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Abstrakt: These days, there is a requirement to increase machine 
performance metrics while lowering equipment weight. Gear 
transmissions of large dimensions are characterized by different 
shapes of gear bodies. The weight of the gear wheel itself and the 
stiffness, and strength of the gearing are two factors that are taken 
into consideration when determining whether a certain gear body 
form is appropriate. The finite element method was used to 
determine the gear deformation. Based on the deformation, the 
stiffness of the gearing was determined, depending on which the 
most suitable-optimal shape of the gear body was judged. 
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1. INTRODUCTION 
 
The conceptual design of any component is a phase of the product 
development process in which engineers and designers create and 
evaluate multiple design alternatives in order to find the most 
optimal solutions[1]. The procedures chosen and decisions made at 
this stage have a strong impact on all subsequent steps of product 
development, which include various areas such as manufacturing, 
production, testing, costing and others. It is known that up to 80% of 
product costs can be determined by the end of the design phase [2]. 
Therefore, multiple requirements must be considered in the design 
to avoid the accumulation of additional costs in the later stages of 
development. 
 
Advances in technology, particularly in computing power, machine 
learning and related algorithms, have laid the groundwork for the 
development of intelligent design automation tools. High-
performance computing power, available through the cloud, now 
enables complex optimization and iteration calculations that were 
previously impossible to perform [3-5]. Designers can thus run 
advanced simulations to test different product configurations under 
different conditions in a short time, giving valuable information for 
well-chosen decisions regarding every aspect of the design. On the 
other hand, the rapid development of additive manufacturing 
technologies leads to significant changes in the production and 
design of components. They enable the production of complex 
geometries that better meet design requirements, while these could 

not be produced by traditional production methods [6]. In addition, 
new materials are being developed that have better properties and 
are compatible with new production technologies. 
 
Gears are the most widespread type of transmission mechanisms in 
practice and are used in the most diverse form. Gears are used to 
transfer rotary motion and mechanical energy from one shaft to 
another [7, 8]. When two gears engage, i.e. in gearing, the tooth of 
one wheel fits into the tooth gap of the other wheel. The meshing 
teeth of the wheels touch each other with their flanks and, by tooth-
to-tooth pressure, transmit circumferential force from the drive 
wheel to the driven wheel [9]. Increasing the performance and 
improving the loads of gear machines leads to the growth of the 
technical level of the machines. This is realized many times at the 
expense of the deterioration of the quality of the environment [10]. 
One of the factors that worsens the environment is noise, which in 
gear transmissions is mainly influenced by the periodic change in 
the stiffness of the teeth during meshing, caused by a change in the 
number of pairs of teeth that are simultaneously in meshing [11]. In 
these areas of gears, the authors' attention is mainly focused on the 
hitherto insufficiently determined stiffness of the teeth of individual 
types of gears. In recent times, the rapid advancement of computing 
technology has led to the emergence of sophisticated numerical 
approaches for tackling the complex issue of gear wheels in the 
literature. Among these techniques is the finite element method, a 
numerical approach to mathematics that is frequently used to solve 
issues with heat transmission, elasticity and strength, flexible body 
dynamics, and many other engineering challenges [12, 13]. And it is 
the finite element method that is used as a basis for determining the 
deformation of the gearing and thus also investigating the stiffness 
of the gearing depending on the different shapes of the gears. 
 
 

2. SHAPES OF GEAR BODIES 
 
The shape of the gear body depends on its size, production method 
and material used. In a system of two gears, the pinion is the smaller 
wheel and it is often advantageous to make it as part of the shaft by 
cutting the gearing onto part of the shaft [14]. However, the second 
wheel of the pair is usually much larger in diameter and therefore 
usually contains a hub, body and rim. Each of these three parts must 
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be designed to have adequate strength and stiffness and to be 
designed with resonance and vibration in mind. 
 
Gear wheels of larger dimensions can be produced by welding, 
forging, casting. There can be different body shapes (Fig. 1). 
 

 
a) 
 

 
b) 

 
Fig. 1.  Different shapes of the gear wheel body a) forged gear 

wheel, b) casted gear wheel 
 
It is also possible to produce customized shapes, where in some 
cases the shape of the gear body can be adapted to meet specific 
design requirements or meet unique operating conditions. This can 
include irregular shapes, asymmetrical constructions or features 
adapted to fit into limited spaces. However, it is important to design 
such a shape of the body to maintain the stiffness and strength of the 
teeth of gear wheel. 
 
 

3. DEFORMATION AND MESHING STIFFNESS OF 
GEARING 

  
Deformation is defined as the displacement in length that occurs in a 
solid body due to stress. In the design of machine components, the 
design must not only be reasonable in considering stress in relation 
to strength, but also ensure that displacements and deformations are 
not excessive and are within design limits.  
 
Depending on the application, these deformations can be either very 
visible or practically imperceptible. Deformation occurs on gear 
teeth under the condition that they are loaded. This creates negative, 
but also positive phenomena, and at the same time creates the need 
for knowledge of the deformation effects of gearing. Due to the 
shape of the toothing, namely if we take into account the tooth itself, 
it creates a very complex geometry that is analytically very difficult 
to describe and calculate in terms of deformations. In the past, 

works devoted to this issue were based on the basic principles of the 
theory of elasticity, and thus the deformation of the tooth or gearing 
was calculated as the deformation of the woven beam. 
 

 
Fig. 2. Deformation at the point of force 

 
The effect of force on one tooth resulted in a total deformation, 
which is also shown in Figure 2, where the thin line shows the 
original profile of the tooth and the thick line shows the profile of 
the tooth after deformation shifted by the given deformation. The 
total deformation consists of deformation from bending, shearing, 
deformation at the place of weaving and contact deformation. 
However, for the accuracy of the resulting deformation value, it is 
necessary to determine the deformation of the meshing teeth, which 
means the deformation of a pair of teeth. The amount of deformation 
varies on the tooth depending on how the meshing tooth rolls along 
the tooth. Which in practice means that each tooth has the greatest 
deformation if it is subjected to a load on the tooth head (Fig.3).  

 

 
 

Fig. 3. Maximum deformation 
 
On the basis of the teeth deformation, the stiffness of the teeth is 
calculated. In general the teeth stiffness c is defined by equation (1): 

 
δ

=
w

c      (1) 

where c   – teeth stiffness [N/mm.μm], 
 w  – load across the width of the teeth [N/mm], 
 δ   – teeth deformation [μm]. 
 
The teeth stiffness values are the basis for assessing the suitability of 
design of the wheels in this paper. 
 
 

4. DETERMINATION OF GEOMETRIC AND 
CALCULATION MODEL FOR INVESTIGATION 
OF TEETH DEFORMATION USING FEM 

  
The condition for successful handling of this problem is the creation 
of a geometric and computational model of the examined gears, 
which are the basis for solving tasks of static deformation analysis 
by the finite element method using the program Cosmos/M. 
 
The first step for successfully handling the issue of solving the 
deformation analysis of spur gears with straight teeth using the finite 

meshing line

α
F δ
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element method is to model the shape of the object under 
investigation as accurately as possible, in our case the shape of the 
spur gear. The Solid Works program was used to construct the 
involute spur gear. I note that there is no universal guide for creating 
the geometry of a computational model. Deciding how the 
geometric model will be created is a matter of the experience of the 
computer engineer as well as access to the necessary computer 
software. 
 
When solving the requirements for the accuracy of the calculation of 
technical problems using the finite element method, the basic 
problem of solving the deformation analysis of spur gears with 
straight teeth lies in the choice of the solved area of the gear wheel. 
It is not expedient to calculate the gears as a whole using the finite 
element method, but only as a part of the gear wheel in the form of a 
plate of the appropriate thickness.  
 

 
Fig. 4. Three-dimensional computational model of a part of a spur 
gear with straight teeth for the investigation of tooth deformation 

using FEM 
 
Another of the conditions for a successful solution to the 
deformation analysis of the tooth of the spur gear using FEM is the 
correct definition of the properties of the material of the investigated 
gear, here the selection of the material was made on the basis of the 
database offered by the program used. In order to create a 
calculation model (Fig. 4), it was further necessary to define the 
force conditions and the selection of a suitable type of finite 
element, which depended on whether the task was solved as a planar 
or as a spatial one.  
 
 

5. THE EFFECT OF WHEEL RIM AND WEB 
THICKNESS ON THE STIFFNESS OF THE GEAR 
TEETH 

  
As to [15], which deals with the calculation of spur and bevel gear 
strength, the wheel rim value needs to exceed the multiple of 3.5 
times mn, where mn represents the standard gearing module 
(sR
 

≥3.5mn).  

 
 

Fig. 5.  The gear wheel design for examines the impact of the rim 
thickness 

 
 
This study aims to investigate the effects of rim thickness (sR in Fig. 
5) on tooth deformation and stiffness. Specifically, the spur gear 
with z=61 teeth, mn=4mm module, b=80mm tooth width, and force 
F = 5000 N will be studied. The wheel rim's thickness is adjusted to 
the wheel's entire body from the values sR=1.75mn, 2.5mn, 3.5mn, 
5mn

 

, and 8mn. The wheels' other geometric measurements remain 
unchanged. 

 
a) 
 

 
b) 

 
Fig. 6. Impact of the wheel rim on a) the deformation and b) 

stiffness of teeth. 

 
These results are determined by the finite element method and are 
processed in the graph in Fig.6. The findings indicate that when the 
rim wheel's thickness is reduced, teeth undergo more deformation 
and less stiffness. According to standard, a wheel rim's minimum 
allowable thickness is sR = 3.5mn, where mn is a gear wheel 
module. Less than 3.5 mn of wheel rim thickness has a greater 
impact on tooth deformation and stiffness. The effects of wheel rim 
thickness more than 3.5 mn

 

 on tooth deformation and stiffness are 
less pronounced. 

bs

sR

b
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Fig. 7. The distribution of tooth stiffness along the gear wheel width 
 
With a spur gear with z=61 teeth, a module mn=4mm, and a tooth 
width of b=80mm, the effect of the rub thickness (value bS - Fig.5) 
on the teeth stiffness will be ascertained. The wheel rim value is 
sR

 

=22mm.When a gear wheel is fully assembled without a web, the 
web's thickness changes from 10 mm to 80 mm in the centre of the 
wheel's breadth. According to Fig. 3, the force is delivered to the 
tooth's head, or its biggest bend, and the load over the tooth's width 
is w=40N/mm. Figure 7 displays the findings of the tooth stiffness 
distribution along the gear wheel width and the finite element 
technique solution. The local impact of tooth stiffness and its 
distribution on gear width are shown in this figure. 

 
a) 
 

 
b) 

 
Fig. 8. Impact of the wheel web on a) the deformation and b) 

stiffness of teeth. 
 
As illustrated in Fig. 8, the increased thickness of the wheel web at 
the gearing width's centre results in less tooth deformation and more 
tooth stiffness. This change in tooth deformation and tooth stiffness 
is more pronounced to the first half of gearing width. 
 
 

6. CONCLUSIONS 
 
The evolution of contemporary technology and production methods 
is characterised by ever rising performance factors in reducing the 
device's weight. It is a design element that allows the user to select 
the larger gear's body shape. The teeth's deformation and rigidity are 
impacted by body wheel gear lightening. As the thickness of the 

wheel rim lowers, teeth become less rigid. The rigidity of teeth 
varies even with tooth breadth. In this particular location, there is 
reduced tooth stiffness if the ends of the mesh line up with the tooth 
edge. Because of the increased thickness of the wheel web at the 
centre of the gearing width, the teeth's deformation is decreased and 
their stiffness is increased. The stiffness of the teeth affects where 
the wheel web is located. Evaluating the huge cast spur gear wheel's 
appropriateness for tooth stiffness and deformation is one aspect of 
determining its proper shape. 
 
References 
 
1. Batsch, M. Surface strength of novikov covexo-concave gear, 

Scientific Journal of Silesian University of Technology. 
SeriesTransport. 90 (2016), pp. 17-24. 

2. Czech, P. Diagnosis of Industrial Gearboxes Condition By 
Vibration and Time-Frequency, Scale-Frequency, Frequency-
Frequency Analysis. Metalurgija, Volume: 51, 4 (2012), p. 521-524. 

3. Figlus, T., Koziol, M., Kuczynski, L.: The Effect of Selected 
Operational Factors on the Vibroactivity of Upper Gearbox 
Housings Made of Composite Materials. Sensors, Volume: 19, 
Issue: 19 Article Number: 4240, (2019), p. 1-17. 

4. Kuric Ivan, et al. Implementation of Predictive Models in 
Industrial Machines with Proposed Automatic Adaptation 
Algorithm. Applied Sciences, Vol. 12, No. 4 (2022), 1853. 

5. Moravec Jan, Bury Peter, Černobila František. Investigation of 
Forging Metal Specimens of Different Relative Reductions 
Using Ultrasonic Waves. Materials. (2021), Vol.14, No.9, pp 
2406. 

6. Sapietková, A., et al.: Simplified computational methodology 
for contact forces on tapered rolling bearing with flexible parts. 
Scientific Journal of Silesian University of Technology. Series 
Transport 99, (2018), pp. 177-182. 

7. Krenicky, T., Olejarova, S., Servatka, M. Assessment of the 
Influence of Selected Technological Parameters on the 
Morphology Parameters of the Cutting Surfaces of the Hardox 
500 Material Cut by Abrasive Water Jet Technology. Materials, 
2022, Vol. 15, 1381, pp. 1-20. 

8. Wojnar G., Czech, P., Folęga, P. Problem with diagnosing local 
faults of gearboxes on the basis of vibration signal. Transactions 
of theUniversities of Košice. 2 (2015) 95 -100. 

9. Miková, Ľ.: Controller design for DC motor. echnical Sciences 
and Technologies. Černihiv, Chernihiv National University of 
Technology, 22, č. 4 (2020), p. 184-189. 

10. Pastircak, R., Scury, J., Moravec, J. The effects of pressure during 
the crystallization on properties of the AlSi12 alloy. Archives of 
Foundry Engineering, 2017, Vol. 17, Iss. 3, pp. 103-106.  

11. Turon, K., Czech, P., Toth, J.: The Concept of Rules and 
Recommendations for Riding Shared and Private E-Scooters in 
the Road Network in the Light of Global Problems. Scientific 
journal of silesian university of technology-series transport, Vol. 
104 (2019), p. 169-175, ISSN 0209-3324. 

12. Saga, M., et al. Contribution to Random Vibration Numerical 
Simulation and Optimisation of Nonlinear Mechanical Systems. 
Sci. J. of Silesian Univ. of Technology - Series Transport, 2019, 
Vol. 103, pp. 143-154. 

13. Wang, J.P., et al. Topology optimization of gearbox to reduce 
radiated noise. In: Conference ASME International Design 
Engineering Technical Conferences and Computers and 
Information in Engineering, 2015, Vol. 10, pp. 1-11. 

14. Wojnar, G. at al. Multidimensional Data Interpretation of 
Vibration Signals Registered in Different Locations for System 
Condition Monitoring of a Three-Stage Gear Transmission 
Operating under Difficult Conditions. Sensors, 2021, Vol. 21, 
7808, pp. 1-22. 

15. Standard STN 01 4686. 

Vol. 13, issue 01

86




