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The project consists in designing, modeling but also checking the elements of a 5-speed transmission system. 

During this work I set out to make a detailed analysis of the essential principles underlying the design, 

sizing, verification of strength and stiffness in the case of circular section shafts, used in power transmission 

(transmission system), the constitutive elements of such a system consisting of straight shafts and gears. The 

paper contains several ways to identify and verify the values resulting from the calculation in software 

applications such as MD Solids, but also a finite element analysis performed using the Ansys software. 

 

1. Introduction 

This study aims to perform a detailed analysis of the essential principles underlying the design, 

sizing, strength and stiffness testing in the case of circular section shafts, used in power transmission 

(transmission system), presentation of components for a transmission system, composition such as a 

system consisting of straight shafts and gears, the analytical and numerical calculation of the 

constituent elements. 

2. Design of components [3], [4], [5] 

The constitutive elements of a transmission system are: the protection shield, the input shaft, 

the intermediate shaft, the output shaft and the gears of different diameters. 
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After designing and modeling the component elements, the assembly is performed to obtain 

the final structure of the transmission system, following the analytical and numerical calculation of 

the elements in the system. For example, the stress that occurs in shafts with a diameter of 40 mm is 

produced by a torque, and the maximum stress in the system is identified on the output shaft of the 

first gear (shaft 3). 

In Fig. 1 it is shown the concept of the transmission system developed in the CATIA software. 

Also in this figure it was represented the concept of transmitting the power flow generated by the 

engine on the first gear. 

In addition to the above, one can observe details of modeling and design of gears. 

As a prelude to the 2D design and transformation (modeling) of three-dimensional gears, it is 

necessary to pay more attention to the elements defining the main characteristics of these 

organological components. 

Regarding the main characteristics of the gears, some of them are listed below: 

• foot circle; 

• dividing circle; 

• end circle; 

• tooth width; 

• tooth height; 

• tooth profile. 

The creation of the 2D sketch starts from the selection of all the previous features. 

Fig. 2 shows the dimensioning principle of a single spur gear with a splitting diameter of 60 

mm. In this context, the dimensions for the dividing circle, the end circle, the module (distance 

between 2 homologous points) and the foot circle have been chosen. In the case of the other wheels, 

this principle presented in Fig. 2.  

 

 

 

 

 

 

Fig. 2 Dimensioning of the gears. 
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Fig. 3. shows a solution in three-dimensional format of the gear with a diameter of division 

equal to 60 mm. To design the 3D model we start from the 2D model (basic model), and by simply 

using of the commands in CATIA, the complete shape of the gears is achieved. Each spur gear has its 

own 2D model, the common element occurring on any wheel is the module. This module does not 

differ, as it is possible to gear and stabilize the system during operation. The module represents the 

region of the dividing diameter that belongs to a tooth, the range of modules is established by STAS 

822-82. 

 

 

 

 

 

 

 

 

 

                                                               Fig. 3. Modeling wheels in 3D format 

3. Analytical calculus of the shaft 

In order to be able to perform analytical calculations for all gears, we start from a basic 

principle, so we made the schematic of the assembly using simple geometric figures 

 

 

 

 

 

 

 

  

 

Fig. 4.  Schematization of the assembly 
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Having known: the engine power (P = 55 kW) and the speed where the maximum torque is 

generated (n = 3000 rpm), it is possible to calculate the torque on the input shaft. 

𝑀𝑡𝐴𝐵 =
30∙𝑃

𝑛∙𝜋
=

30∙55

3000∙𝜋
= 0.1750704 𝑘𝑁𝑚 = 175.0704 𝑁𝑚 (1) 

𝑀𝑡𝐴𝐵 = 175.0704 𝑁𝑚 (2) 

𝑀𝑡𝐴𝐵 = 𝐹𝐵 ∙ 35 ⇒ 𝐹𝐵 =
𝑀𝑡𝐴𝐵

35
=

175070.4

35
= 5002.011428 𝑁 (3) 

𝐹𝐵 = 5002.011428 𝑁 (4) 

𝑀𝑡𝐷 = 𝐹𝐵 ∙ 35 = 5002.011428 ∙ 35 = 175.0704 𝑁𝑚 (5) 

𝑀𝑡𝐷 = 175.0704 𝑁𝑚 (6) 

𝐹𝐷 ∙ 25 = 𝑀𝑡𝐶𝐷 ⇒ 𝐹𝐷 =
𝑀𝑡𝐶𝐷

25
=

175070.4

25
= 7002.816 𝑁 (7) 

𝐹𝐷 = 7002.816 𝑁 (8) 

𝑀𝑡𝐸𝐹 = 𝐹𝐷 ∙ 45 = 7002.816 ∙ 45 = 315126.72 𝑁𝑚 (9) 

𝑀𝑡𝐸𝐹 = 315126.72 𝑁𝑚 (10) 

𝜏𝐴𝐵 =
𝑀𝑡𝐴𝐵

𝑊𝑝
; where Wp is polar modulus (11) 

𝑊𝑝 =
𝜋∙𝑑3

16
; 𝑊𝑝 = 𝑊𝑝2 = 𝑊𝑝3 (12) 

𝜏𝐴𝐵=
175070.4

12566.37
= 13.93 𝑀𝑃𝑎 ≤ 𝜏𝑎(𝑆235) (13) 

⇒ the shaft resists to torsional stress 

𝜏𝐶𝐷 =
175070.4

12566.37
= 13.93 𝑀𝑃𝑎 ≤ 𝜏𝑎(𝑆235)(14) 

⇒ the shaft resists to torsional stress 

𝜏𝐸𝐹 =
315126.72

12566.37
= 25.08 𝑀𝑃𝑎 ≤ 𝜏𝑎(𝑆235)(15) 

⇒ the shaft resists to torsional stress 

What we can observe from the analytical calculation in the case of the first gear, is that the 

torsional stress does not produce destructive effects on the shafts. These organological elements 

(input, intermediate and output) withstand to torsional stress. 
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The same relationships and calculation steps are followed to calculate all gears. 

4. Transient analysis [1] 

4.1 Performing discretization in the case of a gear consisting of two wheels with identical 

diameters 

Discretization is the transition from a continuous structure (with an infinite number of points) 

to a discrete structure (with a finite number of points) as one can see in Fig. 5. 

 

 

 

 

 

 

 

 

 

Fig. 5.Discretization 

5. The convergence criterion of force 

The aim of this analysis is to check if the force that appears in the gear (depending on the 

iteration) passes under the criterion (represented by the color blue) 

This convergence graph is based on the NEWTON-RAPHSON method. 

In the graph below, we notice the appearance of several "bisections", these bisections do not 

affect the analysis in this situation, because at half the time (for the next iteration) the force returns 

below the convergence criterion. The bisection occurs when there is an imbalance in the system, ie 

the sum of the forces formed is not equal to the sum of the reactions. 
 

 

 

 

 

 

 

Fig. 6. Graph of convergence of forces 
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6.  Interpretation of the analysis 

 

 

 

 

 

 

 

 

 

 

Following the experiments performed on the gear in Fig. 7, the maximum value found was 

199.4 MPa, in addition to this in the set of output data that the program provides we can find the values 

for each iteration, these output data can be seen in the graph below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stress concentrator 

Fig. 7. Gearing of two wheels 

Fig. 8. Shear stress variation   
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Fig. 9.Centralization of values 

7. Interpretation of output data 

The table above is based on the value of the stress on the y-axis, and on the x-axis the time 

(iteration) where the respective stress is calculated. These values are displayed by the program at the 

end of the analysis, which can then be processed in EXCEL. 

  

 

8. Equivalent Elastic Strain  

 

 

 

 

 

 

 

                                        Fig.10 Equivalent elastic strain occured at the teeth contact 

From the analysis regarding the strain, we notice that the maximum value is 0.00196 
𝑚𝑚

𝑚𝑚
 

9. Shear Stress 

 

 

 

 

Fig.11 Shear stress occurred at the teeth contact 14



10. Conclusions 

 Following the interpretation of the analysis in transient mode, one can argue that the assembly 

consisting of two gears of identical diameter withstands the stresses occured in the system, the 

maximum stress at the iteration level (over time) is less than the maximum allowable stress of steel 

(τ𝑎𝑙𝑙 = 220 MPa ). 

Due to the numerous tests performed on the principles presented above at the level of gears, 

using the finite element method (FEM), even if in other gear variants stresses of thousands of MPa 

could appear (at a few iterations, ex 1000 MPa - 1500 MPa) we cannot draw wrong conclusions, since 

these local stresses, due to the type of contact between the two gears produce a small pattern contact 

(Hertzian contact). 

Values between 1000 MPa and 1500 MPa are normal because the gears are designed to 

withstand with such stresses on the sidewalls. 

Based on the above, the final conclusion is that the kinematic and dynamic operating conditions 

of the transmission system are observed, but especially the strength conditions. 
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