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Bombardier Transportation
Product Examples (I)

Regina EMU (Sweden)

Talent (Germany, Norway, 
Austria, Canada)

AGC (France) DD-EMU (Netherlands)
ITINO (Sweden)

Voyager DEMU, tilt/non-tilt (UK) ICE 3 EMU (Germany /Netherlands) ICN EMU, tilt (Switzerland)

100% Low Floor (Milan, Italy) Low Floor (Minneapolis, USA) Tram-Train (Saarbrücken, Germany) 100% Low Floor (Linz, Austria)

Installed base of over 100,000 vehicles worldwide. 
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Bombardier Transportation
Product Examples (II)

High-speed Powerhead AVE 102
(Spain)

Re 482 (Switzerland)

Las Vegas (USA) Kuala Lumpur LRT System 2
(Malaysia)

CX-100 - Frankfurt Airport (Germany)

Control CenterShenzhen (China)

Porto (Portugal)

New York (USA)

Blue Tiger
Diesel-Electric Locomotive

Signaling /Control Equipment

MITRAC CC Driver’s Desk
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43 Production Sites

in 21 countries

Bombardier Transportation world wide

*    as at 31 January, 2008
**   year ending 31 January, 2008

Workforce*

Engineers

Revenues**

Order Backlog* 

31,485

ca. 4500

$ 7.8 billion US

$ 30.9 billion US

Bombardier 
Transportation has its 
global headquarters in 
Berlin, Germany, with 
a presence in over 60 
countries.

The Group offers the 
broadest product 
portfolio and is 
recognized as the 
leader in the global 
rail sector.
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Simulation Work at Bombardier Transportation

� static and fatigue analysis

� crash analysis

� vehicle dynamics

� aero and thermodynamics

� acoustics and vibrations
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Static Carbody Test and Cab Crash Test

1500 kN1500 kN
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Modelling the Carbody in HyperMesh

� Hierarchy of assemblies
– Get hierarchy from CAD file

– Change/create hierarchy within HyperMesh

� Typically: thousands of parts
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Modelling the Carbody in HyperMesh

� Typical carbody model
– ~ 500 000 shell elements

– Connected by spot welds: thousands of  connections

– ~ 30 Load cases (exceptional and in-service loads)

� Spot weld modelling with connectors
– Based on lines or points

– Spacing and end offset can be 
defined for lines

– Connectors which are placed 
at exact location of spot weld.

– Mesh independent element connection 
realised with Nastran CWELD elements
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Modelling the Carbody in HyperMesh

� Example of spot weld modelling: connection between skin and 
stiffeners
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Visualization

GA-GB CWELD type in 
HyperView:

� Visualization as cylinder
� Real start  and end point
� Assembly hierarchy
� Colorizing of components
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Translation of the model from Nastran to LS-Dyna

� We use MSC.Nastran for quasi-static analysis and LS -Dyna for 
crash analysis

� Same mesh used for quasi-static and crash scenarios

� Procedure for translation:
– “Unrealize” connectors from Nastran model

– Switch solver settings in HyperMesh to LS-Dyna

– “Realize” connectors again

– Add LS-Dyna properties including failure criteria

� Easy switch between solvers
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Post processing of CWELD Elements

� Nastran output for CWELD element:

� Need to build tool for post 
processing
– Calculate and visualise resultant shear 

force and bending moment on spot 
welds.

– Query and visualise failed 
connections.

– Export results to Excel

� Two macros to fulfil above 
mentioned requirements.
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Post processing of CWELD Elements
Macro GUI CWELD Data

Import of the result files in HyperView and usage of  all standard functions

Filter 
functions

Exporting .csv file

Exporting .res file

Result table

New result: resultant of shear 
forces in both planes

Failure criteria
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Post processing of CWELD Elements in HyperView
Contour plots

Contour plots:

� Axial forces

� Shear force components

� Magnitude of shear forces

� Combined forces for failure 
criteria (shear + axial)

� Maximum forces (over all load 
cases)
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Post processing of CWELD Elements in HyperView
Notes for reports

Creating notes for reports:

� Attached to entities

� Values changing by entity
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� Resultant forces and moments 
are calculated according to 
following relations:

� Five different failure criteria can be specified.

� CWELD elements which failed in any one of these cri teria’s will be filtered 
out and will be shown in macro window:

Post processing of CWELD Elements 
Advanced Query Macro: Query of Failed Connections

( )
( )
( )22

22

22

MZ(B)MY(B)BendingB

MZ(A)MY(A)BendingA

FZFYShear

+=

+=

+=
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Post processing of CWELD Elements 
Advanced Query Macro: Visualizing Failed Connection s

Failed connections can be easily visualized on scre en. On clicking a 
particular element in macro window, a note will be attached at location of 
that element showing all output results. 
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Advantages of Modelling with CWELD in HyperWorks

� Big advantage: Possibility to have incongruent mesh es

� Automatic creation in HyperMesh

� All the welding spots of different properties and r egions in the car 
body can conveniently be handled with collectors in  the model 
browser

� Easy switch between solvers

� Use of Master Weld Files to exchange weld data 
(in Bombardier Transportation currently not used wi th CAD, but 
with manufacturing)
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Lessons Learnt:
CWELD forces depend on mesh size

CWELD 
property:

GA-GB ELMID
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Possibilities for improvement – pre processing

� Altair:
– A possible automation would be that HyperMesh automatically determines 

the spot weld diameter from the thickness of the joined plates.

– Visualize how the CWELD is going to be connected to the shells in order to 
allow the user to check for overlap of multi point constraints prior to solver 
run.

– Possibility to check in HyperMesh if the distance to the edge of the plate is 
sufficient so that the solver is able to realize the CWELD. Now the error 
appears only during solver run.

– Support for CFAST element for easier (nonlinear) stiffness calibration with our 
test results

� MSC.Nastran:
– Possibility for user-defined element coordinate system (similar to CBEAM 

method)
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Needed improvement for post processing in HyperView

� Display element forces and moments as vector plot a nd as table 
for each coordinate system axis (also for CFAST)

� Alternatively, display the free body loads at the s heets

� An intermediate stage solution to list and display force results for 
spot weld elements is currently under development b y Altair and 
Bombardier Transportation.

� Linear superposition of CWELD results from all load  cases 
(possible in version 9.0) ��� � want also to know by which load case 
the max. result is caused

� For verification purposes, possibility to display t he topology and 
connecting constraints of the generated spot weld c onnections.

� Possibility to change the coordinate system, in whi ch forces and
moments are displayed (e.g. to global coordinate sy stem).

� Calculation of fatigue damage of CWELD connections using Miner 
rule.
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www.bombardier.com

Dipl.-Ing. Doris Mohr, Manager Centre of Competence Structural Mechanics

Bombardier Transportation, Hennigsdorf

Thank you for your attention!

Questions?


