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Abstract— In bevel gear will have a tangential load, radial load and axial load due to the speed and tordpe will be a
transient phenomenorand will need careful stress analysis for determining life of the gear. In gear design, the Meaharnid

be more Challenging as it should transmit high torque. All gears are not to be used for such highet@pplications due ttheir
low capacity andstrength.Bevel gears are used idifferential drives which can transmit power to two axles spinning at different
speeds, such as those on a corneringamobile,hand drill, to redirect the shaft from the horizontal gas turbine engine to the
vertical rotor. In this paper a comparison between Lewis equation and Ansys workbench is done.

Keywords— bevel gear, bending strength, FEM

1. INTRODUCTION
In bevel gear will have a tangential load, radial load and axial load due to the speed and hisqui# bE a transientipenomenon
and will need careful stress analysis for determining life of the egear design, the Mechanism will be more Challenging as it
should transmit high torqueewis equation is used for finding out the bending strength of a bevel gear. Various FEM arseaso ba
on this equation.

2. THEORETICAL ANALYSIS
Outlier objectiveis to finalize dimensionality for bevel gear, multiple objectives include, shaft diameter requjrantematerial
properties etc.
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Figure2.1 Basic terminology of gear
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Pitch Circle- In a gear pair the pitch circle is the imaginary circle which rolteaut slip.

Circular pitch (p) Circular pitch is the distance measured on the pitch circle between any two similar points ort setititelt
can be calculated from the number of teeth (N) and the pitch circle diameter (d) in thesfo@ G 1

Module—ratio of the pitch diameter to the number of tebthd/N

Addendum-radial distance between the pitch circle and the top land.

Dedenduni+this is the radial distance between the pitch circle and the bottom land/root circle.

Base Circle-the circleon which the involute profile of the teeth is generated, with radius Rb.

Backlash-this is the difference between the circular thickness and the width of space between teeth.

Face Width-this is the length of the teeth in the axial direction.
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INPUT DATA
It is necessary to consider some input data to determine the stress developed at root of gehevebihear. As per thtetail given

in following table2.1

Table 2.1Design Inputs

Sr. No | Descriptior Value Unit
1 Power transmitte 2.2 KW
3 Number of teeth on pinion 20 Nos.
5 Pitch circle diameter cpinion 6C mm
6 Module 03 mm
7 Pressure Ang 2C Degre:

TERMINOLOGY OF BEVELGEARS

—— e

Figure 2.2 Geometry of Bevel Gear

LiST OFDRAWING SYMBOLS

Np - Number of teeth on pinion
Ng - Numbe of teeth on given gear
Dg - Pitch diameter of given gear
Dp - Pitch diameter of given pinion
F - Face width (length of single tooth)
- Pinion pitch angle (radians)
+- Gear pitch angle (radians)
Ao - Cone distance (distance from pitch circle to intetiea of shaft axes)
rb - Backcone radius

FORCEANALYSIS:

Figure 2.3 force analysis
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The resultant force p acting on the tooth of bevelgear is resolve éoto@nents Pt.PPa as shown in fig.2.3
Where
P, = Tangential component (N)
P, = Radial component. (N)
P, = Axial or thrust component. (N)
.Q B3UHVVXUH DQJOH
B3LWFK FRQH DQJOH

The redial component and axial component are calculated from the relationship,
P 3W WDQ .FRYV
P, 3W WDQ . VLQ.ovoeervee. (3.2)

P=2Mrm (3.3)
Where,Mt = transmitted torque. {xhm)
rm = radius of pinion at midpoint along the facewidth.(mm)

In examples of gear ttoforces, it is often required to find out the magnitude and direction of 3 components. The aeagmitu
determined by using following 4 equations.

Mt=[60x10 .: @ (E Quecvrercrernnns (3.3)
P=2Mt/rm (3.4)
P, 3W WDQ . FRV.oiioeeecceeeene, (3.5)
P. 3W WDQ . V.LQuonene, (3.6)
Where,

Suffix p is used for pinion.
1) Tangential component (B) :
The direction of tangential component for driving gear is opposite to the direction of rotatiatiréidtien of tangentiadomponent
for driven geais same as that of the direction of rotation.

2) Radial componen(P;) :
The radial component on pinion acts towards the centre of pinion. The radial component on geeam@sshe centre of gea

3) Thrust Component (Fy) :
The following aguidelines cdpe used to determine the direction of the thrust component.
a.The direction of the trust component for the pinion is equal and opposite to that of radial curopayear.
b.The direction of the trust component for the gear is equal and opposie odithdial component on pinion.

BY LEWIS EQUATION
The analysis of bending stress in gear tooth was done by Mr. Wilfred Lewis known as Lewis eludteohewis analysis, thgear
tooth is treated as a cdatier beam as shown in fig. (2.4 hetangential component (Pt) causes the bending moment about the bas

of tooth. The Lewis analysis is based on the following assumptions:

1) The effect of radial component (Pr) is neglected.
2) Atany time only one pair of teeth is in contact and takes thiddeth

It is observed that the cressection of tooth varies from free end to fixed end. Therefore, a parabola is constructed witbadththe
profile. The advantage of parabolic outlines is that it is a beam of uniform strength.

In fig.2.4
M= Pt e, (3.7)
= X B o (3.8)
12
YIU2 e, (3.9)
Here,

M ,= Bending Moment
h = Height from root of tooth (dedendum circle to intersection of parabolas)
| = M.1 of tooth about neutral axis
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t = thickness of tooth at root
y = Distance of neutral axis from edge.

Figure 2.4 Gear Tooth as Cantilever Beam

LOAD CALCULATION:

Load céculation involves calculating torque and tangential load acting on prototype of helical gear.

Consider a helical gear

The speed of helical gear (n) = 720rpm
Power transmitted Kw = 2.2

Torque transmitted ( Mt)

Mt=[60x10 .: @ (E Q
Pxel =10
Mi=——————— (3.13)

2xmEn
2x60x10°%
T axmx1440
Mt=13262.9INmm

Tangential component,

Ptxdo=Mt............ (3.14)
13262.91 %2
Pt=—"""—
60
Pt = 442.0N
Therefore,

Torque on pinion =972.61Nmm
Force acting on gear tooth= 972.61N

Bending stresses

By
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Where,

% =Lewis form factor
M=Module

b=Face width

(1— i]= Bevel Factor

= . .3
ao= [(2) + (22)
e =
a0 = [(3) +(2)

Cl'b=

3 3
442.09
18
318 X n.zz?x(l—m

Ty, = 3748 .rl.n":r”r-':‘
Therefore, theoretically bending strength of helical gedfisig N/ mm2

3.S0LID MODELING AND ANALYSIS:
A solid modeling is done with Catia and then meshing is done. Analysis isvitbr&nsys Workbench 12.1.

)

Figure 3.1. Gtiya model obevel gear

Figure 3.2 : Maximum Principal Stress plot
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4. RESULT AND CONCLUSION:

1) In bevel gear the bending stresses produced at critical section (root of tooth) are maximum iEzidonspar gear.

2) The calculation of maximum stresses itvevel gear at tooth root is three dimensional problems. The accurate evaluation
stress state and distribution of stress is complex task. The stresses produced at any diseoatdifiéyent in magnituel from
those calculated by elementary formulae.

3) In theory ofbevel geamwe are considering that load is acting at one point and the stress is calculated. But, in cAdeaof FE
continuous load is considered. So a pressure will act along the teeth of bevel gear.

4) There is fairly good agreement between experimemdlfiniteelement results. The error in maximiending stress is found to

be 10 %.

Table 2. Comparison of Experimental and FEA Value

Theoretica value FEM value % variatior
36.3¢N/mm?2) 36.1%(N/mm2) 1%
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