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Abstract - Electric Overhead Travelling (EOT) Crane is one of the essential industrial equipment for material handling. 
Generally structural component are subjected to complex loadings in their working life and cost of the material handling 
equipment is depend on the weight of the material. The weight reduction has been increased that motivate me to work on 
optimal design of electric overhead travelling crane gear. Design optimization is performed using detailed 3D finite element 
method of analysis by changing the geometry parameters to control any possible Structural failure and introduce a new gear 
material for gear. EN32, 20MnCr5 is selected for suitability analysis, light weight and for safe stress and deflection.  In this 
paper, bending stress and torsion stresses analysis is performed, while trying to design spur gears to resist bending failure  of 
the teeth, as it affects transmission error. First, the finite element models and solution methods needed for the accurate 

calculation of bending stresses is determined. A simple procedure has been introduced to optimize various parameters of the 
spur gear and then comparing the analysis results with the analytically results. 
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I. INTRODUCTION 

 

Crane and hoisting machine are used for lifting heavy 

loads and transferring them from one place to 

another. A crane is a lifting machine, generally 

equipped with a winder (also called a wire rope 

drum), wire ropes or chains and sheaves that can be 

used both to lift and lower materials and to move 

them horizontally. It uses one or more simple 

machines to create mechanical advantage and thus 

move loads beyond the normal capability of a human. 
Cranes are commonly employed in the transport 

industry for the loading and unloading of goods, in 

the construction industry for the movement of 

materials and in the manufacturing industry for the 

assembling of heavy equipment. Material handling is 

a vital component of any manufacturing and 

distribution system and the material handling industry 

is consequently active, dynamic, and competitive. 

The long travel mechanism is a unit consisting of a 

motor drive, coupling, brakes, gearing & wheels 

designed to travel the whole crane in either direction. 
Generally spur and helical gears mostly used in crane 

because of their high contact ratio and effective way 

of power transmission. They are usually employed to 

achieve constant drive ratio. Due to globalization, 

industries are facing an increasing competition. 

Therefore, it more and more necessary to consider 

alternative technology of manufacturing materials 

used for gears. The high volume production industries 

are continuous searching for the best solution 

available to optimize the gear to compete the market 

conditions. 

 
The main objective of this research work is to 

introduce a new gear material for industrial spur gear 

(Figure 1). EN32A, 20MnCr5 is selected for 

suitability analysis and to identify the structural 

strength and material options for gear and also the 

effect of change in shape of gear. F.E. Modeling shall 

be pursued for deriving analytical solution to the 

problem while physical experimentation would be 

done to offer inputs to the work and validate the 

model at the initial phase of work. ANSYS is being 

considered as a CAE tool for Pre-processing, Solving 

and Post processing. 
 

 
Figure 1: Failed Model of Spur Gear 

 

II. IMPORTANCE OF PROBLEM 

 

In Present practice, industries overdesign spur gear 

which turns costly solution and problem to failure of 

gear by bending and wear. So, our aim is to 

understand, predict and calculate the stability, 

strength and rigidity of spur gear at a given 

constraint. To optimize material layout within a given 
design space, for a given set of loads, boundary 

condition and constraint, with the goal of maximizing 

performance of the system. To find the shape, this is 

optimal in that it minimizes certain cost while 

satisfying given constraint. 

The structure design of spur gear at a crane, which 

determines the design parameters of spur gear and 

furthermore improve the performance. The traditional 

design method can’t work out accurate performance 
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data resulting in the safe coefficient of crane over the 

design requirements greatly, which leads to the waste 
of energy consumption and cost etc. At present, 

simplified structure to reduce the weight and 

lightweight design based optimization are usually 

adopted to achieve energy saving, most of which 

focus on structural design improvement with the 

rapid development of finite element analysis (FEA) 

technique. There is quite a lot of finite element 

analysis software, such as: ANSYS. 

 

III. LITERATURE SURVEY 

 

The literatures on different gears optimization are 
available on various applications are reviewed and 

reported in this chapter, are as follows. 

Ankur et al. [1] in his study, from  the comparison 

between the allowable parameters of Indian Standard 

codes and the results of finite element analysis of re-

designed box girder, it is clearly seen that the 

maximum stress & displacement which is obtained 

from the Finite Element Analysis are within the 

allowable limit of the Indian standard codes. The 

safety factor is also higher on the permissible value 

against the Indian standard codes (IS: 3177;807). 
JANI et al. [2] he did case study on design and 

dynamic analysis of70t double girder electrical 

overhead crane and he found that the maximum stress 

is 8.3225 MPa which is within limit and also proved 

that over design of girder. 

Niels et al. [3] he worked on improving bending 

stress in spur gears using asymmetric gears and shape 

optimization. Results   showed that large 

improvements in the bending stress for gears can be 

found by the use of asymmetric gears. Bending stress 

reduction is achieved by two contributions, a thicker 

tooth root and a root shape change where we have the 
stress concentration. The factor that has the largest 

influence is the enlargement of the root thickness. 

Optimization has been exemplified by three gears 

with the number of teeth being z=17, z=34 and z=68, 

respectively. 

Pedro et al. [4] he studied the analytical load sharing 

and mesh stiffness model for spur/helical and 

internal/external gears-towards constant mesh 

stiffness gear design and he analyzed that the quasi-

static elastic load distribution model appears as a 

good alternative to some of the more complex FEM 
based models. The implementation effort was quite 

low due to its straight forward formulation. The main 

innovation was the use of Heaviside functions for the 

description of the length of lines of contact to extend 

parabolic spur gear single tooth mesh stiffness to 

helical gears. This model is applicable to external and 

internal parallel axis gears. There should not be 

reserves in the application of this model to high 

contact ratio gears, since the entire meshing tooth 

pairs are always considered. 

Javad et al.[5] he has investigated the Gear train 

optimization based on minimum volume/weight 

design and he says that a In this study the general 

form of objective function and design  for the volume 
of a gear train has been written and by using the 

Matlab program. They minimized overall volume of 

one, two and three-stage gear trains. He considered 

some values for transmission power, hardness of 

material and gearbox ratio as input data for gearbox 

parameters. Optimization program have been 

presented in the form of practical curves. The 

practical curves can be used to specify all the 

necessary parameters of gearbox such as number of 

stages, gear modules, face width of gears and shaft 

diameters. The results of this paper are compared and 

validated with those reported in the previous 
publication. Then, an example is presented to show 

how the curves can be used. 

Francesco  et al. [6] he has worked on dynamic 

optimization of spur gears and  presented a global 

optimization method, based on the Random plus 

Simplex approach, has been developed in order to 

suggest the best geometry of spur gears versus 

vibration reduction; tip and root relief parameters are 

considered for optimizing the gears. The optimization 

strategy considers the whole dynamic scenario, i.e. 

the vibration level at different rotational speeds and 
different torques. This allowed finding an optimized 

gear pair having good dynamic behavior over a wide 

range of operating conditions. 

Mohammad et al. [7] he studied on effects of helix 

angle, mechanical errors, and coefficient of friction 

on the time-varying tooth-root stress of helical gears. 

He concluded that the analytical method presented in 

AGMA standard give acceptable accuracy to 

calculate the tensile stress at tooth root, but cannot be 

used to determine the compressive stress of TVTR. 

So he verified the AGMA standard has some 

limitations. Also 10% tensile stress and compressive 
stress could be reduced when the HA increased from 

0° to 22.5°. 

P.B.Pawar [8] he investigated on development of 

aluminium based silicon carbide particulate metal 

matrix composite for spur Gear. Silicon carbide 

particle reinforced aluminium matrix composite 

(AMCs) were prepared by stir-casting with different 

particle weight fraction (2.5%, 5%, 7.5%, and 10%) 

He concluded that hardness of Al-SiC is much better 

than the aluminum metal. In case of increased silicon 

carbide content, the hardness, and material toughness 
are enhanced and highest value is obtained at 10% 

SiC content. More uniform distribution of SiC 

particles can be found if composite is prepared by 

powder metallurgy than stir casting; however stir 

casting is more economical. These composites can be 

used for making power transmitting elements such as 

gears, which are subjected to continuous loading. 

Stress distribution obtained in FEA analysis shows 

highest stress value at tip of the teeth. 

P.B.Pawar [9] he worked on analysis of composite 

material spur gear under static loading condition and 

Al-SiC composite have been prepared by stir casting 
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and various mechanical tests are conducted for 

evaluating properties of composite. Conclusions 
showed that Al-SiC composite prepared by stir 

casting provides improved hardness, Tensile strength 

over base metal. Better results have been obtained at 

18% SiC is added. 

Gears manufactured from composite provides almost 

60% less weight compared to steel gear, while power 

rating of both gears remains almost same. FE 

Analysis also shows less chances of failure in Al-SiC 

gear. Almost 3-4% difference has been observed 

between theoretical and FEA values of bending 

stress. These gears can be used for transmitting 

almost 24kW power. 
Krishanu et al. [10] he did the analysis of design and 

material selection of a spur gear pair for Solar 

Tracking application. The static stresses, i.e., Bending 

and Contact stresses of the 25° involutes profiled spur 

gear pairs were studied through finite element 

meshing simulation for finding out the differences in 

stress results for the various material types, viz., 

metallic (ASTM Class 35 Cast Iron and ASTM 1045 

or C45 steel) and plastic (NYLON 6/6 and 

Polyphenylene Sulphide). It is found out that both 

metallic and plastic gears have their stress values far 
below their permissible stress limits, and also, the 

stresses induced in both the gear pairs are close 

enough. Thus, they concluded that for an open 

environment wherein the mentioned setup is to be 

installed, both material type gear pairs may be 

applied. 

 

A. Gaps Identified in Literature 

Based on the literatures from various research articles 

for the failure of the gear used in various types of 

application like automobile, industrial, etc. Finding 

failure in gear types of techniques used and 
alternative material used to minimize the failure. The 

following observations are made on the above 

literature survey: 

 Types of failure in gear system. 

 Causes of the failure of gear. 

 Types of optimization techniques used to 
minimize the failure in spur gear. 

 

IV. METHODOLOGY 

 

The methodologies used in future to conduct 

experiment on spur gear have reported under 

methodology. The spur gear at a double girder crane 

at a Hexagone Pvt. Ltd, Bhosari, Pune will be 

selected for investigation of effect optimization on 

gear. 

The bending and wear experiments will be carried out 

on the spur gear prepared using a FEM method for 
different shape and topology design. The failure 

region will be measured and analyzed by using 

specific technique. Then Results of modified spur 

gear will be compared with the low performance spur 

gear to signify the effect of strength and stability, 

shape and material option. The different type of 

mechanical tools will be used for this proposal. 

 

V. MODELLING OF SPUR GEAR USING CAD 

SOFTWARE 

 
CAD software for mechanical design uses either 

vector-based graphics to depict the objects of 

traditional drafting, or may also produce faster 

graphics showing the overall appearance of designed 

objects. However, it involves more than just shapes. 

As in the 

manual drafting of technical and engineering 

drawings, the output of CAD must convey 

information, such 

as materials, processes, dimensions, and tolerances, 

according to application-specific conventions. For 
this project the engine components were designed 

using SolidWorks, 2016 software and the components 

are Spur Gear and Rack completion in motion study 

as shown in Figure 2. 

 

 
Figure.2: SolidWorks Motion Study 

https://en.wikipedia.org/wiki/Raster_graphics
https://en.wikipedia.org/wiki/Raster_graphics
https://en.wikipedia.org/wiki/Raster_graphics
https://en.wiktionary.org/wiki/drafting
https://en.wikipedia.org/wiki/Technical_drawing
https://en.wikipedia.org/wiki/Engineering_drawing
https://en.wikipedia.org/wiki/Engineering_drawing
https://en.wikipedia.org/wiki/Engineering_drawing
https://en.wikipedia.org/wiki/Material
https://en.wikipedia.org/wiki/Manufacturing_process
https://en.wikipedia.org/wiki/Dimension
https://en.wikipedia.org/wiki/Engineering_tolerance
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VI. ANALYTICAL SOLUTION 

 

A. Material Properties 

The EN32A case hardening steel is an unalloyed law 

carbon grade. Components when carburized have a 

core strength range of 430-490 N/mm^2, with a hard 

wear resistant surface case. It includes Carbon 0.10-

0.18%, Manganese 0.60-1.00%, Silicon 0.05-0.35%, 

Phosphorous and Sulphur 0.05%. 

20MnCr5 is low alloyed case hardening steel based 

on a 20% chromium and 5% nickel content. It is 

suitable for application which involves high 
mechanical stresses and severe corrosion conditions. 

This paper is concern with the mechanical properties 

influence on spur gear without considering 

manufacturing prospects. Mechanical properties of 

materials used for the analysis are elastic modulus, 

poisons ratio and material density. The material 

properties are- 

 
Table 1 

Material Properties 

Material 

Variant 

Young’s Modulus 

(GPa) 

Poisson 

ratio 

Density 

(g/cm^3) 

Tensile Strength 

(MPa) 

Yield Strength 

(MPa) 

EN32A 2.1 0.3 7.93 1000 570 

20MnCr5 1.99 0.3 7.80 1158 1034 

 

B. Related Parameter 

10 TON OVERHEAD CRANE SPECIFICATION 

Capacity = 10 Ton 

Span = 10 meter 

Lifting Height = 9 m 

Lifting Speed = 7 m/min 

Travelling Speed = 20-30 m/min 

Control Type = Remote 

Power Source = 3phase, 412volts, 50Hz 

Power = 10kw 
Total Weight = 6.72 ton. 

 

Power (P) = 10 kW = 10000watt 

Speed (N) = 25 m/ min = 96.35 RPM 

Power (P) = 
2∗π∗N∗T  

60
 

10000 = 
2∗π∗96.35∗T  

60
 

Torque (T) = 
2∗π∗96.35  

60∗10000
 

T= 991.05 N-m 

T= F * 
d

2
 

F’ = 24.091N 

F = 
24.09

cos 55
 = 41.99N 

F, = F*cos 35 = 34.40 N 
Where F’ is the Tangential load Using Lewis 

equation Tangential load 

F = σb*y*Pc*b 

24.091= σb*0.32*(π*4.1142)*32 

σb = 0.182 N/mm2 

Where, σb is the allowable stress, 

Y’ is the Lewis form factor, 

Pc’ (Circular pitch) = π * module, 

b’ is the face width of the gear, 

d’ is the pitch circle diameter of the gear, 

 

The Maximum allowable stress as per the design of 
the desired spur gear, 

σb = 0.182N/mm2 

Allowable stress of Cast iron = Ultimate tensile 

strength / 3 = 240 / 3 = 80 N/mm2 > 0.182 N/mm2 

Allowable stress of EN32 = Ultimate tensile strength 

/ 3 = 430/3 = 143.34 N/mm2 > 0.182 N/mm2 

Allowable stress of 20MnCr5 = Ultimate tensile 

strength / 3 = 620/3 = 206.667 N/mm2 > 0.182 

N/mm2 

So, Design is safe for Cast iron (and EN32A and 

20MnCr5 selected material option) analysis. 

 

C. Geometric details of desired spur gear: 

Given, Face Width = 32mm 
Inner Dia. = 72mm 

Outer Dia. = 90mm 

Span = 1360mm 

Bridge length = 8m 

Shaft Dia. = 40mm 

No of Teeth = 20 

Pressure Angle = 20  

Deddendum Dia. = 72mm = PCD-2*b 

= d – 2 * 1.25m 

= d – 2 * 1.25 *  

⸫ d= PCD = 82.28mm 

⸫ Module = m =  = 4.1142mm 

Addendum = a = Module = 4.1142mm 

Deddendum = b = 1.25 * m = 5.12485mm 

Clearance = 0.25 * m = 1.0285mm 

Working Depth = 2 * m = 8.2285mm 

Whole Depth = 2.25* m = 9.26mm 

Addendum Dia. = d + 2 * a = 90.51mm 

Deddendum Dia. = d – 2 * b = 72.03mm 

Base Circle = d *  = 82.28 *  = 

77.3179mm 

 

D. Lewis Equation for Tooth Bending Stress 

 

=  

⸫  = 0.5947 N/mm2 
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VII. ESTABLISHMENT OF 3D MODEL 

 
The Finite Element Method is used to formulate the 

problem of structural optimization with given 

boundary conditions. At used a fine mesh with face 

meshing for a tooth profile. 

 
Figure 3: Face Meshing of an Spur Gear 

 

VIII. STRUCTURAL OPTIMISATION & 

RESULTS 
 

A. Equivalent Stress (MPa) recommended that 

yielding in a ductile material occurs when 2nd 

deviatoric stress invariant gets to a critical value as 

shown in Figure 4,5,6 of Cast Iron,EN32A and 

20MnCr5 

 

 
Figure 4: Equivalent Stress of Cast Iron 

 

 
Figure 5: Equivalent Stress of EN32A 

 

 
Figure 6: Equivalent Stress of 20MnCr5 

B. Normal Stress (MPa) is occurs when gear is in 

tension or compression condition, and is calculate in  
Figure 7,8,9 of Cast Iron, EN32A and 20MnCr5 

 
Figure 7: Normal Stress of Cast Iron 

 
Figure 8: Normal Stress of EN32A 

 
Figure 9: Normal Stress of 20MnCr5 

 

C. Total Deformation (mm) is the all directional 

displacement by its boundary conditions load as 

shown in  Figure 10, 11, 12 of Cast Iron,EN32A and 

20MnCr5 

 
Figure 11; Total Deformation of Cast Iron 

 
Figure 12: Total Deformation of EN32A 
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Figure 13: Total Deformation of 20MnCr5 

 

From the static analysis using Equivalent vonmise 

stress and strain, Normal Stress and Total 

deformation values for the gray cast iron, EN32A and 
20MnCr5 are obtained as following below table. 

 
Table 2 

Result From ANSYS Tool 

 
Equivalent 

Stress 

(MPa) 

Normal 

Stress 

(MPa) 

Total 

Deformation 

(mm) 

Cast Iron 86.596 67.486 0.013363 

EN32A 90.851 64.565 0.008966 

20MnCr5 89.479 65.05 0.00851 

 

CONCLUSION 

 

The girder spur gear is designed and analysis in this 
paper for vonmices stresses, normal stresses and 

deflection. The minimum stress value is reported for 

EN32A and 20MnCr5 as compared to cast iron. It is 

recommended that the EN32A is a best material for 

the application of EOT crane under limited load 

condition. The EN32A is corrosion resistant material 

and imparts the gear design with less weight and less 
cost for crane. 
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