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Abstract 
 
Train Axles are critical components for safety, they are under a great number of 
charge/discharge cycles. Existing studies, in order to control cracks, show that fatigue 
failures are usually rare but when they occur unexpectedly there are catastrophic 
consequences. 
 
Therefore, it is important to determine the type of failure at an early stage to predict the 
safe life of the axle. So, as part of preventive maintenance activities, laborious manual 
ultrasonic testing is carried out. 
 
Thus, in recent years, work to develop a system which allows ultrasonic inspection, in 
service, for axles so as to: reduce human error, register data and generate detailed reports 
that guarantees the traceability of inspection, perform a complete inspection without 
disassembling the train axle. In short, to vastly increase the reliability of the test. 
 
In this paper, an ultrasonic NDT train axle inspection system is presented, which is able 
to test the complete axle from just one side of the train with almost 100% of the axle being 
inspected in one pass. This is carried out by utilising different straight and angular beam 
transducers (up to 10), mounted in an Ogive, to maximise the probability of detection of 
both circumferential and longitudinal defects. The Boretest has the ability to inspect a 
whole axle from one side in less than 25mins.  Each Ogive can inspect a number of 
different diameter holes within a range. 
 
Through a user-friendly software package, the Boretest plots the results in real time and 
records the results, including the calibration, of every inspection for further analysis. 
 
Furthermore, a new system has been developed for the inspection of train axles that are 
undergoing maintenance.  This system utilizes the Boretest system and a Phased Array 
Ultrasonic Inspection system inspecting areas under structure not require to be removed 
during maintenance.  This system will also be presented. 
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1.  Main features 
 
The inspection system allows the customer to inspect, using the same machine both solid 
and hollow axles. Everything is automated except the analysis of the solid axle inspection. 
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There are two inspection sub-units one for solid axles with Phased Array Ultrasonics 
(PAUT/VEO+) and one for hollow axles with conventional, multichannel ultrasonics 
(Socomate). Both types of axle are placed in the same basic frame. There is only one 
MAIN program which controls both inspection types (Hollow and Solid). 
 
 

 
Figure 1. Main frame for both Solid and Hollow axles + two cut 1 m reference axles (one for each 

type) for system verification 
 
 
The MAIN program automatically selects the type of axle to be inspected, once it is in 
position on the system.  The data is supplied by a factory monitoring system and verified 
by the operator.  Once verified, MAIN program loads all the relevant parameters for all 
the axle to be inspected: 
 
1.- For solid axles the MAIN program, through a sequence of start and verification on the 
program, will launch the positioning coordinates for both probes and also loads the PAUT 
calibration parameters into the VEO+.  The inspection will start automatically after the 
automatic probe positioning has been completed. All data is recorded automatically 
during the inspection.   An analysis window is opened after the inspection finishes. The 
analysis software UT Studio has a template for each particular axle consisting of a ‘C’ 
Scan for each probe, but this is configurable. Complete axle inspection and evaluation 
will take less than 10 minutes. The PAUT is configured for one sectorial Scan for defect 
detection and one linear scan for coupling, per probe. 
 
2.- For hollow axles the MAIN program will select the ROI and UT Parameters. There is 
a lance with the boreprobe attached, and this lance system has to be attached to the axle 
by the operator. The inspection will start, through a sequence of start and verification, 
using the program. The boreprobe is 30 mm diameter with: 2 x 45º probes set in opposite 
longitudinal directions and one 0º for coupling. After inspection the software will 
generate in this case an automatic list of defects and also filter options can be used as an 
option. 
 

 



 3 

 
 

Figure 2. (a) Main software interface to select the Solid of hollow axle references (b) Inspection 
results, with 8 channel Socomate board and  Sonaxis probes 

 
The system has also two cut reference axles with defects to be used as system verification. 
The hollow axle lance has to be swivelled, as the reference block is located to the right of 
the main inspection area, and the solid block is at the rear of the machine, but aligned 
with the main axle mount. 


