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Contents of Work Package 4-WP05  Tools of Design and Components for Advanced Vehicles - Safety, 
    Design, Active Control and Lubrication of Future Rail Vehicles
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Main Goal of the WP
➢ Design of a working sample of a new two-axle bogie for freight wagon. Testing main components of bogie,

suspension elements, dampers. Performance of strength calculations and life-time test of materials. Processing of
the production documentation of the main components of the new bogie.

➢ Development of MBS models of a virtual low-floor articulated tram with active elements in bogies.

➢ Methodology of design of parameters of elements passive safety of railway vehicles.

➢ Development of a functional sample of a new on-board application unit for liquid and semi-liquid lubrication to
control the coefficient of friction between wheels and rails, development of an advanced system to control the
coefficient of friction of a roundabout in sharp curves of railway and tram tracks.

All these R&D activities will contribute to shortening the time between conceptual research and the application of an
innovative product to the market (time-to-market, TTM) by about 20%, primarily by using the accumulated experience
from previous solutions and timely removal of development dead ends in its initial phase.

Contents of Work Package 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 



TN02000054 Page 3                    Za DP4 WP 05 Josef KOLÁŘ, FME CTU in Prague

Božek Vehicle Engineering National Center of Competence
Colloquium Božek 2023 – BOVENAC 31. 10. 2023, CVUM Roztoky

 

 

 

Národní centrum kompetence 

inženýrství pozemních vozidel 

Josefa Božka 

Partial Goals for the Current Period

➢ Development and implementation of friction management technique
through the application of a digital twin approach.

➢ Control system for the wheel-flange/top-of-rail lubrication based on the
combination of:

▪ automatic prediction of load, slip and contact area of the wheel-rail
contact (based on models, GNSS + map data and operating
conditions);

▪ prediction of changing properties of the friction layer between the rail
and the wheel (based on experimental results and models)

▪ feedback from the on-board condition monitoring (noise and
vibration);

▪ real-time evaluation and optimization of the lubrication control.

The system will be implemented, tested and optimized on a
real railway system (Brno-Blansko).

Contents of Work Package 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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Partial Goals for the Current Period

➢ concept design of a low-floor articulated tram with active elements in the tram bogies,
development of more accurate MBS models of bogies and trams with actuators,
development of actuator control algorithms, simulation of actuator failure states,
evaluation of safety risks

➢ creation of a model of a rail vehicle accident with a car, analysis of the parameters of
deformation elements for the consequences of accidents, conceptual design of new crash
elements of trams and regional rail vehicles

➢ selection of suitable sensors for application in the system of measuring the position of
wheelset in the track, design of the layout of the sensor system and processing of signals
from individual sensors

➢ design of partial parts, production of functional samples, production and assembly of a
functional sample of a new bogie for freight wagons, performance of quasi-static and
dynamic tests of bogie and their evaluation

Contents of Work Package 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05: Safety, Design, Active Control and Lubrication of Future Rail Vehicles

Official 4-WP05 Deliverables:

Main Goal

• 4-WP05-005 | Test sample of a key part of the railway bogie,Gfunk ,  (VÚKV 0.2 , TatraVagonka 0.8)

 TN 02000054/004-V19

• 4-WP05-007 | Onboard lubrication unit for advanced friction management,Gfunk ,

 TN 02000054/004-V21     (FME VUT 0.3 , Tribotec 0.7)

Contents of Work Package 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05: Safety, Design, Active Control and Lubrication of Future Rail Vehicles

Official 4-WP05 Deliverables:

Another goal

• 4-WP05-001 | MBS model of a virtual low-floor articulated tram with active elements ,O, 
        (FME CTU 0.75 + STRN 0.2 + VÚKV 0.05)

TN 02000054/004-V15

• 4-WP05-002 | Methodology of design of parameters of elements passive safety of railway 
vehicles ,O,                                                                        (FME CTU  0.9 + SIEMENS Mobility 0.1)

TN 02000054/004-V16                                                                               

• 4-WP05-003 | Methodology of design of shape solution of passive protective elements of 
 given parameters for railway vehicles,O,    (FME CTU  0.9 + SIEMENS Mobility 0.1)

TN 02000054/004-V17                                                                               

Contents of Work Package 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05: Safety, Design, Active Control and Lubrication of Future Rail Vehicles

Official 4-WP05 Deliverables:

Another goal

• 4-WP05-004 | Analysis of the possibilities of the conceptual solution of sensors for 
determining the current position of the wheelset in the track,O, (FME CTU 0.9 + STRN 0.1)

TN 02000054/004-V18

• 4-WP05-006 | Report on Milestones - New bogie for freight wagons,O,                                                                                                       
                                   (VÚKV 0.8 + Tatravagonka 0.2)

TN 02000054/004-V20                                                                               

• 4-WP05-008 | Prediction of friction in the wheel-rail interface,O,                      

                                                                                                                             (FME BTU 0.4 + STRN 0.3 + UPa 0.3)

TN 02000054/004-V22                                                                               

Contents of Work Package 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05-001: MBS model of a virtual low-floor articulated tram with active elements

• Concept design of low floor tram with active elements in the tram bogies

• Creation of an MBS model of an articulated tram with active elements in the tram bogies

• Creation of a test track model according to the Václavské náměstí – Sídliště Řepy

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles

MBS model of articulated low floor tram

MBS model of the tram 

bogie with active 

elements Liebherr

Interval radius

[m]

Number of 

curves

Length of the 

curves [m]

Length of 

the transitions

[m]

R20 – R30 4 103 0

R30 – R50 9 67 30

R50 – R80 4 183 53

R80 – R150 8 318 188

R150 – R300 12 798 363

R300 - R600 13 1227 252

R600 - R1000 6 331 92

> R1000 12 590 11

Straight line 58 6 035 m

Total line length 10 641 m
Analysis of directional curves and gradients of the tram line Václavské náměstí – Sídliště Řepy
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4-WP05-001: MBS model of a virtual low-floor articulated tram with active elements

• Created the first version of the actuator control algorithm

• Simulations of driving a vehicle with active and passive suspension on a test track under various 
boundary conditions were carried out - reduction in the wear index around 75% was achieved

• Publication of the results achieved at the ProRail 2023 conference in Žilina - Slovakia

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05-002: Methodology of design of parameters of elements passive safety of railway 
 vehicles 

4-WP05-003: Methodology of design of shape solution of passive protective elements 
 of given parameters for railway vehicles

▪ Creation of a simulation model of an articulated low-floor tram

▪ Application of knowledge from the fields of stiffness compatibility body cars and geometry of road vehicles.

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

Models of personal car and articulated low-floor tram

A model of the driver's cabin of an articulated low-floor tram 

with a new crash element
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4-WP05-002: Methodology of design of parameters of elements passive safety of railway 
 vehicles 

4-WP05-003: Methodology of design of shape solution of passive protective elements 
 of given parameters for railway vehicles

▪ Determination of the influence of individual parameters on the consequences of accidents:

 - characteristics of deformation elements => improvement of up to 25%,

             - height position of deformation elements above the TK plane => improvement of up to 60%,

             - width of contact area of deformation elements => improvement of up to 50%,

             - contact surface height => negligible improvement.

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

The area of the height line of the crash side contact
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4-WP05-004: Analysis of the possibilities of the conceptual solution of sensors for 
determining the current position of the wheelset in the track

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

The inductive sensor and basic test of its sensitivity
Principle – locations of sensor in bogie

▪ study of possible locations of the sensor system on the vehicle, 

▪ defining the basic parameters of the sensors, 

▪ research of sensors available on the market, 

▪ purchase of suitable sensors in terms of technical parameters, availability and 
price, first sensitivity testing,

▪ development of a preparation for detailed testing of sensor sensitivity.
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4-WP05-004: Analysis of the possibilities of the conceptual solution of sensors for 
determining the current position of the wheelset in the track

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

A test fixture for a basic test of its sensor sensitivity

▪ development of a preparation for detailed testing of sensor sensitivity.
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4-WP05-005: Test sample of a key part of the railway bogie

4-WP05-006: Report on Milestones - New bogie for freight wagons

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05-005: Test sample of a key part of the railway bogie

4-WP05-006: Report on Milestones - New bogie for freight wagons

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05-005: Test sample of a key part of the railway bogie

4-WP05-006: Report on Milestones - New bogie for freight wagons

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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4-WP05-007: Onboard lubrication unit for advanced friction management 

4-WP05-008: Prediction of friction in the wheel-rail interface

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

Motivation

▪ Lack of an effective solution for wheel-flange and top-of-rail lubrication in curves with small radii (< 300 m).

▪ Railway corridor between Brno and Blansko with a large number of curves, open after reconstruction in 2023.

▪ 30y full-service of train units for the South Moravian region operated in the corridor (Skoda Group). 

View of part of the curved railway 

track Brno - BlanskoThe electrical unit Regio Panter for the South Moravian
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4-WP05-007: Onboard lubrication unit for advanced friction management 

4-WP05-008: Prediction of friction in the wheel-rail interface

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

Concept solution of a digital twin electric unit.

➢ Development and implementation of friction management technique
through the application of a digital twin approach.

➢ Control system for the wheel-flange/top-of-rail lubrication based on 
the combination of:

• automatic prediction of load, slip and contact area of the wheel-
rail contact (based on models, GNSS + map data and operating 
conditions);

• prediction of changing properties of the friction layer between 
the rail and the wheel (based on experimental results and 
models);

• feedback from the on-board condition monitoring (noise and 
vibration;

• real-time evaluation and optimization of the lubrication control.  

Lubrication

Operating

conditions

Modelling

Real-time data

Control
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4-WP05-007: Onboard lubrication unit for advanced friction management 

4-WP05-008: Prediction of friction in the wheel-rail interface

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

GNSSMap dataVehicle parameters

Track parameters

Operat. conditions 

(speed, load)

Vehicle-track simulations

Simplified model of the 

wheel-rail contact

(cont. pressure, creep) 

Model of the frictional 

layer behaviour

(friction, wear, layer 

distribution) 
Lubricants charact.

Application strategy

Oper. conditions 

(speed, load, creep)

Tribological experimental research

Weather model

(temperature, humidity, 

precipitations) 

Other sensors 

(weather 

conditions)

Weather conditions 

(temper., humidity, 

precipitations)

Actual conditions 

(speed, track parameters)

Lubrication unit

Actual conditions of the 

wheel-rail interface 

Onboard 

condition 

monitoring and 

diagnostics

Feedback (vibroacoustics)

Off-line data Realtime evaluation and control
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4-WP05-007: Onboard lubrication unit for advanced friction management 

4-WP05-008: Prediction of friction in the wheel-rail interface

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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0.02
0.04

0.06
0.08

0.1
0.12

2

4

6

8

10

0

2

4

6

8

10

12

 

Slip velicity (m/s)Amount (ul)

 

C
o
A

 r
a
te

 (
1
0
0
0
/s

)

Skluzová rychlost (m/s)

Aplikované 
množství (μl )

G
ra

d
. 
C

o
A

 (
1

0
0

0
/s

)

Field tribometer



TN02000054 Page 21                    Za DP4 WP 05 Josef KOLÁŘ, FME CTU in Prague

Božek Vehicle Engineering National Center of Competence
Colloquium Božek 2023 – BOVENAC 31. 10. 2023, CVUM Roztoky

 

 

 

Národní centrum kompetence 

inženýrství pozemních vozidel 

Josefa Božka 

4-WP05-007: Onboard lubrication unit for advanced friction management 

4-WP05-008: Prediction of friction in the wheel-rail interface

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

Tribology of the 
wheel-rail interface

Speed 1 m/s; Slip 8 %; Pressure 1 GPa; OFM 5 µl
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4-WP05-007: Onboard lubrication unit for advanced friction management 

4-WP05-008: Prediction of friction in the wheel-rail interface

Activities in 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

Sample presentation of results at international conferences.
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Current State of Deliverables and Fulfillment of Goals

• 4-WP05-001 | MBS model of a virtual low-floor articulated tram with active elements,O, XII/2025                                              
      FME CTU 0.75 + STRN 0.2 + VÚKV 0.05

    – in progress & no major delays:

– Active silent block technology brings the possibility of applying active wheel guidance technology to modern 
trams, for which the technology is very suitable

– A control principle has been proposed that does not incur additional costs for equipping the vehicle with sensors 
and enables the verification of input values for actuator control from two independent sources

– The results of MBS calculations of the passage of an articulated modern tram along a real track brought a 
significant (73%) reduction in the wear index or energy dissipated in the contact between wheel and rail

– Active wheel guidance technology thus has great potential: 

• reduce the costs of operating trams, 

• increase the comfort of passengers and people moving around the tram line, 

• reduce vehicle energy consumption,

• enable the wider deployment of cheaper and more capable vehicles with non-rotating chassis even on lines 
with curves of smaller radii and thus contribute to the further development of tram transport

Fulfillment of goals and deliverables of 4-WP05 Safety, Design, Active Control and Lubrication of Future 
Rail Vehicles
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Current State of Deliverables and Fulfillment of Goals

• 4-WP05-002 | Methodology of design of parameters of elements passive safety of railway vehicles, 

                          O, III/2025                                                       FME CTU  0.9 + SIEMENS Mobility 0.1                                                                            

• 4-WP05-003 | Methodology of design of shape solution of passive protective elements of given 
  parameters for railway vehicles,O, XII/2025  FME CTU  0.9 + SIEMENS Mobility 0.1

– in progress & no major delays:

– a model of a side collision between a middle-class passenger car and a low-floor tram was created

– findings from the field of compatibility of car body stiffness and road vehicle geometry were evaluated

– a model of a side collision between a medium-class passenger car and a light rail regional vehicle is being 
developed

• 4-WP05-003 Analysis of the possibilities of the conceptual solution of sensors for determining the 
current position of the wheelset in the track, XII/2025  FME CTU  1.0 

     – in progress & no major delays:

– suitable sensors were selected, the development of a product for detailed sensor sensitivity testing began

Fulfillment of goals and deliverables of 4-WP05 Safety, Design, Active Control and Lubrication of Future 
Rail Vehicles
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Fulfillment of goals and deliverables of 4-WP05 Safety, Design, Active Control and Lubrication of Future 
Rail Vehicles
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Current State of Deliverables and Fulfillment of Goals

• 4-WP05-007 | Onboard lubrication unit for advanced friction management,Gfunk , XII/2025,

                                                           FME VUT 0.3 , Tribotec 0.7

• 4-WP05-008 | Prediction of friction in the wheel-rail interface,O, XII/2025

        FME BTU 0.4 + STRN 0.3 + UPa 0.3

– in progress & no major delays:

- the development and implementation of the friction and adhesion control technique by applying the 
digital twin approach of the Regio Panter electric unit supplied by Skoda Transportation for the South 
Moravian Region was started.

- a computer map of the railway line Brno - Blansko is created

- tribological models of the wheel-rail interface are improved

- on-board vibration and noise monitoring – methods of identifying vibration and noise monitoring are 
specified

Fulfillment of goals and deliverables of 4-WP05 Safety, Design, Active Control and Lubrication of Future 
Rail Vehicles
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Fulfillment of goals and deliverables of 4-WP05 Safety, Design, Active Control and Lubrication of Future 
Rail Vehicles
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List of Due Deliverables and Their Added Value

• 4-WP05-007, 4 – WP05-008 – The development and implementation of the friction and adhesion 
control technique through the application of the digital twin approach to the Regio Panter electric units 
will enable the ŠKoda Group manufacturer to optimize costs for a 30-year full service and will contribute 
to a number of findings leading to the reduction of guiding forces and wear of wheels and rails.

Fulfillment of goals and deliverables of 4-WP05 Safety, Design, Active Control and Lubrication of Future 
Rail Vehicles



TN02000054 Page 29                    Za DP4 WP 05 Josef KOLÁŘ, FME CTU in Prague

Božek Vehicle Engineering National Center of Competence
Colloquium Božek 2023 – BOVENAC 31. 10. 2023, CVUM Roztoky

 

 

 

Národní centrum kompetence 

inženýrství pozemních vozidel 

Josefa Božka 

Assessment of the Contribution of Deliverables

• The issue of partial research works carried out in this package cooperates with and follows on from the 
partial research works carried out in packages 4-WP01-001 (FEFEFOF).

• Realized research activities should contribute to improving the efficiency of rail vehicles.

• The activities contribute to the expansion of knowledge about new ways of driving rail vehicles, their 
investigation into driving dynamics and reliability/lifetime.

• New findings and outputs can be applied in the construction of bogies for new rail vehicles, e.g. in 
Skoda Transportation, Siemens Mobility, Tatravagonka Poprad and others.

• The knowledge gained is regularly presented at professional conferences.

Current contribution of 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
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Assessment of the Formal/Administrative Goals of the Work Package

Current contribution of 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles
 

We assume that the use of allocated funds, the commercialization of research, and the fulfillment

of contractual research will be fulfilled by all partners participating in the implementation of 3-WP13 

during the years 2023-2026.
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Výtah z prací 2023-2025 na DP4-WP05 Bezpečnost, design, aktivní řízení a mazání okolků u budoucích 
        kolejových vozidel – dosaženo 2023  

4 – WP05 - 001 (O) (ČVUT FS 0.75 + STRN 0.20 + VUKV 0.05)                                                                                                              Termín: 1.12.2025

MBS model virtuální článkové nízkopodlažní tramvaje s aktivními prvky

MBS model článkové nízkopodlažní tramvaje
MBS model 

tramvajového 

podvozku s aktivními 

prvky Liebherr 

Výsledky výpočtů MBS 

průjezdu kloubové moderní 

tramvaje po reálné trati 

přinesly výrazné (73 %) 

snížení indexu opotřebení 

nebo energie rozptýlené při 

kontaktu kola s kolejnicí.

4 – WP05 - 002 (O),  (ČVUT FS 0.9 + SIEMENS Mobility 0.1)                                               Termín: 1.3.2025

Metodika návrhu parametrů prvků pasivní bezpečnosti kolejových vozidel 

4 – WP05 - 003 (O),  (ČVUT FS 0.9 + SIEMENS Mobility 0.1)                                              Termín: 1.12.2025

Metodika návrhu tvarového řešení pasivních ochranných prvků daných parametrů pro kolejová 
vozidla

Model boční srážky automobilu s článkovou tramvají
Oblast výškové čáry bočního kontaktu 

nárazu

4 – WP05 - 004 (O), ČVUT FS 1.0 Termín:1.12.2025

Rozbor možností koncepčního řešení snímačů 
pro zjišťování aktuální polohy dvojkolí v koleji

Přípravek pro základní test citlivosti  

senzoru
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Results of 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles – Achieved 2023

The area of the height line of the crash 

side contact
Side impact model of a passenger car and an articulated low-floor tram

4 – WP05 - 001 (O) (CTU FME 0.75 + STRN 0.20 + VUKV 0.05)                     Project deadline: 1.12.2025

MBS model of a virtual low-floor articulated tram with active elements

4 – WP05 - 002 (O),  (CTU FME 0.9 + SIEMENS Mobility 0.1)                                   Project deadline: 1.3.2025

Methodology of design of parameters of elements passive safety of railway vehicles

4 – WP05 - 003 (O),  (CTU FME 0.9 + SIEMENS Mobility 0.1)                                 Project deadline: 1.12.2025

Methodology of design of shape solution of passive protective elements of given parameters for 
railway vehicles4 – WP05 - 004 (O), CTU FME 1.0 Project deadline: 

   1.12.2025

Analysis of the possibilities of the conceptual 
solution of sensors for determining the current 

position of the wheelset in the track

A stand for a basic sensor sensitivity test

The results of MBS 

calculations of the 

passage of an articulated 

modern tram along a real 

track brought a significant 

(73%) reduction in the 

wear index or energy 

dissipated in the contact 

between wheel and rail.MBS model of articulated low floor tram

MBS model of the tram 

bogie with active 

elements Liebherr
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Results of 4-WP05 Safety, Design, Active Control and Lubrication of Future Rail Vehicles – Achieved 2023

4 – WP05 - 005 (Gfunk) (VUKV 0.2, Tatra Vagonka 0.8) Project deadline: 
                   1.12.2025

Test sample of a key part of the railway bogie

4 – WP05 - 006 (O) (VUKV 0.8, Tatra Vagonka 0,2) Project deadline: 
                   1.12.2025

Report on Milestones - New bogie for freight wagons

4 – WP05 - 007 (Gfunk) (FME BTU 0.3 , Tribotec 0.7) Project deadline: 1.12.2025

Onboard lubrication unit for advanced friction management

4 – WP05 - 008 (O) (FME BTU 0.4 , STRN 0.3, UPa 0.3) Project deadline: 1.12.2025

Prediction of friction in the wheel-rail interface

Concept solution of a digital twin 

electric unit.

Lubrication

Operating

conditions

Modelling

Real-time data

Control

Small-scale 

twin-disc

Redistribution Field tribometer

On-board noise 
monitoring? 
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Výtah z prací 2023-2025 na DP4-WP05 Bezpečnost, design, aktivní řízení a mazání okolků u budoucích 
        kolejových vozidel – dosaženo 2023  

4 – WP05 - 005 (Gfunk) (VÚKV 0.2, TatraVagónka 0,8)  Termín: 1.12.2025

Testování zkušebních vzorků klíčové části  železničního  podvozku

4 – WP05 - 006 (O) (VÚKV 0.8, Tatra Vagónka 0,2)      Termín: 1.12.2025

Zpráva o milnících – nový podvozek pro nákladní vozy

4 – WP05 - 007 (Gfunk) (FSI VUT 0.3 , Tribotec 0.7)  Termín: 1.12.2025

Palubní mazací jednotka pro pokročilé řízení tření a adheze

4 – WP05 - 008 (O) (FSI VTU 0.4 + STRN 0.3 + UPa 0.3)  Termín: 1.12.2025

Predikce tření na rozhraní kolo-kolejnice

Koncept řešení digitálních 

dvojčat elektrické jednotky.

Lubrication

Operating

conditions

Modelling

Real-time data

Control

Malý 

kladkový 

stend

Přerozdělování

Tribometr

Měření hluku ? 

Testování na 

stávajících 

zařízeních

Validace 

výpočtového 

modelu

Vývoj zkušebního 

zařízení pro zkoušky 

klíčové části 

železničního 

podvozku (FV1)
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