured field.
While calculating the transformation function thgstem of equations (9) is

simplified, as the vectdr, is used instead of the vect{ﬁ)ip Jl\Wp in (9). Its direction

coincides with longitudinal axis of ferroprobe.
The algorithm of the coefficient of ferroprobe tséormation is the following.
The function of the excitement voltage of the fprabe is approximated by the

function
eln) = enat) aft - nat), (12)

where:n=1...N; 1(t - nAt) — single function;At — the time of quantization; N —

guantity of time intervals of quantization
Differential non-linear equation (5) is solved thgh numerical method

OO+ =0+l +[dn)-gH"at, (13)

where: q =I—ER.
w
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Fig. 2. The disposition of the ferroprobe matrixepothe inspected surface

The intensity of magnetic field in the core of fgsrobe is calculated by the
method of sequence approximations

n 1 1 n n 1 n- n-
HO =2 o) o e o s e

the value of magnetic-flux linkage in the coredefoprobes is determined by formula
(8) after the solution of algebraic equations @) the calculations being made with the
account of the direction of current in the windimjsemi-elements of ferroprobes.

In the usual of numerical calculations the valuemagnetic-flux linkages of the
excitement windingsy 4 (n), Yy (n) are obtained and it permits to determine the

output voltage of ferroprobe from the ratio

u; (”) = é[w a2 (n) ~Wp2 (n)] D—(t - nAt) (15)
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where: waz(n)=&; lpbz(n)=&; W, — number of turns of excitement windings
Wy Wy

and output winding.

CONCLUSIONS

The output signal of the single ferroprobe which ameed the vertical
component of the scattering field of defect witbraadth 2b=0,2 mm, depth t=0,5 mm
and length a=10 mm on a flat surface of stdEX18 are calculated. The distance
between ferroprobe and surface of steel h was W2 frhe ferroprobe core has a
geometric parameter 3x0,5x0,025mm; a winding ofitation has w, =50 coils; an

output winding — w, =30 coils. The ferroprobe was excited by unipolar itspa

with an amplitude 15V and duration 1 mks. In thg 8 the plot of an output signal
single ferroprobe is shown at transition one abdive defect (dashed line) and
ferroprobe, which were in an environment 10, 6 4rfidrroprobes in the matrix.

The distances between the cores of ferroprobe rmpde = % =1. Relative

change of the transformation coefficient of therdprobe in the groups 10, 6 and 4
form the valuex is shown on the fig. 4.

The charts snow that the stronger change of thesfstemation coefficient is
obtained atr < 1 and depends on the quantity of cores whichosad the ferroprobe.
The obtained data correspond to experimental oives ¢n [Vinokurov V.E. 1991].
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Fig.3. The plot of output signal of ferroprobe tbe three groups of cores 10, 6, 40at % =1
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Fig. 4. The plot of conversion coefficient of fgorobe in groups
10, 6 and 4 again the distance between cores
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TEOPUA MATPUYHOT'O MATHUTOYYBCTBUTEJIBHOTI'O JATYUKA
HA OCHOBE ®EPPO30HJ0OBOB

Baagum Mupomnuxos, Hukogaii Kapmanos, Cepreii Koctun

AunHoTanus: B cratee paccMaTpuBarOTCSI MAaTEMATHYCCKUE MOJCIIN TI0JIsA, KOTOPBIC MMO3BOJIAIOT OIMPENACIATH
B3aMMO/ICHCTBHE (bepp03OHZlOBI>IX 3JIEMEHTOB B MaTpHUIEC C BJIMAHUEM IOCTOAHHOI'O MArHUTHOI'O I1OJIA.
Moaenu mo3BOJISIOT BBITIOHATD YUCICHHOE BBIYUCIICHUE DJIEKTPOMATrHUTHOI'O IOJIA B 3JIEMEHTAX, CO3JaHHBIX
Kak 00JacThio I[C(bCKTa, TaK HU I10JIEM B036y)KZ[CHPIeM. Beranciaennst mo3BOISIOT nojy4daTb OaHHBIC IS
PpalrOHAJIBHOI'O HCIIOJIb30BAHUA d)eppo30ﬂz[0m>1x JJICMEHTOB B MATpHUILC, a TaKXE g OHNPECACIICHUA
HCpeI[aTO‘IHOﬁ (byHKI_II/II/I MATPUYIHOT'O YyBCTBUTCIIBHOI'O 3JICMEHTA.

KuroueBnle ciioBa: KOHTpoIb fedekTa, 061acTh aedexTa, peppo3oH.



