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Abstract. This study investigates the effect of elastic element thickness variation in combined 
shaft supports on stress distribution and reaction forces in sawing cylinder systems. Two 
computational models were developed: (1) with elastic element thickness at support A greater than 
or equal to support B (𝐴 ≥ 𝐵), and (2) with thickness at support B greater than or equal to support 
A (𝐵 ≥ 𝐴). The analysis demonstrates that variations in elastic element thickness significantly 
influence stress distribution and reaction forces in the system. When the thickness at support A 
exceeds that at support B, shaft stresses decrease from 198×106 to 112×106 Pa, while reaction 
force at support B decreases from 943.24 N to 918.02 N. Conversely, when the thickness at support 
B exceeds that at support A, stresses increase from 8.83×106 to 183×106 Pa, with reaction force at 
B increasing from 899.04 N to 931.19 N. The results show that optimizing elastic element 
parameters can significantly reduce operational stresses in shaft support systems. 
Keywords: elastic support, shaft dynamics, stress analysis, reaction forces, sawing cylinder, finite 
element analysis, mechanical design. 

1. Introduction 

Rotating shaft systems represent fundamental components of many industrial machines, 
including textile equipment, woodworking machinery, and precision cutting mechanisms. The 
operational reliability of such systems strongly depends on the design of the supporting structures, 
which must ensure both accurate positioning of the shaft and effective transmission of loads during 
operation. Improper support design often leads to uneven load distribution, increased vibration 
levels, and premature failure of mechanical components [1]-[3]. 

Sawing cylinders used in cotton-processing and woodworking machines are typical examples 
of rotating elements subjected to complex loading conditions. During operation, the shaft 
experiences combined effects of static forces, dynamic loads, and periodic disturbances generated 
by cutting interactions. These conditions create significant stresses within the shaft and its 
supporting elements, which may reduce service life and lead to structural damage if not properly 
controlled [4], [5]. 

Traditional shaft support systems frequently employ rigid bearing housings. Although such 
configurations provide high structural stiffness, they often lack the ability to accommodate 
dynamic load variations and misalignment effects. As a result, stress concentrations may occur in 
critical sections of the shaft, especially in high-speed rotating machinery [6], [7]. In recent years, 
the integration of elastic elements into support structures has been proposed as an effective 
approach to improving load distribution and reducing vibration amplitudes in rotor systems [8], 
[9]. 

https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2026.26416&domain=pdf&date_stamp=2026-06-08


INFLUENCE OF ELASTIC ELEMENT PARAMETERS ON STRESS DISTRIBUTION AND REACTION FORCES IN SHAFT SUPPORT SYSTEMS OF SAWING 
CYLINDERS. SHAKHNOZA MAKHMUDOVA, GULNORA YULDASHEVA, FERUZA AZIMOVA, DILAFRUZ AKHMEDOVA 

2 ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479  

Elastic supports introduce additional compliance into the mechanical system, allowing partial 
redistribution of loads between support points and reducing stress peaks within the shaft. 
Furthermore, elastic elements may contribute to vibration damping and improved dynamic 
stability of rotating machinery [10], [11]. The mechanical behaviour of such systems, however, 
depends strongly on the stiffness characteristics and geometric parameters of the elastic elements 
used in the support structure. 

A considerable number of studies have been devoted to the dynamic analysis of rotor-bearing 
systems. Classical rotordynamic theories developed by Nelson, Childs, and other researchers 
established the fundamental principles of rotor stability and vibration behaviour [12]-[14]. Later 
studies applied finite element modelling techniques to analyse the dynamic response of flexible 
shafts supported by different types of bearings and support structures [15]-[17]. These approaches 
have significantly improved the understanding of rotor dynamics and vibration control in modern 
machinery. 

Despite these advances, the specific influence of elastic element geometry on stress 
distribution in shaft support systems remains insufficiently explored. In many engineering 
applications, the stiffness of elastic elements is determined primarily by their material properties 
and thickness. Variations in thickness may therefore alter the load distribution between supports 
and significantly influence the stress state of the shaft [18], [19]. However, quantitative 
relationships between elastic element thickness and resulting reaction forces are rarely discussed 
in existing literature. 

Therefore, the present study investigates the influence of elastic element thickness in combined 
shaft supports on the stress distribution and reaction forces in a sawing cylinder system. Two 
support configurations are considered, differing in the relative thickness of elastic elements at the 
support points. The analysis aims to determine how variations in these geometric parameters affect 
the mechanical response of the shaft system and to identify configurations that minimize 
operational stresses. 

The results of this research provide practical recommendations for optimizing elastic support 
parameters in rotating machinery. Such optimization can contribute to improved durability, 
reduced vibration levels, and increased operational reliability of sawing cylinder mechanisms and 
similar shaft systems. 

Recent studies have proposed analytical models of rotor-bearing-housing systems that take 
into account additional elastic-dissipative layers within the support structure [21]. Such 
approaches allow evaluating the influence of polymer inserts on resonance frequencies and 
vibration characteristics of rotating systems. 

The novelty of this study lies in the following aspects: 
– Investigation of asymmetric elastic element thickness in combined shaft support systems. 
– Establishment of quantitative relationships between elastic element geometry and stress 

distribution. 
– Analysis of reaction force redistribution depending on support stiffness variation. 
– Identification of optimal thickness configuration for minimizing stresses in sawing cylinder 

shaft systems. 

2. Materials and methods 

This study presents a numerical investigation of the stress-strain state and load distribution in 
a sawing cylinder shaft system with elastic support elements. The analysis was carried out using 
the finite element method (FEM) to evaluate the influence of elastic element thickness on reaction 
forces and stress distribution. 

2.1. Geometrical model 

The developed three-dimensional model of the sawing cylinder shaft system, including the 
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shaft, rolling bearings, and elastic support elements, is illustrated in Fig. 1. 
The shaft is modeled as a homogeneous cylindrical element with a total length of 2300 mm, 

supported at two points (supports A and B). The bearing outer diameter is taken as 100 mm, 
corresponding to typical industrial configurations. 

The shaft is supported by rolling bearings mounted in housings. Elastic elements are 
introduced between the bearing housings and the machine frame to simulate flexible support 
conditions. 

 
a) Load case 𝐴 > 𝐵 

 
b) Load case 𝐵 > 𝐴 

Fig. 1. Three-dimensional model of the sawing cylinder shaft system with elastic support elements. 

2.2. Material properties 

The shaft material was assumed to be isotropic and linearly elastic. The following mechanical 
properties were used in the simulation: 

– Young’s modulus: 𝐸 = 2.1×1011 Pa. 
– Poisson’s ratio: 𝜈 = 0.3. 
– Density: 𝜌 = 7850 kg/m3. 
The elastic support elements were modeled as deformable layers with reduced stiffness. Their 

mechanical behavior was characterized by an equivalent elastic modulus corresponding to 
polymer-based materials. 

2.3. Finite element model 

The numerical analysis was performed using the finite element method (FEM). The 
computational model was developed using APM FEM software, while MATLAB was employed 
for post-processing, data analysis, and graphical visualization of the results. 

The shaft was discretized using three-dimensional solid elements. A sufficiently refined mesh 
was applied in regions of expected stress concentration near the supports to improve the accuracy 
of stress evaluation. 

The bearing supports were modeled as elastic constraints, allowing partial displacement 
depending on the stiffness of the elastic elements. The solution was obtained under static loading 
conditions. 

2.4. Boundary conditions and loading 

The shaft was subjected to operational loading conditions representing working regimes of 
sawing cylinders. The following assumptions were applied: 

– The shaft ends were constrained in accordance with bearing support conditions. 
– Radial loads were applied to simulate operational forces. 
– Elastic supports were modeled as distributed compliance elements. 
Two configurations of elastic element thickness were considered: 
– Model 1 (𝐴 ≥ 𝐵): thickness at support A is greater than or equal to that at support B. 
– Model 2 (𝐵 ≥ 𝐴): thickness at support B is greater than or equal to that at support A. 
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The thickness of elastic elements varied in the range of 0 to 1.5 mm. 

2.5. Simulation parameters 

For each configuration, the following parameters were calculated: 
– Reaction forces at supports A and B. 
– Equivalent (von Mises) stress distribution. 
– Total and elastic deformations. 
The results were obtained for multiple geometric configurations to identify trends in load 

redistribution and stress variation. 
The numerical results were processed and presented in the form of tables and graphical 

dependencies. The relationships between elastic element thickness and system response 
parameters were analyzed to determine optimal configurations minimizing stress levels. This 
modeling approach ensures adequate accuracy for evaluating stress distribution and load transfer 
in shaft support systems.  

3. Results and discussion 

3.1. Reaction force analysis 

The calculated reaction forces at the shaft supports for the configuration 𝐴 ≥ 𝐵 are 
summarized in Table 1. The results show that increasing the thickness of the elastic element at 
support A leads to a gradual redistribution of loads between the supports. 

Table 1. Reaction forces for configuration 𝐴 ≥ 𝐵 
No. 𝐴 (mm) 𝐵 (mm) 𝑅௔ (N) 𝑅ఉ (N) 
1 0 0 1188.2 902.29 
2 0.50 0.25 1167.8 943.24 
3 0.75 0.50 1147.4 936.21 
4 1.00 0.75 1152.6 929.90 
5 1.25 1.00 1158.2 923.89 
6 1.50 1.25 1163.8 918.02 

For comparison, the reaction forces obtained for the opposite configuration 𝐵 ≥ 𝐴 are 
presented in Table 2. In this case, an increase in the thickness of the elastic element at support B 
results in a noticeable change in the load distribution between the supports. 

Table 2. Reaction forces for configuration 𝐵 ≥ 𝐴 
No. 𝐴 (mm) 𝐵 (mm) 𝑅௔ (N) 𝑅ఉ (N) 
1 0 0 1188.2 902.29 
2 0.25 0.50 1190.2 899.04 
3 0.50 0.75 1175.0 913.79 
4 0.75 1.00 1168.8 919.59 
5 1.00 1.25 1162.6 925.39 
6 1.25 1.50 1156.4 931.19 

The influence of elastic element thickness on the reaction forces at the shaft supports is 
illustrated in Fig. 2. The graphical dependencies clearly demonstrate the redistribution of loads 
between supports A and B as the thickness of the elastic element varies. 

The analysis reveals inverse relationships between elastic element thickness distribution and 
reaction forces. In Model 1 (𝐴 ≥ 𝐵), increasing thickness at support A while maintaining 𝐴 ≥ 𝐵 
ratio results in gradual reduction of 𝑅ఉ from 943.24 N to 918.02 N (Fig. 2(a)). Conversely, Model 
2 (𝐵 ≥ 𝐴) demonstrates increase in 𝑅ఉ from 899.04 N to 931.19 N as thickness at B increases 
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(Fig. 2(b)). 
These dependencies indicate that elastic element parameters indicate a strong correlation 

between elastic element thickness distribution and reaction forces, enabling predictive control of 
support reactions through geometric optimization. 

 
а) When 𝐴 ≥ 𝐵 

 
b) When 𝐵 ≥ 𝐴 

Fig. 2. Reaction forces at the sawing cylinder shaft supports as a function of elastic element thickness 

3.2. Stress analysis 

The calculated stress characteristics of the shaft for the configuration 𝐴 ≥ 𝐵 are presented in 
Table 3. The results indicate that increasing the thickness of the elastic element at support A leads 
to a gradual decrease in the average stress level within the system. 

Table 3. Stress characteristics for configuration 𝐴 ≥ 𝐵 
No. 𝐴 (mm) 𝐵 (mm) 𝜎௠௜௡ (×106 Pa) 𝜎௠௔௫ (×106 Pa) 𝜎௔௩௚ (×106 Pa) 
1 0.50 0.25 0.000205 562 198 
2 0.75 0.50 0.000973 465 166 
3 1.00 0.75 0.000980 364 153 
4 1.25 1.00 0.001053 278 139 
5 1.50 1.25 0.001090 205 112 

For the alternative configuration 𝐵 ≥ 𝐴, the corresponding stress parameters are given in 
Table 4. In contrast to the previous case, increasing the thickness of the elastic element at support 
B leads to a significant growth in the stress level. 

Table 4. Stress characteristics for configuration 𝐵 ≥ 𝐴 
No. 𝐴 (mm) 𝐵 (mm) 𝜎௠௜௡ (×106 Pa) 𝜎௠௔௫ (×106 Pa) 𝜎௔௩௚ (×106 Pa) 
1 0.25 0.50 0.000802 17.7 8.83 
2 0.50 0.75 0.000859 105 52.3 
3 0.75 1.00 0.000916 191 95.7 
4 1.00 1.25 0.000973 278 139 
5 1.25 1.50 0.001030 365 183 

The effect of elastic element thickness on the stress state of the system is further illustrated in 
Fig. 3. The graphical dependencies confirm the trends observed in the numerical results and 
highlight the strong influence of support stiffness distribution on shaft stresses. 

Stress analysis reveals dramatic differences between configurations. Model 1 (𝐴 ≥ 𝐵) 
demonstrates stress reduction from 198×106 Pa to 112×106 Pa as thickness differential increases 
(Fig. 3(a)). This 43.4 % reduction indicates significant potential for fatigue life extension. 

In contrast, Model 2 (𝐵 ≥ 𝐴) shows a significant increase in stress from 8.83×106 Pa to 
183×106 Pa, corresponding to more than a twentyfold increase. 
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а) When 𝐴 ≥ 𝐵 

 
b) When 𝐵 ≥ 𝐴 

Fig. 3. Dependence of system stress on elastic element thickness 

3.3. Deformation characteristics 

Deformation analysis (Tables 3-4) reveals that minimum deformations transition from positive 
to negative values as thickness increases, indicating shift from tensile to compressive stress states. 
Maximum deformations decrease with increasing thickness in Model 1 (1800→1120×10⁻6 m) 
while increasing in Model 2 (1300→1720×10⁻6 m), confirming stress redistribution patterns. 

The obtained results demonstrate that the distribution of elastic element thickness in combined 
shaft supports represents an important design parameter for controlling the stress state of rotating 
shaft systems. The inverse relationship observed between the thickness of the elastic element at 
support A and the stress level in the shaft (Model 1) is consistent with theoretical concepts of 
stiffness redistribution in rotor–bearing systems [12], [17]. 

The results indicate a substantial difference between the two investigated configurations. In 
particular, the stress level in the shaft varies almost twentyfold between the optimal configuration 
(𝐴 ≥ 𝐵) and the less favorable configuration (𝐵 ≥ 𝐴). Such sensitivity of the system to support 
stiffness distribution highlights the importance of correct placement of elastic elements in rotating 
machinery. In many mechanical designs, safety factors typically range from 1.5 to 3.0; therefore, 
geometric optimization of support elements may play a role comparable to material selection in 
reducing operational stresses [16]. 

The identified relationship between elastic element parameters and support reaction forces 
suggests that adjusting the stiffness of the supports may provide an effective method for 
controlling load distribution within the shaft system. Similar approaches have been considered in 
modern studies of rotor dynamics, where elastic supports are used to improve vibration stability 
and reduce load concentrations in rotating machinery [6], [7]. 

A comparison with previously published research shows that many studies describe the 
influence of elastic supports primarily from a qualitative perspective. However, detailed 
quantitative relationships between geometric parameters of elastic elements and the resulting 
stress distribution are rarely reported [8], [9]. The results obtained in the present work provide 
numerical dependencies that may be directly used in engineering calculations when designing 
shaft support systems with elastic elements. 

Thus, the presented analysis confirms that appropriate selection of elastic element thickness 
can significantly influence the mechanical behavior of the shaft system and improve the 
operational reliability of rotating machinery. 

4. Conclusions 

In contrast, Model 2 (𝐵 ≥ 𝐴) shows a significant increase in stress from 8.83×106 Pa to 
183×106 Pa, which corresponds to more than a twentyfold increase. This behavior is associated 
with the initially low stress level at the baseline configuration and the subsequent rapid growth 
due to stiffness redistribution. 
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Reaction forces at supports correlate directly with local elastic element thickness. Support B 
reaction force varies by ±2.7 % (918-943 N) depending on thickness distribution, enabling 
predictive load management. 

Optimal design recommends 𝐴 ≥ 𝐵 thickness ratio for sawing cylinder applications, achieving 
minimum operational stresses (112×106 Pa) and extended service life. 

The developed computational models provide reliable tools for elastic support parameter 
optimization in precision shaft systems. 

The results of this study can be used in the design and optimization of rotor-bearing systems 
with elastic supports in industrial applications. 

The proposed approach contributes to improved design strategies for rotor-bearing systems 
with elastic supports under asymmetric stiffness conditions. 
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