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Abstract 
Guide rings and rolling bodies are mainly made of alloy steel with a high chromium content, 
heat treated, as well as of carburising steel. The efforts to improve the standard of quality 
of bearing steels are determined by the interest of continuously increasing the adhesion of 
constructive types. These steels are recommended for large bearings which operate under 
shock and vibration conditions. Thermochemical treatments are followed by quenching and 
tempering heat treatments. However, undesirable defects occur sometimes on the surface of 
the carburised layer and solutions are constantly being sought to identify the causes thereof. 
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1. Introduction
At present, bearings are considered to have the

components of the highest structural and mechanical 
precision [4-5,15]. Plain bearings, similar to rolling 
bearings, are intended to support and guide moving 
parts. They must also take over and transmit the forces 
between the parts. While in the case of rolling bearings 
- the bearings - the suspension elements are separated
by rotating elements, in the case of plain bearings the
moving part - often a shaft, pivot or rod - slides on the
sliding surface of the fixed part - a bushing, bearing
bush or strip. Miniature slide guides are linear guide
bearings with at least one guide carriage [7]. The
sliding movement takes place directly between the
sliding layer of the bearing and the part supported by
it. Due to the geometric shape of the elements in rolling 
motion and the elastic deformations, the contact
surface is curved, its radius in the plane perpendicular
to the direction of movement being equal to the
harmonic mean of the curvature radii in that plane.
Because of this curvature, the linear velocities of the

points in the contact zone differ. Only certain points 
achieve the condition of equal velocities, i.e. pure 
rolling. The other points are subject to partial forward 
and backward sliding movements. The magnitude of 
the differential sliding velocities can be determined by 
calculations. Under dry or mixed friction conditions, 
the differential sliding does not actually occur on the 
entire contact surface, as the frictional forces cause an 
adhesion which prevents the relative sliding on a 
certain portion. Adhesion causes tangential unitary 
stresses in those zones, which contribute, similar to 
those in the differential sliding zone, to generating the 
rolling resistance moment, changing the nature of the 
wear. By the appropriate choice of the geometric 
parameters of the bearing, the position of the pure 
rolling lines can be changed, so that the central zone of 
the contact ellipse, which is under the highest strain 
rate due to the normal contact stresses, enters the 
adhesion zone without differential sliding, thus leading 
to decreased wear [13,14]. 

For this reason, the heat and thermochemical 
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treatments applied to materials are of particular 
importance for obtaining their use characteristics.  This 
is also of great importance in the case of special 
bearing steels [1-3, 6, 9].  

The main data to be taken into account when 
choosing steels for the manufacture of parts intended 
for carburisation relates to:  

- Ensuring the operation characteristics values set 
both for the layer and for the core by applying 
subsequent thermochemical and heat treatments, as 
advantageous as possible technically and 
economically; in this respect, there must be ensured the 
correlation between the chemical composition, the heat 
treatment technological characteristics (granular 
heredity, hardenability of the core and the layer, 
susceptibility to shape changes and dimensional 
variations), behavior during the thermochemical 
treatment and subsequent heat treatment and the 
mechanical characteristics resulting from the 
application thereof [8, 10, 11].  

- Ensuring the most advantageous technical and 
economic conditions for carrying out the machining 
operations by plastic deformation and by cutting. 

 
2. Experimental determinations, results and 

discussions  
The linear systems in which problems occurred and 

which are analyzed in this paper are made of 16MnCr5 
steel. In their case, optical microscopy investigations 
were carried out on the defects occurred and the 
mechanical properties were determined. 

The chemical composition of the steel used is given 
in Table 1. 

 
Table 1: Chemical composition of 16MnCr5 

Elements 
%C %Si %Mn %Cr 
0.16 0.25 1.15 0.95 
 
The linear systems underwent a carburisation 

thermochemical treatment. It was carried out in a 
controlled atmosphere, i.e. in a chamber furnace with 
a fixed hearth heated by vertical radiant tubes. The 
heating was done using methane gas and the quenching 
tank is enclosed [10-12]. 

The working atmosphere used (protective 
atmosphere) consists of nitrogen + methanol and 
provides a potential of 0.4% C Nitrogen flow rate: 4 
m/h Methanol flow rate: 4 l/h. An addition of propane 
(C4H8) is used for the carburising process. The 
carburisation temperature was 980ºC, the quenching 
temperature was 870ºC by water cooling, and the 
tempering was performed at 175ºC. 

After the heat treatment, the sample underwent a 
hardness test using the Vickers method, on the device 
shown in Figure 1. 

 

 
Fig. 1. Hardness measurement device 
 
The structure after the final heat treatment is shown 

in Figure 2. 
 

 
Fig 2. Tempering acicular martensite; Visible residual 

austenite 5 – 10 %. Nital etching.200X 
 

Among the analyzed samples, there were also some 
which had defects. In their case, in addition to their 
identification, there were also sought explanations for 
the causes underlying their occurrence. The majority 
were the types of defects shown in Figures 3-7. 

On the surface (Figure 3), the structure shows an 
oxidation zone of 17.38 μm. 
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Fig. 3. Oxidation zone. X500 

 
Fig. 4a and 4b - Crack in the part. Nital etching. 50X 

The occurrence of this type of defect can be caused 
by the following factors: stresses occurred in the part, 
stresses remaining from previous mechanical 
machining, thermal stresses, structural stresses or 
external stresses. 

 
Fig. 5. Uneven structure.  Nital etching. 200X 

The uneven structure is due to the use of inadequate 
cooling media - which ensure a high cooling speed. 

 
Fig. 6. Decarburisation of the marginal layer.  Nital 

etching. 200X 
The causes of the decarburisation of the layer, 

shown in Figure 6, are due to the inadequate carbon 
potential. This usually occurs at the second stage of 
diffusion, when the carbon potential has not been 
properly adjusted. 
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Fig. 7. Coarse structure in the layer and in the core. 

Nital etching. 200X 
 

3. Conclusions 
 
The conclusions with respect to the approach 

and instrumentation of the experimental research 
carried out in the paper are as follows:  

The secondary heat treatments applied to 
bearing steels can be thermochemical and thermal.  

The research is based on the occurrence, in 
some cases, during the quenching heat treatment, of 
the following categories of defects: oxidation and 
decarburisation, low hardness, deformations and 
cracks.  

Oxidation and decarburisation are defects 
which occur in the case of heating in furnaces without 
a protective atmosphere. Decarburisation, in its turn, 
leads to the occurrence of other defects such as: low 
hardness, soft spots, cracks. In order to avoid their 
occurrence, there can be taken measures such as the 
use of controlled atmosphere furnaces, salt baths or the 
use of vacuum furnaces, which is the best measure.  

Low hardness can be local (soft spots) or 
throughout the mass of the part. This defect is caused 
by an incorrect heat treatment regime (underheating, 
inadequate cooling media, etc.). 

Another cause of low hardness is the improper 
choice of material and initial structure. 

There should be noted that the aspects 
presented are only partial results from much more 
detailed research which is underway, intended to 
improve the response of these materials to the heat and 
thermochemical treatments. 
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