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Abstract 
Testing the load-bearing capacity of press-fit connections is a key step in the design and evaluation of mechanical connections 
used in industry. Ensuring appropriate surface treatment can positively impact the load-bearing capacity of connections. One 
type of strengthening treatment is burnishing. By plastically strengthening and smoothing the surface layer, slide burnishing 
improves pressure distribution and inhibits the development of micro-slippage, resulting in higher durability and reliability 
of connections. Considering the benefits of this treatment, this article presents research on the effect of sliding burnishing on 
the load-bearing capacity of plug - sleeve press-fit connections for 1.0503 structural steel. The influence of pressing and 
disconnection forces on the joint after turning and slide burnishing was compared. The test results showed that slide 
burnishing increases the load-bearing capacity of press-fit connections. For press fit values ranging from 0.004 to 0.021 mm, 
an average increase in load capacity of 57.21% was achieved compared to the turned surface. A high correlation coefficient 
was observed between the pressing force and the force required to disconnect the connection. For the turned surface, the 
correlation coefficient was R2 = 0.98, while for the burnished surface R2 = 0.99. 
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1. Introduction 

Press-fit connections, one of the most common 
assembly methods, are widely used in various 
industries. In the aviation industry, this type of 
connections are used to assemble drive components 
(turbine shafts and hubs), control mechanisms 
(bearings and gears assembly) and avionics and on-
board electronics systems. They are also widely used 
in the automotive industry for the assembly of 
bushings, covers, gears, pulleys, hubs, bearings on 
axles or shafts, drive system components and the 
assembly of engine components and control mecha- 

 a reliable technology for 
durable structure, 2025). In the machine industry 
(Shen et al., 2014; Wang et al., 2025; Dong et al., 
2023) press-fit connections are used to connect shafts 
with pulleys, gears and hubs, to mount bearings in 
sleeves and housings, and in the construction of drive 
mechanisms. Press-fit connections are therefore a key 
element of many structures. This is evidenced by their 
durability, operational reliability, universal use for 
various materials (including light alloys) and ease of 
assembly (Guzowski, 2004). In press-fit connections, 
loads are transferred by friction forces occurring on the 
connection surface, generated by pressing one element 
against another. The critical parameter determining the 
load-bearing capacity of the connection, i.e. the load-
bearing capacity of the connection, is the press fit 
value. This value is defined as the negative difference 
in the diameters of the connected elements (Guzowski, 
2004). The load-bearing capacity of the connection 
depends on the precise selection of dimensions, the 
condition of the surface layer, the properties of the 
joined materials and the type of assembly technology 
(Madej, 2018). Control and correct evaluation of these 
factors minimize plastic deformations and ensure 
uniform pressure distribution, which translates into 
improved load-bearing capacity of the connection and 
resistance to fretting wear (Bielawski, 2018). Fretting 
wear, in turn, plays an important role in the initiation 
of fatigue cracks, which are difficult to detect at the 
initiation stage using non-destructive testing (Dong et 
al., 2023). Due to their numerous advantages, press-fit 
connections are of interest to research centers, and the 
analysis of load-bearing capacity and friction wear is 
still important (Sawicki et al., 2010; Kisiel and 
Broniec, 2005; Guzowski and Kowalski, 2008, 2010; 
Falteret al., 2023). Guzowski in work (2004) analyzed 
the influence of the method of making press fit and 
shrink fit connections on the condition of the surface 
layer and the actual contact of the joined elements. 
Comparative studies have shown that during opera- 
tion, press- fit connections are subject to micro-
slippage leading to fretting wear, while shrink fit 

connections are more resistant to this factor. Even with 
the same press and surface roughness values, the 
condition of the surface layer and the actual contact 
area varied depending on the assembly technology 
used. Furthermore, the research presented in the 
monograph (Guzowski, 2003) indicates that the 
intensity of fretting wear is inversely proportional to 
the surface roughness. As the roughness parameters 
decrease, fretting wear increases. 

Previous research on press-fit connections has 
focused primarily on the analysis of broadly 
understood load-bearing capacity and fretting wear 
(Dong et al., 2023). There are few references in the 
literature to the influence of strengthening treatments 
on the condition of the surface layer of the joint and its 
influence on the load-bearing capacity of the joint. In 
work (Zimmerman et al., 2011), the authors presented 
a comparative study of conical press- fit connections 
and press-fit connections with laser enhanced zones 
and their effect on the load-bearing capacity of a C45 
structural steel joint. The use of laser reinforced zones 
increased the load-bearing capacity of the connection 
by approximately 50% according to numerical 
calculations and by approximately 25% according to 
experimental tests. The authors of [8] investigated the 
effect of selected finishing processes on the deve- 
lopment of fretting wear. The tests were carried out for 
roller-sleeve press-fit connections subjected to rolling, 
nitriding, surface hardening and molybdenization. 
Comparative analysis showed that heat and thermo- 
chemical treatment have a beneficial effect on 
reducing fretting wear. 

Taking into account the publications presented by 
the authors, it can be stated that there is a certain gap 
in the considerations on the influence of burnishing  
on the properties of press-fit connections. Sliding 
burnishing, as a strengthening treatment, increases the 
hardness of the surface layer and reduces roughness 
parameters (Kluz et al., 2021). The research presented 
in Guzowski (2003) indicates that the main process 
leading to the development of fretting wear in press-fit 
joints is adhesion. Increased hardness makes adhesion 
initiation more difficult, which may also limit the 
development of fretting wear. Reducing roughness, in 
turn, eliminates sharp micro-irregularities that could 
cause local overloads and accelerate fretting damage 
to the surface layer. Ensuring high dimensional 
accuracy and appropriate surface roughness of pressed 
elements influences the pressure distribution in the 
contact zone and consequently, the load-bearing 

2010). 
This article investigates the effect of slide 

burnishing on the load-bearing capacity of press-fit 
connections for 1.0503 structural steel. The influence 
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of pressing and disconnecting forces on the plug-
sleeve joint after turning and sliding burnishing was 
compared. 

2. Methodology 

Samples for testing the load-bearing capacity of 
joints were made of 1.0503 structural steel, the 
chemical composition and mechanical properties of 
which are presented in Tables 1 and 2, respectively.  
This type of steel is widely used in industry for the 
production of tools, machine components, and molds 
in plastics processing (Kronos EDM, n.d). The subject 
of the study was a plug-sleeve joint. The shape and 
dimensions of the samples are shown in Fig. 1. The 
samples after turning and samples additionally 
subjected to slide burnishing were analyzed. The 
burnishing process was performed at a feed rate of  
f = 0.040 mm/rev. with an impact force of P = 100 N 
and a burnishing speed of v = 200 rpm. Burnishing was 
carried out on an LZ 360 universal lathe using a DB-3 
burnishing tool (Fig. 2). 

Table 1. Chemical composition of constructional steel 1.0503 
(PN-EN ISO 683-1:2018-09; Kronos EDM, n.d) 

C Si Mn Cr Ni Mo Cu S P 

0.42-
0.50 

0.1-
0.4 

0.5-
0.8 

Max 
0.3 

Max 
0.3 

Max 
0.1 

Max 
0.3 

Max 
0.04 

Max 
0.04 

Table 2. Mechanical properties of steel 1.0503 (PN-EN ISO  
683-1:2018-09; Kronos EDM, n.d) 

Tensile strength Rm 560-850 MPa 

Yield strength Re 275-490 MPa 

Elongation 14%-17% 

Hardness after softening  
 

a) b) 

 

 

Fig. 1. Shape and dimensions of samples a) plug, b) sleeve 

The tests were conducted on a test stand (Fig. 3) 
enabling the measurement of the pressing force and the 
force required to disconnect the connection. A holder 
is mounted on the hydraulic press table to position and 

secure the parts being joined and to guide the punch. 
This device allows for force measurement using strain 
gauges glued to the surface of the punch. To increase 
the joint's load-bearing capacity and enable compa- 
rison of results, the shaft was pressed and extruded at 
a constant speed of 3 mm/s. During the tests, the 
maximum values of the pressing force and the force 
required to disconnect the joint were recorded and 
analyzed. 

 

 
Fig. 2. Burnishing tool DB-3: 1  polycrystalline diamond  

6.35 [mm], 2  head, 3  mounting frame 

 

 
Fig. 3. Test stand for press fit connections 

During the analysis of the test results, the 

which is the result of the influence of roughness, which 
can significantly reduce the value of shrinkage fit in 
the performed joint.  

The value w (1) was determined based on the 
relationship: 

        (1) 

    (2) 

where: W  actual press fit value, w  measured press 
fit value, RzP and RzS roughness height of the plug and 
sleeve. 



Analysis of the influence of slide 57

30, 2025, Pages 54-60 ISSN 2450-8217 

In press-fit connections, the actual press fit value 
is reduced by the difference resulting from the 
crushing of the contact surface (2). During the joining 
process, the contacting surfaces become smoothed, 
which weakens the connection.  

The roughness parameter Rz of the samples after 
turning was in the range of 4.6-
burnishing it was in the range of 2.3-  

Results 

In the first stage of the research, connections 
whose surfaces were obtained by turning were 
analyzed. Due to the dimensions of the sample, 
connections with an press fit value in the range of 
0.004-0.021 mm were included in the test. The 
analysis of the test results showed a linear relationship 
between the pressing force and the load-bearing 
capacity of the connection and the press fit value. For 
the pressing force, the square of the linear correlation 
coefficient was R2 = 0.98, which means that 98% of 
the variation in the pressing force is due to changes in 
the press fit value. For the force required to disconnect 
the connection, the coefficient was similar and equal 
to R2 = 0.97. Figs. 4 and 5 show the graphs of the 
relationship between the pressing and disconnecting 
forces from the press fit value, as well as the regression 
equations. 

 

 
Fig. 4. Dependence of the pressing force on the press fit value of 

the connection with the surface obtained as a result of turning 

 
Fig. 5. Dependence of the disconnecting force on the press  

fit value of the connection with the surface obtained  
as a result of turning 

For burnished joints, the maximum pressing and 
disconnecting force curve consists of two parts. For 
joints with a press fit value of up to 0.007 mm the 
relationship is linear, similarly to the one for turned 
samples, with a correlation coefficient R2 = 0.95, but 
with a larger angle of inclination relative to the 
horizontal axis. For joints with a press fit value of 
0.005 mm, the load capacity of the joint was 3383 N, 
which is 57.21% more than for joints with a surface 
obtained by turning. After exceeding a press fit value 
of 0.007 mm, the angle of inclination of the line 
decreases to the value obtained for turned joints. 

 

 
Fig. 6. Dependence of the pressing force on the press fit value of 
the connection with the surface obtained as a result of burnishing 

A similar relationship can be observed by 
analyzing the graph of the force required to disconnect 
the connection as a function of the press fit value  
(Fig. 7). In this case, the square of the linear correlation 
coefficient was R2 = 0.93 for press fit values in the 
range of 0-0.007 mm, while for press fit values 
exceeding 0.007 mm it was R2 = 0.96, which indicates 
a strong correlation between the maximum pressing 
force and the load-bearing capacity of the connections. 
The increased load-bearing capacity of joints whose 
surfaces were subjected to slide burnishing can be 
explained by the increased contact surface of the 
joined parts and a more uniform pressure distribution 
along the entire length of the joint. Pressing turned 
connections causes plastic deformation of the surfa- 
ces of the joined parts. Within the joint, there may  
be alternating contact surfaces and gaps filled with  
wear products resulting from the cutting off of micro-
irregularities during pressing, which further reduces 
the load-bearing capacity of the joint. After exceeding 
the press fit value of 0.007 mm, both for burnished  
and turned connections, full contact of the surfaces  
of the joined elements occurs, therefore the increase  
in the load-bearing capacity of the connections with 
the increase in the press fit value becomes compa- 
rable. 
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Fig. 7. Dependence of the disconnecting force on the press  

fit value of the connection with the surface obtained  
as a result of burnishing 

An important issue during the assembly of press-
fit connections is the ability to estimate the maximum 
force required to disconnect the joint. For this purpose, 
the correlation between the maximum pressing force 
and the maximum force required to disconnect the 
joint was investigated. For both turned and burnished 
connections, a very strong correlation was observed 
between the tested parameters. In the case of turned 
joints, the square of the linear correlation coefficient 
was R2 = 0.9982 (Fig. 8), while in the case of burnished 
joints R2 = 0.9995. This means that for both machining 
methods, the load-bearing capacity of the joints can be 
estimated with sufficient accuracy based on the 
recorded maximum press fit force using the following 
linear relationships: 

 for connections with surfaces obtained by 
turning (3): 

   (3) 

 for connections with surfaces obtained by slide 
burnishing (4): 

      (4) 

where:   maximum force transmitted by the 
connection,   maximum pressing force. 

 

 
Fig. 8. Dependence of the disconnection force on the maximum 

pressing force of joints with a surface obtained by turning 

Active monitoring is particularly important for 
connections where the required load-bearing stability 
is achieved by reducing the fit tolerance through the 
use of selective assembly methods. It allows for the 
identification of incorrectly selected press-fit connec- 
tions at the joining stage. 

 

 
Fig. 9. Dependence of the disconnection force on the maximum 

pressing force of joints with a surface obtained by slide 
burnishing 

Durability of press-fit connections 

In machine design, it is assumed that press-fit 
connections can be connected and disconnected many 
times within their elasticity limits, provided that the 
contact surfaces are not damaged. To determine the 
effect of processing methods on the durability of  
press-fit connections, load-bearing capacity tests  
were carried out, consisting of connecting and dis- 
connecting press-fit connections with force measu- 
rement. The tests were carried out on two connections 
with surfaces obtained by turning and two connections 
with surfaces after slide burnishing. After turning, the 
press fit values were w = 0.009 mm and w = 0.021 mm, 
while after slide burnishing, w = 0.007 mm and  
w = 0.021 mm. The number of samples for each press 
fit value was n = 5. Based on the measurement results, 
average values of the obtained results were determi- 
ned. In the first stage of the research, a variance 
significance test was performed using the following 
statistics (5): 

    (5) 

During the research, the hypothesis that the 
variance of the distribution  is equal to the value 
determined from the sample 0 H:  was 
verified, with respect to the alternative hypothesis K: 

 at the significance level  = 0.05. Since the 
value of the statistic was not in the critical set, it was 
assumed that the population standard deviation did  
not differ significantly from that determined from  
the sample. To verify whether disassembly of the 
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connections significantly affects their load-bearing 
capacity, further statistical tests were performed. In the 
second stage of the study, the hypothesis was verified 
that the average values of forces required to disconnect 
the connection in two subsequent tests  and  were 
equal. Due to the fact that the values of the standard 
deviations of the tested populations were known, the 
following statistics were used for the analysis (6): 

  (6) 

The hypothesis regarding H: .  
Due to small changes in the force required to 

disconnect the connection, the force values measured 
during the 1st, 5th and 10th repetitions were compared 
in statistical tests. For connections with surfaces 
obtained by turning, for both the 0.009 mm and  
0.021 mm press fit values, the statistical values were 
in the critical set in each case, indicating that the force 
values are subject to statistical changes. Analysis of 
Figure 10 indicates a clear trend of decreasing force 
required to disconnect the connection in subsequent 
attempts to connect the press-fit connections. For 
connections with a press fit value of 0.021 mm, the 
force value decreased by 6.39% at the 5th attempt,  
and by an additional 10.55% at the 10th attempt, to 
7200 N. For connections with an press fit value of 
0.009mm, an even greater trend of decreasing force 
required to disconnect the connection was observed. In 
the 5th attempt the force value decreases by 20.84% to 
2810 N and then further decreases to 2050 N in the 
10th attempt, i.e. by 27.04%. 

 

 
Fig. 10. Dependence of the maximum force required to 

disconnect the connection on the number of test repetitions  
for connections with surfaces after turning 

In the case of connections with burnished surfaces 
(Fig. 11), regardless of the press fit value, the 
statistical value did not belong to the critical set, which 
indicates no statistical difference between the forces 
required to disconnect the connection in subsequent 
tests. This means that connections with burnished 

surfaces are significantly more durable than 
connections with surfaces obtained by turning. This is 
related to the smoothing and hardening of the surface 
obtained as a result of elastic-plastic deformation of 
the surface layer during burnishing. 
 

 
Fig. 11. Dependence of the maximum force required to 

disconnect the connection on the number of test repetitions  
for connections with surfaces after slide burnishing 

3. Conclusions 

Press-fit connections are used to connect 
components in many fields, from heavy industry to 
electronics, ensuring high strength and precise 
concentricity thanks to the friction force created by 
elastic deformation. The aim of the article was to 
analyze the effect of burnishing treatment on the load-
bearing capacity of plug-sleeve press-fit connections 
made of 1.0503 structural steel. Based on the 
conducted tests, the following conclusions were 
drawn. 

 Additional burnishing treatment increases the 
load-bearing capacity of the connections. In the 
press fit values range of 0.001-0.005 mm, an 
average 66.1% increase in load capacity was 
observed compared to joints with a turned 
surface. As the press fit value increases, the 
load-bearing capacity difference between the 
connections decreases. In the case of a press fit 
value of w = 0.006 mm, burnishing increases the 
load-bearing capacity by 26.28%, while with  
a press fit force of 0.021 mm it increases the 
load-bearing capacity only by 11.33%. 

 For both turned and burnished connections, 
there is a high correlation between the pressing 
force and the force required to disconnect the 
connection. For connections after turning, the 
linear correlation coefficient was R2 = 0.98, 
while for surfaces after burnishing R2 = 0.99. 
This enables active monitoring and evaluation 
of the quality of connections during the 
construction phase. 
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 Additional burnishing of the press-fit joint 
surface improves durability. During subsequent 
disassembly attempts, no significant changes in 
the force required to disconnect the connection 
were observed. For connections with a surface 
obtained by turning, a force reduction of 
10.55% (w = 0.009 mm) to 27.04% (w = 0.021 
mm) was observed depending on the press fit 
value, which should be considered during the 
design phase. 
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