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Abstract

In part I of this paper a program was developed using the ANSYS Parametric Design
Language (APDL) to generate 1, 3, and 5 tooth segment finite element models of a large low
addendum spur gear. The finite element models are constrained on radial sides in the rim
portion and the inside rim surface is left unconstrained. An appropriate load is applied at the
highest point of single tooth contact (HPSTC) for the 2-D finite element models and the
entire load is applied on a line of nodes located along the face width in the 3-D finite element
models. The two and three dimensional models of 1, 3 and 5 tooth segments are analyzed by
varying B, which is the ratio of rim thickness to total tooth height. The effect of web on
bending and equivalent stresses is also studied in the 3-D models. The maximum equivalent
stresses and maximum bending stresses obtained for different values of § in two dimensional
and three dimensional models are compared. Three dimensional models with and without
constraints at rim-web interface are also compared in 1, 3 and 5 tooth segments. Based on
these results and comparisons an appropriate rim thickness is suggested and importance of
web is discussed.

Introduction

This paper presents the results of the analysis of 1, 3 and 5 tooth segments. Bending stresses
on the tooth profile and rim bottom surface are studied on the tooth subjected to loading for 3
values of . The effect of rim thickness on maximum value of bending stress and maximum

von Mises stress is studied for 12 different values of £ in 1, 3 and 5 tooth segments. The 3D
models are also studied for the effect of web. A web of 2 inch thickness was considered and

to include that affect, the nodes at the rim and web interface at 1 inch distance on either side
from the middle of the face width were completely constrained. The bending stresses in these
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models were also compared with the 3D models without constraints at the rim and web
interface. In the 3D models the location of maximum stress also varies along the face width.
In this paper, comparisons for maximum von Mises stress and maximum bending stress was
made for the following cases.

1. Comparison of tooth profile and rim bottom surface stresses in the middle tooth of 1, 3
and 5 tooth segments for rim thickness equal to tooth height.

2. Comparison of maximum von Mises stress and maximum bending stress in 1, 3 and 5
tooth segments for 12 different values of £ in 2D and 3D models.

The comparison plots and the results of the comparison are presented and an appropriate
value of rim thickness is suggested. For simplicity results of the case with rim thickness
equals tooth height are presented. The results of the cases with lowest and highest values of
rim thickness and three dimensional analyses were also studied in this work'. The gear on
which the analysis is performed is not a specialized gear, so precise comparison was not
possible but the results followed the same trend as that of the AGMA 2001-C95 charts. The
terminology used to describe the position on profile and rim of the middle tooth is shown in
the following Figure 1.

Tooth Centerling

Right Edge

Rl
Rim B attorm
Edge

Figure 1 Terminology in the Gear Tooth

Comparison of Tooth Profile Stresses

The Figure 2 shows the tooth profile stresses of the loaded tooth in one, three and five tooth
segments. T1 and T2 represent the corresponding points on the tooth profile shown in the
Figure 1. In one tooth segment stress at T1 i.e., at the root, is tensile due to constraints. In
three and five tooth segments stress at T1 is highly compressive due to bending of the rim
and compression from the left tooth. At the nodes that are close to the addendum circle arc
bending stress becomes minimum. When approaching the node at which load is applied i.e.,
HPSTC there is a sudden drop in the stress value. As one moves towards T2 on the profile,
the stress at the fillet close to T2 is lower in magnitude when compared to the compressive
stress at the fillet close to T1.
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Figure 2 Tooth Profile Stresses (a) One Tooth Segment (b) Three Teeth Segment
(¢) Five Teeth Segment

Comparison of Rim Bottom Surface Stresses

Bending stresses at the nodes along the circumference of the rim bottom edge of the tooth
subjected to loading in one, three and five tooth segment are plotted in the Figure 3. In one
tooth segment the stresses at R1 is compressive due to the constraints. While in three and five
tooth segment models it is tensile due to the flexibility of the rim. The peak tensile stress on
the rim bottom edge occurs at the nodes located radially below the compressive side fillet.
For lower values of rim thickness the tensile stress in this region are as significant as the

bending tensile stress at the fillet.
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Figure 3 Rim Bottom Surface Stresses (a) One Tooth Segment (b) Three Teeth
Segment (c) Five Teeth Segment

Comparison of Maximum von Mises Stress

The influence of rim thickness on maximum von Mises stress is summarized in Figures 4, 5
and 6 in 2D and 3D models of one, three and five tooth segments. The von Mises stress was
smaller in the case of 3D than the plane stress case. A stress difference of less than 10% was
observed due to the stiffness in the axial direction, which could be accounted for lower
stresses in the 3D model.
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Figure 4 Comparison of 1, 3 and 5 Teeth Segments, 2D Models
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Figure 5 Comparison of 1, 3 and 5 Teeth Segments, 3D Models without Web Constraints
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Figure 6 Comparison of 1, 3 and 5 Teeth Segments, 3D Models with Web Constraints

Table 1 Comparison of 2-D and 3-D Models of 1, 3 and 5 Teeth Segments

Ratio 1T -2D 1T -3D 3T-2D 3T-3D 5T-2D 5T-3D
(B) (0’ psi) | (o, psi) | (¢'.psi) | (¢',psi) | (¢, psi) | (d' psi)
0.5 11878 11270 19391 17574 26328 23759
0.6 11322 10696 15914 14517 20761 18882
0.7 10972 10328 13896 12736 17340 15832

0.75 10844 10192 13238 12139 16129 14752

0.875 10604 9936 12128 11119 13999 12819

1 10431 9756 11447 10479 12746 11673
1.125 10427 9748 11069 10139 12006 11014
1.25 10384 9704 10780 9870 11504 10540
1.35 10358 9678 10617 9708 11221 10274
1.4 10347 9668 10553 9640 11103 10163
1.45 10337 9658 10496 9580 10997 10063
1.5 10327 9649 10445 9526 10902 9973

The first column of the Table 1 represents the ratio of rim thickness to tooth height value.
The rest of the columns show the values of maximum von Mises stress in 1, 3 and 5 tooth
segment two and three dimensional models. It can be seen that von Mises stress was smaller
in the case of 3D than the plane stress case. A stress difference of less than 10% was
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observed due to the stiffness in the axial direction, which could be accounted for lower
stresses in the 3D model.

Comparison of Maximum Bending Stresses

The influence of rim thickness on maximum bending tensile and compressive stress is
summarized in the Figures 7, 8, 9, 10 and 11 in 2D models and 3D models with and without
constraints in the web of one, three and five tooth segments.
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Figure 7 Comparison of 1, 3 and 5 Tooth Segments, 2D Models
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Figure 8 Comparison of 1, 3 and 5 Tooth Segments, 3D Models Without Web Constraints
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Figure 9 Comparison of 1, 3 and 5 Tooth Segments, 3D Models With Web Constraints
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Figure 10 Comparison of 3D Models with and without Web Constraints in 3 Teeth Segment
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Figure 11 Comparison of 3D Models with and without Web Constraints in Five Teeth
Segment.
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A comparison has been made to study the effect of rim thickness on maximum bending
stresses in 1, 3 and 5 tooth segments for the models without web and with web. It can be seen
from figures 10 and 11 that including the web for lower values of rim thickness in designing
the gears could be more beneficial. Table 2 presents the transition £ value of each case at

which the gear maximum bending stresses does not vary significantly.

Table 2 Transition Value of £

Without Web Constraints With Web Constraints
Number of Teeth in a : : : :
Segment Tensile Compressive Tensile Compressive
One Tooth Segment 0.65 0.7 - -
Three Teeth Segment 0.75 1.4 0.7 1.1
Five Teeth Segment 0.8 1.5 0.65 1.15
Summary

The tooth profile and rim bottom surface bending stresses in the 2D and 3D models for all
values of rim thickness were almost equal. In 2D and 3D models the bending stresses at the
nodes located radially below the compression side tooth fillet in the rim bottom edge or
surface are tensile. For lower values of rim thickness in five tooth segment models, these
stresses are as significant as the maximum bending tensile stress at the fillet. In the 3D
models the location of maximum stress also varies along the face width. One tooth segment
did not show significant effect in the tooth bending stress values. In three and five tooth
segments presence of web for lower values of rim thickness reduces the maximum bending
stress significantly. Results showed that in the one tooth segment there was not much change
in the location of maximum bending stress and there was not much change in the maximum
bending stress value with the change in rim thickness. Five tooth segment showed higher
bending stress than the three tooth segment due to more flexibility of the rim. In five tooth
segment for lowest value of rim thickness the location of maximum bending tensile stress
was at the root on left end constraints and as the rim thickness increased it was on the tensile
side of the loaded tooth. In all the cases the location of maximum bending stress was located
closer to the root for lower values of rim thickness and as the rim thickness increased, this
location moves up along the fillet.
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