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� Gröna Tåget – omsättning av 
forskningsrön

Jakob Wingren

Manger Vehicle Dynamics & Centre of Competence

Bombardier Transportation

e-mail: jakob.wingren@se.transport.bombardier.com
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The Gröna Tåget – a research, development and 
demonstration programme
� To built up knowledge and resources to develop and specify the next generation 

of high speed trains for Nordic operation. The project environment is an unique 
joint initiative and cooperation between society, university and industry.

� Manage the Regina 9062 as a test train for key technologies for Gröna Tåget 
and ECO4.

� Promote technology carry-overs to new applications.

� Promote strategy and product definition for next generation High Speed and 
Very High Speed trains for Sweden.

� Communicate results and findings.

� Projects schedule 2005 – 2011.
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Main target

� Gröna Tåget will make it more attractive to travel by train through
– Shorter travel times

– Lower costs, enabling cheaper fares

– An attractive, functional passenger environment with a high level of comfort 
for all

– Even more environmental friendly



©
 B

om
ba

rd
ie

r 
In

c.
 o

r 
its

 s
ub

si
di

ar
ie

s.
 A

ll 
rig

ht
s 

re
se

rv
ed

.

5

� Forskningsprogrammet som sträcker 
sig från 2005 till 2011 behandlar 
följande områden

– Ekonomi och kapacitet
– Marknad, tåg service och konceptuell design
– Attraktiv och funktionell passagerarmiljö
– Miljö – energi och buller reducering
– Spårvänliga boggier
– Korglutning
– Nordiskt vinterklimat
– Aerodynamik
– Elektrisk drivutrustning och strömavtagning
– Säkerhet och förarmiljö
– Test och demonstration med fordon

Gröna Tåget
Forskning, utveckling och demonstrator
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Gröna Tåget - Work-flow

Technology carry-over

� Regina 
9062 
testtrain

� Ideas and concept spec 
proposals for next gen 
high speed train in 
Nordic countries

New applications

� 11 WP in 
main 
project

Gröna Tåget train concept
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2000

2006

Framtida 
fordon

2009

2005-2010

Gröna Tåget

2011

Utveckling byggd på drifterfarenhet
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G
röna T

åget possible routes
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Minskad miljöpåverkan med lägre energiåtgång

� Energiåtgången kan 
minskas med ytterligare 
30 % genom:
– Minimerat luftmotstånd

– Ännu effektivare återmatande 
broms

– Effektiv inredningslayout och 
bredare vagnarskorgar 

– Ännu effektivare drivsystem 
med PM-motorteknik
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Track-friendly self-steering bogie

� Based on 25 years of experience with track-friendly self-steering bogies

� Certified for 250 km/h and 20% higher lateral acceleration (1.2 m/s2). 
Track forces typically 60 % of limits.

� Has been running 303 km/h (Swedish speed record)

� Prepared for tilting 

� Type tested

� Reliability tested

� Traffic ongoing

� Type tested

� Reliability tested

� Traffic ongoing
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Active Lateral Suspension (ALS)

� Two functions in one hard ware:

� 1) Keep carbody in centred position in curves
�  Wider carbody possible
�  Better cross wind stability

� Improved lateral ride comfort by avoiding bump stop contact
� Possible to run at high speeds in curves

� 2) Improve lateral ride comfort
� Same ride comfort at 250 km/h as without

active lateral suspension at 200 km/h

+25%

Wider carbody:

� 3,55 m in Swedish profile

� 2,9 m in UIC European profile

� Type tested

� Reliability tested

� Traffic ongoing

� Type tested

� Reliability tested

� Traffic ongoing
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ALS

No ALS
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Test result
Active Lateral Suspension

Cicular curve

ALS på ALS av

Korg-
vibrationer 
reduceras 
med 45 %

Keep carbody in centred position in curves

Improve lateral ride comfort
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� PM motor offers environmental and economical advant ages
– which in future has the potential to increase in re levance

– reduced energy consumption

– higher efficiency and power

– simplified cooling

� The MITRAC PM motor design is based on industry standard 

� Successful tests confirmed the advantages of MITRAC PM motor 
and the expected benefits

Permanent Magnet Motor Drive

� Lab tested

� Performance tested

� Reliability tested

� Traffic ongoing

� Lab tested

� Performance tested

� Reliability tested

� Traffic ongoing
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Ensuring low noise at high speed

� Bogie skirts combined with 
low trackside barriers and 
rail dampers

� 2-3 dB(A) noise reduction 
for the shielded bogie

� 5 dB(A) with bogie skirt in 
combination with rail 
dampers

� >5 dB(A) with bogie skirt in 
combination with low 
trackside barriers
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AeroEfficient - Parameterized model 

chamfering

tangent between
nose and car body

upper part
of the nose tip

lower part
of the nose tip

starting section 
of the nose

height and length 
of the nose

size of the bogie fairing

spoiler geometry
lateral tangent
at the nose tip

upper curvature
of the carbody upper curvature

of the nose tip
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Drag and Cross-Wind Optimisation

� Drag
– Setup: train cruising with 350 km/h 

in open field

– Objective function: drag coefficient

– CFD code Star-CCM+ 

– 700 000 cells, ~ 5 h per Iteration on  
4 CPUs

– Optimised with MOGA2

� Cross-Wind
– Setup: train cruising with 300 km/h 

and perpendicular crosswind of 
109.2 km/h

– Goal function: Crosswind Stability 

– Evaluated using inhouse Matlab 
tool based on force coefficients 
computed in StarCCM+

– 700 000 cells, ~ 6 h / iteration
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Aerodynamic Optimisation process

Mesh-Generator:
Generates mesh

for calculation

Solver:
Calculates the relevant

physical variables 

CAD-Tool:
Creates and configures 

parameterised 
geometry

Optimiser:
Computes improved
Parameter setting
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Multiobjective Optimisation

• Significant rise of the number of iterations 

• Generic algorithms suitable 

• Result is a cluster of pareto-optimal designs, but no unique solution  

• High computational costs ( ~7h per iteration on 7 CPUs )

Best models for drag 
do not have a good 
crosswind stability
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Example: TWINDEXX Express
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Drag and cross wind 
optimization

Active Lateral 
Suspension

PM-motors
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Passenger Attractive Trains

� Attractive and Efficient Train Interiors, KTH

� Design and Innovation for Rail vehicle, Konstfack
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Utmaningar i Norden
Bombardier Transportation

� Många års erfarenhet från 
konstruktion av tåg för Nordiskt 
klimat.

� Agerar proaktivt och deltar i 
utvecklingen av ny Europa-
standard för extrema vinterklimat. 
(CEN/WG45)

� Har väl dokumenterade riktlinjer 
(Winter Design Guidelines) och 
erfarenheter baserade på tidigare 
och pågående projekt, inte bara 
från Sverige, Norge och Danmark 
utan även från Kanada, Kina och 
övriga Europa. 
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Hög tillförlitlighet med en konstruktion för 
Nordiskt vinterklimat

� En utmaning – en total systemlösning

� Systematiskt angreppssätt från början

� Låga temperaturer
– Elektriska komponenter

– Batterier

– Smörjning och oljor

– Materialval, metaller, gummi

– Parkering

– Start

� Luftfuktighet och kondensering

� Snö och is
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Produktifiering av forskningsresultat

� Employ PhD educated in 
industry

� Strong involvement in 
R&D Programmes

� Personal relations 

� PhD and Master Thesis 
students for R&D 
programmes
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Multiple partners R&D project

� Create a common understanding and objectives

� Create a Team relation 

� Make win-win setup (understand all the agendas)

� Share information and experience

� Develop a communication plan and explore that

� Involve Management in right levels and in right tim es

� Create flexibility in leadership and navigate betwe en structure and 
creativity

� and handle challenges …



Tack för uppmärksamheten!


