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Threaded fasteners are widely used in various very popular areas as: mechanical,  architectural, transport, 
medical, space, etc. because of extrem assembly and disassembly facility. A common activity during the use of 
bolts is their reuse. Therefore, it can be expected that the bolts change their performences after repeated 
tightening. This hypothesis imposes the following: It may not be possible to obtain stability of the threaded 
fasteners assembly process and to ensure proper planned connection properties if the reuse of the bolt is 
performed numerous times.    

 

1. Introduction 

A common activity during the use of the bolts is their 
reuse. The bolts change their quality after repeated 
tightening. This fact makes it impossible to obtain 
stability of the assembly process of the threaded fasteners 
and to ensure proper connection properties [1], [2]. The 
article presents the result of studies concerning the 
verification of the influence of repeated tightening on the 
coefficient of friction in the threaded fasteners area. The 
study included parameters such as clamp force, angle of 
rotation, and torque. 

2. Methods 

The analysis was carried out on bolts (M10x60 10.9) 
applied with an electrolytic zinc coating with or without 
additional inorganic topcoat as Plus® VLH and organic 
topcoats as TNT15. The study was carried out in two 
steps: the first step was to tighten the bolt with a value of 
40 [Nm] and the second step was to tighten the bolt to 
reach the yield point. Research has been carried out with 
the use of the Schatz-5413-2777 tribological tester.  

3. Discussion 

The impact of the additional top coats on the value of the 
total coefficient of friction (COF) for the successive 
tightenings is presented in Fig. 1.  

 
Fig. 1. COF measured for differently coated bolts.  

The Plus® VLh and TNT15 coatings met the expected 
task and led to stabilization and a reduction in friction 
coefficient. Individual use of the electrolytic zinc coating 
results in large values of the total COF as a well as larger 

dispersion of this coefficient during the tightening 
process. The comparison of the clamping forces obtained 
for the particular groups of bolts is presented in Fig. 2.  
 

 
Fig. 2. Clamping force measured for non-coated and 

also coated bolts.  

Additionally, in Fig. 2 for comparative purposes, the 
value of the mean force (63.03 [kN]) at which the bolt 
yield point was reached on the testing machine is 
presented. This is presented due to the fact that the bolts 
were tightened to the limit of yield strength. The 
clamping force values are dependent to a large extent on 
the value of the total friction coefficient. This shows how 
friction in threaded joints affects the bolt's yield strength 
during assembly. For screws with electrolytic zinc 
coating, where friction is the highest, the smallest 
clamping force value was found, which determined the 
limit of plasticity for these tribological investigations. In 
turn, for additional finishing coatings, the clamping force 
values of 54-55 [kN] determine the yield strength of the 
bolt. The study shows that repeated tightenings increase 
the coefficient of friction and thus adversely affect other 
parameters such as clamp force and torque. 
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