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ABSTRACT

Based on market requirements a three-section partly low floor dtreetcar with two bogies located benesth end
sections was developed and manufactured in SKODA Dopravni technika a the end of 1997. During this
development MSC ADAMS/Rall was used for the first time. Since then the software has been used for the
desgning of further types of dreetcars modeled from previous types. This paper describes ways of
MSC.ADAMS/Rail application of this development.
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1. INTRODUCTION

At the end of 1997 a new three-section streetcar of class LTM 10.08 was developed
and manufactured in SKODA Dopravni technika, sr.o. (SKODA  Trangportation
Sydems, Ltd). It is a vehide for a maximum speed of 70 km’h with low-floor
arangement of middle section. This section is hung on front and rear sections, which
are equipped with bogies with no posshility of turning againg the tram body. Turning
of sections thus ensures passing of the vehide through the curves. Connection between
dreetcar sections is redized by means of sherica journds in the floor plan and pin
joints in the roof plan. Movements between the sections are damped by longituding
dampers, which prevent the yawing of sections The body of the vehide is
manufactured of sed. An overview of the three section Streetcar isin picture No. 1.

Bogies of the dregtcar are equipped with both primary and secondary suspenson.
The primay suspenson is redized by rubber - medlic dements the secondary
suspenson condgts of coil sorings and dampers. On the wheds of the bogies there are
used rubber fillers between wheds and tires.

Asynchronous trection motors ensure the drive of drestcar with voltage fed
inverters, which are equipped with IGBT dements An dectric device is located on
the roof of the dregtcar. Gearboxes with spur gearing tranamit the torque. A shoe
brake is fixed on the gearbox. Furthermore, the bogies dso indude dectromagnetic
rail brakes,

The vehide is aranged as modular, i.e with posshility to manufacture vehides
conggding of more module sections. On beds of this modulaity a new five-section
dregtcar, which has four sections identical with the three-section verson, is now under
condruction. Unlike three-setion vedon in cae of five-stion vehide the linkage



between 3¢ and 4" sections is designed by different way — only with sphericd joint in
levd of the dreetcar floor. A reason of this arangement is to reduce a variaion of
loading of axles during Streetcar running on concave or convex track.

Picture No. 1; An overd| view of car

2. DESCRIPTION OF COMPUTATIONAL MODEL

After the manufacture of above desribed dreetcar, a dmulaion of its dynamic
behaviour was performed with ADAMS/Rall. An ADAMS modd was built up &t fird.

Axles, bogie frame, traction motors, gearboxes and brakes were modeled. The mode
of the bogie was drafted as a closed shel. Then modds of the bodies of the three
dregtcar sections were built, again as shdls with mass, which corresponds to the red
mass of dregtcar body. On the roof there were dtuated blocks, which smulated the
meass of the eectric device.

The next gep was the mechanicd condrants, i.e condrants between whed sets
and bogie frame smulaing primay suspendon, condrants between bogies and car
body smulaing a secondary suspenson, postioning of gearboxes in the bogie frame
and condraints between the ca sections were introduced into the modd. Both
chaatteidics of gwinging and damping dements and whed profiles being used in the
modd were obtaned from ther messurements The characterigics of the laterd
bumpstop between bogie and body ae shown in picture No.2. Types of joint
connections  between sections were chosen from ADAMS libraries to respect the red
movements between sectionss.  The modd of the three-section dreetcar is in picture
No.3, and the five-section Stregtcar in picture No4.
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Ficture No.2: A characteridtic of latera bumpstop

Picture No.3: A modd of three-section Strectcar



Picture No.4: A modd of five-section strectcar

3. PERFORMED ANALYSES

As the fird gep modd andyss and computing of egenfrequencies were performed.
This kind of andyss was peformed for both threesection and five-section Sreetcar.
For illugration vaues of egenfrequencies of the threesection car in picture No.5 are
presented
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Picture No. 5: Eigenfrequencies of three-section stregtcar



Agan for both vehides quesion of the running dability was solved. Vdue of
ciiticl speed was invedigaied in dependence on characterigics of primay and
secondary  supensons. Based on computation of the running behavior these
uspensons were optimized.  Results of this computation for empty  three-section
dreetcar arein picture No. 6.
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Ficture No. 6: Results of gability study

For five-section dregtcar andyds of axle loading was performed, with aspect of the
loading of bogie benesth the middle section. Results of this andyss ae introduced in
table No. 1, in which change of the loading in dependence on the vehide loading is
evident. The results were further utilized for modfication of arangemet of dectic
equipment on the vehicle roof.

Loading of empty car [kN] Loading by 5 persons/m2 [kN] Loading by 8 persons/m2 [KN]

axle bogie vehicle axle bogie vehicle axle bogie vehicle
64.760 129.519 85265 170.529 93.101 186.202
64.759 85.264 93.101
28938 | 117076 | 371103 2223 | 171086 | 518.008 0022 | 193678 | 576.43
58.538 85.543 96.839
62.299 124.598 88.240 176.479 98.275 196.55
62.299 88.239 98.275

TableNo. 1

For five-section dregtcar a run on concave and convex track was further
invedigated. Aim of this andyds was to indd vaidion of axle loading and rdative
movements between 3 and 4" sections Just in this space, thanks to above described
linkege, the rdaive movements ae the modt dgnificat. Invedigaed movement in
level of Streetcar roof ison graph in picture No. 7.
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Picture No. 7: Movement between 3™ and 4™ sectionsin longituding direction

At lag the movement of the vehide both dong draght and curved track with
different radii was solved. The modd of track incduded irregularities that were
measured on red track. Anayses were peformed for both types of dreetcars. Some
results of the andyses are shown in pictures No.8 and 9.
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Ficture No. 8: Movement of lateral bumpstops of firg bogie
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Picture No. 9: Verticd accd eration and movement of front section of three-section car
including PSD of accderation

4. CONCLUSION

Knowledge about behavior of described dreetcars obtained from the smulaion by
software packege MSC.ADAMS/Ral were goplied whether during their construction
or in test opeaion. Thanks to this smulaion manufecturing and operding cost were
gonificantly reduced and technicd as wdl as utlity vaues of the dregtcas were
improved.

Further utilization of MSCADAMSRal in doman of drescar vehicdles depends
on itsfurther development. At present two main problems are solved:

1. Forced dew of the sections of above described dreetcars. This is the question of
aoplication of force eements, which replace longitudind roof dampers among
sections and help the streetcar in amooth run through a curved track.

2. Reduction of whed wear caused by operation of the Streetcars on track with
frequent occurrence of curves with smdl radii. In this case the smulaion is
supported by measured data of whed profiles, which are periodicaly measured
on operated Streetcars.



