eflekTponocTayaHHs / power suppl

UDC 661.331:621.311
V.G. KUZNETSOV (DNURT)

Department of Power supply of Railways, Dnepropetrovsk National University of Railway Transport named after
academician V. Lazaryan, 2 Lazaryan Street, Dnepropetrovsk, Ukraine, 49010, tel.: (056) 793-19-11,

e-mail: vkuz@i.ua

AUTOMATIED WORKSTATION FOR CALCULATING RATIONAL
MODE OF TRACTION POWER SUPPLY SYSTEMS

Introduction

Increasing of the competitiveness and
efficiency of the Ukrainian railway transport is
impossible without solving a number of priority
issues, including [1]: ensuring efficient railway
technology taking into account energy, economic
and environmental criteria, development of railway
infrastructure for high-speed traffic, improving the
rolling stock, planning of energy consumption re-
sources, introduction of effective control methods
for railway transport at all levels of the production
cycle. In this problem list is very important prob-
lem - the energy saving in traction power supply
systems. In [2] it is shown that this problem has
complex, multi-level and multi-factor nature.

The definition of rational modes of traction
power supply DC systems has previously been per-
formed without taking into account the realities of
nowadays, when there is a market economy, there
are different options for electricity payment (by
flat-rate tariffs, differentiated tariffs or wholesale
prices). Now, the energy component in the trans-
portation tariff has reached 20 % [3], and taking
into account global trends this component will con-
tinue to rise. During decisions process we need
firstly to take into account not only technical indi-
cators, but also economic (cost of electricity con-
sumed). In [4] it's discussed a method for calcula-
tion of rational modes of traction power supply
system, based on genetic algorithms.

Purpose of this article is to describe the creat-
ed software for the calculation of rational modes of
traction power supply system.

In the context of the definition of rational
modes of electric power supply systems power
system can be considered as a combination of dif-
ferent processes, combined solution of the contin-
uous supply of electric rolling stock with appropri-
ate quality. Thus must be a cost-effective con-
sumption of energy and reduction of losses emerg-
ing during transmission and transformation. During
control process of the power supply system along
with optimal power supply problems in the auto-
mated control system of power supply (ACSPS)
are also solved the problem of collecting, pro-

cessing, planning and forecasting of technology
process and equipment state. Like any complex
system, power traction system has a hierarchical
structure consisting of individual subsystems
(Fig.1), having their own objectives and one com-
mon goal for all automated system. These subsys-
tems are located at different levels of hierarchy,
interact, and have an external connection with dis-
trict power systems and other railway subsystems.
Each subsystem is a part of automated system ac-
cording to certain parameters, corresponding to the
specific objectives and tasks of control. In these
tasks subsystem can be considered as an independ-
ent system.

Control within power supply distance includes
three levels: the first control level implements
manual and automated equipment and decentral-
ized control modes, the second control level in-
volves local operating (remote) and automatic cen-
tralized hardware control of traction substations,
sectioning point, etc., and the third level of control
implements automated supervisory  system
(SCADA). Here it’s carrying a centralized control
of traction substations, sectioning points and other
elements.

The information goes from higher points of the
fourth and fifth control levels , respectively (the
power supply department of railway and the main
power control department of Ukrzaliznycia). The
operational control information goes to the dis-
tance energy dispatcher for coordinating modes of
power distance of given railway. Energy controller
takes into account the main electric parameters of
traction subsystem, that performs all types of plan-
ning for railways, and communicates with the
power supply department of Ukrzaliznycia and
energy systems. Automated dispatch control sys-
tem (ADCS) provides automated collection and
processing of necessary information for continu-
ous monitoring and centralized control.

The mode of the power supply system is deter-
mined by operational control tasks to be solved.

We can define the mode of power supply sys-
tem as a set of processes that determine at any time
the state of power supply system. And parameters
of the power supply system modes are indicators of
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the mode of the system and the conditions of oper-
ation: power, voltage, power flows on the traction
lines, frequency, and so on.

Power supply system is characterized by pa-
rameters, i.e. parameters that are depended on the
properties of the system equipment, its configura-
tion and determine the value of the coefficients,
which is established by the interconnection and
interdependence of the modes.

In normal mode, it's carrying regulation of
power supply system, its adjustment for providing
the requirements of power quality and reliability of
its supply, maintenance and repair, collection,
processing all documents on power supply
distance. In this mode we can calculate the rational
modes.

In emergency mode, the devices of protection
are triggered (relay protection). In this case, the
operational control staff makes necessary
disconnections for disabling failure devices.
However, due to the low performance of control
system the quality of control can worsens.

In post-emergency mode personal solves the
problem of restoring normal power supply scheme
with given quality of electricity, inputing to the
work the failed equipment, taking measures to
eliminate the causes of the accident and repair
damaged equipment.

Solving tasks of operational control it’s
nessesery envisages maximum use of the energy
controller experience. Depending on the situation,
energy dispatcher have different time to make
decisions that taken by him. In emergency
situations amount of information increases and the
time for decision is reduced to a few seconds or
minutes.

The subsystem of the 3-rd level pro-
vides centrally managed dispatching of elements,
objects and modes of supply, exchange of infor-
mation with power dispatcher points of power sys-
tems and service management.

Electric power supply system in the normal
mode moves from one state to another, the mis-
match between the actual and desired states of the
power supply system in the operational thinking is
regarded as a problem. In man-machine systems is
very important to study the problem of states and
conditions analysis, and making decisions.

By analyzing the problems of the states we un-
derstand the problems associated with the tasks of
identifying such conditions that define the prob-
lems of decision-making.

The decision-making problems are the prob-
lems of finding alternatives. The person who
makes decisions (DM) selects a specific alternative
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(from set of alternatives) having knowledge of ob-
ject state, control systems, decision rules.
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Fig. 1. Block diagram of the power supply con-
trol system of Ukrzaliznytcia
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The above problems can be considered as a
sequence of steps.

Stage 1 - evaluation of traction power supply
system state. In general, we can talk about collec-
tion a certain amount of information by control
system about a state of the power system and about
environment. Here we catch the mismatch between
the desired and actual parameters of modes. If
there is no mismatches, we can assume that there is
no decision-making problem.

Step 2 - defining the objectives and perfor-
mance criteria of rational modes definition. At this
stage should be determined the necessity of chang-
ing (or saving) the current state of the power sup-
ply system, i.e. we establish some control target.
This is done by analyzing the current mode disad-
vantages. As a result, can be formed a representa-
tion of the rational mode in general. Providing ra-
tional mode in these conditions is a goal of control
in this context.

3rd stage - development of solutions. It's devel-
oping existing methods for achieving the goal. It's
necessary to ensure the completeness of possible
states of the system power supply.

Stage 4 - making decisions about rational mode.
Here it's defined a the set of possible solutions in
the context of efficiency of our goals. As a result,
there is one solution for poviding a rational mode.

Stage 5 - introducing solutions into action. In
this stage it's producing a regulation of control pa-
rameters of electric power supply system for ensur-
ing the rational mode.

On the basis of the above principles of rational
modes of power supply system can be set up
the monitor system for ensuring the rational modes
of the system, which for each time point could
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evaluate the system mode and propose measures to
ensure the most advantageous mode.

The block diagram of that system is shown in
Fig. 2.

The system includes the following elements:

— power traction system model;
train flow model;
model of electricity praces;

— reliability analysis block of switching devic-
es;

model of non traction consumers receiving
power from tire traction substations;

- model of selection of energy saving
measures for ensuring rational modes of power
supply system;

— power system model.
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Fig. 2. System of providing the rational modes
of traction power supply system

To find the rational modes of traction power
supply system we proposed a program complex

His block diagram is shown on Fig. 3.
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information

Fig. 3. Elements of software complex

It is assumed that the flow of trains on the
railway is a steady stream of ordinary
homogeneous events with limited after-effect
[4,5]. Stationarity of flow is a property when the
probability of a particular number of events in time
length depends only on the size and length of
interval and not depends of the position of interval
on the time axis. Ordinary of flow is property
when probability of getting two or more events on
the elementary interval A¢ is negligible compared
with the probability of getting a single event.

The purpose of described in this article software
complex is evaluation of rational modes of power
supply traction system, namely — determination of
the optimal number of power and traction trans-
formers at each substation, the level of voltage on
the fiders of traction substations, rational schemes
of contact lines (taking into account the variable

cost of electric energy and reliability of the equip-
ment). Described software system minimizes the
following objective function

T N-1
C=[> Ce(t,)t, > (AP, +AP,)+
N m=1 i=1 , (1)
+ZAPm +Y]— min

i=1

where Ce(t) — rates for electricity that is consumed
by the transportation process (single-rate, whole-
sale, multi-rate); APy; - power losses in traction
line on i-th zone without countervailing currents;
AP,; — power losses in the traction line on the i-th
zone, caused by the inequality of the voltage on
substations; 4Py; — losses of power in the equip-
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ment of i-th traction substation; Y — damage from
reduced reliability of transformers and switching
devices; T — period of time for which the costs are
determined.

The structure of the program. To describe the
structure of the program it was was selected com-
ponent diagram (Fig. 4), which describes the fea-
tures of the physical system representation.

The peculiarity of the proposed component dia-
gram is the fact that one of the modules (Dmod-
ule.cpp) uses a third party program (Interbase
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The input data for the software package are:

- C,(t) — electricity tariff;;
T — period of time for which the power loss-
es are calculated;

- Pxx nmi Pxx i — load losses for power and
traction transformers respectively;
C; — the cost of the i-th operation of re-
source restoring;

o(f) — the total failures rate;
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Fig. 4. Component Diagram

19(S) — resistance of traction line in section
S, Om;;

y(s,x) — current distribution function;

NP — number of substations;

- APyanti, APyt — load losses, respectively
for power transformers and traction ones for i-th
traction substation, kW;

- ITuom 115 THOM nTi— rated currents, respective-
ly for power transformers and traction ones in i-th
substation, KA;

f(t) — density of intervals between train;

Q; —mass of the j-th train that runs along
the i-th sector, t;

1, ;— rated current of i-th traction transform-
er, KA;

T'1pir Y2pi— active resistance of reactors 1 and
2 of the smoothing device of i-th traction substa-
tion (TS), Om;
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ND — number of sector;
NK; — the number of tracks on the i-th sector;
NV; — the number of nodes in the i-th sector;

a;; — the unit energy consumption of j-th

train that runs along the i-th sector, kWh/10 * - t -

km;
- v; —the average speed of the j-th train that

runs along the i-th sector, km / h;

u — the average voltage kV;

- [, the length of the i-th section, km;

AE;—the step of voltage regulation on the
primary transformer i-th TS, kV;

AE },0i— maximum traction transformer
primary voltage of the i-th TS, kV;

AE>; — regulation step by primary voltage of
power transformer i-th TS, kV;
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- AE4y — the maximum primary voltage of - on the tab "Zone" enter information about
power transformer i-th TS kV; sections between TS, the number of tracks and
- ly—position of RUL (regulation under load)  nodes in each zone (Fig.6);
of traction transformer of i-th substation; - on the tab "Results" - view the results of
- ky;— RUL position of i-th substation. traction calculations;
After starting the program executable file it's - on the tab "Train" - enter information about
displayed the main window. This window allows the trains that move along selected section;
to perform the following operations: - on the tab "equipment of TS" - enter infor-
- on the tab "System ELS" section choose mation about the power substation equipment.

traction line for which you want to calculate ra-
tional modes of operation, to enter information

about TS for given section (Fig.5);
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Fig. 6. Tab "Zone" in the main program window

© Kysnenos B.I'., 2013

90 ISSN 9516-5456 Enexmpudbixayis mpancnopmy, Ne 5. - 2013.




eflekTponocTayaHHs / power suppl

The window "Constant data" (Fig. 7) can be
displayed by using the buttom "Aux. table." It con-
tains the scientific background information, which
is situated on options "Electric locomotives",
"Characteristics of electric locomotives," "Trans-
formers substations", "Converters of substations",
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"cost", "Parameters of GA", "intensity", "Substa-
tion equipment", " damage ".

Option "Cost of electricity losses" shows the
graph of the cost of existing electricity losses in the
section of traction line and the cost of losses for
rational modes of power supply system.
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In the "Schemes of contact line' displays the ex-
isting schemes and rational ways of connecting to
the nodes for each zone between TS.{0On the
"voltage levels on substations" displays the real
and rational levels of voltage for each given sub-
station.On the "Transformers" is displayed an ex-
isting and rational number of power and traction
transformers for each given substation."Charts"
displays graphs of the cost of electricity and the
intensity of the flow of trains.

As a result of the software work system calcu-
lated the following indicators:

- C —the cost of power losses;

- [; — Traction transformer RUL position of i-
th TS;

-k, — power transformer RUL position for i-th
TS;

- m — the total number of switching power
equipment;

- % — u-connection of the way to the v-th
node (1 - connected, 2 - not connected);

- X, X5 — the number of simultaneously
working power transformers and traction trans-
formers for i-th TS (1 or 2).

This software package has been evaluated on
the Pridneprovskaya i Doneckaya railways.Due to
the modes optimization on Krasnoarmejskaya
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Fig. 7. The window "Constant Data"

power supply distance on the basis of the discussed
software package it's reduced electricity consump-
tion by 474 million kWh for month. -

Conclusions:

1. The problem of definition of rational modes
of traction power supply system has multi-level
and multi-purpose nature.

2. It's possible to reduce energy losses in the el-
ements of the contact line by switching to the dif-
ferent contact line scheme and by regulating the
voltage on the traction power substations (by
switching the RUL or by using other devices) and
the power and traction transformers, making a ra-
tional switching to the parallel scheme.

3. It's described a specialized program complex
for finding rational mode of traction power supply
system.
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AUTOMATIED WORKSTATION FOR CALCULATING RATIONAL
MODE OF TRACTION POWER SUPPLY SYSTEMS

multi-factor in nature.

economic (cost of electricity consumed).

article contains screenshots of developed software.

Improving the competitiveness and efficiency of railway transport of Ukraine is impossible without solving a
number of priority issues, including: providing a rational railway technology taking into account energetic, eco-
nomic and environmental criteria, infrastructure development for high-speed motion, improving consumption
energy planning, the implementation of effective management at all levels of the production cycle. This list very
important problem is energy saving in power supply traction systems. This problem is complex, multi-level and

The definition of rational modes of traction power supply DC systems has previously been performed with-
out taking into account the realities of our time, when there is a market economy, there are different options
for electricity payment (by flat-rate tariffs, differentiated tariffs or wholesale prices for electricity). Now, the en-
ergy component in the transportation tariff has reached 20%, and taking into account global trends will contin-
ue to rise. When making decisions in firstly we need to take into account not only technical indicators, but also

The paper presents the principles of rational modes of the power supply systems. This make a basis for cre-
ation a monitoring system for ensuring the rational modes, which could for each time point evaluate the power
supply system mode and propose the measures to ensure the most profitable mode.

It's done the description of the specialized software that allows you to define rational modes of traction
power supply system. The discussed program uses a genetic algorithm to determine the rational modes. This

Keywords: power supply system, genetic algorithm, energy savings, the program complex.
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ABTOMATHU3NPOBAHHOE PABOYEE MECTO 11O ONPEJAEJEHHNIO
PAIIMOHAJIBHBIX PE;KUMOB CUCTEM TAT'OBOI'O
IJIEKTPOCHABKEHUSA

MoBbIlEHNEe KOHKYPEHTOCMOCO6HOCTU M DKOHOMUYHOCTM paboTbl KEeNe3HOAOPOXHOr0 TpaHCnopTa YKpauHbl He-
BO3MOXHO 6e3 pelueHns psaa nepsooyepeHbiX Npobnem, cpeam KoTopbix: obecrneveHne paumoHanbHOW TEXHOIOMMN
nepeBO304HOrO MpoLecca Mo SHepPreTMYecKMM, SIKOHOMUYECKMM U SKOMOTMYECKMM KpUTEPUSAM; pasBUTUE MHPPaCTpyK-
TYPbl XeNe3HOAOPOXHOro TpaHc-nopTa Ans obecneyeHnsi CKOPOCTHOMO ABWMXKEHUSI; COBEPLUEHCTBOBAHWE MOABUXHOIO
COCTaBa; naaHMpoBaHWe NoTpebeHns 3HEepreTUYeCKUX pecypcoB; BHeapeHue 3(PdeKTUBHbIX METOAOB YrpaBieHUs
KEeNe3HOAOPOXHbIM TPAHCMOPTOM Ha BCEX YPOBHAX MPOM3BOACTBEHHOrO LMkIa. B 3ToM nepeyHe 0co6eHHO BblaensieT-
ca npobnema sHeprocbepexxeHnss B CUCTEMaX 3N1EKTPOCHAbXEHUS TArM noes3fos. OTa npobsemMa HOCUT KOMMIEKCHbIN,
MHOrOYpPOBHEBbIV U MHOrO(MaKTOPHbIN XapakTep.

OnpefeneHne paunoHanbHbIX PEXUMOB CUCTEM 3N1EKTPOCHABXEHNS MarnCTPanbHbIX XXene3HbIX AOPOr MOCTOSHHO-
ro ToKa paHee OCyLLeCTBNANOoCh 6e3 yuyéTa peanunin CerofHsWHEro AHs, KOraa B YC/I0BUAX PbIHOYHOM 3KOHOMUKU Cy-
LLeCTBYIOT pasfinyHble BapuvaHTbl pacyéToB 3a NOTPEONEHHYO 31EKTPO3Hepruo (Mo OAHOCTaBOYHbIM TapudaM, and-
¢epeHUMpoBaHHbIM TapudaM WM ONTOBbIM LieHaM 3a 3N1eKTpoaHepruto). CeroaHs A0Ns SHEPreTMYEeCcKon COCTaBsIto-
wen B Tapude 3a nepeo3ku gocturnia 20 %, 1 ¢ y4€TOM MUPOBbLIX TeHAeHUMI ByaeT nosbiwaTtbcs n ganee. MNpu
NMPUHATUN PELLEHUI Ha NepBOe MeCTO BbIXOAAT He TeXHUYeckue MnokasaTesnn, a SKOHOMWYeckue (Hanpumep, CTOMU-
MOCTb MNOTPe6NEHHOM 3N1EKTPOIHEPIUM).

B cTaTbe npuBeaeHbl NPUHLMMbLI 06ecneyeHns paumoHasbHbIX PEXUMOB B CUCTEME 3/1IEKTPOCHABOXKEHUS, Ha OCHOBE
KOTOPbIX MOXET ObITb CO34aHa B CUCTEMA KOHTPOSS M obecneyeHns paumoHasibHbIX PEXMMOB, KoTopas bl Ans Kax-
[Oro MOMEeHTa BpeMeHM Morsa 6bl OLEHUTb PeXUM CUCTEMbI INIETKPOCHAbXEHMS 1 NpeasioXuTb Mepbl Mo obecneve-
HWIO HAaUBbIFOAHENLLIErO peXxuMma.

MpvBeaeHO onncaHune crneumanmM3anMpoBaHHOro NPOrpaMMHOr0 KOMM/IEKCa, KOTOPbI NMO3BOJISIET ONpeaensiTe paumo-
HanbHble PeXMMbl CUCTEM TArOBOMO 3/1EeKTPOoCcHabxeHus. MpuBeaeHHbIN NPOrpaMMHbIN KOMMIEKC UCMOMb3YET reHeTu-
YecKuii anropuTM Ans onpeaeneHnst paumMoHanbHbIX peXmMoB. CTaTbsi COAEPXUT CKPUHLLOTbI pa3paboTaHHOMO Mpo-
rpaMMHOMO KOMMJeKca.

KnroueBble C/oBa: c1UCTEMA 3/IEKTPOCHABXKEHUS, TEHETUUECKMIA anropuTM, sHeprocbepexeHme, nNporpamMHbIi
KOMTMIEKC.
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ABTOMATHU30BAHE POBOYE MICIE I10 BU3BHAYEHHIO
PAIHIOHAJIBHUX PEXKUMIB CUCTEM TAT'OBOI'O
EJEKTPOIIOCTAYAHHA

MiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI Ta €KOHOMIYHOCTI po60TKN 3ani3HMYHOro TpaHCMOPTY YKpaiHW HeMoxnuee
6e3 BupilleHHs pady nepliodeproeux npobnem, cepep akmx: 3abesneveHHs pauioHanbHOiI TEXHOMOrI NepeBi3HOro
npoLecy 3 eHepreTMYHUX, EKOHOMIYHMX Ta eKOMOMYHUX KpUTEpIiB; PO3BUTOK iHPACTPYKTYpU 3asi3HUYHOMO TPaHCMo-
pTy Ans 3abe3neyeHHs WBMAKICHOMO pyXy; BAOCKOHANEHHS PyXOMOro CKNaAy; MiaHyBaHHSA CMOXWBaHHSA eHepreTuy-
HUX pecypciB; BNPOBafXeHHs e(DeKTUBHUX METOAIB YNpaBiHHA 3ai3HUYHMM TPAHCMOPTOM Ha BCiX PiBHSAX BUPOGHKU-
4yoro umMkiy. Y UbOMy nepeniky ocobnmeo BUAINAETLCS Npobnema eHepro3bepexeHHs1 B CUCTEMax e1eKTpornocTavyaHHs
Tarn noizgie. L npo6ieMa HOCUTb KOMMEKCHUI, BaraTtopiBHeEBUIM | baraToakToOpHWUIN XxapakTep.

Bu3HaueHHsa pauioHanbHUX peXuMiB CUCTEM eNeKTPOnoCTayaHHA MariCTpanbHWX 3ani3HWub MOCTIMHOMO CTPyMy
paHile 3ajilicHioBanocst 6e3 ypaxyBaHHs peariii CbOroAHILUHbOrO AHS, KOMM B YMOBax PUHKOBOI €KOHOMIKM iCHYOTb pi-
3Hi BapiaHTW po3paxyHKiB 3@ CMOXMWTY eneKTpoeHepritlo (N0 0A4HOCTaBOYHOMY Tapudy, 3a AndepeHuirioBaHUMK Tapu-
¢damm abo onToBMMM LiHAMK 3a enekTpoeHeprito). CboroAHi YacTka eHepreTUYHOI CKNaaoBoi B Tapudi 3a nepeBe3eHHs
pocarna 20%, i 3 ypaxyBaHHAM CBITOBMX TeHAeHUin 6yae niasuwyBatuca M aani. Mpyv NpUAHATTI pileHb Ha neplue
Micue BUXOASATb HE TEXHIUHI MOKa3HWKM, @ EKOHOMIYHI (Hanpukniaa, BapTiCTb CMOXUTOI eneKTpoeHeprii).

Y cTaTTi HaBeAeHO NpUHUMNKM 3abe3neyeHHs pauioHanbHUX PEeXWMIB B CUCTEMi eneKTPOMnoCTayaHHs, Ha OCHOBI
AKMX MOXe ByTu CTBOPEeHa B CMCTEMa KOHTPOJIO | 3abe3neyeHHs pauioHanbHMX peXxuMiB, ika 6 AN KOXHOrO MOMEHTY
yacy morna 6 OUIHUTU peXuM CUCTEMU eNnleTKPOCHabXXeHis i 3anponoHyBaTh 3axoam No 3abesneyeHHI0 HamBUriAHIWOro
pexumy.

HaBegeHoO onuvc cneuianizoBaHOro NporpamMHOro KOMMAeKCy, KU A03BOMSE BU3HAYaTH pauioHanbHi peXuMmn cmc-
TEM TArOBOro eNeKTponocTavyaHHs. HaBeaeHuin NporpaMHUA KOMMNIEKC BUKOPUCTOBYE MEHETUYHMWIA anroputM ANs BU-
3HayeHHs pauioHanbHUX pexuMie. CTaTTa MICTUTb CKPIHWOTK pOo3p0o61eHOro NPOrpaMHOro KOMMIeKCy.

KnrouoBi cnoBa: cucrema €1EKTpOonoCTa4vyaHH4, reHeTUYHUIM anropuTMm, eHepr036epe>KeHHﬂ, I'IpOFpaMHVIVI KOMMJieKc.

CrarTio peKOMEH/IOBAHO JI0 APYKY JI.T.H, C.H.C., B. I Cuuenxom

© Kysnenos B.I',, 2013

ISSN 9516-5456 Enexmpudpixayis mpancnopmy, Ne 5. - 2013. 93





