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Abstract — The paper describes trends in individual car body. The two-axle bogie has one driving axia ian

wheelset drive and drives of the independently rotng  powered by traction induction motor with power bbat
wheels of modern low-floor trams and railway vehias. It 85-100 kW, see Figure 1.

documents the way of a constructive design of thadividual
wheelset drive (without gearbox) and wheelset drivavith
gearboxes.
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|. INTRODUCTION

From 90 years of the 20th century, the wheealset
of rail vehicles uses modern AC drives. The basic
powertrain consists of an induction motor (IM) or
a synchronous motor with permanent magnets (PSMS). |
The driving torque of an electric motor is transedtt
across the components (mechanical parts) of thve di
the wheelset or on wheels drive portal axles of-flowr
trams [1, 2].

Il. DESIGN OFTRACTION DRIVES FORLOW-FLOOR TRAMS

Use of a low floor in the throughout length tbie
passenger compartment in low-floor trams required t
locate wheelset drive or drive of independenthatiogy
wheels on the outside of the tram-wheels. The design
(dimensions) of mechanical parts of the indepengent
rotating wheel drive (IRW) or wheelset drive (CW) i

dependent on the free space which is availablehén t Fig.1. Concept of traction drive in not pivotingdie
bogie for installation of the drive. The lower afaderal low—floor trams “Brems-tram” AEG, MAM, Voitf.
part cross-sections are limited by the kinematieggafor

the bogie vehicle. The upper parts are limited byghiteof 1 transmission gearbox 1

the floor above the bogie. In the 25 years of tvefloor S et

portal axle whit IRW

tram development a large number of the mechanioa d L.
design variants were developed. Some remainedeat th
prototype stage, others have been successfully
implemented. The successful designs can be divitted i
four basic groups.

A. Drives with Transverse Mechanical Coupling of the
Independently Rotating Tram Wheels

This drive concept has been motivated by a eédsir
maintain (during driving vehicle) sinusoidal movarhef
the wheelset. The design of these traction drives is
successfully resolved in two basic versions. Thet fir
variant represents a solution of fully sprung fact Fig.2. Concept of gearboxes in not pivoting bogie
motor with a disc brake, connected rigidly to thanfe low—floor trams “Brems-tram” REG, MAM, VoitH.
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The long cardan shaft is driving torque transiinto  hollow output shaft of the hypoid gear box is carted
the transmission gearbox. That consists of bevarsge to the PTO driving shaft of the tram wheel. This cept
and self-locking differential, see Figure 2. Trarssion  has minimum unsprung mass of the traction drivethed
gearbox is positioned in front of one of the axleefficiency of the traction drive mechanical partaisout
gearboxes. Four wheeled axle gearboxes represent 95 o4, The weigh of one integrated unit is about Bg0

concept of the partly sprung traction drive. Thisige of  The traction bogie SF 30 TF weigh is about 4500 kg,
the drive can be used only in city with a flat leueban ngprung mass is only 1300 kg.

tram track. The efficiency of the traction drive
mechanical part is about 90 %.

Fig.4. Concept of traction drive in partly pivotibggie
SF 30 TFW low—floor trams Aveni®[emenk

A second variant of the drive is shown in Fgérand
represents the concept of the partly sprung traatiove.
There is the longitudinally oriented traction motatich
is mounted on the bogie frame; via two articulgtadt
shafts the torque of the axle-hypoid gearbox is
transmitted. Their output shafts drive the front aadr
tram wheels on one side of the two-axle bogie.uttion
motors work with the nominal power of about 120 kW.

The second variant of the traction drive, sepifé 3, The efficiency of the traction drive mechanical part
has an analogous structural design. The differendeat  2P0Ut 94 %.
the longitudinally oriented traction motor (IM wigfower
of about 100 kW) is fixed to the bogie frame and th
torque is transmitted through the cardan shaft th®
transmission gearbox. That consists of bevel geats a
self-locking differential. The transmission gearbx
positioned in front of one of the axle gearboxese Th
output shaft of the transmission gearbox drives thi
opposite axle gearbox. Three wheeled axle gearbox:™
represent the concept of the partly sprung traatidve.
Unsprung traction bogie mass weight is about 1&p0 k
This drive concept is quite complex, with the effinty
of the traction drive mechanical part of about 85 %

Fig.3. Concept of traction drive in not pivotingdie
low—floor trams Sirio 7C4Ansaldo Bredh

B. Driveswith Longitudinal Mechanical Coupling of the
Independently Rotating Tram Wheels
. . . Fig.5. Concept of traction drive in not pivotingdie Corege

This concept does not guarantee sinusoidal merem low—floor trams Citadis 302 BAJston.
of the wheelset. The design of these traction driges
successfully resolved in two basic versions. Thet fir C. Driveswithout Mechanical Coupling of the
variant, Figure 4, represents a solution of fulprung Independently Rotating Tram Wheels
traction drive, wherein the longitudinally orientddving This concept does not guarantee sinusoidal merem
motor (IM or PMSM with power of about 110 kW), of the wheelset. This group of traction drives is
together with the bevel or hypoid gear boxes cartstan  represented by two concepts, see Figure 6. The firs
integrated unit, which is attached to the bogientaThe variant of the solution is represented by a coneplet
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unsprung wheel-traction motor. In application ofe th the traction motor and wheel gearbox with the hello
synchronous permanent magnet motor (PMSM), theutput shafts. The output drive torque is transmhitte
motor is implemented as a direct drive. The weidhthe through the coupling type “Alstom” on the tram-whee
synchronousnotor with power of 45 kW, which is water- The efficiency of the traction drive mechanical pirt
cooled, is about 500 kg. The efficiency of the tiac about 95 % (for three helical gears) or 97 % (fop t
drive mechanical part is about 99 %. In applicatdan  helical gears)Example of this completely sprung drive
induction motor (IM) the planetary gearbox is us€de design is shown in Figure 8. On the gearbox ouspaft
weight of the water-cooled induction motor with pow a disc brake is mounted. The brake unit, whichas n
of 55 kW is about 425 kg. The efficiency of theshown in Figure 8, is mounted on the gearbox.
transmission mechanical part is about 98 %. Thiseph
is more economical way of solutions of the drivehwi
respect to the spatial installation in the bogie/éeer on
the other hand, the wheel-motors are becoming ungpr
mass. The tramcars with this drive require a higalityu
and geometrically stable tram track.

Fig.8. Concept of integrated driving unit - indactimotor
with gearbox with hollow output shaft.

Into this design group the full sprung drivingit tram
Induction motor (ASM) wheel of tram ULF 197 belongs. The driving unit detss
of a traction motor, hypoid gear and disc brakeictviare
placed on the opposite side of the traction mosee
Figure 9.

Fig.6. Concept of tractiowheel motors.

A modern version of a fully sprung direct tiantdrive
in two-axle bogie is the application of the syncioos
motor with power of 55 kW. The traction motor witiet
hollow shaft of the rotor is mounted on the boganfe.
In the hollow rotor of the motor the PTO shaft isunted
and it drives a tram-wheel, see Figure 7.

Fig.9. Concept of the traction drive in not pivatione-axle bogie
Tram ULF 197 Siemenk

The first generation of one-axle bogies usestitna
induction motors of power 60 kW, which are cooled b
water.

The second generation of the one-axle tractmgids
uses motors of power 80 kW with own air-cooling
ventilation.

The output drive torque is transmitted througie t
sprung coupling to the tram-wheel. The efficienéytre
traction drive mechanical part is about 95 %.

The second conceptual solution of the tractioveds
represented by an integrated driving unit, conmsisof
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D. Drives of the Tram Wheelset with Smaller Diameter axle gearbox is mounted on the wheelset and thasait
Wheel (Qx = 570 mm) traction drive unsprung mass.

The development engineers of the low-floor trams 'N€ axle gearbox is held in position by a hartad
agreed with compromise of floor height above theSPTUng support. The efficiency of the traction drive
traction bogie to value of about 450 mm in recesarg. Mechanical partis about 95 %.

This allows the use of a wheelset with smaller diame

wheels, whichexhibit sinusoidal motion during drive. In

the bogie FLEXX Urban 1000 the wheelset is driven by ¢, .,
integrated drive unit with power of about 120 kW,  Suspensin
consisting of the traction motor and two-sectioargeox
(with one spur gearing and one bevel gearing) qoluy
gear.

From the hollow output shaft the drive torque i &
transmitted through the special joint shaft on the fimv
wheelset. The disc brake is positioned on the dppos
end of the wheelset, Figure 10. The efficiency lodé t A
traction drive mechanical part is about 94 %.

Roll Bearing

Bolster

EERN Gearbox

Coupling
Anti roll bar

PMSM

Brake disc /
caliper

Fig.12. Concept of the traction drive in pivotinggie bogieAlston].

The concept of partially sprung drive of the efset
with small tram-wheels of low-floor trams, company
Skoda is documented in Figure 13. The inductionomot
with the disk brake is rigidly mounted in the frawfethe
two-axle bogie. The axle gearbox is embedded at the
wheelset and opposite side of the axle gearbottasteed
with the vertical flexible support to the bogierfra. The
axle gearbox constant drive is divided into twouyps
the bevel gearing and spur gearing.

Fig.10. Concept of the traction drive in not piwnatibogie
Flexx Urban 1000Bombardief.

The FLEXX Urban 3000 bogie is used for FLEXITY 2 |
trams. The axle gearbox (two-section) with vertical
sprung support creates partly sprung mass of gduotidn |
drive, see Figure 11. The efficiency of the tractirive
mechanical part is about 94 %.

Fig.13. Concept of the traction drive in not piwatitrams bogie
SKODA.

For low-floor trams the concept of tractionveis with
longitudinally oriented traction motors is domimefi
These designs have better efficiency of the traatiove
mechanical part, smaller number of traction motmmd
simpler procedure to install larger vehicle tractpower.
With respect to the dynamic effects and noise,sit i
preferable to apply fully sprung drives i.e. driweish an
integrated traction motor and gearbox in a sindgbeto
which is fixed to the bogie frame.

I1l. DESIGN OF THETRACTION DRIVES FORELECTRIC
Fig.11. Concept of the traction drive in partly ging bogie LOCOMOTIVE AND ELECTRIC TRAIN UNITS

Flexx Urban 3000gombardief. Electric locomotive and train units are useddiving
the wheelset traction drive with a transverse &&stion
An interesting design of the drive axle in thhege motor. Design of this drive wheelset can be solired
bogie it documented in Figure 12. Two tractionthree variants:

synchronous motors (PSMS) are mounted on the bogie - direct traction drive of wheelset
frame. The driving torque is transmitted by the sfaint - partly unsprung drive of wheelset
shaft (coupling) to the pinion of bevel gearing. Hevel - fully sprung drive
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A. Wheelset Direct Traction Drive used in the train ICE 3, however, the efficiency was

An idea of the wheelset direct drive is nothimgw. 99 %.
The wheelset direct drive in design with the hollsivaft
has already been used in the early 20th centumeoy
AEG).

The wheelset direct drive in design with theldwl
shafts was tested in the year 1987 in the compan
SKODA in a prototype locomotive, series 169 (449.5)
company mark 85 EO-ATM, see Figure 14. In this desigr
the low-speed induction motor MD 4859 K/1i&ith
nominal power 650 kW was used. The locomotive had ¢
maximum speed of 120 km/h at maximum speed of the
traction motor 54 rpm. The couplings at wheels & th
wheelset in bogies were different embodiment. &first Fig.15. Study of the direct wheelset traction driviap view [3].

bogie it was tested the wheel-clutch (connectirgytype Fig.16 represents an example of the unsprunectdi

Alstom), then in the second bogie it was tested thgaction drive design in the bogie Syntegra for idenit.
wheels-clutch composed of spring strips, see Figdre 15 gearless single-axle direct wheelset drive has

completely encapsulated permanent magnet synchsonou

Wheels - clutch composed motor. Two-axle bogie has an inner frame which is
of spring strips formed of a robust cross beam and two flexibly cmed
g7 g TS TR longitudinal beams. The axles are guided in the éogi
) ~.._ . frame by means of a three-point wheelset guide with
elastic points for each wheelset bearing. This alow
passive radial adjustment of the wheelset, which &a
positive effect on running of the wheelset behanidine
bogie frame design offers higher safety in deraiime
protection of the vehicle.

b (P stator = - r-.‘-- /
2..... hollow rotor S, = P
3 ..... connecting joint type "Alstom" N ~ ¥ /

4 ..... wheelset

1. stator
Fig.14. Direct traction wheelset drive of the loaziive 85E Bkoda. 2. ro:or with permanent magnet
3. axle
In the year 1990 the traction output of theolootive 4 ... axle bearings
5. primary suspencions

increased and a new bogie with a partly sprung igbee
drive was used. It was designed with a high-spee
induction motor ML 4447 K / 4 with the hollow rotor.
The joint shaft, which is located in the hollow notd the
motor, propelled the axle gearbox.

The second example of the direct drive is repres
by the synchronous motor with the hollow shaft r@tod
with the special hollow joint shaft which surrouaid axle
of the wheelset, see Figure 15. This gearless tdirec

) h . . Fig.16. Concept of the direct drive in traction leo§yntegra
wheelset drive in variant with the synchronous moto [Siemens Al

with permanent magnets was designed as an alteznati
solution of the drive for the high-speed electniitsi of . S 4 : .
ICE 3 [3]. The motor of powgr 580 KW is cooled byWlth respect to the spatial installation in the iegg

This concept is an economical way of drive sohg

however on the other hand, the motors are becoming

water. This design of the wheelset drive was nallfin unsprung mass. A vehicle with this drive requirdsigh
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quality and geometrically stable track. The efficigrof The modern electric locomotives for maximum sizee
the traction drive mechanical part is theoreticadg %. up to 200 km/h used the design of a partly sprung

B. Traction Drive of Electric Locomotives wheelset drive. This is documented in Figure 18.

Design of the individual drive of wheelsef the
electric locomotives is dependent on the maximueedp
A traction motor of electric locomotives works withe
continuous power of 1600 kW. Maximum tractive force
per wheelset is about 75 kN. The nominal diamefer c
wheel of the locomotive wheelset is from 1100 mm tc
1250 mm. Modern cargo locomotives for the maximun
speed of 140 km/h have to use the compact intefrate
block of the induction motor with a gearbox, whiish
embedded in the roller bearings on the wheelseeé Tt
traction motor is fixed on the motor opposite sigi¢h
flexible vertical support to the bogie frame. Theipn of
spur gearing is embedded in a gearbox, see Figuneel
the pinion is not overhanging as in older desighthe
drive with “paw motor”. The motor has forced air-texb

ventilation. Fig.18. Design of the modern wheelset drive fobhotive Vectron
for speed up to 200 km/h
[http://www.mobility.siemens.com/mobility

The axle gearbox has the hollow pinion. Torquéhef
traction motor is transmitted by a special joirafsinside
the hollow pinion, which has a flexible disk-joirgee
Figure 18.

In this solution of the drive the unsprung nessare
significantly smaller than in case of the driveshwipaw
motor" and only slightly higher than in case of wlyf
suspended quill drive. The pinion hollow shaft drihus
represents the optimum technical solution.

Weus o e output of air

coupling N IO p__o (‘ﬁ:;:ffmum_md,
rolling bearings compact integrated driver box Ny [EFTTTTTITTTTS =
big gear wheel
bearings of pinion
output colling air

Diagram of a modern solution of the wheelset drive
with “paw motor”.

Fig.17. Design study of a modern wheelset driveceph
with “paw motor” [AEG].

This wheelset drive concept has a high percentdg Fig.19. Principle of full sprung wheelset drive
unsprung mass. for high-speed locomotive.
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The modern electric locomotives for maximum sisee

If case of the disc brakes mounting in to thesls of

up to 230 km/h used the design of fully sprung Mdete a wheelset is not possible, then the design withaft
drive. Example of the fully sprung wheelset drive ofwith disc brakes must be used. In a practice thezdwo

high-speed locomotives is documented in Figure 19.

The transmission of driving force is as followhe
there-phase induction traction motor with a gearbox
creates an integrated drive unit, which is conrtteia a
flexible vertical supports attached at three poiotshe
chassis frame.

The gearbox has a hollow output shaft. The output
driving torque is transmitted via coupling (flexébinulti-
rod) to the hollow shaft, which surrounds the wheetl
axle. On the opposite end of the hollow shaft tdrgue is
transmitted by means of a coupling (flexible muttd or
flexible claw coupling) to the disc-wheel.

The gearbox design depends on value of thergéar
on the outer diameter of the traction motor andbater
diameter of the couplings (flexible multi-rod) aaldo on
the location of the disc brakes. If disc brakespaeed in
the wheels of the wheelset, it is possible to uUse
gearbox with one helical gearing. This design soiuis
used for the wheelset drive of a high-speed locomot
series 380, company mark Skoda 109 E. This con@pt h
a minimum unsprung mass, and efficiency of thetivac
drive mechanical part is about 98 %.

t

alternatives of the design solution:

The first variant is a hollow brake shaft, which
surrounds the quill (hollow joint shaft). This vamt
with three-wheel gearbox is using for the wheelset
drive of a head motor vehicles of the high-speathtr
ICE 1 and ICE 2, see Figure 20.

Motor of power 1200 kW is cooled by air. This
concept has a minimum unsprung mass, and
efficiency of the traction drive mechanical part is
about. 95 %.

The second variant uses a high-power brake shaft,
whose pinion meshes with a large gedreel of the
gearbox. It is called HBA driveThis variant is used
for the wheelset drive of the high-speed locomotive
ES64U4 Taurus, see Figure 21.

connecting point

input of air of vertical support
stator — =<9 | _ output of air
rotor N | = roller bearing
ball bearing pinions

wheelset

output gear
brake shaft

e connecting point
of vertical support

brake unit

traction motor
longitudinal beam
gearbox

insert gear wheel

output gear wheel

quill (hollow joit shaft)
coupling (flexible multi-rod)
hollow brake shaft

brake disc

Fig.21.
Full sprung whellset drive HBA of the locomotiveuFas [Siemenk

The induction traction motor works with the

continuous power of 1500 kW and with hour-power of
1600 kW. The motor is cooled by air. This concepthef
wheelset drive has a minimum unsprung mass, and
efficiency of the traction drive mechanical partaisout

97 %.

Fig.20. Full sprung wheelset drive in bogie ICESiemenk
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C. Traction Drive of Electric Units For the wheelset drive the regional electrigsuand a
The high-speed electric rail units use the ptyti Metro transverse oriented traction motor with ayknor

sprung traction drive. The bogie frame is desigasd tWo-stage gearbox is used. The design of the graebo
flexible, open H-Frame. The nominal wheel diameter odependent on the drive torque and power of a tnacti
the high-speed rail unit wheelset is 920 mm. Thetivn ~ Motor (limits are the diameter and length of thetaro
motor (IM or PMSM) is sprung affixed to the bogie ON gear ratio, on Whee_l dlam_eter and the desirgghhef
frame and axle gearboxes, (two-wheel or three-yheelthe floor above a bogie. Using a partly sprung sete
are affixed on the wheelset. The axle gearbox i€rive with the axle gearbox (design is similar tgufe 22
embedded at the wheelset and the opposite sidaeof tOF Figure 23) is a simpler, cheaper, but dynamycaiss
axle gearbox is attached by a flexible support itfte favograble pec_ause a ride on a track vgrtlcal iaktyus
bogie frame. The reaction torque of the axle geaibox Causing swinging of the gearbox and in consequence
absorbed via a sprung support (vertical, diagorral dPinion of gearing is rolling after a large gear wheat

horizontal) affixed to the bogie frame [4]. two—wheell gearbox), or intermediate gear or pinain
lay-shaft (in three- or four-wheel gearbox) is iral after

the gear wheel of the output gearing. This sateffitdion

causes dynamic torque, which cause an increaswadd
in gearing and of torsional vibrations in the wise¢l
drive. The large diameter of the disk large geaeetlin

two or three-wheel axle gearbox increases its noise

traction motor

gearbox

2 .... flexible coupling shaft
3 .... two-wheel axle gearbox

Fig.22. Top detail view of the axle gearbox
of the traction drive ICE 3 [3].

hollow output shaft

Between the traction motor driving shaft andigm of brake disk / { el o
the axle gearbox there is inserted flexible cogpbhaft quil o

with two-claw couplings, see Figure 22 and FiguBe 2 ¢
The wheelset drive of the ICE 3 train is driven aa th _ . _ _ _
induction traction motor with the continuous powgr Fig.24.Design of the integrated traction-unit.

500 kW. The motor has forced air-cooled ventilation.

The regional electric units are often used toedr
wheelset system of the full sprung traction drive,
designed as an integrated traction-unit. This lay@s a
beneficial effect on dynamics of the drive, buisitmore
expensive.

The drive unit is integrated in one block of thection
motor and gearbox. This block is mounted in flexible
supports (three or four) to the bogie frame. Thealyea
is ordinarily designed with an intermediate gedurege-
wheel gearbox) or lay-shaft (four-wheel gearboxy an
with a hollow output shaft. Out of the output shife
driving torque is transmitted via the quill, (hallo
synchronous motor propeller shaft which surrounds the wheelset), he t

i wheelset axle. Disc brake of the mechanical brake i

usually mounted on the hollow output shaft of the
Fig.23.Design study of the traction drive AGV. gearbox, see Figure 24, or on the wheelset.
This concept has a minimum unsprung mass, and
The wheelset drive of the AGV-train is driven the efficiency of the traction drive mechanical partaisout

synchronous traction motor with the continuous poafe 95 %.

800 kW and the weight 785 kg. The motor has own air IV. CONCLUSION
cooled ventilation. The efficiency of the tractionive
mechanical part is about 97 % or 95 %.

flexible coupling shaft
(two-claw couplings)

three wheel axle gearbox

A rail vehicle drive works with variable operag
conditions (changing of a drive mode with brakingda,
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bidirectional traffic, variable load) and climatic ACKNOWLEDGMENT
conditions (temperature changes, snow, dust, htyhidi _ _ .
Design of the drive should be based on a detaitetysis The paper was created with the financial suppiotiie

of the vehicle driving cycle. Therefore it is neaggsto  Technology Agency of the Czech Republic project No
define correctly a requirement on the vehicle amagion ~ TE01020038 "Competence Centre of Railway Vehicles".
and maximum vehicle speddis necessary tanalyse the
variability of traction forces with respect to thpeed and
their influence on the torsional oscillation natura

frequency of the drive system [5], see Figure 25. REFERENCES
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