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Utilization of Multibody Simulations at the Trolley bus Development
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SKODA VYZKUM s.r.0. (now Vyzkumny a zkuebni GstavPlzei s.r.0.) cooperated on the development of the
NEOPLAN DMA low-floor articulated trolleybus intend ed for the Boston city (the United States). Multibdy mod-
els and finite element models of the trolleybus werutilized in the stage of the vehicle design. Tmeultibody models
of the trolleybus were created in the Alaska simuldon tool and the simulations (running over a largeroad une-
venness, start, braking and driving through a bendwere aimed at determining forces acting in the trleybus
suspension elements and radius rods. Time historie$ the forces calculated using multibody models we used as
the input data of the trolleybus finite element moels. Utilizing the finite element models the critial places of the
trolleybus body structure from the point of view of high stresses were determined. At the measuremewith the
real trolleybus prototype these places were providewith strain gauges.

Keywords: trolleybus, multibody model, dynamics, construatibdesign

Acknowledgement
The paper has originated in the framework of institonal support for the long-time conception develment of the
research institution provided by Ministry of Indust and Trade of the Czech Republic.

References

[1] BARNA, Josef, FECOVA, Veronika; NOVAK-MARCINCIN, Jef and TOROK, Jozef. Utilization of Open
Source Application in Area of Augmented Reality &sbling ProcesseManufacturing Technology012, vol.
12, no. 12, p. 2-7.

[2] BLUNDELL, Michael; HARTY, DamianThe Multibody Systems Approach to Vehicle Dynargord : Else-
vier Butterworth-Heinemann, 2004. 518 p.

[3] GENTA, Giancarlo; MORELLO, Lorenzo. The Automotive Chassis. Volume 2: System DeSlgringer Sci-
ence+Business Media B.V., 2009. 843 p.

[4] GILLESPIE, Thomas D.; KARAMIHAS, Stephen M. Simjdifl models for truck dynamic response to road in-
puts.International Journal of Heavy Vehicle Syste@®00, vol. 7, no. 1, p. 52-63.

[5] HEGAZY, Sherif, RAHNEJAT, Homer and HUSSAIN, Khalitfulti-Body Dynamics in Full-Vehicle Handling
Analysis under Transient Manoeuvké&hicle System Dynamjc000, vol. 34, no. 1, p. 1-24.

[6] MAIRER, Peter; WOLF, Claus-Dieter; KEIL, AlbrectHENDEL, Klaus; JUNGNICKEL, Uwe; HERMSDOREF,
Heike: TUAN, Pham A.; KIELAU, Gerald; ENGE, Olaf: ARSCHE, Uwe; HARTEL, Thomas and
FREUDENBERG, Heikoalaska User Manual, Version 2.&hemnitz : Institute of Mechatronics, 1998.

[7] POLACH, PavelMultibody modely nizkopodlazniho kloubového tralsjipSKODA 22 Tr — modifikace s kloubem
HUBNER a hnacimi napravami RABRIz&1 : SKODA VYZKUM s.r.0., 2001. 28 p. Research Rep&YZ
0530/2001.

[8] POLACH, PavelStanoveni sil fsobicich v zasseni naprav trolejbusu SKODA 22 Tr s kloubem HQBNEI%—
cimi napravami RABA a stabilizatorem zadniho vozuspmulacich pejezdi prekazky Plzei : SKODA
VYZKUM s.r.0., 2002. 71 p. Research Report, VYZ 8£D02.

[9] POLACH, Pavel. Hstupy k tvorkt multibody modei nizkopodlazniho trolejousu SKODA slenou gredni
napravou. I19th Conference with International Participationdineering Mechanics 2003-5 November, 2003.
Edit. by J. Vimmr. N&tiny : University of West Bohemia, vol. Il, p. 36G7.

[10] POLACH, PavelMultibody Models of the NEOPLAN DMA Low-floor Adiated Trolleybus and Simulations of
Selected Operational Situations for FEM CalculatioRlzei : SKODA VYZKUM s.r.0., 2004. 94 p. Research
Report, VYZ 0689/2004.

[11] POLACH, Pavel; HAJZMAN, Michal. Various Approachisthe Low-floor Trolleybus Multibody Models Gen-
erating and Evaluation of Their Influence on then@ation Results. IECCOMAS Thematic Conference Multi-
body Dynamics 20021-24 June, 2005. Edit. by J. M. Goicolea; J.dzado and J. C. Garcia Orden. Madrid :
Universidad Politécnica de Madrid, CD-ROM, 19 p.

indexed on: http://www.scopus.com 31



December 2013, Vol. 13, Nc MANUFACTURINGTECHNOLOGY ISSN 1213248¢

[12] POLACH Pavel. Utilization of Multibody Simulatiora the American Trolleybus Developmentlltth Interna-
tional Conference Dynamics of Rigid and Deformditelies 20139-11 October, 2013. Edit. by J. SKasova.
Usti nad Labem : Univerzita J. E. PurkynUsti nad Labem, CD-ROM, 10 p.

[13] POPP, Karl; SCHIEHLEN, WerneGround Vehicle Dynamic®8erlin Heidelberg : Springer-Verlag, 2010. 352
p.

[14] REHOR, Pavel; KEPKA, Miloslav; KOTAS, Milan; VACLAVIK, aroslav and FREMUND, Ja@perating Test

of the SKODA 14Tr San Francisco Trolleybus on & Tesck Plzei : SKODA RESEARCH Ltd., 1998. 23 p.
Research Report, VYZ 0204/98.

[15] SMOLA, Michal; JANKOVEC, Jii and HEJMAN, Marek.Static and Dynamic FEM Calculations of the
NEOPLAN DMA Low-floor Articulated TrolleybuBlzei : SKODA VYZKUM s.r.0., 2004. 78 p. Research Re-
port, VYZ 0693/2004.

[16] STASIAK-BETLEJEWSKA, Renata. Value engineering las way of quality problems solving in the steel-con
struction managementlanufacturing Technology012, vol. 12, no. 13, p. 242-247.

[17] VLK, FrantiSek.Dynamika motorovych vozidérno : VLK Publishing House, 2000. 434 p.
[18] Microsoft. Microsoft FORTRAN, Version 5.0, Refererieedmond : Microsoft Corporation, 1989.
[19] SRAC. COSMOS/M, Finite Element Analysis System, lUsaide, Version 2.5. Los Angeles : SRAC, 1999.

Copyright © 2013 Published by Manufacturing TechiggldAll rights reserved Paper number: M201395
Manuscript of the paper received in 2013-10-06. iBwvewer of this papeMilan Chalupa.

indexed on: http://www.scopus.com 32



