




Track Map

• Identification of tolerances for the residual 

switch rail opening and switch rail height

• The crossing impact angle – an analytical 

study
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Identification of Tolerances for the 

Residual Switch Rail Opening and Switch 

Rail Height
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Investigated Topics
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• Risk of derailment for traffic in the facing 

move of a switch.

• Risk of interference contact between 

wheel and the tip of the switch rail

...As a function of residual switch opening 

and switch rail height



Wheel Profiles

• Derailment risk: The nominal wheel profile is most critical

• Interference contact: Worn flange is most critical (UIC716 R)
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Dynamic Assessment
• Simulations in SIMPACK (Only cross-sectional 

wheel and rail profiles accounted for)

• Manchester Benchmarks two axle freight 
vehicle 

• Traffic in the facing move of the diverging route 
in a switch with radius R=190 m. Hard flange 
contact conditions.

• The vehicle enters the switch via a curve

• Wheel-rail friction 0.5. Speed 40km/h

• The leading wheelset is assessed

• UIC60 based switch rails with 1:30 inclination
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Derailment risk
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Changes in both δ and ∆ are 

applied to the full length of the 

switch rail as this is 

considered to be the most 

conservative implementation.

Derailment

Maintenance limit

Evaluation of δ - ∆ grid



Interference contact

• Position of first wheel to switch rail contact (measured from tip of switch rail)
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UIC716 Flange S1002

Inspection and detection 

tolerance range



Conclusions

• According to this simulation study
– 2 or 3 mm requirement on residual switch opening 

reasonable to avoid interference contact between 
switch rail and worn wheel flanges (if the tolerance 
should be relaxed tougher wheel requirements are 
required)

– Should be plenty of margin agains flange climb 
derailment in switches if current maintenance 
tolerances are followed

– Result are reported in I2R D2.1
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The crossing impact angle 

– An analytical study

1

1



Crossing Impact Angle

• Which parameters determine the impact angle at crossings?

• Previous studies (Pålsson, 2015) have shown that

– 𝛼=crossing angle

– ∆=Measure of spread in wheel profile geometries

– 𝑇=Change in crossing nose width over the transition zone

• The relation assumes that the crossing geometry is adjusted
according to the parameters
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 𝛽 =
𝛼∆

𝑇

𝛽



Crossing Angle
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Spread in wheel profile geometry
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Δ𝑧 = 𝑧𝑤𝑝 𝑦 = −55 −𝑧𝑤𝑝 𝑦 = 25

𝑦 = −55
𝑦 = 25

Δ=Δz,max-Δz,min



Change in crossing nose thickness
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𝑇 ≈ 𝛼𝐿

𝛼 ≈
𝑇

𝐿



Research Question

• The  𝛽 =
𝛼∆

𝑇
relation was derived using geometrical

reasoning 

• Can the same or a similar relation be dervied using a 
more mathematical description of the wheel-crossing
interaction?

• This will now be investigated using linear
descriptions of contact point locations and wheel
profiles
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Line Contacts
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Contact point trajectories



Conical wheels
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𝜆start

𝜆end

start

end

The longitudinal level of crossing nose and wing rail are adjusted such

that the 𝜆start and 𝜆end wheel profiles have their transition points at the 

beginning and end of the defined transition zone.

𝛿 = 𝜆start-𝜆end

∆



Equations
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𝑝𝑤𝑟 = 𝑧𝑐𝑝,𝑤𝑟(𝑥) − 𝑧𝑤ℎ𝑒𝑒𝑙,𝑤𝑟(𝑥) = 𝐾𝑤𝑝𝑡 + 𝜆 𝑡 − 𝑚𝑤𝑟,𝑦

𝑝𝑐𝑟 = 𝑧𝑐𝑝,𝑐𝑟(𝑥) − 𝑧𝑤ℎ𝑒𝑒𝑙,𝑐𝑟(𝑥) = 𝐾𝑐𝑟𝑡 + 𝑚𝑐𝑟,𝑧 − 𝜆𝑚𝑐𝑟,𝑦

𝑝𝑤𝑟𝑝𝑐𝑟

{𝑡 = 𝛼𝑥}

𝑝𝑤𝑟 = 𝑝𝑐𝑟 Gives the transition point 𝑥trans for a given 𝜆

𝛽 =
𝑑𝑝𝑤𝑟 𝑥𝑡𝑟𝑎𝑛𝑠

𝑑𝑥
−
𝑑𝑝𝑐𝑟 𝑥𝑡𝑟𝑎𝑛𝑠

𝑑𝑥
= ⋯ = 𝛼 𝜆 + 𝐾𝑤𝑟 + 𝐾𝑐𝑟

𝛽



Equations

• By specifying that

– the 𝜆start and 𝜆end wheel profiles have their transition points at the 

beginning and end of the defined transition zone.

– the average slope of the vertical wheel trajectory is equal on both wing

rail and crossing nose.

• Constants 𝐾𝑤𝑟 , 𝐾𝑐𝑟 and 𝑚𝑐𝑟,𝑧 can be determined to ”tailor” a 

crossing for the given range of wheel profile shapes
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Vertical Wheel Trajectories
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Using the derived equations, we can calculate the vertical

wheel trajectories for the given wheel profiles

λ𝑠 = 1: 25
λ𝑒 = 1: 50



Average Impact Angle

2

2

 𝛽 = 𝛼𝛿
𝑘

𝑇
+
1

2

Crossing Angle

Range of wheel profile cone angles

Geometry constant

(from line contact descriptions.)

…And the average crossing impact angle

 𝛽 =
∆𝛼

𝑇
Compare

Crossing nose thickness change

Using representative numerical values, 

the difference in results between these 

equations is less than 10%



Summary

• Previously derived relation for the average crossing

impact angle has been verified

• It is proposed that simple analytical models could be 

used to guide crossing design based on the range of 

wheel profile shapes in traffic

• Result are reported in I2R D2.5
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The End

2

4
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Assuming that the average distance between contact 

points on the crossing nose and wing rail is 80 mm, the 

relation between δ and ∆ becomes ∆= 80δ if δ is 

measured in radians. Using the parameter values 

α=1/15,T=23mm and ∆=3mm, the β-value calculated 

from ( 5 ) becomes 8 mrad. Using the corresponding δ-

value and k=62 (based on contact point trajectories in 

the Appendix), the β ̅-value calculated from Equation ( 6 

) becomes 8.7 mrad. 



Assessment Methods

• The risk of derailment was

investigated using MBS in 

SIMPACK

• The risk of interference

contact was assessed using

SIMPACK and a kinematic

study in GENSYS
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Equations
• By

– Specifying that the 𝜆start and 𝜆end wheel profiles have their transition

points at the beginning and end of the defined transition zone.

– Specifying that the average slope of the vertical wheel trajectory is 

equal on both wing rail and crossing nose.

• Constants 𝐾𝑤𝑟 and 𝐾𝑐𝑟 can be solved for as
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𝐾𝑤𝑟 =
𝛿

2
− 𝐾𝑐𝑟 − 𝜆𝑠

𝐾𝑐𝑟 = 𝛿
𝑚𝑤𝑟,𝑦 −𝑚𝑐𝑟,𝑦 − 𝑡𝑠

2𝑇
−
1

4



Method

• Gensys KPF
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Sections of Interest
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200 mm

Sections from TRV drawing 9-511401



Results
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Delta [mm] 1 2 3 4 5 6 7

Sect 0, Inc. 0 0 0 0 0 82/120 119/120 120/120

Sect 0, Inc. 1:30 0 0 0 27/120 107/120 120/120 120/120

Sect 200, Inc. 0 0 0 24/120 104/120 120/120 120/120 120/120

Sect 200, Inc. 1:30 0 0 69/120 119/120 120/120 120/120 120/120

Delta [mm] 1 2 3 4 5 6 7

Sect 0, Inc. 0 0 0 0 0 0 1 1

Sect 0, Inc. 1:30 0 0 0 0 0 1 1

Sect 200, Inc. 0 0 0 0 0 1 1 1

Sect 200, Inc. 1:30 0 0 0 1 1 1 1

S1002

WP Sample (120 profiles)

Wheel profiles in contact



Results S1002
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S1002, 60E1i00 S1002, 60E1i30

δ=4δ=5



Examples Measured WP:s
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Pos 0 Pos 200



S1002 vs. Measured Profiles

33

Worn wheel profiles

are worse compared to 

the nominal due to 

higher flange and 

smaller flange angle


