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Finite Element Stress Analysis of a Generic Spur Gear

Eugene A. Tennyson
The University of Tennessee, Space Institute

[TheStatements andopinions containedhereinare thoseof theauthor andshould notbe construedasan official actionor
opinion of the American Gear ManufacturersAssociation.]

ABSTRACT:

The prediction of bending stresses in a gear tooth, resulting fxom an externally applied torque, requires special
consideration when designing spur gear systems. The tooth geometry is such that excess risers exist which must be
accounted for. In addition, variables affecting the exact loadpoint on the tooth and the directionof the applied load are
critical. An interactive preprocessoris developed which generatesall the information, includinga detailed tooth profile,
necessary to perform a finite element bending stressanalysisofthe gear system. To validatetheprocedure, a test group
of spur gears is identified and analyzed. The results are then compared to those obtained via the American Gear

ManufacturersAssociation (AGMA) standards. The comparisonrevealed the finite element stressesto be slightlymore
conservative than the corresponding AGMA standard stresses. A generalized stress equationand geometry factor,
based on the finite element approach, are also introduced. This paper is intended only as a proof of concept.
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Finite Element Stress Analysis of a Generic Spur Gear Tooth

Eugene A. Tennyson"
The University of Tennessee Space Institute, Tullahoma, Tennessee 37388

The predictionof bendingstresses in a gear tooth, resulting froman externallyapplied torque,
requiresspecialconsiderationwhendesigningspurgearsystems.The toothgeometryis suchthatstress
risers existwhichmustbe accountedfor.In addition,variablesaffectingthe exactload pointon the
toothand thedirectionof theapplied loadarecritical.An interactivepreprocessoris developedwhich
generatesall theinformation,includingadetailedtooth profile,necessaryto performa finiteelement
bendingstress analysisof the gearsystem.To validatethe procedure,a test groupof spur gears is
identifiedand analyzed.The results are then comparedto those obtainedvia the AmericanGear
ManufacturersAssociation(AGMA)standards.The comparisonrevealedthefiniteelementstressesto
be slightlymoreconservativethan the correspondingAGMAstandard stresses.A generalizedstress
equationand geometryfactor,basedon the finiteelementapproach,are also introduced.This paper
is intendedonlyas a proofof concept.

Introduction represents the transmitted tangential load and F the
The selection and design of spur gear systems is tooth face width. Although Eq. (1) represented

primarily guided by the anticipated bending stresses significant progress at the time, it is not very accu-
in the loaded tooth. Indeed, excessive bending stress rate in view of today's computational capabilities.
in the fillet region is often the cause of gear failure.

It is therefore important to have the means to _e

reliably predict these stresses, w_
Wilfred Lewis1, in 1893, proposed a bending stress

formula, which for the first time, took into account LoodPof_4"_n

the form of the tooth. To this day, this formula i I f- eh c_-e._
remains the basis for most gear design. The gear
tooth is assumed to be a cantilever beam of uniform

cross section, rigidly fixed at the base as shown in
Figure 1. The "theoretical weakest section" AB is
then located by inscribing a parabola within the
tooth outline. The parabola should be tangent to the
fillets on either side, and its vertex is at the point Fig. 1 lewis' Parabola of UniformStrength
where the line of action crosses the center line. The

bending stress a/: at AB is then determined by the In 1942, Dolan and Broghamer 2 conducted a
following Lewis equation photoelastic study of stresses in gear teeth which

provided much detailed information about the
6Wt nature of stress distributions in the neighborhood of

°L = hFt (1) fillets. This study also yielded a new stress concen-
tration factor K which, when applied to the Lewis

in which t is the length of AB and h is the distance equation, results in a more realistic value for the
from C to AB in Figure 1. Furthermore, Wt bending stress at the tooth fillet. The factor K

reflects the combined effect of the tangential compo-
nent Wt and the radial component Wr of the
external load W on the tooth. As an example, the

*GraduateStudent,Dept. of MechanicalEngineering. stress concentration factor K for a 20° pressure angle
stub tooth is given by

Copyright American Gear Manufacturers Association 
Provided by IHS under license with AGMA 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AGMA 91FTMS1 1991

http://www.avadocuments.com/doc/agma-91ftms1-1991
http://www.avadocuments.com/doc/agma-91ftms1-1991


It_ o.15 f t1 0.45 Model Definition
K = 0.18 + I.rfJ I.hJ (2) ToothProfile

One of the most widely accepted gear tooth pro-

where .rf represents the fillet radius of the tooth as files is defined by the involute curve which provides
shown in Figure 1. a natural line of contact for two mating gears.

The American Gear Manufacturers Association Before a finite element grid can be generated, it is

(AGMA) incorporated both the Lewis equation and necessary to derive a set of cartesian coordinates

the Dolan and Broghamer stress concentration factor (z;i, YIi ) for a generic point on the tooth profile.
K into its standard. The AGMA bending stress for
a statically loaded standard addendum spur gear with z85
00 helix angle is given by "_ .

2.80 _votute°AGMA= FJ (3) "g zTs
_ oid

/_ 2.70

where ¢rAGMA is the bending stress number, Rp the
pitch radius of the gear, and Pd the diametral pitch. 2.65
The Geometry Factor Y depends on the Lewis Form z60
Factor Y as well as on the stress concentration factor

I I I

/_ In practice then, Eq. (3) is often used to deter- 0.o437o._75 o.m2
mine the maximum static bending stress in a spur 1/2ToothThickness(In)
gear tooth subjected to the usual operating loads.

An alternative to the AGMA standard approach to Fig. 2 Involute and Trochoid Curves
computing bending stresses in gears is provided by

the finite element method. The possibility of using One of the more popular methods for cutting
the finite element method is very appealing, espe- involute teeth is the hobbing process 4-5.This process
cially to the designer who is only occasionally consists of traversing a straight sided rack across a
responsible for gear selection and application. In rotating gear billet. As the rack moves across the
addition, it is expected that, when properly imple- rotating gear an involute is generated on the gear
mented, the finite element approach will yield highly tooth blank. In addition, a fillet is cut in the root of
accurate results, the tooth in the form of a trochoid curve as depicted

In the course of the present study an interactive in Figure 2. Equations for both these curves can be
preprocessor was developed which queries the user derived. Assuming a base radius R b is given, it can
for minimal information concerning the spur gear be seen from Figure 3a that the profile angle _bpi
system at hand. The preprocessor outputs all the corresponding to a generic point on the involute at
information needed by a standard finite element radius ri is given by
program to perform a stress analysis of the gear

tooth. In order to validate the procedure, a test _pi=sin -1 (R_/ri) (4)group of spur gear systems was identified and
analyzed using the finite element method. The
resulting bending stresses are compared with those The involute angle 0 i is then defined as

obtained via the AGMA standard Eq. (3). In addi- Oi = t_ntbpi- dppi (5)tion, a new generalized bending stress equation and
geometry factor are proposed, based on the finite
element results. In the next section, the model Also, from Figure 3b it can be seen that

definition for a generic spur gear tooth will be ti

discussed. Oa= 0i +_r i (6)

2
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