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Abstract- The idea of using asymmetric tooth profiles has repute in observe of gearing design. In a similar way to the symmetric
normal rack gears, teeth action parameters are calculated in the course of the first stage, while the unified producing general rack for
a pair of mating gears during the 2d stage. In designated cases the parameters of special normal rack enamel profiles are set for every
gear in a transmission. The gearings with asymmetric profiles show an talents in having the improved stress perspective over the
working profiles (by way of the strain perspective discount over the non-operating profiles) and a probability of gigantic increase
within the face contact ratio. In this thesis, a comparative investigation of plastic gears with symmetric and uneven enamel profiles
might be analyzed utilising finite aspect analysis Ansys. The symmetric and uneven enamel profiles will probably be designed and
modeled in 3D modeling program professional/Engineer. Structural and Fatigue analyses will probably be accomplished on the

designs.
Keywords: Asymmetricgear, InvoluteCurve,PressureAngl.

1 INTRODUCTION

A gear is a rotating machine part having cut teeth, or cogs,
which mesh with another toothed part in order to transmit
torque. Two or more gears working in tandem are known as a
transmission and may produce a mechanical competencies by
way of a gear ratio and consequently is also regarded a simple
desktop. Geared gadgets can exchange the velocity, magnitude,
and direction of a vigor source. Essentially the most long-
established obstacle is for a gear to mesh with a different gear,
nonetheless a apparatus can also mesh a non-rotating toothed
phase, known as a rackThereby producing translation instead of
rotation. The gears in a transmission are analogous to the wheels
in a pulley. An capabilities of gears is that the teeth of a
apparatus preclude slipping.

When two gears of unequal wide variety of teeth are combined a
mechanical abilities is produced, with each and every the
rotational speeds and the torques of the two gears differing in a
convenient relationship. In transmissions which present more
than one equipment ratios, equivalent to bicycles and
automobiles, the term apparatus, as in first gear, refers to a
equipment ratio alternatively than an actual bodily equipment.
The time period is used to explain similar contraptions even
when gear ratio is continuous rather than discrete, or when the
gadget does not truly include any gears, as in a continuously
variable transmission. The earliest recognized reference to gears
was once circa 50 A.D. With the aid of Hero of Alexandria,
however they may be competent to be traced again to the Greek
mechanics of the Alexandrian lessons in the third century BC
and had been generally developed by means of the Greek
polymath Archimedes (287-212 BC).

ILLITERATURERSURVEY

1.Effect of Pressure Angle on Bending Stress and
Deformation of Asymmetric Spur Gear Using

A apparatus is a rotating desktop phase having reduce teeth,
which mesh with an extra toothed section as a way to

transmit torque. Gears could also be spur, helical, bevel or
worm wherein spur equipment is most original variety of gear
utilized in engineering functions. Within the automobile and
aerospace industries, better strength, bigger reliability and
lighter weight gears are essential as lighter automotives
continue to be favorite. This has result in development of new
designs, akin to gears with uneven enamel. The geometry of
these enamel is such that the force facet profile just isn't
symmetric to the coast aspect profile and it is beneficial for
particular purposes where the loading of the equipment is uni-
directional. In such an instance, the loading on the equipment
enamel isn't symmetric, for this reason calling for asymmetric
teeth. The coefficient of asymmetry is stylish on stress
perspective; for this reason study of outcomes on stress angle
on asymmetric tooth is of exceptional value. This paper grants
a learn on effect of stress angle on asymmetric involute spur
equipment.

2.0ptimization of Tooth Fillet Profile of Spur Gear with
Asymmetric Tooth to Analyse the Bending Stress
Concentration at Root of Tooth” byAtul A. Phalakel ,Abhay

Gear is a machine aspect used to transmit movement and vigor
between rotating shafts by the use of innovative engagement
of projections referred to as teeth, a pair of spur gear enamel
in motion is by and large subjected to two forms of cyclic
stresses as bending stresses and speak to stress. These stresses
cause the bending and pitting failure respectively. These
forms of screw ups may also be minimized with the aid of
suitable evaluation of the problem in the course of the design
stage and creating proper tooth profile. Mainly, equipment
evaluation is combination of quite a lot of evaluation
procedure, together with calculations involving the teeth
stresses, put on or scoring. In this paper, bending stress
evaluation of the symmetric and uneven spur apparatus will
probably be performed, while trying to design spur gears to
improve the bending load of the teeth; enamel fillet at root of
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tooth is modified also modified the pressure angle, bending
stresses calculated using ANSYS. Comparisons between
symmetric and uneven spur equipment is done on the
foundation of ANSYS Results.

3.A Review on Effect of Some important Parameters on the
bending Strength and Surface Durability of Gears

Calculation of bending and pitting strength of gear drive is
one of The principal considerations in the direction of the
efficiency growth software in brand new industries. Some
preliminary experiments makes use of calculation ways
founded on uniform load distribution mannequin on the
equipment tooth.The results acquired via such experiments
are usually not parallel to up to date estimations centered on
the non-uniform load distribution on equipment tooth. As a
result of one of a kind mesh stiffness on distinct load
features, non-uniform load distribution is the precise loading
situation. American gear manufacturer Association (AGMA)
and I1SO requisites assumes uniform model of load
distribution which is not accurate. In an effort to create
coherence among the results obtained by using AGMA and
ISO, a quantity of changes motives had been utilized in
derived mathematical relations for gears. Today's approaches
corresponding to minimal elastic abilities power approach
were offered to beat drawbacks of those mathematical family
members.This evaluate article highlights a number of such
approaches in chronological order so that reader may just
acquire a overview of contribution of various scientists in
development of gears having least bending and make contact
with stress. Index phrases- addendum modification, bending
stress, contact ratio, contact stress, Hertzian mannequin, rim
thickness

4.Theoretical and Finite Element Analysis of Load Carrying
Capacity of Asymmetric Involute Spur Gears by

The paper presents a method for investigating the bending
stress at the critical section of “Asymmetric Involute spur
Gear”. The method, ISO/TC- 60 has been used to
theoretically calculate bending stress at the vital portion of
this equipment. The resolution of the tooth type element,
stress awareness element, relevant part parameters and call
ratio has been entire for every set of gear. The gears with
extraordinary pressure attitude were modelled with the aid of
utilising “CATIA V-5 R15”program.The outcome bought by
way of theoretical approach had been validated by utilizing
“ANSYS 12.0 software”. The comparative analysis of
bending stress at imperative part has been carried out.
Keywords: Asymmetric Involute Spur Gear; Critical Section;
Tooth form factor; Stress concentration factor.

5.Estimation of Critical Section and Bending Stress Analysis
for Asymmetric Spur Gear Tooth

Another alteration that is very rarely used is to make the
gears uneven with specific strain angles for each and every
facet of the enamel. That is due to the fact two profiles of a
apparatus enamel are functionally distinctive for many of the
equipment drives. The workload on one aspect of profile is
greatly greater than the other side of the apparatus. An
asymmetric spur equipment pressure signifies that greater
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and smaller stress angles are applied for the driving and coast
sides. The primary function of this paper is to generate uneven
spur apparatus teeth profile for exclusive pressure angles on
power and coast facets and estimate the central section using
C- programming. Bending stress analysis has been performed
utilizing finite element evaluation utilizing ANSYS program
.Comparison of bending stress evaluation has been performed
for symmetric and asymmetric spur gear tooth at relevant part.

1. INTRODUCTION TO SPUR GEARS

Spur gears are probably the most fashioned variety of gears. They
have straight teeth, and are mounted on parallel shafts. Often,
many spur gears are used immediately to create very massive
apparatus discounts.

Spur gears are the easiest form of Gears available.
They're additionally probably the most normally used gears
available in the market. Spur Gears are located often in the form
of a cylinder or disk. These gears are applied for various the drive
and velocity of a rotating axle. These gears have a straight tooth.
They are ordinarily installed on parallel shafts. At the moment
often the enamel type is founded on the involute curve. For
developing giant gear savings, many spur gears are used together.

However, these spur gears can mesh correctly only if
they get fitted to parallel axles. That is the reason why their teeth
are cut in a manner, for making the leading edges remain parallel
to the line of axis of rotation. Not withstanding the basic
limitation of center distance, spur gears are able to provide a
constant and positive speed drive. The speed can be varied by
increasing or decreasing the teeth number in the driving gears.
Spur Gears are used typically in applications where noise control
does not matter. But in cases where noise does matter, but higher
speeds are also essential a nylon or non-metallic gears are best.
These can be then be operated easily up to speeds of around 2400
feet per minute. This way noise and vibration can easily be
prevented. The following image shows the basic geometry of
these gears.

MATERIALS OF SPUR GEARS

Even as coming to manufacturing materials for Spur gears, a
large variety is on hand. These entails steel, nylon, aluminum,
bronze, phenolic, forged iron, bakelite and now additionally
available in plastics. Bakelite one of the vital first plastics made
out of synthetic add-ons, Bakelite was used for its electrical non
conductivity and warmth-resistant properties in electrical
insulators, radio and telephone casings and such various
merchandise as kitchenware, jewellery, pipe stems, kid's toys,
and firearms. The "retro" appeal of historical Bakelite products
has made them collectible.

Residences

Bakelite has a number of important properties. It can be molded
very quickly, permitting identical models to be heavily produced.
Moldings are delicate, hold their form and are immune to
warmth, scratches, and destructive solvents. Additionally it is
immune to electricity, and prized for its low conductivity. It is not
flexible.

Application and Usage
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These characteristics made Bakelite mainly compatible as a
molding compound, an adhesive or binding agent, a varnish,
and as a protecting coating. Bakelite used to be primarily
suitable for the emerging electrical and vehicle industries
considering that of its extraordinarily excessive resistance to
electricity, warmth and chemical action. The earliest business
use of Bakelite within the electrical enterprise was the molding
of tiny insulating bushings the dimensions of mustard seeds,
made in 1908 for the Weston Electrical Instrument company
through Richard W. Seabury of the Boonton Rubber
corporation.Bakelite used to be soon used for non-conducting
components of telephones, radios and other electrical
instruments, including bases and sockets for gentle bulbs and
electron tubes, supports for any sort of electrical accessories,
automobile distributor caps and other insulators. It used to be
being used to make billiard balls, considering that its elasticity
and the sound it made have been just like ivory

Nylon

Nylon is a customary designation for a loved ones of synthetic
polymers, extra specifically aliphatic or semi-fragrant
polyamides. They may be able to be melt-processed into fibers,
movies or shapes. The primary instance of nylon (nylon 6,6)
was once produced on February 28, 1935, through Wallace
Carothers at DuPont's study facility on the DuPont
Experimental Station. Nylon polymers have observed gigantic
business applications in fibers (apparel, floor and rubber
reinforcement), in shapes (molded elements for automobiles,
electrical equipment, and many others.), and in movies (in
general for meals packaging)

Polyvinyl chloride

Polyvinyl chloride, extra properly but surprisingly poly(vinyl
chloride), probably abbreviated PVC, is the 1/3-most generally
produced synthetic plastic polymer, after polyethylene and
polypropylene. Percentis available in two common forms:
inflexible (oftentimes abbreviated as RPVC) and flexible. The
rigid type of %is used in development for pipe and in profile
purposes such as doorways and windows. It is usually used for
bottles, other non-meals packaging, and playing cards (similar
to bank or membership playing cards). It may be made softer
and more bendy by way of using the addition of plasticizers,
essentially the most widely used being phthalates. On this way,
it's by and large utilized in plumbing, electrical cable insulation,
imitation leather-based, signage, inflatable merchandise, and
plenty of functions the place it replaces rubber

Applications

Percents somewhat low price, organic and chemical resistance
and workability have resulted in it getting used for a large kind
of applications. It is used for sewerage pipes and different pipe
functions where rate or vulnerability to corrosion restrict the
usage of steel. With the addition of have an impact on modifiers
and stabilizers, %scrap has end up a general material for
window and door which is 50% less than the price of wooden
window and door. Through including plasticizers, it may
possibly come to be bendy adequate to be used in cabling
functions as a wire insulator. It has been used in many other
applications. In 2013, about 39.Three million tonnes of
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percentwere consumed worldwide. Percentdemand is forecast to
expand at an typical annual rate of 3.2% except 2021

1V. DESIGN OF GEAR

Throughout the history of our industrial society, many
inventions have been patented and whole new technologies
have evolved. Possibly the single development that has
impacted manufacturing more quickly and enormously than
any prior science is the digital laptop. Desktops are being
used more and more for each design and detailing of
engineering components in the drawing place of work.
Computer-aided design (CAD) is defined as the application
of computer systems and pictures software to aid or enhance
the product design from conceptualization to documentation.
CAD is most most often associated with the usage of an
interactive computer photos approach, known as a CAD
process. Pc-aided design methods are powerful instruments
and within the mechanical design and geometric modeling of
merchandise and accessories.

There are several good reasons for using a CAD system to
support the engineering design
Function:

*To expand the productivity

*To fortify the high-quality of the design

*To uniform design necessities

*To create a manufacturing information base

*To eliminate inaccuracies prompted via hand-copying of
drawings and inconsistency between

*Drawings

PRO E MODELS

Case: 1 SYMMETRIC GEAR (pressure angle200)

SYMMETRIC GEAR (pressure angle200) (2D)

Case: 2 ASYMMETRIC GEAR (pressure angle350)
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V .MODELLING AND ANALYSIS

Finite element Analysis (FEA) was first developed in 1943
by R. Courant, Who utilized the Ritz approach of numerical
evaluation and minimization of variational calculus to
receive approximate options to vibration methods. Shortly
thereafter, a paper launched in 1956 by way of M. J. Turner,
R. W. Clough, H. C. Martin, and L. J. High situated a
broader definition of numerical evaluation. The paper
headquartered on the "stiffness and deflection of complex
buildings". FEA includes a computer mannequin of a fabric
or design that is harassed and analyzed for specific results. It
is utilized in new product design, and current product
refinement. A enterprise is equipped to confirm a proposed
design will be in a position to perform to the purchaser's
necessities prior to manufacturing or building. Editing an
current product or structure is utilized to qualify the product
or structure for a brand new service condition. In case of
structural failure, FEA is also used to help assess the design
changes to fulfill the brand new .

There are probably two forms of analysis that are used in
enterprise: 2-D modelling, and three-D modelling. Even as 2-
D modelling conserves simplicity and permits the analysis to
be run on a rather common computer, it tends to yield less
correct outcome. 3-D modelling, nonetheless, produces more
correct results whilst sacrificing the capacity to run on all but
the fastest desktops effectively. Within each of these
modelling schemes, the programmer can insert numerous
algorithms (features) which can make the process behave
linearly or non-linearly. Linear techniques are a ways much
less elaborate and most commonly don't take into account
plastic deformation. Non-linear programs do account for
plastic deformation, and many are also in a position of
checking out a material all the technique to fracture.

FEA makes use of a complex approach of elements called
nodes which make a grid referred to as a mesh. This mesh is
programmed to contain the material and structural homes
which outline how the constitution will react to exact loading
conditions. Nodes are assigned at a unique density during the
material relying on the expected stress levels of a specified
subject. Areas with a view to obtain giant amounts of stress
most often have a larger node density than these which
experience little or no stress. Features of curiosity could
include: fracture point of previously verified fabric, fillets,
corners, intricate element, and excessive stress areas. The
mesh acts like a spider internet in that from every node, there
extends a mesh facet to every of the adjacent nodes. This
internet of vectors is what includes the material homes to the
item, developing many factors.

VI. RESULTS

FEA has end up a way to the task of predicting failure as a
result of unknown stresses by means of showing predicament
areas in a fabric and enabling designers to look all the
theoretical stresses within. This method of product design and
testing is a ways advanced to the manufacturing expenditures
which might accrue if each and every pattern used to be
definitely built and verified.

STRUCTURAL ANALYSIS OF SYMMETRIC AND
SYMMETRIC PLASTIC GEARS

CASE 1:-SYMMETRIC GEAR (Pressure angle-20°)
SPEED 1000 RPM

60,00 ¢mmy

20.00

Fig:1 TOTAL DEFORMATION

T 3644

L 27333

L1 98223
0.91121
0.00014328 Min

o

0.00

60.00 {mm)
30.00

Fig: 2 VOIN MISES STRESS
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ASYMMETRIC GEAR (Pressure angle-35°%)
AT SPEED 1000 RPM

A: Static Structural

Total Detarmatian

Type: Total Defarmation

Unit: rmm

Tirne: 1

14-06-20186 08:05
0.0048203 Max
00042847
0.0037491
0.0032135
0.0026779
00021424
0.0016068
00010712
000053559
0 Min

-
0.00 70,00 (mmy -
i

35 00

Fig 3: MATERIAL :- NYLON TOTAL DEFORMATION

A: Static Structural

Equivalent Strass

Type Eguivalent con-Mises) Strass
MPa

o e LT,
.

36.00

Fig 4:VON-MISES STRESS

FATIGUE ANALYSIS OF SYMMETRIC AND

ASYMMETRIC PLASTIC GEARS

CASE 1:-SYMMETRIC GEAR (Pressure angle-20°)
SPEED 1000 RPM

A: Static Structural

Life

Type: Life

Time: 0

13-06-2016 08:08
1e10 Max
5.5297e9
3.0578e9
1.6908e9
9.3501e8
5.1704e8
2.8591e8
1.581e8
8.7424e7
4.8343e7 Min

l:_' X
0.00 60.00 (mm)
L S—

30.00

Fig: 4 MATERIAL — NYLON LIFE

A: Static Structural
Damage

Type: Damage
Time: 0
13-06-2016 08:08

20.685 Max
18.398
16111
13.824
11.536
9.2491
6.9618
4.6745
2.3873
0.1 Min

ﬂ

0.00 60.00 (mim) }—“
30.00

Fig: 5 DAMAGE
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A: Static Structural

Sarety Factor

Type: Safety Factor
ime:

13-06-2016 08:09

15 Max

10

5

0.58538 Min
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0.00 60.00 (mm) }—'4 ®
L —
30.00

Fig: 6 SAFETY FACTOR

ASYMMETRIC GEAR (Pressure angle-35°%)
SPEED 1000 RPM

f: Statlc Structural
Type: Life

Time:

14-06-2016 08:06

1.569308 Min

0.00 70,00 ¢mm) L‘

s
3500

Fig 7:MATERIAL — NYLON LIFE

A: Static Structural
Damage
Type: Damage

Time: 0
14-06-2016 08:06
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57114
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2.9057
2.2043
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1 E
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Fig 8: Damage
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Safety Factor
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Fig 9: Safety Factor
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STATIC ANALYSIS RESULTS

SYMMETRIC GEAR(pressure angle-20°)

SPEED 1000 RPM

Material|Deformation(mm) |Stress(N/ mm?)
Stainless steel|[0. 000670358 400 4]
P Vv Cln.040742 2287

Bakelite

D.016167

Nyl o n

D.0064853

[==1 B == B == . =]

ASYMMETRIC GEAR (pressure angle-35°)

Case: 2ASYMMETRIC GEAR (pressure angle-357)

SPEED 1000 RPM

Material|Deformation(mm)|Stress(N mm?2) |
Stainless steel{ 0. 000484336 7 3 35 6

PVC |0 . 0301526 507 1
Bakelitel0 . 0 7 4 6|6 . 7 7 3 1
N ¥ 1 o n|0.0048203]6 .5 4113

FATIGUE ANALYSIS RESULTS:

Case :1 SYMMETRIC GEAR(pressure angle-20°)

SPEED 1000 RPM

MateriallL 1 f e|H _a m a g e|Safety factor
Stainless steel| 1 & 1 o] s 4 2 211 5
P v c|1 ] 1 0f1 2 3 201 5
Bakelite|l & 1 0f1 e 3 211 5
N ¥ 1 o n|l & 1 U8 6 8 5|1 5

Case: 2ASYMMETRIC GEAR (pressure angle-

35%)
FPEED 1000 RPM
MaterialllL i f gd a2 m a g efSafsty factor
Stainless steel(l 2 1 ar 4 1o 7 3
P v () e 1 o1 e 3 21 3
Bakelirelt e 1 o3 03 3 41 3
N ¥ I o n|l e 1 0|6 4 1 2 g1 3

VII. CONCLUSION
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analysis, deformation is less for stainless steel in all speeds
both in symmetric and asymmetric models of gears while
compare to remaining materials. In stress point of view nylon
have less stresses of all speeds both in symmetric and
asymmetric models of gears. But according to fatigue
analysis life and safety factor is same for all speeds and
symmetric and asymmetric models of gears, but damage is
less for Nylon compare to other materials of all speeds.
so,comparing all materials and speeds , both in structural and
fatigue analysis NYLON is suitable and preferred.
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A comparative investigation of plastic gears with symmetric
and asymmetric teeth profiles shall be analyzed using finite
detail analysis Ansys. The symmetric and asymmetric teeth
profiles will probably be designed and modelled in 3D
modelling program pro/Engineer. Structural and Fatigue
analyses  done on the designs by using ANSYS. in this
thesis we considered four materials stainless steel , PVC,
Bakelite and Nylon , and also three different speeds are
considered as 1000 , 2000 and 3000 rpm. In structural
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