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STUDY OF HELICOPTER GEAR 1U-RICATION

Summary

Work carried out during the first guarter of Contract NOw 65-0323-c
between Shell 0il Company and the U.S. Navy is discucsed in this report.
Two main subjects are treated: the first is the e¢ffcct of several gear surface
precoatings on gear performance; tne second is the gear performance of a
typical synthetic, tetraester, five-centistoke hase oil.

It was found that precoating gears by heating in atmospheres of

air, or a diester base oil, had little effect on the score load of a
MIL-L-23699 test oil, while gears treated in & nitrogen atmosphere gave an
increase in score load. Fatigue life as meacsured Uy the time to pitting
failure, on the other hand, was considerably affected by the precoatings,
particularly at high speed. In constant lcad tests at 6400 rpm it was found
that the diester oil precoating extended gear 1ilc by a factor greater than
seven, while the air precoating jncreased 1ife threc times. Under these
same conditions the nitrogen treatment had no «Ifect on gear life. While
the coating techniques investigated represent oniy &u initial attempt in
this field, the improvement in performance iz sufficient to warrant further
study.

From tests with the synthetic base cil, it was found that this oil
is rather insensitive to break-in, and that fatigzuc failures occurred by
fatigue-scoring rather than by pitting. The purpose of these tests was to
develop groundwork for future exploratory studies involving the effects of
EP additives on gear performance.

Introduction

In recent discussions with personne. o a major manufacturer of
helicopters it was again confirmed that the leadine cause of transmission
failure, and thus the factor limiting transmission overhaul life, was fatigue
pitting of the slow-speed planetary stage gear teciln The present work is
primarily concerned with the causes and possible alleviation of gear tooth
pitting.

The main channels of the research effort are: 1) the exploration
of the character of the break-in response of gears, ad2)the investigation of
the causes of differences in pitting performance teiween pertinent lubricants
in terms of their physical and chemical propertics. When the nature of these
two parameters is better understood, our objective will then be to define
the limits of performance improvements which may be rcasonably expected in

practical systems. In the present work, explorator) studies of several surface-
modifying coatings which could affect break-in and alleviate fatigue effects
have been carried out.

Considerable information is available in the literature concerning
lubricant films, their formation, thickness, stroagtin, and chemical composition,
but less is known about the behavior of preformed ilms or precoatings, i.e.,
films formed on the metal surfaces before uihey art a-ti1vely brought into
contact. Fitzsimmons and Zisman® have reported on coatings of polytetra-
fluoroethylene as lubricants and preservatives, and Founds® has shown that
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