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ELEKTRIZOVANE DOPRAVNE SYSTEMY
- PERSPEKTIVA DOPRAVY PRE 3. TISICROCIE

ELECTRIFIED TRANSPORT SYSTEMS - PERSPECTIVE OF TRANSPORT

FOR THE THIRD MILLENNIUM

V sucasnom svete je energetika a doprava zaloZend vicsinou na
vyuzivani zdrojov fosilnych paliv (nafty, uhlia, zemného plynu). Ich
obrovskd spotreba sposobuje emisie CO, a NO,. a globdlne oteplova-
nie atmosféry. Zdroje fosilnych paliv si do budiicnosti obmedzené
najmd pri nafte, uzivanej v spalovacich motoroch cestnych vozidiel
a lietadiel. Za tychto okolnosti sii jazdnou drahou vedené dopravné
systémy s elektrickym pohonom energeticky a ekologicky vhodnym
riesenim rychlej a bezpecnej dopravy budiicnosti, lebo elektrickii energiu
Jje mozné ziskavat aj z obnovitelnych zdrojov (potencidlu vody, vetra,
slnecnej energie) alebo z jadrovej energie bez zmienenych emisii.

1. Energetické zdroje a spotreba energie vo svete

Statistiky a merania hodnotiace dostupné energetické zdroje
vo svete sa Casto lisia v jednotlivych Cislach. Nejaké zdroje sa mozu
v buducnosti objavit, avsak tendencia veduca k vyCerpaniu zdrojov
predovsetkym nafty je kratkom Case celkom zrejma. Predpokla-
dané svetové zasoby zdrojov energie [1] s uvedené v tab. 1.

Energetics and transport in the contemporary world are based
mostly on exploitation of fossil fuels (petroleum, coal, natural gas).
Enormous consumption of fossil fuels causes emissions of CO, and
No, and global atmosphere warming. The supply of fossil fuels in the

future is mainly limited by petroleum used for combustion machines

of road vehicles and aeroplanes. Under these circumstances, the elec-
tric-propelled guided transport systems (electrified railways, maglev)
are energetically - and ecologically-suitable solutions for quick and
safe transport in the future because electrical energy can be produced
also from renewable sources (water potential, wind, sun energy) or

from nuclear energy without above-mentioned emissions.

1. Energy sources and energy consumption in the world

Statistics and documentation evaluating available energy
sources in the world often differ in single numbers. Some new
sources can be discovered in the future, but the trend leading espe-
cially to the exhaustion of world petroleum sources in the near
future is quite obvious. The assumed world energy sources [1] are
shown in Tab. 1.

Doba do vycerpania svetovych energetickych zasob Tab. 1
Zdroj energie Vyuzitené zasoby Geologické zasoby Time until the exhaustion of world energetic sources Tab. 1
[roky] [roky] Sort of energy source Usable sources Geological sources
Ropa 40 140 [years] [years]
Zemny plyn 55 100 Petroleum 40 140
Uhlie 250 1700 Natural gas 55 100
Uran" 90 140 Coal 250 1700
Uréan? 5400 8400 Uranium" 90 140
Privpuziti v: ¥ pomalych 2 rychlych nukledrnych reaktoroch Uranium” 3400 8400

Vyuzitie tychto energetickych zdrojov je v rdznych castiach
sveta velmi nerovnomerné. Tab. 2 [1] uvadza prehlad spotreby
energie v rozvinutych kapitalistickych (C), byvalych socialistickych
(S) a rozvojovych krajinach ,tretieho sveta“ (D).

Podobne nerovnomerné rozdelenie vidiet z tab. 3 [1], ktora
udava spotrebu energie na jedného obyvatela.

* Doc.Ing. Jiii Drabek, PhD.

Utility in: " slow ? quick nuclear reactors

Utilization of these energetic sources is extremely unequal in
different parts of the world. Table 2 [1] gives a review of energy
consumption in developed capitalist (C), former socialist (S) and
developing “third-world” countries (D).

A similarly unequal distribution can be seen in the Tab. 3 [1]
where energy consumption per one inhabitant is given.
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Rozdelenie spotreby energie vo svete Tab. 2 Distribution of energy consumption in the world Tab. 2
Staty C S D Countries C S D (incl.
(s Cinou) China)
Obyvatelstvo [% obyvatelov sveta] 15 8 71 Inhabitants [% of the world
Spotreba primarnych energetickych inhabitants] 15 8 n
zdrojov sveta [%] 50 25 25 Consumption of primary world
Podiel na svetovej spotrebe energy sources [%] 50 25 23
elektrickej energie [%] 55 22 19 Consumption of produced
electrical energy [%] 55 22 19
Spotreba energie na obyvatela za rok Tab. 3 Energy consumption per one inhabitant in a year Tab. 3
Spotreba na obyvatela a rok C S D Consumption per 1 inhabitant C S D
Primarna energia [TO = ekviv. and year
1 t nafty] 5,1 5,0 0,5 Primary energy [TO = eq. to
Elektricka energia [KWh] 7800 5400 | 500 1 ton of oil] 5.1 5.0 0.5
Electrical energy [kWh] 7800 5400 500

Najvicsia cast fosilnych paliv sa spotrebuje na vyrobu elek-
trickej energie a vykurovanie obydli. Av§ak pri nafte, ktorej spalo-
vanie produkuje vo svete asi 35 % emisii CO,, sa najvacsi podiel
vyuziva na dopravu vo vysoko rozvinutych krajinach, hlavne na
individualne jazdy automobilmi.

Napriklad v USA [2] kazdy obCan cestuje roCne (v priemere)
27 000 km autom a 3500 km lietadlom a vyzaduje 20 000 tkm
dopravnej prace v nakladnej doprave.

Sucasné pravdepodobne pouzitelné zasoby nafty vo svete su
asi 1000 miliard barelov. Svetova denna spotreba je asi 66 milio-
nov barelov; v USA je to 18 miliénov barelov (27,3 %), z ktorych
2/3 (12 milionov) sa uzivaji na ucely dopravy! Podobna situacia
je v ostatnych rozvinutych krajinach.

Vyssie uvedené zasoby nafty mozu vydrzat (pri sicasnej vyske
spotreby) na budtcich 40 rokov. Zivotna wroveii v krajinach ,tre-
tiecho sveta“ vsak rastie. Ak by tam bola rovnaka spotreba nafty
ako v USA, denna spotreba nafty vo svete by vzrastla na 200 milio-
nov barelov a zasoby nafty by sa vyCerpali uz za 13 rokov.

Elektrifikované drahou vedené dopravné systémy (EDVDS)
poskytuju rozumnu alternativu k dopravnym prostriedkom spotre-
bujucim naftu. Valivy odpor kolo/kolajnica je pri tychto systémoch
niekol'kokrat nizsi (alebo pri magleve nulovy) ako pri cestnych
motorovych vozidlach, takze merna energeticka spotreba je pri
EDVDS podstatne niZsia a ucinnost vyssia. Vysokorychlostné Zelez-
nice premavaji dnes rychlostou az 300 km.h ™!, skusajui sa systémy
maglevu na rychlost az 500 km.h~'. Ziadny automobil a dokonca
ani lietadlo (pri kratSich vzdialenostiach) nemdze dosiahnut taku
prevadzkovu rychlost. A elektricka energia bude urcite k dispozi-
cii v celom budticom tisicroéi.

2. Porovnanie vlastnosti dopravnych systémov
Hlavné charakteristiky zakladnych dopravnych systémov uzi-

vanych v sicasnosti a v buducnosti su porovnavané v tab. 4 [2],
[3]. [4].

The greatest part of fossil fuels is used for electrical energy
production and house heating. But for oil, the combustion process
of which produces some 35 % of world emissions of CO,, the
greatest amount is utilized for transport in high-developed count-
ries, mainly for the individual automobile usage.

In the United States, e.g. [2], every citizen travels (in average)
27 000 km by car, 3500 km by plane, and requires 20,000-ton kilo-
metres of freight movement per year.

The current available world petroleum resources are about
1000 X 10° barrels. The daily world consumption is 66 million
barrels; in the United States it is 18 million barrels (27,3 %), of
which two-thirds (12 million) is used for transport purposes!
A similar situation exists in other developed countries.

The above-mentioned petroleum resources can last (by the
current consumption rate) for another 40 years. But the living
standard in the “third-world” countries is rising. If oil consumption
there was the same as in the United States, then the world daily
consumption would increase to 200 million barrels and the oil
resources would be exhausted in only 13 years.

Electrified guided transport systems (EGTS) give the wise
alternative to oil fuel-consuming transport means. The roll re-
sistance rail/wheel is many times lower (or zero by maglev) by
EGTS than that of automobiles, so the specific energy consump-
tion by EGTS is essentially lower, and its efficiency is higher.
High-speed railways operate at up to 300 km.h~' today and
maglev systems are tested at 500 km.h~'. No car or plane (by
shorter distances) can reach this operating speed. And the elec-
trical energy would surely be available throughout the next mil-
lennium.

2. Comparison of transport system characteristics

The main characteristics of basic transport systems currently
used and in future are compared in Tab. 4 [2], [3], [4].
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Porovnanie niektorych vlastnosti elektrizovanych Tab. 4 Comparison of some electrified guided Tab. 4
tratovych a cestnych dopravnych systémov and road transport systems characteristics
Parameter Doprava Poznamka Parameter Transport on Note
Zeleznicna : cestna railway : road
Valivy odpor koleso/ 1:(5az 10) Maglev: 0 Roll resistance wheel/ 1:(5t010) By maglev: 0
kolaj : pneu/cesta rail : tyre drag
Merna spg)treba paliva 1:(4az6) Pre Zelezni¢ni Specific fuel consump- 1:(4t06) For railway diesel
[dm’/tkm] motorovi trakciu tion [dm?/tkm] traction
Stredna merna ) 1:3 Napajanie z trepeyl- Average specific 1:5 Supply from therm-
spotreb.a vz'nahnutg 'na 1:10 nycl}' ele.ktrarm energy consumption 1:10 al power stations
energeticky potencial Napajanie z vod-
e . . y re-calculated on Supply from hydro
priméarneho zdroja nych elektrarni rimary fuel potential electric plant
energie [kJ/tkm], tkm = tonokilo- p y p . p
o g [kJ/tkm], electric tkm = ton kilometer
elektrické drahy : meter . )
cestné vozidla railway : road cars
Priemerna cestovna (2az3):1 Na vysokorychlost- Average running speed (2t03):1 By hlgh speed
rychlost (4az5):1 nych tratiach (4t05):1 railways
Pre maglev By maglev
Riziko nehody Vel'mi nizke : USA - cesty: Operating accidents Very small : USA - 45 000 died/
v prevadzke vel'mi vysoké 45 000 mftvych/rok risk very high year on roads
Negativny vplyv Maly/vel'mi maly : Tepelné, jadrové/ Negative environment-|  Small/very small : Thermal, nuclear/
na prostredie vel'mi velky vodné elektrarne al influences very large water power stations

Na doplnenie tab. 4, merna spotreba elektrickej energie [kJ/
osobokilometer] systémov maglev v porovnani s leteckou dopra-
vou &ini len asi 1/4 aZ 1/8 pri rychlosti maglevu 350 km.h ™! a asi
1/2 pri rychlosti 500 km.h ™! [2]. Priame spojenie mestskych centier
je dalSou prednostou maglevu, Setriacou ¢as. Supravy maglevu
nemaju ,hluché“ doby pocas prevadzky na rozdiel od letadiel,
ktorych motory musia pracovatf pred Startom, po pristati aj pri
Cakani na letiskach a vo vzduchu.

3. Elektrizované vysokorychlostné Zeleznice

Vlaky prevadzkované rychlostou 200 km.h ™! alebo vyssou su
vysokorychlostné (VR) vlaky. Prvé VR elektrické jednotky pome-
nované Shinkansen boli uvedené do pravidelnej prevadzky 1. 10.
1964 medzi Tokiom a Osakou (Tokaido-line, 25 kV, 60 Hz) v Japon-
sku. V Europe jazdili rusne DB typu E 03 s vlakmi od roku 1966
medzi Mnichovom a Augsburgom a neskorSie na niektorych dal-
Sich Gastiach siete DB, rychlostou 200 km.h ! (napajanie 15 kV,
16 2/3 Hz); prva trat urCena na vysoké rychlosti TGV-PSE (Pariz
- Lyon, Francuzsko) bola otvorena v roku 1981. Dvojsystémové
(1,5 kV jednosmerné a 25 kV, 50 Hz) jednotky TGV-PSE tam pre-
mavajii s maximalnou rychlostou 260 km.h™!.

Odvtedy sa siet vysokorychlostnych trati rozSirila v Japonsku,
krajinach EU a tieto trate sa stavaju aj inde, v Rusku, Juznej Korei,
na vychodnom pobrezi USA, atd. Svetovy rekord 513 km.h ™! dosia-
hol TGV-A vo Francuzsku a prevadzkova rychlost stipla na 300
km.h ™! (a ma vzrast na 350 km.h ™). Jazdny komfort, bezpec-
nost a kratke doby jazdy si atraktivnejSie ako pri automobiloch
alebo lietadlach (pri tych do prepravnej vzdialenosti asi 1000 km).
Co sa tyka bezpeénosti, jedina velka nehoda za celt éru prevadz-
kovania VR vlakov sa stala v Eschede, Nemecko; kazdoro¢ne v§ak

In addition to Tab. 4, the specific energy consumption [kJ/pas-
senger kilometer] of maglev systems compared with the air tran-
sport is only about 1/4 to 1/8 by the 350 km.h ™! maglev speed
and about 1/2 by the 500 km.h~' speed [2]. The direct city
centres connection is another time-saving maglev advantage. The
maglev train sets have no “deaf” time during their operation, con-
trary to aeroplanes, whose motors must operate before start, after
landing and while waiting at airports and in the air.

3. Electrified high-speed railways

Trains operating at a running speed of 200 km.h ™! or higher
are the “high-speed” (HS) trains. The first HS electric motor units
(EMU) called Shinkansen were set in normal operation on October
1, 1964 between Tokyo and Osaka, Japan (Tokaido-line, 25 kV, 60
Hz). In Europe, DB-locomotives E 03 have been operating since
1966 between Miinchen und Augsburg and later on in some other
parts of the DB-net at 200 km.h ™! (supply 15 kV, 16 2/3 Hz); the
first special high-speed line TGV-PSE (Paris - Lyon, France)
opened in 1981. The two-system (1,5 kV DC and 25 kV, 50 Hz)
units TGV-PSE operate at a 260 km.h ™! maximum speed.

Since the net of high-speed railways has widely spread in
Japan, EU countries and such lines have also been built in other
countries like in Russia, South Korea, on the United States’ East
Coast, etc. The speed record 513 km.h ™! was reached by TGV-A in
France, and the operating speed has increased up to 300 km.h ™
(and it ought to increase up to 350 km.h ™). The ride comfort,
safety and short-travelling times are more attractive than by car or
air transport (by the latter up to about 1000 km travelling distance).
In regard to safety, the only major accident of high-speed train
operation era happened in Eschede, Germany, but 45,000 people
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zomiera 45 000 fudi v USA a vyse 40 000 v krajinach EU na
cestach a statisice utrpia zranenia. Aj pocet leteckych nehdd je
Vysoky.

Tvrdi sa, Ze investi¢né naklady na vystavbu VR trati su vysoké.
Je to pravda, ale treba povedat aj to, Ze pravdepodobne eSte vyssie
naklady na cestnii dopravu platia priamo majitelia automobilov
v cenach vozidiel, paliva a poplatkoch. Napriklad [4], merna spo-
treba energie na osobu a 100 kilometrov zodpoveda pri systéme
TGV asi 1,5 dm® ekvivalentu nafty pri rychlosti jazdy 300 km/h.
To nedokaze ziadne cestné vozidlo. Prepravna kapacita dvojkolaj-
nej Zeleznice so stpravami TGV-Duplex (300 km.h ™!, 1100 ces-
tujucich v suprave, nasledny interval vlakov 3 minuty) je 2 X
X 22 000 cestujucich/h. Na rovnaku prepravnu kapacitu by sa
musela postavit dialnica s 2 X 7 dopravnymi pruhmi, so vsetkymi
zlymi ekologickymi vplyvmi, zaberajica obrovsku plochu pody.
Avsak cela trat TGV-PSE zabera plochu adekvatnu ploche len
jedného velkého letiska v Parizi.

Tab. 5 dava prehlad o VR tratiach a vlakoch v Europe a Japon-
sku v roku 1995.

Od roku 1995 sa samozrejme vybudovali, buduju a planuju
nové trate; napr. trate Tohoku a Tokuriku (dlhé 270 resp. 118 km)
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die in the United States and more than 40,000 in EU countries on
roads every year, and hundreds of thousands sustain injuries. The
number of aeroplane catastrophes is also high.

The railway freight transport running speed has increased,
and now, it is 160 km.h ™! on many lines.

It is said that the investment costs for building high-speed
railway lines are high. It is true, but it must also be said that even
higher costs for road transport are paid directly by car owners in
prices of cars, fuel and taxes. For example [4], the specific energy
consumption per passenger and 100 kilometres by TGV-system at
300 km.h-1 corresponds to an equivalent of 1.5 dm? of oil fuel. No
road vehicle can reach it. The transport capacity of a two-way
railway with TGV-Duplex sets (300 km.h ™!, 1100 passengers per
set, train interval 3 minutes) is 2 X 22,000 passengers/h. For the
same transport capacity of road transportation, it would take
a speedway of 2 X 7 traffic lanes with all its ecological defects and
taking enormous area of soil. But the whole TGV-PSE line Paris -
Lyon takes the area corresponding to only one major airport in
Paris.

Tab. 5 introduces a review about HS lines and trains in Europe
and Japan in 1995.

However, since 1995 new lines have been or are being built or
projected; e.g. Tohoku and Tokuriku lines (270 and 118 km long)

Vysokorychlostné trate a supravy Tab.5
Europske VR Zeleznice [km] Vysokorychlostné vlaky v Eurépe
SNCF 1255 Zelezniéna sprava Typ vlaku Vinax Pocet Sedadiel
DB 427 [km.h™'] vlakov vo viaku
RENFE 471 SNCF TGV-PSE-A, N, -D 270 - 300 293 368 - 545
FS 268 BR IC 225 225 31 550
BR 22 SNCF, SNCB, BR Eurostar 300 38 794
Eurdpa celkove 2446 DB ICE 280 60 615
Japonské trate Shinkansen RENFE AVE 300 24 329
Japan Railways Group 1836 FS ETR 450, 460, 500 250 - 300 55 396 - 693
Japonsko + Eurdpa 4282 SJ X 2000 210 20 198
High-speed railway lines and train sets Tab. 5
European HS railways [km] High speed trains in Europe
SNCF 1255 Railway Train type Vinax Number Seats
DB 427 [km.h™1] of trains in a train
RENFE 471 SNCF TGV-PSE-A, N, -D 270 - 300 293 368 - 545
FS 268 BR IC 225 225 31 550
BR 22 SNCF, SNCB, BR Eurostar 300 38 794
Europe total 2446 DB ICE 280 60 615
Japanese Shinkansen railways RENFE AVE 300 24 329
Japan Railways Group 1836 FS ETR 450, 460, 500 250 - 300 55 396 - 693
Japan + Europe 4282 SJ X 2000 210 20 198
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v Japonsku; TGV-Méditerannée a TGV-Est vo Francuzsku (300
a 460 km); 1451 km novych trati (po roku 2000) v Nemecku;
Pariz - Brusel - Kolin/Amsterdam v EU. Aj Zeleznice v krajinach
strednej Eurdpy hodlaji zvysovat maximalnu rychlost na svojich
tratiach. VSetky tieto nové VR trate st napajané vysokonapétovymi
sustavami striedavého prudu. Nové VR trakéné vozidla su pohanané
asynchrénnymi trakénymi motormi napajanymi z menicov a opat-
rené modernym riadiacim a zabezpecovacim zariadenim. Vo vseo-
becnosti, v elektrickej trakcii nachadzaju uplatnenie najmodernejsie
technoldgie a naopak, toto odvetvie podnecuje vedecky a technicky
vyvoj v elektrotechnike.

4. Magneticky levitovana doprava (maglev)

Dalsi jazdnou drahou vedeny a elektrickou energiou napajany
systém je maglev. Hnacie vozidla maglevu si pohanané elektrody-
namicky linedrnym motorom a pocas jazdy (letu) magneticky levi-
tované. Kolesa vozidla sa uzivaju na zaistenie polohy vozidla na
zastavkach a nesu ho pri rozjazde a brzdeni. Adhézna sila posobi
z kolesa na jazdnu drahu len pri nidzovom brzdeni alebo pri
brzdeni z nizsich rychlosti. Na zrychlovanie a prevadzkové brzde-
nie sa vyuziva elektrodynamicka sila vyvijana linedrnym motorom.
Casto sa pouzivaju supravodivé magnety na zniZenie rozmerov
a strat magnetov.

Boli vyvinuté systémy maglevu liSiace sa podla druhu linear-
neho motora a sposobu levitacie. Dnes su v prevadzke niektoré
miestne trate maglevu s nizSou rychlostou, av§ak nepritomnost vali-
vého odporu umoznuje vlakom maglevu napr. Transrapid v Nemecku
a MLXO0I v Japonsku jazdu velmi vysokou rychlostou okolo 500
km.h™ !, takZe tento systém moZe konkurovat aj leteckej doprave.

4.1 Japonsky systém maglevu

Hornata konfiguracia japonskych ostrovov a vysoka hustota
obyvatelstva, ktoré Zije prevazne vo velkomestach na pobrezi, vyvo-
lali potrebu vykonného a rychleho
dopravného systému umoznujuceho
mobilitu Tudi a tovaru v tejto prie-
myslovo vysoko vyspelej krajine. Po-
ziadavky mobility nebude v buduc-
nosti spinat dokonca ani Zelezniény
systém Shinkansen s prevadzkovou
rychlostou 300 km.h™!. Preto sa
zacali v 60-tych rokoch experimenty
0 systémom maglev.

SkuSobna traf maglevu Yamana-
shi (Yamanashi Maglev Test Line -
YMTL) nedaleko Tokia bola otvo-
rena v roku 1997. Na tejto 42,8 km
dlhej trati sa skusali vozidla maglevu
MLXO01 a v roku 1999 tu bol dosiah-
nuty novy svetovy rychlostny rekord
stpravy 552 km.h ™! a zaznamenana

Obr. 1.Dva protiidiice viaky MLX0I na skiisobnej trati
maglevu v Yamanashi (podakovanie: RTRI Tokio)
Fig. 1. Two passing trains MLX0I at Yamanashi
Maglev Test Line (courtesy: RTRI Tokyo)
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in Japan; TGV-Méditerranée and TGV-Est in France (300 and
460 km); 1451 km of new lines (after 2000) in Germany; Paris -
Brussels - Koln/Amsterdam in the EU. Also railways in Central
Europe countries intend to increase the maximum speed on their
lines. All the new HS lines are supplied by AC high-voltage
systems. New HS traction vehicles are propelled by inverter-fed
asynchronous traction motors and equipped by high-tech control
and signal equipment. Generally, the most modern technologies
find their application in electric traction and so, on the contrary,
this branch instigates the scientific and technological develop-
ment in the electrotechnics.

4. Magnetic levitation (maglev) transport

Another electrical energy-supplied guided transport system is
maglev. Maglev driven vehicles are electrodynamically propelled
by a linear motor and magnetically levitated during their running
(or flight). Vehicle wheels are used for fixing the vehicle position
on stops and for supporting by acceleration and braking. The
adhesive force affects from a wheel on track or rail only by emer-
gency mechanical braking or during braking at lower speed. For
acceleration and operation braking, the electrodynamic force pro-
duced by the linear motor is used. Superconducting magnets are
often used to minimize size and loss of magnets.

Maglev systems different both in the kind of linear motor and
the levitation method were developed. Some local maglev lines ope-
rating at lower speed are in service today. But the absence of rolling
resistance enables the maglev trains e.g Transrapid in Germany
and MLX in Japan to run at very high speeds (about 500 km.h '),
so the system can even compete with air transport.

4.1 The Japanese maglev system

The mountainous configuration of Japanese islands and the
high density of inhabitants living mostly in large cities on the sea
coast has evoked the need for a power-
ful and quick transport system enabl-
ing people and goods mobility in this
high industrially developed country.
Even the Shinkansen railway system
with 300-km.h ™! - operation speed
cannot fulfil the mobility requests of
the future. It was the reason why
experiments with maglev systems
started in the 1960’s in Japan.

The Yamanashi Maglev Test Line
(YMTL) was opened in 1997 near
Tokyo. The MLXO01 maglev vehicles
have been tested on this 42.8 km-long
line where the new world record
speed of 552 km.h ™! was marked for
a single train and the relative speed
of two trains passing each other at
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relativna rychlost dvoch protiiducich suprav 1003 km.h™! [2],
[6], 171, [9], [10]. V roku 2000 sa zacala nova pétro¢na skusobna
faza overovania dlhodobej odolnosti aj rozlicnych skusok zaria-
deni novovyvijanych za i¢elom znizZenia konstrukénych nakladov
v buducnosti prevadzkovanych trati.

4.2 Nemecky systém maglevu Transrapid

Nemecka suprava maglevu Transrapid sa liSi od japonskej
MLXOI v principe levitacie, ktory je pri Transrapide elektromag-
neticky, kym pri MLXO01 elektrodynamicky. Transrapid sa skusal
na skuisobnej trati v Emslande a je konstruovany na rychlost
450 km.h ™! [6], [8], [12]. Prva prevadzkovana traf v Nemecku mala
spajat Hamburg a Berlin v roku 2005, pripraveny projekt vSak
docasne pozastavili. Vyhody systému Transrapid su: nizka hlu¢nost;
moznost prepravy cestujucich aj tovaru (17 ton tovaru alebo 100
pasazierov v jednom vozidle, 2 az 10 vozidiel v suprave); bezpec-
nost dopravy 700-krat vyssia ako pri cestnych vozidlach a 20-krat
vysSia ako pri lietadlach; o 30 % nizSia spotreba energie v porov-
nani s vlakom a 3,5-krat nizsia (pri rychlosti 400 km.h™!) ako
u cestnych vozidiel; mala plocha pody potrebna pre trat maglevu
[12].

4.3 Zamery dopravy maglevom pre USA

Vysokorychlostna doprava maglevom vyuzivanym aj v naklad-
nej doprave by mohla byt vhodnym rieSenim mobility v USA po
roku 2000 [2]. Myslienkou je previest kamiony z dial'nic na trate
maglevu.

Prevadzkové naklady maglevu su nizke, asi 2 centy/osobokm
a 5 centov/tkm (bez amortizacie trate maglevu). Tieto naklady su
asi 9 centov/osobokm v leteckej doprave, 25 centov/vozidlovy kilo-
meter pre automobily a 18 centov/tkm pre kamiony.

Investi¢né naklady na trat maglevu st vsak prili§ vysoké, ak sa
maglev vyuZiva len v osobnej doprave [2]. Ale jeho vozidla mézu
byt upravené na prevoz kamionov a naloZenych navesov rychlostou
az 400 - 500 km.h ™. Priemerna prepravna vzdialenost v naklad-
nej doprave kamionmi je asi 600 km a naklady na kamionovu
dopravu ¢inia v USA ro¢ne asi 200 mld USD. Za tychto 200
miliard USD by pocas asi 20 rokov bolo mozné postavit siet trati
maglevu s dizkou 30 000 km, ktora by spajala metropolitné oblasti
s 95 % obyvatelov Spojenych Statov. 75 % obyvatelstva by Zilo vo
vzdialenosti mensej jako 25 km od stanic maglevu. Kamiony pre-
pravené maglevom by po vylozeni mohli obsluhovat zakaznikov
v prilahlom okoli.

Zamyslana siet trati maglevu [2] je na obr. 2.

Zmiesany osobno-nakladny systém maglevu by mohol navra-
tit investicné naklady na trat za niekol'ko rokov. Napriklad pri
10 000 cestujucich a 2000 kamionoch denne (20 % kamionovej
dopravy Chicago - New York) je doba navratnosti trate s cenou
6 milionov dolarov za kilometer len 3 roky.

V sucasnosti sa konStruuje 35 km dlha trat maglevu medzi
Space Coast Regional Airport a Port Canaveral (Florida). Tato
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1003 km.h ™" was recorded in 1999 [2], [6], [7], [9], [10]. Since
2000 a new five-year phase of durability tests, as well as various
tests for newly developed equipment, began to reduce construc-
tion costs of the future service line.

4.2 The German maglev system Transrapid

The German maglev train Transrapid differs from the Japa-
nese MLXOI in the principle of levitation, which is an electro-
magnetic one by Transrapid but electrodynamic by MLXO01. The
Transrapid had been tested on the test line in Emsland and is
fitted for the speed of 450 km.h ™! [6], [8], [12]. The first service
line in Germany ought to connect Hamburg and Berlin in 2005,
but this project preparation was temporary suspended. Advanta-
ges of the Transrapid system are: a low noise level; the possibility
of both the passenger and freight transport (17 ton of goods or
100 passengers for 1 vehicle, 2 to 10 vehicles in a train); transport
safety estimated at 700-times higher than that by road vehicles and
20-times higher than that by planes; about 30 % lower energy con-
sumption compared with express trains and 3.5-times lower (at
400 km.h ") than that by road vehicles; and, small area of soil
needed for the maglev guideway [12].

4.3 Maglev transport intention for the USA

The high-speed maglev transport used for freight transport
could also be a suitable solution to mobility in the United States
after 2000 [2]. The idea is to transfer trucks from expressways to
maglev lines.

The operating costs of maglev are low, some 2 cents/pas-
senger/km and 5 cents/tons.km(without the amortization of maglev
track). These costs are about 9 cents/passenger/km in air tran-
sport, 25 cents/vehicle/km with automobiles and 18 cents/tons.km
with trucks.

The investment costs of the maglev track, however, are too
high if the maglev is utilized for passenger transport only [2]. But
its vehicles can be configured to carry trucks and loaded trailers
at the speed up to 400 - 500 km.h ™', The average distance by
freight trucks is about 600 km, and the costs of trucking are 200
milliard USD yearly in America. For these 200 milliard USD, it
would be possible to build a 30,000 km-long net of maglev lines
connecting metropolitan areas with 95 % of U.S. inhabitants over
20 years. Seventy-five percent of inhabitants would live less than
25 km from maglev stations. Trucks transferred by maglev could
attend to customers in an adjacent station area after their detrain-
ing.

The intended maglev line net [2] is shown in Fig. 2.

A dual passenger-freight maglev system could pay back the
guideway capital cost in a few years. For example, with 10,000 pas-
sengers and 2000 trailers daily (20 % of the Chicago - New York
truck traffic) the payback time for a guideway costing six million
dollars per km is only 3 years.

Currently, the 35 km-long maglev line is designed between
Space Coast Regional Airport and Port Canaveral (Florida). The
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Obr. 2. Pldnovand siet trati maglevu v Severnej Amerike
Fig. 2. The planned net of maglev lines in the North America

trat umozni ziskat skusenosti s dopravou maglevom a urobit ju
atraktivnou a popularnejsou.

5. Elektricka mestska hromadna doprava

Pohyb obyvatelstva vo velkomestach a aglomeraciach je nepred-
stavitelny bez vykonnych prostriedkov mestskej hromadnej dopravy.
Len elektrifikované trate elektriCiek, metra, mestskych lahkych
a rychlych Zeleznic su schopné prepravit mnozstvo cestujiicich
rychlo a bezpeéne v mestach, ktorych ulice a cesty su preplnené
automobilmi. Na rychle spojenie letisk s mestskymi centrami sa
stavaju Specialne Zeleznice. Vyhodami tychto systémov su nulové
exhaldcie a nizka hladina hluku.

Vzrastajuca urbanizacia vo svete si vynuti Siroky rozvoj elekt-
rifikovanej mestskej hromadnej dopravy.

6. Cestné vozidla s elektrickym pohonom

Aj v buducnosti bude cestna doprava dolezita. Elektrickou
energiou napajané cestné vozidla sa dnes menej pozivaju, aj ked
trolejbusy a elektromobily premavaju v mnohych mestach. Ale
vyskum vykonnejsich batérii a modernych pohonov s motormi na
striedavy prud (asynchréonnymi, s permanentnymi magnetmi, reluk-

line enables experience with the maglev transport and to make it
attractive and more popular.

5. Electric city mass transport

The inhabitants’ movement in large cities and agglomerations
cannot be imagined without powerful mass transport means. The
electrified lines of trams, undergrounds, urban light and express
railways are only able to move the mass of passengers quickly and
safely in cities with their streets and roads overfilled by cars. Special
railway lines are built for the quick connection of airports with
city centres. No pollution and a low noise level are advantages of
these systems.

The improving urbanisation of the world will enforce a large
development of the electrified city mass transport.

6. Road vehicles with electric drive

The road transport will also be very important in the future.
The electrical energy-supplied road vehicles are less used today;
though, trolleybuses and electromobiles are in service in many
cities. But the research of more powerful batteries and modern
drives with AC (asynchronous, permanent magnet, reluctance)
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tannymi) pre elektromobily uspeSne pokracuje. Vsetky velké
svetové automobilové a elektrické zariadenia vyrabajuce spoloc-
nosti pripravuju vlastné projekty v tomto priemyslovom odvetvi,
aby boli pripravené na rozmach vyroby elektrickych cestnych vozi-
diel ocakavany v buducnosti.

7. Zavery

Dopravné systémy spotrebuvajuce naftu nemozu zvladnut
rastuce naroky na dopravu v 21. storoci. Elektricky napajané
systémy vysokorychlostnej a mestskej dopravy su schopné tieto
poziadavky riesit energeticky, ekologicky a ekonomicky prijatel-
nejSie ako jestvujuce systémy. Prirodzene, ak bude svetova (nielen)
dopravna politika predvidat zmeny v zdrojoch energie oCakavané
v buducich desatrociach.
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motors for electromobiles goes on successfully. All big automobile
and electric equipment-producing companies in the world prepare
their projects in this industry branch to be ready for the boom
expected in electric road vehicle production in the future.

7. Conclusions

The improving transport demands in the 21% century and
later cannot be met by transport systems consuming fossil fuels.
Electrically powered systems both of high speed and city mass
transport are able to solve these demands in a more energy-, eco-
logically- and economically-friendly way than existing systems.
Naturally, if the world (not only) transport policy anticipates
expect changes in energy resources in the next few years.
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