=
—
|

i

Integral consideration of the lightweight
design for railway vehicles

Jens Koenig

German Aerospace Center (DLR)
Institute of Vehicle Concepts




Ta

ble of Contents

Overview German Aerospace Center (DLR)
Overview Next Generation Train (NGT) project
Motivation light weight design for trains

Light weight potentials

Methodology for reducing car body mass
Novel load bearing car body structure

Conclusion

JERG 2



®
@

Sites and employees of DLR

More than 6900 employees working
In 33 research institutes and
facilities

R & D Activities:
«Aeronautics

«Space
«Transportation
*Energy

«Defence and Security
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Next Generation Train
Vehicle types

« Ultra-high-speed train

« Fast InterCity trainset Y
NGT REGIO -
- train concept —— —_

« Fast freight transportation >
- in future
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Next Generation Train (NGT HGV)
Topics and Goals

* Increasing the certified train speed to 400 km/h

» Halving the specific energy consumption
-> double deck high speed train

* Noise reduction

* Increase of comfort

 Improvement of the driving safety

 Improvement of wear behaviour and life cycle costs

« Cost-efficient design: through modularization and
system integration

* Increasing efficiency of development and
permission processes
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Motivation light weight design for trains

« Reduction of energy
- Standardized service profilESFEPYRMEPIRE ¥ city, Regional and
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Motivation light weight design for trains

« Reduction of energy

« Less energy consumption for acceleration and breaking

-  Motors and brake equipment lighter and smaller realisable
-  Less unsuspended weight

- Reduction of cost of operation
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Motivation light weight design for trains
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Motivation light weight design for trains

Costs for route depend on axle load in some countries

 Increasing comfort demands

« Reductiono

« Decrease o=
- Less effo==
- Superstrt
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- Cost savill
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Motivation light weight design for trains

« Limited vehicle weight because of
approvable axle load
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Main assemblies

« Coach can be divided in three main groups
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Influences on car body structure

running gear
concept

standards,
norms
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State of the art car bodies

« Differential style:
Welded metallic framework planked with blank sheets

e Integral style:
Aluminium extréile
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Light weight design of car bodies

« Expert knowledge of actual car body styles (integral style, differential style)
« Further weight reduction is limited
« Global use of light weight principles
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Requirements static / dynamic loads
« Load requirements for car bodies:
= Static loads (e.g. DIN EN 12663)
= Dynamic crash loads (DIN EN 15227)
« Maximal peak of dynamic crash loads (> 50ms) does not rise above 2
maximum of static loads . A D
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Methodology for reducing car body mass
« Definition of the design space

 Static loads of DIN EN 12663 for
topology optimization, similar FEM
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Adaption of the construction

« Constructive adaption of load bearing structure regarding load paths
« Design implementation must reflect
s Structural components
= Manufacturing capabilities
= Cost-effectiveness
= Joining technologies
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Use of methodology

« Use of methodology regarding trailer vehicle

Load adapted
comb-tube car body
structure
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Novel load bearing car body structure

Comb-tube car body

Car body made bulkheads and continuous sole bars

Bulkheads principal identical along the car body - “endless” tube possible
Bulkheads consist of cranked beams connected with node elements

Sole bars connected with beams by nodes

Node elements e.g. double shell casting nodes, formed blank nodes
Scalable car body in longitudinal direction
Large number of same parts
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nodes " bulkhead
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Conclusion

« DLR and NGT-Project

« Motivation light weight design for trains
« Main assemblies of a carriage

« Influences on car body structure

« Potential of reducing weight of car bodies through a methodology which
uses topology optimization

« Example for novel load bearing car body structure
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