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Introduction

The volume of energy losses in electric grids is
a main indicator of efficiency of their work, visual
status indicator system of power registration, effi-
ciency of power supply organizations.

This indicator clearly shows the problems that
require emergency solutions in development, re-
construction and modernization of power net-
works, improved methods and tools for their opera-
tion and management in improving the accuracy of
electricity metering, fundraising efficiency for
electricity consumed. The relative energy losses in
transmission and distribution in electric networks
can be considered satisfactory, if they do not ex-
ceed 4-5 %. Energy losses of 10 % can be consid-
ered the maximum acceptable in terms of process
of transmission of electric power by networks.

A number of trends that adversely affect to lev-
el of losses in contact line were emerged in con-
nection with the low investment in development
and modernization of electric networks, improving
their management systems regimes in accounting
electricity.

Against the background of the changes taking
place in the economic mechanism of energy the
problem of reducing energy losses in the contact
line not only lost its relevance, but rather pushed
into one of the objectives of financial stability of
power supply organizations.

Determination of energy losses in the contact
line of electrified railways has a number of features
that are primarily caused by variable size and loca-
tion of the load which does not take into account a
number of factors that affect the magnitude of
losses [1-3]:

1. Meters of electric locomotives are often giv-
en an understated the value of consumed electrici-
ty. There are several reasons:

- inability of meters to take into account small
load at the idle at prohibiting signals and stations;

- measurement errors when connecting the
winding of voltage meter to the winding of trans-
former own needs of the electric locomotive AC;

- cases of artificial distortion of meter readings
by individual driver.
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2. The limits of certain railways don’t meet the
limits of the shoulders of service locomotives.

3. Traction and industrial consumers are pow-
ered from the traction substations. The energy con-
sumption of industrial consumers partially takes
into account by the meters of these consumers and
partially calculated using the established capacity
of transformers.

4. Feeders that feed a power network aren’t al-
ways equipped by meters etc.

Review of the literature

It is proved [1-5] that electricity losses in the
contact line appropriately determined using indi-
rect methods.

The energy losses in contact line are calculated
by the next formula [5]:

T
AW =k -j[}(t)dz, (1)
0

where AW — energy losses in contact line, kW-h;
kj — energy losses coefficient;

1 } (t) — square of feeder’s current in the given

time, A”;

T — time of moving the train in the area, h.

This method is based on using meter of losses.
This method is based on the register values of per
square ampere - hours on the feeders of traction
substations. The meter is located on the feeder. It
measures values of per square ampere — hours in
the unit of time and scales them to the energy loss-
es using the energy losses coefficient. The first
meter of energy losses for an alternating current
F440P was developed on the base of meter F440 in
Rostov Institute of Railway Transport [6].

The galvanic isolation on the alternating current
is provided by current transformer and additionally
LEM-flex converter. It is possible using the analog
optocoupler for direct current measuring.

The meter of energy losses F440P can take into
account losses in networks at the time of changing
of load to 200% of nominal. Its error in the range
changing load doesn’t exceed 2 %.
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Fig. 1. The principal schemes of connecting devices for
measuring losses in the contact line: a) an alternating
current feeder; b) a direct current feeder

The first meter of energy losses for a direct cur-
rent SKVT F607P was developed on the base of
meter SKVT F607.

In electric circuit of meter of energy losses
SKVT F607 were done a lot of changing. There are
deleted node ban self-propelled, corrected modes
transistors and circuits, power supply modernized
in terms of increasing insulation strength.

Such meter of electricity losses can be realized
on the modern element base, combining commercial
accounting of electricity and the calculation on the
energy losses based on a single device, such as Al-
pha Plus meter (A2) and specialized software pack-
age AlphaPlus LS. The latest development of Elster
Metronika is Microprocessor meter alpha A1800
with the function of accounting losses (in the modi-
fication counter present letter V) and specialized
software package Metercat (AlphaPlus W2.1) [7].

A detailed study of the indirect method for de-
termining of electricity losses in the contact lines
and determining the expressions for loss coeffi-
cient were done in the publications [2, 3, 5, 8-11].

Formulation of the problem

Meters of energy losses aren’t widely used in
metering of electric energy in traction substations.
Besides quite a few substations have meters on the
feeders of contact line. Only one type of modern
meters as an additional option has a function inte-
gration of the square of the current and for the most
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part this possibility in other counters unavailable.
But in the distances of power supply are used mod-
ern portable analyzers of power consumption, the
device particular EDL-175 by Satec company.

One of its functionality is the integration of
RMS value of the current. That is calculation of
ampere-hours, which are measured by Rogowski
mites and matching device that converts input cur-
rent and appropriate signal using a separate inte-
grator. The output signal of the integrator is con-
nected to the special connector main unit, which
performs further calculations of the RMS value of
the current and its integration in the time.

The ampere-square-hour can be determine us-
ing the described functions of the device if the
convert signal between integrator of Rogowski
mites and interface device.

In general, the device performs the determina-
tion of the RMS value of current for its momentary
value at the period of fundamental frequency T

1T2
I= ?(j)z (t)dt .

Transfer function of the interface device is de-
fined that after integration squared RMS value of
the current will be received. Namely a functional
equation will be solved.

| T
?IFZ [i(6)]de =17, )
0

where F[i(t)] — unknown function.

Assume that the desired function is equal to the
square of the RMS current value that is

F [i(t)]=i2 (t). Substituting the assumption in
equation (1) and check it.

1 4 1 4 . 4 2
?J.l (t)dt = ?J.Im sin” ot dt =1,,” x
0 0
3 T
8 L _cosmtsin mt_3sin2cot_ﬁ B
ol 4 16 8
0
=§1m2¢12.

That assumption regarding F[i(¢)] is false be-

cause the result is not equal to the square of the
RMS value of the input signal.

Analyzing the previous result, we assume that
the transfer function equal to product RMS and
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instantaneous current value that is F [i(t)] =1-i(t).

Will provide appropriate substitution in equation
(2) and check it.

1 L 1 T
—Ilz-iz(t)dtz —Ilz-lmzsinzcotdtz
T T
0 0
2 2
I
=\ =12 =1
2

The search transfer function is equal to product
the RMS and the instantaneous value of current.
According to the transfer function, the structure of
the interface device will have next view (fig. 2).

) RMS to DC  Analog )
Operational Operational
— RMS
Converter X
Amplifier Amplifier
Multiplier

Fig. 2. Structure of the interface device

Two analog microcircuits AD637 and AD633
are used for scheme realization of the interface de-
vice. These microcircuits are done operations of
determining the RMS value and multiplying sig-
nals. Operational amplifiers OP-07 are used for
matching input and output signals.

Microcircuit AD633 is a functional, four-
quadrant analog multiplier. It consists of a high
resistance differential inputs and summing en-
trance. Full scaling of low-voltage output of 10 V
is performed using the built-in zener diode. The
nonlinearity entrance is less than 0.1%, and output
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noise less than 100 mkV in the frequency band
from 10 Hz to 10 kHz.

The voltage of power supply of microcircuits
ADG633 is from + 8 V to = 18 V. Inputs have nega-
tive polarity, but they are fully differential and
many modifications can have a reverse polarity, or
be manageable. The signals of differential inputs
are converted to current. The result of the multipli-
cation of these currents is generated by the kernel.
Characteristics of built zener provides total zoom
factor of 10 V. Nodal Point allows to add two or
more inputs, increasing gain, convert output volt-
age to a current, and configure various applica-
tions.

The circuit implementation of the device for
measuring of electricity losses in the contact line is
proposed in view of the described above (fig. 3).

The comparing of the electricity consumption
by the meters of traction substation Belgorod —
Dniester and meters of trains was done for the ex-
perimental verification of obtained theoretical re-
sults. The section of Carolina - Bugaz - Belgorod —
Dniester was allocated for experiment. The feeding
of this section was done by the console power
scheme from the feeder Ne 3.

Electricity losses in the contact line determined
as the difference between meter of substation and
the sum of electric meters of trains were
AWy =1107 kW-h.

Electricity losses in the contact line measured
by the device (fig. 3) were AW; =1166,8 kW - h.

Error 6 was 5,4 %.
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Fig. 3. The circuit implementation of the device for measuring of electricity losses in the contact line
. ing the losses in the contact line in the absence of
Conclusions

Current converter, which in combination with a
portable power analyzer can measure square of
current is designed. Setting of this device with
proposed energy losses coefficient allows measur-

© Kirilyuk T. I, Bosiy D. O., 2015

the meter.
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The volume of energy losses in electric grids is showed problems which need emergency solutions in devel-
opment, reconstruction and technical modernization of power networks, improved methods and tools for their
operation and management in improving the accuracy of electricity metering, fundraising efficiency for electrici-
ty consumed etc. The relative energy losses in electric networks can be considered satisfactory, if they do not
exceed 4-5 %. Energy losses of 10 % can be considered the maximum acceptable in terms of process of
transmission of electric power by networks.

Determination of energy losses in the contact line of electrified railways has a number of features that are
primarily caused by variable size and location of the load which does not take into account a number of factors
that affect the magnitude of losses. The indirect method of energy losses metering is based on the register val-
ues of per square ampere-hours on the feeders of traction substations. The meter of energy losses shows value
of energy losses depending on the measured in the unit of time next factors. They are square ampere-hours,
calculated energy losses coefficient, measurement period of energy losses and the square of the actual conver-
sion coefficient.

The matching device for analog microcircuits AD637 and AD633 was used as the realization of the circuit of
the device as part of the measuring complex with the analyzer power Satec EDL-175. These analog microcir-
cuits are done determination of the RMS value and multiplication of signals with the agreement of the input and
output signals by the precision operational amplifiers OP-07.

Using the developed device allowed to determine energy losses in the contact line in the real distance with
an error not exceeding 5.4%.

Keywords: energy losses, contact line, metering, indirect method, scheme, interface device.
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CXEMHA PEAJIIBALISI TIPUCTPOIO HENIPSIMOI'O OBJIIKY BTPAT
EJJEKTPUUYHOI EHEPI'II B KOHTAKTHIN MEPEXKI

O6csir BTpaT e/IeKTPOeHeprii B eNeKTPUYHi Mepexi cBiguMTb Npo npobnemu, siKki BUMarakTb HeBigKnaaHMX
pilleHb Y PO3BUTKY, PEKOHCTPYKLUIi i TEXHIYHOMY Nepeo36pOEHHI eNeKTPUYHNX Mepex, YAOCKOHANEeHHI MeToAIB i
3acobiB iXHbOI ekcrnnyaTauil 1 KepyBaHHS, Y NiABULLEHHI TOYHOCTI 06/iky enekTpoeHeprii, epekTUBHOCTI 360py
KOLITIB 3@ CNOXWUTY eNneKTpoeHeprito, Towo. BiAHOCHI BTpaTu enekTpoeHeprii B eNeKTPUYHUX Mepexax BBaXalTb
3a40BifIbHNUMU, KO BOHW He nepeBuLLytoTb 4-5 %. BTpatn Ha piBHi 10 % BBaxatloTb MakCMManbHO MPUNYCTU-
MUMK 3 nornsaay ismkn nepenadi enekTpoeHeprii Mepexamu.

BusHauyeHHs BTpaT efneKkTpoeHeprii B KOHTaKTHilA Mepexi enekTpudikoBaHUX 3ani3HMLUb Ma€E psa ocobnmeoc-
Ten, AKi 06yMoBfEHi 3MIHHUM 33 BEIMYMHOIO Ta MiCLE3HaXOMKEHHAM HaBaHTaXXEHHSM, WO He A03BOJISE BpaxyBa-
TV uinun psaa dakTtopis. Henpsmuini MeTos BUMipy BTpaT eHeprii 3aCHOBaHM Ha peecTpaulii BeNnyYmMHuM amnep-
KBaApaT-roaMH Ha digepax TAroBux nNiAcTaHuin. JliumnbHWK BTpaT MOKa3ye BeNWUYMHY BTpaT B 3asIeXHOCTI Bif
BUMIpSIHUX B OAMHULIO Yacy amnep-KBaapaT-roAuvH, po3paxyHKoBoro koediuieHTa BTpaT, nepiogy BUMipy BTpaT
eHeprii Ta KBagpaTy PakTUUYHOro KoediliEHTy NepeTBOPEHHS.

[Onsa cxeMOTexHiYHOi peani3auito NPUCTPOIO Yy CKadi BUMipOBasIbHOro KOMMJIEKCY 3 aHanisaTopoM MOTYXHOCTI
Satec EDL-175 3acTocoBaHO MPUCTPIA Y3rof)XeHHs Ha aHanoroBmx Mikpocxemax AD637 Ta AD633, ki BUKOHY-
I0Tb BU3HAYEHHS Ail0YOro 3Ha4YeHHS Ta MHOXEHHS CUIHaniB 3 y3rogXeHHsaM BXiAHOro Ta BUXIAHOMO CUrHany npe-
uM3inHMMK onepauinHmu nigcuntosadyamm OP-07.

3acTocyBaHHS po3po6aeHOro NpUCTPO A03BOMIMIIO BU3HAUYMTM BTPATU Ha peasibHii AinsHui 3 noxmbkow He
6inbwe 5,4 %.

KniouoBi cnoBa: BTpaTu efleKTpoeHeprii, KOHTaKkTHa Mepexa, 067k, HenpaMuii MeToa, Cxema, NpUCTpili y3ro-
LXKEHHS.

BuyTpinHiii peuensent Kysueyos B. I 3oBHimHIN petierseHt Jenuciok C. I1.
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CXEMHAS PEAJIM3AIIUA YCTPOUCTBA HEIIPSIMOI'O YUYETA
MNOTEPH DJIEKTPUYECKOM SHEPTMU B KOHTAKTHOM CETH

O6beMbl NOTEPb 3/IEKTPUYECKON IHEPTrUN B INEKTPUYECKUX CETAX CBUMAETENbCTBYIOT O npobnemax, KoTopble
TpebyloT HeoTnaraTebHbIX peleHnin B pa3BUTUN, PEKOHCTPYKLUN U TEXHUYECKOM MepeoCHaLLeHNN deKTpuye-
CKMX CceTel, yCOBEepLUEHCTBOBAaHWN METOAOB M CPEACTB MX 3KCMAyaTauuMum M ynpasfiieHUs, NOBbIWEHUN TOYHOCTU
yyeTa a1eKTposHeprum, adpdeKTMBHOCTM cbopa cpeacTB 3a NoTpebsieHHY 3N1eKTpoaHepruto, u T.n. OTHoCcUTenb-
Hble MOTEePU NEKTPOIHEPTUN B I/TIEKTPUYECKUX CETAX CUMUTAIOT YAOBNETBOPUTENbHBIMU, €CIN OHW He NpeBbIWaloT
4-5 %. MNMoTtepun Ha ypoBHe 10 % cuMTaloT MaKCMManbHO AOMYCTUMbIMU C TOYKM 3peHnst HdU3MKKM nepesaym snek-
TPO3HEPIrUN CETAMMU.

OnpepeneHve noTepb 3/1EKTPOSHEPIUN B KOHTAKTHOW CETU 31eKTPUDOULMPOBAHHBIX Xee3HbIX AOPOr nMmeet
pag ocobeHHoCTen, KoTopble 06yCNOBAEHbl NepeMEHHON MO BESIMYMHE U MECTOMOJSIOXKEHUIO Harpyske, KOTOpble
He MO3BONSAIT y4YecTb Uenbiii pag dakTtopos. Henpsimoi MeToA M3MepeHUs NoTepb 3/EKTPO3IHEPTUN OCHOBAH Ha
perncrpauum BenMUMHbl amnep-KBagpaT-4acoB Ha duaepax TAroebix noactaHuui. CyeTuyMK NoTepb NoKasbiBaeT
BE/IMYMHY NOTEPb B 3aBUCMMOCTM OT M3MEPEHHbIX B €AMHMLE BPEMEHW amnep-KBaApaT-4acoB, PacyeTHOro Ko-
adduuneHTa notepb, Nepmoaa U3MepeHus NOTepPb 3NEKTPO3HepPrMn n kBagpata dakTnyeckoro kosdduumeHTa
npeobpasoBaHus.

B kayecTBe CxeMOTEXHMYECKOW peanu3aumn yCTpoMCTBa B COCTaBe M3MEpPUTENIbHOro KoMMjekca C aHanusa-
TOpOM MowHocTM Satec EDL-175 npvMeHeHO yCTPOWCTBO COr/lacoBaHUsi Ha aHanoroBbix MuUkpocxemax AD637 wm
ADG633, KoTopble BbIMNOMHAOT onpeaeneHne AenNCTBYIOWEro 3Ha4YEHMUS U YMHOXEHWE CUFHaNoB C cornacoBaHMeM
BXOAHOMO M BbIXOAHOMO CUMrHasna Npeum3noHHbIMKU onepaumMoHHbIMKM yeunutenamm OP-07.

MNMpuMeHeHne pa3spaboTaHHOro ycTpoMcTBa NO3BONAO ONpPeaennTb NOTEPU Ha peasibHOM y4yacTKe C owunbKkown
He 6bonee 5,4 %.

KnroueBble cloBa: NoTepy 3MEKTPOSHEPTMM, KOHTAKTHAs CETb, YYET, HEMPSAMOW METoA, CXeMa, YCTPOMCTBO CO-

rnacoBaHud.
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