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PART 1PART 1
INTRODUCTION

ORWHY WE NEED SOME BACKGROUNDOR WHY WE NEED SOME BACKGROUND 
LEARNING FROM OUR GRANDFATHERS
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• Something about the patent (that I own) of a “new”

What are you going to listen now?
• Something about the patent (that I own) of a “new” 

wheelset (OK, I re‐invented the wheel)
• This is NOT a collaborative research it’s just my• This is NOT a collaborative research, it s just my 

engineering knowledge
• I re‐invented the wheel not for wheel‐rail interfaceI re invented the wheel not for wheel rail interface 

reasons, nevertheless some interesting features can 
be achieved (a sort of “fallout”)

• For reasons that will be evident later, the design is 
applicable only to inside frame bogies – a.k.a. 
inboard bearings 
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“AIR” Wheelset

A wheelset 
whose wheels 
areare
pparently
ndependentlyndependently
otating
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Inboard vs. Outboard bearings (1)
• No major differences for journal bearings (made of two parts)• No major differences for journal bearings (made of two parts)
• Steam locomotives with external cylinders = inboard bearings
• All other vehicles: outboard bearings (maintenance reasons)All other vehicles: outboard bearings (maintenance reasons)
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Inboard vs. Outboard bearings (2)
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The British design B5000 bogie and its successors

Class 5 coach Norway ‐ in service since

Class 172 Turbostar UK ‐ in service since 
2011 ‐ 186 bogies

Class 220 Voyager UK ‐ in service since 
2001 ‐ 288 bogies 

Class 222 Meridian UK ‐ in service since 
2003 ‐ 303 bogies 

Class 5 coach Norway   in service since 
2011 ‐ 122 bogies 

2011  186 bogies 
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A full range of inside frame bogies

Hitachi Intercity Express Programme IEP 
Class 800‐801

b d h

SF7000 – Siemens

369 + 227 +  270 + 29 bi‐mode Hitachi AT300 GWR
(Source: Railway Gazette International, 44‐15, Jan 

2014)

FLEXX Eco – Bombardier

SF7000  Siemens
Desiro City Thameslink

1200 cars

ICx Germany ‐ in production ‐ 1390 bogies + 
options 

Crossrail Class 345 ‐ in design ‐ 1170 bogies 
Riyadh Metro ‐ in design ‐ 188 bogies 
Stockholm C30 ‐ in design ‐ 768 bogies
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Stockholm C30  in design  768 bogies 
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The DB ICx train

Modern Railways – June 2011
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PART 2
TRACK ACCESS CHARGES AND 

BEYOND
OR WHY WE ARE HERE DISCUSSING ABOUT 

INSIDE FRAME BOGIES
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TheseThese bogiesbogies are are technicallytechnically attractiveattractive and and givegive
rise rise toto curiositycuriosity, , butbut whywhy shouldshould a a customercustomer

buybuy a a traintrain equippedequipped withwith themthem??
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Benefit of reduced bogie weight
on UK track access chargeg

Source: Eddie Searancke Benefits of the FLEXX Eco Bogie Innotrans 2008
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Source: Eddie Searancke, Benefits of the FLEXX Eco Bogie, Innotrans 2008



Other charging schemes

Source: S. Marschnig, Gerechte und transparente Infrastrukturbepreisung
Ei t h i h A t t f i i t h ftli h F t ll ÖVG‐ Eine technische Antwort auf eine wirtschaftliche Fragestellung, ÖVG 

Rad‐Schiene‐Monitoring, Wien, 2015

THERE MUST BE SOMETHING MORE!THERE MUST BE SOMETHING MORE!
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PART 3
THE IDEA

OR WHY EVERY CLOUD HAS A SILVER LINING
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Despite all ourDespite all ourDespite all our Despite all our 
efforts, wheels efforts, wheels 

ill dill dwill wear and will wear and 
will damagewill damage
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What if a customer could What if a customer could 
change worn / damaged change worn / damaged 

wheels this way?wheels this way?

17



Anyone whoAnyone who
has never madehas never made

a mistakea mistake
has never triedhas never triedhas never triedhas never tried
anything newanything new
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The idea was conceived on March 2010 but was set 
aside for market reasons

• Italian patent 102014902272121 (FI2014A000154) 23 06 2014
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• Italian patent 102014902272121 (FI2014A000154) ‐ 23.06.2014
• International patent PCT/IB2015/051855 ‐ 13.03.2015

• European patent EP15173213.8 ‐ 22.06.2015



1 Something that does not modify both regular checks and

What was I looking for?
1. Something that does not modify both regular checks and 

underfloor lathe reprofiling procedures
2. The chance to maintain wheelsets in “peripheral” contexts2. The chance to maintain wheelsets in  peripheral  contexts 

where no carbody lifting or wheelset lowering devices are 
available

3. The possibility of using standard and low cost simple tools 
(extractors, shop cranes…)

4 A idi i i i l ibl d d h l4. Avoiding in principle any possible damage due to wheel 
pressing on and off

5 Eliminating the axle that gives more than a headache5. Eliminating the axle, that gives more than a headache
6. The dream to concentrate all serviceable parts in one 

component
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• Different architecture of wheelset and bogies
• The AIR wheelset is primarily intended to be• The AIR wheelset is primarily intended to be 
used on “railway vehicles” (e.g. not on trams)

??
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Bridge (fixed)

22



Bridge (fixed) +
Wheel
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Bridge (fixed) +
Wheel (with brake discs)
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(This is a typical IRW 
arrangement...)

Bridge (fixed) +
Wheel (with brake discs) +
BearingsBearings
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High Rail RCFHigh Rail RCF
• High Rail RCF is caused by excessive T‐Gamma on the leading 

axle whose LongitudinalLongitudinal force direction promotes RCF
• Corresponding Low Wheel RCF is also generated

Rate ofRate of 
growth Fcnf +

T‐Gamma
‐

Note: Previous slides showed a single Lateral force 
generated by AOA acting on the axle center rather than 

Direction 
of travel

2621‐23 October, 2015 • Derby, UK

Wheel  Forces
g y g
the wheels.  That was done for graphical simplicity



Low Rail RCFLow Rail RCF

• Low Rail RCF is caused by Excessive T‐Gamma:y
– On the leading axle whose Longitudinal Force direction promotes wear 

and metal flow
– On the trailing axle whose Longitudinal Force direction cause RCF

• It usually occurs with extreme 
Cant Surplus 

Rate of 
growth

‐Lead axle

T‐Gamma
‐

Trail axle
Direction 
of travel

2721‐23 October, 2015 • Derby, UK

Wheel  Forces



Bridge (fixed) +
Wheel (with brake discs) +
Bearings +Bearings + 
Torque limiter
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Bridge (fixed) +
Wheel (with brake discs) +
Bearings +Bearings + 
Torque limiter + 
Connecting shaft
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Bridge (fixed) +
Wheel (with brake discs) +
Bearings +Bearings + 
Torque limiter + 
Connecting shaft + 
Optional brake disc
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Optional brake disc



3. Wheel 5. Torque limiter
version “A”

1. Fixed hollow
“b id ”“bridge”

2. Wheels connecting 
h ft ( t ti )shaft (rotating)

4. Bearings: 1 
locating “TBU” 
face‐to‐face + 1 6. Further brake 

( )
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face to face   1 
CARB disc (optional)



version “B” Rigid joint
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1 CERTIFICATION compliance to TSIs and EN standards

Not less important steps
1. CERTIFICATION: compliance to TSIs and EN standards 

necessary (see ICx for DB case)
2 RUNNING DYNAMICS: Vehicle performance had to be2. RUNNING DYNAMICS: Vehicle performance had to be 

unaffected by the new design
3 BEARINGS: novel solution sufficient dynamic load3. BEARINGS: novel solution, sufficient dynamic load 

rating AND sufficient speed rating must be guaranteed 
to ensure durabilityy

4. STRUCTURAL ISSUES AND SAFETY: high safety margins 
(no accidents like Viareggio are tolerated anymore)

5. MANUFACTURING: the new solution must be entirely 
producible with current manufacturing processes
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No wheel/wheelseat rotational slip 
(“German problem”) possible...



PART 4
IMPACT ON VEHICLE 

DYNAMICS
OR WHY I WAS FORCED TO CHANGE MY MIND SO 

MANY TIMES
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A torsional link is needed!
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A torsional link is needed!



•Critical speed decreases with axle torsional

Analysis of version “B” (rigid joints)
•Critical speed decreases with axle torsional 
stiffness (Doyle, 1977)
•A large axle diameter is needed not only for•A large axle diameter is needed not only for 
bending (structural) but also for torsional 
(dynamics) reasons( y )
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Fully non linear running dynamics analysis of the ERRI

Required shaft stiffness
Fully non‐linear running dynamics analysis of the ERRI 
wagon in the VI‐Rail library for a number of shaft sizes:

Luckily this type of instability is of the 
i t ( b d i t bilit )primary type  (carbody instability), so 

using “modern” anti‐yaw dampers 
completely removes the problem OK
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For further details on “versions A+B” behaviour...

f 0 4 b I’ll b b k hi i hil
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f=0.4, but I’ll be back on this in a while…



PART 5PART 5
ROLLER BEARINGS

ORWHY IT IS SO IMPORTANT TO DISTINGUISHORWHY IT IS SO IMPORTANT TO DISTINGUISH 
BETWEEN A PROTOTYPE AND MASS PRODUCTION
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O l d i i i l fl

Wheels with bearings

•Only used in practice in low‐floor trams
•The experience with a modular and 
er light eight passenger car (FIATvery lightweight passenger car (FIAT 
CNR) was totally negative (Gothard line 
tests 1992)tests 1992)
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1. Large diameter = high dynamic load rating BUT low speed rating
Bearings requirements

g g y g p g
2. Small diameter = high speed rating BUT low dynamic load rating
3. Bearing diameters is driven by seats that are in turn driven by 

transmission shaft diameter (140 mm)
4. Recently bearings with an internal diameter of 185 mm (FLEXX‐

Eco) and 178 62 mm (SF7000) were made available They areEco) and 178.62 mm (SF7000) were made available. They are 
classical TBUs with “O” (“back‐to‐back”) arrangement.
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Required bearings
C=951.5 kN (*)
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Why TBUs are not sufficient 
in IRWs solutions

1. Too low dynamic load rating to 
withstand vertical loads lateral loads

in IRWs solutions

withstand vertical loads, lateral loads 
and the resulting torque Mt=Y*r

2. Any combination of two conventional 
tapered roller bearings would not 
have enough load rating

3 A different “innovative” solution was3. A different  innovative  solution was 
needed (note: only standard solutions 
in machine design were analyzed)

4. Toroidal roller bearings (SKF CARB / 
FAG TORB) were central in the design 
(see later)
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(see later)



Typical bearings arrangement
1. One locating (axially fixed) and one non‐locating (axially 

floating) supports are generally needed
2. “New combination” of face‐to‐face TBU + CARB/TORB
3 S C/P f b h b i ( l bj )3. Same C/P for both bearings (complex subject)
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PART 6
CONTACT MECHANICS ISSUES

AT THE END WE GOT IT!
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Modern vehicles steer better 
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V300Zefiro during homologation tests
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Y&Q forces measurement (EN14363)
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WHAT ABOUT STEERING IN A FLAT 150 m 
RADIUS CURVE?
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ISN’T THIS CORRUGATION?
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Something we can’t do without (1)Something we can’t do without (1)
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Something we can’t do without (2)Something we can’t do without (2)
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Something we can’t do without (3)Something we can’t do without (3)
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AIR Wheelset AIR Wheelset –– Contact MechanicsContact Mechanics

Effects of torque limiter
onW:

W = T = Txx + Tyy
on W:

T  Limitation of longitudinal forces:

Wear Number

Txx Limitation of longitudinal forces:

Tyy Increase of lateral forces: yy 
Large modifications of overall value ofW were not expected

Can the limitation of longitudinal forces lead to noticeable
improvements in terms of wear and RCF? Does the damage

mechanism remain the same?
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The The referencereference casecase
• STATIONARY curving behaviour of the ERRI wagon for different values of R e anc

Curve radius 
[m] anc= ‐1 m/s2 anc= 0 m/s2 anc= 1 m/s2

g g nc

300 13 64 89
548 18 86 121
1000 25 116 163
1430 29 139 1951430 29 139 195
2000 35 165 230
3300 45 212 296

• Different adhesion conditions f = 0.1, 0.22, 0.33, 0.4, 0.5, 0.6

v [km/h] for h=160 mm  
full speed range covered

• Focus on longitudinal forces T and torque acting on the axleM of
• Calculation of reference W to be compared with the torque limited case

• The results are vehicle dependent

• Focus on longitudinal forces Tx and torque acting on the axleMy of
the i‐th wheelset

Myi = Txi r
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The reference case The reference case –– Wear NumberWear Number

W = T = Txx + Tyy

(Txx)11

(Tyy)11
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The reference case The reference case ‐‐ DisplacementDisplacement

y1y1

y2y2
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The reference case The reference case ‐‐ ForcesForces
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The reference case The reference case –– Adhesion Adhesion 

= adhesion limit reached
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The reference case The reference case –– Torque Torque 
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The torque limited caseThe torque limited case

Mlim= 4000 Nm Tmax 8700 N

= torque reduction > 33%= torque reduction > 33%
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The torque limited case The torque limited case –– WearWear numbernumber

T 0 T 0Txx  0 Txx  0
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The torque limited case The torque limited case –– TTxxxx
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Power dissipated in the torque limiterPower dissipated in the torque limiter

• The dissipated power is always lower than 2.5 kW
• No problems for cooling
• It represents a fraction of the energy that would be dissipated by longitudinal p gy p y g

creeping
• Design critical (frequent interventions under high torque and very low angular 

speed)p )
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A quite interesting book to read!!!!A quite interesting book to read!!!!
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How much time do I have?How much time do I have?

69



Radial steering indexRadial steering index
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Rail surface damage quantityRail surface damage quantity
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PART 7
NEXT DISSEMINATION STEPSNEXT DISSEMINATION STEPS
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BS 8535:2011
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• VI Rail User’s Conference Trieste 15 April 2015 OK

Dissemination plan
• VI‐Rail User s Conference, Trieste, 15 April 2015 OK
• Stephenson Conference, London 22 April 2015 OK
• IAVSD, Graz, 17 August 2015 OK + VSDIAVSD, Graz, 17 August 2015 OK + VSD
• CM2015, Colorado Springs, 30 August 2015 OK + Wear
• WRI EU, Derby (UK), 23 October 2015 OK
• Railway Engineering (3), Cagliari, 5 April 2016 OK
• WCRR, Milan, 29 May 2016 abstract accepted 
• IWRN, Terrigal, 12 September 2016
• Innotrans, Berlin, 20 September 2016

IWC Ch d 7 N b 2016• IWC, Chengdu, 7 November 2016
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WCRR 2016 – Milan 29.5.2016
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ConclusionsConclusions

• A new wheel arrangement (named AIR Wheelset) has been
introduced

• The main advantage (reason for design) is MAINTENANCE
• Design targets were particularly severe, leading to a 

potentially «universal» solutionpotentially «universal» solution
• Several studies were conducted to verify the applicability of

the AIR Wheelset
• Vehicle dynamics is in practice unaffected by AIR Wheelset
• Contact mechanics simulations look promising
• Two wheelset manufacturers and a system integrator have

confirmed their interest in this new design
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Thank you very much for your attention!Thank you very much for your attention!

78


