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The dependence of the internal electrical resistance
of the cable rubber rope on the presence of a cable
rupture
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Problems. The introduction of steel reinforced concrete coatings of structures, in our opinion, is preceded by the development of
methods for monitoring the state of cable-stayed ropes - creating safe conditions for long-term operation of structures.

The aim of the study. Analytical determination of the dependence of the internal electrical resistance of a cable-stayed rubber cable
rope on the presence of a cable rupture.

Methods of implementation. To control all cables, the system must provide alternate monitoring of the electrical resistances of the
circuits formed by the cables, compare them with reference values, and issue a signal regarding the condition of the rope. It should be
designed on the basis of the following data: the type and design of the cable-stayed rope, its length, the number and layout of the cables
in the rope, the ability to access one or both of its ends, the electrical properties of the cables and rubber, the resistance values of the
cables for all schemes of their determination.

Research results. Requirements for the automatic control system of the cable-stayed rubber cord rope. The regularity of the depend-
ence of the electrical resistance of the cable-stayed rope on the burst of an arbitrary cable. Possibility of automatic control of the state
of the rubber-cable cable-stayed rope.

Conclusions. The results obtained can be considered quite reliable, since the equations obtained on the basis of the fundamental
provisions of electrical engineering are obtained analytically in a closed form. Experimental studies have established that the internal
electrical resistance of the rope cables depends on its properties and the presence or absence of damage to the cables. The rope
includes a number of cables. Any cable can be damaged.

Keywords: rubber rope, electrical resistance, control, cable rope, cable, mathematical model, signal.

Introduction 0OJSC “MMC” Norilsk Nickel”, at the mine” Skipova
“0OJSC” Uchalinsky GOK”. In 2006 Uchalinsky under-
One of the main tasks of modern capital construction ~ ground mine, in 2000 at Mine Ne 2, Excel Mining LLC

is to reduce the production time of construction products  there were breaks in the ropes.
and reduce the cost of its manufacture. This can be
achieved by introducing steel-reinforced concrete coatings
[1, 2]. Ropes are one of the components of such coatings.
Ropes are used in various fields of technology: cableways,
mine and elevator equipment, cranes, etc. The safety of
people depends on their technical condition [3]. So. in 2017
in the shaft of the mine JSC “Novo-Shirokinsky mine” [4]
the skip fell into the sump of the trunk. In March 2011 at
the mine “17-17” bis, in 2006 at OJSC “Kola MMC”,

Tasks performed in the work

The proposed cable rope design can be considered as
several flat rubber ropes connected as several layers. The
design of a two-layer rubber rope is substantiated in [5].

The issue of substantiation of control of ruptures of
ropes of rubber ropes and tapes, on the basis of change of
electric resistance of ropes, was considered in a number of
works [6-9]. A number of technical solutions for the con-
54 LV. Belmas trol of rubber ropes and tapes have been proposed [10, 11].

belmas09@meta.ua According to the first of these solutions, it is proposed to
lay a current conductor in the form of a spiral in a flat rub-
ber band tape and control its electrical resistance. Cutting
the tape is accompanied by the destruction of the embedded
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spiral, which leads to an infinite increase in electrical re-
sistance. This growth is recorded by the control system.
The cable rope is stationary. There is no danger of cutting
it. Its strength depends on the condition of the cables. The
device monitors the condition of the cables [12]. The de-
vice works on the basis of control of magnetic conductivity
of cables. The destruction of the cable leads to a change in
its properties to form a magnetic field. This control allows
you to control the cables located in the surface layers of the
cable rope. It is acceptable for a two-layer cable rope. It
also involves moving the control device along the rope,
which complicates the control process. The most effective
methods of control of steel ropes are electromagnetic meth-
ods [13, 14], which allow to control damage to almost all
types of steel ropes. Longitudinal magnetization of a sec-
tion of steel rope is used to identify local defects, which
leads to an increase in the intensity of scattering fluxes over
the location of the defect due to the redistribution of the
magnetizing flux [15]. To control the geometric parameters
of metal objects, it is advisable to use the eddy current con-
trol method [16]. Its advantage is that the examination can
be performed in the absence of contact between the sensor
and the rope - contactless. However, the cable rubber rope
consists of a system of cables. The method is acceptable
for cables of outer layers. The above shows that for a sta-
tionary rope is more appropriate method of controlling the
change in electrical resistance of the cable due to the rup-
ture of its continuity. Substantiation of requirements for the
control system requires the following work:

— Build a mathematical model of current and volt-
age distribution in the cable rope as an electrical system
with a parallel connection of discrete current conductors
connected by distributed current conductors with signifi-
cant electrical resistances.

— To build a solution of the mathematical model of
current and voltage distribution in the cable rope as an elec-
trical system with a parallel connection of discrete current
conductors connected by distributed current conductors
with significant electrical resistances.

— Investigate the voltage distributions between the
cables of the cable rope as in an electrical system with a
parallel connection of discrete current conductors con-
nected by distributed current conductors with significant
electrical resistances.

— Define the requirements for the control system.

In the rope due to the accuracy of manufacturing de-
viations of the axes of the cable from the design locations.
We ignore the errors of manufacturing technology. Ran-
dom uneven electrical parameters of cables and elastic
shell. Consider a rope as a regular structure with electrical
parameters that remain unchanged along the coordinate
axes. In such a rope in three orthogonal directions - in the
coordinate system (¥, i, j) the cables are arranged regularly -
in rows and in rows, this is shown in the scheme of control
of the internal resistance of the cable rope (Fig. 1).

Fig. 1. The scheme of control of internal resistance
of a cable rope

Core material and results

Consider the distribution of potentials in a rope of
length L in which the cables are located in N rows, and each
row consists of M ropes. The specific resistance of the ca-
ble is denoted by r. Let us denote the specific electrical
conductivity of rubber between the cables by ¢g. The elec-
trical conductivity of the cables is much higher than the
corresponding value of the rubber located between the ca-
bles. This allows you to neglect the stream directed along
the cables. Consider the potential distributions between the
i, j-th cable and adjacent cables and + 1, j; i-1, j; i, j + 1; 1,
j-1 of length Ax as done in [5].

Ui+1j
AN

Ui j+1

Ax

L\ AN
Ui j+AUij

\ Ui j

AN
\
AN
N

Uij-1 Ui-1j

Fig. 2. Shows a diagram of the interaction of the
segment i, j — that cable with adjacent cables as
current conductors

According to Kirchhoff’s law, the condition of
equality of zero currents at point 4, provided that Ax — 0

dau; ;
(Ut U 40, 4 Uy p+U ) =0 22D

Consider Ohm’s law. We obtain a linear homogene-
ous system of differential equations describing the poten-
tial distribution in a humotross multilayer (cable) rope:

d*U, ;
i T ‘I(U‘,_/H +Ui =AU+ Ui 4 U o ) =0

1

I<i<M, 1<j<N. (2.2)
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Note that system (2.2) is not acceptable for extreme
cables. for them it has the following forms.

2
d U;-’ +rq(U,; U, ;) =0, (2.3)
dx " "
d*U,
S4rq(U;,-Uy)=0, (2.4)
dx
d*U,, ;
e L trq(Uyj—Uy;)=0, (2.5)
d*U,
Ntrq(Uiy,-Uiy)=0, (2.6)

dx

where U; ; is the distribution along the tape (x-axis) of po-

tentials in and, j is the cable.

The obtained expressions (2.1)—(2.6), supplemented
by the conditions of distribution of potentials and currents
at the ends of the cables constitute a mathematical model
of the cable rope as an electrical system with discrete con-
ductors electrically connected elements with continuous
parameters. The solution of homogeneous equation (2.1)
will be sought in the following form.

MileBm,nx_{_\/_—lumi_{_\/_—lxnj +
N-1m=1
v, =% | @
B T S AR Y
m=1 n—1
where B,,,, M BN u, 2, — characteristic indicators.

Values WU, %, we find taking into account the forms of
equations (2.1), (2.2), (2.4), (2.5), (2.6).

Tm
:_, 2.8
Mo =7 (2.8)
TN
=— 2.9
Xn = (2.9)

Substitute (2.8), (2.9) into (2.7). Consider the possi-
bility of zero numbers of rows and numbers of cables in
rows. Given the sum of exponents with imaginary argu-
ments of trigonometric functions, we obtain the expression
for determining the characteristic NM of homogeneous
equations (2.7).

B =\2rq(2-cos(u,)—cos(x,)) . (2.10)
=y2rq(1-cos(u,,)) (2.11)
BN =\2rq(1-cos(x,)) - (2.12)

Taking into account expressions (2.8)—(2.12), solu-
tion (2.7) takes the following form.

M-1 M M,
+ (AMeB”'x+BZIe P Jx

xcos(u,, (i—0,5))+
NI N N
+ [A,/,VeB”XWLB,/,VeB”XJCOS(Xn (j—O,S))+

n=1

I
+M—3vrx, (1<i<M),(1<j<N), (2.13)

where A, ., B, Wy > X A > By

m 2

AN, BY - vectors of
constant values, I, - the amount of current passing through

the rope.
We will use the accepted decision, Ohm’s law, we
will define distributions of currents in cables.

N-1M-1 B Bk
I ; =r! [Z Z (Am,ne " —B, e ™" )Bm,nx
n—-1 m=1
xcos(,, (i-0,5))cos(x, (j—0.,5))+
M w pM M BYx\aM .
+> (Am en* — B e "'X)Bm cos(u,, (i-0,5))+

m=

N-1 N N
+ (A;Veﬁ'n x_B’f’e_B,,X)BNncos(xn(j—O,S))J+

n=

I
Lo

N (1<i<M),(ISj<N)

2.14)

The control system is aimed at establishing the rup-
ture of the cable in the rope. The change in the electrical
parameters of the rope and will be considered as a diagnos-
tic parameter of the control system. Consider the distribu-
tions for two cases of rope without cable damage and rope
with damaged cable.

The first case. We will assume that to the end of the
cable, denoted as K, Jo, in the cross section x = 0 the elec-
tric signal in 1A is brought. Note that the values of the in-
dices in the cable numbers for convenience correspond to
the coordinate of the section for which they are considered.
The signal from the opposite end can be recorded accord-
ing to various schemes. The extreme circuits are the circuit
of signal removal from one cable (shown in Fig. 1) and the
circuit of signal removal from all cables connected (elec-
trically) to one node. We will take their potential equal to
Zero.

In both cases, in the cross section x = 0, the signal is
applied to one cable. We write down the accepted in the
form of boundary conditions.

When
R Y SNy E A

(2.15)
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Boundary condition (2.15) is a discontinuous
8-Dirac function on the discrete axes of genus numbers and
rope numbers in rows at intervals M and N. We set the
8-Dirac function by the product of Fourier series.

4 N-1 )
]iJ = m El cos (Xn (‘]0 - 095))(:05 (Xn (J _Oa 5))X

M1
x ¥ cos (i, (Ko —0,5))cos(u, (i-0,5))+

m=1

+%Nil cos(x, (Jo —0,5))cos(x, (—0,5)) +

n=l1
M-l
+% Y cos(u,, (Ko —0,5))cos(u,, (i—0,5))+
m=1
1
. (1<i<M).(1<j<N). 2.16
toe USiSM),(1Sj<N) (2.16)

We equate the values of currents with (2.16) to cur-
rents with (2.14) when x = 0.

N-1M-I cos(H,, (i—0,5))
= A,,—B
nz_:1 mZ:l ( e )Bm’" [xcos(xn (j—O,S))}-

cos(,, (i—0,5))+

L

M-
+2

1(A - B )B)
N—l(

3

+

N _ N + 1
An B) Xl’l(] 05)) MN’

n=l1

(1<i<M),(1<j<N) (2.17)

Determine the relationship between the constant values.

4

A4, -B,, = -0,5
m,n m,n MNBm . nz“l CoSs (Xn ( ))
M-1
x ¥, cos(u,, (Ky—0,5)), (2.18)
m=1
M-l
AM Mt :[23M cos(,, (Ko ~0.5)), (2.19)
m M=l
2 N-l
AN -BY == _ 3 cos(yx,(J,-0,5). (2.20
NB;\/ ot (X ( 0 )) ( )

For the section x = L, consider the two possible cases
listed above. Let when x = L.

L[ i=Kiaj=u,
Li 7 o :

i2K;, nj#J;
L — L
(Am,neBm’n _Bm,ne Bm,n ij,n x
N-1M-1

Ii’j B ngl mz=1 [COS (um (l_o’s))xj "

(2.21)

Then.

M-1 M _RM
+3 [A,TeBmL—Bfe Bij Mcos(u,, (i-0,5))+

N-1 B -B 1
AN BY 0,5
S S P oy i, 09
(1Si<M),(1Sj<N) (2.22)
and
-2 L
_Am n +Bm,n Bm,n 4 B X
MNB, e ™"
N-1 M-1
x Z cos(x, (/, —0,5)) T cos(u,, (K, —0,5)), (2.23)
m=l1
_HRM
_aMepi Bl 2 .
MBfnleBm
M-1
XY cos(u,, (K,—0,5)), (2.24)
m=1
_IRN
R
BN Bn
N-1
x ¥ cos(x, (J, —0,5)). (2.25)
n=l1

From expressions (2.18)—(2.20) and (2.23)—(2.25)
we have the following values of vectors of constant quan-
tities.

4 _1
P

MN(e_zﬁ’"’”L —1j

N-1
" Z_:l cos(x, (J, =0,5))cos(u,, (K, —0,5))

XY Bk *
m=1 e
+cos(x, (Jo —0,5))cos(u,, (K, —0,5))
(2.26)
M-1 K, -0,5
Br.}:l/[ — 2 o X z COS(“’WI(ML 2 ))+
MBY (e—ZBm L _1] el S
+cos (W, (Ko —0,5)), (2.27)
N-1 -
Br]lv — 2 = COS(X/L (il‘ 075))+
NBY (e—zﬁn L _lj n=1 LA
+cos(x, (Jo—0.5)). (2.28)
mon L > cos( ( 0—0,5))><
’ MN,Bm n n=l1
x z cos(um (Ko —=0,5))+B,., (2.29)
m=1
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M-1

A =[23M Y cos(,, (Ko —0,5))+BY, (2.30)
m m=1
N-1

A,],V :NZBN Z_:l COS(Xn (.]0—0,5))+B,11v. (2.31)

The found vectors of constants allow to determine
the distributions of potentials and currents in the rope ca-
bles. A simpler scheme is one in which the ends of all ca-
bles are electrically connected. Accordingly, the potential
of the connection point can be considered equal to zero.

When x=L U; ;=0 (2.32)

J

According to condition (2.32) we equate to zero the
values of potentials (2.13) in the section x = L.

B L B, L

A, emnt B, et — 0, (2.33)
M oM

A Emt g Pl (2.34)
N N

AV gt g (2.35)

From expressions (2.18)—(2.20) and (2.34)—(2.35)
we have.

5 - 4mnt cos(x, (4 =0,5))cos(u,, (K -0,5))
" MN(eB””"L + e_B’"’”L )an
(2.36)
B L
BY 2e cos(,, (K —0,5)) ’ 2.37)
( B —BMLJ "
M{e™ +e ™ B,
2t
BY =- ¢ cos (x, (7 —0,5)).(2.38)

N,  _gN
N(eB”L+e B”LJB,],V

4,.,= mos(xn (J-0, 5))cos(um(K -0, 5))+Bm’n ,

(2.39)
Ay = ]MEMCOS(Hm (K-0,5)+B, . (240
Ay =—-cos(x, (/-0,5)+B, . (2.41)

n

The found vectors of constants allow to determine
the distributions of potentials, currents in the cables of the
cable rope without damage. Analysis of the results showed
that the signal removal scheme does not significantly affect
the potential distribution in the cross section x = 0. Apply-
ing the potential difference to the opposite ends of the ca-
bles of the cable rope, to create a smooth signal, you need

to sum up the greater potential difference. The relative dif-
ference in the values of the supplied potentials depends on
the number of cables of the cable rope. It increases with the
number of cables and the length of the rope and depends
on the location of the cable in the cross section. For the
corner it is larger than for the average.

Consider a cable rubber rope with a damaged cable.
The current distributions (2.14) do not depend on the pres-
ence of cable breaks. The latter locally change the structure
of the rope makes it impossible to use expressions (2.13),
(2.14) for such a rope. Conditionally in the section x = &
divide the rope into two parts. We will give numbers one
and two to the parts. Part numbers will be introduced into
the lower indices of notation of electrical parameters and
coefficients in expressions to determine them. In the sec-
tion x = 0 the boundary conditions (2.15) are unchanged.
This allows us to use expressions for the ratios of unknown
constants (2.18)—(2.20). and record them as for the first part
of the rope in the following forms.

4 Nl
Am,n,l _Bm,n,l = m nZ::l [0} (Xn (JO —0,5))><
M-1
x 3 cos(u, (Ky—0,5)), (2.42)
m=l1
2 M-l
AN =B =% cos K,—-0,5)), (2.43
m,1 m,1 Mﬁfn/[ mz:1 (Mm( 0 )) ( )

2 N-l
AN -BY, = oV Y cos(x, (Jo—0.5)). (2.44)

n 1=l

In the cross section of the cable break by number K & lo-
cated in a row by number J& , the following conditions

must be met:

When x=¢&
]i,_/,l = ]i,_j,z s (2.45)
IKL’JL =0, (2.46)
1 i=K:nj=J,
eNJ €
U ..-U. . = 2.47
5752 Ll M[O iiKéVj?‘-'Jéj’ ( )

where u is an unknown value of the potential difference
between the ends of the damaged cable in the cross section
of its rupture.

From condition (2.47) we find the following relations.

2B, 05

Am,n,Z _Am,n,l + (Bm,n,Z _Bm,n,l )e

4y  N-l
:ng cos (X”(Jé_ 0, 5))><

xMil cos (um(Ké—O, 5 )),

m=1

(2.48)
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(Bl ) 2
Me™m
M-1 X 0.5 € »
xrrlZZICOS(um( e =0, )), (2.49)
Ay — A, +(Blf2 _B’yz)e—zﬁﬁ,va _ 2uN )
NeB”i
N-1
x ¥, cos(y, (J: —0.5)). (2.50)

n=1
Condition (2.44) provides the following relations.

-2B,, &

Am,n,Z + Am,n,l_ (Bmm,Z - Bm,nJ )e =0 5 (25 1)

oM
A+ AN, (B, - BY)e Pt =0, (252)
N N N N —ZBnNé
AL+ AN (B -BY)e =0 (2.53)

The ratios (2.42)-(2.44), (2.48)-(2.50), (2.51)-
(2.53) determine the interdependence of the components of
the three groups of vectors. Each of these groups includes
four such vectors. We formulate three more expressions of
the interdependence of vectors constant in the expressions
of currents and potentials. We construct them from the con-
dition of the nature of the current supply to the ends of the
rope in the cross section x = L.

Consider two possible cases of signal removal from
one cable and from all. In the first case, similar to the found
expressions (2.23)—(2.25), we have.

B L 4 _Bm nL
_Am,n,Z +Bm,n,2€ = eix
MNB,, ,
N-1 M-1
x Y, cos(x, (J, —0,5)) T cos(u, (K, —0,5)) (2.54)
n=1 m=1
_ogM M-l
—A%z +B£Z2€ P L 2 x ¥ cos(u,, (K, —0,5)),

M
MBM Pt
(2.55)

N
—2pN L 2
—Aivz +B,f[2e Pt =

NBYe

N-1
X Y. COS J;, =0,5
Bfle ot} (Xn( L ))

(2.56)

In the second case, the potential supply circuit to the
ends of the rope is a circuit in which the ends of the cables
are electrically connected. Take into account (2.33)—(2.35).
We will receive.

B

m,nL ’BmﬂnL _
4 Jl,ze + Bm,n,Ze =0 5 (257)

m

M
7Bm L

M ﬁ%L M _
[n.2€ + Bm’ze =0, (2.58)

N N
APt BN e Pt 2. (2.59)

Expressions for the first circuit of current supply to
cables and the second-potential expressions in the section
n x = L complement three groups of equations and create a
number of algebraic linear systems. Each of the systems
has four unknown - the required values in terms of currents
and potentials. Omit the intermediate transformations. We
present the final results in the form of linear functions of
unknown magnitude — the potential difference between the
ends of the damaged cable.

Byyno =By oo tuBu,, , o, (2.60)
Aypo = A0 TUAU, 50 (2.61)
B, 1 =By 10 tubBu, 10, (2.62)
Am,n,l = Am,n,lo +uAum’,,’10 . (2.63)

The given expressions include unknown coefficients.
Their value depends on the scheme of signal removal in the
cross section x = L. We give their values for the two cases.
In case of removal of a signal according to fig. 1:

eﬁzB”"”L cos(x, (J, —0,5))cos(u,, (K, —0,5))-
—cos (%, (Jo—0,5))cos (1, (K, —0,5))

B~ MN(I _e Pt )Bm,n
(eﬁm,ng _ eflsm,ni ) COS (X” (Jé - 0, 5)) X
xcos(um (Ké —0,5))
Bum,n,ZO = 2B L
MN(I —e M )
B ¢ Pmrteos (%x(J,—0,5))cos(u,, (K;—0,5))
Am,n,ZO_ 4 MNB +
+Bm,n,206_2ﬂm’nL 5
—Zﬁm WL
Aum,n,ZO = _Bum,n,Zoe TS Bm,n,lO = Bm,n,ZO;
Zeﬁ’"’”é
Bu,, 0= Wcos(xn (J:=0.5)) cos (1, (Kz=0.5)) +Bu,, , 29
4eB’”’”a
Apnro = e (%,(Jo=0,5)) cos (L,,(K,—0,5)) +
+Bm,n,20 5
ZeBm,né
Ay 10 = Wcos (Xn (Jé -0, 5)) cos (an(KE,_ 0, 5)) +

+Bum,n,20 5
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M
B, 50=2

—2pM
e "™ "cos(u,, (K,—0,5))—cos(u,, (Ko=0.,5))

m,

oM
MN(I—e ZBmLJB

(eﬁj’gé —eﬁfﬂljcos(um K; —0,5))

M
m

M _
Bu,, 50 =

(
e

>

il

M 2¢os (U, (KL -0, 5)) M| —2BML.
Am 20 = Bm 20 |€ 5
MNBY ’
2gM
Au%zo = Bu%zoe m=.
cos(u,, (Ky=0,5))
AM =2 +BY
m,10 MNB]): m,20
pMe
m _° COS(“’" (KE., _0’5)) M,
Aum,lO - M +Bum,20 >
MNBIH
Br]r\z/f,lo = B;]Zzo 5
gM
&
cos(u,, (K¢ —0,5
Bu%lo = (HMI;] 2 )) +Buﬁi20;
28N
BV ¢ " cos(x, (J, —0,5))—cos(x, (/o 05))
n,20 —

gV
MN(I—e HLJBHN

e—Bff&_ e_ﬁ;vgjcos(xn(‘]é_o’5))_COS (Xn(Jg—O,S))

Ao

N  _
A“n,lo =

N _
Bun,lO -

Cos (Xn (

N
MN(I Bnljﬁff

M NBY

2V

N _ p N ,
Auy, 59 = Buy ppe "

=2

cos(x, (Jo—0,5))

A

MNBY

n

cos(xn (Jg —0,5))

eﬁf,v 3

M NBY

N _ pn .
Bn,lO _Bn,20 H

cos(xn (Jé —0,5))

MN

N .
Bn,20 s

+Bu,],VZO

+Buf1v20 .

-0,5 BN
) +Bffzo]e Pt

:

s

In the case of electrical connection of cables in the
cross section x = L, the coefficients acquire the following
values:

2cos(x,, (Jo —0,5))cos(u,, (K, =0,5))
2B 1 ’
MN(e mn +1)Bm,n

Bm,n,20 ==

(eB’"’”i - e_B”””é ) cos (Xn (Jé -0, 5)) x

Buy :_2xcos(um (K& —0,52) ;

-2 L
(e ]

72[3/71 nk

Ao ==Byaoe "

m,n,2|

A —_B _2ﬁm,nL .
um,n,ZO - um,n,20e >

—2[3m nL

B =Bm,n,ZOe ’ >

m,n,10

BrnS
Bu

cos(xn (Jﬁ —0,5))><_

>

m,n,10 = MN
xCos (Hm (K&.. _0’5)) +Bum,n,20
2
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The obtained expressions allow to determine the dis-
tributions of currents and potentials between the ropes of
the rope as a function of the unknown value of the potential
difference between the ends of the damaged cable in the
cross section of its rupture. From the condition of zero cur-
rent between these ends (2.46) we find the value of the un-
known potential difference.

B

Z Z Am,n,Ze myné_Bm,n,Ze_Bm’ni]Bm,nw(m’K§)0)(n’J§)+ a

M—IN—I[
m=1 n=1

M-

+ m,2

i

M M
[AM Hm g_Bgze’Bm QJB%W('",KE})*'

N- N N
N B &_pN B E N 1
+,1=1{A"’ze 1 ==BN.en }ﬁn u)(n,Jé)+—MN
T M B Byl
> Z[Aumn emn—Bu, e "™" ]Bm V(MK |o(n,J, [+
N e P (K o
M-l M _gM
+Y [Au%zeﬁm é—Buﬁ‘n’{ze ﬁm&}ﬁ%\u(m,[%ﬁ
m=1

N-1 N N
+Y [Au,{vzeﬁn g—Bu,i"ze B éJﬁr’,\’oo(n,‘]é).
n=1 ’ ’

; ; . Fig. 4. a) shows the distributions of currents and
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Where - (m,) =cos (u"’ ( 0’5)) ’ potentials, b) in the cross section of the cable
o(n,j) =cos(xn(j—0,5)). damage x = §

The found values of the potential difference allow
to determine the desired distributions of currents and po-
tentials.

We performed calculations of current and potential
distributions for the rope with characteristics
r=0.001 Ohm/m ¢ =0.01 m/ Ohm. The number of ropes
in each row and the number of rows was taken to be five.
The length of the rope was taken equal to L = 100 m. The
distributions were determined for the cases of current sup-
ply of the middle (Ko =Jy = 3) cable and for the rope with
a damaged cable surface (Ko =Jo = 3) — 1 and without dam- Fig. 5. Shows the current distributions in the cross
age — 2 cables. section x = L
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The graphs show a significant effect of cable bursts on
the patterns of current and potential distributions in the rope.

The results of calculations for the case of bringing
the potential difference to the ends of one cable are shown
in Fig. 6-8.

Fig. 6. Characterizes the potential distribution in
the cross section x = 0

Fig. 7. a) shows the distributions of currents and
potentials, b) in the cross section of the cable
damage x =&

Fig. 8. Shows the current distributions in the cross
sectionx =L

The potential difference between the supply points
of a unit value determines the resistance of the system. The

potential in the cross section x = L, respectively (32) is
zero, and the potential difference is equal to the potential
at the end of the cable number K, located in the row number
J, in the section x = 0 and is the resistance in case of cable
damage.
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The obtained expressions allow to determine the dis-
tributions of currents and potentials between the ropes of
the rope. We considered the case of bringing potentials to
one arbitrary cable at one end of the rope. For the received
unit current, the potential difference at the points of signal
removal is a diagnostic parameter. Its values for the con-
sidered schemes of signal removal allow to define a condi-
tion of cables in a rope.

The problem of determining currents is linear. It al-
lows the application of the principle of superposition. Ac-
cording to this principle, the distributions of potentials and
currents can be made. The obtained dependences, by com-
piling the results, allow to determine the currents and po-
tentials for any circuit of signal removal from the ends of
the rope ropes.

The results of determining the changes in the electri-
cal resistance of the rope in different schemes of signal re-
moval allow you to control the gusts on this indicator.

Conclusions

To ensure the search for an unknown damaged cable,
the system should be based on: identification of each pair
of cable ropes; cyclic determination of electrical resistance
of each pair of cables; comparison of a certain value with
the “normative” established analytically by the above
method; determining the result of the comparison.

The study of known works on the development of
the method of continuous monitoring of the condition of
the cables of the cable rope showed the possibility of ap-
plying the method of control of the internal resistance of
the cable rope to control the condition of the cables of the
cable rope of high reliability.

Using the methods of electrical engineering, a math-
ematical model is constructed, the method of its analytical
solution in a closed form is formulated, the dependence of
the distribution of stresses and currents in the rope on its
parameters is investigated. The received decisions for a
rope with the whole and damaged cable. They allowed to
formulate requirements for the system of continuous auto-
matic monitoring of the condition of the cable rope of in-
creased reliability.
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3aj1e:KHICTh BHYTPIIHBOTO €JIEKTPUYHOT0 OMOPY 'YMOBOI'0 TPOCAa KadeJI10 Bij
poO3puBY Kadesro

L.B. Beabmac, E.I. Binoyc, A.I. Tanuypa, A.B. llIBauka

Ipoéonemamuxa. Buxopucmarnhs cmaneeux 3a1i300€mMoHHUX ROKPUMMIE CROPYO, HA HAUuLy OYMKY, Nepedye po3podKa cnocodie KOHm-
POTIO CMAHY 8AHMOBUX KAHAMIG - CINBOPEHHS OE3NEUHUX YMO8 0I5l 00820MPUBANOT eKCHILyamayii cnopyo.

Mema oocnioxncenna. Ananrimuune GU3HAYEHHA 3ANEHCHOCNI BHYMPIUHBOZO ENIeKMPUUHO20 ONOPY 2YMOMPOCOB020 8AHMOB020 Ka-
Hama 6i0 HaA6HOCMI PO3pPUSY Mpoca.

Memoouka peanizauii. /[na kKonmponio 6cix mpocie cucmema mae 3abe3neyyeamu NoCrLi008He KOHMPOTIOBAHHS eNeKMPULHUX ONOPI8
JIGHYI0218 YIMBOPEHUX MPOCAMU, NOPIBHI08AMU iX 13 eMAIOHHUMU 3HAYEHHAMU, 8U0A8AMU CUSHAT WOO0 CIAHY Kanama. Bona nosunna
Oymu CHpoeKmo8aHa Ha OCHOBI HACMYNHUX OAHUX: MUN | KOHCMPYKYIS 6AHMOB020 KAHAMA, 11020 00BXCUHA, KITbKICMb MA cXema
PO3MAUYBAHHSA MPOCIE Y KAHAMI, MONCIUGICIb 00CHYRY 00 00H020 A60 000X 11020 KIHYIB, eNeKMPOMEeXHIUHI 6IACMU0CE MpPoCie ma
2yMu, 3HAUeHHsL ONOPI8 MPOCi6 OJisL 6CIX CXeM IX 6UHAUEHHSL.

Pesynvmamu oocnidscennn. Bumozu 0o cucmemu agmomamuyno2o KOHMpPOIo 2yMOB020 KAHAMA. 3aKOHOMIDHICMb 3A/1eICHOCI elle-
KMPUYHO20 ONOPY KAHAMA 8AHMOBO20 6i0 NOPUBY 008LIbHO20 mpocd. Modciusicms asmomamuuno2o KOHMPOIO CIMAHY 2yMOMPOCO-
8020 KaHAMa 8AHMOBO20.

Bucnosku. Ompumani pe3yniomamu 66axcamumymscsi 00CUms 00CHMOGIPHUMU, OCKIIbKU OMPUMAHT HA OCHOBI (hYHOAMEHMATTbHUX NO-
JIOJHCEHD eIeKMPOMEXHIKU PIGHAHHS OMPUMAHI AHATTMUYHUM WIISAXOM ) 3AMKHYMOMY 8ueisioi. ExcnepumenmanvHumu 00CaiOHNCeHHAMU
B8CMAHOBAEHO, WO BHYMPIWIHIT eIeKMPUYHULL ONIP MPOCI8 KAHAMA 3ANIeAHCUMND 810 1020 61aCMUBOCHel Ma HAAGHOCMI Yl 8I0CYIMHOCTI
NOWIKOONCEeHb mpocis. J]o cknady KaHama 6xo0ame HU3Ka mpocie. Iowkooiceno Moxciugo 0yob-saxuti mpoc

Knrouosi cnosa: cymompocoguil kanam, eneKmpudnuil onip, KepyeamHs, mpoc, Mamemamuiia Mooeis, CUeHaJl.
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