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ABSTRACT

Gears are toothed cylindrical wheels used for transmittal mechanical power from one rotating shaft to a different and
is one of the foremost important parts in a mechanical power gear. Due to their high degree of compactness and
reliability it's expected that gears can predominate because the best suggests that of power transmission in close to
future. Increase in demand for accurate and quiet power transmission in machines, generators and vehicles has
resulted in the need for a lot of precise analysis of drugs characteristics. In auto business as lighter vehicles continue
to be in demand, highly reliable and light-weight weight gears became necessary. Designing extremely loaded spur
gears for power transmission systems that are each robust and quiet, requires analysis ways that will simply be
enforced and conjointly give info on contact and bending stresses, along with transmission errors. Transmission
error results due to two main factors i.e. manufacturing quality or mounting errors and elastic deflection underneath
load. Hence, compensation for transmission errors by modifying gear teeth needs to be thought-about by gear
designers. Transmission error is considered to be one the most contributors to noise and vibration in a gear set. If a
pinion and gear have ideal involute profiles running with no loading torque they must in theory run with zero
transmission error.
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I.  INTRODUCTION

Gears are toothed wheels used to transmit motion and power between rotating shafts by means of engagement of its
teeth. Due to its exact ratio of transmission gears are indispensable parts in precision tools, equipment and
machinery. The increased demand for efficient power transmission in all the sectors including automotive,
machineries, generators etc. has resulted into more focus on the precise study of the various characteristics of gears
and its attributes. The demand for fuel and energy efficient devices calls for lighter and stronger gears. Gears that are
used in aviation must have light structure for reduced weight. Thin rimmed gears are therefore widely used.Lately,
this kind of gear has been finding wider applications in cars and other general machines. [21]

Due to the thin cross section of the gear as a result of material removal the weight of the gear reduces but the
bending strength of the gear reduces. This trade-off between mass and strength and its relation with rim thickness is
studied in the current work. Analytical methods can be employed to determine optimum values for rim thickness,
mass and bending strength. This can provide accurate results. Since number of iterations involved are huge
analytical method for optimization could be time consuming finite element analysis is preferred for optimization
problems. With the advent of more powerful computers and their ability to process more instructions per second one
can expect more accurate and faster results given that the assumptions and boundary conditions are correct and the
variables are practical. [1-2]

In this work, static structural analysis is carried out on a single spur gear and its dimensions are optimized to reduce
its bending stress. Since gear drives operate with a power efficiency significantly higher than any other mechanical
drive, or any electrical, hydraulic or pneumatic power transmission, they have thewidest use in transforming rotary
motion from the prime mover to the actuator, and their importance is growing day by day. Although efficiency is not
the only criterion for choosingthe type of transmission, the gear drive, due to its robustness and operational
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reliability, presents an inevitable component of most mechanical engineering systems. Gear drives are known to be
highly demanding in design, manufacture, control and maintenance. [4]

Many organizations, including the American Gear Manufacturer’s Association (AGMA) have sought to standardize
the gear design process by developing their own formulas for gear design. The major changes over Lewis’ original
equations are the ability to take into account the geometrical complexity of the gear tooth, as well as the actual
location of the contact. With the advent of Finite Element Analysis and Computer Aided Design (FEA and CAD)
the ability to quickly and accurately design gears has been greatly improved upon. With modern CAD programs a
typical gear and pinion can be modelled relatively easy. With better computing power, FEA software can quickly
and efficiently analyze the stresses and contact pressures in gear pairs. These tools make the design and analysis
stage much cheaper and faster for the design engineer. Because actual experiments are costly and take large amounts
of time, a repeatable and accurate design tool is crucial for real world application. As the distance between the gear
and pinion’s axis of rotation increases the bending stress and contact pressure rise. A relatively small rise in bending
stress can cause a gear tooth to fail at lower cycle numbers than the design calls for. With an increase in the contact
pressure between a gear and pinion wear will be increased as well. With increased wear, gear failure may occur
sooner by pitting, corrosion, and adhesive wear. Although much study has been done on the mechanisms of gear
wear and the major contributors to that wear, there is still a lack of understanding when it comes to the tolerances
and how they affect the wear characteristics.

Il.  METHOD OF ANALYSIS AND ASSUMPTIONS

A single spur gear is used with the load applied at tooth tip. The standard dimensions for a 20 pressure angle and
module 1 are considered. A load of 200 N is applied at the tool tip.

Table 1 Structure of a spur gear

Standard involute spur gears
Module m 1
Pressure angle ¢ 20°
Number of teeth N 20
Face width b 8 mm
Profile shift coefficient 0
Shaft diameter 7 mm
Dedendum 1.25mm
Addendum 1 mm
Root radius 0.38 mm
Tip diameter 22 mm
Root diameter 17.5mm
Tooth thickness 1.5708 mm
Rim diameter 16.5mm
Table 2 Mechanical properties of gear
Material Structural Steel
Volume 1250.3 mm®
Mass 9.815x10” kg
Young’s modulus 2x10° MPa
Poisson’s Ratio 0.3

While performing the analysis few assumptions were made [10]:
1. The full load is applied to the tip of a single tooth in static condition.
2. The radial component is negligible.
3. The load is distributed uniformly across the full face width.

144
Al EsR (C)Global Journal Of Engineering Science And Researches



; it THOMSOMN REUTERS

[NC-Rase 18] ISSN 2348 - 8034
DOI: 10.5281 /zenodo.1494024 Impact Factor- 5.070
4. Forces due to tooth sliding friction are negligible.
5. Stress concentration in the tooth fillet is negligible.

I11.  PROCEDURE

The objective of this analysis is to find optimum value of the rim diameter so that the gear does not fail for the
applied bending stress. The causes of gear failure are pitting through contact or fracture through bending stress.

Parametric design

To start generating the curve from A

x=rcost+rtsint =r(cost +tsint) (4.2)
y=rsint—rtcost=r(sint —tcos t)-----------m--m-m-mm- 4.2)

Center
Line
1

Pitch circle

Base circle

Fig. 1 Spur gear tooth profile generation

For the curve starting from C

xX=r (cos (t + %) + tsin (t + %)) (4.3)
y=r (sin (t + %) —tcos (t + %)) (4.4)

Where t is the angle parameter in radians

If we would like to start the involute from point Cand direction of the involute as shown, then the parametric
equation is

x =r(cos(—t — B) — t sin(—t — B) )-----rmemrmenmeev (4.4)
x =r(sin(=t — ) + t cos(—t — B) )-----rmermrmenneev (4.5)
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Unit for B needs to be in radian when entering the expression in Solidworks. We can use the base circle diameter
dimension in the expression to drive the involute. This way, the involute will be updated once the base circle
diameter is changed.

The expressions for creating the two involute curves as inserted in the SolidWorks are

For first involute profile

X(t)="D2@Sketch2"*0.5*(cos(t)+t*sin(t))---------==-------- (4.6)
Y (t)="D2@Sketch2”*0.5*(sin(t)t*C0S(t))------------------- (4.7)

For second involute profile

X(t)="D2@Sketch2”*0.5*(cos(-t-2*”D4@Sketch2’*pi/180)-t*sin(-t-2*”D4@Sketch2”*pi/180))

Where “D2@Sketch2” is the dimension for base circle diameter. “D4@Sketch2” is for% —-a.

Problem Formulation

A solid 3D model of a spur gear is constructed in Solid works. It is then exported to ANSYS and required boundary
conditions are applied. The results are generated using solver for maximum bending stress. The variables were then
optimized for maximum rim diameter, minimum bending stress and minimum mass.

Initially a force of 200 N is applied at the tip of a tooth. The bending stresses can be validated by the use of AGMA
bending stress relation [10]

10.000 (mrm)

2.500 7.500

Fig. 2 Spur gear with fillet radii and applied load
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%= hxm x v oo Am
Where,

op=Bending stress

F=Tangential force=200 N
b=Face width=8 mm
m=Module= 1

J=Geometry factor=0.24
K,=Velocity factor=1
Ko,=Overload factor=1.3
Kn=Load distribution factor=1.3

_200x1x1.3x1.3

Op= =176.0416 MPa
8x1x0.24

The analytical value of bending stress calculated using AGMA formula is in agreement with the Finite Element
Method value.

Table 3 Bending stresses values comparison

Bending stress | Value, MPa | Fereent
error
1 AGMA 176.0416
2 ANSYS 176.57
3 0.29

Boundry Conditions
In ANSYS Design modeller workbench, the boundary conditions of load and support are applied as shown in figure
below. The mesh of type is used. The problem is solved for finding maximum and minimum bending stress.

Fig. 3 Spur gear with applied load and boundary conditions
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Fig. 4 Spur gear with applied load and boundary conditions
V. RESULT AND DISCUSSION

After finding out the value of maximum and minimum bending stresses, the maximum value of bending stress, and
mass of gear and rim diameter are considered as variables. Out of which the rim diameter is the input variable and
the remaining two output variables. The level of interdependencies of these variables is characterized in the
following matrix.

Linear Correlation Matrix

P1- DS_RIM_DIA@ Sketch3@spur gear Part

P2 - spur gear Mass

P4 - Equivalent Stress Maximum

IIIFl -DS_RIM_DIA@Sketcha@spur gear.Part
IIle o
IIlFAEquvaent Stress Maximum

Fig. 5 Correlation Matrix for various parameters involved
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Fig. 6 Bending stress distribution

At least 100 random values of the input variable are considered for optimization in the range of 17-14.5 mm and top
30 points were used for optimization as shown in table 3.

T ™ = =
Wumaer et e

Fig.7 Bending stress vs Fillet radii

Table 4 Design Points

Table of Schematc B2: Optimization

A B c
1 Mame .= i P1-FBlend1.FD1 ~ | P2 -Equivalent Stress Maximum (MPa)
2 1 0.05625 227.31
3 Jed 0.06875 196.83
4 3 0.08125 167.52
5 E 0.09375 173.11
[ 5 0.10625 176.81
7 & 0.11875 163.42
8 7 0.13125 148.03
El 8 0.14375 144.53
10 a 0.15625 144.35
11 10 0.16875 128.14
12 11 0.13125 132.62
13 12 0.19375 131.22
14 13 0.20625 122.94
15 14 0.21875 122.73
15 15 0.23125 114.92
17 15 0.24375 101.53
13 17 0.25625 106.35
19 18 0.26875 113.87
20 19 0.28125 94,958
21 20 0.29375 100.72
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Corresponding response of the output variables was noted and candidate points were shortlisted. The points of
convergence graph indicates the approximate design point at which the optimum value is going to lie.

Collective results after optimization in comparison with the original result is tabulated below.

P4 - Equivalent Stress Maximum [MFa]

Design Points vs Parameter

ISSN 2348 - 8034

Impact Factor- 5.070

aous

aom

A

Fig. 7 Design points vs Parameters

Table 5 Optimized candidate points

B

16116 103 104 16310
F1-DS_AIM_DUt@Shetch3

=

D

E

Reference

Name

1

P1-FBlend1.FD1 -

P2 - Equivalent Stress Maximum (MPa) =

Parameter Value

Variation from Reference

3 @

Candidate Point 1

0.28125

L 94958

0.00 %

Candidate Point 2

0.24375

2% 10153

6.93 %

Candidate Point 3

0.21875

*Hh 122.73

29.25 %

New Custom Candidate Point

V. CONCLUSION

In this work, it is shown that multi variable optimization can be used to optimize any number of input and output
variables quickly. With reference to table no. 4 it is quite evident that there is 29.25 % reduction in the bending
stress with very small rise in the mass and rim diameter. This shows that the dimensions considered were optimized.
Though the determining factors for accuracy includes the upper and lower limits of the variables, the method of
optimization used and practically choosing the conditions of optimization. The determining factors for the accuracy
of the results are the finesse of mesh, point of application of load: there is slight variation in the output bending
stress if it is applied at HPSTC or tooth tip and whether the analysis is static structural or explicit dynamic. The
change in root radius influences the bending stress of the gear. An optimum value of the root radius can be
calculated for the given gear dimensions.

Further this result can be verified and compared with various methods of optimization present in the software for
better efficiency and can also be optimized for agreement with six sigma standards.
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