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„eCAS“ Electrohydraulic Controlled Axle Steering

Initial Position / Motivation

16. Internationale Schienenfahrzeugtagung Dresden4

Infrastructure Operator: Protection of Infrastructure

Vehicle Operator: Reduction of operating costs

Council Directive 95/19/EC of 19 June 1995 on the allocation of railway 
infrastructure capacity and the charging of infrastructure fees

IMPLEMENTING REGULATION (EU) 2015/909 OF THE COMMISION  of 12. June 
2015 

on the procedures for calculating the costs directly attributable to train operations

1995

2015
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„eCAS“ Electrohydraulic Controlled Axle Steering

Initial Position / Motivation
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Saving potential per kilometer driven :

Track charge for trains depending on the track damage of the individual vehicle

 Swiss  Track Price Modell 2017

 Great Britain Variable Usage Charge

 Austria Drive Factor

 Other Countries should follow……………..……

Potential of savings on vehicles: 

Wear-related optimization for existing and new vehicles

25.08.2020



Call for proposals by RSSB (Rail Safety and Standards Board) for Infrastructure Protection 

Technologies 2016

Application in a consortium with 3 partners :

Grand Central – Operator in UK

Universität Newcastle – Institut Newrail

Liebherr Transportation Systems – Industriepartner

Project Award October 2017

Project start November 2017

Basis: MK3 Car/ BT10 Bogie

„eCAS“ Electrohydraulic Controlled Axle Steering

Initial position of the project
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Control independent of wheel / rail contact geometry Dr

Control independent of traction- and braking forces

No vibration- and structure-borne sound transmission from the wheel to the car 

body

Fail-safe design; No safety requirements higher than SIL0 in case of failure or 

malfunction

No negative influences on running stability and driving dynamics 

No EMC sensitivity (electromagnetic compatibility) 

Condition monitoring and display

Economics: 

Reduced track price 

Lower wheelset maintenance

„eCAS“ Electrohydraulic Controlled Axle Steering

„Must“ Requirements
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Control also possible in the transitional curve

Possibility of any setting

Lowest possible weight

Lowest possible influence on ride comfort

Low energy consumption of the system

High reliability

Reduced traction energy consumption through lower rolling resistance 

Low Life Cycle Cost (LCC) 

Potential for bogie and track condition monitoring

„eCAS“ Electrohydraulic Controlled Axle Steering

„Should be“ Requirements
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British Rail

Can be installed and retrofitted in all major bogie types, without modifications to the bogie frame

„eCAS“ Electrohydraulic Controlled Axle Steering

Requirements to the Design

10 25.08.2020
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Actuator Design

Compactness

Integration in the Bogie, Retrofitting

Robustness

Control and Electronics

Curve Detection

Complexity

Independence of the Train Control System

Economics

„eCAS“ Electrohydraulic Controlled Axle Steering

Criteria of Success 

16. Internationale Schienenfahrzeugtagung Dresden11 25.08.2020
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Bogie Autonomous Conception 

Curve Detection via angle of rotation to the 

car body

One Actuator Concept per Wheel Set

High Development Potential

„eCAS“ Electrohydraulic Controlled Axle Steering

Concept
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„eCAS“ Electrohydraulic Controlled Axle Steering

Actuator Function

14

Double-acting synchronous 

cylinder

X-springs

• prestressed

• Cx stiffness

• Cy rigidity 

• Rotation around all axes

Housing

Cylinder body and axis

Vertical support 

Sliding segments
Compact Design

Largest possible stroke for a given length 

No longitudinal parasitic stiffness

25.08.2020



„„eCAS“ Electrohydraulic Controlled Axle Steering

Integration in the Bogie

15

Cylinder is pressed directly into existing swing arm

After installation in the chassis, calibration of the 

displacement sensors would be required

Actuator is commissioned in the factory

After installation in the chassis, calibration of the 

displacement sensors would be required

25.08.2020



Example:                                 - Bogie

„„eCAS“ Electrohydraulic Controlled Axle Steering

Integration in the Bogie

16

Actuator

HPU*
(Prototyp Design)

*HPU Version may vary depending on the type of vehicle or space available!



Standard version for the widest possible field of application

„eCAS“ Electrohydraulic Controlled Axle Steering

Performance Data

17

Eigenschaft Wert Einheit

Wheelload 19 t

Stroke - Cylinder

- 100% Radial adjustment for 2.7m wheelbase to radius of radius

+/- 15

300

Mm

m

Actuator Force «Fx» 45 kN

Position Speed 7 mm/s

Energy Consumption in average 250 W

Energy Consumption “peak” 1 kW

Diameter Actuator «D» 190 mm

Width Actuator «b» 130 Mm

Parasitic Stiffness 

- Actuator

- Primary Suspension

0

(200 – 500)

N/mm

N/mm

Transverse Stiffness of the Actuator Cy 2.0 – 7.0 kN/mm

Longitudinal Stiffness of the Actuator Cx (X-springs serially to oil stiffness) >= ~25 kN/mm

25.08.2020
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„eCAS“ Electrohydraulic Controlled Axle Steering

Effectiveness based on Simulation

19 25.08.2020

Ideal radial steering provides lowest track displacement forces SY down to 50% to the 

standard bush

eCAS provides the best possible distribution of the track displacement forceSY on both 

wheelsets

Rolling Resistance

76 - 91% Reduction of rolling resistance in the range of 200m to 1000m radius

Energy saving according to the curve frequency (per vehicle)

eCAS ~ - 5 MWh/year

Wheel wear

~33% reduction of operation costs

Savings of track fee



„eCAS“ Electrohydraulic Controlled Axle Steering

Content

20 25.08.2020

Initial Position1

Requierement2

eCAS Concept and Actuator Function3

Effectivenes4

Status6

View7

Option - Track Diagnostic5



With little additional effort, track diagnosis via indirect wheel- / rail forces measurement feasible

„eCAS“ Electrohydraulic Controlled Axle Steering

Option Diagnostic

21
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3 Main Project Phases:

„eCAS“ Electrohydraulic Controlled Axle Steering

Status  RSSB - Project

23

Feasibility study and concept phase

Theoretical phase / prototype 

development

Validation Phase - Demonstrator on 

bogie

Start 11 - 2017

03-2020 End

09 - 2019

British Rail

25.08.2020
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Serial implementation parallel to the validation phase from mid-2019 

Aim:

Retrofit solution for existing vehicles

ROI: 2-5 years

Optimized variant for new build vehicles

ROI: 2-4 years

„eCAS“ Electrohydraulic Controlled Axle Steering

25

View

25.08.2020



„eCAS“ Electrohydraulic Controlled Axle Steering

26

Backup
First Simulation Results

Backup

25.08.2020



Boundary Conditions

Operator:

Train/Bogie: Mark 3 / BT-10 

Load of Wheelset: 11.4 t

Friction Value: 0.4

Cant Deficiency: 40 mm

Wheel Profile: P8

Rail: UIC 60

Rail Inclination: 1/20

„eCAS“ Electrohydraulic Controlled Axle Steering

Effectiveness based on Simulation

27 25.08.2020



T
g

Steuerungsfaktor:         keine ideal radial Übersteuerung

Bogenradius

Wear indicator Tg, in addition to axle load and unsprung mass, an important factor in track price models

Only active wheelset controls deliver sustainable reduction of track damage

„eCAS“ Electrohydraulic Controlled Axle Steering

Effectiveness based on Simulation

28

Working Area eCAS

Optimal Attitude 

Working Area

Passive Solutions

RCF Threshold
~15N/contact point

Curve Radius

Control factor overrideno

25.08.2020



Control Factor:         no ideal radial Override

Bogenradius
S

Y
 [
N

]

Gleisverschiebekraft SY
maximalwert von Radsatz 1 und 2

Ideal radial steering provides lowest track displacement forces SY

„eCAS“ Electrohydraulic Controlled Axle Steering

Effectiveness based on Simulation
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track displacement force SY

Maximum value of wheelset 1 and 2

Curve Radius

25.08.2020



eCAS provides the best possible distribution of the track displacement forceSY on bot wheelsets

HALL provides virtually the same behavior as conventional suspension

„eCAS“ Electrohydraulic Controlled Axle Steering

Effectiveness based on Simulation

30

track displacement forceSY
Difference of wheeset 2 minus wheelset 1
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Rolling Resistance

76 - 91% Reduction of rolling resistance in the range 

of 200m to 1000m radius

Energy saving according to the curve frequency (per 

vehicle)

eCAS ~ - 5 MWh/Jahr

Hall            +/- 0 MWh/Jahr

(entsprechend niedrigere Werte bei niedrigeren Reibwerten )

Wheel wear

~33% reduction of operation costs

Savings of track fee

„eCAS“ Electrohydraulic Controlled Axle Steering

Effectiveness based on Simulation
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Experience the Progress.



 Liebherr-Aerospace & Transportation SAS 2020. Alle Rechte vorbehalten. Ausdrücklich eingeschlossen 

sind, ohne Begrenzung, die Rechte der Übersetzung, der Bearbeitung für andere Sprachen, der 

auszugsweisen Wiedergabe, der Herstellung von Photokopien oder Mikrofilmen, der Reproduktion 

durch Xerox oder ähnliche Methoden, der elektronischen Bearbeitung (Speicherung, Reproduktion 

usw.), der weiteren Verarbeitung und der Zusammenstellung des Inhaltes oder von Teilen derselben in 

anderer Anordnung.

 Liebherr-Aerospace & Transportation SAS 2020. Tous droits réservés, y compris expressément, mais

sans limitation, les droits de traduction, d'adaptation en d'autres langues, de la reproduction d'extraits, 

de la production de copies par photocopies, microfilms, copy Xerox et autres méthodes similaires, de 

traitement électronique (mémorisation, reproduction etc.), ou par regroupement dans un autre ordre 

des termes ou d'une partie des termes sous quelque forme que ce soit.

 Liebherr-Aerospace & Transportation SAS 2020. All rights reserved, expressly including, without

limitation, the rights of translation, of adaptation to other languages, of reproduction by way of

abstracts, photocopies, microfilms, Xerox and similar methods, electronic processing (storage, 

reproduction and the like), and of rearranging the contents.


