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ABSTRACT: The renewed interest in lubricating solutions in gear transmission systems is being driven by more stringent quality 

standards & operational requirements. To address the industrial challenges of greater load, speed, temperature, and efficiency 

requirements in different powertrain applications, such as automotive, aviation, and marine, optimized gear lubrication techniques 

and lubricant formulations are required. Gear lubrication has been the subject of several theoretical and empirical studies, with a 

focus on lubrication simulation and lubricant formulation. Lubrication techniques and circumstances can be improved to reduce 

friction, reduce wear and scratching, and improve gear speed. This work evaluates gear lubrication articles with an emphasis on 

gear effectiveness, contact fatigue, and dynamics in order to assemble and categories major research in an extensive subject with 

substantial current research. There are also some results acquired by the writers that are included. In this paper, the authors tried 

to cover all the existing method used to lubricate a gear system and identifies the gap between requirement and existing technology 

in order to help future researchers in improving lubrication technologies. 
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1. INTRODUCTION 

Glove lubrication's major goals are to reduce friction, boost efficiency, reduce strain and contact fatigue of the 

interlocking tooth surfaces, and increase the durability. Gear tribology has been studying lubrication qualities 

since the eighteenth century, and numerous engineers and academics have continued to improve gear lubrication 

methods and circumstances.  Sasaki et al.  came up with an equation for fluid lubrication that took into account 

the sliding action between two revolving cylindrical surfaces[1]. Many liquid fuels and other forms of 

lubricants, including such oils and ester oils among others, are used for gear applications. Various oil types and 

lubricant additives are said to have different impacts on the engine[2].  

Gearboxes are common in large factories, as are massive reduction units with complex lubrication systems. 

Despite the fact that their proper maintenance is just as necessary as any other piece of machinery, they are often 

neglected because they are assumed to run trouble free for many years. While gear units have a longer lifespan 

than most other types of machinery if they are properly maintained, there are times when premature wear occurs, 

and it can be difficult to pinpoint the cause[3]. Modern designs of mechanical elements like gears are constantly 

challenged to achieve high levels of efficiency and dependability, as well as higher load carrying capacities. In 

mean time, "robust design" and "optimization" approaches today require a high power density reduced size and 

weight as well as longer service intervals. 

Fig. 1 illustrates the oil dip lubrication system, in which the gears are dipped in pot containing lubricant to 

facilitate lubrication of gear box reducing friction between to meeting gears. As a result, two industrial gear oils 

were tested for their lubricating properties: a paraffinic mineral oil with a micro pitting protection package, and 

a biodegradable, non-toxic ester. They observed that the ester oil might reduce the friction coefficient while 

lowering gear mass loss[4]. The results show that ester lubricants outperform mineral oil in terms of micro 

pitting resistance. This study suggests that biodegradable ester lubricants have the potential to be high-

performance, ecologically friendly gear oils. Synthetic lubricants, such as poly alkaline glycols or artificial 

hydro carbons, provide many times the service life of mineral oils by lowering friction losses and heating during 

gear tooth contact. Synthetic lubricants, on the other hand, are often significantly more expensive. Fig. 2 

illustrates the radial and axial flow of air in to gear train for providing lubrication to it. 
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Fig. 1: Illustrates the oil dip lubrication system, in which the gears are dipped in pot containing 

lubricant. 

                                                   

Fig. 2: Illustrates the radial and axial flow of air in to gear train for providing lubrication to it [5]. 

Continuous advancements in gear lubrication have been developed throughout the years, and research findings 

have resulted to practical norms. Gear lubrication is concerned with the effects of gear characteristics and 

lubrication conditions on gear operation[6]. The oil layer thickness anticipated on the premise of fully-flooded, 

isothermal smooth surface circumstances has been found to be frequently overstated. What exactly happens in 

these circumstances is not entirely apparent. This suggests that a solid-like contact is frequently formed at the 

peaks and that low-pressure liquid is still present in the troughs. In order to calculate out tooth heat, which 

controls the inlet viscous and therefore the thickness for gears other than the slowest moving, barrier chemistry 

will be studied. Since the teeth are in touch with each other and are heated by friction, the dental temperature is 

elevated. As a result of friction and viscous dissipation, the gear atmosphere itself may be warmer than the oil 

supply temperature[7]. This phenomenon is known as churning in oil environments and wind in air 

environments. 
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Fig. 3: Illustrates the gears with label fixed on it showing the specification of gears as well as the 

lubricant used for it[8]. 

Is from the other hand, mixed lubricant is undeniably real. Electromechanical contact resistance studies with 

time-varying smooth-body thickness demonstrate that discrete solid contact (zero resistance) events emerge in 

proportion to the distorted roughness height as the seamless thickness decreases. This characteristic is also 

affected by sliding. Studies on artificial ridges have shown that the crest may dissolve while surrounding 

surfaces remain divided. They both show that local weakening of the owing to roughness may develop, if to just 

not solid contact, at least to breakups of about around nanometers. When introducing solid lubricants to liquid 

or paste lubricants, the ideal dosage should be found to prevent gear teeth wear. a worm gear wear model based 

on AR chard’s wear equation Using a low lambda ratio, the wear rate was calculated, and the wear pattern was 

projected. Mathematical studies show that wear is highly dependent on lubricant layer thickness, which focuses 

wear on wheel teeth center. A simple approach to determine the tooth temperature has yet to be broadly 

recognized, and rigorous analysis is still too time-consuming and difficult to be used in gear design, despite its 

importance[9]. 

When speed is increased at constant torque, however, a consistent feature of all experiments is that an increase 

in temperature is observed, which has the effect of decreasing elastic hydrodynamic thickness. Fig. 3, Illustrates 

the gears with label fixed on it showing the specification of gears as well as the lubricant used for it which varies 

accordingly to material used for making the gears and its use. It is true that analytical procedures are time 

efficient, but they have intrinsic limitations such as the inability to account for saturation and complicated 

geometries. Reluctance networks are not commonly employed, but they have shown the ability to represent the 

end field leakages of gears, even if they are not widely used. Since of frictional heating there at tooth contact, 

the temperature of the teeth is higher than that of the adjacent airfoil mixture. Furthermore, friction and viscous 

dissipation, commonly referred to as churning when the habitat is mostly oil, and wind age when the atmosphere 

is primarily air, can cause the gear surroundings to be hotter than the oil production temperature. Oil-loss 

tolerance science has progressed to a sophisticated degree in aircraft as a consequence of international 

airworthiness rules that require highest leadership for at least 30 minutes after losing oil pressure.  
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Fig. 4: Illustrates the representation of gear lubrication system containing different component like 

filter, baffle, oil pump and many more [10]. 

Initial payment clearances, temperature materials, vibration coatings, oil-retaining pockets, and full emergency 

lubricating systems are all part of the package. Initial research on internal coolant injections for emergency 

cooling in the way of an extinguisher was described by another worker. The relative ease with which 

attentiveness to pretty trivial design elements can considerably minimize temperature rises and prolong lifespan 

is a common example of this. Lubrication of mechanisms and low-power gears with grease is frequent. The use 

of oil in power transmissions, on the other hand, is far more common because to greater heat transfers and debris 

removal. In spite of this, several smaller helicopter transmissions have been successfully lubricated with semi-

fluid grease, which is a viable solution to the requirements for oil-loss tolerance and survivability. Unlike oil, 

grease lubricants has aspects of solid lubrication as well as hunger almost always present. Due to shear 

deterioration, grease mechanical characteristics near the contact can be considerably different from those in the 

bulk in recent times.    
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Fig. 5: Illustrates the failure of gear due to bending and frictional forces generated due to non-

availability of lubrication. 

Also, gear lubrication can be badly deteriorated by contamination from external sources such as water or sand, 

as well as internal sources such as wear or build up within gearboxes. This debris can produce extreme pressures 

and temperatures as well as malnutrition in a localized area along with a longer life expectancy and less fatigue. 

The as a result of oil systems has been shown. Open gears are typically lubricated with special greases, and 

corrosion inhibition is a major problem. Transmission systems susceptible to fast temperature and atmospheric 

conditions fluctuations, such as those found aboard aircraft, can be particularly challenging when it comes to 

water poisoning A new generation of hygroscopic breathers is now available, offering a practical option. 

Complex and confusing are the effects that water has on gear lubrication.  

Because the magnetic gear and electrical machine occupy totally different regions, the inner-stator architecture 

is arguably the most logical form of integration, especially in the decoupled situation. Due to its greater 

inductance, the decoupled design will have better flux-weakening capabilities than the coupled configuration. 

This is an essential factor to consider in applications like traction drives. The linked arrangement, on the other 

hand, offers a larger torque density due to the lack of a thick high-speed rotor yoke. The high level of mechanical 

complexity is one of the primary drawbacks of the inner-stator topology. Mechanical gears are often employed 

in industry, and their maintenance requirements and performance limits are well-known. Gearbox breakdowns 

are the leading cause of downtime, maintenance, and power generating loss in the wind power sector.Although 

corrosion and hydrogen deformation have a direct influence on the components, it appears that adverse effects 

on lubrication are also occurring. Free water, for example, may deplete polar ingredients from the oil, causing 

it to become less effective.  

2. DISCUSSION 

Many gears are vulnerable to impulsive or seismic loading, as well as sudden starts and stops; lift (elevator) 

hoist ring boxes are one example of this. Experiments have been conducted to determine how unstable motion 

affects behavior, and a variety of vibratory behaviours have been observed. Fig. 5, Illustrates the failure of gear 

due to bending and frictional forces generated due to non-availability of lubrication Gears without adequate 

relief constitute the second exception. As a general rule, gear teeth are relieved to improve load distribution, 

regulate transmission error, and reduce vibration or noise, as well as to avoid contacting the corner of the tooth 

tip extended. New gear transmission methods that are more efficient, dependable, and need minimal 

maintenance are needed in the market.  
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In comparison to traditional vernier machines, this architecture provides more flexibility in stator construction, 

but it contains an additional component that is predicted to decrease performance. Furthermore, surface analysis 

indicated that the film oil of was approximately 3 times thicker than other commercial gear lubricants, such as 

SAE 75W-90. Surface characterization indicated that the film oil of was approximately three times thicker than 

that of other commercial gear lubricants. Gear transmission performance is improved by better lubricant quality. 

To achieve this, regular lubricant replenishment and a sufficient volume of oil reaching the tooth contact areas 

are required. However, a contradicting truth is that frequent service is impracticable for some gear systems and 

operational requirements.  

This is especially true in large-scale and heavy-duty transmissions (such as wind turbines), as well as gearboxes 

with limited space. If no high temperature issue is discovered during quarterly inspections, some rotational 

vector reducers used in industrial robots with compact constructions require grease change after a lengthy 

running duration, such as roughly 10,0 0 h. Another potential contradiction between gear performance and 

lubrication needs should be highlighted, namely the potential conflict between improved transmission efficiency 

and noise, vibration, and harshness refinement observed in gear operation. 

CONCLUSION AND IMPLICATION 

The current study summarizes analytical and experimental studies on the impacts of lubrication on helical gear 

efficiency, interface fatigue, and dynamic behaviour. Furthermore, the authors' planned research are offered for 

further illustration. Friction, lubrication (i.e., churn, gripping), and gear wind age all contribute to leakage 

current in gears. Even while working at high temperatures, ester gear oil and grease improve efficiency; 

nonetheless, thermal influences must not be overlooked. Improved viscosity results in higher energy 

conservation and generally pro performance. Spray lubrication, on average, outperforms dip lubrication in terms 

of gearbox efficiency. Starvation greatly increases friction as well as power loss. Anti-wear and severe oil 

additives, as well as higher viscosity lubricants, extend the life of the gear surface fatigue. Hunger exacerbates 

heat effects, resulting in significant scuffing and wear damage. Unless the jet speed is low, jet lubrication has a 

longer fatigue life than dip lubrication. According to slider conditions, the lubricating fluid flow may drive 

fatigue cracks to propagate. Oil deterioration may generate failures in the case of actual etching or dark etched 

zones. Although there has been conducted extensive research in the sector of lubrication in gears but this domain 

is not limited and more research is demanded to explore the full potential of the gear lubrication. 
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