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ANALYSIS OF THE STRESS-STRAIN STATE OF THE GEARING OF A 

GEAR PUMP IN THE ANSYS SOFTWARE PACKAGE 

 
The aim of the work was to evaluate the stress-strain state in the zone of tooth 

engagement under friction when modeling the gear engagement of a gear pump in 

ANSYS Workbench. It was found that with an increase in the contact Hertzian stress 

from 180 to 555 MPa, the depth of the zone of distribution of equivalent Mises stresses 

and the depth of localization of the maximum equivalent Mises stresses increased by 

20% and 23%, respectively. The analysis of the tangential stress diagrams (τxy) in the 

cross-section of the teeth shows that in the contact zone, the tangential stresses vary in 

magnitude and sign. The diagrams have two extremes, and the value of the maximum 

stresses on the leading surface (the initial gear tooth head) is approximately 10-15% 

lower than the stresses on the trailing surface (the initial wheel tooth leg). High 

discrepancies in determining the maximum tangential stresses in the simulation model of 

gearing under rolling conditions with slippage according to the Belyaev formula and in 

modeling have been established. The calculation formulas for determining the 

magnitude and sign of the maximum tangential stresses in the zone of engagement of 

teeth with the greatest slippage are proposed, which are consistent with the results of 

finite element modeling. 

Keywords: modeling, gearing, stress-strain state, gear pump. 

 

Introduction. Among the factors affecting the reliability of friction pairs, friction 

and wear processes occupy a special place. Evaluation of these processes is difficult, 

since their kinetics depends on the specific pressure between the interacting surface 

layers, microstructural changes in the surface layer, and chemical reactions at the 

lubricant-metal interface. The service life, operational reliability, structural strength, 

technical and economic performance of machine and mechanism parts are largely 

determined by the mechanical properties of the steels and alloys from which they are 

made. Gears are the most heavily loaded parts in the running gear of vehicles. They 

operate under conditions of shock-cyclic contact load with rolling and slipping. The 

bearing capacity of a gear is determined by such tooth characteristics as contact 

strength, fatigue bending strength, and wear resistance (more often fatigue or abrasive 

wear resistance). Therefore, the most common causes of failure are a decrease in tooth 

strength at their base, fatigue crumbling of the contact surface, and tooth profile wear 

[1]. 

In addition to the complexity of the wear and seizure processes, the insufficient 

reliability of calculated estimates of wear resistance and, consequently, the durability 

of gear teeth may be due to additional reasons - changes in the geometric, kinematic, 

and load parameters of the contact during wear, as well as the mutual influence of 

various tooth damages [2]. 

For gears, changes in the shape of friction surfaces lead to significant changes in 

friction modes - as a result of wear, the radii of curvature of the contact surfaces 
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change, and, consequently, the normal contact stresses and friction coefficient [3]. The 

kinematic parameters of the contact, such as rolling and sliding speeds, change 

accordingly. 

In modern conditions, the finite element method is increasingly used to analyze 

the contact interaction of gearing, which allows to obtain a reliable picture of the 

distribution of deformations and stresses on the contact surface and in the depth of the 

tooth. There is an urgent task of choosing software for constructing the geometry of 

the gearing and comparing the results of geometric and finite element modeling with 

classical methods for assessing stresses in local contact. 

Review of publications and analysis of unsolved problems. The dominant types 

of gear failure are fatigue failure, abrasive wear, and overload tooth failure, which 

account for 77% of all failures. Research results show that dynamic loads have a 

significant impact on these types of gear failure during operation. They occur during 

gear operation and are divided into internal and external. The source of internal 

dynamic loads is the gear wheels of the transmission, which operate under load 

conditions when performing useful work [4]. 

Residual stresses have a significant impact on the endurance limit of the wheel 

tooth material. For high-hardness steels, the presence of compressive stresses leads to 

a significant increase in the endurance limit, and tensile stresses to a decrease. In turn, 

the nature (sign) of the residual stresses depends not only on the processing methods 

but also on the modes of their implementation. Wear of teeth made of hardened and 

low-plastic materials is primarily caused by the roughness of the machined surfaces, 

decreasing with decreasing roughness. This is confirmed by studies on samples made 

of hardened U8 steel, which showed that reducing the roughness from 4.7 to 2.9 

microns reduced wear by 30%. The strengthening (riveting) of the surface layers of 

the teeth with shot after heat treatment significantly increases the fatigue strength, 

depending on the initial (before heat treatment) surface roughness. The endurance 

limit increases with decreasing roughness [5]. 

The same amount of deformation in the surface layers of the contact surfaces of 

gears, depending on the gear material, can lead to their brittle/viscous fracture or 

fatigue failure [6]. It is effective to use physical and mathematical models [7] and to 

assess the stress-strain state by the load distribution in the contact zone, for example, 

by polarization-optical and other methods [8].  

According to the theory of N.P. Suh [9], the initiation of destructive processes in 

the materials of parts is often initiated by the presence of stress zones at a certain 

depth of the surface layer. The results of computer modeling in [10] confirm the 

validity of this theory and make it possible to construct a generalized scheme of the 

location of the identified characteristic areas with stresses at the depth of the surface 

layer of a polymeric homogeneous material of samples in relative moving and 

stationary states. The studies show that in the process of moving the contacting areas 

from the base of the protrusions to the top, in the surface layer of the polymeric 

material of the tribo-constriction samples, the depth of the considered local regions 

does not change significantly. 

An analysis of the results of studies [10] conducted by computer modeling shows 

that knowing the parameters of sample contact, the relative location of local regions, 

and the thickness of the active surface layer, it is possible to purposefully change the 

conditions, providing the most favorable friction modes in tribo-conjugation. 
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The general regularities and features of the stress-strain state of surface layers in 

the areas of protrusions were revealed depending on the thickness of the deformed 

layer, its stress state, the shape of the protrusions, their height and pitch, and the level 

of load on the mating parts [11]. 

Work [12] analyzed the relationship between the relative speed of movement of 

friction surfaces and elastic deformation in the lubricating layer, taking into account 

the basic provisions of the thermodynamic theory of structural states of the boundary 

lubrication regime [13].  

Thus, to model the gearing and analyze the distribution of contact stresses in the 

meshing zone, it is necessary to take into account the actual operating conditions of 

the unit, which will make it possible to determine the zones of distribution of 

equivalent stresses and assess the depth of their localization. 

The aim of the study was to evaluate the stress-strain state in the zone of tooth 

engagement during friction in the modeling of gear engagement of a gear pump. 

The gearing model. The gear model was built in Dassault Systems Catia V5 R30 

and exported to ANSYS Workbench 2019 R3. 

The parameters of the gear when building the model: gear module: m = 3.175; 

number of teeth: n = 12; gear width: b = 20 mm; wheel material: 30KhGSA; Young's 

modulus: 215 GPa; Poisson's ratio: 0,3. 

In the contact zones of the teeth, the most detailed mesh was created to obtain 

accurate results: the size of the mesh edge is 150 microns (Fig. 1). 

 

            
Fig. 1. Gearing model in ANSYS Workbench. 

 

Given that the surface layers of the contact surfaces harden during friction, the 

use of the ANSYS software package allows us to take this factor into account and 

perform a calculation that corresponds to the strength characteristics of the material. 

The problem was solved in a three-dimensional formulation using tetrahedral finite 

elements with quadratic interpolation of the displacement field and the corresponding 

finite elements for the surface-to-surface contact. 

In order to analyze the distribution of contact stresses in the tooth meshing zone, 

the rotation of the drive gear with a rotation range of 60 degrees clockwise was set. 

During the modeling, the minimum friction coefficient in ANSYS software was 

chosen to be 0.1. The assessment of the stress-strain state of the gearing was carried 

out at different stages of engagement, with special attention paid to the zone of tooth 

slippage where stresses can reach the maximum permissible values (Fig. 2). 
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Fig. 2. Evaluation of the stress-strain state of a gear pair in the slip zone at the contact pad. 

Evaluation of the stress-strain state of the gearing during modeling. The 

stress-strain state of the contact surfaces was evaluated at the maximum Hertzian 

contact stresses in the meshing zone of 180, 380, and 555 MPa (Fig. 3, Table 1). 

 

       
                        а                                               b                                                   c 

Fig. 3. Zone of distribution of equivalent Mises stresses in the gearing at contact 

Hertzian stresses of 180 MPa (a), 380 MPa (b), and 555 MPa (c). 

Table 1 

Components of the stress-strain state of the gearing 

 
Calculated 

contact stress 

by Hertz, MPa 

Maximum 

equivalent stresses 

according to 

Mises stresses, MPa 

The depth of the 

distribution zone 

of equivalent 

stresses by Mises, 

μm 

Depth of the largest 

equivalent stresses 

according to Mises, 

μm 

180 100 160 100 

380 212 180 110 

555 312 200 130 

 

The analysis of the simulation results showed that with an increase in the Hertzian 

contact stress from 180 to 555 MPa, the depth of the zone of distribution of equivalent 

Mises stresses increases by 20%, while the depth of localization of the largest 

equivalent Mises stresses also increases by 23%. Comparison of the calculated values 

of contact stresses in the gearing according to the Hertz formula ( max ) and the 

maximum depth equivalent Mises stresses (
eq

depth ) by the finite element method 

corresponds to the ratio specified in [14]: 

 

 max5,0  eq

depth                                                  (1) 
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Non-stationary operating conditions of gears, start-stop modes lead to cyclic 

changes in contact loads, which cause such surface destruction as chipping, wear, 

deformation, etc. 

Experimentally and theoretically, it has been established that tooth fracture occurs 

under the influence of shear stress [15-17], the maximum of which is achieved at a 

depth of 1...2 % of the rolling body diameter. For gearing, the radius of curvature is 

determined by the formula ρ = 0.5dwsin20°. In the selected NSH-39M gear pump with 

dw = 44.5 mm and radius of curvature ρ = 7.61 mm, the calculated depth of 

localization of the maximum tangential stresses is ≈ 76....152 μm, which corresponds 

to the depth determined using ANSYS software only at a contact Hertzian stress of 

180 MPa (Table 2). With an increase in the Hertzian contact stress to 555 MPa, the 

depth of localization of the maximum tangential stresses is 210 μm. 

Table 2 

Magnitude of tangential stresses and their localization in the gearing 

Calculated 

contact 

stress by 

Hertz, MPa 

Tangential stresses 

in modeling (Shear 

Stress), MPa 

Calculated maximum 

tangential stress 

according to Belyaev, 

MPa 

Depth of localization 

of maximum 

tangential stresses in 

modeling, μm 

180 -38.85...+69.017 54.72 125 

380 -69.01…+110.49 115.52 187 

555 -89.02 …+167.84 168.72 210 

 

Tensile stresses lead to the initiation and development of a crack, which causes 

tooth fracture. The modeling showed that the tensile stresses in the tooth pedicle reach 

a maximum at single-pair engagement (Fig. 4). 

 

 
Fig. 4. Stress-strain state and distribution of tangential stresses at a maximum contact 

stress of 380 MPa. 

 

The analysis of the tangential stress diagrams (τxy) in the cross-section of the teeth 

shows that in the contact zone, the tangential stresses vary in magnitude and sign. The 

diagrams have two extremes, and the value of the maximum stresses on the leading 
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surface (the initial gear tooth head) is approximately 10-15% lower than the stresses 

on the trailing surface (the initial wheel tooth leg) (Fig. 5). 

Under rolling conditions with slipping, the value of the maximum Belyaev 

tangential stresses is calculated by the formula: 

   maxmax 304,0                                                   (2) 

Comparison of the results of the maximum tangential stresses in the gearing 

obtained by modeling and using formula (2) (Table 2) revealed high discrepancies of 

up to 20 % at the lowest selected Hertzian contact stress, which was 180 MPa. 

 
Fig. 5. Diagrams of tangential stresses in the gearing in the XY plane at the maximum 

contact stress according to Hertz of 380 MPa. 

 

With an increase in the Hertzian contact stress to 380 and 555 MPa, the 

discrepancy in determining the maximum tangential stresses decreases to 4.5 and 0.5 

%, respectively. We assume that the finite element method used in modeling the 

gearing in ANSYS Workbench is a more accurate and versatile method, since it is 

based on the fundamental equations of elasticity. ANSYS technologies allow 

modeling phenomena at the level of solving linear and nonlinear, stationary and 

nonstationary spatial problems of deformable solid mechanics and structural 

mechanics (including nonstationary geometrically and physically nonlinear problems 

of contact interaction of structural elements) [18]. 

The modeling results confirm that during the operation of a gear transmission, the 

contact point of the teeth is moved by their working surfaces, which leads to the 

appearance of tangential stresses in them that vary in magnitude and sign. This nature 

of the load can explain the process of fatigue microcracks and fatigue chipping of the 

tooth material. Table 3 shows the calculated values of tangential stresses (Shear 

Stress) for one of the phases of engagement with the greatest slippage, determined 

according to the proposed dependencies based on the simulation of the gearing 

operation of the NSH-39M gear pump when assessing the stress-strain state in the 

zone of tooth engagement during friction: 

 
71,0

maxmin )(                                               (3) 

   
81,0

maxmax )(                                              (4) 
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Table 3 

Comparison of tangential stresses in modeling and calculations 

 

Calculated contact 

stress by Hertz, 

MPa 

Tangential stresses in 

modeling (Shear Stress), 

MPa 

Calculated tangential 

stresses (Shear Stress, MPa) 

according to formulas (3) 

and (4) 

180 -38.85...+69.017 -39.9…+67.1 

380 -69.01…+110.49 -67.9…+123 

555 -89.02 …+167.84 -88.8…+167 

 

The presented calculated results of the magnitude and sign of tangential stresses 

in the tooth, obtained by formulas (3) and (4), are in good agreement with the results 

of the finite element method for modeling the gearing in ANSYS Workbench in the 

range of maximum contact stresses in the gearing, 180-555 MPa. 

Thus, the use of automated calculation systems greatly facilitates the process of 

obtaining functional dependencies for assessing the stress-strain state with subsequent 

analysis and visualization of the results. 
 

Conclusions 

1. When modeling the gear meshing of a gear pump, it was found that with an 

increase in the Hertzian contact stress from 180 to 555 MPa, the depth of the zone of 

distribution of equivalent Mises stresses and the depth of localization of the maximum 

equivalent Mises stresses increased by 20% and 23%, respectively. 

2. The change in tangential stresses when modeling the gearing in ANSYS 

Workbench in the cross-section of the teeth in terms of magnitude and sign was 

determined; the value of the maximum stresses on the leading surface is 10-15% lower 

than the stresses on the trailing surface. 

3. The calculation formulas for determining the magnitude and sign of the 

maximum tangential stresses in the meshing zone of the teeth with the greatest 

slippage, which are consistent with the results of finite element modeling, have been 

suggested. 
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О. МІКОСЯНЧИК, O. ІЛЬЇНА, Р. MНАЦАКАНОВ, С. БЕСПАЛОВ, О. ЯЩУК, О. КУЩ 

АНАЛІЗ НАПРУЖЕНО-ДЕФОРМОВАНОГО СТАНУ ЗУБЧАСТОГО 

ЗАЧЕПЛЕННЯ ШЕСТЕРЕННОГО НАСОСУ В ПРОГРАМНОМУ КОМПЛЕКСІ 

ANSYS 

Метою роботи була оцінка напружено-деформованого стану в зоні зачеплення 

зубців при терті при моделюванні зубчатого зачеплення шестеренного насосу в ANSYS 

Workbench. Встановлено, що при збільшенні контактного напруження за Герцем з 180 до 

555 МПа глибина зони розподілу еквівалентних напружень по Мізесу та глибина 

локалізації максимальних еквівалентних напружень по Мізесу зроста  на 20% та 23% 

відповідно. Аналіз епюр дотичних напружень (τxy) у поперечному перерізі зубців 

свідчить, що в зоні контакту дотичні напруження змінюються за величиною та знаком. 

Епюри мають два екстремуми, причому, величина максимальних напружень на 

випереджаючій поверхні (початковій головці зуба шестерні) приблизно на 10-15% 

нижче напружень на відстаючій поверхні (початковій ніжці зубця колеса). Встановлено 

високі розбіжності в визначенні максимальних дотичних напружень в симуляційній 

моделі зубчастого зачеплення в умовах кочення з проковзуванням за формулою Беля ва 

та при моделюванні. Запропоновано розрахункові формули визначення величини і знаку 

максимальних дотичних напружень в зоні зачеплення зубців з найбільшим 

проковзуванням, які узгоджуються з результатами моделювання методом скінченних 

елементів. 

 

Kлючові слова: моделювання, зубчасте зачеплення, напружено-деформований 

стан, шестеренний насос. 
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