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Abstract: The rapid advancement in national defense technology has escalated the demands on aviation equipment. The importance
and prominence of gears, being fundamental components, has been steadily increasing. Nonetheless, the development of surface

tribological properties for gear pairs remains a challenge. Focusing on the tribology and texture design of gear pair surfaces holds the
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promise of significantly enhancing their service performance and advancing the design of high-reliability and long-life aerospace gears.
This study begins with an overview of the basic meshing characteristics of gear pairs and delves into how surface roughness impacts
their performance. It has been discovered that diminishing surface roughness effectively contributes to wear resistance. For decades,
the tribological design of gear surfaces has evolved toward achieving higher precision and smoother finishes, grounded in
conventional mechanical design and tribology principles. Despite advancements in polishing techniques, the average roughness of
aviation gear teeth surfaces has been capped at approximately 0.4 um. Given the considerations for processing cost-effectiveness,
endlessly minimizing surface roughness is impractical. Recent research has demonstrated that under conditions of either rolling or
sliding friction, a smoother surface does not necessarily equate to superior wear resistance and friction reduction outcomes.

Then, the influences of surface texture on the tribological performance of gear pairs are discussed. Over the past few decades,
researchers from both domestic and international spheres have conducted extensive studies on the surface texturing design of gear
pairs. The formation of surface textures through various processes is presented, along with a detailed review of the current research on
gear surface texture design, covering both experimental investigations and theoretical simulations. According to the literature
available, the benefits of surface texturing on performance are outlined, primarily encompassing friction reduction, wear resistance,
surface strengthening, vibration damping, and temperature mitigation effects.

Subsequently, advancements in the numerical calculation of gear elastic-fluid lubrication are introduced, summarizing the effects of
surface texture and texturing on the elastic-fluid lubrication characteristics of gear pairs. The prevailing numerical simulation efforts
related to gear pairs mainly address two factors: surface roughness and texture. Historically, simulations of elastic-fluid lubrication for
gear pairs predominantly utilized the infinite-length wire contact model. However, recent research has gradually shifted from this
non-linear-length wire contact model to finite-length models that more accurately reflect the real contact length under actual surface
conditions and mixed lubrication conditions, acknowledging the limitations of real wire contact length. Surface texture represents the
three-dimensional morphology on the tooth surface, making the two-dimensional infinite-length model inadequate for current research
needs. Investigating how to extend the application of three-dimensional wire contact models to numerically simulate surface texture,
considering surface roughness, is of significant interest.

Following this, a comparative analysis of various surface texturing processing technologies for gear surfaces is conducted. This includes
examining the advantages and disadvantages of specialized processing techniques such as laser etching, mask electrolysis, and micro
abrasive jet texturing. Finally, a summary and outlook of the surface texture design of gear surfaces are proposed, including the existing
research gaps and future research directions. Current design approaches for the surface texturing of gear pairs involve theoretical simulation
and experimental optimization. Although surface textures present clear benefits and potential for application, it is important to recognize the
challenges in designing surface textures for high-speed aviation gears, which remain areas for further exploration. The efficacy of surface
textures on tooth surfaces is intrinsically linked to their operational conditions. The primary challenges are twofold: the design of gear
surface textures and advancement of gear manufacturing technologies. Surface textures are believed to significantly enhance tribological
performance, offering innovative solutions for the design of high-reliability and long-life aviation gears. This approach is anticipated to
bridge the research gap in this domain and broaden the future application of surface texturing.

Keywords: gear; surface texture; surface roughness; surface morphology; elastohydrodynamic lubrication; roll-slip condition
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