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ELEKTRICKA VYZBROJ HNACICH KOI'AJOVYCH VOZIDIEL

SUCASNY STAV A PERSPEKTIVY

THE ELECTRIC EQUIPMENT OF TRACTION VEHICLES
CURRENT DEVELOPMENT AND PERSPECTIVES

Elektrickd vyzbroj kolajovych vozidiel presia v poslednom obdobi
velmi rychlym vyvinom. Zdsadne sa zmenil trakény pohon, kde sa
Jednoznacne presadili asynchronne motory. Riadenie asynchronnych
motorov si vyZaduje komplikované riadiace obvody pre riadenie sta-
tickych menicov, ktoré vyrabajii trojfazovy prud s premenlivou frek-
venciou a premenlivym napdtim. Vlastnosti pohonov a vozidiel sii
dané riadiacou technikou umoznujicou uplnu automatizdaciu jazdy
viaku tak, ako je to nevyhnutné najmd pre vysoké rychlosti.

1. Uvod

Viac ako 100-rocny vyvin elektrickych kolajovych vozidiel
ukazal, Ze hladanie optimalneho pohonného systému suvisi s riese-
nim troch okruhov problémov:

- vlastnosti trakéného motora,
- privod energie do vozidiel,
- vplyv elektrickej trakcie na energeticku sustavu.

Z vyvoja sa zachovali 3 zakladné pridové sustavy: 3 kV, js,
25 kV, 50 Hz; 15 kV, 16 2/3 Hz. Z motorov sa uplatiuju najma
motory jednosmerné (motor sériovy a motor s cudzim budenim),
motor jednofazovy komutatorovy a motor trojfazovy (synchronny
alebo asynchréonny).

Kombinaciou trakénych sustav a trakénych motorov vzniklo
mnozstvo variantov trakéného pohonu. V jednosmernej prudovej
sustave sa objavuju okrem jednosmernych motorov i motory troj-
fazové a rovnako v trakénych sustavach striedavych st bezné motory
jednosmerné aj striedavé, trojfazové i jednofazové. Vsetko to vyplyva
70 snahy optimalne riesit horeuvedené problémy pri roznom stupni
vyvinu technickych prostriedkov a dopravnych poziadaviek.

Poziadavky na elektricky pohon boli vzdy jednoznaéné: plynula
regulacia rychlosti a momentu s poziadavkou, aby maximalny
moment bol dosiahnutelny pri rozbehu z pokoja. Dalej mala
hmotnost, malé rozmery, pretazitelnost, jednoducha regulacia,
hladky priebeh otacavého momentu, nenarocna udrzba, spolahli-
vost, moznost automatického riadenia, nizka cena.
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The electric equipment of traction vehicles has undergone very
fast development during the last period. Traction drive was changed
dramatically where induction motors took over. Control of induction
motors needs sophisticated control circuitry for control of static con-
verters, which produce three-phase current of variable frequency and
variable voltage. Performance of the drives and vehicles are then deter-
mined by the control techniques, which enable complete automation of
the train motion, as it is demanded mainly for high-speed service.

1. Introduction

More than 100 years of old development of the electric traction
vehicles has shown that the investigation of an optimal drive system
is coupled with the technical solution of three basic problems:

- performances of traction motor,
- energy feeding of vehicles,
- interaction of the electric traction within energetic system.

Three basic supply systems 3kV, DC, 25 kV, 50 Hz and 15 kV,
16 2/3 Hz had survived historical development. The traction motors
currently exploited are mainly DC motors (series motor and sepa-
rately excited), single-phase commutated motor and three-phase
motor (synchronous or induction).

By the combination of traction systems and traction motors
many variants of traction drive were developed. There are DC
motors beside three-phase motors in the DC supply traction systems
as well as DC motors, and AC motors three-phase or single-phase
are exploited in AC supply traction systems. This is all a result of
looking for optimal solutions of the aforementioned problems at
various stages of development of technical means and traction
demands.

The demands on traction drive were always unambiguous: fluent
control of speed and torque with demand to achieve maximum
torque from standstill. Further, it is minimal weight, minimal
dimensions, possibility of overload, simple control, fluent torque
without ripple, non-pretentious maintenance, possibility of auto-
matic control and low price.
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2. Trakény pohon a trakéné pridové sustavy

Vicsinu spominanych zakladnych poziadaviek plni motor jed-
nosmerny, sériovy, ktorého prirodzené mechanické charakteris-
tiky sa takmer stotoznili s pozadovanou trakénou charakteristikou
hnacieho vozidla. Pri pouziti modernej regulac¢nej techniky a auto-
matizacie riadenia v oblasti pohonu i brzdenia sa k sériovému
motoru priradil i motor s cudzim budenim.

Ich nevyhodou st najma vécSie rozmery a hmotnost (pri
napiti 3000 V je to cez 3 kg.kW ™ "). Tieto sa nepriaznivo hodno-
tia najma pri vozidlach na vysoké rychlosti.

Vyhodné vlastnosti jednosmernych motorov spdsobili vznik
jednosmernej prudovej sustavy, ktora sa ukazala tiez ako optimalna
z hladiska posobenia na energeticku siet. Usmernovace v meniar-
nach zatazuju vsetky tri fazy energetickej siete symetricky s ucin-
nikom 0,95 a s nepatrnym obsahom vysSich harmonickych. Pro-
blémy nastavaju az pri prenosoch vel'mi vysokych vykonov (6 - 10
MW na jeden vlak), lebo vysoké prudy sposobuju velké ubytky
napitia v trolejovom vodici a zvySené straty prenosom. Je treba
zmens$ovat vzdialenosti medzi napdjacimi stanicami (na 10 - 15 km).
Neprijemnym dosledkom je i kordzia kovovych inzinierskych sieti
uloZenych v zemi vplyvom bludnych prudov.

Jednofazové prudové sustavy s napatim 25 kV a 15 kV odstra-
nuju tazkosti spésobené prenosom prudu do vozidiel. V minulosti
roz§ireniu striedavych ststav branili problémy s rieSenim trakc-
ného pohonu. Bolo treba najst motor na striedavy prud, ktory by
plnil horeuvedené zakladné poziadavky. Indukéné motory v jed-
nofazovom prevedeni sa pre velké vykony nedaju pouZit, preto bol
pouzity jednofazovy sériovy komutatorovy motor. Tento motor ma
trakéné i regulac¢né vlastnosti podobné motorom jednosmernym.
Bohuzial, trak¢ny motor okrem nevyhod uvedenych pri jednosmer-
nom motore ma este jednu neprijemnu vlastnost: Striedavé napaja-
cie napdtie vyvolava neodstranitelné iskrenie na komutatore a motor
ma najma pri rozbehu problémy s komutéaciou. Aj ked bola kon-
strukcia motora podriadena zlepSeniu komutacie - nizke svorkové
napatie, delené uhliky, vel’ky pocet polov, paralelny odpor k pomoc-
nym polom a najma zniZenie frekvencie v napajacej sieti na 16,2/3
Hz, motor prakticky neumoziuje tazké rozbehy vlakov s velkou
zatazou. Motor je vhodny pre Iahsie vlaky a vySSie rychlosti. Hmotny
vykon motora je asi 2,8 az 3 kg.kW_l.

Jednofazovy prud s napatim 15 kV a frekvenciou 16 2/3 Hz sa
ziskava dost zlozitou cestou v meniarnach alebo si draha vyraba
prud vo vlastnych elektrariach. Tato druha cesta sa ukazala byt
vyhodna, lebo sa odstranili problémy s plnenim prisnych poZziada-
viek energetiky ako na ucinnik, tak na nesymetriu a obsah vysSich
harmonickych. Pre tazkosti s jednofazovym motorom sa skumali
moznosti pouZit pri jednofazovom striedavom napajani vhodnejsi
motor - jednosmerny alebo trojfazovy. Vznikli tak vozidla opatrené
meni¢mi najskor rotaénymi, neskor statickymi. Odpadli problémy
so zniZovanim frekvencie a napétie sa zdvihlo na 25 kV.

Nevyhodou striedavej sustavy s napatim 25 kV, 50 Hz su
najma nepriaznivé vplyvy na energeticku siet:
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2. Traction drive and traction supply systems

A series DC motor fits all aforementioned basic demands the
best way because its natural mechanical characteristics are nearly
identical with the demanded traction characteristic of traction
vehicle. When modern control technique and automation during
the traction and braking mode is used the DC separately excited
motor belongs in the same group. Main disadvantages of the DC
motors are primarily higher dimensions and weight (it is approxi-
mately 3 kg.kW™! for supply system 3 kV DC). It is a negative
feature mainly for high-speed service vehicles.

Suitable performances of DC motors resulted in the develop-
ment of the DC traction supply system, which is optimal also
from the point of interaction between a traction supply system
and energetic network. The traction substation rectifiers load all
three phase of energetic network symmetrically with power factor
0.95 and with a very low content of higher harmonics. The pro-
blems are encountered only when transfer of high power is demand-
ed (6 - 10 MW for one train), because high currents introduce
high-voltage drops in overhead network resulting in an increase of
power loses. Then it is necessary to decrease the distance between
traction substations (up to 10 - 15 km). Negative influence of a DC
traction supply system is also corrosion of metal piping and metal
equipment placed in the earth due to eddy currents.

Single-phase traction supply systems at voltages 25 kV and 15
kV eliminate problems of vehicles’ energy feeding. Their historical
development had constraints in the solution of traction drive. It
was necessary to find such an AC motor, which suits all the men-
tioned basic demands. Induction motors constructed as single-
phase cannot be used due to high-power demands, and it was the
reason for development of single-phase series commutated motor.
This traction motor has similar performance as DC series motor.
Unfortunately, this traction motor beside the disadvantages men-
tioned in connection with DC motor has one more negative feature:
AC supply voltage resulted in unavoidable commutated sparking
and motor has problems with sparking during starting. Even if
construction of the motor underwent special design features to
improve commutation such as low terminal voltage, multiple poles,
divided brushes, parallel shunt to the commutating poles and mainly
a decrease of supply traction network frequency to 16 2/3 Hz, the
motor does not enable heavy-duty speed-up with heavy traction load.
The motor is suitable mainly for light trains and higher speeds.
Specific power of the motor is approximately from 2.8 up to 3
kgkW L

Single-phase supply traction system 15 kV at frequency 16 2/3
Hz is gained in a rather complicated way in converter power sta-
tions, or a railway produces it itself in its own power stations. This
second possibility has shown some advantages due to the fulfill-
ment of strict energy requirements on a power factor as well as an
asymmetrical load and higher harmonics content. Due to pro-
blems with a single-phase motor, the possibilities of exploitation
of a more suitable traction motor were researched - DC or three-
phase AC. It was reason for the development of vehicles with con-
verters, which were firstly rotational and later static. In such a way
the problems with the frequency changing disappeared, and voltage
was increased up to 25 kV.
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- jednofazovy odber sposobuje v trojfazovej sieti napdtova nesy-
metriu, ktora obmedzuje vel'kost odoberaného vykonu (zmen-
Senie vzdialenosti napajacich stanic),

- ru$ne pracuju so zhorSenym a velmi premenlivym tuc¢innikom
(cosp = 0,2 az 0,8). Je treba pouZit Specialne zapojenia riade-
nych usmernovacov s nitenou komutaciou tyristorov, ¢im sa
dari u¢innik na vozidle zlepSit na pozadované hodnoty. V zahra-
nici sa s oblubou pouZzivaju tzv. stvorkvadrantové impulzové
menice, pouzivané vo funkcii vstupného (aj rekuperacného)
impulzového usmernovaca.

3. Bezkomutatorové trakéné motory

Komutator v motoroch zvacsuje hmotnost a rozmery stroja,
obmedzuje jeho otacavi rychlost a zvySuje naroky na udrzbu. Dnes
pri poziadavke minimalizovat hmotnost podvozkov pri velmi vyso-
kom vykone motorov a pri vysokom naroku na spolahlivost je
potrebné pouZzit motory bez komutatorov [1, 2]. PouZivaju sa dva
druhy motorov:

a) motory synchronne (ventilové)
b) motory asynchronne s kotvou nakratko.

3.1 Synchronny trakc¢ny pohon

Trakéné pohony so synchronnym ventilovym motorom sa
napajaju trojfazovym prudom cez relativne jednoduchy staticky
meni¢. Budenie rotora sa vykonava jednosmernym prudom pri-
vadzanym cez kruzky. Regulacia momentu a otaCok sa robi
zmenou vysky svorkového napdtia a zmenou budenia podobne
ako pri jednosmernom motore. Regulaciu frekvencie napajacieho
prudu si zabezpecuje motor sam prostrednictvom snimaca polohy
rotora, ktory riadi spinanie tyristorov menica v zavislosti od ota-
Cavej rychlosti rotora. MeniCe moézu byt pripojené na napajacie
napdtie striedavé (jednofazové alebo trojfazové), alebo napitie jed-
nosmerné. Trakéné vlastnosti pohonu st obdobné ako pri jedno-
smernom motore. Takyto pohon je pouZity napr. na vysokorych-
lostnych jednotkach TGV francuzskych drah. Hmotny vykon
motora je okolo 2,5 kg. kW 1.

3.2 Asynchronny trakény pohon

Asynchronny motor s kotvou nakratko ma zo vsetkych uvede-
nych strojov najmensi hmotny vykon 1,2 kg.kW_l. Maximalne
otacky su obmedzené v sucasnosti pevnostou lozisk a prevodov-
kou. Motor je vel'mi spolahlivy a nenarocny na udrzbu. Stava sa
tak motorom, ktory ma najvacsie perspektivy.

Pre trakéné ucely je vSak treba zmenit jeho zakladné vlast-
nosti, ktoré pozname z klasickych aplikacii a vytvorit regulacny
pohon s vysokym zaberovym momentom. To sa dosiahne regula-
ciou frekvencie a svorkového napétia. Statické frekvenéné menice
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Disadvantages of the AC traction system 25 kV 50 Hz are
mainly negative influences on energetic network:

- single-phase traction load causes voltage asymmetry in the three-
phase network, which imposes a limit on maximum of fed trac-
tion power (decreased of the traction substations distance),

- locomotives work with decreased and variable power factor
(cos = 0.2 - 0.8). The special connection of control rectifiers
with forced commutation is necessary with possibility to improve
the power factor to the demanded value in return. The four-
quadrant impulse converters are widely used abroad in the func-
tion of input (also regenerative) impulse converter.

3. Commutator less traction motors

The commutator of the motor increases weight and volume of
the machine, limits its angular speed and increases maintenance
demands. To meet today’s demand on minimal weight of bogie at
very high motor power and high-reliability demand it is necessary
to employ motors without commutator [1, 2]. Two basic types of
motors are used:

a) brush-dess DC motors (electronically commutated synchronous
motors)
b) squirrel cage induction motors.

3.1. Traction drive with synchronous motors

Traction drives with electronically commutated synchronous
motors are supplied with three-phase AC current via relatively
simple static converter. The excitation is made by DC current
through rings. The torque and angular speed control is performed
with the change of terminal voltage value and with the change of
excitation similar way as it corresponds to the DC motor. The
control of supply current frequency is made by the motor itself by
means of rotor position sensor, which controls switching states of
semiconductor converter switches as a function of angular rotor
speed. The converters can be connected to the supply voltage
(single-phase or three-phase) or DC supply voltage. Traction per-
formances of the drive are then similar to the DC motor. Such
kind of the drive is exploited e.g. for TGV high-speed trains of the
French Railways. Power per unit of mass is approximately around
2.5 kgkW™ L.

3.2. Traction drive with induction motors

Squirrel-cage induction motor has the minimal specific mass
per unit of power of all listed motors, which is equal 1.2 kg. kW ™"
Nowadays, maximum rotational speed is only limited by mecha-
nical stress of bearings and gearbox. The motor is very reliable and
non-pretentious in maintenance. It becomes the most perspective
traction motor now.

But for traction applications it is necessary to change its basic
performance as it is known from classical applications and to
create controlled drives with high standstill torque. This is achieved
by the control of frequency and terminal voltage. Static frequency
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pracuju na principe zmeny jednosmerného napitia na napatie
striedavé.

Samotné riadenie asynchronneho trakéného motora je velmi
naroénym a zlozitym problémom a prebieha nepretrzitym vyvinom.
Podobne je to i s konS§truovanim samotného motora, ktory vyza-
duje pre trakéné pouzitie Specialnu konstrukciu.

Pre uspesnu aplikaciu indukénych strojov napajanych z meni-
¢ov v elektrickej trakcii bol rovnako ako vyvoj meniCov dolezity aj
vyvoj riadiacich metod a obvodov, akymi su mikroprocesory
a DSP. Zatial' ¢o prva generacia 3-fazovych lokomotiv uzivala
pomerne jednoduché ‘skaldrne riadenie’ charakteristik sklz/frek-
vencia, vznikol v 80. rokoch uspesny princip vektorového riadenia’
orientovaného na rotorové pole (,,vektorové riadenie“), kombino-
vany s impulznou sirkovou modulaciou - PSM (PWM). Koncom
80. rokov sa objavila priama samoreguldcia’ (DSC), orientovana
na statorovy tok, ktora ma zvlastny vyznam, lebo najlepsie vyuziva
obmedzenu spinaciu frekvenciu vykonnych GTO tyristorov. Pre
rychle tranzistory IGBT (trakéné menice pre lahké Zeleznice
a metro) je slubna volba ‘nepriame riadenie statorovych veli¢in’
(ISC - Indirect Stator Quantities Control), ktoré spaja dynamické
prednosti a robustnost orientacie na statorovy tok s osvedcenymi
vyhodami PWM [1, 3, 4, 5, 6, 7, 10].

4. Pomocné zariadenia vozidiel

Pomocné pohony - najma pohony kompresorov a ventilatorov
na vozidlach ZSR su stale jednosmerné. Napitie sa znizilo na 440
V a na ich spustanie sa pouzili statické menice. Toto rieSenie
umoznilo pouZzitf motory s mensou hmotnostou, odstranit preta-
Zenie pri rozbehu, regulovat vykon ventilatorov a nezavislost na
kolisani napéatia v trakénej sieti. Vyvin vo svete smeruje k asynch-
ronnym motorom aj pri pomocnych pohonoch.

Vsetky spominané druhy elektrickych pohonov umozauju elek-
trodynamické brzdenie - odporové i rekuperacné. Elektrodyna-
micka brzda sa stava zakladnym vybavenim hnacich vozidiel, ktoré
pouzivaju elektrické trakéné motory.

Riadiace systémy su dnes bezpochyby vel'mi doleZitou sucas-
tou hnacich vozidiel. Pri zvySovani rychlosti riadenia vozidiel
postupne prebera pocitac. Konstrukciu a vyrobu samoc¢inného ria-
denia prevzali najvyspelejSie firmy, ktoré sa zaoberaju riadenim
lietadiel a kozmickych rakiet. Z hladiska bezpecnosti a spolahlivosti
su to najviac kontrolované obvody. Cely rad snimacov umiestne-
nych vo vlaku i na trati sleduje technicky stav dolezitych uzlov,
udaje sa zaznamenavaju a poruchy hlasia dispecerovi.

5. Perspektivy a podmienky budiceho vyvoja

Ak vyrobcovia kolajovych vozidiel chcu nadviazat na byvalu
tradiciu a vstupit na svetové trhy, budi musiet podstatne zmenit
technicku uroven najméi elektrickej vyzbroje. Dnes nie je rozho-
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converters, which operate on principles of the conversion of DC
voltage to AC voltage, are employed.

Control of the induction motor itself is a very pretentious and
complicated problem, which is under permanent development. The
same can be said about construction of the motor, which needs
special construction for traction applications.

For successful implementation of the induction motors sup-
plied from static converters in electric traction the development of
control methods and their implementation via microprocessors
and DSPs was equivalently important as development of conver-
ters. While the first generation of three-phase locomotives was
controlled by the relatively simple scalar control’ of ‘slip-frequ-
ency’ characteristics, during 1980’s the ‘vector control’ with orien-
tation on rotor flux in combination with pulse-width modulation
(PWM) was established. At the end of the 1980’s the very impor-
tant control technique known as direct self control’ (DSC) with
orientation on stator flux was developed and took over the other
control techniques, because of the best way to utilize power GTO
thyristors switching frequency. Finally, for fast transistors IGBT,
construction elements of traction converters for light railways and
underground systems is a very suitable control technique known
as ‘Indirect stator quantities control’ (ISC) where the advantages of
dynamic performance and robustness of stator flux orientation are
combined with known advantages of PWM [1, 3, 4, 5, 6, 7, 10].

4. Auxiliary equipment of traction vehicles

Auxiliary equipment, mainly drives of compressors and fans
of traction vehicles of ZSR, are still DC. Their voltage was de-
creased to 440 V and static converters are used to increase speed.
This solution enabled exploitation of the lower-weight motors,
elimination of overload during speed-up, control of fan power and
independence of auxiliary equipment on voltage fluctuations. The
world development has direction to utilize induction motors also
for auxiliary equipment.

All aforementioned traction drive systems enable electro-
dynamical braking - resistive or regenerative. Electro-dynamic
brakes are standard equipment on traction vehicles, which utilize
electric traction motors.

Control systems are nowadays undoubtedly a very important
part of traction vehicles. With the increase of vehicle speed the
computer gradually takes control. The construction and produc-
tion of automatic control was taken over by the most sophisticated
firms involved in control of airplanes and space missiles. These
are the most checked circuitry from the safety and reliability point
of view. All complexes of sensors placed in the train and on route
sense the technical conditions of the most important parts and
while the data are stored, the failures are recorded and announced
to the dispatcher.

5. Perspectives and conditions of future development
If railway vehicle producers want to keep former tradition and

to enter the world market they will need to substantially change
their technical conception of electrical equipment. The prie is not
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dujuca cena, ale technicka uroven a koncepcia pohonu s jeho
vstupnymi technickymi i uzivatelskymi charakteristikami.

V osobnej doprave je tendencia pouzivat ucelené vlakové
supravy. Pritom nejde len o systémy, ktoré su konStruované na
rychlosti radovo 300 km.h ™ ?, ale i o supravy pre niZsie rychlosti.
tej technologii vozidiel, narokoch na trate i celu infrastruktiru. Vo
svete overené technické rieSenia umoznuju siroku unifikaciu designu
i technickych rieSeni medzi vozidlami suprav urenych pre rozne
druhy osobnej dopravy.

Vzhladom na medzinarodny charakter Zelezni¢nej dopravy je
treba budovat rychle vlaky pouzitelné pre vsetky tri pridové
sustavy: 3 kV, js.; 25 kV, 50 Hz; 15 kV, 16 2/3 Hz. Vychadzat
z vysokych narokov na mechanicku i elektricku Cast, nizku hmot-
nost a vysoku kvalitu. Vykonovu elektricku Cast je mozno charak-
terizovat asynchronnymi trakénymi motormi, napajanymi napéto-
vym striedacom, vstupny menic stvorkvadrantovy, elektrodynamicka
brzda [8, 9]. Pomocné pohony asynchrénne. Cislicové riadenie
vratane diagnostiky, zaClenené do automatizovaného systému riade-
nia Zeleznic¢nej dopravy. Pouzit informacny systém stipravy vratane
audio a video programu.

Vel'mi naroc¢nou tlohou je najméi dodrzanie nizkej hmotnosti
trojsystémového vozidla.

Z pohladu na sucasny stav techniky elektrickych zariadeni
hnacich vozidiel bude treba urobit velké pokroky v tychto zaklad-
nych skupinach:

« systémy elektronickych silovych menicov,
« trak¢éné motory,

« pristrojové vybavenie,

« menic¢ a motory pre pomocné pohony,

« riadiace systémy.

Koncepcia trakénych a pomocnych pohonov, vratane polovo-
dicovej techniky smeruje k znacnej unifikacii ich technologického
prevedenia. Moderné rieSenie meniCov typu usmernovaé, impul-
zovy menic, strieda¢ a dalSich, predpoklada pouzitie SpiCkovych
polovodicovych prvkov, ako st vysokovykonné diody (4500 A,
8000 V), GTO tyristory (2500 A, 5500 V), IGBT vykonové tran-
zistory (3000 A, 3300 V), a iné. Vykonové prvky spolu s pomocnymi
zariadeniami su konStrukéne usporiadané do blokov pre stavebni-
cové pouzitie. Je treba konstruovat kvapalinové alebo odparovacie
chladenie vykonovych prvkov s pouzitim ekologicky bezchybného
média. VyZaduju sa 4-kvadrantové impulzové usmernovace, impul-
zové meniCe a striedaCe napéatového typu ako aj viactroviiové
zapojenia trakénych menicov [7, 8, 9, 10, 12, 13].

Nie su pochybnosti o tom, Ze sa budu nadalej pouzivat
asynchrénne motory s kotvou nakratko. Bude vSak treba pre pers-
pektivne pouzitie stanovit vykonové, hmotnostné i rozmerové
poziadavky, ktoré su realizovatelné za predpokladu zvladnutia
technologie teplotnej odolnosti minimalne v triede H. Magneticky
obvod strojov bude rieSeny na baze malostratovych plechov. Vyko-
nové rady trakénych motorov budu dosahovat az 900 - 1200 kW
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decisive today but technical level and concept of the drive with its
technical and user’s characteristics.

There is a tendency to use complete train units in passenger
service. It is not only a question of the systems, which are con-
structed for speed of approximately 300 kmh ™! but also the train
units for lower speed. High-speed service means the highest step
in vehicle technology used including routes and infrastructure
requirements. The technical solutions verified in the world enable
a wide range of design unification and technical solutions among
the vehicles designed for various kinds of passenger transport-
ation.

From the point of view of international character of railway
transportation it is necessary to build fast trains, which enable
service for all three traction supply systems: 3 kV, dc; 25 kV, 50 Hz
and 15 kV, 16 2/3 Hz. At the same time, it is desirable to fulfill the
high demands on mechanical and electrical parts, low mass and
high quality. The characteristic of the electrical power part is deter-
mined by inducting traction motors supplied via voltage source
inverter, four-quadrants input converter and electro-dynamic brakes
[8, 9]. The motors of auxiliary equipment are induced. Digital
control including diagnostics is composed in automatic control
system of railway transport. The information system used must
include audio and video program.

A very challenging task is to keep low mass of a three-systems
vehicle.

From the point of view of present development of railway
vehicle electric equipment it will be necessary to make substantial
progress in the following basic groups:

« systems of electronic power converters,

« traction motors,

 apparatus equipment,

« converters and motors for auxiliary drives,
« control systems

The concept of traction and auxiliary drives including semi-
conductor converters is directed at the high unification of their
technological construction. Modern solution of such converter
types as rectifier, chopper, inverter and others suppose utilization
of the state-of-art semiconductor elements, such as high power
diodes (4500 A, 8000 V), GTO thyristors (2500 A, 5500 V), IGBT
transistors (3000 A, 3300 V) and others. Power equipment together
with auxiliary equipment is arranged in the construction blocks
for modular exploitation. It is necessary to construct liquid or vapor
cooling of power elements with ecologically friendly filling. Four
quadrant pulse converter, choppers and voltage type inverters are
demanded as well as multi-level connection of traction converters
[7,38,9, 10, 12, 13].

There is no doubt about the utilization of squirrel-cage induc-
tion motors. From the perspective view it will be necessary to pro-
perly adjust parameters of power, weight and volume for their
exploitation, which are producible under the assumption that the
technology of heat insulation class ‘H’ is mastered. The magnetic
cores will be constructed from low-loss sheets. Power types of
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s realizaciou riadenia rychlosti bez snimaca na hriadeli [8, 12, 13,
14].

Novu koncepciu bude treba volit i pri rieSeni transformatorov
a tlmiviek. Musia vyhovovat frekvencii 50 i 16 2/3 Hz, s usporia-
danim vinutia i magnetického obvodu vhodnym pre rozne typy
polovodi¢ovych meni¢ov. Najma z vahovych a rozmerovych pricin
treba pouzit kvalitné plechy, Spickovu izolaciu vodicov a nové chla-
diace systémy. TImivky v obvodoch menicov musia zvladnut frek-
vencie minimalne 1200 Hz. Bude treba zaviest nové hlavné vypinace
(striedavy s vakuovym zhasanim a rychly jednosmerny pre ochranu
najma polovodi¢ovych menicov). TieZ je nutné zaistit nové spina-
cie vykonové i bezvykonové spinace do trakénych i pomocnych
obvodov s poziadavkami na minimalne rozmery, hmotnost, vysoku
spolahlivost a zZivotnost.

Systémy riadiacej elektroniky na hnacich vozidlach i vagonoch
zaistuju vsetky funkcie spojené s riadenim pohonov, ochranami,
diagnostikou zariadeni i sluzbami obsahujucemu personalu a ces-
tujucim. Ide najmé o tieto bloky:

« riadiace obvody trakénych a pomocnych pohonov,
« automatické riadenie jazdy,

« ochranné a signaliza¢né obvody,

« diagnostické obvody,

« palubnu informatiku,

« ovladanie a riadenie pomocnych agregatov,

« zariadenie telefonneho a radiového spojenia,

« audio a video zariadenia pre cestujucich.

Pozadovany trakény asynchrénny pohon so statickymi menic-
mi a elektronickym riadenim s pouZzitim mikroprocesorov umoz-
fiuje cely proces riadenia vozidla projektovat na samych medziach
moznosti vyuZitia pohonu vozidla i poziadaviek automatizovanej
kolajovej dopravy [10].

Vozidlova diagnostika zaistuje priebeznu kontrolu délezitych
Casti vozidla s operativnou komunikaciou ¢lovek - stroj, aj zaznam
pre neskorSie opravarenské ukony.

Mikropocitacovy systém teraz pouzivany je v porovnani s pred-
tym pouzivanou analogovou technikou jednoduchsi, spolahlivejsi
a odolne;jsi proti ruSeniu.

Dolezitou stcastou riadiacich systémov bude ich programové
vybavenie, ktoré bude dielom projektantov vozidiel, ale aj vyvojo-
vych zloziek uzivatela. Je zname, Ze aj uroven automatizovanych
riadiacich systémov na kolajovych vozidlach vyzna¢ne ovplyviuje
uzitkovi hodnotu, t. j. predajnost a cenu vozidla.
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traction motors will reach up to 900 - 1200 kW with speed
control without shaft sensor [8, 12, 13, 14].

New conception must be developed for construction of trans-
formers and chokes. They must be suitable for frequency 50 Hz as
well as for 16 2/3 Hz with core and winding arrangement suitable
for various types of semiconductor converters. From the weight
and volume point of view it is necessary to use a high quality sheets,
top-class insulation of conductors and new cooling systems. The
chokes for converter circuitry must be capable of carrying frequ-
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as well as long durability.

Electronic control systems of traction vehicles and carriages
ensure all activities coupled with main drive control, protection
devices, equipment diagnostic and services for railway personal
and travelers. It is a case mainly of the next blocks
« control systems of traction and auxiliary drives,

« automatic control of train movement,

« safety and signaling devices,

« diagnostic circuitry,

» on-board informatics,

« control of supplementary aggregates,

« apparatus for radio and telephone connections,
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Demanded traction drive utilizing induction motor supplied
through static converters and microprocessor controlled enables
to design all process of vehicle control on the limits, which ensure
to utilize the maximum of the drive performance as well as the
demands of automatic railway transportation [10].

Vehicle diagnostics ensure the uninterruptible checking of the
vehicle’s most important parts including human-machine commu-
nication and recording of events for later repair services.

Now, the microprocessor system used is much more simple,
more reliable and less noise sensitive when compared with older
systems based on analogue technique.

The software is a very important part of the control systems,
which will be created not only by vehicle constructor but also the
user development center. It is known that the level and quality of
automatic control systems of railway vehicles play an important
role in its utilization value, e.g. marketability and price of the
vehicle.
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