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Abgtract: The swift advancement of science in computer teldyy enables the resolution of increasingly irmtéc
engineering challenges through contemporary calonl#gechniques. Numerical methods employed in erattics are
among these. The finite element method, also kresvREM, is widely recognized as a prevalent nuraktéchnique.
The Finite Element Method (FEM) is a versatile téghe employed to tackle diverse engineering chghls. These may
include problems related to flexibility, strengtieat transfer, and a variety of gear solutions. Hihite Element Method
is primarily employed in this domain to addressodefation and stress analyses pertaining to thesgealer examination.
Numerous programs are available for addressingessshrough the Finite Element Method. However, aciat
prerequisite for effectively analyzing deformatiand stress in gearing is the precise definitiothefcomputer model
representing the gear system under investigatiba.fdcus of the article is on discussing the precdsiesigning gear
geometry within CAD software systems.

1 Introduction The configuration model can serve as a basis fditiadal
Complex mechanical systems called gear drives ai@search and assessment [1-3].
found in almost every kind of technology, includicars, Modern calculating techniques may now be used to

airplanes, and robots. Gear drive design is aiabsrand address even more challenging engineering issuesibe
time-consuming procedure that heavily relies on thH® the quick advancement of research in the redim o
designer's intuition and expertise. Many complesués Computer technology. Among them are mathematical
and a wide range of influencing elements must kerta techniques that use numbers. One of the most used
into account at the early design phase. One otttheial nhumerical techniques is the finite element metHe&lM).
factors to take into account is the gear transmrisshain Numerous — engineering  problems, including those
configuration. The way the gears, shafts, bearing§volving strength and flexibility, heat transpoetnd a
couplings, clutches, and other components are ctenhe Variety of gear systems, may be resolved using=te

to one another so that the gear transmission system approach. In this field, deformation and stress jwbthe
transfer motion and power is known as the gedlears under study are mostly solved using the FEM.
transmission chain configuration. It is a cruci@loice Although there are several programs for utilizirigMrto
made early in a gear transmission's design. Anyrein solvg issues, the most accurate dgtermmatlonesomhe
these early design stages can significantly inerahe requirements for successfully solving the defororatind
challenges in later design and manufacturing. Dewgs Stress analysis of gears using this approach [4-5].

made in these stages frequently have a significapact

on the full-life-cycle product properties, includicosts, 2 Theinvolutetooth shape modelling
performances, reliabilities, safety, maintenanoe, o on. conditionsfor spur gear

Numerous significant system attributes, including peveloping a computer model of the thing under
reduction ratios, system level proficiencies, systeinyestigation begins with the creation of geometry.
dynamic features, _and even the forces transfgry_emhbh Involute gear geometry may be created using a tyanie
component, are impacted by the transmission cha@aAD programs, including AutoCAD, Bentley,

arrangement. In the early stages of a gear drdesgn, pro/Engineer, I-DEAS, Solid Works, NX, and others.
modeling and configuration assessment are crussales.
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It should be mentioned that the side of the inwolu
tooth is made up of the involute and dedendum itians
curves for modeling spur gears manufactured withc&
tool without protuberance. When the gear wheel
operating, only the involute portion of the tooldmk may
function as the active portion. The transition @s\ob is
to make the transition from the dedendum circleh®
involute portion of the gearing smooth and roundesla
result, the most accurate involute structures, siineh
transition portion of the involute tooth's side,shbe the

main emphasis of any geometric model of spur ggarin

The straight portion of the rack tool, which runenfi the
addendum to the dedendum, forms the involute porfo
the tooth. The profile normal is known to be a &migo
the base circle, traveling through the instantasasaunter
of rolling. The line of action always goes throutite
instantaneous center of rolling because, for theliie
profile, it is the same as the profile normal limghich is
the common normal of the two contacting sides etéeth
at their locations of contact. The angle of thd fofile is

the same as the gearing's production meshing aAgle.

planar curve that crosses every tangent perpeadituthe
circle is called an involute from a geometric pexijve.
This circle is its evolute, or by the collection dfe
involute's centers of curvature (geometric points)is
referred to as the foundation circle for gearind (8. The
radius of the fundamental circle is the only paremthat
clearly determines the involute. The trochoid hnoid
technique states that the involute is formed by t
trajectory of a point that is securely attacheth&forming
line and rolls along its evolute, or base circley{fe 1).

EVOLUTE INVOLUTE

Figure 1 Definition of Involute, Evolute

The dedendum transition refers to the area situate

between the involute surface of a gear and therdioe
circle. The purpose of the transition curve isdoilftate a
smooth changeover between the gear's involuteosestid

the bottom land. The dedendum transmission curva of

tooth shaped by the rack tool is generated by pssively
rolling the rack tool around the gear wheel's pitaile.
The radius of curvature along the transition cuotvanges
at different points [11-15]. Thus, the transitionne is
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tcreated as an envelope of the rounded positiotieeatick
tool that moves along the pitch circle of the geheel.
The tooth shape is formed by connecting the ineolut
isection with the transition part. In order to cesat
complete tooth shape, additional information isassary,
such as the measurements of the addendum and dedend
circles, which will determine the height of the tflmoTo
design one tooth, it is essential to have the redquialues

of the tooth width at a specific radius (such aes pitch
radius) or the corresponding chord length.

In practical applications, corrected spur gearsaise
utilized. There are two primary types of correctioized in
involute gearing. A required correction eliminatd®
undercut of the gear tooth, while a desirable atioa is
applied to achieve specific characteristics of gear
profile. When developing a geometric model of aected
spur gear, itis crucial to begin with the relagbips for the
fundamental dimensions of these corrected gears.

3 Implementation of combined CAD

modelling for spur gears

A technique used for gear production involves
simulating either the entire machining process oly o
specific parts of it. The creation of a CAD modusldlves
the solid modeling of a semi-finished product thafl
transform into a gear wheel, as well as the toetlis the
machining process. These two models need to be

ositioned correctly. In the subsequent phase ef th
r%rocess, the simulation advances by incorporaipegific
movement instructions for the tool, and in certain
instances, for both the tool and workpiece. Theiggas
designed by subtracting the volume of one objeatnfr
another; specifically, the volume of the tool isnmved
from the workpiece volume at their intersectiompsi The
drawback of this approach (Figure 2) lies in thiipg of
steps and precision. The more accurate the mdefirter
the steps it must take, yet smaller steps lead ltmger
generation time.

Figure 2 Example of made tooth gap by subtraction

~ 34 ~

Copyright © Acta Mechatronic

a, www.actamechatronica.eu



2

&0 Acta Mechatronica - International Scientific Journal about Mechatronics

S# Volume: 9 2024 Issue: 4 Pages: 33-38 ISSN 2453-7306
Al
o
=

9 Possibilities of creating spur gear geometry

2 & Silvia Malakova, Robert Grega, Marianna Tomaskova, Peter Frankovsky

oy

Mixed CAD modeling involves simulating the can be efficiently manufactured with satisfactorggision
machining process using a tool profile, rather taasolid within a reduced time frame. The Pro/Engineer mogr
tool, as illustrated in Figure 3. This profile parhs a allows for the creation of a comprehensive gearehivda
similar step movement as described in the subtmactistraightforward manner, simplifying a traditionatiyne-
method above, with the key distinction being thit iconsuming process. Afterwards, it becomes feadible
exclusively produces points. integrate specific gear characteristics into thedlet and
link them through mathematical formulas. It's fesesito
craft any gear wheel by adjusting various aspéctsthe
dimensions of the gearing, such as the moduluspeuof
teeth, displacement, and more. Additionally, furthe
modifications can also be made if necessary. Thilin
action involves establishing the geometric speaiitns
for the spur gearing. An illustration can be fouimd
Figu ~

Figure 3 Definition of mixed CAD modelling method

The points produced form a point cloud that needst K
refined, ideally using an algorithm, to eliminataya
unnecessary points (see Figure 4-a). In the lastegytthe
refined point cloud is utilized to generate surfatteough
NURBS modeling (refer to Figure 4-b). do

set of points
for removal

Figure 5 Influence of wheel web on the tooth st#n

Figure 6 illustrates a detailed portrayal of thetshk or
model. It is recommended to perform parameterinatio
the model for the corrected gearing. Variable valsiach
as the number of teeth z, the modulus mn, and tiite u
height displacement x need to be specified usiffgrdint

The CAD model is produced by incorporating Volumglements..These eI.ements could be fjefined by specif
within the surfaces gereratad Ohtainina 2 nnintul features, like offsetting by a value to displaytasor by

enables quicker and
compared to subtracting
in the fact that this methu

a) b)

Figure 4 Generation of tooth gearing by a) poifitssurfaces
made through points

4  Implementation
This technique can be
and gears featuring a ur
this approach involves ir
the gear wheel and suk
curve and transition ci
through the application
alternative modeling tec
by eliminating the profile
the teeth, although there
as solid formations. The
around the gear wheel'
leads to complete gearin Figure 6 An illustration showcasing the parametiiscription
By utilizing the Pro _ . of the model
appropriate parameter settings, a diverse selecfigears
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The parametric description incorporated a modificat
in the designation of individual parameters:

- the quantity of teeth, denoted as d0, was referre
to as z,

- the normalized value assigned to the modulis m
was denoted as d1,

- the symbol used to represent the unit heigh
displacement x is denoted as d2,

- the symbol d3 denotes the helical arfyjle

Subsequently, the equations necessary for detergini
the gear dimensions were defined parametricallyaEign
(1) parametrically defined the diameter of the tpi¢ircle
as determined by equation (2).

d8=d0Ld 1/cosi3 (2)
_ 2,
d= cosp @

X2 X50%20
v A
92
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Figure 8 Face gear generation coordinate system

The coordinate system employed for the involute too

tooth surface aligns with the one shown in Figure 8
featuring a cross-section that embodies an invdhuéh

design.

Equation (3) parametrically defined the angular
coordinates of the involute point on the pitch leirc
described by equation (4).

d11e (0507+ 20 21sin20/cos20)d 118C°

3
(d8 7 Ceosd3) @)
5=3538% ()
d o
In this manner, all the gear parameters were

sequentially determined.

5 Implementation of Face gears modelling

The face gear depicted in Figure 7 is a novel
transmission mechanism that has been extensivetiest
This mechanism has been implemented in a spedalize
transmission group, especially within the aviateator.

'yx
Figure 9 The involute tool's parametric model

The distinctive shape and measurements can be found

in Figure 9.

Figure 7 Face gearing model

7(¢.,6)=

An instance illustrating the parametric definitofithe

tool's involute tooth surface vector equation esigressed
in equation (5):

+r,, [sin(Q +QU)—HS Eos(@ +00)J

s s

<

s

,|=| ~r.[cos(6,+8,)+ 6, Tin(6,+8,)]
1 e

(%)

N <

In the smooth tone of writing, we considgras the

axial parameter that specifies the tooth widthhentboth
surface of the tool, whilés indicates the angle parameter

along the involute curve, determining the heighttha#
tooth surface. Thagstands for the base circle radius of the
tool involute, andso represents the angle parameter of the
tool slot symmetry line from the starting point tife
involute.
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The calculated point coordinates have been adjusted[3] CZECH, P.: Diagnosis of Industrial Gearboxes

create a point cloud in files compatible with CAdjteare. Condition By Vibration and Time-Frequency, Scale-
The tooth's surface is created using a CAD progrém. Frequency, Frequency-Frequency Analysis,
entire gear wheel is crafted through an intricate Metalurgija, Vol. 51, No. 4, pp. 521-524, 2012.
arrangement of individual teeth and discs. [4] MOHAMMED, O.D., RANTATALO, M.: Gear fault

models and dynamics-based modelling for gear fault
6 Conclusions detection—A review,Engineering Failure Analysjs

The geometric design plays a significant role in Vol. 117,  No. November, 104798, 2020.
determining the qua“ty of gears. Should the gedmet https//dOI0rg/101016/JengfallanaI2020104798
design be flawed, the transmission's reliabilitpreat be  [5] SAPIETOVA, A., DEKYS, V., BUDINSKY, M.:

guaranteed, even if top-quality materials are ugedthe Utilizing of sensitivity analysis in preparation of
flip side, skillful geometric gear design has tloggmtial to optimizing procedureScientific Journal of Silesian
reduce costly material expenses. Hence, it is @abén University of Technology, SeriesTranspaftl. 76, pp.
craft a precise geometric model of the gear. 32-38, 2012.

CAD programs have become an essential instrumel® MADEJ, H., CZECH, P.: Discrete Wavelet Transfor
for designers. Because of their benefits, devepave and Probabilistic Neural Network in IC Engine Fault
swiftly expanded and advanced them to a point witeng Diagnosis Eksploatacja i niezawodnosc- maintenance

are now applicable in all areas of engineeringtfracOne and reliability, Vol. 48, No. 4, pp. 47-54, 2010.
aspect includes crafting and designing gear mottethe [7] REDDY, E.J., RANGADU, V.P.: Development of

process of creating gears, having the ability fwiehtly knowledge based parametric CAD modeling system for
generate a 3D model is essential. This visual sgmation spur gear: An approachilexandria Engineering
aids in better visualization and eventual contreing Journal Vol. 57, No. 4, pp. 3139-3149, 2018.
methods like the finite element method, ensurinitswd https://doi.org/10.1016/j.ae}.2018.07.010

precise execution. It is commonly understood thertore  [8] SAPIETA, M., DEKYS, V., STALMACH, O,
precise a model is, the more time it requires to be SAPIETOVA, A, SVOBODA, M.. Detection of
deve|oped or produced_With the ongoing advancesnent Elastic Deformation in Metal Materials in Infrared

CAD programs and the ever-increasing computing powe ~ Spectral RangeMaterials Vol. 14, No. 18, 5359, pp.
the distinction is becoming less significant. 1-9, 2021. https://doi.org/10.3390/mal14185359

By utilizing a CAD application, we are able to geate  [9] KELEMEN, M., KELEMENOVA, T., JEZNY, J.: Four
a precise geometric model of gearing. The computer- l€gged robot with feedback control of legs motion,
generated body models can be utilized for drawing Bulletin of Applied Mechani¢c¥ol. 4, No. 16, pp. 115-
documentation or for various purposes, like adingss 118, 2008.
issues related to elasticity and strength. Thiduites [10] NOGA, S., MARKOWSKI, T., BOGACZ, R.

tackling challenges like static deformation andessr Method of determining thenormal modes of toothed
analysis of gears through the finite element method gears with complex geometrcientific Journal of

Silesian University of Technology, SeriesTransport,
Acknowledgement Vol. 89, pp. 119-127, 2015.

The work has been Supported by the KEGA 037TUKE- httpS//dOlOrg/1020858/SJSUtSt20158913 i
4/2024 - Creation of interactive tool for increasinf [11] KELEMEN, M., VIRGALA, |., FRANKOVSKY, P.,

students’ skills and competences in teaching oflystu KELEMENOVA, T., MIKOVA, L.. Amplifying

subjects relating to elaboration of drawing docutation system for actuator displacemenipternational
and VEGA 1/0152/24 - Development of non-destructive ~ Journal of Applied Engineering Researafol. 11,
mechanics methodologies for the evaluation of meichh No. 15, pp. 8402-8407, 2016. _
properties of additively manufactured elements. [12] SAPIETA, M., DEKYS, V., PASTOREK, P.: Using
of activ thermography and lock-in method with
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