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A Study on the Bending Strength of Internal Gear
— With Investigation of Stress State around Pitch Point —

Tae Hyong Chong, Joon Hyong Byun, Sung Jin Yoon and Chung Shin Lee
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Abstract

When designing an internal gear, the bending strength around pitch point as well as that at
tooth root fillet should be considered because the bending stress around pitch point may occur as
high as that at tooth root fillet. In this study, including stress state around pitch point, the bending
strength (tensile side and compressive side) of internal gear tooth is investigated by the use of the
finite element method (FEM) with regarding many influencing factors of cutter and gear
geometries. Then, the critical sections around pitch point and at tooth root fillet are determined,
and the simple formulae based on nominal stresses (bending, compressive, and shear) are derived
for the calculations of actual stresses as the functions of tooth thicknesses and radii of curvatures
of involute and fillet curve at those critical sections. The stresses calculated by the formulae agree
well with those by the FEM. And the bending stresses around pitch point and at tooth root are
easily estimated by the use of those formulae, therefore, those formulae are useful for the purpose
of the design or the bending strength estimation of internal gear.
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Table 1 Data for the calculations of internal gear tooth profiles
Module m 4 mm
Number of teeth Z, 20, 30, 40, 50
Pinion
Pressure angle a 20°, 22.5°,25°
shaped
Addendum modification coeff. X, —0.2, 0.0, 0.2, 0.4
cutter
Tip rounding radius coeff. a 0.0, 0.13, 0.3
Clearance coeff. C. 0.157, 0.25, 0.3
50, 60, 80, 90, 100,
1
Interna Number of teeth Zz 120, 150, 160, 180, 200
gear
Addendum modification coeff. X —-0.2, 0.0, 0.2, 0.4

Note : The values of coefficients are corresponding to unit module.
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Number of nodes : 1254
Number of elements : 2046
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Fig.1 A FEM model for an internal gear
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Fig. 2 Stress distribution of an internal gear tooth
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Fig. 3 Influence of pressure angle on maximum
stresses (tensile side)
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Fig. 4 Nominal stresses around pitch point and at
tooth roor fillet
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Fig. 5 Dimensions around pitch point and at tooth
root fillet in stress calculation formulae
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Table 2 The values of cofficients K, and A,
around pitch point of internal gear

A, 0.775616

. A, 0.037673
@ A, —0.018477
As 0.005477

A 0.817876

. A —0.011674
® A, 0.004581
A, —0.001096

Ag 1.099560

. A, 0.072206
@ A, —0.054571
As 0.014627

Table 3 The values of coefficients K¢, and Ag)at
tooth root fillet of internal gear

Ao 0.547931

A, 0.975861

K A, —0.373770
A, 0.049342

Ao 0.648743

A, 1971163

Ko A, —0.960391
A, 0.152111

A, 1506893

: A, 2.380943
Ko A, —0.979631
A, 0.134331
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