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Railroad track width defines safety of transport traffic. Rails are of large length and subjected to
dynamic and climatic impacts. Data on their state for train traffic management systems are acquired
by means of diagnostic track test cars performing combined computer railway diagnostics using
electromechanical scanning systems.

Electromagnetic testing methods are applied in different branches of industry for contactless
measurement of movements and geometrical parameters of articles of complex shape. For
simultaneous monitoring of the large number of factors, it is reasonable to use array method of
eddy-current testing, which makes it possible to implement the multi-point testing. Herewith, it is
necessary to locate over tested surface not less than n,, = b,/b,, probes, where: b, — is width of the
railhead top, while b,, — is width of single overlay probe (OP). Application of eddy-current array
probe (ECAP) presupposes several electromagnetic field exciters in the form of magnetically
coupled unit modules — inductance coils — located in space over test object (TO). Reliable operation
of probes is possible when they are installed over TO with maximal safety gap 4. ,.

ECAP’s developed by ASEA-Brown Boveri are known. They represent transformer probes on a
soft substrate. OP’s are installed so that their mutual influence is minimal. In this case, possibility of
testing mutually related factors is restricted.

Problem of the development of ECAP with unilateral acess to TO for contactless testing vertical 4,
and horizontal 4, components of movements, as well as width b, of TO is considered taking into
account peculiarities of the TO profile. Increase of the number of tested factors leads to proportional
increase of the number of ECAP modules and embarrasses their location over TO surface of
restricted dimensions. It is necessary to use integral technologies allowing thin-film ECAP designs
to be obtained. It is implemented easily by single-layer laying of current element conductors on the
surface of strap magnetic conductor with thickness of several micrometers [1].

This problem is resolved using screened orthogonal probes. Varying relationship of Ixb, Ixd, bxd
areas defining OP electromagnetic field in the given direction, it is possible to implement poly-
varience of sensititvity-to-tested factor ratios. Length /,, & Dg of the coil magnetic core defines long-
range action of exciting electromagnetic field of a probe. Length of a rail exceeds considerably /,,;
therefore, given variation range /. . of gaps between the rolling surface of rail and probes is
implemented easily.

Multi-point testing of geometrical factors pre-determines application of modular principle for
circuit-design arrangement of orthogonal OP’s that makes it possible:

1. to arrange variable or periodic structure of exciting electromagnetic field basing on the testing
tasks and peculiarities of article shape;

2. to improve testing performance through selection of the rational number of unified modules of
orthogonal OP’s and testing zones;

3. to obtain increased K and Dg of every OP with regard to tested factor;

4. to use integral technology for production of orthogonal OP coil with magnetic conductor;

5. to locate OP in slots of single conductive housing for localization of electromagnetic field within
the testing zone and reduction of error due mutual influence of spatial movement components and
other factors like temperature;

6. to obtain new characteristics of probes extending functional capabilities of testing means.
Application of modular principle in ECAP design allows spatial selection of influencing factors to
be implemented due to the increased number of OP’s n, = b,/b,, while their location within the
conductive housing of a device screens the OP, thus localizing electromagnetic field within the test



zone, and reduces effect of external fields on measurement errors. OP’s are located in a plane and
form discrete bus with common electromagnetic field providing high Dg value.

Determination of magnetic fluxes of ECAP modules is complicated by the three-dimensional nature
of electromagnetic field and requires determination of boundaries of the structurally unrestricted
quazi-stationary fields of cophasal current elements (CE), which renders difficult application of
known software products (ANSYS, Elcut and others), intended for calculation of two-dimensional
fields.

Eddy-current probe in the form of conductor b,,—0 possesses with elementary topology. If current
direction coincides with Y axis, lines of force of plane-parallel field in the X0Z plane represent the
clump of circles defining tubes of exciting magnetic flux. In Y0Z plane, projections of the lines of
force define the range Dg of field action, while their angular position is assumed to be the zero
direction ¢, = 0. Cross-section of the CE magnetic flux is defined by its length b,, and long-range
action of the field: S,, =b,.Df.

Three-dimensionality of magnetic fields of ECAP modules pre-determines the necessity of
elaboration of new numerical calculation methods of their inductance [2]. For calculation of ECAP
module inductance, method of sections is used. It consists in that closed circuit is divided into
individual sections (segments of linear conductor of infinitely thin cross-section) — current
elements (CE). It is convenient to consider magnetic fluxes of the every CE as an aggregate of
elementary magnetic tubes of small cross-section; field density H within this cross-section can be
considered as constant. Density H of the tube magnetic field in cross-section AS,, = Ab,xAh; is

determined by integration of the equation of Biot-Savart-Laplace dH = IKdZ;M x h, / 47z|h|3 for the

CE I .db, remoted at the distance / from the point of field determination H , where: Ab,, Ah, — is

width and height of the elementary tube of magnetic flux. Determination of boundaries of the
structurally unrestricted quazi-stationary fields of cophasal CE’s is substantiated [3]. Magnetic flux
defining the initial inductance of a module is calculated by summing magnetic fluxes of elementary
tubes. Numerical calculation of L, is performed by summing magnetic fluxes of tubes
@, =puH; AS, created by i-th CE and magnetic fluxes of tubes @, =uH,; AS, created by j-th

CE and covering i-th CE:
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where: n,, n, — is number of CE’s of the discrete current bus in the direction of X and Y axes; m., m,
— 1s number of magnetic flux tubes in the direction of Z and Y axes. Operational inductance L, is
defined as L, = L, — L,,, where: L, — is variation of ECAP modules inductance due to influence of
eddy-current fields (—L4,) on the TO surface and variation of cross-sections of magnetic fluxes of
free CE’s (+Lgy).

Discussed approach to calculation of inductance of strongly coupled electromagnetic probes is
implemented in simulation program for fields of discrete current bus used to obtain characteristics
Ly, = f(h, h,, ¢.) demonstrating that linear location of probes makes it possible to obtain various
sensitivies to tested factors providing spatial selection of geometrical parameters of a rail.

To verify the trustworthiness of obtained theoretical results, computerized laboratory bench was
created to determine characterictics of ECAP modules. Bench includes instrumental microscope
MMI-1, ECAP, electronic unit to form output signals and software for their automatic processing.
OP models are fixed on the MMI-1 sample table so that tested surface X,0,Y, is located in parallel
with ECAP working surface, while probe center coincides with table rotation axis Z. Initial TO
positioning - 4, = 0, h. = h.,, ¢, = 0 — is ensured by aligning of coordinate axes of ECAP and TO.
Electronic unit forming output voltages performs conversion of the analog signal of ECAP modules
into digital form and transmits measuring voltages phasor into computer.

Obtained characteristics Lg/Ley m = f(hy, h) of strongly coupled ECAP modules differ significantly
from characteristics of weakly coupled modules. Analysis of characteristics of strongly coupled
ECAP modules demonstrates that AHamu3 XapaKTepHCTUK CHIBHOCBSA3aHHBIX Moxyneit MBII



IIOKAa3bIBAET, YTO AJIs NpeoOpasoBaTenei, Haxoaammxca 3a npeaenamu OK, L, > L, (+L,). JlaHHbIHA
pe3ynbTaT MOKHO OOBSICHUTH T€M, YTO KOMIIEHCAIIHS BO30YXAAIOIINUX TOJEH 3aKPBITHIX MOAYJIEH
MBII nonsimu BuxpeBbix TokoB OK npu 4, — 0 yMeHbIIAeT MX MarHUTHBIN MOTOK, YTO CHUXKAET
JIaBJICHUE Ha MATHUTHBIN MOTOK COCEIHEr0 OTKPBHITOro Moayis. IIpu 3TOM cuibHOE yBeIudeHHE
ceueHus S, MAarHUTHOIO IOTOKAa OTKPBITOIO MOIYJS NPHUBOAUT K pocTy ero L, (+L,,), 4TO
MO3BOJISICT CHEJIaTh BBIBOA O JOMUHHUPYIOIIEM BIMAHMM H3MEHEHMH S, Ha BeIUYuHy L, U
HEOOXOUMOCTH OIpPEACNCHUS] TPAHUIl KOHCTPYKTHBHO HEOTPAHWYCHHBIX KBA3UCTAIIMOHAPHBIX
noneit cuadazapix 1.
CpaBHEHHE TEOPETUYECKUX U IKCIEPUMEHTANbHBIX XapakTepucTHK monyseid MBII nokazano ux
YAOBIIETBOPUTENBHOE COBHAJACHUE, YTO CBHUAETEIBCTBYET O JIOCTOBEPHOCTH MOJYyYEHHBIX
pe3yNbTaToB.
[IpoBenénplii B XO0I€ WCCIEIOBAHUN CpPABHUTENIbHBIM aHAJIU3 M3BECTHBIX CHUCTEM KOHTPOJIA
MepeMelIeHu U TeOMETPUUYECKHX IapaMeTpPOB BepXa TOJIOBKH >KEJIE3HOJIOPOXKHOTO pelibca B
3arpsi3HEHHON Ccpelle MOKa3bIBaeT IEPCHEKTUBHOCTh pa3pabOTKM M TNPUMEHEHHUS MaTpPUYHBIX
BUXPETOKOBBIX TIpeoOpazoBaTesieii B  YCTPOHCTBaAX MHOTO(GAKTOPHOTO JKCIPECC-KOHTPOJIS
KEJIe3HOJOPOKHOM KoJieu. BpineneHHble KOHTponupyemble (aKTOpbl XapaKTEpPU3YIOT COCTOSIHHE
penbca B Kkomee. PaszpaboraHa wmaremarthyeckas MOJAENb U YUCICHHBIX PacuéToB
JNIEKTPOMArHUTHBIX TIOJIEH MaTpUYHBIX MpeoOpa3oBareiei, peaan30BaHHBIX Ha JUCKPETHBIX
TOKOBBIX JJIEMEHTAaX. B OTIMYMe OT MU3BECTHBIX MOJENIEH PAaCUET MHIAYKTUBHOCTEW BBINOJHEH HA
OCHOBE OILICHKHM TpaHMUI] CEYEHUH KOHCTPYKTUBHO HEOTPAHWYEHHBIX MArHUTHBIX IIOTOKOB
CWJIBHOCBSI3aHHBIX MTPeo0pa3oBaTeiei.
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