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ELEKTRICKE PRENOSY VYKONU

MODERNIZOVANYCH RUSNOV NEZAVISLE] TRAKCIE

ELECTRICAL TRANSMISSION OF MODERNIZED LOCOMOTIVES

OF INDEPEDENT TRACTION POWER

Prispevok sa zaoberd riesenim elektrickych prenosov vykonu mo-
dernizovanych rusriov nezdvislej - motorovej trakcie. Popisuje pristup
k vyvoju, konkrétne riesenie pre modernizovany rusen so zmieSanym
striedavo - jednosmernym prenosom vykonu a projektovany a rea-

lizujiici sa rusen s plne striedavym prenosom vykonu. Vyhodnost

a opodstatnenost modernizdcii s vyssim stupriom prenosu - predo-
vsetkym AC/AC dokladuje vypoctom vyslednej uicinnosti ako aj uspo-
rami prvotného paliva, ktoré sii potvrdené prevadzkovym sledovanim.

1. Uvod

Elektrickym prenosom vykonu rozumieme taky prenos [1],
v ktorom sa meni prvotny mechanicky vykon na vykon elektricky,
ktory sluzi k napajaniu a regulovaniu elektrickych trakénych mo-
torov. Vyhodou elektrického prenosu je moznost prenosu velkych
vykonov na [ubovolny poCet hnacich naprav pohananych jednot-
livo alebo skupinovo, plynula regulacia vykonu, rychlosti a taznej
sily s mensim poctom ozubenych prevodov, vel mi dobra ucinnost,
Zivotnost a spolahlivost. Vol'ba druhu elektrického prenosu vykonu
vystupuje do popredia hlavne pri modernizacii terajSich - doslu-
hujucich rusnov nezavislej trakcie - hlavne dieselelektrickych. Pod-
statou dieselelektrického trakéného prenosu je, Ze mechanicky
vykon prvotného spalovacieho motora sa meni v dynamoelektric-
kom stroji (generatore) na elektricky vykon s regulovatelnym
napatim, ktorym sa napajaju elektrické trakéné motory. V zavis-
losti od pouzitej prudovej sustavy generatora, ktory meni mecha-
nicky vykon na elektricky a podla druhu elektrického trakéného
motora rozoznavame prenosy vykonov
- jednosmerné - DC/DC,
- zmie$ané - AC/DC,
- plne striedavé - AC/AC.

2. Zakladné charakteristiky jednotlivych elektrickych
prenosov vykonu

Zakladné schémy zapojenia jednotlivych elektrickych preno-
sov vykonu su uvedené na obr. la, b, c.
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The contribution addresses diesel-electric power transmission of
modernized locomotives for independent motor traction. It describes
the approach to development; the solution of modernized locomotives
with hybrid AC/DC power transmission, desiqued and realized loco-
motive with full AC/AC power transmission. Advantages and reaso-
nability of modernization with an advanced transmission degree
(namely as AC/AC) is confirmed by total efficiency calculation as
well as by benefits in basic fuel savings, which have been carried out
from the real operation.

1. Introduction

Electric power transmission means that the basis of mechanic-
al power is transformed into electric power. The electric power
supplies and controls electric traction motors. An advantage of
electric power transmission is the possibility to convey a greater
amount of power onto arbitrary number of axles, which are single
or group driven. There are also advantages of smooth power, speed,
and tractive force control, allowing the use of less gearboxes, to
raise the entire efficiency, reliability, and total lifetime. The choos-
ing of electric power transmission types comes forward in upgrad-
ing existing locomotives especially for independent diesel-electric
traction. The origin of the mechanical power of a diesel engine is
converted into electric power with variable voltage using the elec-
tric generator, and this is the basis of diesel-electric traction. The
electric power supplies the traction motors. Depending on the
electric traction system used, it means the type of used generators
and traction motors, the following power transmissions are recog-
nized:

- direct one - DC/DC,
- hybrid one - AC/DC,
- alternate one - AC/AC.

2. Basic features of individual electric power
transmission

The fundamental flowchart of distinct electric power trans-
missions is depicted in Fig. 1 a), b), and c).
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Obr. 1. Principidlne schémy zapojeni siistav s elektrickym prenosom vykonu
Fig. 1. The principal schemes of connections of the systems with electric power transmission

KOMUNIKACIE / COMMUNICATIONS 2-3/2001 « [|



KOMNIKCCe

C O M M UNICATI ON:S

2.1 Jednosmerny prenos - DC/DC

Jednosmerny DC/DC prenos pozostava - pozri obr. 1a, z jed-
nosmerného regulacného generatora (dynama), ktory regulovatel-
nym napatim napaja jednosmerné sériové trakéné motory.
Trakéné motory pracuju priblizne so stalym prikonom zavislym
len od prvotného spalovacieho motora SM. Regula¢ny rozsah
otaciek trakénych motorov sa zvacsuje v drvivej vacSine skokovitym
kontaktnym spdsobom zoslabovania (Suntovania) budenia. Tento
druh prenosu je zatial najrozsirenejSim druhom prenosu v triede
motorovych rusiov na ZSR. Nevyhodou tohoto prenosu predov-
Setkym je, Ze elektrické stroje to€ivé s ktorymi pracuje, obsahuju
klzny kontakt (uhlik - komutatorova lamela), ktory vo svojej pod-
state limituje: maximalne otacky a komutaciu, vyZzaduje Castu a pra-
videlnu udrzbu a nie je ich mozné navrhovat (vzhladom na obme-
dzenie jazdného profilu) na vysSie vykony vzhladom na rozmery
a hmotnost.

2.2 Zmiesany prenos - AC/DC

Zmiesany striedavo - jednosmerny AC/DC prenos vykonu sa
vyznacuje tym, Ze kontaktny a rozmerny trakény generator TG je
nahradeny striedavym generatorom - alternatorom (prevazne
s vyjadrenymi polmi) SG - pozri obr. 1b, v poslednom desatro¢i
konStruovanym na bezkontaktnom principe budenia. Takyto gene-
rator je doplneny trakénym usmeriiovacom TUS 1, ktory usmer-
nuje striedavé napatie, ktorym su nasledne napajané jednosmerné
seriové trakéné motory M1 a M2 - pozri obr. 1b. Tento druh
pohonu prevazuje v sucasnosti v SR pri realizujicich sa moderni-
zaciach [2], [3] pre ZSR ako hlavného odberatela a uZivatela
modernizovanych vozidiel. Da sa povedat, Ze hlavnym dévodom
tychto modernizacii je v prvom rade remotorizacia, t. j. nahrada
povodného spalovacieho motora motorom novym (obvykle s uz
s nizSou mernou spotrebou paliva - nafty), inStalacia novej
vyzbroje charakteristickej zmieSanym prenosom vykonu (motivo-
vanym a podmienenym sucasnym ,,dostatkom® povodnych trak¢-
nych motorov), ¢asto novym konStrukénym rieSenim hrubej
stavby a dizajnom vozidla. Prikladom takto realizovaného
postupu je modernizacia motorového rusna povodného oznacenia
T669 (r. 770) na vozidlo r. 773. V tab. ¢. 1 uvadzame zakladné
parametre povodného a modernizovaného vozidla v takom
rozsahu a skladbe, aby z nej bolo mozno vidiet odlisnosti a hlavné
znaky modernizacie:

Pri vyvoji a konstrukcii uzlov modernizovaného vozidla bol
hlavne pri navrhu koncepcie elektrickej vyzbroje dosledne dodrzia-
vany princip komplexnosti a zohladnovanie nového rieSenia. Kon-
cepcia elektrickej vyzbroje bola uz popisana napr. v [2], preto sa
v danom prispevku obmedzim iba na dalSiu charakteristiku kom-
ponentov vyzbroje, podla principialnej schémy zapojenia 1-nej
motorovej skupiny, ktora je znazornena na obr. 2:

- Synchronny generator GG1 ma vinutie kotvy zapojené do 3-och
samostatnych hviezd, priCom kazda napaja usmernovac¢ GU,
ktory nasledne napaja jednu trakénu skupinu, t. j. dvojicu v sérii
zapojenych trakénych jednosmernych sériovych motorov typu
TEO006. Takéto rieSenie umoznuje priaznivejSie dimenzovanie

2.1 Direct transmission DC/DC

The direct transmission DC/DC consists of direct governable
generator i.e. dynamo, supplying DC series traction motor with
variable voltage. The traction motors operate almost with steady
input power, depending on the origin diesel engine SM. The speed
adjustment of DC traction motors employs field-weakening ap-
proach and is mostly performed using contact switching. This kind
of electric transmission is frequently used with diesel engine loco-
motives by ZSR. The main disadvantage of DC motor utilization
is a running contact (carbon-commutation lamella), which limits
the maximum speed, and it requires often and regular maintenance.
There is no possibility to design them for higher input power flow
because of size, weight restrictions and terrain profile.

2.2 Hybrid AC/DC

The basic feature of mixed AC/DC electric power transmis-
sion is that the alternating generator SG with salient poles replac-
es the massive traction generator see fig. 1b). In the last decade
semiconductor field energization is mostly applied. This genera-
tor is connected with traction rectifier TUS1 that rectify the alter-
nating voltage. Subsequently the rectified voltage supplies DC
series traction motors M1 and M2 see fig. 1b. This kind of trans-
mission prevails in SR of renewed locomotives. The ZSR is the
core customer of refurbished locomotives. The main reason of
these renovations is replacing existing diesel engines by more fuel
efficient ones and installing new electric equipment featuring
hybrid electric power transmission, and there is availability of origin
traction motors. The renovation goes with new vehicle construc-
tion and redesigned faire. There is locomotive T699 (r. 770) moder-
nization for new vehicle r. 773 being renewed. The table 1 shows
original locomotive parameters and other column discloses para-
meters of a renewed vehicle:

Under development and construction of a renewed vehicle
was taken into account complex electric equipment approach and
new design approach. The electric equipment concept was describ-
ed [2], and this article discusses only the features of electric equip-
ment components under the circuit scheme of first motor group,
see Fig. 2:

- Synchronous generator GG1 consists of three individually-con-
nected windings and each one supplies rectifier GU. Subsequently,
the rectifier feeds one traction group consisting of series-connect-
ed traction DC motors. This approach simplifies the traction
rectifier design, its short-circuitry resistance and improves gene-
rator reliability

- Electro-dynamic brake, the part of traction circuit, includes
braking resistance RB, partly switched 1:0,5:0,25 of total resis-
tance range by thyristors labeled 146 and 147. Breaking resistor
are two independent modules individually cooled by auxiliary
DC motors MV2, which are fed from resistance tap. DC motor
drives axial power pressure valve.
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Tab. 1 Table 1
Parameter T 669.0,1 r. 773 Parameters T699.0,1 r. 773
Hmotnost vozidla [t] 111/114 107/112 £3% Weight of vehicle [t] 111/114 107/112 £3%
Vykon spalovacieho motora Power diesel engine - Py [kW] 993 1300
- Py [kW] 993 1305 Type and the producer of the K6S 310DR | CATERPILLAR
Typ a vyrobca spalovaciecho motora| K6S 310 DR | CATERPILLAR combustion engine CKD Praha 3512
CKD Praha 3512 DITA/2-USA
DITA/2-USA Specific fuel consumption
Merna spotreba paliva pri at Py [g/kWh] 227,6 2259
Py [g/kWh] 227.6 2259 Maximum tractive force [kN] 290 340
Maximalna tazn sila [kN] 290 340 Steady tractive force [kN] 198 200
Trvald taznd sila [kN] 198 200 Length/width/height [mm] 17220 X 3150 | 17300 X 3080
Dizka x §irka x vyska vozidla [mm]| 17 220 X 3 150 | 17 300 X 3 080 X 4635 X 4600
X 4635 X 4600 Faire height [mm] 2835 1600
Vyska kapotaze [mm] 2 835 1600 Maximum speed [kmh—l] 90 100
Maximalna rychlost [km/h] 90 100 Traction generator DC AC
Typ trakéného generatora Jednosmerny Striedavy Power [KW] 885 1380 kVA
-DC - AC -
. Weight [kg] 4795 5350
Vykon trakéného generatora [kW] 885 1 380 kVA - —

- — Traction rectifier - 3 X uncontroll-
Hmotnost trakéného ed bridge / air
generatora [kg] 41795 5350 cooling
Trakény usmerniova¢ - druh - 3 x neriadeny, Weight [kg] _

mostikovy, vzdu- -
chom chladeny Electro-dynamic brake-power [kW] - 1350
Hmotnost [kg] _ 145 Regime EDB - Downhlll/
- Stopping
Elektrodynamicka brzda - : "
- vjkon [kW] _ 1350 Shunting Relay switch | Semiconductor
Rezim EDB _ spadovy/ Aucxiliary drives Mechanical Electric
zastavovaci
Odbudzovanie Kontaktné, Bezkontaktné,
stykacové plynulé - the circuit posses a new way of connection for smooth, contact-
Pomocné pohony Mechanicko- | plne elektrické less field weakening of traction motor in DRIVE motoring mode
elektrické and separate excitation of traction motors MT1, MT2 in EDB

trakéného usmernovaca, jeho skratovii odolnost a prispieva aj
k zvysovaniu spolahlivosti generatora.

- Sucastou trakcného obvodu (-ov) je obvod elektrodynamicke;j
brzdy (EDB), tvorenej odpornikom RB, spinanym bezkontaktne
tyristormi (VS 144, 146) v podiele 1:0,5:0,25 celkovej ohmicke;j
hodnoty odpornika. Odporniky su rieSené ako 2 moduly, kazdy
chladeny jednosmernym motorom (MV2) napajanym z odbocky
odpornika pohanajucim vykonny axialny pretlakovy ventilator.

- Zapojenie disponuje novym plynulym, bezkontaktnym zoslabo-
vanim budenia trak¢énych motorov v rezime ,JAZDA® a cudzim
budenim trakénych motorov (MT1 a MT2) v rezime ,,EDB®.
K tomuto ucelu sluzi paralelny meni¢ (VS 134, VS 136) pracu-
juci v 1. pripade ako invertor (rekuperujuci energiu budiacich
vinuti cez pomocny transformator TM1 do pomocného genera-
tora GG2 (na obr. 2 nie je znazorneny). V pripade EDB pracuje
meni¢ ako riadeny usmernovac, ktory napaja budiace vinutia
motorov regulovatelnym napatim z transformatora TM.

- Sucasfou elektrovyzbroje - v Casti trakcie je aj zapojenie pre
nudzovy pojazd vozidla z akumulatorovej batérie vozidla (24 V
js). Toto zapojenie umoznuje z batérie napajat bud’ 1-nu, resp.

mode. Parallel converters VS134, VS136 serve for this purpos-
es. In the first situation the converter performs as an inverter,
which regenerates electric power of field windings into auxi-
liary generator GG2 (is not depicted) over auxiliary transformer
TMI. In EDB mode, the inverter performs as controlled recti-
fier feeding field winding of motors with variable voltage from
transformer TM.

- In the traction section as part of electric equipment there is an

involvement for an emergency running down of vehicle. The
24 V battery feeds either one traction group only or all of them.
Under no operation of diesel engine, can the vehicle run at 2,5
kmbh-1 speed.

- Auxiliary drives are fully electric powered. The electric power

source is auxiliary generator GG2, which is driven, by main

generator GG1 using belt transmission. This generator supplies

four static frequency converters that subsequently feed:

1. Converter feeds induction motors of a new spiral compres-
sor and fans of compressor cooling (30kW, 1,5kW)

2. Converter feeds two induction machines for cooling diesel
engine (2 X 22kW) in frequency range 0 <+ 28 (36) Hz.
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Obr. 2. Schéma zapojenia trakénych obvodov 1. motorovej skupiny
Fig. 2. Ist motor class traction circuits layout

vSetky trakéné skupiny, ¢o umoziuje manévrovat s vozidlom pri
nebeziacom spalovacom motore rychlostou do cca 2,5 kmh ™!,

- Plne elektrické su pomocné pohony. Zdrojom elektrickej energie
je pomocny alternator GG2, ktory je pohanany remenovym
prevodom od hlavného generatora GG1. Z tohoto generatora
st napajané 4 ks statickych menicov frekvencie, ktoré postupne
napajaju:

1. menié napaja asynchronne motory nového - skrutkového
kompresora a ventilator chladenia kompresora (30 kW a 1,5
kW);

2. menic napaja 2 asynchronne motory chladenia chladica spa-
lovacieho motora (2 X 22 kW), napdjané v rozsahu frek-
vencie 0 az 28 (36) Hz;

3. menic napaja 2 asynchrénne motory pohanajuce ventilatory
generujlce chladiaci vzduch pre chladenie trakénych moto-
rov (2 X 18,5 kW) a jeden asynchronny motor ventilatora
(0,55 kW) chladenia trakéného usmernovaca a spinacov
EDB a odbudzovania;

4. meniC napaja motory klimatizacie kabiny rusnovodica.

Sucastou pomocnych pohonov je aj nabijacka akumulatorovej
batérie a pripojka na verejnu siet umoznujica (pri stojacom SM)
zasobit vozidlo stlatenym vzduchom a dobit batériu vozidla.

Cela, horeuvedena a popisana vyzbroj bola realizovana v 5-tich
kusoch modernizovanych rusnov r. 773 a v rokoch 1999 - 2000
dana do uzivania v RD Zvolen. V sucasnosti (3/2001) kon¢i vyroba
dalsich 5-tich kusov. Ostava poznamenat, Ze cela trakéna vyzbroj
a elektronika pomocnych pohonov je rozmiestnena v kontejneri

3. Converter feeds two induction machines of fans for electric
traction motors (2 X 18,5 kW) and one induction motor of
fan (0,55 kW) for traction rectifier, field weakening and
EDB thyristors.

4. Converter feeds air-conditioning motor of driver cockpit.

The charger of accumulator batteries is the part of electric
equipment and the electric plug. The plug of public electric supply
network allows external charging of vehicle batteries and supply-
ing the vehicle with pressure air.

The aforementioned description of the entire electric power
equipment was realized for five renewed r. 773 locomotives in the
years 1999-2000 for RD Zvolen. Five other locomotives are being
finished by 3/2001. Complete electric power equipment and elec-
tronics of auxiliary drives are arranged in a container placed
behind the driver’s cockpit. The size is 2511 X 1737 X 1708 mm
and total weight 3250 kg. The vehicle and mechanical parts com-
pletion producer is ZTS-KYV, a. s., Dubnica nad Vahom.

2.3 AC/AC transmission

Under electrical power transmission, the electric traction motor
plays a key function for the following reasons:
« Size and weight
« Traction and control capabilities
» Maintenance
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umiestnenom za kabinou s rozmermi 2 511 X 1 737 X 1 708 mm
a s celkovou hmotnostou cca 3 250 kg (vratane kapotaze). Ostava
poznamenat, Ze finalistom vozidla a kompletatorom mechanickej
Casti je ZTS-KYV, a. s., Dubnica nad Vahom.

2.3 Plne striedavy prenos - AC/AC

Pri elektrickom prenose vykonu zohrava trakény motor roz-
hodujucu ulohu z hladiska
« rozmerov a hmotnosti,
« trakénych a regula¢nych vlastnosti,
« obsluhy a udrzby,
« celkového vplyvu trakéného motora na dynamiku jazdy a zvrsku
(vplyv nevypruzenych hmot).

Snaha o odstranenie nedostatkov jednosmerného trakéného
motora viedla k vol'be iného druhu elektrického motora - motora
bezkontaktného - asynchronneho, s kotvou nakratko (ATM).
Okrem ATM st zname realizacie trakéného pohonu aj so synch-
ronnymi - ventilovymi motormi (byvalé ZSSR, Japonsko, Francuz-
sko), avSak v pocte realizovanych vozidiel neprevysili asynchronny
typ. Nakoniec prvy realizovany rusen s plne striedavym prenosom
vykonu bol predstaveny v r. 1970 [4] firmou HENSCHEL - BBC.
Je nutné poznamenat, Ze popredné europske firmy cca od r. 1980
vyrabaju vozidla uz iba s plne striedavym prenosom vykonu [5].
O potrebe modernizacie vozidiel s takymto typom prenosu sa
zatial nepodarilo presved¢it buducich uZivatelov - ZSR. Zakladna
principidlna schéma plne striedavého prenosu je na obr. 1c. Oproti
zmieSanému prenosu sa vyznacuje dalSimi uzlami: - jednosmernym
medziobvodom - MO a trakénym frekvenénym menicom TMF1,
napajajucim asynchronne trakéné motory ATM. Z hladiska typu
TMF1 uvaZujeme v sucasnosti v podmienkach EVPU a. s. uz iba
s meniémi napitového typu so sinusovou SIM, realizovanych na
IGBT prvkoch. Snaha o realizaciu modernizacie vozidla odvode-
ného z vozidla r. 773 s plnymi AC/AC prenosom za viac ako 2,5
roéné tsilie nenasla u zodpovednych pracovnikov ZSR odozvu.

2.3.1 Projekt vozidla r. 774 AC

Vdaka dlhoroénému pdsobeniu EVPU a. s. v oblasti polovo-
dicovej techniky, bol v spolupraci so ZTS - Vyskum a vyvoj, a. s.
Dubnica nad Vahom spracovany projekt rusia s vykonom 1 500 kW,
s AC/AC prenosom vykonu. Projektantom a buducim dodavatelom
prevaznej Gasti elektrickej vyzbroje by bolo EVPU a. s. Koncepéne
projekt vozidla vychadza z vozidla r. 773 (nezmeneny tvar, rovnaké
kapotaze, spalovaci motor tych istych rozmerov ale zvySeného
vykonu, rozmerovo rovnaky trakény generator) a obsahuje novu
vyzbroj AC/AC typu. Principialna schéma zapojenia trakénych
a pomocnych pohonov rusia je na obr. 3 a jeho pracovné typové
oznacenie je 774 AC. Zdrojom prvotnej energie je spalovaci motor
firmy Caterpillar 3512B s vykonom 1 566 kW pri otackach 1 880
min~'. Merna spotreba paliva tohto motora pri menovitom vykone
¢ini 193,2 g/kWh. Trakény generator je z radu 1FC2, 6-polovy,
s bezkontaktnym budenim od firmy Siemens, s.r.o. Napétie gene-
ratora je usmernené trakénym usmernovacom GU1, vystup ktorého
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« Opverall traction motor influences on drive dynamics and coping
(non-elasticity mass)

There was always an effort to replace the DC motor by select-
ing another kind of electric motor. The squirrel cage induction
machine is usually chosen; however, some countries such as France,
former USSR, Japan attempted to use synchronous motors without
any significant achievements. The HENSCHEL-BBC Corporation
introduced the first diesel-electric locomotive with AC/AC trans-
mission in 1970 [4]. Since the 1980s, leading European companies
manufacture the traction vehicle with only AC/AC power trans-
mission. The ZSR Corporation didn’t find the aspects to operate
the locomotives with AC/AC power transmission in spite of the
general conviction of their usefulness. The fundamental schematic
of fully AC/AC power transmission is depicted in Fig. 1c). Atten-
tion is given to hybrid power transmission, the AC/AC features DC
link MO, and traction rectifier TMF1 supplying asynchronous
traction motors. Concerning the type of traction converter, EVPU
considers only the voltage source inverter with sinusoidal PWM
on IGBT basis. Although for almost 2.5 years there has been a ten-
dency to modernize a chosen vehicle derived from the vehicle
type 773 equipment with AC/AC transmission, it has not been
positively accepted by top managers of the Slovak Railways.

2.3.1 Vehicle No. 774 of series

Due to EVPU experiences in power electronics, the R&D
team developed the locomotive project of 1500kW power with
AC/AC transmission. EVPU was supposed to be the designer and
major manufacturer of electric power equipment. Prime concept-
ual design is taken from r. 773 vehicle with renewed electric power
equipment but using the same faire, diesel engine with higher
output power remaining the size, and the same traction generator
in size. The basic locomotive schematic of traction and auxiliary
drives is shown in Fig.3 labeling 774AC. As mentioned before, the
original power source is diesel engine Caterpillar 3512B with
output power 1566kW, 1880 min~'. Specific consumption of this
engine at nominal power is 193.2 g/kWh. The traction generator
is 1FC2 machine of Siemens with 6 poles and contactless field
energization. Traction rectifier GU1 rectifies the electric genera-
tor output voltage, which leads to a DC link circuit. The DC link
MO supplies the traction frequency converters TMF1 + 6, each
of these converters feeds the traction motors individually. The
complete electromagnetic and mechanical design of mentioned
traction motor was made in the project framework, and its rated
parameters are as follows:

Type: MAT 400 — TC
Number of poles: 6
Torque: 3894 Nm

power factor: 0.902

efficiency [%]: 94.7

temperature level: H

Voltage: 3 X 950 V Isolation/cooling: IP23/external air
Current: 284 A revolution: 981 min~!
Rated/maximum voltage frequency: 50/140Hz

Motor assembly: paw location, improved bearing

Weight: 1450 kg
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Obr. 3. Schéma zapojenia trakcénych a pomocnych pohonov rusia r. 774 s AC/AC prenosom
Fig. 3. Design connection of traction and auxiliary locomotive drive with AC/AC transmission

je vedeny do jednosmerného medziobvodu. Z jednosmerného
medziobvodu su napajané trak¢éné frekvencné menice TMF1 az 6,
pricom kazdy z nich napaja jeden trakény asynchrénny motor
ATM s kotvou nakratko. V ramci navrhu projektu bol uskutocneny
kompletny elektromagneticky a konStrukény navrh predmetného
motora, ktorého Stitkové parametre su:
Typ: MAT 400 — TC Menovity u¢innik - 0,902
Pocet polov - 6 Menovita ucinnost [%] - 94,7
Menovity trvaly moment - 3 894 Nm  Teplotna trieda - H
Teoreticky trvaly vykon - 400 kW Krytie/chladenie - P23/
cudzie, vzduchové
Menovité napitie - 3 X 950 V. Menovité otacky - 981 min-1
Menovity prud - 284 A Maximalne otacky - 3 300 min~
Menovita/maximalna frekvencia napajacieho napétia [Hz] - 50/140
Vyhotovenie motora - tlapové, so zdokonalenym loziskovym ulo-
Zenim
Hmotnost motora - 1 450 kg

1

Porovnanie rozmerov a tvaru novonavrhnutého ATM s moto-
rom jednosmernym sériovym typu TE 006, ktory je pouzity vo
vozidle r. 773, je na obr. 4. Vyssi vykon motora je voleny preto, aby
(vzhladom na znac¢né naklady suvisiace s vyrobou opakovanych
kusov) ho bolo mozné inStalovat aj do podvozkov rusnov s vyko-
nom prvotného motora 2 000 az 2 500 kW. O takéto vykony preja-
vili zaujem hlavne stredoazijské krajiny byvalého ZSSR. Tieto

Comparison of the newly designed induction motor ATM and
the previous DC traction motor is shown in Fig. 4. The greater
output power of ATM is preferred because it simplifies mounting
into bogie of locomotive with greater diesel engine power 2000 +
2500 kW. The former Soviet Union countries of central Asia are
demanding this power range. The mentioned requirements were
taken into account in the 774 AC locomotive designs.

Power traction circuits include the circuit of electro-dynamic
brake with power resistance BR1 + BR2. These are air cooled by
pressure fans, which are driven with DC drives.

The source of auxiliary drives is the static converter MJN 1of
DC/DC type. This drives fully electric fed consisting of frequency
converters MPP1 + 4 and induction machine M1 + M0 see Fig. 3
right. This converter adjusts the DC link voltage into a constant
voltage level supplying DC link of MP1 + 4 converters. Auxiliary
circuits contain also battery charger supplied from vehicle MIN2,
public grid TR1, GU2, respectively.

The following table compares essential features of 774 AC
with top vehicle of AD Tranz corporation built in Kassel, Germany
and labeled as Blue Tiger - DE-AC33C with fully AC/AC power
transmission.
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MAT-400-TC

poziadavky boli zohladnované aj pri projekte
rusna 774 AC.

Trakéné obvody obsahuju aj obvod elektro-
dynamickej brzdy s odpornikmi (BR1 az BR4),
chladenymi axialnymi pretlakovymi ventilatormi
pohanajucimi js. motormi napajanymi z odbocCiek
podpornikov.

Zdrojom energie pomocnych pohonov (ktoré
su plne elektrické, tvorené frekvenénymi meni¢mi
MPP1 az 4 a asynchronnymi motormi M1 a M10
- pozri obr. 3 vpravo), je staticky meni¢ MJN1
typu DC/DC. Tento meni¢ upravuje meniace sa
napatie jednosmerného medziobvodu na kon-
Stantné jednosmerné napitie pre napajanie jed-
nosmernych medziobvodov frekvenénych meni-

¢ov MPP1 az 4. Pomocné obvody obsahuju este MOTOR 3IRKA VYSKA DLZKA HMOTNOST
nabijacku batérie napajanu z vozidla (MJN2), fre (mm) (mm) (mm) (kg)
resp. siete (TR1, GU2). TE 006 936 885 1246 2650

Pre porovnanie uvadzame v tab. €. 2 zaruco- MAT-400-TC | 862 725 1085 1450
vané vypocitané a konStrukéné parametre rusna

r. 774 AC v porovnani so Spickovym vozidlom  Obr. 4. Porovnanie obrysovych rozmerov asynchrénneho trakéného motora MAT-400-TC
firmy Adtranz a GE Transportation System posta-
venym v Kasseli (SRN) v r. 1996 s oznacenim

,Blue Tiger” - DE-AC33C a plne striedavym pre-

s jednosmernym trakcnym motorom TE 006
Fig. 4. Comparison of outline dimensions of asynchronous motor MAT-400-TC
with a direct-line motor TE 006

nosom [5]:
Tab. 2 Table 2
Parameter r. 774AC Blue Tiger Parameter r. 7714AC Blue Tiger
Rozchod 1435/1 524 1 435/1 067 Track gauge [mm] 1435/1524 1435/1067
Usporiadanie naprav Co’Co’ Co’Co’ Wheel arrangement Co’Co’ Co’Co’
Hmotnost [min/max] 107/114 t 108/132 t Weight [min/max] 107/114 t 108/132 t
Vykon spalovacieho motora 1566 kW 2460 kW (1640, Diesel engine power 1566 kW 2460 kW(1640,
3285kW) 3285 kW)
Maximalna fazna sila 340 kN 517/370 kN Maximum tractive force 340 kN 517/370 kN
Dizka vozidla [mm] 17 220 22 000 Length of vehicle [mm] 17220 22000
Sirka vozidla [mm)] 3150 2 800 Width of vehicle [mm|] 3150 2800
Vyska vozidla [mm] 4667 4080/3 710 Height of vehicle [mm] 4667 4080/3710
Maximalna rychlost 100 kmh ™! 120 kmh ™! Maximum speed 100 kmh ™! 120 kmh ™!
(ndkl. Verzia) Traction generator AC AC
Typ trakéného generatora Striedavy - AC Striedavy - AC Traction rectifier Uncontrolled Uncontrolled
Trakény usmernovac Neriadeny Neriadeny Traction frequency converters IGBT GTO
Trakéné frekveniné menice IGBT GTO Traction motor Induction motor Induction motor
Trakény motor Asynchrénny Asynchronny Auxiliary drive source Static IGBT AC aux.
Zdroj pomoc. pohonov staticky - IGBT AC pomoc. Generator
Generator Motor of auxiliary drives IM, standard IM, integral
Motory pomoc. pohonov Asynchronne, .asynchrOn., Converters of auxiliary drives|  Freq. (smooth stepped-
Standard. integr. konst. control freq. control
Menice pomoc. pohonov frekvenc. stupnovitd, frek.
- plynula reg. regul.
2.3.2 Projekt a realizacia vozidla DI 2201 2.3.2 DL 2201 project and its completion
Vyvoj komponentov pre striedavy prenos vykonu v EVPU a.s. Development of AC power transmission components of EVPU
podnietil EVPU a.s. a ZTS - Kolajové vozidla, a. s. Dubnica nad | a.s.and cooperation between EVPU and ZTS-KV opened an idea
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Vahom realizovat projekt modernizacie dvojnapravového rusna
povodného oznacenia T211.0. Povodny rusen sa vyuzival v zavod-
nej doprave a bol technicky opotrebovany. Z hladiska trakcie bol
vybaveny sériovo vyrabanym automobilovym motorom TATRA,
s naslednym mechanickym prenosom vykonu cez 4-stupnovu pre-
vodovku a nasledné prevodovky umiestnené v hnacich napravach.

Modernizovany rusen po skuskach v zavodnej doprave sa bude
pouzivat aj v tratovej sluzbe ZSR.

Modernizovany rusen zaklada na pouZiti nového spalovacieho
motora CATERPILLAR, typ 3406DI-TA, s menovitym vykonom
257 kW, pri otackach 650 = 1 800 min~ . Zakladna schéma zapo-
jenia trakénych a pomocnych obvodov rusna je na obr. 5. Spalovaci
motor SM1 pohdna cez pruznu spojku trojfazovy bezkontaktny
alternator G1. Vystupné napétie generatora je usmernené trakénym
usmernovacom GUI1. Vystupné usmernené napitie je privadzané
na vstup do trakéného frekvencného menica TM1, ktory generuje
napdatie premenlivej frekvencie uréené pre napajanie asynchron-
neho trakéného motora ATM. Motoru je predradena tlmivka L1
zvySujuca rozptylové reaktancie motora a obmedzujica komu-
tacné $picky spinacov IGBT. ATM pohana cez kardanovy hriadel
trakénu prevodovku s prevodom i = 4,76; z prevodovKy si na obe
strany pohanané napravové prevodovky s povodnym prevodom
i = 57/17. Pomocné pohony st podobne ako pri predchadzajicich
rusnoch plne elektrické. Zdrojom energie pomocnych pohonov
je meni¢ MIN1 typu DC/DC, ktory z meniaceho jednosmerného

_e

GU1

TTT11
SM1

of the project for renewing two-axle locomotive previously labeled
as T211.0. This railway engine was rather obsolete. From a traction
point of view, batch-produced diesel engine of TATRA Corpora-
tion powers two-axle bogie over four level gearboxes. Modernized
locomotive after tests in factory transport will also be used in the
track service of the Slovak railways.

Upgraded locomotives are based on the Caterpillar diesel
engine of 3406DI-TA type with output power 257 kW correspond-
ing 650 <+ 1800 min~'. The basic schematic of traction and auxi-
liary circuits is shown in Fig. 5. Diesel engine drives three-phase
contact-less generator G1 through slipping clutch. Traction recti-
fier GU1 rectifies the output voltage of generator G1, which goes
to traction converters TM Iterminals. A traction converter makes
voltage of adjustable frequency for supplying asynchronous trac-
tion motor. Leakage reactance limits commutation peaks of IGBTs
and is connected in series with the motor. Traction motor ATM
drives the gearbox (i = 4.76) over universal axle, and it drives both
bogie gearboxes of i = 57/17. Auxiliary drives are very similar with
the aforementioned ones and are fully electric powered. The
energy source of auxiliary drives is MIN1 converter of DC/DC
type, which adjusts variable DC voltage into a constant one. This
constant voltage is used for the converter DC link supply of MPP1
and MPP2. MPP1 converter feeds the motor of compressor, and
MPP2 feeds induction machine of traction motor fan and the fan

™1
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ATM
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Obr. 5. Zdkladnd schéma zapojenia trakénych a pomocnych obvodov rusnia DL 2201 s AC/AC prenosom
Fig. 5. The basic connection diagram of traction and auxiliary drives of the locomotive DL 2201 with AC/AC transmission
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napatia vyraba konStantné jednosmerné napitie pre napajanie
medziobvodu striedacov MPP1 a MPP2. Strieda¢ MPP1 pohana
motor kompresora, striecda¢ MPP2 pohana asynchronny motor
ventilatora trakéného motora a asynchronny motor ventilaéného
agregatu trakcného striedaca TM 1. Vozidlo obsahuje aj odpornik
elektrodynamickej brzdy pre zastavovaci rezim s celkovym vykonom
100 kW.

Cela vyzbroj obsahujica trakény usmerfovac, trak¢ny menic,
meni¢ MJN1 a menice MPP1 a MPP2 véitane istiacich prvkov je
umiestnena v samostatnom rozvadzaci v rozmeroch (5§ X h X v)
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of traction converter TM1. The vehicle contains brake resistance
of electro-dynamic brake of 100 kW.

The entire electric power equipment includes traction rectifier,
traction converter, converter MJN1 and MPP1, MPP2 are placed
in a container-like box in size of 1780 X 595 X 1400 mm.

The following table 3 compares some basic features of the pre-
vious and renewed traction vehicle:

~ 1780 X 595 X 1 400 mm. Table 3
Pre porovnanie uvadzame niektoré zakladné parametre povod- T21L0 DL2201
ného a modernizovaného vozidla: i
Wheel arrangement B B
Tab. 3 Diesel engine power 118 kW 257 kW
T211.0 DL2201 Maximum speed 40 kmh ™! 40 kmh ™!
Usporiadanie dvojkoli B B Weight of fully equipped loco 2t*3% 2t*3%
Vykon spalovacieho motora 118 kW 257 kW Starting tractive effort 55.4 kKN 717 kN
Maximalna rychlost - Vimax 40 km/h 40 km/h Continous tractive effort 25.1 kN 58 kKN
Hmotnost plne vyzbrojeného - 1
rusfia 22000kg £3% | 22000 kg = 3 % Steady speed 9.82 kmh 12 kmh
Tazna sila na medzi adhezie 55,4 kN 71,7 kKN Tractive effort for Vmax 9-6 kN 18 kKN
Trvala tazna sila 25,1 kN 58 kN
Trvala rychlost 9,82 km/h 12 km/h . . .
= — During the process of this paper the assembly of the first pro-
Tazna sila pri Vmax 9,6 kKN 18 kKN

V dobe spracovania tohoto prispevku koncila montaz prvého
prototypu a zacali sa skusky jednotlivych agregatov.

3. Porovnanie ucinnosti prenosovych systémov DC/DC
- AC/DC - AC/AC rusnov jednej kategorie

Pre posudenie a porovnanie ucinnosti jednotlivych prenoso-
vych systémov bola v [6] uskutonena analyza refazcov energe-
tickej premeny jednotlivych druhov prenosu rusna tzv. ,jednej
kategorie®, tzn. povodného vozidla r. 770(T669) s DC/DC preno-
som, modernizovaného r. 773 s AC/DC prenosom a projekcne
pripravovanym vozidlom s oznacenim 774AC s plne striedavym
prenosom AC/AC. Vzhladom na zameranie predmetného prispev-
ku, obmedzime sa iba na tzv. bod menovitého chodu, pre ktory
boli stanovené aj ucinnosti jednotlivych uzlov prenosu. Vysledné
refazce pre vSetky tri druhy elektrického prenosu rusia jednej
kategorie su na obr. 6. Vpravo od kazdého uzla je uvedena vypoci-
tana, resp. namerana jeho Gc¢innost v menovitom bode. Cielom
tejto analyzy okrem iného je aj dokazat uzivatelom vozidiel, ze
akakolvek vysSia modernizacia rusiov tejto kategdrie ma zmysel
a opodstatnenie vtedy, ak sa dosiahne vyS$Sia ucinnost prenosu
a z toho plyntca uspora prvotného paliva. Vysledkom vypoctu je
tabul’ka ¢. 4, ktora uvadza vysledné ucinnosti vozidla 7, a u€in-
nosti prenosu vykonu 7,,.

Konkrétny vypocet ucinnosti prenosov pre jednu ,kategdriu®
rusna ukazuje a potvrdzuje skutocnost, Ze najvyssou tucinnostou

totype was finished and testing of each aggregate of the system
has been started.

3. Efficiency comparison of DC/DC - AC/DC - and
AC/AC transmission systems of one-category
locomotives

The analysis of energetic transformation chains of each type
of transmission was done for comparison of their efficiency [6], at
the one-category locomotive, original vehicle type 770 (T669) of
DC/DC transmission, modenized type 773 with AC/DC trans-
mission and project-prepared vehicle type 774AC. Due to the dedi-
cation of this paper, it will just refer to rating point operation, for
that the efficiency of aggregate has been settled. All the schemes
for all three types of electric transmission of one-category loco-
motive are depicted in Fig. 6; right to each aggregate, the calcula-
ted and/or measured efficiency for rate working point is given.

The aim of this analysis (besides others) is to show vehicle
users that any advanced modernization of this category locomo-
tives is necessary in the case if the higher efficiency of the trans-
mission is reached and that means saving of the primary fuel The
resulting calculated efficiencies of vehicle and of power transmis-
sion are given in table 4.

The given calculation of the one-category locomotive trans-
mission efficiency shows the real fact that maximum efficiency is
presented just by AC/AC power transmission, which is can be
reached by:
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Obr. 6. Retazce energetickej premeny na trakéom vozidle r. 770, 773, 774AC s réznymi druhmi elektrického prenosu vykonu
Fig. 6. Chains of energetic change in the traction vehicle r. 770, 773, 774AC with various kinds of electric power transmission

sa moze prezentovat iba AC/AC prenos vykonu, ktory je dosiah- | - application of combustion motor with low specific fuel con-
nutelny: sumption requested by low emission limits;
- aplikaciou spalovacieho motora s nizkou mernou spotrebou | - installment of electric aggregates, mostly of AC type and semi-
paliva, umocnovanou nizkymi emisnymi limitmi; conductor equipment with highly higher operational efficiency
- inStalaciou elektrickych agregatov prevazne striedavého typu (which must be required for individual suppliers);
a polovodicovych zariadeni s vyrazne vysSou prevadzkovou ucin- | - design and realization of fully electric auxiliary drives denoted
nosfou (ktora musi byt pozadovana od jednotlivych dodavate- by higher efficiency.
lov);
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- navrhom a realizaciou plne elektrickych pomocnych pohonov
vyznacujucich sa vysSou tcinnostou.

Tab. 4
Druh prenosu DC/DC AC/DC AC/AC
Uginnost vozidla 7, 0,2951 0,3154 0,3817
Uéinnost prenosu vykonu Mpr 0,7929 0,8453 0,86421

Dalsou analyzou v [6] zameranou na pomer mernych spotrieb
paliva pre rézne druhy elektrického prenosu sme zistili vysledok,
ktory je uvedeny v nasledujucej tabulke ¢. 5 (spotreba DC/DC
prenosu je vzata ako jednotkova):

Tab. 5
Druh prenosu DC/DC AC/DC AC/AC
Merna spotreba [q/qp] 1 0,9311 0,7788

Vycislenie uspor pohonnych hmot uz iba zvyrazni rozdiel medzi
jednotlivymi druhmi prenosu znacnou prevahou v prospech AC/AC
prenosu.

Aby bolo mozné dokumentovat tuto usporu, sledovali sme ju
v prevadzke RD Zvolen na 5-tich kusoch modernizovanych rusnov
1. 773, postupne nasadzovanych do uZivania od 5/1999 do 7/2000
[7]. Za toto obdobie najazdili rusne celkom 187 445 km a pre-
pravili 81 471 477 tkm pri celkovej spotrebe 582 950 1 nafty, co
zodpoveda priemernej mernej spotrebe ¢ = 7,1553 1/103 tkm.
Paralelne bola sledovana merna spotreba na vozidlach r. 770 a 771
(s prvotnym DC/DC prenosom). Za rovnaké obdobie - 5/99 -
7/00 vozidlo r. 770 dosiahlo mernii spotrebu ¢;,, = 11,085 1/10°
tkm a u vozidla r. 771 bolo ¢ = 9,42 1/10° tkm. Potom pomer

973 _ 0.64537, resp. 64.5 %
q7m
4773
a —2 =0.7594, resp. 74.94 %
am

Praktické tspory paliva v prevadzke su teda eSte vysSie, nez
vyplyvaju z rozboru retazca ucinnosti (¢o mozno vysvetlif nizSou
sucasnostou vyuZzitia elektrickych pomocnych pohonov a reku-
pera¢nym spdsobom zoslabovania budenia). Experimentalne ove-
renie a porovnanie AC/AC prenosu vo¢i DC/DC, resp. AC/DC
zatial nebolo mozné realizovat, pretoZe takéto vozidlo nebolo eSte
v podmienkach slovenskej firmy resp. ZSR realizované (pripravuje
sa). Rozhodujiicou skutocnostou zostdva, Ze potreba a opodstatne-
nost dalsich modernizdcii uz len vo vizbe na vyrazné zniZenie
mernej spotreby prvotného paliva rusnov tejto kategorie je preukdza-
telnd a ekonomicky vyhodnd.

4. Zaver

Cielom predchadzajucich kapitol bolo podat urcitu SirSiu infor-
maciu o pristupe k modernizaciam vybranej kategdrie rusnov s jed-
notlivymi druhmi prenosu vykonu. Prispevok sa obmedzil jednak
na popis definitivnych rieSeni, ktoré boli vyrobne overené a si uz
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Table 4
Type of transmission DC/DC AC/DC AC/AC
Vehicle efficiency 7, 0.2951 0.3154 0.3817
Efficiency of power
transmission 7, 0.7929 0.8453 0.86421

Further analysis [6] has been focused on the relation of spe-
cific fuel consumption depending on various types of electric
transmission. The result found is given in table 5 (consumption of
DC/DC transmission is taken as unity one):

Table 5
Type of transmission DC/DC AC/DC AC/AC
Specific consumption [¢/¢DC] 1 0.9311 0.7788

Calculation of fuel savings will make bigger differences between
the types of transmissions advantageous for AC/AC transmission.
As evidence of these savings, five modernized locomotives series
of 773 in operation unit of RD Zvolen have been watched. The
locomotives were in operation from May 1999 to July 2000 [7].
During this time they all ran at 187 445 km and have transferred
81 471 477 tkm at total consumption of 582 959 liters of petrol
(diesel oil) and specific consumption of 7.1553 litres/10° tkm. In
this time specific consumption of vehicles of 770- and 771 series
with original DC/DC transmission was watched. The specific
consumption of vehicle of 770 series was 11.085 liters/10* tkm
and 9.42 liters/103 tkm of 771 series vehicle, for the same time.
Thus, the relations between individual consumption of the vehic-
les are as follows:

973 _ 0.64537, resp. 64.5 %

4

and T = 07594, resp. 74.94 %
qm

The actual savings in real operation will be even higher as
mentioned, due to smaller simultaneous acting of auxiliary drives
and regenerative manner of the field weakening of the motors.
The experimental verification and comparison of AC/AC trans-
mission against DC/DC- and AC/DC ones have not been yet rea-
lized because such a vehicle is not produced by Slovak firms and
Slovak Railways (ZSR), so far, but it is being prepared for the near
future. The definite matter of fact is still that necessity and reason-
ability of further modernizations are evident and economically
advantageous due to decreasing of specific consumption of primary
fuel at locomotives of this category.

4. Conclusions

The aim of previous chapters has been to announce certain
information regarding an approach of modernization of the chosen
category of locomotives with individual types of power transmis-
sion. The paper has been concentrated on the description of defi-
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dlhsiu dobu v prevadzke, a tiez na pripravované - projektovo uza-
tvorené rieSenia s plne striedavym prenosom. Opodstatnenost
a ekonomicka efektivnost modernizacii na AC/DC a AC/AC prenos
je dokladovana stanovenim ucinnosti jednotlivych prenosov a pre-
ukazatelnymi isporami paliva.

Je samozrejmé, Ze navrh vyzbroje pre AC/AC prenos je zlozita
vyvojovo-projekéna a experimentalna uloha, uskalia ktorej nie je
mozno ozrejmit v jednom prispevku a mohli by byt nametom pre
dalsie prace a dalSie prispevky. Z hladiska dalSich prac a dalsieho
smerovania a zdokonalovania kompletnych vyzbroji je potrebné
riesit optimalizaciu parametrov synchronneho generatora, obvo-
dovo a konstrukéne zdokonalit trakéné frekvencné menice a opti-
malizovat navrh a konstrukciu trakéného asynchronneho motora
vo vizbe na garantovanie momentov pri vyssich frekvenciach. Uplne
samostatnou problematikou, o ktorej sme sa v prispevku nezmie-
nili, je celkova koncepcia riadiaceho systému vozidla, jeho Struk-
tira, vlastnosti a pod. Tieto a dalSie ulohy su v sucasnosti
predmetom rieenia ako v EVPU, a.s. Nova Dubnica, tak aj inych
tuzemskych a zahrani¢nych firmach a instituciach.
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It’s clear that design of vehicle equipment with AC/AC trans-
mission is rather complex developing project task, which pro-
blems is not possible to explain in such a short paper and they are
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