UDC 621.321, 621.311
V. G. SYCHENKO (DNURT)

Dnepropetrovsk National University of Railway Transport named after academician V. Lazaryan, Department of

Power supply of Railways, 2 Lazaryan Street, Dnepropetrovsk, Ukraine, 49010, tel.:

e-mail: elsnz@mail.ru

(056) 793-19-11,

VOLTAGE QUALITY ON TRACTION LOAD BUSES OF DC

SUBSTATIONS

Introduction

Voltage mode on buses of the DC 3,3 kV trac-
tion substation influences to opeating characteristics
of functioning of the electric railways. Thus,
dinamic character of voltage leads to conventionali-
ty of using the existing norms of voltage levels.
These norms need the new estimation criterias of
power supplies quality on the DC traction lines.
The level of voltage and voltage deviation on trac-
tion lines are the most important indicators of power
quality for traction power supply systems that give
a power to rolling stock. The efforts of specialists

over the past decades [1] were directed to ensuring
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the necessary level of voltage and minimizing its
deviations. In order to investigate the voltage modes
the authors have widely used statistical experi-
mental studies [2, 3]. This allows to define the nu-
merical characteristics of the voltage on the DC bus,
which can be used for building a intelligent system
for controlling the modes of traction lines.

The analysis of experimental researches of
voltage modes

The selective results of experimental researches
of voltage deviations on traction substations are
showed on fig. 1, and statistical characteristics are
shown in tab. 1.
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Pic. 1. A steady voltage deviation on 3,3 kV buses of DC traction substations

Table 1
Numerical characteristics of voltage deviation on 3,3 kV feeders
Number of substation
Ne Parameters
1 5 6 11
. . . 7.98 5.41 7.71 7.93
1 | Mathematical expectation M(SUY), % IV 26338 | 178.52 | 25428 | 261.82
8.48 5.47 9.23 7.88
0 L) LY LY L)
2 | Mode MO(SUY)’ %!V 280,00 | 192,36 | 304,48 | 260,00
. 8.06 5.47 7.83 7.91
0, = 2 L] L}
3| Median Me(8Uy ). %/V 266,00 | 18041 | 25825 | 261.00
. 0,2 <2 5,68 1,09 1,70 1.25
4 | Variance D (SUY) N7V 618027 | 1185,08 | 1850.87 | 1361,69
. 2.38 1.04 1,30 1,12
0 2 2 2 2
5 | Standard deviation G(SU},), % /| V 78.61 344 1302 36.90
6 | Asymmetry As(SUy) 074 | <033 | -1,00 | 021
7 | Excess Ex(SUy) 1,40 -0,17 1,92 1,82
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The sharp changes of voltage on buses (fig. 1)
corresponds to the following modes of substation:
inverter condition — a leap upwards, a rectifier
condition — a leap downwards, or changing the
traction loads.

The analysis of the obtained results shows that
numerical characteristics of a of AU distribution
differ insignificantly for each given substation
(tab. 1). In other words their empirical distributions
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have a symmetric character. (fig. 2). It’s impossible
to find the analytical distribution of voltage for all
interval of observation. It is necessary to notice that
during calculations of modes of traction power sup-
ply systems it’s widely used a normal distribution
for the description of regularity changes of voltage.
At the same time, this approach is approximate and
not allows us to gain a necessary accuracy during
regulating the modes of operation (tab. 2).
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Pic. 2. The empirical distributions of voltage deviations on feeder 3,3 kV for four different substations

Table 2

Numerical characteristics of voltage deviation on 3,3 xV feeders

Sub- Parameters of the normal Pearson The critical
Ne . N o 2 2 Result
station distribution criterion, value, ¥ ¢;
1 S c=72,299 M =3538,9 1401.4 21,026 Hypothesm is
rejected
2 L c=80,842 M =3569,2 3547,0 22,362 Hypothes1s is
rejected
3 Sin c=34,425 M =3478,5 52,709 21,026 Hypothesm is
rejected
4 N c=43,2 M =3557,2 10993.0 26.296 Hypothes1s is
rejected
5 El c=130,57 M =3348,8 728.82 22362 Hypothems is
rejected

The problem of selection the most appropriate
distribution law of the voltage exists also on high-
voltage lines [4]. It was proposed to determine its
day interval sequences using Instant probability
densities, which allowed him to apply a normal
distribution for each clock time with their statisti-
cal characteristics.
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Unfortunately, this approach to description of
the regularity changes of voltage on the traction
substation buses didn’t give for us the necessary
result . Tabl.3 shows the example of distribution
law selection of voltage on the buses for one of
given substations.
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Table 3

Selection of the best distribution law of voltage on substation S

Ne o Criterion, | The critical Result
Distribution law Parameters 2 2

h. xp value, yxp | (+/-)
1 | Weibull a=159,53 B=3521,9 5,89 14,07 +
2 | Hi-square v =248 B=3244 18,03 14,07
3 | Lognormal 6=0,0932 n=5,4675 y=3235 5,1 14,07 +
4 | Weibull o =205,69 B=3479,5 3,85 14,07 +
5 | Beta o, =2,7217 o, = 3,359

5,08 14,07 +

a=3411,9 b=3521,4

6 | Lognormal 0=0,02396 n=6,9619 y=2369,5 5,95 14,07 +
7 | Log - logistical o =205,38 3=3438,4 14,06 14,07 +
8 | Relej c=47,584 y=3388,6 13,78 14,07 +
9 | Inverse gaussian | j — 6,33-10° u=_8672,8 y=-5223,6 7,79 14,07 +
10 | Weibull a=167,17 p=3482,6 8,22 14,07 +
11 | The normal ¢ =20,422 n=3457,7 8,27 14,07 +
12 | Relej c=47,095 y=3410 10,3 14,07 +
13 | Weibull a=167,17 p =3482,6 8,22 14,07 +
14 | Normal o =18,744 pn =3484,1 45 14,07 +
15 | Logistic o=5,80694 3 =81,562 y=3412,9 30,92 14,07 -
16 | Normal c=17,325 ©1=3502,9 6,31 14,07 +
17 | Normal c=16,13 n=3523,2 4,81 14,07 +
18 | Beta o, =1,6859 a, =1,5137

21,08 14,07 —

a=3438,6 b=3551,7

19 | Log - logistical o =210,49 3 =3486,2 29,06 14,07 -
20 | Weibull o =257,83 B=3523,6 31,01 14,07 -
21 | Logistic o =34,463 3 =468,03 y=3026,9 12,69 14,07 +
22 | Erlang m=380P=1,7967 y=2796,6 33,70 14,07 -
23 | Weibull a =150,64 B =3490,1 31,01 14,07 -
24 | Log - logistical o =218,6 B=3466,0 3,46 14,07 +

Fig.3 shows the correlation plot of voltage on
buses 3.3 kV on traction substations. We can see
that they contain explicitly expressed periodic
structure. So, the original signal contains nonran-
dom periodic structure. By means of the Fourier
analysis it’s demonstrated that harmonics with
maximum amplitudes in the range to 1 Hz, first of
all, have periods 24, 12, 8 and 4 hour. This ap-
proach also became the methodological basis for
description of regularity of voltage changes on
buses of the DC traction substations [5].
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The analysis of experimental researches of
voltage harmonics

The analysis of the experimental data shows
that the spectrum of the rectified voltage on 3,3
KV buses of the traction substations contains a
wide spectrum of the harmonics, including canoni-
cal and not canonical harmonics. So, it is actually
impossible to establish a connection between
changing of operational modes of traction substa-
tions and spectrum, as well as to assess the level
of mutual influence of external power supply sys-
tem and traction one. As an example, fig. 4-9
shows the typical spectrums of voltage 3.3 kV in
different modes of traction substation equipment.
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Pic. 3. Autocorrelation functions of voltage on buses 3,3 xV for the different substations
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Pic. 4. Spectrum of Voltage 3,3 kV, rectified mode
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Pic. 7. Spectrum of voltage 3,3 kV, invertor mode
(The filter is disconnected)

Pic. 6. Spectrum of voltage 3,3 kV, rectified mode
(The filter is disconnected)
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Pic. 8. Spectrum of voltage 3,3 kV, invertor mode
11/16/2007 11:10 (the filter is switched on 2 elements)
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Pic. 9. Spectrum of voltage 3,3 kV, forced mode
(the traction load is disconnected)
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The analysis of experimental researches of
voltage harmonics

Analysis of the long-term results of experi-
mental studies of the voltage modes on DC rail-
ways performed at the Department of "Power sup-
ply of railways" allows to make the following
conclusions:

- the voltage modes on buses of the traction
substations, as well as on feeders of traction sub-
station are defined by random factors and have a
weak correlation between each others;

- the numerical characteristics of the distribu-
tion laws of AU differ only a little between each
others for each of the given substantions. Thus,
their empirical distributions have the symmetric
shape. Investigation of the voltage distribution law
for all interval is a complex task. Therefore, it’s
better using the analytical expressions in the poly-
nomial form for the tasks of the regulation of
modes on traction lines;

- the spectrum of rectified voltage on 3,3 kV
buses of traction substations contains a wide
amount of harmonics including canonical and not
canonical ones. Thus, it’s actually impossible to
find out a correlation between changing of opera-
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Voltage is one of the parameters of the traction power grid mode, and affects the energy performance of its
functioning. Characteristics of electricity transmission networks are pulling for a change of the consumers and
change their operation modes, restrictions imposed by train each other depending on their relative position, as
well as limitations due to ensuring the transportation process. Voltage level at the traction substation buses and
hence on the current collectors locomotives, depends not only on changes in traction load, but also from chang-
es in load and foreign consumers district energy system, while the nature of factors that affect the voltage is
nonlinear and non-stationary. At the same voltage level as an indicator of the quality of the functioning of the
traction power supply system must be regarded as a parameter, which optimizes the transmission and con-
sumption of electricity for electric rolling stock. In this regard, the regulation voltage in traction network has
always been one of the most important practical tasks. To answer how to manage stress regime in the traction
power supply system can be divided into three groups: local, zonal control and centralized management. Their
use is intended to achieve the overall optimum. The development of modern computing technology provides the
possibility of recording the parameters modes networks with more accurate and high-speed devices, and also
used for data processing and rapid means of modern microprocessor and computer technology. This allows
spanning more productively use the results to adjust the parameters of their operation modes. When running
on energy saving measures today questions of optimal control mode voltage are of particular relevance. For op-
timum operation control traction networks necessary to perform analysis of their functioning in real time. One
component of this process is an assessment of the law of distribution bus voltage traction substation, as one of
the main parameters of the regime.

Keywords: voltage quality, direct current, traction load, substation, statistic, distribution law.
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SIKICTh HAIIPYTH HA IIUHAX TATOBOI'O HABAHTAKEHHS
NIACTAHIIN NOCTIMHOI'O CTPYMY

Hanpyra € ogHuUM 3 napaMeTpiB peXuMy TAroBoi eNeKTpUYHOI Mepexi, Ta BNJIMBAE HA eHepreTUYHi NOKasHUKMK ii
dyHKUioHyBaHHS. OcobnmMBOCTAMM nepenadi enekTpoeHeprii No TAroBi Mepexi € 3MiHa MOJSIOXEHHS CMOXWMBAYIB i
3MiHa pexuMiB iX poboTK, 06MEXeHHS, WO HakNahaloTbCs Noi3gamMmM OAWH Ha OAHOMO 3a5eXHO Bif X B3AaEMHOr0 po-
3TallyBaHHS, a TakoX obMeXeHHs NoB’A3aHi, 3aranom, i3 3abesneyeHHsIM nepeBi3HOro npouecy. PiBeHb Hanpyru Ha
LWMHax TAroBoi NiACTaHUIi i, 0TXXe, Ha CTpyMonpuiiMayax enekTpoBO3iB, 3aeXUTb HE NNLIE Bif 3MiHW TArOBOro Ha-
BaHTaXeHHS, ane i Big 3MiHM HaBaHTaXXEHHS PaiOHHMX CMOXMBAYIB i XMBSIHOI EHEProCUCTEMM, MPU LbOMY Xapak-
Tep YMHHUKIB, WO BMAMBAKTb HA HaMNpyry, € HeNiHIMHMM | HecTauioHapHUM. MNpu UBOMY piBEHb HaNpyru, ik Nokas-
HUK SIKOCTi (PYHKLIIOHYBaHHSI CUCTEMM TArOBOrO €/1IeKTPONOCTavyaHHs, NMOBUHEH pO3rnNsaaTncsa SK AesiKui napamerp,
L0 OMNTUMI3YE Nepeaayvy i CNOXMBAHHSA eNeKTPoeHeprii ANa eNeKTPoOpPyXoMOoro cknaay. Y 3B'a3Ky 3 UMM peryntoBaH-
HS Hanpyru B TAroBiM Mepexi 3aBxan 6yno o4HUM 3 BaX/IMBUX MPaKTUYHMX 3aBAaHb. Ha CbOroAHilWHIA AeHb cro-
cobu ynpaBniHHS PEXMMOM Hanpyru B CUCTEMi TArOBOrO eNeKTponocTayaHHa MOXYTb 6yTu po3aineHi Ha Tpu rpynu:
MicLleBe ynpaBniHHS, 30HHe yNpaBniHHA Ta LeHTpanizoBaHe ynpas/iHHs. Ix 3acTocyBaHHa nepenbayae AoCArHEHHS
3arasibHoro onTMMyMy. PO3BUTOK Cy4acHOI 064MCNOBanbHOI TEXHIKN Aa€E MOXIMBICTb peecTpaLii napameTpiB pexu-
MiB po60T Mepex 3a AoNOMOroto 6inbll TOYHUX Ta WBMAKOAIKUYMX NpuUNaaie, a TakoX BUKOPUCTOBYBATK AN iX 06-
pobKM cy4dacHi i wBmaKoAiYi 3acobn MikponpoLecopHoi i kKoMn'loTepHoi TexHikK. Lle no3Bonsie binblie npoaykTus-
HO BMKOPWUCTOBYBATW OTPUMaHIi pe3ynbTaTh ANS KOpUryBaHHSA MapaMeTpiB pexuMis ix poboTn. B yMoBax BUKOHYyBa-
HUX Ha CbOroAHi 3ax0AiB MO eHepro3bepexeHHI0 MUTaHHA ONTMMANbHOro KepyBaHHA PEeXMMOM Hanpyru mMarTb
0co6nMBY aKkTyasnbHICTb. [N ONTUManbHOrO ynpasiHHA pexuMamm poboTn TAroBMxX Mepex HeobxiAHO BUKOHyBaTu
aHani3 @yHKUIOHYBaHHSA iX B peanbHOMY 4Yaci. OfHI€l0 i3 cknagoBMX LbOro MpoLECy € OuiHKa 3aKoHy po3noiny Ha-
Npyrn Ha Wu1Hax TArosoi MiACTaHLUIl, SK OAHOro 3 rofIOBHUX MapaMeTpiB pexumy.

KnrouoBi cnoBa: aKiCTb Hanpyru, NOCTiHWIA CTPYM, TArOBE HaBaHTaXXEHHS, MiACTaHLjsl, CTaTUCTMKa, 3aKOH po3noainy.
BuytpimHiii periersent Kysneyos B. I'. 3oBHimHIN penersent Jenuctok C. I1.
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KAUECTBO HAIIPSIKEHUS HA IIIMHAX TSTOBOM HATPY3KH
HNOJCTAHIIMN NOCTOSAHHOI'O TOKA

HanpsieHune aBnseTcs 0AHUM U3 NapaMeTpoB peXmnMa TAroBON 3/1EKTPUYECKON CETU, U BAUSET Ha 3HepreTu-
yeckue nokasartenu ee PyHKUuMoHUpoBaHus. OCO6eHHOCTAMU nepefayn 31eKTPOIHEPTUM MO TArOBOM CETU ABNSA-
I0TCH M3MEHEHWe MOJIOXKEHUS noTpebutenein n U3MeHeHne pexmnMoB UX paboTbl, OrpaHMYEHNs, KOTopble Hakna-
AblBAlOTCA Moe3gaMu Apyr Ha gpyra B 3aBUCMMOCTM OT MX B3aMMHOIO PacrnosIOXEHUsl, @ TakXe OrpaHuyeHus
obycnosneHHble, B Lie1OM, C obecneyeHneM Nepeso304HOro npouecca. YpoBeHb HanpsaXeHWs Ha WNHaX TAroBomn
noacTaHUMu u, cnefoBaTeflbHO, HA TOKOMPUEMHMKAX 3N1eKTPOBO30B, 3aBUCUT HE TOJIbKO OT U3MEHEHUS TSAroBOWn
Harpysku, HO U OT U3MEHEHUS Harpy3kn paloHHbIX NoTpebutenein n BHELWHEN S3HEeProcMcTeMbl, NpU 3TOM Xapak-
Tep (aKTOpOB, KOTOpblEe BAUSAIOT Ha HampshKeHwe, SIBNSETCA HeMHENHbIM U HecTauuoHapHbIM. Mpu 3TOoM ypo-
BEHb HanpsXXeHWsl, Kak nokasaTenb KayecTBa PYHKLUMOHMPOBAHWUSA CUCTEMbI TArOBOrO 3/1eKTPOCHabxeHns, Aon-
XKEH paccMaTpMBaTbCA Kak HEKOTOPbI MmapamMeTp, KOTOPbI ONTUMU3UPYET nepepadvy u notpebneHune 3neKTpo-
3HEeprun Ans 3NeKTPonoABMXKHOIO coctasa. B CBA3M C 3TUM perynnmpoBaHue HanpsXeHus B TArOBOW CETWU Bceraa
6b1710 OAHUM U3 BaXKHbIX NMPAaKTUYECKUX 3a4aHUI. Ha cerogHsWHUI AeHb CNOCo6bl yNpaBieHUs peXxXmnMoM Hanps-
XEHWs B CMCTEMEe TAroBOro 3eKTPOoCHabxeHns MoryT 6biTb pasfeneHbl Ha TPW FPyMMbl: MeCcTHOe ynpasieHue,
30HHOE yrpaBfieHMe U LUeHTpannM3oBaHHOE ynpasfieHue. VX npuMeHeHne npefycMaTpuBaeT AOCTUMXEHUe obLiero
onTuMyMa. Pa3BuTne COBpeMEHHON BbIYMCANTENBHON TEXHUKKN 06ycnasnMBaeT BO3MOXHOCTb perncrpaumm napa-
METPOB peXuMoB paboTbl ceTeli C NoMoLblo 60nee TOUHbIX U BbICTPOAENCTBYOWMNX NPUBOPOB, a TakXe UCMOoMb-
30BaTb ANs X 06paboTkM coBpeMeHHble U HbICTPOAENCTBYOLWME CPpeacTBa MUKPOMPOLLECCOPHOM U KOMMbOTEP-
HOWM TexHWKW. ITO no3BonsieT 6oneee NPOM3BOAUTENBHO UCMObL30BaTb MOJTYYEHHbIE pe3ysibTaTbl ANt KOPPEKTU-
pPOBKW MapaMeTpoB PexuMoOB UX paboTbl. MNpu BbIMOMHAEMbIX HAa CErofHs MeponpusaTUiA No aHeprocbepexeHuto
BOMPOCHI ONTUManbHOrO YNpaBaeHUs PEXMMOM HanpsiXKeHUsT UMEOT 0COBEHHYI0 aKTyanbHOCTb. [ onTUManbHo-
ro ynpaefieHns pexumamu paboTbl TAroBbIX ceTel He0H6X0AMMO BbIMONHATL aHann3 GyHKLMOHMPOBaHUA UX B pe-
anbHOM BpeMeHW. OAHOW M3 COCTaBNSAIOLWMX 3TOr0 npouecca ecTb OLeHKa 3aKoHa pacnpefeneHns HarnpsKeHus
Ha WMHax TAroBOM NOACTaHUMW, KaK O4HOro U3 rnaBHbIX NapaMeTpoB pexuma.

KnroueBble C/0Ba: KauecTBO HAMPsXKEHWUs, MOCTOSIHHbIA TOK, TAroBasi Harpyska, MOACTaHUMS, CTaTUCTMKA, 3a-
KOH pacrpeaeneHus.
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