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The design of helical gear teeth normally involves the determination of the

shape coefficient obtained from the reduced or equivalent spur gear having

z, = z/cos38 teeth, where B 1is the helix angle. It is assumed that the shape

of the helical tooth in the normal plane corresponds to the shape of the reduced

spur gear tooth, Coincidence of the radii of curvature of the equivalent gear
tooth and the normal section of the helical gear tooth in the plane of meshing
makes it possible to consider the shape of these teeth equivalent solely at the
point under investigation. The correspondence of the shape of the teeth away
from the point in the root region has been little investigated. However,
replacement of a helical gear tooth by an equivalent one could introduce a
considerable error into the calculated shape of the tooth at the place which is
most important for its fracture strength. In this connection V.A. Andozhskii
suggests that tooth bending calculations should take their true shape into
account, and that replacement of a helical gear by a conventional spur gear is
inadequately substantiated, since, in his view, the magnitude of the stresses

is considerably distorted.

The investigations we performed had as their objective the determination of

the geometry of a helical tooth in a normal section and by theory of elasticity
methods to find the maximum stresses in it, which would make it possible to
solve for the correctness and accuracy of the existing recommendations for

choice of the shape coefficient for helical gear teeth,

The method of 'normal planes' developed by V.D. Andozhskii was adopted to
determine the geometry of a helical tooth. The normal plane passes through the
vector of the load PN applied to the apex of the tooth, and the axis of
symmetry of the profile. The profile of the tooth in the normal plane is
symmetrical. The corresponding profiles are shown in Fig 1, while here the

profile of the equivalent gear is shown.

The bending stresses of the helical tooth were determined from the
formulae for plane theory of elasticity by conformal mapping of the contour of

’ 2
the tooth on to a semi-plane .

The mapping function assumes the form:

5 & *
n .
Z (D(W) W+ Z —w——_—-{-‘i" . lyo
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* Calculations were performed using seven coefficients a s bn of the mapping

function, but the accuracy of the calculations was only marginally improved.




where Z 1is the complex variable on the plane of the projection, W is the

complex variable on the mapped plane, Yor 2, bn are the coefficients of the

mapping function.

The calculations were performed for two tooth numbers z = 17 and z = 30
with varying tooth helix angle B from 10 to 400, with module oy s tooth height

coefficient £ = 1 , centre distance ¢ = 0.25 m and a load P, = | kg/mm .

N
The results of the calculations are collected in Tables 1-2 and shown in
Fig 2.

From analysis of the data the calculated maximum stresses Ozax » determined
in the normal plane of a helical tooth, do not differ practically from the
stresses in the tooth of an equivalent spur gear, both for z = 17 and z = 30 .

The maximum difference oF
max

amounts to ~27 which lies within the limits of
error due to inaccuracies in the calculated shape of the tooth-shaped projection:
the deviation of the radii of curvature of the tooth and of the projection
mapping it (shown in Fig | by a dotted line), for which the stresses were found,
lie within the limits of 8,537 to 16.5%, which gives an error in stress con-
centration coefficients Aao » and consequently of the actual stresses Aogax of

2.47% to 4.97 respectively. This inaccuracy may be allowed for by refining the

. true stresses in the root of the tooth. The divergence between the true tooth

stresses for the equivalent and helical gears - varies from 1.75% to 2.84%
for the corresponding difference of the radii of curvature at the critical point
of 0.34%, 1.897. During analysis of the results it was found that the
relationship between the theoretical stress concentration factor ay and the

ratio S/p (S 1is the width of the critical section, p is the radius of

curvature at the critical point) is: T 0.273 (-2-) which was obtained
for spur gearsz. This relationship was also used to determine the concentration

factor a_ .
g

The good agreement between the stresses does not however indicate a
precise coincidence between the shape of the profile of the teeth of an
equivalent gear and the profile of a helical tooth in a normal section. It will
be seen from Fig 1 that the transposed curves of the teeth differ in curvature.
The maximum difference in the radii of curvature amounts to 10.51% for
z=17, B = 40° (Table 2). However the deviation in the curvature of the tooth

roots does not give changes in the stresses (Aao = 0,277%) which are noticeable
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from a practical point of view. Clearly the increase in the angle y (Fig 1) is
equal to ~57 with the apex of the tooth of the equivalent gear, and consequently
the reduction of the bending lever arm, to a certain extent compensates for the

increase in the stress concentration caused by a reduction in p .

It is interesting to compare the results obtained with the data given in the
investigation3. The bending stress coefficients Ah have been obtained by the
methods of non-parallel sections and non-localized elliptical coordinates. They
gave results fairly close to the true shape of the tooth in the normal plane.

The coefficients obtained using one of these methods are given in Fig 2 3. The
divergencies with these results are particularly noticeable with small numbers

of teeth. At a helical tooth helix angle B = 10° the divergence in the stresses
(l/Ah) ~5Z for z =17 and z = 30 . With an increase of angle B to 40° the

difference in the stresses increases to ~40%.

The calculations enable the conclusion to be drawn that in spite of the
discrepancy in the profiles between the equivalent and helical teeth in the
normal plane, it is possible, with an accuracy adequate for engineering calcula-
tions, to replace a helical gear by an equivalent spur gear having B> z/cos38 .

The shape coefficients of the two teeth in the normal plane will correspond.
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O:ax - ARE THE RADIUS OF CURVATURE AND THE MAXIMUM BENDING STRESSES

OCCURRING AT THE ROOT OF THE TOOTH OF AN EQUIVALENT GEAR

Table 2

Helix Tooth nuTger Tooth nugger
angle = =
B
e e
(deg) 70 7 %max ~ max 7 T P y %max ~ °max
e %nax Pe %max
10 +2.44 +0,587 +1,89 +2,84
20 -0.34 -1.75 +0,21 +0.23
30 -4,48 -0.712 -2,52 +0.06
40 -10.51 +0,257 -3.65 +1,103
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Profiles of helical and equivalent gears:
Py = 1 kg/mm; z = 303 g = 40°

Key:

a = normal plane

b = transverse plane
¢ = equivalent gear
d = critical point
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