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Abstract-

Gear drives are susceptible to consistent wear due to repeated cyclic stress around

the teeth while in the application. The repeated cyclic loadings have effects on the

tribological performance of the components. Also, the downtime data from bottling

plants showed that there is a significant increase in gear failure, which resulted in

maintenance costs. The contact between a pair of gear in the mesh is complex,

which leads to several failure modes like; micropitting, scuffing, micro pitting, and

wear as a result of rotation. Materials formed the fundamental elements in which

production/manufacturing processes depend on. The selection of materials for high-

quality manufacturing depends significantly on the complicated relationship

between their properties and manufacturing techniques. Recently, great varieties of

materials and processing techniques are available to a gear designer. However, the

choice of material and processing methods at a minimized cost poses a challenge to

gear designers. In the present study, the importance of material selection and

processing methods towards efficient gear design and transmission have been

enumerated. Failures associated with materials and processing techniques have also

been established as well as the methods of improving the mechanical properties. It is

expected that the adoption of the highlighted findings into gear design would result

in a reduction of failures and efficient gear transmission.
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1. Introduction

In gear manufacturing, several aspects are combined towards efficient gear transmission
design. One such which is critical and cannot be neglected is a material selection [1]. There
are three fundamental factors to be considered in the choice of materials for gears, and this
includes strength, durability, and cost [2]. Given this, Gupta and Chatterjee [3] noted that
these factors depend on the type of gear, the environment of the application, and the
combination of the mechanical properties that will give a reduced cost in large scale
manufacturing. However, it is impossible to achieve excellent design without adequate
manufacturing techniques during gear design. For instance, Chauby et al. [4] reported that
appropriate material selection connotes better manufacturing methods, which will give
accurate, functional, and excellent operation of gears with long service life.
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Further to this, Chaubey et al. [5] applied a multi-response optimisation technique in the
manufacturing of helical gears to achieve desirable qualities such as uniform bore and good
flank surface. In recent years, the selection of gear material depends on the environment for
the application, and proper material selection selections will help in reducing material failure
[6, 7]. More so, non-metallic materials for gears provide smooth transmission with less noise
and vibration. Thus fatigue is reduced in this type of gears [8, 9]. Off course, gear failure
could cost excessive downtime, reduce equipment reliability as well as reducing product
quality [10, 11]. The functional properties and manufacturing techniques, as well as the cost
of materials, are significant factors influencing the choice of materials. for instance, Gupta et
al. [12] noted that laser treatment of steel gears is cost-effective and enhances the service life
of SAE8620HVD steel gears. Also, surface durability depends on compressive strength and
hardness, thus, having an overall effect on the tribological behavior of the gear [13, 14]. The
performance of gear material is improved when a human decision is recognised. Therefore,
gear designers need to strike a balance between hardness and strength of the gear for
optimum performance during application [15]. Based on this, it is essential to control the
material and processes during gear manufacture as variation in the composition and
microstructure affects the quality and performance of the product [16-18]. Specific criteria
for material selection can be based on the coefficient of thermal expansion, yield strength,
and creep strength [19]. These properties are usually found in composite spur gears, which
made them preferable to steel gears for most applications [20].

2. Importance of Materials and Processing techniques to strength Characteristic of

Gears

Gears are made of different materials depending on the machine requirement. For smooth
transmission, durability, and reliability, material selection for gear application is essential.
For instance, high load types of machinery need a hard and tough material. Thus, a gear
designer is faced with material selection challenges. Different types of steel are mostly used
for gear materials due to their versatile nature in meeting specifications and applications.
Also, their strength, availability, and low cost are the primary reasons for their usage [21-23].
Surface treatment of steel based materials gives better tensile and fatigue properties when
subjected to cyclic loading due to improved microstructure and hardness [24,25]. [26-29]
noted that adequate material selection and processing methods greatly influence their
performance in application and environment. Also, poor surface finishing and gear assembly
problems contribute to the gear downtime and overall equipment reliability [30]. Thus,
strength characteristics and tribological behavior of steel gears are functions of material
property combination [31-33].

3. Gear failure due to material selection and processing techniques

The way to measure vibration, shocks, and noise level of a newly developed gear for any
application is through testing. This is quite complex to inspect into the quality process during
the design stage (material selection). However, applying a feedback mechanism that can
reveal the different interactions within the component will aid a gear specialist in analysing
the material performance [34,35]. Thus, crack formation, which causes gear failure, is easily
detected via this interactive feedback mechanism [36], as well as pitting progression [37].
Dengo et al. [38] reported that material testing is cheaper and safer during gear design as it
provides the chance of identifying the mechanical properties of such as microhardness,
strength, fatigue behavior before putting it into the application. This possibly will prevent
several failure occurrences such as misalignment, stress at the point of contact during
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operation, as represented in figure 1. Fig.1 showed the axial and radial misalignment test of a
pair of gears in mesh. Consequently, the possibility of failure due to misalignment will reduce
[39].

Fig. 1: Spur Gear misalignment test set-up [39].

Recently, fatigue and corrosion of gears is a great challenge to gear design due to different
application environment, thus the need to optimize materials and processing methods [40].
Additionally, Franulovic et al. [41] noted that the optimal approach of gear design involves
adequate size, geometry determination, materials, and proper manufacturing techniques.
These factors contribute to the efficient performance and life span of the gear. Inadequate
material selection to meet these performance criteria would lead to failures. Pitting
constitutes a significant failure factor in components in rolling or sliding contact, especially
gears. The loads are carried by small radii of the curve resulting in high pressure and stress.
Crack initiation is set in due to the repeated cyclic stress resulting in material removal and
reducing the tribological behavior of the gear systems [42-48]. However, the proper involute
design would improve the velocity ratio during transmission, and consequent thermal stress
generated [49,50].

Conclusion

Increasing failures in gears have become a crucial factor in determining the availability and
reliability of gears, especially in bottling plants. Subsequently, noise, shocks, and gear
vibrations are factors that cannot efficiently be designed into the component, and these
behaviors are evident during operation. To achieve appropriate gear design to eliminate
failure and maintenance costs, material selection, and processing methods played crucial
factors. Thus, various failure resulting from improper material and processing techniques
have been established. Adequate material selection and near-surface treatment techniques
reduced surface fatigue and improved the performance of gears.
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