4 Beane, G. A., IV, and Lawler, C. W., "Load-Carrying Capacities of Gear Lubricants of Different Chemical Classes Based on Results Obtained with WADD High-Temperature Gear Machine Used
With Induction-Heated Test Gears," Southwest Research Inst.
(AFAPL-TR-65-23, AD-C20294), April 1905.
5 Jackson, E. G., Muench, C. F., and Scott, E. H.: "Evaluation
of Gear Materials Scoring at 700° F," ASLE Trans., Vol. 3, No. 1,
1960, pp. 69-82.
6 Bamberger, E. N., Zaretsky, E. V., and Anderson, W. J.,
"Fatigue Life of 120-mm Bore Ball Beatings at 600° F With Fluorocarbon, Polyphenyl Ether, and Synthetic Paraffinic Base Lubricants,"
NASA TN D-4850, 1968.
7 Chevalier, J. L., Dietrich, M. W., and Zaretsky, E. V., "ShortTerm Hot Hardness Characteristics of Rolling-Element Steels,"
NASA TND-6632,1972.
8 Townsend, D. P., Chevalier, J. L., and Zaretsky, E. V.,

"Pitting Fatigue Characteristics of AISI M-50 and Super Nitralloy
Spur Gears," NASA TN D-7261, 1973.
9 Townsend, D. P., and Zaretsky, E. V., "Effect of Tip Relief on
Endurance Characteristics of Super-Nitralloy (5Ni-2Al) and AISI
M-50 Spur Gears," Proposed NASA Technical Note, 1973.
10 Chevalier, J. L., Dietrich, M. W., and Zaretsky, E. V., "Hot
Hardness Characteristics of Ausformed AISI M-50, Matrix II, WD65, Modified AISI 400-C, and Super Nitralloy," NASA TN D-7091,
1973.
11 Dowson, D., and Higginson, G. R., Elasto-Hydrodynamic Lubrication, Pergamon Press, 1966.
12 Johnson, L. G., The Statistical Treatment of Fatigue Experiments, Elserris Publishing Co., 1964.
13 Borsoff, V. N., "On the Mechanism of Gear Lubrication,"
Journal of Basic Engineering, TBANS. ASME, Series D, Vol. 81,1959,
pp. 79-93.

P. M. KU '
As the authors have implied in their paper, a "life study" is
more than a study of pitting, but also of tooth fracture and wear.
Tooth fracture.is a unique gear failure mode, which, although it
occurs rarely with proper material selection and design, cannot be
obtained with the disk, 4-ball, or conventional rolling-sliding testers. Wear varies along the tooth profile due to the variations of
load and sum and sliding velocities in the mesh; these conditions
cannot be simulated in a cyclic fashion in the conventional rolling-sliding testers. It can be argued that the three failure modes
should be separately followed up in basic studies. Nevertheless,
despite its shortcomings, there is a definite place for actual gear
testing in a life study. I am aware of only one prior publication in
the open literature [14], which was concerned with the effect of
lubricants on gear pitting life. The authors' work deals primarily
with materials and is concerned with all three failure modes and
is thus particularly welcome.
The tooth fracture of M-50 gears is not surprising, as explained
by the authors. In fact, we have occasionally encountered tooth
fracture on M-50 gears, even in the relatively short-duration
scuffing tests, at high loads due to bending alone, i.e., without
pitting. We have found that M-50 gears give a much higher scuff
failure load than Nitralloy N gears, depending on the lubricant
[15]. But the tooth fracture problem makes M-50 steel an unacceptable gear material. Our unpublished results have shown that
Super-Nitralloy N gears (with white layers) give excellent scuff
failure loads; these results together with the authors' pitting results appear to show that it is a promising gear material. There
are, of course, other steels that permit a hard case and softer core
that are also worthy of consideration.
One of the strong incentives for conducting life testing of gears
is to study wear, in addition to pitting and tooth fracture. The
wear results reported here, with time, are not easy to explain. It
is hoped that the work will be continued, with more attention directed to wear.
Additional References
14 Davidson, T. P., and Ku, P. M., "The Effect ot Lubricants on Gear
Tooth Surface Fatigue," ASLE Transactions, Vol. 1, 1958.
15 Baber, B., Anderson, E. L., and Ku, P. M., 'Effects of Lubricants,
Metals, Temperature, and Atmospheric Environments on Gear LoadCarrying Capacity," JOURNAL OF LUBRICATION TECHNOLOGY,
TRANS. ASME, Series F, Vol. 90, No. 1, Jan. 1968, pp. 117-124.

D. J. Fessett 4
This paper presents the gear fatigue properites of two materials
under specific test conditions. Since the objective of these tests is
to produce data that can be used by the gear manufacturers, the
following suggestions and comments apply.
The use of AISI M-50 and Super-Nitralloy in aircraft gear
3
4
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transmission is very limited. At present AISI 9310 and Vasco X-2
are more likely to be used for the case-hardened materials, and
chrome molybdenum and maraging steels for the through-hardened gear materials.
The face width of the test gears of 0.10 in. is thought to be too
narrow for an eight-pitch gear. Face width of 1 to 5 times the circular pitch (0.4 to 2.0 face width) is more common. Can the data
published in this paper be extrapolated to wider face gears?
The use of super-refined naphthenic mineral-oil lubricant having proprietary additives combined with an inert cover gas is not
paractical for present-day gear transmission. A better choice of
common lubricants such as MIL-L-7808 or MIL-L-23699 would
allow a closer correlation of the authors' data with present aircraft transmission designs.
The test procedure of offsetting the gears is questionable due to
extraneous tooth deflection. Would gears correctly in line produce
the same results?
The fatigue data indicated a 90 percent survival (tin life) was
approximately 25 X 106 cycles with a Hertz load of 275,000 psi.
An S-N curve showing the life at various stress levels would be
more beneficial for gear designers, since their stress levels might
be lower or higher.
Tip relief is primarily placed on gears to reduce scoring due to
inaccurate gears or tooth defections. Tip relieving is generally not
related to fatigue properties unless the tip relief is excessive.
When the relief affects the majority of the addendum of the gear
the contact ratio or load sharing of a tooth is affected resulting in
higher bending stresses along with greater scoring potential. This
fact is borne out by the authors in Fig. 8 and is the reason that
the M-50 gears failed in bending rather than pitting. A proper tip
relief should only be on the edge of the top land of the gear and
should not extend any more than necessary into the involute of
the gear.
Tip relief should not affect the Hertz compressive stress at the
pitch line where pitting occurred. The difference in the fatigue results of the tip-relieved Nitralloy gears might be attributed to
processing, since the gears that lasted longer were ground after
heat treating while the gears that pitted sooner were tested with
the nitride white layer on them. Also, was the involute of both gears
identical, since nitriding (especially a thick coat of 0.020 in.)
does cause growth?
In general, the work performed by the authors is commendable;
however, further testing or additional data are needed to allow
the paper to be more useful for the gear designer.

Authors' Closure
The authors would like to express their appreciation to Messrs.
P. M. Ku and D. J. Fessett for their discussions. The authors
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DISCUSSION
3

The distribution of surface fatigue failures of gears is represented by the Weibull plots shown in Figs. 5 and 9. As is obvious from
these data, there can be considerable life scatter from the first
failure in a group of test gears to the last failure. The life at a 90
percent probability of survival, or the Lio life (10 percent failure
probability), can be taken as an estimate of early fatigue life. In
general, Lio « ( l / s t r e s s ) n where n can be assumed to be 9 based
upon rolling-element fatigue data [16, 17]. Hence, these data can
be extrapolated into a lower or higher stress range. However, for
gears of different pitch diameter, tooth geometry or face width,
the stress volume must be statistically considered in order to extrapolate these data for life predictions.
The authors agree with Mr. Fessett that tip relief should not
affect fatigue life except where excessive tip relief produces increased dynamic loading. The data for super nitralloy (Fig. 9)
showing the effect of tip relief on surface fatigue life indicate that
the lives are nearly identical. The small difference in the Lio life
is not statistically significant.
Additional References
16 Parker, R. J., and Zaretsky, E. V., "Reevaluation of the Stress-Life
Relation in Rolling-Element Bearings," NASA TN D-6745,1972.
17 Parker, R. J., Zaretsky, E. V., and Bamberger, E. N., "Evaluation of
Load-Life Relation with Ball Bearings at 500 Deg F," ASME paper \ r o.
73-Lub-7,1973.

PRIOR PUBLICATION—A DEFINITION
The policy of the Society is to publish only papers that have not had Prior Publication. Prior Publication is defined as publication that makes the information generally available to the engineering
profession.
General Availability means that a qualified searcher, exercising reasonable diligence, has a high
probability of discovering and obtaining the document.
ASME editors have discretion in deciding matters concerning Prior Publication.
Each paper submitted to ASME shall be accompanied by a statement from the author that the
paper has not had Prior Publication and that it is not being considered for publication by any other
organization.

590

/

OCTOBER 1974

Transactions of the ASME

Downloaded from https://asmedigitalcollection.asme.org/tribology/article-pdf/96/4/589/5918991/589_1.pdf by guest on 19 October 2019

agree with Mr. Ku's comment that there is a definite need for a
life study of gear materials. While it is true that the AISI M-50
material is subject to tooth fracture, there are applications for
AISI M-50 where increased temperature capability is necessary
and where tooth bending stresses are not critical.
With regard to Mr. Fessett's comments, the authors agree that
other materials such as AISI 9310 and Vasco X-2 need to be investigated. What is surprising however, to the authors, is the lack
of pitting fatigue data for common gear materials used by gear
manufacturers.
Offset testing of gears should not have an appreciable effect on
the surface fatigue life of the gear tooth unless there is misalignment. Misalignment would cause edge loading and, hence, early
failures. The authors have not seen any failures due to edge loading in their test results. The offset gear loading does, however,
cause some twisting of the tooth and will increase the bending
stress on the loaded side. This effect can influence the bending
fatigue life of the gears.
The lubricant used in the authors' tests was selected because of
its good storage life. A single batch of lubricant can be used over
several years. As a result, comparative results can be obtained for
several steels. Rolling-element bearing experience has shown that
when comparing the pitting fatigue life of different steels, the
ranking of the steels should be the same with different lubricants
if the mode of failure is the same.

