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Summary 

• Design of an innovative freight wheelset “Freiset”  

• Axle load up to 25 ton 

• Increased safety factor 

• EA1N steel grade 

• Experimental investigation to verify optimal NDT inspection interval based on axle 

design, i.e. from 600.000 km to 1.200.000 km (IS3: changing of wheels) 

• Option to improve axle surface protection by special anti impact coating “Lursak” 
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Innovative freight wheelset 

EN13979, TSI certified Optimized geometry 
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• Calculation based on EN13103 

• Non guiding wheelset 

• Centre of mass 2600 mm 

• Braking force: 40 kN on one side 

Innovative freight wheelset 

The axle: 

Axle load Axle Wheel 

 

Wheelset Max stress in the 

transition (EN 13103) 
new and min diameter 

BA302 25 ton  397 kg  362 kg 1121 kg 158,4 / 164 MPa 

BA302 22,5 ton  397 kg  362 kg 1121 kg 142,6 / 147,6 MPa 

Freiset 25 ton  419 kg 354 kg 1127 kg 140,6 MPa 

Freiset 22,5 ton  419 kg 354 kg 1127 kg 125,8 MPa 
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• Anti ballast impact coating derived from 

railway high speed application 

• Epoxy base, fibers reinforced 

• Thickness ≈ 4 mm 

• Pull-off strength > 5 MPa 

• Fire resistant EN 45545 

• Protects permanently the axle from corrosion 

and mechanical damages 

• The application is extended to the collars 

sealing the labyrinth ring 

Innovative freight wheelset 

The coating 

In order to limit the possibility that larger defects (than the one considered in the crack propagation tests) can 

take place in service, Lursak coating is used 
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The load spectra is derived from the one available in 

the UIC report (UIC B 169/RP 36) . 

 

The load measurements were made through various 

German railway lines  on a BA302  (22,5 ton axle 

load).  

Axle transition 

Crack propagation test 

Load spectra – report UIC B 169/RP36 

The load spectra is nominal stress at transitions. 

The load spectra was scaled to reproduce the 

Freiset  geometry and the 22,5 and 25 ton axle load 

condition. 
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The load spectra in the UIC report is nominal stress as measurements are made at 80 mm from the 

seat edge 

 
Hypothesis at the basis of the spectra: 

 

• The vehicle is 100% of km fully loaded at 22,5 or 25 ton 

  

 

• The wheelset is 50% of km guiding, 50% non guiding 

  

• The wheelset has always wheel diameter of 0.850 m  

 (last reprofling diameter) 

  
 in 15.000 km: 

 0.920 mm  5.189.835 cycles             

 0.850 mm  5.617.233 cycles 

Crack propagation test 

Load spectra – defined by DB 
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Crack propagation test 

Load spectra 22.5 and 25 ton 

Straight running condition,  

most frequent,  

equivalent to static axle load 
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Crack propagation test 

Load spectra 22.5 and 25 ton 

587,841 cycles per repetition equal to 15,000 km 

47,000,000 cycles per 1,200,000 km 

1.887,716 cycles per repetition equal to 15,000 km 

151,000,000 cycles per 1,200,000 km 
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Crack propagation test 

Load spectra comparison 

Static axle load 

High dynamic load 

Bending point 

The crack propagation here presented is valid for:  

• a spectra of a defined shape (it can be scaled to the static load) 

• EA1N 
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Crack propagation test 

Axle component for test 

Original Freiset axle drawing 
Axle for BDA test rig riproducing 

Freiset wheelseat/ body geometry 

Assembly of hub to reproduce 

press fit stresses N° 3 artificial notch in the critical transition 

section, 120° from each other 
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• The test is performed on the 3 point rotating 

bending test rig “BDA”. 

 

• The load is applied in the middle by an 

hydraulic actuator. 

 

• The crack propagation length is periodically 

measured by an electronic microscope. 

 

• Rotation speed is reduced to 2 Hz while 

increasing load to the highest levels applying 

the correct number of cycles required (low)  

Crack propagation test 

BDA test rig 
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Crack propagation test 

Pre-cracking test 

Crack A 

Crack C 

Crack B 



Copyright all right reserved 

This document is property of Lucchini RS S.p.A. 

Crack propagation test 

Pre-cracking test 
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Crack propagation test 

Pre-cracking test 

Crack A   2c = 4.67 mm 

Crack C  2c = 5.13 mm 

Crack B   2c = 4.48 mm 
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Crack propagation test 

Propagation test at 22.5 ton spectra – Load sequence 

The sequence is repeated 80 times to reproduce 1.2 Mkm 
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Crack propagation test 

Propagation test at 22.5 ton spectra – Load sequence 
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Crack propagation test 

Propagation test at 22.5 ton spectra  
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Crack propagation test 

Propagation test at 22.5 ton spectra – Crack A after 1.2 Mkm 

Crack A,   2c from 4.67 mm to 5.02 mm 
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Crack propagation test 

Propagation test at 22.5 ton spectra – Crack B after 1.2 Mkm 

Crack B,   2c from 4.48 mm to 4.97 mm 
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Crack propagation test 

Propagation test at 22.5 ton spectra – Crack C after 1.2 Mkm 

Crack C,   2c from 5.13 mm to 5.88 mm 
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Crack propagation test 

Continuation of propagation test, load increased to 25 ton spectra  

22.5 ton 25 ton 

587,841 cycles per repetition 

equal to 15,000 km 
1.887,716 cycles per repetition equal  

to 15,000 km 

22.5 ton 25 ton 
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Crack propagation test 

Continuation of propagation test, load increased to 25 ton spectra  

22.5 ton 25 ton 

587,841 cycles per repetition 

equal to 15,000 km 
1.887,716 cycles per repetition equal  

to 15,000 km 

22.5 ton 25 ton 
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Crack propagation test 

Opening of the cracks 

Crack A Crack B 
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Crack propagation test 

Opening of the cracks 

Crack C 
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Crack propagation test 

Comparison with previous tests made in 2015 

22.5 ton 25 ton 

Test results from 2015  

Good coherence in the results of the two tests at 22.5 ton 
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Crack propagation test 

Crack speed  
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Crack propagation test 

Crack speed per load sequence repetition 

ai 

DKi 

dai 

Smax 

ai+1=ai+dai 
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Crack propagation estimation 

Starting from 2 mm deep cracks at different max stress spectra 
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Probability of failure 

based on POD at defined intervals  

𝑃𝐹 =  𝑃𝑂𝑁𝐷𝑖
𝑛
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𝑃𝐹 =  𝑃𝑂𝑁𝐷𝑖
𝑛

 

Probability of failure 

based on POD at defined intervals  
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𝑃𝐹 =  𝑃𝑂𝑁𝐷𝑖
𝑛

 

Probability of failure 

based on POD at defined intervals  
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Freiset 

BA302 

Present inspection 

interval for MT of 

BA302 axle. 

Probability of failure 

based on POD at defined intervals  
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Conclusions  

• A new axle for freight wheelset is designed for axle load up to 25 ton with higher safety factor (EA1N) 

 

• A relatively simple 1:1 scale experimental test is performed to characterize the crack propagation behavior 

under realistic load spectra (variable loads) and adaptable to different axle loads or axle designs  

 

• Crack propagation is then calculated for different maximum loads (of the spectra) or according to EN13103 

 

• Example of POD curve for UT near end scan is considered as a periodic inspection and Probability of Failure 

is calculated for different inspection intervals and different maximum loads 

 

• Finally Inspection intervals are provided for the two reference axles : 

 

 

 PF 10^-6  

(UT near end scan) 

notes 

Freiset axle (125.8 MPa) 1,200,000 km  UT is ok considering better protection 

from anti impact coating  

(no MT necessary) 

BA302 axle (142.6 MPa) 350,000 km MT at 600,000 km is an alternative to UT 

demonstrated by the service experience 
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Thank you for the attention 


