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Abstract. The ultrasonic testing of hollow axles at mounted wheelsets is a standard 
procedure in the periodic maintenance of railway rolling stock. In practice, manual 
testing methods and automated testing systems with multiple single-element probes 
are used. Problematic in this procedure are indications from the press fit of the 
mounted wheels and brake disks. Often they reach amplitudes near the acceptance 
level and it requires great experiences to differentiate these indications from real 
cracks at the surface of the axle. Each false call caused a great effort and high costs 
for dismounting of the complete wheelset, what takes the train out of service for a 
longer time. 
 The task is, to avoid such false calls without loss of reliability of detection of 
defects. In this paper we present our first investigation results with a special 
designed ultrasonic probe in combination with the SAFT algorithm. With this 
approach we are able to get more detailed images of the indications from the press 
fit. So we can see significant differences between indications from the press fit and 
real surface cracks. In comparison with other solutions our approach is applicable 
with a minimum of changes of the existing automated testing systems for hollow 
axles. 

Introduction 

The wheelsets of the railway rolling stock are periodically inspected by non-destructive 
testing to ensure the safety in the passenger and freight transportation. The ultrasonic 
testing of hollow axles, that means axles with a longitudinal bore, is a standard procedure in 
the periodic maintenance. The objective of that inspection is to scan the external surface of 
the axles completely without demounting the wheelset from the train. In practice, manual 
testing methods and automated testing systems are used for this procedure. 

Most of the automatic testing systems in the worldwide service use multiple single- 
and dual-element probes for detecting transverse and axial oriented cracks at the outer 
surface and flaws inside the volume of the axle. Newer developments also work with 
phased array probes. However these systems need more technical effort and are more 
expensive in acquisition and maintenance. 

In this paper we introduce our current hollow axle testing system and present ideas 
for a further development in conventional ultrasonic testing of hollow axles with single- 
and dual-element probes. 
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1. Hollow Axle Testing (HAT) System by arxes-tolina 

The current hollow axle testing system by arxes-tolina [1] is based on specifications issued 
by Deutsche Bahn AG. It consists of a mobile cabinet and a small sized feeder unit. The 
feeder moves a rotating ultrasonic probe holder in axial direction through the bore of the 
axle with a torsion proof drag chain (see fig. 1). The probe holder carries multiple 
ultrasonic probes, which scan the surface and the volume of the axle in a spiral trace. Easily 
exchangeable probe holders for bore diameters from 30 mm up to 90 mm are available. For 
each bore diameter another probe holder is used. 

Four ultrasonic single-element probes with an angle of incidence of 45° and 70° 
transversal wave in both axial directions are used for the detection of cracks whose surface 
lies orthogonal to the axial plane, so called transversal flaws. Two probes with 63° 
transversal wave are used for the detection of axial oriented cracks. A dual-element probe 
scans the volume of the axle with 0° longitudinal wave for a sizing with the DGS-method.  

These systems are currently in service in Germany at Deutsche Bahn AG as well as 
in other European countries and China. 

Fig. 1. Left: principle of automated hollow axle testing, 
right: mobile hollow axles testing system by arxes-tolina 

2. Further Developments in Hollow Axle Testing 

Tasks for the further development in hollow axle testing are defined by the practical 
experiences with the systems described above. One of these tasks is the reduction of the 
inspection time. One promising approach for this task is described in [2]. This approach 
uses a conical phased array, to avoid the mechanical rotation of the probe holder and the 
application of slip rings for signal transmission. However this solution is currently limited 
in the number of incidence angles and directions. Hence it is not a completely substitution 
for the current systems in operation. Another solution for this task can be the optimisation 
of the used mechanics and of the control of the testing procedure. 

A second task is the detection of cracks at the inner surface of the bore. For that task 
normally eddy current testing methods are applied. This solution needs additional 
electronics and software which increase the costs of the testing systems. An easier approach 
exclusively using ultrasound is the detection of transverse cracks by the creeping wave. For 
this we have developed special dual-element probes, which are adapted for the different 
bore diameters. The testing procedure described above needs only 8 of the 16 available 
channels in our ultrasonic electronics. Hence we are able to apply these probes in our 
testing systems without additional electronics. 
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Another task is given by the typical indications from the press fits of the mounted 
wheels, brake disks and bearing rings at the axles. Often they reach amplitudes near the 
acceptance level and it requires great experiences to differentiate these indications from real 
cracks at the surface of the axle. Each false call caused a great effort and high costs for 
dismounting of the complete wheelset, what takes the train out of service for a longer time. 
The task is, to avoid such false calls. 

Different solutions based on the phased array technique were presented in the last 
years [3][4][5]. All these approaches use the SAFT (Synthetic Aperture Focussing 
Technique) algorithm [6] for a more detailed analysis of the indications at the surface, 
especially in the press fit areas. However the application of the SAFT algorithm needs an 
extensive volume of raw data and a small scanning step size. This expands the testing time 
significantly, so that this technique is only applicable for an additional analysis of not clear 
referable flaws, detected by the approved testing procedure. The objective of the additional 
analysis is a better differentiation of the flaws, for a reliable decision if an indication is 
caused by a real crack at the surface or by natural effect e.g. from geometry or from the 
press fit. Thus it is possible to reduce the costs for the maintenance of trains by reducing the 
number of falls calls. 

The substantial disadvantage of the phased array technique is the need of more 
expensive electronics and control software in comparison to the conventional ultrasound. 
Furthermore the phased array technique is currently not included in the standards for non-
destructive testing on railway rolling stock. Hence these solutions have currently low 
acceptance by the costumers. That is the motivation to search for a more acceptable 
solution. 

Our approach is based on an optimised conventional probe for the application of the 
SAFT algorithm, which was originally developed for such single-element probes with a 
divergent sound field. This provides an effective extension of the approved testing 
procedure with a minimum of additional effort and costs. 

3. Investigation Results 

The evaluation of the new approach begins with a measurement of phased array data for 
comparison with the state of the art which is detailed described in [5]. Figure 2 shows the 
cross section of the used test axle with artificial flaws. These flaws are 2 mm deep and  
0.3 mm wide eroded notches at the outer surface. For the tests only one notch in the wheel 
seat, 10 mm before the end of the seat, was observed. The data contains a linear scan over 
approx. 500 mm starting in the journal and ends at the beginning of the brake seat with a 
step size of 1 mm. A sectorial scan from -60° to +60° with 1° step size was recorded at each 
axial trigger position. Figure 3 shows the complete B-scan presentation of the recorded data 
after processing with the SAFT algorithm. 

The B-scan in fig. 4 presents the data, recorded with the single-element probe, after 
processing with the SAFT algorithm. We use a 5 MHz, 0° longitudinal wave probe with a 
divergent sound field. The reason is that a 0° probe provides a symmetric sound field in 
both axial directions and a sufficient diffraction echo by a crack tip [7]. Furthermore 
includes the reflected signal also the back wall echo of the seat areas for an exact 
measurement of the distance to the crack tip indication. In comparison of the fig. 3 and 4 
you can clearly see, that in the phased array scan the echoes from the geometry shows a 
more accurate reproduction of the real surface shape of the axle. This was achieved by the 
wide range of incident angles in the sectorial scan. The reproduction of the curved areas 
with the data of the single element probe is limited by the divergence angle of the probe. 
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The visible repetition of the back wall echo is caused by the delay path used to fit the probe 
to the curved surface in the bore. 

Fig. 2. Cross section of the test axle 

Fig. 3. B-scan with SAFT, phased array probe 5 MHz, 16 elements, 0.6 mm pitch, 10 mm element length, 
sectorial scan ±60° with 1° step, longitudinal wave, axial scanning with 1 mm step size 

Fig. 4. B-scan with SAFT, single-element probe 

Fig. 5. Zoomed B-scans with SAFT at the wheel seat, left: phased array probe, 
middle: single-element probe, SAFT including back wall echo, 

right: single-element probe, SAFT without back wall echo 

Figure 5 shows the zoomed presentation of the wheal seat area in the B-scans. The 
crack tip indication of the eroded notch is clearly visible in the pictures. The distance 
between the first signal of the crack tip indication and the back wall echo represents the real 
depth of the notch. The distance of 15 mm between the back wall echo of the 160 mm 
diameter and the 190 mm diameter is used as reference. The depth of the notch can be 
measured at 1.7 mm with the phased array data in the left picture. A mechanical 
measurement of the real depth of the notch confirmed this value. 

crack tip indication crack tip indication crack tip indication

mm
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The picture in the middle of fig. 5 shows the result of the standard SAFT algorithm. 
In this case the algorithm generates a blurred signal close to the surface caused by the back 
wall echo. The width of this signal depends from the angular range used in the SAFT 
algorithm. If the angular range is too high, crack tip indications from small cracks will be 
masked. The correct depth of a crack is difficult to measure with this solution. Therefore 
we have modified the procedure by removing the data with the back wall echo in the area 
of interest before applying the SAFT algorithm. For the presentation of the results the 
removed data with the original back wall echo are superposed with the results of the SAFT 
algorithm. The right picture in fig. 5 presents the result of the modified procedure. The 
picture shows the correct distance between the crack tip indication and the back wall echo 
as in the left picture with the phased array data. 

4. Conclusion 

The further development of ultrasonic hollow axle testing needs not necessarily be based on 
the application of the phased array technique. For example the use of optimised 
conventional single- and dual-element probes for creeping waves and for the application of 
the SAFT algorithm provides an effective extension of the approved testing procedure with 
a minimum of additional effort and costs. 

In this paper we presented our first investigation results with a special ultrasonic 
probe in combination with the SAFT algorithm. With this approach we get more detailed 
images of the indications from the surface under a press fit. So we are able to see 
significant differences between indications from the press fit and real surface cracks. In 
comparison with other solutions our approach is applicable with a minimum of changes and 
a minimum of additional costs for the existing automated testing systems for hollow axles. 

The first results with artificial flaws in an unmounted test axle confirm the 
applicability of the approach. Further investigations at real cracks, under real conditions on 
a press fit and with an optimised probe are planned. 
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