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Fig. 12 Static relative displacements at different angular positions 
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Fig. 13 M a x i m u m dynamic increments at different speeds and static 
loads 

3 Effect of torsional vibrations and dynamic unbalance on 
dynamic loading. 

4 Effect of cyclic variation of the externally applied load on the 
dynamic loading. 
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Fig. 14 M a x i m u m load on tooth at different transmitted loads and speeds 
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D I S C U S S I O N 
W. Coleman2 

The writer is quite favorably impressed by the author's work. 
He should continue on this project to learn more about the effects 
of other variables as outlined in his concluding section. We 
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should especially like to see work clone with the effects of tip 
modification. 

One of the problems with this sort of test is the determination 
of the magnitude of the errors under a given load. The tooth 
may start out with a conjugate tooth shape under no load, but 
will assume a nonconjugate tooth shape under load. Conversely, 
the tooth may start out with a nonconjugate shape under no 
load, but may assume a conjugate tooth shape under one specific 
load. Does the author have a means of checking conjugacy under 
load? Correlation between errors at no load and errors under 
a specific load deserve more study. 

The author states that he measured the gear-tooth errors. 
Could he indicate the magnitude of the errors on the specific 
teeth on which tests were performed? These data would be help-
ful in making comparisons with other methods for calculating the 
dynamic loads. 

The author deserves thanks in his efforts to further the under-
standing of gear-tooth behavior under load. 

T. P. Goodman3 

This pioneering experimental investigation is a welcome contri-
bution toward the increased understanding of the nature of dy-
namic loading in gear teeth. Readers of the paper mil also be 
interested in the parallel investigations of Niemann and Rettig4'5 

in Germany, and of Richardson6 in the United States. 

E. J. Wellauer7 

The subject paper is an extremely valuable contribution to 
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the complex problem of gear-tooth capacity and rather particu-
larly as regards the measurement of dynamic loads. Tliis subject 
has been in a confused situation mainly because the contributions 
of previous researchers had been made prior to the advent of 
modern measuring instruments of high accuracy. The paper 
indicates that much further work can be done on this subject 
and the writer is quite certain this start will encourage other 
research along this line. 

Perhaps the most valuable evidence contributed by the paper is 
that the dynamic-load increment as suggested by Buckingham and 
Tuplin cannot be generalized. Modern gear-rating methods 
have recognized this factor and attempt to evaluate dynamic 
loading by more accurate means. The use of the transmitted 
load as a parameter in studying the dynamic increment is in-
teresting, particularly since Fig. 14 of the paper shows that, for 
certain speeds and mesh conditions, the percentage of the dynamic 
increment reduces as the load increases. This has always been 
an accepted phenomenon and late research in the author's 
laboratory has tended to indicate that the flexibility of the gear 
teeth is very much involved with the quantitative aspect of this 
phenomenon. 

The writer would be interested in knowing whether or not the 
author studied the comparison between the static relative dis-
placements under various torque loadings. In addition, the 
physical dimensions and stiffness of shafts and supports, and 
errors in mounting would enable the data to be quantitatively 
analyzed more completely. 

The author is to be congratulated on his fine work and it is 
hoped that he will contribute further information on this sub-
ject. 

Author's Closure 
The author wishes to thank the discussers for their valuable 

comments. Mr. Coleman points out very correctly to the effect 
of the change of conjugacy under load on the maximum dynamic 
tooth load. The author believes that, for Ni-Cr, case-hardened 
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steel gears as the test gears, and under static transmitted loads 
as those at which the present results were obtained, such effect 
would be little compared to the effect of the combined resultant 
errors between the gears as they roll. 

It is not only the magnitude of errors between two gears in 
mesh that counts in calculating the dynamic loading or in com-
paring between any two pairs of gears. There are many other 
factors such as the time of insertion of error at the moment when 
the maximum dynamic loading occurs, the shape and nature of 
the error itself, the shape of the cyclic change of error along the 
path of tooth contact, and many other factors. All or some of these 
factors change in nature and magnitude under load and at speed 

which makes the analysis of the problem very complicated if 
treated as a pure vibration problem. 

Fig. 12 which shows the change of error of one tooth was given 
as a sample of results of tests carried out by the author8 on the 
teeth of the test gears. For the sake of interest and comparison, 
Figs. 15, 16, and 17 together with Fig. 12 form the static relative 
displacement curves at different angular positions for the four 
specified teeth whose test results were given in Fig. 10, respec-
tively. 

8 A. Y. Attia, "Dynamic Loads of Spur Gear Teeth," PhD thesis. 
Department of Applied Mechanics, The University of Sheffield, 
England, 1956. 
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