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On the Load and Stress Cycles in the Involute Gear Teeth
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Abstract

o - ; . .
Formerly a few. researchers have touched the problems concerning the load cycle and the stress

. i . T
cycle in gear teeth. In the case of multiple-contact gear teeth, the load is divided unequally among

© ) , ‘ .
teeth contacting at the same time, In spite of no spacing error, the proportion of load division



3% ‘ o + il &
for each tooth changesr during contacting interval, so that the change of it draws a cycle.

Furthermore, the stress on the root of the tooth is greater than that of any other pa;rt and
also changes during contact.  This’ éhange can also be calculated on the assumption that there is
no effect of the stress-concentration in the fillet points. V ' )

Mr Baud and Peterson have introduced the methods for analysing the load and stress cycles
in gear teeth and have made tests photo-~ elastxcally As we detected some doubtful points in their
theories, we made research upon the problems from our own standpoint, and completed more accurate
‘methods for analysing these cycles and improved theirs. Then we took a few examples, comparing
our results to theirs. ‘

- Now we will enumarate a few important differences.

"1. To calculate the deformation of teeth,.they considered only circumferential component of
the load, negrecting radial one. {Xs we take the latter into consideration, we are convinced of an
1rrat1onahty of negrecting it. - ) ’ . -

2. Their considerations are restricted within following 3 kmds of ‘deformations; bendmg deflection,
shearing deflection and deformation due to depression. The former 2 of them are the circumferential
ones and the lattest is measured in the direction of the line of action. *

But When’we take the differences of the states of deformation between bending and shearing
into consideration, that is to say, while in the shearing defoxmatlon, the lines that have cut the
neutral axis at right angles should keep their directions nearly censtant and remain parallel to each
other afte1 deformation,” on the other hand, in the bending deformation, these right angles should

' remain unchanged (so that these lines become unparallel to each othex) we find that in bending it is
not sufficient to calculate the circumferential deformation only but that we can not negrect the effects
of chaﬁging the directions of the lines that have been at right angles to the neutral axis and parallel
to each other. ) ; k

This fact has effects in the first order upon the change of contacting state of gear teeth, so that
we calculate these effects and add them upon the above-mentioned 3 factors. k '

3. If we assume that the curvature of profils of teeth near the contact points remain constant
after deformation, we can compare the state of transformation of teeth to the problems of osculation
of circles whose radius is equal to that of curvature of each tooth. Then we calculate the 'moles
of advance of driver’s teeth and putting them equal, we conld gain equations to determine’ the stdte

. of load division, ‘ -

4. Gbncerning the depression of tooth surface by the load, they used the -equation given by
Timoshenko and Baud, applying Hertz's theory.. But that equation is not linear to the pressure
as they say. We attained to another formula that is perfectly proportional to -the pressure. It makes
our later anélysis‘ very easy to adopt this linear equation. Furthermore, their equation seems to
overestimate the value of depression in the case of gear teeth. ’

5. To determine stress cycles at points on the roots of téeth the. radial component iz also

taken into consideration. The results optained can explain the different stresses _between 2 points,

compression side and tension side, This difference has been 1ecovmzed under photoehstlc experi-

.
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ments done by Baud and Peterson. The resultes of our research are shown in from TFig. 8 to

Fig. 10.
These examples are as following : ’
No. Number of Teeth ; ~ Type Pressure Angle Contact Ratio
1 35-35 Proportional Center Distance 145 2004
2 35-35 . " 20 - 1687
. 3 35-35 ) Full Mark Gear . 14.5 1.898
4 100-100 Proportional Center Distance 14.5 2.324

In the load cydle, our results do not differ S0, Iwrgely from these of Baud and Peterson. It is
due to the fact that, though the new factors we have taken reach considerably large amount in
absolute value, they cancel algebraically each other for the most part, and can hardly make any large
alteration in the load cycle.  But 111 the stress cycle, the difference of the stress between tention
and compression side are found evidently with our method. It is hecause that we took the comp-

ressive stress in the root of the tooth into consideration, and we can explain the results obtained

. experiméﬁtally by Baud and Peterson. - ) e
BlE 3 w t
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