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Introduction

Electric rail transportation (trams), for over a cen-
tury, has been an efficient mean of passenger
transport in both bigger and smaller metropolitan
areas in Poland. Currently Poland [1] has 14 tram
networks that are being used by 16 entrepreneurs (in
L6dZ there are three providers present), trams operate
in 11 voivodeships. On the streets of Krakow, electric
trams appeared on March 16" 1901.

From a technical point of view the main ad-
vantage of trams [2] is their low demand for energy
as compared to other mechanical means of transport
(especially passenger motor cars). Ecological factors
present themselves in an especially favorable light.
Trams in their place of operation do not pollute the
atmosphere with any exhaust fumes (e.g. CO2). Ad-
ditionally, which isn't without significance, this mean
of transport operates based on national energy re-
sources (the operation of power plants is based on
lignite and bituminous coal) and for that reason the
operational costs are less susceptible to the fluctua-
tions in oil prices on global markets. What's specific
about this mean of transport is that trams (as well as
other vehicles of electric traction) require a constant
supply of energy provided from a specialized power
system. This is caused by the fact that they are non-
autonomous as vehicles, as they don't posses their
Oown energy source.

Power supply of electric railway transportation

Traction substations constitute the most basic
element of the tramway system power supply. The-
se are road structures equipped with conversion
devices which adapt the voltage parameters of the
national power system to the requirements of the
railway rolling stock.

Traction substations are powered from a power
system, through overhead and cable transmission
lines of voltages ranging from 6 to 110 kV. Tram-
way system substations are most commonly pow-
ered by cables of a voltage between 6 and 15kV [5].

In tramway systems a one-directional power
supply system is most commonly used. [3],[4],[5].
This means that the substation power supply is di-
vided into a sequence of sections, where each one
is powered by a separate cable (power supply)
from the traction substation.

Fig. 1 presents an existing area of power supply
of a tramway system ,,Reja” substation in the cen-
ter of Krakow [6].

The dimensions of a traction substation build-
ing depend, among others, on the power of conver-
sion devices installed in them. For a presented
»Reja” substation, it is the power of over 3SMW.
The decrease of the installed power should trans-
late into the decrease of the substation size.

Fig. 2 shows the proposed method of the power
supply of the contact line system by smaller power
tram traction substation. It is assumed that every
power supply (power supply cable) will be con-
nected with a separate mini-substation.

Results of Calculations

The selection of rectifier units for mini substa-
tions was based on traction electricity runs in the
power supply cables (power supplies) that were
obtained through simulation using a method of so-
called theoretical passage [7].

To evaluate the possibility of the power supply
of the contact line system from miniaturized tram
traction substation in the analyzed area there
should be carried out simulations of changes of
each power supply (power cable) from analyzed
tram traction substation.

To do this, was performed the theoretical rides for
all trams moving on the power supplied analyzed
area of in directions consistent with their true route
taking into account the constraints resulting from:

e route

= hills and arcs which increase the vehicles
resistance movement,

* tramway stops, on which the vehicles stop,

= speed limits in the city,

e used vehicles

*  maximum accelerations and decelerations.

Results presented in the article (traction load
currents were simulated for the real power supply
parameters)

Below in Fig. 3 is presented a simplified algo-
rithm for calculation carried out in order to deter-
mine the possibilities of applicability of power
supply the area under study from miniaturized hy-
pothetical tram traction substations.
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Fig. 1. Schematics of connection between tramway system substations direct current system with the traction net-
work based on an existing ,,Reja” substation
(Oz1,...,0z6 — isolating switches for power supply, O1,...,06 — section isolating switches)
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Fig. 2. Connection schematics of hypothetical tramway system direct current mini-substations with the traction net-
work based on an example of the existing ,,Reja” substation’s power supply area
(Oz1,...,0z6 — isolating switches for power supply, O1,...,06 — section isolating switches)
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Figure 4 presents the current of power supply traction load at the output of the existing "Reja"

load — "Basztowa", and figure 5 the current of tram traction substation.
power supply load — "Dtuga". Figure 6 shows the
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Fig. 3. Simplified algorithm for calculation carried out in order to determine the possibilities of applicability of
power supply the area under study from miniaturized hypothetical tram traction substations
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Fig. 4. "Basztowa" power supply: current of load
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Fig. 5. "Dhuga" power supply: current of load
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Fig. 6. Traction load at the output of the existing "Reja" tram traction substation

In the above figures (fig. 4 and 5), significant
differences between the loads of presented power
supplies are conspicuous. This remark pertains to
remaining power supplies within reasonable supply
area. This variation is a result of a frequency of
tram communication, their traction characteristics,
line profiles and distances between stops.

On hypothetical mini substations rectifier units
(explanation: ,transformer with rectifiers) in the
fifth class of overload capacity could be used. Such
groups are used at modernized tram substations.
Rated current of such group on the side of direct
current — 660 V equals 1200 A with the V class of
overload capacity. [8], [9]. The amounts of over-
load in this class equal:

100% - permanent load (1200 A),

150% - 2-hour load (1800 A),

200% - 1-minute load (2400 A).

The selection of the amount of rectifier sets is
based on the comparison of their permanent cur-
rent-carrying capacity, with the permanent load of
the substation and the temporary current-carrying
capacity that stems from the class of the rectifier
sets with the maximum instantaneous current of
the substation [5].

From the calculated amounts of rectifier sets
(under different loads), the highest is being picked
and rounded up to an integer. The result is the
amount of necessary rectifier sets — n for a given
mini substation.

Table 1 presents the results of calculations of
rectifier units amount on hypothetical, reduced in
size tram substations as well as for the existing
"Reja" tram traction substation [7].

Table 1

Determining the amount of rectifier units on hypothetical substations

Miniaturized
hypothetical I1m-prost Ic-podst | Ic-prost
tram traction | "X IAT LA nlm [A] [A] ne n
substation
"Lubicz" 1922 2400 0,80 107 1200 0,089 1
"Basztowa" 3840 2400 1,6 353 1200 0,29 2
Dworzec 2880 2400 1,2 261 1200 0,22 2
Osob.
"Westerplatte" 2880 2400 1,2 252 1200 0,21 2
"Gertrudy" 1825 2400 0,76 132 1200 0,11 1
"Dhuga" 617 2400 0,26 27 1200 0,02 1
Existing "Reja" tram tracion substation
Substation 7119 2400 2,97 1308 1200 1,09 3
Reja
Where: Iim-prost — 1-minute overload current of rectifier

I poast — average substation constant current,

L.prost — rectifier set constant current,

I« — maximum substation instantaneous cur-
rent,
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set,

n;,, —number of installed rectifier units resulting
from overload,

nc — number of rectifier units resulting from
continuous traction load
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Currently on "Reja" traction substation are in-
staled four rectifier units with power 800kW each,
in the fifth overload class and with nominal current
1200A [3].

As may be noted from Table 1, the number of
currently used rectifier units in the 'Reja' traction
substation is one greater than the amount resulting
from the calculation.

A large variability in traffic and different other
situations which causes derogation from timetables
may result in an increase of the maximum instan-
taneous current in relation to the value that was
calculated (calculations were performed for strictly
defined circumstances).

Therefore, it seems reasonable to apply four
rectifier units on the existing "Reja" traction sub-
station.

Closing Remarks

Possible advantages of use of power supply
from miniaturized traction substations [7]:

» reducing the length of power cables and re-
turn cables;

= increase the amount of return points — stray
currents reduction;

= smaller substations can be easier integrated
into the urban environment;

= smaller amount of space necessary to locate
a traction substation.

Disadvantages resulting from the use of minia-
turized substation [7]:

* medium voltage network needs
brought to each substation;

= difficulties in locating of new substations in
city centers due to existing underground infrastruc-
ture;

to be

Internal reviewer Kuznetsov V. G.

tute an existing tram  substation (as

units for the miniaturized tram traction substations.

» In the concerned power supply area for the
conception of miniaturized substations the greater
amount of substation devices is needed than for the
case of a single substation.

This subject requires further work and analysis
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The article addresses—based on an existing section of a tram line—the evaluation of the capability to substi-
a
Replacement of the central tramway substations by smaller ones, situated along the tram line in the shorter
distances would allowed to enter the two-sided power supply of the catenary, ensuring alignment substation
loads, reducing the voltage drop on the contact line system and thus the power loss [10].

The The article highlights some of the issues that are associated with the selection of the amount of rectifier

civil  structure) with several smaller ones.

Results presented in the article - traction load currents were simulated for the real power supply parameter.

Keywords: tram, traction, substations, rectifier, miniaturization.
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MIHIATIOPU3AIIIS IJICTAHIII MICBKOT'O TPAMBAMHOI'O
TPAHCIIOPTY. OKPEMI IIMTAHHSA

MepeBe3eHHA MICbKMM €NeKTPUYHMM TPaHCMOPTOM (TpaMBasiMu), NPOTAroM noHag ctonitra, 6ynun edekTus-
HUM 3acoboM MNacaXXMpcbKOro TPAHCMOPTY B BENMKUX | ManeHbKMX MiCbkuX parnoHax [Monbui. B paHuin yac
Monbwa Mae 14 TpaMBamHUX Mepex, SKi eKcnayaTylTbca 16-Ma nignpMeMcresamu, TpamBeai npauioloTb B 11 BOe-
BoacTBax. Ha Bynuusix KpakoBa, enekTpudHi Tpameai 3'sasBunmncb 16 6epesHs 1901.

3 TeXHIYHOI TOYKM 30py rosI0OBHa nepesara TPaMBaiB € iX HU3bKWI MOMUT Ha E€HEeprilo y MOPIBHAHHI 3 iHWNMHK
MeXaHiYHMMKN TpaHCMOpTHUMK 3acobamum (0CO6NMBO ANA MacaXmMpCbKUX NErkoBux aBToMobinis). ExonoriyHi dax-
TOopW NposBNsAlTb cebe B 0CO6/MBO BMIiAHOMY CBIiTNi. TpaMBai y MiIcTi He 3abpyaHI0l0TbL atMocdepy 6yab-aKnMun
BUX/IONHMMK rasamu (Hanpuknag CO2). Kpim Toro, uen Bug TpaHCNopTy Mpautoe Ha OCHOBI HauioHaNlbHUX eHep-
reTMyHmMx pecypcis (poboTa enekTpoCcTaHUuin Ha OCHOBi 6yporo Byrinas i KaM'sHOro BYrinnsa) i 3 Wi€i NnpuynHn
ekcnnyaTauiliHi BUTpaTu MEHLW YyTAMBI A0 KONMMBaHb LiH Ha HadTy Ha CBITOBOMY pUHKY. OCO6AMBICTIO LbOro BU-
Ay TPaHCMNOpTy € Te, WO TpaMBai (@ TakoX iHLWIi TpaHCNOPTHi 3acobu Ha eneKkTpoTA3i) BMMarawTb NOCTINHOI noaa-
4i eHeprii, WO HAfa€ETbCA i3 cneuianizoBaHOi CUCTEMU XMBNEHHS. Lle BUKINKaAHO TUM, WO BOHUM HE € aBTOHOMHU-
MW, SIK 3BWYaNHi TPaHCMNOPTHI 3aCc06u, OCKiNIbKM HE BOMOAII0TL BAIACHUM [XKEPENOM eHeprii.

KnrouoBi cnoBa: TpaMmBali, Tara, NiacTaHuis, BUNpsSMASY, MiHiaTiopu3audis.
BuytpimmHiit peniensent Kysneyos B. I'. 3oBHIMHIN pernieH3enT Bacsxk 1.
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MUHUATIOPU3ALIMS NOACTAHIIMHA F'OPOICKOIO
TPAMBAWHOT'O TPAHCIIOPTA. OTJIEJbHBIE BOITPOCHI

MepeBO3KM rOPOACKMM 3/1EKTPUYECKMM TPaHCMOPTOM (TpaMBasiMu), Ha MpoTsxXeHun 6onee Beka, bbinn ad-
(peKTMBHbIM CpeACTBOM MACCa)XMpPCKOro TpaHChopTa B 60MbWMX M ManeHbKUX FOPOACKMX paioHax Monbwwn. B
HacToswee BpeMa Monblia nMeeT 14 TpaMmBalHbIX CeTel, aKCnyaTupyeMblX 16-10 npeanpusaTMaMmn, Tpameau pa-
6oTatT B 11 BoeBoacTBax. Ha ynuuax Kpakosa, anekTpuyeckme Tpamean nosisunmce 16 mapta 1901.

C TeXHWYeCKOoW TOYKM 3PEHUS raBHOe NPenMyLLECTBO TPaMBaeB 3aK/Il0HaETCs B X HU3KOM CMpPOCe Ha 3Hep-
rMI0 MO CPaBHEHUIO C APYrMMU MeXaHUYeCKMMU TPaHCMOPTHbIMK CpeacTBaMn (0COBEHHO ANst NAacCaXXMpPCKUX Ner-
KOBbIX aBTOMobuneit). 3konornyeckne dakTopbl NposiBAsSOT cebs B 0Co06eHHO BbIroAHOM cBeTe. TpamBau B ro-
poAe He 3arpasHsalT atMocdepy NtobbiMU BbIXNOMHbIMK razammu (Hanpumep CO2). Kpome Toro, 3TOT BUA TpaHC-
nopta paboTtaeT Ha OCHOBE HaLMOHasbHbIX 3HEpreTMYecknx pecypcoB (paboTa 3/1eKTpoOCTaHUMIM Ha ocHoBe b6y-
poro yrisi U KaMeHHOro yrns) W no 3TOW MNpUYMHE IKCMNyaTauuoHHble pacxodbl MeHee YyBCTBUTESNbHbI K
KonebaHWsaM LeH Ha HedPTb Ha MMPOBOM pbiHKe. OCO6EHHOCTLIO 3TOro BMAA TpaHCMopTa SBASETCS TO, YTO TpaM-
Bau (@ Takxke Apyrne TPaHCMOPTHblE CPeACTBa Ha 3/eKTpoTAre) TpebyloT MOCTOSSHHOM noAayv 3Hepruu, npeno-
CTaB/AEeMON U3 Cneunann3npoBaHHON CUCTEMbI MUTaHUA. DTO BbI3BAHO TEM, YTO OHW He ABAIOTCA aBTOHOMHbIMY,
KakK 06blYHble TPA@HCMOPTHbIE CPeACTBa, MOCKOJbKY He 061aaatT CO6CTBEHHLIM MCTOYHUKOM SHEPTUW.

KnioueBble cnoBa: TpamBaW, Tara, NoACTaHUMS, BbINPAMUTENb, MUHNATIOPU3aLIMS.
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