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ABSTRACT 

The measurements of tensions on railroad hoops are regularly performed by the Slovenian  
railroad maintenance companies SŽ Centralne delavnice and Proizvodnja Ptuj and Dobova.  
For this purpose the ultrasonic stress meter Debbie (Warsaw, Poland), which was developed for 
fast, non destructive testing of hoop stress in the rim of monoblock railroad wheel, was used. Our 
results show, that the state of residual stress on railroad wheel monoblocks depends on the 
heating during braking using brake shoes. Based on the measurements performed, we 
evaluated the acceptability of railroad wheels for further use.     

Key words:  The rim of monoblock railroad wheel, Non Destructive Testing, Ultrasonic 

measurement of hoop stress

1. Introduction 

Hoop stress is mechanical stress defined for rotationally-symmetric objects being the result of 

forces acting circumferentially (perpendicular both to the axis and to the radius of the object). 

Along with axial stress and radial stress, it is a component of the stress tensor in cylindrical 

coordinates. It is usually useful to decompose any force applied to an object with rotational 

symmetry into components parallel to the cylindrical coordinate’s r, z, and . These 

components of force induce corresponding stresses: radial stress, axial stress and hoop stress, 

respectively. The classic example of hoop stress is the tension applied to the iron bands, or 

hoops, of a wooden barrel. In a straight, closed pipe, any force applied to the cylindrical pipe 

wall by a pressure differential will ultimately give rise to hoop stresses. Similarly, if this pipe 

has flat end caps, any force applied to them by static pressure will induce a perpendicular 

axial stress on the same pipe wall. Thin sections often have negligibly small radial stress, but 
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accurate models of thicker-walled cylindrical shells require such stresses to be taken into

account (http://en.wikipedia.org/wiki/Hoop_stress).

The stress states of railroad wheels are strongly influenced by the heating and cooling process 

during and after the braking using brake shoes. Different ultrasonic set-ups to evaluate the 

stress states in the rims of monoblock railroad wheels are already in use. Although developed 

by different institutions, the technique used by the set-ups is the same. By measurements of 

the times-of-flight of an ultrasonic shear wave polarized along the radial and along the 

circumferential direction, the difference of the principal stresses acting in the circumferential

and in the radial directions ( circum. - radial) is calculated [1]. The application of this

ultrasonic technique presumes that there is no other reason for the times-of-flight differences 

of the shear wave polarized along the two directions than the stress state. But in numerous

older wheels, which are still in use, the manufacturing process caused a texture in the rim. The 

texture also influences the times-of-flight of the shear wave polarized along the two principal 

axes. Hence, the stresses evaluated for textured wheels are not reliable.

Texture is often going along with a significant direction dependence of the grain dimensions

resulting in direction dependent ultrasonic attenuation. The direction dependences of the 

ultrasonic attenuation and of the shear wave time-of-flight have been measured using more

than 60 wheels of the older types. It is found that both quantities change significantly if there 

is a texture in the wheel and small changes are observed for wheels without texture or with a 

slightly developed texture. A threshold value is defined to separate wheels with a strong

texture from those with no or with a slightly developed texture. The stress analysis for wheels 

with a strongly developed texture is only possible if the texture is homogeneous along the 

circumference of each wheel. The characterization of the stress state in wheels with a slightly

developed texture is possible as first results show. Other articles are passed in [3, 4].

The Experimental system for ultrasonic testing of axle sets of diesel-engine trains is shown in 

[2]

2. Ultrasonic measurement of hoop stress in the rim of monoblock railroad wheel

The basis of measuring the tension with an ultrasound is an acustoelastic phenomenon

denoting a dependence of speed of sound on mechanical tension. The highest changes of the 

speed of sound caused by a mechanical tension occur due to longitudinal waves that spread 

parallelly in the direction of the tension. The second wave that is also under the influence of 

mechanical tensions is a transversal wave that spreads vertically according to the direction of 

the tension and polarizes parallelly with the direction of the tension.

Generally, the speed of the ultrasound wave depends on various factors like the type of the

waves, the temperature, and the direction of spreading, chemical structure, structure and

texture.

Under the word texture, we understand the anisotropic characteristics that are caused by 

coincidental orientations of nuclei. If we compare the changes of the speed of sound caused 

by a chemical structure, we can say that the changes of the speed of sound are small beaus of 

the mechanical tension. That is why it is necessary to consider all the factors when measuring

the tension with the help of the ultrasound wave that influence on the speed of sound. 

When measuring the tension we anticipate the condition of the tension on the wheel wreath as

negligibly low because of the component of the radius. In measuring, two types of transversal

waves are used, that spread along the width of the wheel wreath perpendicularly to the 



DEFEKTOSKOPIE  2008                         271 

direction of the peripheral tension. One of those waves is polarized parallelly and the other 

vertically regarding the peripheral direction. The peripheral tension affects the speed of the 

sound that is caused from the direction of the polarized transversal wave. The peripheral 

tension has a minor impact on the speed of sound in the direction of radius polarized 

transversal wave. To summarize, the largest impact on the measured time of the course (the 

speed of sound) has a medium width of the wreath as a prevailing component of the 

peripheral tension. This tension depends on the peripheral power in the wheel wreath. 

The advantage of the used method of the measuring is actually independent of the 

temperature. The temperature has the same impact on both types of waves. The second 

advantage is in not needing to measure the wreath’s width exactly.  

In order to calculate the tension it is necessary to establish the acoustic double breaking 

(anisotropy) that is caused by the texture and depends on the technology of the making. This 

is measured on the section, which has a low-tension focal point. On one of the tryouts that has 

a low tension focal point  the difference of the time course depends only on the double 

breaking caused by the texture (these tensions are very low). 

On the Slovene railway, internal tensions of solid rolled wheels are being tested with the 

ultrasound device DEBBIE. 
Ultrasonic stress meter DEBBIE was developed for fast, nondestructive measurement of hoop stress in 

the rim of monoblock railroad wheel. The device is designed for measurements of:

• wheels in the car, on track 

• wheels in sets, in the workshop 

• quality control of stresses during manufacturing process 

• wheels after accidents. 
Stress is measured automatically and device is easy in use. As a small, portable apparatus, DEBBIE is
battery operated and can be used in laboratory, factory and field conditions.

2.1. Establishing the measuring range 

The measuring head transmits ultrasound impulses that spread along the wreath’s width. 

Impulses reflect on the dorsal wall and return to the measuring head. The time of the travel of 

the ultrasound impulses depends on the wreath width and on the speed of sound. The time of 

the travel of the ultrasound can be calculated from the formula:  

T = (2 * the wreath's width) / the speed of sound 

The speed of sound of the transversal impulses in the steel comes to 3240 m/s and the 

wreath’s width of the solid rolled wheel comes to an average of 135 mm. In this way, the time 

of the travel of the transversal wave across the track rim’s width is for both ways (there and 

back) in average 83 microseconds. The measuring device has to be set on the interval (in 

microseconds) in which a rebound should be searched for. 

2.2. The measuring device for measuring internal tensions of the solid rolled wheels 

The ultrasound device for measuring tensions (DEBBIE) is handled and builds as a 

transportable measuring device for fast measuring of the tension on the solid rolled wheels 

without the demolition. 
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The basis of the measuring is an acustoelastic phenomenon that represents a dependence of 

the sound on the mechanical tension. The mentioned device is defined for measuring 

tangential tension component on the width of the peripheral felloe of the solid rolled wheels: 

a) during the process of the production of the wheels, 

b) in the wheel set during the activity and 

c) in the case of damages 

a) The description of the measuring device and the measuring head 

The device DEBBIE is found in a bag for transporting and is equipped with total equipment 

that is designed for testing the tension of the solid rolled wheels. The equipment consists of: 

- double ruptured multiconversion of the measuring head with the frequency 2 MHz, 

- a battery voltage 12 V and capacity 6,5 Ah, 

- a battery filler, 

- a contact mass container (gel, high viscose oil), 

- a 3,5’’ disc with a data transmitted programme   

- a linkage cable for transmitting the data to the personal computer (PC). 

The result of the measuring can be saved. The device DEBBIE can save 1000 results that can 

be transmitted to the printer or to the PC also after the measuring. 

The roughness of the rim’s surface of the solid rolled wheels causes an oscillation of the 

alluvium’s thickness of the joining paste, which has an influence on the testing results. In 

order to minimalize this kind of impact it is recommended to perform several measuring on 

one measuring section in order to move the measuring head by one to two millimeters. In this 

case, the result of the measuring should be a medium measure of the tension of the chosen 

measuring points. This medium value calculated from some measurements is presupposed as 

a value of the tension on the rim of the solid rolled wheel and can be saved. In the device 

DEBBIE, the calculations of the medium values are performed automatically. To each 

measured result, a number of the solid rolled wheel and of the coach can be ascribed. 

b) The procedure of internal tension testing of the solid rolled wheels 

The internal tension testing with an ultrasound requires similar conditions like the supervision 

of the material with an ultrasound. Before setting the measuring head to the track rim of the 

solid rolled wheel it is necessary to clean the surface. Chosen are the places with no marks or 

superficial damages. On the protective layers of the measuring head, joining means are 

accumulated (oil, gel) and then the measuring head is combined with the wheel with a 

pressure. Acoustic combination with the help of joining means can lead to the sticking of the 

measuring head at low temperatures. In this case, it is advisable to separate the measuring 

head from the surface by rotating the measuring head. 

It is advisable to join the measuring head on the fixed coordinate of the radius on the outside 

of the wheel rim. The position of the measuring head is determined by a pattern that is placed 

on the edge of the wreath as shown in Figure 1.
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                   Position of measuring-head on outside side 

                                                               Position of measuring-head on internal side 

Figure 1: The position of the measuring head on the wheel rim 

The measuring head should be joined outside of the groove. The position of the measuring

head on the groove limits the possibilities of transmition of the oscillation from the ultrasound 

to the wheel rim.

Figure 2: Positions of measuring probe on the rim wheel (left) and basic measuring device

Debbie (to the right)

The probe head is equipped with several piezoelectric transducers (Figure 2). To transmit and receive
ultrasonic pulses in the wheel material it is necessary to use acoustic couplant between probe head
and rim surface. As a coupling epoxy resin, honey or other high viscosity liquids are used. Usually
viscosity of such liquids strongly depends on temperature. In case of epoxy resin, which becomes
very dense in low temperatures, its viscosity can be adjusted by mixing it with alcohol.

The variations of the thickness of the couplant layer, which depends on the roughness of the rim
surface, can influence stress readings. To minimize this unwanted influence it is recommended to
perform several stress readings moving the probe head each time a few millimeters (2-3 mm)
changing in this way coupling conditions and then to calculate a mean value of stress. Mean value of
stress obtained in this way is practically not influenced by coupling conditions and can be stored in
the DEBBIE memory as a value of hoop stress in the given wheel. Individual stress measurements
and calculation of mean stress value are done by the device automatically and can be performed using
two keys placed on the probe head cover. Together with mean value calculation DEBBIE calculates
a standard variation of the readings which shows what was the scatter of individual stress readings
and allows eliminating the enormous results.
Result of stress measurement can be stored in the device memory. Value of stress can be
supplemented with a short comment describing the wheel under measurements (for example wheel
number and wheel type). This comment can be introduced from the DEBBIE keyboard.
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Me must to pay attention on:

-Piezoelectric transducers are fragile and to protect them they are covered with plastic protective
layer. However one should remember not to position the probe head on very rough surfaces and to
protect the probe head face against any knocks. Probe head face is the only fragile part of the
DEBBIE.

-Probe head coupled to a very cold wheel can be, glued" almost permanently to it (in a low 
temperature resin becomes hard) and protective layer can be destroyed. In such a case, to remove
probe head from the wheel rotate it first to

Before the measurements of residual stress it is necessary to open a new file in the memory

unit of the device using a »set-up sentence«. These employ different constants describing 

acoustic properties of the tested material. The mode of setting is described in the instruction

manual. The Debbie device can save up to 31 set-up sentences corresponding to 31 different 

types of wheels. Four main set-up sentences are: sentence zero (0)- special set-up sentence 

described in instructions manual [5], one (1)- for UIC 810 R7 steel wheel used in the majority

of coaches, two (2)- R6 steel wheel, and three (3) BV2 steel wheel. The rest of the set up

sentences can be defined by the user.

2. Results and Conclusions 

The upper admissible limit of tensions for steel wheels is 530 MPa. The measurement can be 

considered valid if at least 3 measurements on each side of the wheel are performed. In the 

past cracks appeared on the wheels due to irregular monitoring of stress (Figure 3). 

Figure 3: A crack through wheel plate wall 

The measurements of tensions on older 

wheels with the device Debbie turned out 

not to be reliable. Namely, the texture of 

the wheel circumference is changed,

which polarizes longitudinal waves and 

introduces a disturbance in the measuring

device. The hoop stress measuring of new 

wheels using a device Debbie turned out 

to be a simple and reliable technique for 

regular maintenance purposes.
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