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OPRACOWANIE GEOMETRYCZNEGO MODELU KOLA
ZEBATEGO DO OCENY SZTYWNOSCI ZAZEBIENIA Z
ZASTOSOWANIEM ANALIZY MES

Streszczenie: Hatas emitowany przez przekladnie jest jednym z ich negatywnych
parametréw/charakterystyk. Najwazniejszym czynnikiem wpltywajacym na emitowany hatas
jest btad przetozenia, ktéry ma zwiazek z ogélng sztywnoscia zazgbienia. Sztywnos$¢ zazgbienia
nie moze by¢ precyzyjnie zaprojektowana, ale mozna ja analizowaé - na przyklad: stosujac
metod¢ elementéw skonczonych. Stosujac system/pakiet MES, aby okresli¢ precyzyjnie
rzeczywiste warto§ci sztywnos$ci oraz napr¢zen, jest bardzo waznym aby opieraé si¢ na jak
najbardziej poprawnym modelu 3D - jak to tylko jest mozliwe. Stosowano wiele metod
modelowania kot zgbatych, jednakze tylko nieliczne z nich pozwalaja na utworzenie modelu o
wysokiej doktadnosci. Jedng z metod modelowania jest modelowanie parametryczne, ktére nie
tylko pozwala na stworzenie poprawnego zarysu ewolwentowego powierzchni zgbow
zazgbionych koét, ale takze umozliwia parametryzacje calego modelu przektadni. Oznacza to,
w konsekwencji, ze mozna go zmienia¢ w zaleznosci od zaledwie kilku parametréw. Inna
metoda uzywang do stworzenia modelu kota zebatego jest wygenerowanie go na podstawie
chmury punktéw. Uzyta chmura punktéw umozliwia wygenerowanie modelu zazgbienia jako
zakrzywionych powierzchni.
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CREATION OF SPUR GEAR GEOMETRIC MODEL FOR
EVALUATION OF MESHING STIFFNESS USING FEM ANALYSIS

Summary: Noise is one of the negative parameters produced by the gearboxes. The biggest
noise emitting factor is transmission error, which is related to the overall stiffness of the gearing.
Stiffness of the gearing cannot be designed, only analyzed for example by the finite element
method. For the FEM to give accurate stiffness values or stress values, it is important to base
the analysis on the as accurate 3D model as possible. A lot of methods are used for the
gearwheel model, but only a few create a model with high accuracy. One of these methods is
parametric modeling, which cannot only give the correct involute end transmission curves, but
also the full gear model can be parametrized, which in return means that it can be changed with
only a few parameters. Another method uses the creation of the gear wheels from the point
clouds, where this point clouds are used for the creation of the gearing via curved surfaces.

Keywords: stiffness, modeling, FEM

1. Introduction

A technical gearbox is a system, which is acoustically closed and therefore the noise
is mostly transmitted via the vibrations of the gearbox frame and by the connected
aggregates including a base frame. Dominant part of the gearbox noise level is almost
always done by excitation of vibrations during the meshing of the gear wheels.

A lot of factors influence the vibrations during the meshing of the gear wheels such
as, vibrations to transmitted to the gearing from the driving or driven aggregate,
oscillation of shafts and bearings. All of the forementioned factors are participating
on the increase of the amplitude in gearing [1]. The specific source of the noise has
origin in shocks, which are made by the axial and lateral (gearing) clearance of the
helical gears. This can be found in less loaded gear wheels, or on the other hand
in a heavily loaded gear wheels rolling under the slow rpm. The uneven operation of
the driving aggregate is contributing to the vibrations and the torsional vibration are
created as well [2].

The most important cause of the noise is transmission error, which is related to the
kinematic accuracy and a stiffness of the gearing. From the physical perspective the
cause of the vibrations is dynamic force, which can change its amplitude, direction,
or origin. For the involute gearing the most important factor is the change
in amplitude, which main cause is a variable stiffness of the gearing and shocks in
gear meshing caused by the deformations and the gear profiles from the theoretical
ones. The gear wheels are rolled relative to each other and the contact is accompanied
by elastic deformations. This result in significant deviations from the theoretical
profile of the tooth, which results in a transmission error and its subsequent excess of
oscillation. [3-5]

2. Mesh stiffness

Load in the meshed gearing influences the teeth in a way that they are deformed. Such
deformation can cause some negative but also positive consequences. For the correct
interpretation, it's important to have the knowledge of the deformation properties of
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gearing [6]. For the quantification of the gearing, the stiffness is generally used, which
is defined as the ratio of load (length or width) to deformation.

Resulting stiffness alongside the line of action as well as the corresponding
deformation for the spur gearing is shown in a Fig.1. It is obvious that the resulted
stiffness ¢ has tendency to change periodically during meshing, alongside the line of
action for the spur gears, where the period is equal to pitch. For approximate
calculations the average value of the resulted stiffness ¢, for the duration of the whole
meshing is used.
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Figure 1. The course of the meshing stiffness of spur gears

Shape of the teeth on the gearing is complex, which makes the theoretical
determination of deformation very difficult. Therefore, the question of the exact
determination of the deformation for the gearing is still unresolved. For the practical
application the experimental values or the values obtained by finite element method
are used (Fig.2).

Figure 2. FEM analysis of the spur gear meshing
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Values obtained by this method are then used as a base for the determination of the
gearing meshing stiffness.

3. Creation of gear models

Creation of the gear model can be done by a few methods. The methods differ in time
it takes to create the gearwheel or the part of the gearing, and also in the final shape
of the teeth. For the values obtained from the finite element method to be accurate,
it is necessary to create a fine mesh. Fine mesh is composed of small elements located
in a tooth, which gives better results. With this in mind it is required to create a model
in the least amount of time and also with the as accurate shape as possible. Some of
the older methods used to create gear wheels composed of the simulation of the
machining process. Such creation was carried out as a substitution of the volumes
from the solid cylinder body. The gearing creation took a lot of time, and the shape of
the teeth was quite inaccurate as shown in Fig.3. Modern methods are mostly
composed of parametric modeling or the modeling where the faces of the gearing are
made from the point clouds imported to the 3D programs [7].

Figure 3. Choppy surface of gearing

3.1. Parametric modeling

Parametric modeling is one of the options to create an accurate gear model with the
possibility to change whole gear wheel parameters with the retained accuracy of the
shape. This type of modeling is also applicable to vide variety of gear models such as
helical gears, spur gears, bevel gears or gears with special type of teeth shape.
Accuracy is in the creation of the involute and in some cases in the transmission curve.
Parametrically driven curves are created from the point cloud which is then connected
with curves tangent to each other in every point located in point cloud. This involute
is then transformed into the surface which will become the surface of the tooth.

The same approach is carried out for the transmission curve, where there are two
possibilities, either the transmission curve is created as a fillet, or it has trochoidal
characteristics. The transmission curve is as important as the involute for the tendency
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to concentrate stress. The transmission curve is given by the machining process in
which the gear wheel is made. Final advantage of the parametric modeling is that
every parameter can be bound to the next one, which gives the possibility to change
the whole model just with a few values (Fig.4), [8,9]
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Figure 4. Parametrically driven 3D model

3.2. Modeling using point clouds

For the models where even, the parametric modeling would take a lot of effort and
time, such as the geometry of the face gears, it is possible to create the model from
the point cloud which then connects and creates a surface. The face gear geometry is
good example of such modeling because the tooth can be divided into two parts,
working surface and transmission surface.
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The point cloud is obtained from the utilized discrete point method. This discrete point
method is used with additional computational software such as MATLAB for the
generation of the point cloud, which is almost impossible to create without it
in a reasonable time. This method can also be used for any type of the gear wheel.
Generation of the point cloud should be done in steps such as for the face gears the
working surface and the transmission surface should be generated separately, then
merged. This merged point cloud is then transferred to the CAD software and the
surface of the tooth is created as a curved surface (Fig.5). [10]

Figure 5. Tooth profile of a) face gear, b) pinion

4. Conclusion

Increase in the mechanical power and better load characteristics for the machining
machines, automobiles or in any other area is also increasing and technical level
required for the operation. This results in a higher noise emissions produced, which is
a negative factor for the operators and environment.

The noise is tied to the stiffness of the gearing, which gives the designers an option to
check the final design using finite element method. This method outputs the values
for the stiffness, stresses and the other parameters as well. For the theoretical values
it is essential to base them on as accurate model as possible, so they are closer to the
experimental ones.

Two methods for creation of model were proposed with respective advantages and
disadvantages. The parametric modeling is the fastest and easiest one for design, yet
some types of gear wheels may be very difficult to be modeled by this method. For
the difficult shapes of the gear wheels there is also a method, which is based on the
point cloud calculation. This point cloud is then imported to do CAD program and the
tooth is created via the curved surfaces.
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