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LRankis, L.Ribickis, A.Vitols

Keywords: Tram car, power flow, substation, electrical transport, regulator

Introduction

Nowadays for humanity it is very important to live in uncontaminated environment, therefore
in big metropolises the number of tramlines is increasing — to keep unpolluted fresh air.
According with that appears necessity to pay attention to tramcar and trolleybus lines in big
cities — called electrical transport. Looking forward — we can see many possibilities to
improve existing tram car lines and in this manuscript we will pay attention - how to improve
electrical parameters and existing equipment to get better coefficient of efficiency in tramcar
and trolleybus systems in city Riga.

Imperfection of electrical network — for electrical transport

In city Riga there are totally 34 substations what are supplying electrical energy for tram and
trolleybus lines. The nominal power for these substations is 600kW, 1200kW, 2400kW and
3600kW. All existing substations are equipped with rectifiers — what are able to provide
power flow from power grid AC — system to power grid DC - system, In this manuscript — we
pay attention on the tram car lines and those substations. Know days there are totally 252
tramcars and 62 of them are T3M without possibility to recuperate the electrical energy back
to DC line and there are 190 tramcars T3A with possibility to recuperate electrical energy
back to DC line. Tramcar T3A in dynamic braking regime gives electrical energy — called
recuperated energy, back to DC network. In figure 1 there is shown — block scheme of tram
line, which consist of two parts. The physical processes in the first part are as follow. When
the tram car T3A is in acceleration regime — then energy flows from power system through
traction substation, which is equipped with one direction power flow rectifiers, then through
line to tram car DC motor and its auxiliary circuits, what are necessary for heating lightning
et.c. Know days when tramear is in braking regime — the recuperated energy is flowing to
auxiliary circuits then through line to other tramcars — what are at the same moment on the
same part of line. If there aren’t other tramcars at the same part on line then recuperated
energy is dissipated on resistors what physically are located on the top of tramcar. That kind
of construction of electrical network for electrical transport and its owner brings unnecessary
losses. To bypass these “unnecessary losses” — we started to analyze electrical network and
found out, that the problem with “unnecessary losses” is really possible to solve.
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Figure 1. Block scheme of electrical network for electrical transport

Variant of solution

In fig.1 we can see how it is possible not to use resistors to get necessary part of recuperation
energy back in to the power system of firm A/S “Latvenergo”. To reach that kind of target — it
is necessary to change all rectifiers in all substations with new bidirectional power flow
regulators, which will provide, in regimes, when tramcar is breaking and giving recuperation
energy back to DC line and increases the voltage on it, power flow from DC line to AC line
and the other way round.

General problems what have to be bypassed

In spite of simple view on the situation, there are some problems what have to be bypassed.
One of the problems is to work out necessary scheme for existing substations, where are
complex three phase three winding transformers, what must be included in computer
modulations. Second problem was to work out safe control system — for that regulator. Third
problem — was to get current back — through that complex transformer which is relatively
expensive and complex equipment.

New prototype of bidirectional power flow regulator

The new prototype is developed especially for track substations with complex three phase
three winding transformers — to provide power flow in two directions. From power system —
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[image: image6.png]called — rectifier regime and from tram cars to power system called inverter regime see fig.2
In fig. 2 also is showed — principal scheme of power circuit, where C1 is input capacitor and
C2 output capacitor. If the tramcar is in rectifier regime — then tyristors V1, V3, V5, V8, V10,
V12 are controlled with pulse width modulation. If the tramcar is recuperating energy back to
DC network, then voltage on C3 increases and tyristors V2, V4, V6, V7, V9, V12 are
controlled. To provide energy flow through existing transformers the angle of regulation must
not to exceed 150 degrees, but at that degree within invertor’s regime the voltage on C1 is
higher than necessary, therefore the step-down DC impulse regulator must be used in the
principal scheme.
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Figure 2. Principal scheme of bidirectional power flow regulator

Simulation data

The computer modulation of bidirectional power flow regulator was made with program
PSIM v.6.0. In figure 3 there are showed the current in ammeter A1 and voltage in voltmeter
V1 within rectifier regime. The amplitude of current is within 100 A range of zone — and shift
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[image: image7.png]angle is 0 degree — because load was assumed active resistor, but in real life there is reactive
load, therefore in laboratory computer modulation was made also for reactive load, too. And
results with reactive load also were correct. In figure 4 we can see, the shape of current at the
same ammeter Al and voltmeter from Fig.2. There is the phase shifting between current and
voltage — and that means, that computer modulation is correct because the phase shift is
necessary for energy recuperation.
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Figure 3. Simulation results of rectifier regime
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Figure 4. Simulation results of inverter regime
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[image: image8.png]Conclusions

To provide realization of bidirectional power flow in traction substations, there must bet
implemented new bidirectional power flow regulators. The benefit of that will be — saved
electrical energy approximately 1,8 billions kWh within the one year — and the savings
according the present costs 90 000 Ls. The computer modulation shows — that the savings
can be reached — therefore in the next stage the physical model will be developed.
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Rankis L, Ribickis L., Vitols A. Investigation of bidirectional power supply regulator for electrical traction
substations.

In this manuscript is showed existing situation in electrical system of electrical transport in city Riga. In the
manuscript the imperfection of existing electrical network is determinated and new solution with new
bidirectional power flow regulator is offered for prevention of imperfection. In the manuscript the main
problems are inspected what have to be solved to get new regulator, what will be able to regulate the power flow
Jrom AC network to DC network according the circumstances determinated by connected load to the network. In
this case — tram cars. In the manuscript the results of computer model of power existing system and explanations
of it are reflected.

Rankis L, Ribickis L., Vitols A. Péfljums par divvirzienu jaudas pliismas regulatoru vilces apakSstacijam.

Saja raksta tiek aplitkota eksistéjosa situacija Rigas pilsétas elektrotransporta elektriskaja sistéma. Tiek
determinéta eksistéjosas sistémas nepilniba un piedavats nepilnibas novérsanai jauns risindjums — jaunais
divvirzienu jaudas pliismas regulators. Raksta tiek apskatitas galvenas problémas, ar kuram ir jasaskaras, lai
tiktu izveidots regulators, kas spés regulét jaudas pliismu divos virzienos — no maipstravas tikla uz lidzstravas
tiklu un otradi atkariba no apstakfiem, ko nosaka tiklam pieslégtie patérétdji — tramvaji. Raksta tiek atspogujoti
eksistejosas sistemas datormodela simulacijas rezultati un doti iegitto datu izskaidrojums.

Pankuc H., Pubuykuc JI., Bumonc A., Heenedosanue pezyaamopa 06ynanpagiennozo nomoxka Mouwuocmu
01 HOOCMAHKUU INEKMPUHECKOZ0 MPAHCHOPMA.

B amom 0oKnade pacmMompenna croJCuguLascs cumyayus 8 sneKkmpudeckoil cucmeme Pusickozo
anekmpomparcnopma. A maxoice 0emepMupupos8ana HenonHoma CUCMeMbl, U 015 YCIMpaneHus HedOCMamKos
npedcmaenen HOGbIl pecynAMOp OYHANPAGTEHH020 NOMOKA MOwHOCMY. B doknade pacmompennv: 2nasnsie
npobnemsl, KOMopwle HeoOX00UMO peuttimp, ymobbl GbLIA BAZMONCHOCTTb CO30AMb Pe2yiIsmop
OBYHANPAGNIEHHO20 NOMOKA MOWHOCIU, KOMOpbLE Gydem cnocoben pezyiuposams NOMoK MOUHOCMY O
CUCIMEMbI NEPEMEHHO20 HANPAJICEHUA HA CUCTEMY NOCOSHHOZ0 HANPAJNCEHUA U 0BPAMHO, K020 Mpameali
pacemampusaemcs Kak Hazpyska cucmembsi. Paccmompenst u npoanaiuzupoganst Maxdice pesyibmamsl
KOMNbIOMEPHO20 MOJeTUPOsaN
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