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The protection against interference with methodd amreans of determining the location of

underground cables and pipelines and the main stafyjthe development of induction track

finders has been analyzed. Theoretically, the médive features of the distribution of the

magnetic field differential current conductors foe choice of the difference magnetosensor of
small-scale track finders protected from exteriedtifare investigated.

It is found that for the difference magnetosensutsogonal to the base, the profiling function

has a maximum signal over the current conductarifidifference magnetosensors parallel to
the base there is a clear minimum of the signal t¢lve current conductor between the two

maxima located at a distance equal to the deptthefcurrent conductor. Such differential

magnet sensors are suitable for determining thetitmt and depth of the underground pipeline,
with the removal of the influence of an externamast homogeneous obstacle-causing
magnetic field.

Keywords: magnetic field, current conductor, profiling functions, difference signs, pipeline,
obstacles, trace detector.

3ABA/IOCTIMKE BUSHAYEHHS PO3MIIIIEHHSA
NIJI3EMHOT'O TPYBOITPOBOAY

P. M. [I:xana, b. 51. Bepoenenn, b. I. T'opon, O.1. Ceniox
®Dizuko-mexaHiunuii incTutyt im. I'. B. Kapnenka HAH Ykpainu, JIbBiB

[IpoananizoBaHO 3aXUINEHICThH BiJ 3aBaJl METOMIB 1 3aCO0IB BU3HAYCHHS PO3MIMICHHS IMiJ3eM-
HUX KaOemiB 1 TpyOOIpOBOMIIB Ta PO3BHTOK IHAYKIIHHUX TpacolrykadiB. TeopeTHdHO xocii-
JDKEHO 1H(OPMATUBHI 03HAKU PO3MNOALTY AU(epeHIliaTiB MarHITHOTO IIOJISI CTPYMOIIPOBOY IS
BUOOpPY PI3HUIEBUX MarHiTocnpuiMadiB MagorabapuTHHX 3aBaJO3aXUIIEHIX TPACOIIYKadiB.
BusiBnieHo, 110 A7t Pi3HUIEBUX OPTOrOHANBHHUX 0a3i MarHitocnpuiimadiB GyHKis mpodino-
BaHHSA Ma€ MaKCUMYM CHUTHAJIy Hajl CTPyMONpPOBOJIOM. JIist pisHULIEBUX MapanesbHuX 0a3i Mar-
HITOCTIpUIMaYiB € YiTKUil MiHIMyM CHUTHaJIy HaJ CTPYMOIIPOBOJOM MiX ABOMAa MaKCUMyMaMHu,
BiZIJaJICHMMH OJMH BiJl OJHOTO Ha Bi[CTaHb, PIBHY MIMOWHI 3alsraHHs cTpymMonpoBony. Taki
PI3HUIIEBI MarHiTocnpuiiMadi NpUAATHI JUTS BU3HAYCHHS SK MICIS, TaK i TIHOWHY 3alisITaHHS
i3eMHOTO TPyOONPOBOIY 3 BHIIYYEHHSIM BIUIMBY CTOPOHHBOTO MaiibKe OJJHOPIIXHOTO 3aBajo-
HECYJY0T0 MarHiTHOTO ITOJIS.

Karo4oBi ciioBa: macnimmne none, cmymonpogio, gynxyii npoginiosanns, pisnuyesi osnaxu,
mpybonposio, 3a6adu, mpacouykau.

The needs of detection and placement of undergrquipdlines and cables
appeare right after their construction [1-3]. lirgortant because there is a risk to
damage communications during soil excavation. To&t of underground pipelines
reparation is much higher than their initial inltabn. It includes expenses on repair of
the damage, topsoil and earth excavation, sergagment, works on the compilation
of reports and claims for damages. Every damageridedtes the characteristics and
integrity of the underground pipeline or cable eyst Public losses are the most
important. Deficiency of water, energy or problewith communications can paralyze
society. Damaged pipeline or cable is a cause duse danger, which can lead to
disaster, mutilation or personnel deaths. It mésinhohappens because of the existence
of flaws or corrosion and damages during works, wtte placement of pipelines and
cables is not known. Information about their exiseeand placement helps to avoid
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the possibility of involvement. However, usage dfiemes, drawings or directive route
signs is not enough. Widespread use and improveaifdrack finders is an actual and
practically important task.

The purpose of this paper is to analyze the operational cltaratics and anti-
interference methods and means of determiningoitegibn of underground cables and
pipelines, an overview of the main stages of theeligpment of the induction track
finders and theheoretical study of informative features of the distribution of nmag
tic field differential of current conductors in @dto select the difference magnet
sensors to create small-scale protected trackdoeat

Below there is a list of the most popular methodd svays of detection and
tracing of the underground cables and pipelines [2]

* Analysis of documentation. Schemes and drawing&ware owned by ser-
vices and administrations, contain a lot of infotisr@about underground pipelines and
cables. For examination of the location it is intpat to get all available documenta-
tion. Most often information is incomplete but &tbe a starting point for an operator.
For the beginning of work any information can befuseven when it allows us to find
placement only roughly. In this method, the maistables are changes (replanning or
reconstruction) of locality or object.

» Ground-penetrating radar is a geophysical devicat tises radio-locator to
explore the subsurface.cbnsists of transmission and receiving antennasbhouks of
registration and control. It can detect undergroobjgcts and measure their size using
electromagnetic waves. Therefore, it is good fer lbcation of underground objects,
separate plastic pipelines and fiber optic comnmativa channels. However, this
device can't exactly distinguish plastic pipes withter from dense damp soil. High
conductance of the soil, groundwaters, and inhomeitjes which dissipate a signal
are the main obstacles. Also, radar informatioweisy complicated and only a highly
skilled specialist can understand it. Consequdhiyuse of this method in everyday
work is inexpedient. Still this method will be usked drafting schemes of underground
objects.

* Acoustic methods are used for search of water |&aks underground pipe-
lines and tracing underground water pipes, esggaaplastic pipelines. Further deve-
lopment can expand the scope of application, itiquéar for tracking the underground
plastic gas pipes.

» Infrared thermography can be an effective metholbadtion of underground
pipelines and cables if their temperature is déffiefrom the temperature of a medium,
soil. But the effectiveness of this method depeowlssurrounding conditions and it
decreases because of sunlight or wind. In prattiese methods have a narrow scope
of application, e.g. in: a search of cavities iwsecollectors and location of ruptures,
cracks, and damages of an insulating surface ogett@n of insulated pipes.

» Dowsing is the oldest method of location of wated anderground pipelines.
Dowsers use tree branch or osier; sometimes, theyse welding electrodes, etc. This
interesting way requires specific skills and iriant which limit its wide usage, despite
the simplicity of equipment.

» Electromagnetic location is multipurpose and thestrmpmmon method of
search and tracing of the underground objects. Mieithod allows getting more infor-
mation than other technologies. It has such distiedeatures as:

— a search of borders of pipelines and cables thensurface;

— tracing and identification of certain lines;

— tracing and identification of sewer collectorsotiier non-metallic channels and
pipes; localization of obstruction and damagesn@sniniature plug-in transmitter-
probe);

— measurement of the depth of occurrence;
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— portability and light weight of equipment; poskip of its use by non-expe-
rienced operators;

— possibility to use for different soils and undexter;

— a low price of equipment and its parts; possibif purchase by small organi-
zations and contract firms.

— An electromagnetic method can be also applieditmgnostic examinations and
testing of anti-corrosion protection and searcliahages of underground and under-
water pipelines [1, 4].

Effect of electromagnetic induction, discoveredMighael Faraday, is most often
used for the detection and tracking of undergropigklines [3-9]. Method of
electromagnetic induction for the location of urgteund pipelines was applied for the
first time in 1910 [3]. One of the first cable redinder, made from cable coiled on a
wooden frame, is shown on the photo (Photo 1).

Smaller searching devices were designed by American and German track finder
schools in following years. In the middle of thé"2fntury, as results of researches of
detection of location accuracy, Bell Labs (USA) d&fldctrolocation (England) desig-
ned locators with two inductors which were ablerteasure a depth of a cable occur-
rence [2]; similar devices were designed in the RIS Ukraine [2, 3].

The main feature of such trace detectors is theeptent of an induction magnet
detector at a distance from the amplification imiorder to reduce their mutual influ-
ence. This was achieved with the help of a rothatend of which the coil (sensor of
the signal) was fixed [3, 5, 9]. This allowed thasier search, but it also led to signifi-
cant influence of electrical interference from pownes on track finder and greatly
complicated the definition of the location of ungiemund communications near the
transmission lines (with which they are often lechin one corridor). Except this, the
devices for measurement of the depth of occurresee two sensors placed at a dis-
tance, which was commensurable with the distantlkee@bject [5-8]. This caused the
increasing size of the devices and problems of imgrkn the traces.

- "I:" T T jﬁ-_r, e re , % -
p ' 8 m

Photo 1. One of the first locators to search unengd communications, 1910.

The first portable track finder of ORT type for non-contact determination of
location, direction and depth of occurrence of ugd®ind pipelines and other hidden
conduit communications was created thanks to topgsed placement of the magneto-
sensor and elements of the amplifier block in allssied case [1, 8, 10]. This suc-
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cessful technical solution made it possible (inithakl to the efficient track finders) to
develop the following complex two-functional poratlevice ORT+V for contactless
determination of the location and contact measunésnef the potential of under-
ground pipelines [8, 11] (see Photo 2).

Photo 2. Portable track finder with voltmeter ORT+V.

The ORT device can be used to remotely controbfferation of cathode protec-
tion (UCP) installations from corrosion of undengnd metal structures. The device
operates in the zone of action of the UCP, or enzthne of action of the additional cur-
rent generator. The device is designed to workeild itonditions on the lines of main
oil and gas pipelines and other conductive comnatitios. ORT+V is functionally
assembled in a small enclosure, without additiardkennas, headphones; it is very
easy to operate (there is only one switch). Andation is visual. In the search mode
an operator rotates and moves the device and igges shanges on the indicator. Ope-
rator finds the orientation of the device when signal has maximum and minimum
[8] and based on this information determines thecginent of an object (current
conductor). In voltmeter mode the measured valuksiglayed on the digital indicator.
Advantages of the device — small weight and dinmssi ease of use, sufficient
precision, a layout of the two necessary deviceorie case — contribute to the
increased efficiency and performance of work onglipelines.

Due to the small dimensions of the ORT device oot have an element of the
electric antenna type. Therefore, ORT is protedtech the influence of the electric
field of power lines. ORT works on underground fiipes in the zone of action of the
UCP without connection to the pipe and the grouadardless of the state of the soll
surface. However, two or more pipelines and cables often laid in one corridor,
which are protected by a single UCP. Differentribstions of currents between com-
munications are possible. The line in which theyéarcurrent flows creates bigger
obstacles for surveys of other communications [TBgn, in absolute measurements of
the magnetic field of the alternate component efdbrrent UCP, the definition of the
location of different pipelines is complicated.

In addition to the known frequency filtering, tosigt interference the spatial
distributions of the field are used. The field aétdrbance of a remote third-party
source can be considered homogeneous (if its ceangke control zone are much less
than the changes of the field of the object undertést). Then effective metering me-
thods are available, which enable to eliminateetfect of a third-party homogeneous
field of interference. Thelifference methods of measurement of the alternating mag-
netic field are used in the development of equipnserch as UGRI, IMK-5, BVC-2
[1, 8, 13-15] for surveying underground pipelin@sorder to improve the accuracy of
measurements of the depth and the current of tderground pipeline in these (and
similar) devices, the length of the base the distance between the magnet sensors
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was taken dimensionally (0,6 ... 1 m) with the Hepftthe pipeline occurrende But
the increase of the base (in addition to the unednicrease in the dimensions of the
device) leads to an increase in the impact of fiatence from the third-party sources
that are not sufficiently distant (other communimas).

Theory. In order to select the optimal difference magmetssrs for the creation
of a small-size blockade of a protected track finde investigate the dependences of
the profiling functions of the distribution of tlmagnetic field of the rectilinear current
on the direction of differentiation. Calculate tthependence of the signal of the diffe-
rence magnet sensors on moving across the lifreedafurrent line under their different
orientations.

The magnetic field of the current flowing along thdindrical tube is equivalent
to the field of linear current flowing along theiswf the pipe and is determined by the
formulaH, = J/ 2nr, wherel is the current; is the distance from the center of the pipe
to the observation point beyond its limits [8] &®wn in Fig. 1. Designingl, on the

axis of the abscissa and ordinates, taking intowaacthatr =\/x2 + y2 , we obtain its
horizontal and vertical components:
_J y _J X
X_Zsz+y2’ y_2_T[x2+y2'
Consider two possible variants of the arrangemédtfferential sensors, with the
sensitivity axes orthogonal and paralleb to the base, shown in Fig. 2. In addition,

consider possible different variants of orientatmnthe magnetosensors base during
their movement across the route for the searcheofinderground pipeline.

®

(1)

v

@
Fig. 1. Fig. 2.

Fig. 1. Components of the magnetic field of reséhr current.

Fig. 2. Differential magnet sensors: orthogomgland collinearly) to the base.

The partial derivatives of the componeHtsandH, for x andy have the form:
oH, __J Xy oHy __J Xy

1) _ZT(x2+y2)2’ oy _ET(x2+y2)2'

(2)

OHy, _ J x2-y? oH, J y2-x2
oy 2T[(x2+y2)2’ 0x 2T[(x2+y2)2'
The difference in the signals of the named pairsmafgnet sensors in the

horizontalAx or in the verticaly of the base orientations is written by the forraiftar
each of these variants, respectively:

®3)

J h h
AH, =H,(x+b, h)—=H,(x, h)=— - : 4
X' X X( ) X( ) 2T[{(X+b)2+h2 X2+h2J ( )
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J X X
AH,=H,(Xx,h+b)-H,(x,h)=— - , 5

J X+b X
AH, =H,(x+b, h)-H,(x, h)=— - , 6
J h+b h
AH,=H (X, h+b)-H, (X, h)=— - . 7
y 'X X( ) X( ) 2T[ X2+(h+b)2 X2+h2 ()

Calculations of the values of the profiling functions on théeival of the abscis-
sa axis from —7 to 7 m were obtained by the givemtilas atl = 2t A, h=1 m and
b = 0.1h. The dependences of signals on the displacemanaghet sensors across the
line are shown in Figs. 3-5.

As can be seen from formulas (2), the partial @egrre componentsl, andH, are
the same in their directionsl anddy). In Fig. 31 dependences coincide. The corres-
ponding derivatives of the orthogonal directionsfoymulas (3) have opposite signs
(Fig. 3 shows only the dependence of the derivatidg/dx on —7 <x < 7; the depen-
dence of the derivativaH, /dy is distinguished by a sign).
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Fig. 3. Profiling functions across the pipelinetteé differential of the magnetic field components
in their @) and orthogonalk) directions.

Fig. 4 shows differences in the components of thegmetic field and their
modules as profiling functions across the line iffedential signals (Fig. € from the
parallel base of horizontal (Figagand vertical (Fig. B) magnetosensors.
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Fig. 4. Parallel to base horizonta) @nd vertical i§) differencial magnet sensors,
and profiling functionsd) of the differences of the magnetic field compdsen
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Fig. 5 shows differences in the components of thgmetic field and their modu-
les as profiling functions (Figl6d) across the current conduktor of differential sign
from the orthogonal base of the horizontal (Fig) &nd the vertical (Fig.d magnet
Sensors.
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Fig. 5. Profiling functionsk) and €) of difference between the horizonta) énd the verticald)
components of the magnetic field orthogonal tolthse and their modules (signals) across the line.

CONCLUSIONS

From the above results of calculations it is sd&at the use of the difference
orthogonal base of horizontal (Figa)5and vertical (Fig. & magnet sensors shows
clearly expressed maxima of the signal over theeotirconductor. At both ends there
are shallow minima of the signal, far from the nmaxin at a distance equal to the
depth of the current line.

In contrast to this, the use of the differencehiagarallel base of the horizontal
(Fig. 4a) and the vertical (Fig.l®) magnet sensors shows a clearly expressed minimum
of the signal over the current conductor betweentifo signal maxima. Since these
maxima are sharp and are spaced apart at a distguoed to the depth of the current
conductor, these differential magnet sensors are swtable for determining both the
location and the depth of the occurrence of theetgrdund pipeline, with the removal
of the influence of an external almost homogeneatgsfering magnetic field.
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