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RESEARCH REGARDING A METHOD FOR DETERMINING THE
PARAMETERS VALUE OF MODIFYING SPUR GEARS TEETH PROFILE
IN LONGITUDINAL PLANE
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Abstract: The paper presents aspects related to a proposed method for determining the parameters value
of modifying spur gears teeth profile in longitudinal plane. Numerical research for a spur gear
asymmetrical positioned against the bearing, under the influence of some execution, assembly and

functioning errors are presented.
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1. INTRODUCTION

The objective of the gear drive is to transmit
power with comparatively smaller dimensions,
runs reasonably free of noise and vibration with
least manufacturing and maintenance cost [1].

An abrupt change in the cross-section may
acts as the stress raiser leading to stress
concentration and increases the amount of
localized stress, or can decrease the
transmission error and smooth engaging and
much more [2].

Interactions between tooth modifications and
profile error must be studied, even if profile
modifications and profile errors are micro-
geometrical, they have considerable effects on
vibrations of gear pair [3].

The geometry of spur gear tooth profile is
based on involute curve. Involute curve is the
trace of the end point of the wire unwounded
from the circle called the base circle. Every
spur gear has some characteristic parameters
[4]

Modification of the teeth by crowning
increases the load capacity of the gear because
it reduces the concentration of the specific
stresses that occur at the tooth margins of the
gear. This it can be due to its finite length and
allows to obtain a corresponding contact patch

(as shape and position on the flank), due to the
compensation of the operating errors, or due to
the elastic deformation of the shafts and gears,
as well the manufacturing and assembly errors.
This modification is recommended for highly
loaded gears.

2. THE PRINCIPLE OF THE METHOD

The method is based on the use of a finite
element analysis program (ALGOR) and aims
to assess the parameters value of modifying the
tooth in the longitudinal plane by the
construction of a shape elastically deformed of
the gear tooth at a combined bending - torsion
stress.

The method involves: building the 3D
meshed model of the spur gear fixed onto the
shaft, corresponding to the actual position from
the gear, considering the bearings on which the
shaft is supported. Through the imposed limit
conditions, the application of the forces
appeared in the gear, including the transmitted
torque moment, there are determinate the
elastic deformations of the gear tooth from the
longitudinal plane. Based on the values of these
elastic deformations, that result from the
combined overlapping of bending and torsion
stresses, the deformed shape of the tooth is
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constructed (Figure 1). The mirror image
represents the initial shape that the gear tooth
will need to have, so that under the action of the
stresses from engagement, its behavior in the
working stage to be suitable. Then the tooth
shape will be approximated by technological
curves, so that the tooth to can be
manufactured.

It is recommended that for each gear, the 3D
model or the solid model to be made, that can
be then subjected to finite element analysis.
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Fig. 1. The elastic deformation of the pinion- shaft

The notations used in Figure 1 have the
following meanings:
e fix - is the deformation of the gear tooth at
bending, at a x distance from the front surface
of the tooth;
* fix - is the deformation of the gear tooth at
torsion, at a x distance from the front surface of
the tooth;
* fio - the total deformation of the gear tooth
due to its bending and torsion
e T - the achieved torque
* by - the bearing width
* b - the width of the gear teeth
* p — the specific applied force [N/mm)]

3. NUMERICAL RESEARCHES

Finite Element Analysis aims to determine
the value of the parameters required for the
longitudinal modification of the cylindrical spur
gear teeth profile.

The Finite Element Analysis algorithm
(Figure 2) starts from the spur gears teeth profile
which will be subjected to changes in

longitudinal plane. The gear tooth profile was
obtained using the MAIN.CPP program.

The gear model was exported as DXF files
ALGOR finite element

for the
software.

analysis

PROGRAM MAIN.CPP

Computes the point on the
=Gear profile
=DXF file generation

PROGRAM ALGOR

=Gets the DXF files with the
gear’s model

=Realizes the 2D discrete
model of the gear

PROGRAM ALGOR

=The 3D discrete model is built
*The boundary conditions are
impose

=The loading with forces

*The computation of stresses
and elastic strains

Fig. 2. Block diagram of the FEM analysis algorithm

It has been considered a cylindrical spur
gear, with z=30 teeth, module m=4 mm, loaded
with 1500 N linear force distributed over the
teeth, asymmetrically mounted on a shaft, that
is sustained onto two bearings. The spur gear is
considered to be made of alloy steel,
41MoCr10.

Numerical research was carried out by
applying FEM to determine the influence of
manufacturing, assembly and functioning errors



on the correction depth of tooth gear (flank or
correction depth) mounted asymmetrically
between bearings.

The 3D meshed of the toothed wheel was
made (Figure 3).

Fig. 3. Front view of the 3D discrete model

The spur gear-shaft model is the same,
which was used to set the correction parameters
for the head of the gear teeth (tip relief) [5] for
the case when the spur gear is mounted on the
shaft in asymmetric position, against the
bearings. The torque applied was 56.3815 Nm,
corresponding to a transmission power of 8.9
kw at 1500 rpm. These values are typical for a
real potential situation, in which the formed
gear with the chosen spur gears can work.

In the case of teeth with modifications in the
longitudinal profile (crowning), the loading is
made with parabolically distributed forces, to
obtain an uniform load distribution on the teeth
width, thus decreased effect for concentration
of the load on the teeth margins.

Two situations were considered: bcal < b and
beal > b.

When bca <b, the gear with dished teeth is
slightly loaded and / or the total deviation of the
tooth direction has a high value, the elastic
deformed teeth corresponding to this situation
are presented in Figure 4.
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Fig. 5. The elastic deformation of gear tooth

The maximum value is recorded in the node
located in the middle of the gear tooth.
The representation of the curve for elastic
deformations of the gear tooth is shown in
Figure 5. Where, R232 means: R-Spur gear, 2-
asymmetrically  positioned between the
bearings, 3-parabolic loaded, 2-case b>bcal.

When be> b, case encountered when the
gear is heavily loaded and / or the total
deviation of the tooth direction has a low value,
the gear teeth are deformed under the parabolic
forces (Figure 6).
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Fig. 6. The elastic deformed tooth model bcal > b

The maximum elastic deformation value is
determined in the node located in the middle of
the gear tooth.

The graphical representation of the elastic
deformations of the gear tooth in the case of
loading with parabolic forces is shown in
Figure 7. Where, R233 means: R-Spur gear, 2-
asymmetrically  positioned between the
bearings, 3-parabolic loaded, 3-case b<bcal.

On the basis of the proposed method, the
parameters value of the axial profile
modification were determined and were 2.5 and
2.6 um for the depth crowning, the length of the
modification were 13.3 mm and 13.4 mm
respectively.

The modified tooth in the longitudinal plane
is shown in Figure 8. It can be considered to
have a symmetrical crowning.
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Fig. 7. The elastic deformation of gear tooth
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Fig. 8. The shape of tooth modified in axial plane

4. CALCULATION OF THE
REPARTIONION FOR PARABOLIC
DISTRIBUTED LOADING OVER THE
TOOTH WIDTH

The load distribution is further determined on
the tooth width when the force is parabolically
distributed.

It is considered a function of the form
p(x)=mx’+nx+r, which describes the parabolic
evolution of force on the width b of the gear
tooth.

Case b > bcal
The b > bca situation is considered, when,

where 1 fulfills the condition 1 < n-1
subintervals (figure 9).

Fig. 9. Parabolic distribution of forces for the case b <
bcal

The recurrence formula is:
F{3[k+(k—1)]—2[k2 +k(k—1)+(k—1)2]}

3
l

F, =

ey



where: k is the subinterval number for which
the calculation is made.

The forces concentrated in the network nodes
on the bcq are calculated with:

The force in node 1:

F@Bi-2) F
FO =" =="1 2
2i° 2 @
The force in node 2:
Foh b 3)
2 2
The force in node k is:
oo =fio By 4)
2 2
The force in node n is:
F(n) — Fn—l (5)

2
For the presented case it was considered: n =
7 nodes, n-1 = 6 subintervals, and i = 4.

Case b < bcal

It is characterized by b < bea (b, = iLl)’

where 1 fulfills the condition i1 > n-1
subintervals (figure 10).
The recurrence formula for the k subinterval

becomes:

_ F{Bk + (k=11 =2[k* + k(k =D+ (k=1)’])

3
l

Fy

(6)

Corresponding to this situation, i = 8
subintervals was considered, for the achieved
models, which describe this situation.

Fig. 10. Parabolic distribution of forces for the case b <
bcal
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The values of distributed parabolic forces,
applied in the nodes of the finite element
network, for the cases considered in the MEF
analysis and calculated with the relationships
defined above, are shown in Table 1

Table 1
The value of parabolic distributed forces, for cases b
> bcal, b < bcal

The values of the parabolic force [N], distributed in the
Node number in fine element network nodes for the cases:
network in which the force is b> bl \ b<bu
applied The number of the calculation subinterval, |
i=4 i=8
117,187 32,026
375 117,187
515,625 205,078
375 257812
117,187 275,39
2572812
205,078
117,187

32,226
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6. CONCLUSION

In this paper research regarding the way of
determining the parameters value of modifying
spur gears teeth profile in longitudinal plane
were presented (crowning).

The current research is a part of a wide
reaserch and in this part is presented the method
of determining the value of the crowning
parameters of the spur gear tooth flank in the
case of real potential situations.

A spur gear asymmetrical positioned against
the bearings was considered.

The entire spur gear-shaft assembly was
subjected to analysis with the ALGOR program.
The model was meshed, the boundary conditions
were established and loaded with parabolic
distribuited forces. The forces to be applied in
the nodes of the finite element network have
been calculated for the distributed parabolic force
load. Then, the values of the parameters required
for the correction of the head (flanking) and the
crowning of the spur gear teeth were determined
by constructing the elastic deformed shape of the
tooth. Comparative studies on the state of tension
and elastic deformations of the spur gear teeth
were made, corresponding to the actual potential
situations. Estimates, regarding the influence of
some mounting and operating variables on the
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behavior of the proposed gears were also made.
The deformed spur gear teeth profiles and their
variants are presented in accordance with
existing technological possibilities so that a
proper throw in gear is made during operation.
Future research will be oriented to allow the
establish of:
* the influence of the position of the spur
gears against the bearings, on the parameters
value for longitudinal modification of the teeth
profile.
* the influence of execution, assembly and
functioning errors on the parameters value for
longitudinal modification of the teeth profile.
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Cercetari asupra unei metode de determinare a modificarilor de profil a dintilor rotilor
dintate cilindrice cu dinti drepti in plan longitudinal

Lucrarea prezinta aspecte legate de o metodd propusd pentru determinarea valorii parametrilor
modificarii profilului dintilor rofilor dintate cilindrice in plan longitudinal. Sunt prezentate cercetari
numerice pentru o roatd dintatd cilindrica, asimetric pozitionatd fata de lagére, sub influenta unor

erori de functionare, de executie si montaj.
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