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Abstract

Gear is a mechanical rotating element having cut teeth, or cogs on the periphery of cylinder or disc, which meshes with another
toothed rotating element in order to transmit torque or power. Meticulously, this is accomplished by successively engaging of
teeth. Gears are widely used in industries; perhaps, spur gear is the simplest model of gears and the radial teeth are designed on
the periphery parallel to the axis of the shaft. This research analysis work speaks about the solid modeling of spur gear, stress-
strain and deflection analyses of the gear and assembly in such a way that, the analysis is done separately for main spur gear,
pinion gear and assembly of main spur gear and pinion gear later it is analyzed to gear pair mounted in gear box. Finite Element
Methods (FEM), Pro/Engineer and ANSYS simulation methods are widely used to detail the stress and deflection analysis of the
spur gear and assembly.
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I. INTRODUCTION

As the most common type, spur gears are often used because they are the simplest to design and manufacture. Besides, they are
the most efficient. When compared to helical gears, they are more efficient. The efficiency of a gear is the power output of its
shaft divided by the input power of its shaft multiplied by 100. Because helical gears have sliding contact between their teeth,
they produce axial thrust, which in turn produces more heat. This causes a loss of power, which means efficiency is lost. Spur
gears are more efficient than helical gears. The efficiency of a gear is the power output of its shaft divided by the input power of
its shaft multiplied by 100. Because helical gears have sliding contact between their teeth, they produce axial thrust, which in
turn produces more heat. This causes a loss of power, which means efficiency is lost. While manufacturing spur gears, wide
variety of materials can be used. These include steel, Nickel, Aluminum, Bronze, Cast Iron, Bakelite, Phenolic and Plastics.

Il. SCOPE OF PRESENT WORK

The present thesis describes the results of finite element analyses for different cases of gear assembly, namely

1) Main gear under line load.

2) Pinion gear under line load.

3) Gear pair under contact without any support of shaft.

4) Gear pair under contact as supported in a gear box.

The objective was to examine and asses the deformation and stress.

For purpose of analysis the gears are modeled in pro/e software and the IGES files of these models are imported in to the
commercial software ANSYS, rel 11.0.

From the results of analyses, it is proposed to assess the effects of gearbox.

I11. SOLID MODELLING OF SPUR GEAR

A. Solid Modeling

Solid Modelling is geometrical representation of a real object without losing information the real object would have. It has
volume and therefore, if someone provides a value for density of the material, it will have mass and inertia. Unlike the surface
model, if one makes a hole or cut in a solid model, a new surface is automatically created and the model recognizes which side of
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the surface is solid material. The most useful thing about solid modelling is that it is impossible to create a computer model that

is ambiguous or physically non-realizable.

#. Design of Gear by Solid Modelling

The available gear design software’s are mathematical in nature for the proper modelling of the involute curve and the tooth
profile generated from the curve. Dedicated gear design programs perform the calculations, which are necessary to create the true
profile of the gear tooth, but this is a tedious and time-consuming operation. However, CAD/CAM applications can do this in
seconds to generate a correct involute tooth profile quickly and easily due to their graphical nature. They are graphical modelling
tools and there are a finite number of calculations they can perform and a finite number of points they plot along the involute

curve.

. General procedure to create an Involute curve

Since the tooth profile is an involute curve,

The sequence of procedures employed to generate the involute curve are illustrated as

Follows: -

—  Set up the geometric parameters

—  Number of teeth
—  Diametric Pitch
—  Pressure angle
— Pitch diameter
—  Face width

— Helix angle

£, Key Geometric parameters of Spur gear used

The geometric dimensions and other parameters are given in table -I
Table -1
Geometric model

Properties Main gear | Sub gear
Module 10mm, 10
Pressure angle 20deg 20
No. teeth 33 21
Pitch circle diameter 300mm 200
Root diameter 276.86mm 176.86
Centre distance 270mm 270
Pitch diameter 330mm 210
Addendum circle 350mm 230
Deddundum circle 309.05mm 188.51
Base circle 310.06mm 197.3
Addendum height 10mm 10
Deddundum height 12.5mm 125
Circular pitch 31.4mm 31.4
Tooth depth 23.14mm 23.14
Face width 50mm 50
Tooth radius 41.25mm 26.25
Half tooth thick 7.8625mm 7.8625
Tip radius 3.926mm 3.926

Fig.1 to 4 shows the spur gear modelled in pro/e software. Similar procedure yields the model for the pinion. Similarly, fig.5&
6 show the assembly of the gear and pinion. And fig.7 shows the assembly of the gear with shaft. As per specifications given in
Table-I the spur Gear is modelled as shown in figures below individual models for 1) Main gear only 2) Pinion gear only 3) gear

pair with shaft have been created and used.
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Fig. 3: Top View
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Fig. 6: Front View of Assembly of gears.
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E. Finite Element Analysis
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Fig. 7: Isometric View of Assembly of gears with Shaft Geometric model

In this finite element analysis the continuum is divided into a finite numbers of elements, having finite dimensions and reducing
the continuum having infinite degrees of freedom to _finite’ degrees of unknowns. It is assumed that the elements are connected
only at the nodal points. The accuracy of solution increases with the number of elements taken. However, more number of
elements will result in increased computer cost. Hence optimum number of divisions should be taken. In the finite element
method the problem is formulated in two stages:
— The element formulation: It involves the derivation of the element stiffness matrix which yields a relationship between nodal

point forces and nodal point displacements.
—  The system formulation: It is the formulation of the stiffness and loads of the entire structure.

IV. FINITE ELEMENT ANALYSIS OF GEAR PAIR

The dimensions of the gear and pinion are given earlier and the major parameters are repeated below.

Properties Main gear | Pinion gear
Module 10mm, 10
Pitch diameter 330mm 210
Addendum circle 350mm 230
Deddundum circle | 309.05mm 188.51
Base circle 310.06mm 197.3

The loading is determined from the torque being applied on the main gear and pinion gear and assemble of both gears. An
early level can has a power of around 70HP and speed around 7000rpm.

For a speed N of rpm torque is obtained from the formula HP= 27T NT/4500.

Torque =7160N

This torques is acting over a perimeter of the shaft.

This load is applied as a tangential load at 4 nodes distributed at 90deg interval.

The pinion shaft is constrained to have zero displacement, which is the boundary condition.

The material properties used as:
E =2E5 N/mm?
Poisons ratio = 0.3

A. The analysis is carried out by 4stages

— Main gear separately.
— Pinion gear separately.

— Assemble of main gear and pinion and,
— Analysis of gear pair mounted in gear box.
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11 Case 1: analysis of main gear only:
The meshed main gear model is applied boundary conditions of no linear displacement at centre and only rotation allowed. The
line load 2.2N/mm? is applied on a tooth end. The fig.8 to13 show the results of the analysis for various parameters.

Main gear: At load 2.2 N/mm?;
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Fig. 9: Isometric View of Deflection
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Fig. 10: Deflection
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Fig. 13: Deflection with Node numbers

Maximum Absolute Values
— Node 4945 4940 740 4945
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— Value 0.64122e-04-0.18051e-03-0.14709e-04 0.18353e-03

21 Case2: analysis of sub gear only:

The meshed sub gear model is applied boundary conditions of no linear displacement at centre and only rotation allowed. The
line load 2.2N/mm? is applied on a tooth end. The fig.14 to 19 show the results of the analysis for various parameters.

Load at 2.2 N/mm2;

A e )

o 59

toespPMATIRQR DD .

Fig. 14: Deflection

R I RN
D M & &y BN =2 nH

' &l

®
" 2

-

Auchalala

TB e bl e it AL ——

Fig. 16: Deflection
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Fig. 19: Deflection with Node numbers
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Maximum Absolute Values

Node 13143 3523 714 3530

Value 0.45867e-04-0.18626e-03 0.16431e-04 0.18986e-03

) Case3: analysis of gear assembly:

Only the boundary for sub gear as being constrained at centre, while the main gear is free of x and y movements. The torque is
applied 7160N.
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Fig. 21: Deflection
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Fig. 25: Rotational Vector Sum Results
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Fig. 26: Von Misses Strains

Maximum Absolute Values

Node 1459 1455 4954 1455

Value  -0.19618e -03 0.19957e  -03 0.56592e -05 0.19958e-03

41 Cased: Analysis of gear pair arranged in gear box:

The behaviour of the gear pair while located inside a gearbox will be different then that when the pair is independent. This is
because of the constraint of the gearbox.

The details of the gear box presented in the fig.27 to38 as can be seen the large gear and the pinion the which are supported on
their shafts are placed within the gear box casing .The casing has ball bearings due to which displacement of the shaft is zero at
these locations while rotations are allowed. They are used as boundary conditions.

The loading is implemented in the same as for earlier cases. That is distributing the torque as tangential load over distances on
the relevant nodes.
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Fig. 27: Isometric View
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Maximum Absolute Values
Node 2973 2968
Value -0.41598e  -03 0.42372¢

4969
-030.12241e

2968
-04 0.42373e-03

V. CONCLUSION

The primary aim of the thesis was to examine the effect of mounting bracket or (gear box) for a spur gear assembly for this purpose a finite
element analysis was carried out for following cases,
1) Analysis of main gear only,
2) Analysis of sub gear only,
3) Analysis main gear and sub gear without the gear box,
4) Analysis of the gear assembly inside the gearbox.
The results are shown in following table.
For torque of 7190Nmm, the value of deflection and von Misses stress and strain are detailed below.

Case Deflection(mm) Von misses stress N/mm? Von misses strain
Big gear (only) 0.182x10°° 31.41 0.59x10-5(low since totally fixed)
Sub gear (only) 0.190x10® 36.59 0.620x10-5(low since totally fixed)
Assembly gear (torque analysis) 0.22x10°8 41.49 0.261x103
. 0.471x10*(on gear) 83.60(on shaft) 0.554x103(on shaft)
Gear assembly inside the gear box 0.424x10-(on shaft) 9.3(on gear) 0.615x10-4(0n gear)

It can be concluded that the analysis of individual gears do not provided much information regarding the deflection and the
stress in the practical configuration also the analysis of the spur gear assembly a lone gives a little more realistic assessment of
stress and deflection.

However the analysis of the gear assembly inside the gear box shows clearly that much more the stress and deflection in the
gear portion is transformed to the supporting shafts.

This is the very important observation since when one designs a gear pair,

The following two aspects are to be consider namely,

1) The gear stress analysis especially at the contact zone to overcome plasticity effect and,
2) The analysis of the shaft system which takes up more stress & deflection when the gear is assembled in the gearbox.
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