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Abstract: Using the Comsol Multiphysics software package, the dynamics of pressing a steel shaft into a steel 

bushing was simulated, ensuring a fit with a guaranteed interference of 0.1 mm. For a thin-walled bushing, a 

prediction of the intensity of stresses and strains in the material was made. 
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1. Introduction 

An interference fit is a method of assembling two 

parts, usually a shaft and a hole, in which the inside 

diameter of the hole is slightly smaller than the outside 

diameter of the shaft. During assembly, the parts fit 

tightly together due to friction and deformation, which 

ensures a reliable and durable connection without the 

use of additional fasteners. This method is widely used 

in mechanical engineering, such as in the manufacture 

of gears, bearings and pulleys, to ensure stability and 

precise alignment. 

Pressing-in of parts with guaranteed interference 

can cause a number of problems, including difficulty 

in assembly and disassembly due to high friction, the 

possibility of component damage such as warping or 

cracking during installation, misalignment resulting in 

uneven load distribution, and dimensional changes 

caused by thermal expansion or contraction that can 

lead to poor fit. 

When pressing-in of parts with guaranteed 

interference, the bushing material is subjected to 

triaxial loading. Radial stress results in a compressive 

stress acting perpendicular to the joint surface. 

Tangential stress acts along the arc of a circle and 

leads to dangerous stretching of the bushing material 

(the appearance of cracks on the end of the part, 

cracking of the material along the axis of the part). The 

axial load causes shear and stretching of the bushing 

material. 

A priori analysis of studies on the manufacture 

of parts to ensure guaranteed interference and their 

assembly allowed us to identify a number of 

problematic issues and ways to solve them. In the 

article [1], the author presents a comprehensive 

concept for designing interference fits that include 

elastic-plastic components. The paper presents a 

general formulation for the analysis of stress and 

strain behavior in such joints, taking into account the 

complex interaction between elastic and plastic 

deformation. The article by Teng, Zhang, Zhou and 

Xu [2] deals with the mechanical properties and 

design methods of cylindrical interference fits. It 

examines the stress and strain characteristics 

associated with such fits, presents analytical models 

for predicting these properties, and offers design 

recommendations for optimizing interference fit 

performance in engineering applications. Zhang, 

McClain, and Fang [3] discuss the design of 

interference fits using the finite element method. The 

stresses and strains used in the design of optimal 

interference fits for mechanical components are 

analyzed and a detailed numerical approach is 

proposed to predict the behavior of such fits under 

various loading conditions. An experimental study of 

the connection of mechanical components with 

interference, aimed at understanding the behavior and 

performance characteristics of such connections under 

various conditions, is presented in [4]. The authors 

investigate factors affecting the strength and 

reliability of interference joints, including contact 

pressures and deformation characteristics, through a 

series of laboratory experiments. In the article by 

Mustafin et al. [5], a comparative analysis of the 

quality of fitting of parts with guaranteed interference 

on shafts is carried out, in which the main attention is 

paid to both annular and solid sections. The study [6] 

combined experimental and analytical approaches to 

evaluate the influence of roughness characteristics on 

load transfer and interference fit stability in 

mechanical assemblies. Papers [7-8] investigate how 

surface roughness affects contact mechanics, which 

provides insight into stress distribution and contact 

behavior under different conditions. In [9], a 

theoretical analysis with experimental verification 

was performed to develop a prediction tool that 

improves the understanding of pressing-in 

characteristics, which ultimately contributes to more 

efficient and safer assembly of railway components. 

In a paper published by You et al. [10], the pressing-

in quality in the pressing-in assembly process was 

predicted by analyzing the pressing curve and the 

maximum pressing force. In their study [11], the 

authors focus on the mechanisms of fretting fatigue, 

analyze the influence of various parameters such as 

load, contact pressure and material properties, and 

provide experimental and theoretical data on 

increasing the service life of interference fits. A new 

analytical approach to predicting the pressing curve of 

components with interference fit is presented in [12]. 

The proposed method extends the capabilities of 

existing models by providing more accurate 

predictions of interference fit characteristics, 

providing valuable information for materials 

processing and production optimization. 

The purpose of this article was to evaluate the 

deformed state of a steel bushing under conditions of 
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pressing-in a steel shaft into it while ensuring 

guaranteed interference. Modeling the dynamics of 

the technological process will allow us to determine 

the critical conditions for performing an assembly 

based on the pressing length criterion. 

 

2. Materials and methods 

To quantitatively evaluate the stress and strain 

state of the material of a thin-walled bushing under 

pressing-in conditions, an experiment was carried out 

using the finite element modeling method in the 

Comsol Multiphysics software package. The 

simulation conditions included the creation of two-

dimensional models of the shaft and the bushing of 

equal length of 100 mm on the XY plane. The 

difference in seating dimensions (diameters) is 

accepted as 0.1 mm, which indicates a guaranteed 

interference. The wall thickness of the bushing model 

was taken to be 10 mm, in order to obtain a thin-walled 

product. Precise centering of the paired models was 

ensured by creating chamfers measuring 1×45° along 

the edges of the end parts of the shaft and bushing. The 

values of the force for pressing-in of the shaft model 

into the bushing model were calculated every 5 mm of 

the pressing length and are presented in Section 3 of 

this article. The action of the pressing force was 

directed along the Y coordinate axis. The pressing 

length was taken as 100 mm. The pressing-in of part 

models was carried out without preliminary heating. 

The conditions for simulating the pressing-in process 

are shown in the Figure 1. 

 

 
Figure 1. Conditions for simulating the pressing-in process of the shaft model into the bushing model with 

guaranteed interference. The diagram shows the following symbols: 1 – shaft model in longitudinal section, 2 

– bushing model in longitudinal section, F – pressing force. 

 

The shaft and bushing models were given the 

properties of 1040 steel at 20°C: density – 7845 kg/m³, 

tensile strength – 600 MPa, yield strength – 500 MPa, 

elongation – 12%, hardness (HB) – 195, Young's 

modulus – 200 GPa, Poisson's ratio – 0.29. 

Both models have the properties of an isotropic 

material. The mathematical formulation of the 

isotropic material model is represented by the 

following equations (1-8): 

0 = ∇ ∙ (𝐹𝑆)𝑇 + 𝐹𝑉 (1) 

𝐹 = 𝐼 + ∇𝑢 (2) 

𝑆 = 𝑆𝑎𝑑 + 𝐶: 𝜖𝑒𝑙 (3) 

𝜖𝑒𝑙 = 𝜖 − 𝜖𝑖𝑛𝑒𝑙 (4) 

𝜖𝑖𝑛𝑒𝑙 = 𝜖0 + 𝜖𝑒𝑥𝑡 + 𝜖𝑡ℎ + 𝜖ℎ𝑠 + 𝜖𝑝𝑙 + 𝜖𝑐𝑟 + 𝜖𝑣𝑝 + 𝜖𝑣𝑒 (5) 

𝑆𝑎𝑑 = 𝑆0 + 𝑆𝑒𝑥𝑡 + 𝑆𝑞 (6) 

𝜖 =
1

2
[(∇𝑢)𝑇 + ∇𝑢 + (∇𝑢)𝑇∇𝑢] (7) 

𝐶 = 𝐶(𝐸, 𝜈) (8) 

where 𝛻 is gradient, F is deformation gradient tensor, 

S is the second Piola-Kirchhoff stress, T is the 

transpose of the tensor, FV is body force, I is the unit 

tensor, u is displacement vector, Sad is total (additive) 

stress, C is the 4th order elasticity tensor, : is double 

dot product; ϵel is elastic strain, ϵ is total strain, ϵinel is 

inelastic strain, ϵ0 is initial strain, ϵext is external strain, 

ϵth is thermal strain, ϵhs is hygroscopic swelling, ϵpl is 

plastic strain, ϵcr is creep strain, ϵvp is viscoplastic 

strain, ϵve is viscoelastic strain, S0 is initial stress, Sext 

is external stress, Sq is extra stress, E is Young's 

modulus, υ is Poisson's ratio. 

The formulation of the initial values for the 

displacement and velocity fields is presented by 

equations (9-11): 

𝑢0 = −𝑟(1 − 𝑐𝑜𝑠𝜙) + (𝑒𝑧 × 𝑟)𝑠𝑖𝑛𝜙 + 𝑢 (9) 

(
𝜕𝑢

𝜕𝑡
)0 = (𝑒𝑧 × (𝑟 + 𝑢0 − 𝑢))

𝜕𝜙

𝜕𝑡
+

𝜕𝑢

𝜕𝑡
 (10) 

𝑟 = (𝑋 − 𝑋𝑐) (11) 

where u0 is initial displacement field, -r(1 – cosφ) is 

radial component of displacement, (ez × r)sinφ is 

tangential component of displacement, t is time, X is 
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current coordinates (material or spatial), Xc is 

coordinates of the center of rotation. 

The bushing model was based on a flat surface at 

the end. Thus, the constraint for fixing the bushing 

model can be represented as u = 0. 

The contact surfaces were the outer diameter of 

the shaft model and the diameter of the hole of the 

bushing model. The contact surfaces of models may 

penetrate each other slightly depending on a certain 

contact rigidity, which links the penetration with the 

resulting reactive forces. Mathematically, this can be 

written by the following equations (12-14): 

𝑇𝑛 = 𝑖𝑓(𝑔𝑛 ≤ 0,−𝑝𝑛 , 𝑔𝑛, 0) + 𝑖𝑓(𝑔𝑛,𝑜𝑙𝑑 ≤

0,−𝑝𝑛𝑣min (
𝜕𝑔𝑛

𝜕𝑡
, 0) , 0) (12) 

𝑝𝑛 = 𝑓𝑝
𝐸𝑐ℎ𝑎𝑟

ℎ𝑚𝑖𝑛
 (13) 

𝑝𝑛𝑣 = 𝜏𝑛
𝐸𝑐ℎ𝑎𝑟

ℎ𝑚𝑖𝑛
 (14) 

where Tn is contact pressure, gn is the shortest distance 

between the points of the “nested” (slave/destination) 

and “main” (master/source) surfaces along the normal 

vector, pn is contact pressure penalty factor, gn,old is 

gap value at the previous iteration step, pnv is viscous 

contact pressure penalty factor, fp is penalty factor 

multiplier, Echar is characteristic Young's modulus, 

hmin is minimum element size, τn is damping time 

scale. 

The calculation was performed taking into 

account the specified models of wear, friction and slip 

velocity. 

The wear model of the contact surfaces of the 

shaft and bushing is represented by the following 

formulations of the deformed geometry: wear model – 

generalized Archard, wear constant – 0.0001, 

exponent – 1, wear surface – destination. 

The friction parameters between the contact 

surfaces of the shaft and bushing models included: 

friction model – Coulomb, friction coefficient – 0.5, 

cohesion sliding resistance – 0, maximum tangential 

traction – default value (infinity). The friction of the 

contact surfaces of models is simulated using the 

following formulas (15-18): 

𝑇𝑡,𝑡𝑟𝑖𝑎𝑙 = 𝑇𝑡,𝑜𝑙𝑑 − 𝑝𝑡
𝜕𝑔𝑡

𝜕𝑡
 (15) 

𝑇𝑡 = min⁡(
𝑇𝑡,𝑐𝑟𝑖𝑡

|𝑇𝑡,𝑡𝑟𝑖𝑎𝑙|
, 1)𝑇𝑡,𝑡𝑟𝑖𝑎𝑙 (16) 

𝑇𝑡,𝑐𝑟𝑖𝑡 = min⁡(𝜇𝑇𝑛 + 𝑇𝑐𝑜ℎ𝑒 , 𝑇𝑡,𝑚𝑎𝑥) (17) 

𝑝𝑡 = 𝑓𝑡
𝐸𝑐ℎ𝑎𝑟

3ℎ𝑚𝑖𝑛
 (18) 

where Tt,trial is trial tangential stress, Tt,old is value of 

tangential stress from the previous converged step (in 

non-stationary problems) or the previous iteration, pt 

is friction force penalty factor, gt is tangential slip, Tt 

is friction force, Tt,crit is tangential friction force during 

sliding, μ is friction coefficient, Tcohe is cohesion 

sliding resistance, Tt,max is maximum tangential 

traction, ft is penalty factor multiplier. 

The slip velocity of the contact surfaces of 

models is represented by equation (19): 

𝑇𝑡 = min⁡(𝜇𝑇𝑛 + 𝑇𝑐𝑜ℎ𝑒 , 𝑇𝑡,𝑚𝑎𝑥)
−𝑣𝑠𝑙𝑖𝑝

|𝑣𝑠𝑙𝑖𝑝|
 (19) 

where vslip is slip velocity. 

The quality and accuracy of the simulation 

results were high due to the generation of a mesh on 

the shaft and bushing models with the following 

statistics: minimum element quality – 0.7567, average 

element quality – 0.9849, triangle – 3204, edge 

element – 354, vertex element – 16, maximum 

element size – 2.01, minimum element size – 0.00402, 

curvature factor – 0.2. 

 

3. Results and discussion 

The results of finite element modeling of the 

pressing-in process of the shaft into the bushing while 

ensuring guaranteed interference are presented in the 

Table 1. 
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Table 1. Results of finite element modeling of the process: the first column is the pressing length of the shaft 

model into the bushing model, the second column is the distribution of equivalent deviatoric strain of the 

bushing material during pressing-in, and the third column is the distribution of pressure in the bushing 

material during pressing-in. 

 

   
Pressing length is 5 mm 

   
Pressing length is 10 mm 

   
Pressing length is 15 mm 

   
Pressing length is 20 mm 

   
Pressing length is 25 mm 
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Pressing length is 30 mm 

   
Pressing length is 35 mm 

   
Pressing length is 40 mm 

   
Pressing length is 45 mm 

   
Pressing length is 50 mm 

   
Pressing length is 55 mm 
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Pressing length is 60 mm 

   
Pressing length is 65 mm 

   
Pressing length is 70 mm 

   
Pressing length is 75 mm 

   
Pressing length is 80 mm 

   
Pressing length is 85 mm 
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Pressing length is 90 mm 

   
Pressing length is 95 mm 

   
Pressing length is 101 mm 

 

The table shows the diagrams of sequential 

pressing-in of part models over the entire length with 

a step of 5 mm, the distribution of equivalent 

deviatoric strain and pressure of the material of the 

bushing model during pressing-in. 

Equivalent deviatoric strain characterizes the 

change in the shape of the bushing model without 

changing its volume. The intensity of the change in 

shape is expressed by a coefficient. As the shaft model 

is pressed into the bushing model, strains of greater 

intensity are noted in the latter in the contact zone and 

on the outer surface of the bushing model, as well as 

on the inner and outer surfaces of the lower part of the 

bushing model. A sharp increase in the peak values of 

equivalent deviatoric strain over a pressing length of 

10 to 40 mm was determined at a depth of 2 to 5 mm 

from the wall thickness of the bushing model. A more 

uniform distribution of strain is observed in 

subsequent steps of the pressing-in process and 

reaches its maximum value at a pressing length of 101 

mm across the entire thickness of the bushing model 

in the contact zone. 

The pressure distributions in the material of the 

bushing model are obtained in positive and negative 

values, which correspond to compression and tension, 

respectively. The tension and compression of the 

bushing model material are almost identical in 

absolute value, with the exception of the pressing-in 

steps of 30 mm and 101 mm. This is due to the greatest 

deformation of the shape of the bushing model at the 

specified steps. As the shaft model is pressed into 

place, compression occurs on the inner contact surface 

of the bushing model. In this case, on the outer surface 

of the bushing model, the pressure changes from 

tension to compression over a pressing length of 85 

mm. Complete pressing-in of the shaft model into the 

bushing model is characterized by almost complete 

compression of the bushing model material by 

5.76×108 N/m2. 

Figure 2 shows the dependencies of the total 

contact force on the pressing length along the X and Y 

coordinate axes. 

Positive and negative values of contact force on 

the graphs characterize the compressive force and 

tensile force along the corresponding coordinate axes, 

respectively. Radial stresses arise along the X 

coordinate axis, causing the material of the bushing 

and shaft models to be compressed, while axial 

stresses arise along the Y coordinate axis, causing 

shear and stretching of the material of the bushing 

model. 
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A 

 

B 

 
Figure 2. Dependencies of the total contact force along the pressing length: A – along the X coordinate 

axis, B – along the Y coordinate axis. 

 

The radial force is variable in sign over the 

calculated pressing length, which indicates a complex 

stress state of the bushing model. At a pressing length 

of the shaft model into the bushing model of up to 45 

mm, a relatively stable compressive stress of the 

material is observed. Further pressing-in of the shaft 

model into the bushing model is caused by sharp 

changes in the contact force with a critical value of up 

to -152.66 kN over a pressing length of 101 mm. 

The axial contact force is always negative 

(tensile) and varies in the range from 4.3×10-5 to -1.05 

kN over a pressing length of up to 75 mm. The contact 

force increases sharply to a maximum value of -

304.53 kN over a pressing length of 75 to 101 mm, 

which may lead to the risk of cracking in the axial 

direction. 

 

4. Conclusion 

Based on the analysis of the results of computer 

simulation of the pressing-in process of the shaft 

model into the bushing model while ensuring 

guaranteed interference, the following conclusions 

can be drawn: 

1. Pressing-in of parts without preheating 

ensures minimal changes in the geometry of the 

bushing, with the compression of the material 

predominantly in the radial and axial directions. 

2. The pressing length (up to 45 mm) at which 

the process of joining parts is stable has been 

determined. At a pressing length of 45 to 70 mm, 

sharp changes in the value of the contact force occur, 

which arise due to an increase in the contact area of 

surfaces being joined. The pressing-in process 

becomes unstable due to the occurrence of plastic 

deformations and a significant increase in the friction 

force on the contact surfaces. The risk of partial failure 

of the bushing is determined in the range of a pressing 

length of 75-101 mm. The most dangerous stress state 

of the material is determined in the axial direction at 

the end of the pressing length range, leading to 

catastrophic tension of the bushing. 

The recommended conditions for pressing-in of 

the shaft into the bushing ensure a reliable, permanent 

connection of the mechanism parts, guaranteeing its 

trouble-free operation under heavy loads, including 

dynamic ones. 
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