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ABSTRACT: Self-tightening assemblies are made by tightening caused by the elastic deformation of the joined 

parts. It is used for mounting tires, gear crowns, active plates from extrusion dies, for making crankshafts from separate 

elements, for making two-piece flywheels, etc. An increase in the strength of the tube can be achieved with the help of 

shrinkage. It consists of a radial compression of the tube under the load of an internal pressure, by which the maximum 

normal circumferential stress 'σa' is reduced. Pre-tightened assemblies are frequently used in machine building due to 

their advantages, such as: 

- High transmission capacity, both for static and variable loads; 

- Simple execution; 

- Low assembly costs etc. 

- As disadvantages can be cited: 

- Possibility of loosening the tightening during operation; 

- Deterioration of surfaces during disassembly; 

- Execution in tight tolerance fields etc. 

 Due to the complexity of the technological system of assembling parts by shrinking, experimental research is the 

only way to obtain satisfactory results necessary for the use and continuous improvement of technologies and 

equipment for performing shrinking-on joints.  

KEYWORDS: Assembly by pressing, shrinkage, cryogenic shrinkage, tightening, 

experimental research 

 

1 INTRODUCTION 
 

The experimental research process, which is the 

subject of this paper, proposes at least three distinct 

phases, which are: 

1. Studying the state of knowledge in the 

approached field; 

2. The research method, which has as main 

purpose the establishment of the model of 

the phenomenon (or the studied process) 

and as a result of the research method. This 

will determine how the experiments are 

conducted, the measuring equipment used, 

how the measurement and observation 

systems are interconnected, and finally how 

the data are stored for further interpretation. 

3. Carrying out experiments, using 

experimental stands, which will allow the 

substantiation of some conclusions of use in 

technological practice. 

Experimental research aims, on one hand, to 

verify the truth of the hypotheses and theories that 

formed the basis of studies on the researched 

processes. On the other hand, the experimental 

researches allow the investigation of some 

phenomena for which results with practical 

applicability cannot be obtained in a theoretical 

way, due to their complexity and the insufficient 

knowledge of some laws that determine the 

evolution of the researched phenomenon. 

 

2    STAGES OF THE EXPERIMENTAL  

      RESEARCH 
 

The main important stages in carrying out an 

experimental research work are: 

 Bibliographic research; 

 Elaboration of the research method; 

 Experimental research. 
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Each of these stages ends with a series of 

conclusions which is the starting point for the next 

stage. 

The experimental research involves going 

through four main moments presented in Figure 1, 

as follows: 

 

 
 

Fig. 1. Stages of experimental research 

 

The bibliographic research stage starts after 

establishing the purpose pursued by the desired 

research, respectively, of the field in which it falls. 
The formulation of the research objective is 

necessary to start the second stage, that of 

establishing the research method. 
Once the objective to be achieved has been set 

correctly, the course of actions will be organized, 

i.e.: 

 formulating the purpose of experimental 

research; 

 establishing the phenomena of the research 

to be performed; 

 determining the parameters to be pursued; 

 establishing the number of measurements; 

 scheme of the experimental stand; 

 choice of the measuring devices; 

 establishing the data storage mode etc. 

The "n" number of measurements is important 

for the accuracy of the research. Theoretically, the 

higher the number of measurements for the same 

phase of the research, the greater the veracity of the 

final conclusions. 

Measurement methods can be classified 

according to the following criteria: 

the form of expression of the quantity, after which 

they may be: analogical measurements and 

numerical measurements; 

- measurement technique, after which they may 

be: deviation measurements, comparison 

measurements, counting measurements; 

- the reference origin of the measurement, after 

which they may be: absolute measurements and 

differential measurements. 

Experimental research allows the investigation of 

phenomena for which no results can be obtained 

with practical applicability in theory, due to their 

complexity and insufficient knowledge of some 

laws that determine the evolution of the researched 

phenomenon. 

 

3    ASSEMBLIES    WITHOUT   

    INTERMEDIATE ELEMENTS 

 

Self-tightening assemblies are: 

a) According to the constructive form of the 

assembly can be: 

 assemblies without intermediate clamping 

members; 

 assemblies with intermediate clamping 

members. 

b) According to the mounting technology: 

 pressed assemblies, executed at 

environment temperature; 

Shrinking-on assemblies, executed by heating 

the enclosing part or by cooling the enclosed part. 

 

 
Fig. 2. Press assemblies [7] 

 

During pressing, the bore is widened with Δb and 

the diameter of the enclosed part is reduced with Δa 

(fig. 2), after mounting, the common diameter d of 

the two parts is reached. 

What characterizes the assembly is the 

tightening S, defined by the difference between the 

initial diameters da and db, so: 

 

                  S = da – db = Δa + Δb [um]           (1) 

 

The notion of relative tightening is often used. 

 

           
     

 
      

 

 
             (2) 

Depending on the size of the tightening, elastic, 

elasto-plastic or plastic deformations can occur. 

The technological criterion leads to the 

classification of the assemblies by self-tightening 

in: 

 assemblies by longitudinal pressing; 

 shrinking-on assemblies. 
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Longitudinal pressing is performed with the help 

of hydraulic presses – for large parts, manual 

presses with screws or levers, and sometimes even 

with hammer blows – for small parts. 

It is recommended to lubricate the surfaces, it 

reduces the required axial force and ensures the 

installation in better conditions, avoiding scratches. 

For the same purpose, the enclosing part and the 

enclosed part are provided with bevels (fig. 3). 

 

 
 

Fig. 3. The bevels of the enclosed and enclosing 

parts [7] 

 

From relation (1) and considering figure 2, the 

expression is obtained in general form: 

                   
  

  
                       (5) 

                   
  

  
                       (6) 

in which: Ea and Eb, are the modulus of elasticity 

of the enclosed and enclosing part in daN/mm
2
; 

           d – the common contact diameter (fig. 2.); 

           p – the contact pressure, in daN/mm
2
. 

The actual calculation of the tightening become: 

           
  

  
 

  

  
              (7) 

The coefficients ka and kb are calculated with 

the relations: 

               
     

 

     
      for the enclosed part, 

If the stresses are high and a large S tightening is 

required, the enclosed part is cooled. Cooling is 

obtained in liquid air (liquid nitrogen) at – 190
o
C or 

in carbon dioxide at – 72
o
C.  

The variation of the axial force (fig. 4) required 

for the pressing operation is different from that 

during the depressing operation. 

 

 
Fig. 4. The forces that require assembly by 

tightening: a) Fp - pressing force; b) Fd - the 

depressing force; 1 - the enclosed part; 2 - the hub 

 

Minimum tightening pressure in the cases: 

                         
  

       
                          (8) 

 

                            
  

       
                       (9) 

where: μp – is the coefficient of friction at 

pressing; 

            μd – is the coefficient of friction at 

depressing. 

The maximum pressure results from the 

allowable pressure on the respective contact surface. 

The necessary tightening is determined with            

   
  
    

  
         for the enclosing part, in which: 

υa and υb represents the Poisson's number of the 

materials (0.25 for cast iron and 0.30 for steel); 

d1 – the internal diameter of the enclosed part, in 

[mm]; 

d2 – the internal diameter of the enclosing part, in 

[mm]. 

When both pieces are of the same material, i.e. 

E1 = E2 = E, the relation (7) becomes: 

         
 

 
                           (10) 

With relation (9) or (10) the minimum required 

tightening, corresponding to the minimum pressure 

pmin, as well as the maximum tightening is 

calculated as the upper limit resulting from the pmax 

pressure allowed on the contact surface. 

 

4    SHRINKING-ON TUBES 
 

In order to be able to increase the internal 

pressure to which the tubes can be subject, an 

external pressure is created which has the effect of 

lowering the "σt" stresses. Practically this external 

pressure can be created by introducing, in hot or in 

cryogenic conditions, a second tube over the tube 

that serves to transport the flow under pressure. 

This second tube has a slightly smaller inner 

diameter than the external diameter of the inner tube 

(fig. 5). 

 
Fig. 5. Shrinking-on Tubes [7] 

 

After shrinkage, the shrinkage pressure is 

produced by cooling the outer tube. If the difference 

between the two radii is 'Δ', the shrinkage pressure 

corresponds to the radial displacements of the outer 

surface of the inner tube 'u1' and the displacement of 

the inner surface of the outer tube 'u2', thus 

obtaining: 

                                                         (11) 

 

If we denote by R1, R2 and R3 the radii of the 
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two tubes (fig. 5) the radial displacement of the 

outer face of the inner tube, for which the fretting 

pressure “p” is an external pressure, in which r = R2 

has been replaced and we obtain: 

            
 

 
      

  
    

 

  
    

                    (12) 

 

The radial displacement of the inner surface of 

the outer tube is given by: r = R2 and pî = p, thus 

obtaining: 

            
 

 
      

  
    

 

  
    

                    (13) 

 

From the relation (11) results: 

           
    

 
  

  
    

 

  
    

  
  
    

 

  
    

                    (14) 

 

According to the relation (14) results: 

           
       

    
     

    
  

   
     

    
  

                         (15) 

The stresses produced by the shrinkage pressure 

in the inner tube are for r = R1 and is obtained: 

                     
     

 

  
    

                          (16) 

 

and for r = R2, is obtained: 

                        
  
    

 

  
    

  
 .              (17) 

The stresses produced by the shrinkage pressure 

in the outer tube are for r = R2, it is obtained: 

                         
  
    

 

  
    

  
.               (18) 

and for r = R3, is obtained: 

                         
  
 

  
    

  
.                (19) 

 

The effect of the internal pressure "pi" is 

manifested on the entire thickness of the tube so 

that the stresses produced by this pressure are for r 

= R1, so: 

                           
  
    

 

  
    

  
.             (20) 

 

and for r = R2, is obtained: 

                 
  
    

    
  

  
    

    
  
                           (21) 

                
  
    

    
  

  
    

    
  
                              (22) 

 

for r = R3, is obtained: 

                           
  
 

  
    

  
.              (23) 

 

By overlapping the effects one can determine the 

variation of the stresses for r = R1, thus: 

              
  
    

 

  
    

   
   

 

  
    

               (24) 

 

for = R2, in the internal tube, is obtained: 

                   
  
    

    
  

  
    

    
  
                    (25) 

                  
  
    

    
  

  
    

    
  
  

  
    

 

  
    

             (26) 

In the outer tube: 

                   
  
    

    
  

  
    

    
  
                    (27) 

                  
  
    

    
  

  
    

    
  
  

  
    

 

  
    

             (28) 

 

and for r = R3, is obtained: 

                
  
 

  
    

  
   

  
 

  
    

 .          (29) 

 

5   APPLICATIONS 

 

5.1 Construction of active plates for 

extrusion dies 
 

Active plates for cold extrusion must ensure the 

geometry and dimensional accuracy of the parts and 

be resistant to high stresses in the process of 

material deformation. 

The reduction of the maximum stress on the 

surface of the active area of the active extrusion 

plate can only be achieved by applying a 

compression tangential pre-tension, achievable by 

shrinking-on a mantle over the active plate. 

Figure 6 shows the construction elements for 

active plates from the extrusion dies. 

 

 
Fig. 6 Constructive elements for active 

  shrinkage plates at the extrusion dies [9] 

 

Shrinking of active plates for extrusion dies can 

be done by the following methods: 

a) Cold shrinkage (20 
0
C). This process is 

recommended to be used due to its advantages, 

namely: 

 the hardness of the active plates is 

preserved; 

 changing the plates is relatively easy; 

 minimum assembly costs etc. 

Shrinkage under cryogenic conditions. In this 

case the active plate will be cooled in liquid 

nitrogen or carbonic snow, following the pressing of 

the active plate in the friction ring. 
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5.2 Wheel assembly on the shaft 
A wheel is fixed to a shaft by cold pressing (fig. 

7). 

 
Fig. 7 Fastening by shrinkage: 1 – shaft; 2 – wheel 

[5] 

 

Execution tolerances make it possible for the 

tightening “Δ” to be between two limit values: 

                                                 (30) 

                                                  (31) 

 

The maximum shrinking pressure, corresponding 

to the maximum tightening is calculated with the 

relation [5]: 

       
    

  
 
 

  
       

 

  
 
  
    

 

  
    

      
  

     

                                                                          (32) 

and the minimum pressure: 

                        
    

    
                            (33) 

 

where: E1 – is the modulus of elasticity of the 

shaft; 

E2 – is the modulus of elasticity of the wheel; 

μ1 – shaft coefficient of friction;  

μ2 – friction coefficient for the wheel. 

The torque that the mounted assembly can 

transmit is: 

                  
              (34) 

and the maximum pressing force: 

                                       (35) 

 

The highest stress in the shaft has the value 

                                       (36) 

 

and in the wheel hub: 

       
  
    

 

  
    

                          (37) 

The variation of the axial force N (fig. 7) 

required for the pressing operation is different from 

that during the depressing operation. When 

depressing, the static friction force “N´”, superior to 

the force “N" corresponding to the sliding friction, 

must be defeated in the first instance. 

 

6     EXPERIMENTAL MODEL 
 

For the experimental study of shrinkage, an 

experimental isomorphic model was designed and 

physically realized that preserves all the essential 

constructive and functional characteristics of the 

shrinkage assembly. 

Figure 8 shows an experimental model for press 

assembly. 

 
Fig.8  Experimental model for pressing assembly: 

1 - support ring; 2 - pressure ring; 3 - centering ring; 

4 - pressing hub; 5 - depression ring; 6 - bolt for 

depression; 

 

It is known that the dimensions of the parts are 

made with certain deviations from the nominal size, 

these being between the two limit dimensions: dmax 

and dmin (for shaft) and Dmax and Dmin (for bores). In 

this sense it can be written: 

 

                       Smax = dmax – Dmin                     (38) 

                       Smin = dmin – Dmax                      (39) 

 

To perform the tightening must: 

 

                              Smin  > 0                             (40) 

 

To perform the "S" tightening, the dimensions 

for the shaft and bore are shown in figure 9 (from 

fig. 8) 
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Fig. 9 The parts that form the tightening: a) the 

shaft; 

b) the bore. Material X210CrW12   SR EN ISO 

4957: 2002 

 

The "S" tightening can also be made on conical 

surfaces, according to figure 10. The experimental 

model for tightening can be made by a simple 

construction (fig. 10) using conical contact surfaces. 

During pressing, the bore widens with Δb and the 

diameter of the enclosed part decreases with Δa, 

reaching after assembly the common diameter "d" 

of the two parts. 

Characteristic of pressed assemblies is the 

tightening (tightening) "S", defined by the 

difference between the initial diameters db and da: 

 

                S = da – db = Δa + Δb .                     (39) 

 

 
Fig. 10 Experimental model for assembly by pressing 

through conical surfaces: 1 – conical 

hub; 2 - shrinkage ring; 3 - pressing ring; 4 - 

depression ring. 

 

The tightening is done through the parts shown 

in the figure 11. 

 
Fig. 11 The parts that form the conical 

adjustment: a) - the shaft type part; b) bore type part. 

Material X210CrW12   SR EN ISO 4957: 2002 

 

Experimental research aims, on one hand, to 

verify the truth of the hypotheses and theories that 

formed the basis of the studies on shrinkage. On the 

other hand, experimental research allows the 

investigation of phenomena for which results with 

theoretical applicability cannot be obtained in a 

theoretical way, due to their complexity and 

insufficient knowledge of some laws that determine 

the evolution of surface friction. 

The performance of the compression tests 

carried out with the devices in figures 8 and 10 is 

required by the multitude of machine parts and 

machine elements that are performed by shrinking. 

Shrinkage tests can be performed at 20
o
C, at low 

temperatures up to -72
o
C and in conditions of deep 

cold (-196
o
C), liquid N2. The test is performed on 

universal tensile or compression test machines using 

suitable devices (Fig. 8 and Fig. 10). 

 

7     EXPERIMENTAL RESEARCH 

 

Current research aims to determine the 

conditions under which a production process can be 

improved. This research process, which is the 

subject of this paper, involves three distinct phases: 

1. Studying the state of knowledge in the 

approached field; 

2. The research method; 

3. Performing the experiments. 

The paper is of real benefit to researchers in the 

field, design engineers and students. 

Experimental research was carried out in 

conditions of dry pressing of the bore and the hub, 

to facilitate the pressing was used the lubrication of 

the surfaces soaked in oil and the pressing in 

cryogenic conditions. 

The pressing was performed on a machine for 

static testing of metals at tensile and compression 

type WEW-600D, maximum force 600 kN. The 

pressing speed must not exceed 5 mm / s [7]. 

 

7.1 Elastic tightening assembly using dry 

surfaces. 

 

Depending on the size of the tightening, elastic, 
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elastic – plastic or plastic deformations may occur 

in the parts. 

 

Figure 12 shows the diagram of the variation of 

the pressing forces depending on the length of the 

adjustment and time. 

 

 

 
 

Maximum time 409,6 s 

 

 

 
 

 
Fig. 12. Diagram of the variation of the pressing 

forces depending on: a) the length of the adjustment, l 

= 48.91 mm; b) pressing time, t = 409.6 s. The speed of 

the cross-beam was, v = 0.12 mm/s, Fmax = 187.55 kN. 

 

 

Elastic tightened assemblies are usually included 

in the group of non-removable joints. The practice 

of operating these assemblies shows the possibility 

of multiple depressions and new pressings. Figure 

13 shows the diagram of the variation of the 

depressing forces depending on the length of the 

adjustment and time. 

 

Finstant ; Fmaxim ; Time; Displacement 

 

 
 

Finstant; Fmax; Time; Displacement 

 

 
 
Fig. 13 Diagram of the variation of the depressing 

forces according to: a) length, l = 48.91; b) time, the 

cross-beam speed was v = 0.11 mm/ s. 

 

The variation of the axial force (fig. 12) required 

for the pressing operation is different from that 

during the depressing operation (fig. 13). At 

depressing, in the first moment, the static friction 

force F '= 235.76 kN, greater than the force F "= 

208.2 kN corresponding to the sliding friction, must 

be overcome. 

 

7.2 Elastic tightening assembly using surfaces 

lubricated with Liqui Moly 10W40 oil 

The pressing force increases in proportion to the 

length of the pressing. The displacement force at the 

first moment of the operation is much higher than 

during the depression process, due to the fact that 

the coefficient of static friction is higher than the 

coefficient of friction in motion. As the hub comes 

off the shaft, the depressing force decreases. 

By lubricating the adjusted surfaces, the 

necessary axial force is reduced and the mounting in 

better conditions is ensured, avoiding scratches. The 

variation of the axial force (fig. 11) required for the 

pressing operation in case of lubricating the 

surfaces with Liqui Moly 10W40 oil is smaller. 
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Fig. 14 Diagram of variation of pressing forces in 

case of surface lubrication with Liqui Moly 10W40 oil 

depending on: a) length; b) time, v = 0.20 mm/s 

 

 

In this case the maximum pressing force Fmax = 

185 kN, on the length l = 49.21 mm, time 254.6 s, it 

is observed that the maximum force has decreased 

(see fig. 12), and the deformation of the adjustment 

at the beginning is elastic. 

Figure 15 shows the diagram of the depressing 

forces in case of lubrication of surfaces with Liqui 

Moly 10W40 oil. 

Analyzing the variation of the depressing forces 

in figure 13, without lubrication and the forces in 

figure 12 with lubrication, it is observed the 

decrease of the forces in case of lubrication of the 

surfaces. 

 

 

 

 
 
Fig. 15 Diagram of variation of depression forces 

according to: a) the length of the adjustment (F' = 

228,68 kN and F" = 173,24 kN); b) time 

 

7.3 Elastic tightening assembly using surfaces 

greased with Liqui Moly 10W40 oil with the 

addition of MoS2 

By lubricating the adjusted surfaces with Liqui 

Moly 10W40 oil with the addition of MoS2, the 

axial force decreases to Fmax = 164.21 kN on the 

length l = 49.6 mm. 

Figure 16 shows the diagram of the variation of 

the pressing force on length and time. 

 

 
 

Fig. 16 Diagram of the variation of the pressing 

forces depending on: a) the length of the adjustment; 

b) time, t = 382.5 s, v = 0.13 mm / s 
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Figure 17 shows the depressing force in case of 

lubrication of surfaces with oil and addition of 

MoS2. 

 
Fig. 17 Diagram of the variation of the depressing 

forces depending on,time 390,0 s, v =0,13 mm/s, Fmax 

= 241,5 kN 

 

7.4 Elastic tightening assembly using surfaces 

greased with mineral fat 

By lubricating the adjusted surfaces, the required 

axial force is reduced and the installation in good 

conditions is ensured. Figure 18 shows the variation 

diagram of the pressing force. 

 

 
 

Fig. 18 Diagram of the variation of the pressing 

forces in the case of lubrication with mineral fat 

depending on: a) the length of the adjustment (l = 

49,27 mm); b) time (400 s), v = 0,13 mm/s 

 

Comparing the maximum force in figure 12 

(Fmax = 187.55 kN), with the pressing force in 

figure 13 (Fmax = 137.57 kN) a substantial 

decrease in the pressing force is found out. 

When depressing, the resting force "F'" must be 

defeated first, superior to the force "F" 

corresponding to the sliding friction. The 

displacement force during the depression process 

increases at the first moment due to the fact that the 

coefficient of static friction is higher than the 

coefficient of friction in motion. As the hub exits 

from the shaft, the pressing force decreases. 

Figure 19 shows the variation of the depressing 

force in the case of greasing the adjustment with 

mineral fat. 

 

 
 
Fig. 19 Diagram of the variation of the depressing 

force as a function of the length of the adjustment in 

the case of greasing the adjustment with mineral fat (l 

= 43,18 mm, v = 0,14 mm/s) 

 

If we compare the depressing force in figure 13 

with the depressing force in figure 19 (Fmax = 

124.7 kN) there is a substantial decrease in the 

depressing force due to the greasing of the 

adjustment with mineral fat. 

 

7.5 Self-tightening assemblies (tightening) made 

in cryogenic conditions 

 

The cryogenic shrinkage process has a low 

energy consumption, transforms the residual 

austenite into martensite and stabilizes the 

martensite, at the same time it does not reduce the 

hardness of the bore and of the part with which it 

joins. 

Cryogenic shrinkage, compared to the classic 

ones, has advantages such as: higher resistance of 

the assembly, realization of the assembly with low 

pressing forces, simple installations etc. 

When a material cools, a contraction of the 

material occurs and therefore a variation in volume. 

If the material belongs to the category of austenitic 

steels, at which the temperature Ms is below 273 
0
K, 

then when this temperature is reached there is an 

increase in volume due to structural changes that 

occur at this temperature. 
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As a result of the above, two cryogenic 

shrinkage procedures can be defined: 

 

 The procedure in which the contact pressure 

arises from the expansion of the enclosed 

part, cooled before assembly; 

 The procedure in which the contact pressure 

arises from volumetric expansion, as a 

result of the irreversible transformation of 

residual austenite into martensite. 

 

Depending on the above in industrial practice, 

three technological versions of cryogenic assembly 

are recommended: 

-Version I – It refers to the shaft – bore couple 

when the shaft is made of a material that has 

residual austenite and the bore does not. The shaft – 

bore assembly is inserted into the cooling chamber 

with liquid nitrogen. Following the transformation 

of the residual austenite into martensite in the shaft, 

its volumetric expansion occurs and a tight 

adjustment is obtained, the bore not suffering any 

change. 

-Version II – It refers to the shaft-bore couple 

when both the shaft and the bore are made of 

materials that show structural transformations at 

low temperatures. In this case we have two 

situations: 

a) The assembly is performed, as in the first 

method; 

b) If the structural transformation to the bore 

is not desirable, in this case it is necessary 

the dimensional stabilization of the bore. 

-Version III – Refers to parts where no structural 

changes occur at low temperatures due to the 

material. In this situation, the shaft-type part is 

cooled, inserted into the bore, and the tightening 

will be obtained after the temperature returns to 

20
o
C. 

 

Self-tightening assemblies (tightening) in 

cryogenic conditions can also be obtained if the 

phase transformations take place both in the 

enclosed part and in the enclosing part. 

 

The tests in this paper applied Version III of 

cryogenic assembly. A machine for static testing of 

metals at traction and compression was used for 

pressing, having the maximum pressing force Fmax = 

600 kN, type WEW - 600D (fig. 15). 

 

 
 

Fig. 20. Machine for static testing of metals at 

traction and compression 

 

Liquid nitrogen (N2) stored in a dewar vessel 

shown in Figure 20 was used to cool the shaft. 

 

 
 

Fig. 21. Dewar vessel for storing liquid Nitrogen 

(N2) 

 

The diagram of the variation of the pressing 

force in the case of cryogenic assembly is presented 

in figure 22. 
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Fig. 22. Diagram of the variation of the pressing 

force depending on the length of the adjustment (l = 

49,44 mm, v = 0,21 mm/s) 

 

Comparing the diagram in figure 9 (Fmax = 

187.55 kN) with the diagram in figure 22 (Fmax = 

162.11 kN) there is a substantial decrease in the 

pressing force. The deformation of the adjustment 

begins with a deformation in the elastic range, 

followed by a deformation in the plastic range. 

The diagram of the variation of the depressing 

force according to the length of the adjustment is 

presented in figure 23. 

 

 
 
Fig. 23. Diagram of the variation of the depressing 

force depending on the length of the adjustment (l = 

49,44 mm, v = 0,20 mm/s) 

 

From the diagram shown in figure 23 it results 

that the maximum depressing force is Fmax = 184.9 

kN, compared to the maximum depressing force in 

figure 13, which is F '= 235,76 kN, so there is a 

substantial decrease. 

Experimental research was also performed with 

the device in Figure 10, in which the conical shaft 

was introduced into liquid nitrogen. 

Figure 24 shows the diagram of the variation of 

the pressing force with conical punch introduced in 

liquid nitrogen. 

 

 
a) 

 
b) 

Fig. 24 Diagram of the variation of the pressing 

force, with conical punch cooled in nitrogen, 

depending on: a) length l = 0.81 mm, Fmax = 254.74 

kN; b) time, t = 90 s,  

v = 0.01 mm / s 

 

The diagram of the depression force for the 

conical adjustment cooled with liquid nitrogen, is 

shown in figure 25, Fmax = 211.08 kN. 

 
a) 

 
b) 

Fig. 25 Diagram of variation of the depressing 

force, in case of cooling with liquid nitrogen, 

depending on: a) length l = 4.04 mm, b) time, t = 21.4 

s, v = 0.19 mm/s 
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8     SURFACE QUALITY AT ASSEMBLY 

OF PARTS BY ELASTIC TIGHTENING 
 

When assembling parts by elastic tightening in 

cryogenic conditions of austenitic stainless steels, 

the decrease in temperature determines both the 

reduction of the roughness and the increase of the 

resistance characteristics of the surface layer. 

At temperatures of 293 
0
K, respectively 193 

0
K 

the micro-hardness of the surface layer at 0.05 mm 

depth, increased by about 25%. Hardening of the 

surface layer under cryogenic conditions is 

explained by the transformation of residual 

austenite into martensite. 

The quality and precision of the surfaces from 

the assembly of the parts by elastic tightening 

represent a criterion of maximum importance in the 

conditions of raising the quality of the assemblies 

by self-tightening. 

The forces opposing the undoing of such an 

assembly are the frictional forces on the contact 

surface. They increase with the pressure between 

the parts and with the coefficient of friction. 

During axial pressing, some of the surface 

roughness (roughness) is deformed, but others are 

sheared, with a negative effect on the size of the 

achievable friction moment. 

The roughness of the initial cylinder was Ra = 

0.878 μm (fig. 26) after finishing processing. 

 

 
 

Fig. 26. Recording the initial roughness of the 

cylinder before pressing 

 

Experimental research has obtained informative 

data indicating the roughness of the surface after 

pressing (parameter Ra ') of the cylinder (fig. 27). 

 

 
 

Fig. 27 Cylinder roughness recording after 

assembly (Ra = 0,560 μm) 

 

Like any adjustment, a pressed assembly is 

characterized by tightening and accuracy class, the 

latter expressing the size of the adjustment 

tolerances related to the tolerances prescribed for 

machining the parts to be assembled. As previously 

shown (fig. 26 and fig. 27), in this case the size of 

the surface roughness Ra is also taken into account, 

so its quality. 

In order that the assembly process by self-

tightening to take place in conditions of stability, 

and the productivity, the costs, the assembly 

accuracy, the energy consumption to have 

prescribed values, it is necessary to perform 

measurements on the hardness of the cylinder. 

The initial hardness of the cylinder was 543.35 

HV/10, and after assembly it was 572,02 HV/10 

(fig. 28). 

 

 
 

Fig. 28. Cylinder hardness recording after 

assembly 

 

The important advantages of self-tightening 

assemblies are: the possibility of transmitting large 

moments and, especially, variable moments, a good 

centering of the parts, weight and space saving, 

combined with a low cost price, by the lack of 

additional parts. 
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9    CONCLUSIONS 
 

In technique, in general, and especially in the 

field of machine building technology, an important 

weight in scientific research has experimental 

research, which is on the one hand a basic criterion 

for verifying the truth about the hypotheses of 

scientific theories, and on the other hand a source of 

detection of new knowledge in the studied field. 

Through the problems approached and the 

solutions presented, the paper contributes to the 

development of knowledge in the field of self-

tightening assemblies. 

Figure 29 presents a summary of the research 

presented in the paper on self-tightening assemblies. 

 

 

 
 

Fig. 29. Research synthesis, depending on. 

a) sample percentage; b) comparison of samples 

 

Due to the complexity of the self-tightening 

assembly system, experimental research is the only 

way to obtain satisfactory results necessary for the 

use and continuous improvement of self-tightening 

technologies. 
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