
 

Creative Commons CC-BY-NC licence https://creativecommons.org/licenses/by-nc/4.0/ 

New Ultrasonic Inspection Strategies for Railways 
 

I. Aizpurua1, J.L. Lanzagorta1, R. Hidalgo-Gato1, I. Castro1 
1 IK4-IDEKO, Arriaga kalea 2; 20870, Elgoibar, Gipuzkoa, Spain, 

iaizpuruamaestre@ideko.es 
 
Abstract 
 
Assuring the quality and lack of defects in key components is very important to railway 
industry. Strict safety requirements are leading to increase the development of new and 
innovative systems for the production and maintenance of such components. Nowadays, 
the most common NDT inspection methods for railway are conventional ultrasonic 
(UT) and magnetic particle inspection (MPI) to detect volumetric and superficial defects 
respectively. This study proposes new strategies to perform ultrasonic inspections on 
railway axles. Simulation models have been developed in CIVA to design new 
approaches that increase probability of detection (POD) and reliability in the whole 
volume of the axle. The simulations have been validated with experimental tests. As a 
result, new ultrasonic inspection system concepts are presented for the inspection of 
railway axles. 
 
1.  Introduction 
 
Railway industry has to ensure the quality of its critical components once their produce 
them and also during its life (maintenance) (1). However, sometimes the inspection 
complexity is high because of complex geometries, like fillets or transition areas 
between different diameters and/or lack of accessibility, for example during 
maintenance of wagon axles. These issues, as well as strict safety requirements due to 
some really well known train accidents (Rickerscote, UK, 1996 (2), Viareggio, Italy, 
2010 (3), Cologne, Germany, 2008 (4) and Leicestershire, UK, 2010 (5)), make 
necessary the development of new inspection strategies.  
 
The objective of these new strategies is to provide new tools to improve the inspection 
performance in railway axles. In this work, two case studies with high potential have 
been identified: Axle fillet inspection with curved transducers and Solid axle inspection 
in-service. In the first part of the paper, curved Phased Array (PA) transducers have 
been designed by CIVA and experimentally validated at laboratory scale. In the second 
part, a new inspection strategy for solid axle inspection has been proposed. For doing 
this, CIVA models have been developed and a new inspection device have been 
designed and manufactured. The new inspection system is completed by the 
development of a custom made probability of detection (POD) software that predicts the 
reliability of the new inspection strategy. 
 
2.  Axle fillet inspection with curved transducers 
 
New axles are inspected taking into account standard requirements. The most spread out 
standards (ISO 5948, AAR M-101, UNE-EN 13261) do not demand an UT inspection 
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in the area below the fillets, but the inspection of this zone is necessary to ensure the 
quality of the whole volume of the axle.  
 
Nowadays, the most common axle inspection technique is an automatic immersion 
inspection with conventional UT transducers. In this work a complementary inspection 
system for fillets, which can be integrated in the actual immersion systems, is presented.  
 
In the last few years, UT inspection equipment capabilities have increased making 
accessible the technology to perform the inspection of complex geometries (6, 7, 8). 
Even though it is not an extended custom, some manufacturers have started inspecting 
this area using linear Phased Array transducers. In this analysis apart from linear PA 
transducers, curved PA transducers have been examined to determine its capability of 
detection. The main advantage of curved transducers is that they do not require an 
angular movement to inspect curved surfaces. 
 
The most common use of curved PA transducers is to inspect the radius of composite 
materials (9). In this work a curved PA transducer is used to inspect a metallic material 
where the wave velocity is higher than in composites, which makes the inspection more 
challenging. 
  
Concerning fillet geometry, they are splines composed by different curvatures, but 
usually with a principal radius.  This principal radius dimension also varies, smaller the 
radius tougher the inspection will be. So taking into consideration the average radius of 
different fillets, a constant radius of 40 mm has been examined as a reference. In the 
same way, the diameter of the axle has an influence on the axle inspection, but in order 
to compare the performance of curved PA transducers to linear PA transducers this 
curvature has not been taken into consideration (see Figure 1).  
 
2.1 Inspection Simulation 
 
The simulations have been performed with specific NDT simulation software, CIVA. 
Three inspection configurations have been analysed: linear PA positioned in parallel 
and perpendicular to de fillet radius (see Figures 1a and 1b) and curved PA (see Figure 
1c). 
 

 
a) 

 
b) 

 
c) 

 
Figure 1. Configurations of simulations: a) Linear PA transducer parallel to the curvature; 

b) Linear PA transducer perpendicular to the curvature; c) Curved PA transducer 
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In the simulations the optimum number of elements per sequence, the delay laws and 
the beam energy distribution have been defined to perform the experimental trials.  
 
2.2 Experimental results and discussion 
 
An inspection bench and a reference block have been manufactured to perform the 
experimental trials in the laboratory.  The inspection bench provides 3 degrees of freedom to the PA transducers (see 

Figure 2a).   The reference block used to define the capability of detection of the system has 2 
mm Ø FBHs (Flat Bottom Hole) at 2, 4 and 8 mm depth (see Figure 2b). 
 

        
a) 

 
 

 
b) 

 
 

Figure 2. a) Inspection bench; b) FBHs positioning in the reference block. 
 
Olympus linear PA transducers, 5-L-64-A2 and 10-32-A10, and curved PA transducer, 
5CC50-64, have been used. The obtained results show:  In the inspection with linear PA transducers parallel to fillet radius, all the 

reflectors have been detected. The transducer has to be moved and register a 
result every 1º-2º in order to detect the reflector. This supposes higher inspection 
times and complex and precision mechanics.    In the inspection with linear PA transducer perpendicular to the fillet radius, 
only the defect located at 8 mm depth has been detected.   In the inspection with curved PA transducer, all the reflectors have been 
detected, with a transducer fixed at one specific position, as it is shown in Figure 
3.  
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a) 

 
b) 

 
c) 

Figure 3. FBHs detection with curved PA transducer, : a) 2 mm depth; b) 4 mm depth; c) 8 mm 
depth. 

 
3.  Solid axle inspection in-service 
 
A significant life cost of railway vehicles is associated to maintenance operations (9, 
10). As a consequence the suppliers of comprehensive transit solutions are required to 
provide maintenance procedures of their components. The maintenance mainly depends 
on: material fracture mechanics, crack probability of detection of NDT probes and 
dynamic loadings acting on the wheelset during service (12). In this work, an ultrasonic 
inspection strategy has been defined to increase a crack probability of detection in-
service, while the axle is mounted on the train.  
 
Nowadays, the most common inspection is performed from the end face using 
transducers with different refracted angles. It can be performed manually or using a 
device where a group of transducers is mounted. All these inspections have limitations 
associated to the location of the drill holes on the end face. Furthermore, the sensitivity 
of the inspection changes depending on the defect location. In the Figure 4 a reflector is 
positioned in each zone, among these reflectors the most conflictive ones are 3 and 5, 
because they are in the shadow area when the inspection is performed from the end face. 
In zones 3 and 5, defects of 4 and 9 mm depth have to be mechanized in order to detect 
them.  
 
Railway axles can be divided in three main groups: locomotive axles, wagon axles and 
passenger car axles. This study is focussed on a wagon axle. The selected reference for 
the study is a solid axle with two wheelseats (see Figure 4).  

 
Figure 4. Reflectors positioning in conflictive areas.  

 
 
3.1 Inspection Simulation 
 
The design of the inspection strategy has been performed with the software CIVA 
taking into consideration:  



 5 

 “Free” axle surfaces in a maintenance depot (surfaces with physical access to the 
inspection transducers).  Axle external geometry modifications.  Generation of “new” inspection surfaces to perform the inspection.  

All the ‘free’ accessible surfaces, apart from the end face, have been dismissed because 
of bad accessibility and/or bad surface conditions. Concerning the axle external 
geometry, the modifications which were favourable for NDT inspection have the 
opposite effect on mechanical fracture analysis, so they have been discarded. The 
strategy of generating new inspection surfaces has been the one showing very promising 
results. 
 
3.2 Designed Inspection Strategy 
 
The strategy requires an inspection device and a modification in the axle geometry. 
Regarding the inspection device, it consists on a manual instrument which allows 
assembling three UT transducers (45º, 70º and 9º) in its head (see Figure 5a, 5b and 5c). 
Concerning the axle geometry, a hole is mechanized in the end surface of the axle to 
introduce the inspection device on it (see Figure 5d). This hole has a diameter of 30 
mm, a length of 250 mm and a flat bottom surface. 
 
The transducers with a refracted angle of 45º and 70º are moved axially and 
cylindrically (see Figure 5a and 5b), and the inspection surface is the curvature surface. 
The transducer with a refracted angle of 9º is moved cylindrically in the flat bottom 
surface (see Figure 5c).  
 
This system enables detecting defects of 2 mm depth in the zones 3 and 5 with the 
transducer of 45º. As a result of increasing the inspection angle, the shadow area has 
been reduced. In the same way, the detection of 2 mm depth in the zones 6, 7 and 11 is 
assured with the transducers 70º and 9º. 
 

 
a) 

 
b) 

 
c) 

       
d) 

Figure 5.  Definition of inspection strategy. a) Refraction angle of 45º;b) Refraction angle of 70º; c) 
Refraction angle of 9º; d) Inspection device. 
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3.3 Reliability of the Inspection Strategy 
 
Although, a system with higher capability to detect defects has been designed, there are 
external parameters which can influence in the inspection reliability. For that reason, a 
POD (probability of detection) analysis has been implemented. POD curves have been 
generated based on the specifications defined in MIL-HDBK-1823A. 
 
In this analysis, it has been considered interesting obtaining the POD of each zone 
independently, because the dynamic loading and material fracture mechanics vary in 
each zone too.  
 
For that purpose, and taking into account that the amount of information needed to 
generate the POD curves is huge, a Matlab application has been designed. Using this 
app it is possible an easy comparison among the results obtained in different zones, 
different geometries and by different operators. The app has been also designed to be 
continuously feeded by new inspections in new axle references and in that way, obtain 
more and more reliable curves. 
 

Figure 6. Software for POD analysis. 
 
4.  Conclusions 
 
Two new strategies for rail axle inspection have been developed. Both strategies show 
potential advantages from the “state of art”.   The inspection of the area below fillets in manufactured axles using curved PA 

transducers.    The inspection with a device introduced in a hole machined in the end face of a 
solid axle. 
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