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Abstract

One of the most crucial mechanical components of a mechanical power transmission
system is the gear. To transfer torque, a spinning machine component with cut teeth meshes

with another tooth component. Due to their great degree of versatility, gears are used in a
broad variety of applications, from small wristwatches to massive heavy equipment like
those used in the automotive and aerospace industries and marine engines. Contact stress

and bending stress are therefore the two key factors that affect gear failures. In the current

study, a static stress analysis is carriedout on the spur gear part to figure out the equivalent
stress, total deformation, and stress intensity. Additionally, the component's possible
fracture point is also located. Many materials, such as xylon, PTEF (polytetrafluoroethylene),
and boron carbide, are used to increase the gear lifespan with the intention of reducing

contact stress. Coated materials in gears are chosen because they are readily available and
low-friction, and they are compared to conventional gear.

https://www.sciencedirect.com/science/article/abs/pii/S2214785323016395 117


https://www.sciencedirect.com/journal/materials-today-proceedings
https://www.sciencedirect.com/journal/materials-today-proceedings/articles-in-press
https://doi.org/10.1016/j.matpr.2023.03.572
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S2214785323016395&orderBeanReset=true
https://www.sciencedirect.com/topics/engineering/spinning-machines
https://www.sciencedirect.com/topics/engineering/marine-engines
https://www.sciencedirect.com/topics/engineering/static-stress-analysis
https://www.sciencedirect.com/topics/materials-science/spur-gear
https://www.sciencedirect.com/topics/materials-science/carbide
https://www.sciencedirect.com/

9/25/24, 10:40 AM Contact stress analysis of xylon coated spur gear using ANSYS workbench - ScienceDirect

Introduction

An eco-friendly technology for coating fluoropolymer layers with controlled micron-
thickness under insufficient lubrication or dry friction, a new surface have been developed
over the spur gear. It works as the newly formed metal layer to decrease the dampen
vibration [1], [2]. Due to the development of high-performance dispersions, fluoropolymer-
coated materials are now widely used. These mixtures consist of composite particles
suspended in an organic mixture [3]. As a result of the fluoropolymer family of materials
(PTFE, PFA) and filler materials (molybdenum disulfide, silicone products) being present in
the composite particles, a fluoropolymer film is produced that combines these properties
with the good antifriction and antiadhesive qualities of the fluoropolymer materials lacks
their good wear resistance due to the nature of the binder [4]. These days, active surfaces on
old engine parts are covered (coated) with fluoropolymer compounds to increase friction
coefficients, decrease wear, and quieten operation. A mechanical component called an
agrarian distributes power from one shaft to another by way of the successful engagement
of teeth in a successful contact [5]. In comparison to belt and chain drives, gear drives are
more compact, run at faster speeds, and can be utilized in applications where accurate
timing is required, belt or rope slipping is a frequent occurrence, or when transmitting
motion or power between two shafts [6]. Slipping causes the system's velocity ratio to
decrease. In precision machinery where a specific velocity ratio is crucial, the only positive
drive is through gears or toothed wheels.

The simplest type of gear is a spur gear, which has teeth that are cut on the outer surface of
a cylindrical blank in a direction parallel to the gear axis [7]. Typically, there are two types
of spur gear drives: exterior gears and internal gears [8]. In the case of internal gears, teeth
are only cut internally in the larger gear, and the pinion still has external teeth as is
customary. External gears have teeth cut into the external peripherals of both the pinion
and the gear. To transfer power between parallel shafts, spur gears are used [9]. The entire
face-width of one gear will make contact with the complete face-width of its mate gear
during engagement because the gear teeth are parallel to the axis. This causes noise, which
gets louder as speed rises. As a result, spur gears are used for low-power transmission,
although they are operated rather slowly. Spur gears may also be used in conjunction with
pinion and rack gears to convert circular motion into linear motion [10]. Spur gears are
often produced with an involute profile and a pressure angle of 14.5 or 20 degrees. The 20-
degree pressure-angle gears are more commonly employed due to their great load-carrying
capacity. They only place radial strains on their bearings because of the tooth structure,
which is straight and parallel to the axis [11]. The majority of machine tools, including
hobbing machines, milling machines, gear shapers, and broaching machines, can create spur
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gears because of their straightforward structural design. Spur gears can occasionally be
stamped or cast [12].

When choosing the materials for toothed gears, it is important to make sure that the teeth
have enough beam strength and that the surface layers are durable [13]. Different kinds of
materials can be used to make gears, depending on what they are used for and where they
are used [14]. It is important to consider the beam strength of the teeth and the durability of
their surface layers when choosing the materials for toothed gears. Gears composed of
many types of materials can be used, depending on the purpose and locations of
applications. The materials that are most frequently used to make gears include ferrous
metals, such as cast iron of various grades and alloy steels made of nickel, chromium, and
vanadium, and non-ferrous metals, like titanium, bronze and brass. Non-metals such as
plastic-oriented materials like phenolic resins, nylon, bakelite, mica and steel can be
extensively employed in various engineering applications among all the materials described
above with adequate heat treatment [15], [16], [17]. The pinion gear in a gear drive typically
experiences more loading cycles than the wheel gear; as a result, the pinion should be
constructed of stronger materials than the wheel [18]. Contact stress analysis plays the
main role in spur gear design, based on the ANSYS analysis plan to create a new database
that will help full gear manufacturers to find the coating thickness based on their
applications.
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Section snippets

Real time applications of spur gear

The gear transmission system is most widely used because of its high load-carrying
capacity, high efficiency, and compact layout. From the smallest timepieces and instruments
to the biggest and most powerful machinery like lifting cranes, gears are employed in many
different fields and under a variety of different conditions [19]. Using gears with a diameter
ranging from a few millimeters to many meters, they can be controlled to transmit power
from negligibly small values to thousands of
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Pro-E 5

By utilizing the software PRO-E 5, the specimens are modeled. With its distinctive features
and adaptable user interface, the PRO-E 5 program makes modeling simple for users. Recent
work has offered a number of methods for modeling the best gear design. It gives a
computer design procedure for 20-degree pressure-angle gearing that disregards scoring for
gear-tooth tips. This program changes the diametral pitch, face width, and gear ratio to get a
good design for the gear mesh characteristics,

Methodology

The following are the processes by which the analysis is done.
« Importing to the ANSYS workbench

* Generating meshing

» Applying material properties

» Applying supports

» Applying loads

* Analyzing the deformation and stresses

» Plotting the graph

Existing gear (Gear-1) analysis results

Total deformation for uncoated gear is higher compared to coated gear which is shown in
Fig. 2. The coated gear shows the various stress distributions in the particular gears.
Uncoated gear no stress distributions show the more stress created in the uncoated spur
gears. The color of the gear indicates the various stress levels in the coated gears.

Directional deformation occurs more in the coated gears as shown in Fig. 3. The colored
gear shows the coated gears red color showing more in the

Conclusion
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The profile is altered, examined, and contrasted with current equipment. When compared
to the present gear, the stresses created in the designed gear are lower. Discretize and
evaluate spur gear with the same gear parameters other than the tooth height. The result
shows that the modified tooth has better control over displacement upto 2%. Therefore, an
increase in tooth depth within a certain range assures that the vibration's magnitude can be
effectively controlled. As a result, it is
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