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Abstract: 

High speed railway train systems are a growing transportation solution in the beginning of the twenty-first 

century. Special attention has to be paid to their structural security and reliability. The hollow-axles of trains are 

subjected to massive stress at speeds up to 500km/h. This constant stress damages the axles over time. Therefore, 

the axles must be inspected periodically to prevent failure. One of the most common testing techniques is 

ultrasonic inspection to detect cracking inside the hollow-axle. 

An automated hollow-axle testing system built by an industrial partner needed completely new software and 

ultrasonic electronics. The testing system should be able to test hollow-axles of high speed trains such as ICE, 

Shinkansen, TGV and CRH in just a few minutes per axle. All testing data has to be stored for further analysis. 

The complete system has to operate in harsh environments and still provide reliable testing results. Based on the 

proven mechanical system for hollow-axle testing, a new electronics and software system was developed. The 

electronic system was derived from recently developed PCUS
®
 pro ultrasonic electronics. This system is energy 

efficient, small and delivers clear images with highest signal-to-noise ratio (SNR). In this configuration, the 

PCUS
®
 pro can handle up to eight ultrasonic channels and is connected to the host PC via USB.  

The new software was developed using modern tools and techniques such as Scrum, Domain Driven Design and 

Test-Driven Development. All B-Scan, C-Scan and TD images are calculated in real time and are stored together 

with the raw measurement data. All demands were met, and many additional features Such as interaction in the 

inspection phase and post-processing were added to the software suite. In this paper we will show the testing 

system benefits, the developing challenges and the results of the worldwide use of our testing system. 
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1.  Introduction 
 

The reliability of a non destructive inspection system is an important issue for operators and 

for NDI experts at NDT laboratories and at the inspection site of railway especially high 

speed train operators. To ensure safe and reliable railway traffic, a system for efficient 

detection of flaws had to be developed. This paper describes the ultrasonic testing of hollow 

shafts and axles using computer aided automatic testing devices by displaying online A-, B- 

and C-scans during the measurement and even more a variety of offline analyzing tools. All 

results can be stored in a central database for further use and monitoring. Even the raw data 

can be kept to ensure further analyzing by using even more complex algorithms.  
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2.  Testing Procedure 
 

The hollow axle testing unit is designed for the mechanised ultrasonic testing of in-service 

wheel sets. The object of the test is to locate transverse cracks in the wheel set axle. The cross 

sectional transitional zones and, especially, the zone where the wheel seat runs into the body 

of the axle are regarded as particularly susceptible to cracking. On axles with a bore diameter 

of 30 mm, ultrasonic testing is carried out at inspection angles of 45° in both axial directions. 

For larger bore diameters, tests are carried out at inspection angles of 0°, 45° and 70° applied 

in both axial directions. The test unit is based on specifications issued by German Rail. 

The heart of the testing unit is an extendable probe holder on the outer end of which the probe 

module is located. This probe holder is mounted on a torsion proof cable which provides the 

actual feed motion in the axial direction. At the connection between the probe module and the 

forward feed there is a turntable drive unit which causes the probes to rotate at approx. 60 

rpm. Oil is used as the couplant for the probes. The ultrasonic signals are transmitted from the 

probe to the device via slip ring joints. The circumferential position is determined by means 

of an angle encoder. Normal beam probes are used that have 45°/70° angle beam probes with 

a testing frequency of 4 MHz. 

 

 
Figure 1: Mobile Testing Unit in Use 

 

During inspection the probe module is advanced at a constant rate of feed through the hollow 

axle, while each ultrasonic signal is being stored together with exact information on the axial 

and circumferential position of the probe. 



 

2.1  Work Flow  

 

The testing unit is docked on to the face of the axle and centred. The probe is introduced into 

the bore automatically. At the same time, the oil supply for the coupling of the probes is 

activated. 

The probe module is set to 70 rpm and advanced at the same time into a predetermined 

position, in which the gain is automatically calibrated using a reflector (e.g. a geometric 

indication of the axle to be tested). 

Once the gain has been set, the probe module moves into the initial testing position and begins 

with the scanning of the wheel set axle. The test data are stored together with exact 

information on the axial and circumferential position of the probe. The probe module is 

advanced at a forward feed of 3 mm per revolution (though a slower or faster feed is also 

possible). The testing frequency is selected in such a way as to ensure that the surface is 

covered with the required sensitivity using an axial pitch of 5 mm. The coupling of the probes 

is monitored by evaluation of the background noise. 

At the end of the scanning procedure, evaluation follows immediately. If the evaluation shows 

a fault, the probe module is at first retracted to the position where the fault was indicated. The 

tester then has the opportunity to decide by means of an A-scan whether what he is looking at 

is actually a material defect, or whether the fault indication may perhaps have been caused by 

external influences. To assist himself in making that decision, he can switch the testing unit 

over from automatic to manual and stop the probe in a predetermined position, or in any other 

position he cares to select. 

 

 
Figure 2: Defect Locations 

 

2.2  Key Features 
The system has the following listed key features: 

• Mobile unit 

• Compact, robust construction 

• Tried and tested components from renowned manufacturers 

• Low maintenance costs 

• High positioning precision 

• Long service life, high reliability 

Journal Dust guard 
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• Easy to use 

• Adapter for docking to various different types of axles 

• Suitable for testing of axles with bore diameters between 30 and 90 mm 

• Fast inspection 

• Analysis of findings 

• Documentation of inspection results 

 

2.3.  Peripheral conditions 
The system has the following listed peripheral conditions: 

• Max. length of wheel set axle is 2300 mm 

• Shaft center height of bores is between 350 and 1200 mm 

• Bore diameters starts from 30 mm 

• Wheel sets with or without brake discs 

• Axle end cap to has be removed at one end only 

• Axle temperature between 5° - 35° C 

• Only 1400 x 1400 mm of space required adjacent to axle being tested 

• Max. distance to power supply 20 m 

• Temperature in testingshed between 15° - 40° C 

 

2.4.  Components  

The test unit comprises the following modules: 

• Feed mechanism (mechanical components and couplant) 

• Ultrasonic testing system 

• Data acquisition and evaluation 

• Programmable logic control 

• Frame for test wheel set or test axle 

• Database for storage and display of test results 

 

 

 
Figure 3: Feeding Unit of HAT Figure 4: Hollow Axle Testing System 

 

 

 



3.  Software 
 

With „HAT M03“ Software A-, B-, C-, & TD-Images can be displayed in realtime with a 

maximum PRF of 900 Hz per channel. Image Resolutions of 0.1mm and less are possible. 

The software offers the possibility of saving only images of measurements or raw data for 

later analysis, the size is limited only by physical limits of the hardware. The software is used 

for any rotationally symmetric body with a longitudinal bore. The measured data can 

optionally be trimmed onto specific areas in real-time, based on the geometry of the measured 

object. Recorded Measurements can be viewed and evaluated on any System with a 

standalone-Offline-Viewer.  
 

 
Figure 5: Online view during the measurement  

 

For detailed and fast analyzing several features are available, such as a crosshair with 

automatic Maxima finding in predefined areas, various easy to adjust color schemes, full scale 

continuous zoom, full single-shot analysis using TD-Scans and miscellaneous options for 

detailed analysis of RF data. An easy way of preparing and printing the measurement-report is 

also given. Usage of latest graphics technology provides a future-proof base and a wide field 

of application. 
 

 
Figure 6: Offline Viewer  



4.  Miniaturized Ultrasonic Frontend PCUS
®
 pro HAT 

 

4.1  System Configuration 

 

The Multi-Channel pulser/receiver boards are essential components of the PCUS
®
 pro system.  

They provide the transmitter pulses for each transducer and perform analog signal processing 

and A/D conversion, meeting high technical standards.  The timing and amplitude of signals 

have to be accurate and must be processed with consistently high resolution.  For automated 

systems, data transfer and signal processing must be very fast.  The compact setup of the 

PCUS-Pro system permits the reduction in power dissipation and keeps the size of the entire 

unit small. 

A bus card connects the channel boards and contains sockets for interface, trigger and power 

supply.  High voltage is provided by a separate board.  The basic version of the PCUS-Pro 

features LEMO 00 RF cable connector sockets.  Other RF cable connectors are available to 

accommodate customer specific needs. 

The PCUS-Pro HAT device consists of a 8 channel ultrasonic front-end, that is capable of 

communicating with a PC via USB. 

 

4.2. Technical Data 
 

Transmitter 

• Voltage: 50V to 200V adjustable in  2V increments 

• Pulse width: 12.5ns - 3μs, adjustable 2ns increments 

• Output impedance: 50Ω 

• Delay: 1ns - 10µs in 1ns increments 

• Pulse repetition rate: 20Hz to 5kHz  

Receiver 

• Input impedance:  50Ω 

• Input susceptibility: 100 µVss 

• Max.  input voltage: 10Vss 

• Attenuation/amplification: -20dB to +90dBadjustable in 0.1dB increments 

• Frequency range: 500kHz to 20MHz (-3 dB drop) 

• Receiver filter: 2 plug-in filters with 2 stages each 

• Operation modes: 8-channel pulse/echo o 

Digitization 

• A/D converter: 14bit, 80MSPS 

Gates/Time-Corrected-Gain 

• 1 interface trigger gate/measuring gate    

• Time-Corrected-Gain with 256 supporting points, 80dB dynamic range 

External Communication 

• USB 2.0       (480Mbps) 

Connectors 

• Trigger signal: LEMO 00 

• Power supply: +12VDC 

• RF cable connectors: LEMO 00,  

• Power consumption: < 35W 

•  

Size: 165 x 104 x 92 (mm) 

 

 



5.  Conclusions 
Railway authorities keep special attention to the safety of railway trains, especially high speed 

trains and to the safety of railway traffic. That leads to very short maintenance and service 

intervals and keeps trains of the track for inspection. This testing system was developed for 

the mobile automated inspection of mounted axles on high speed trains. One reached main 

goal is the very short inspection time at a very high accuracy. In order to meet all the 

requirements it made it necessary to develop a new ultrasonic hardware and new efficient 

Software.  The system meets the requirements for ultrasonic inspection of many different 

Railway operators such as Deutsche Bahn (DB) and Chinese High Speed Train Fleet (CRH)  
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