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ABSTRACT 
Computer technology has touched all areas of today’s life, impacting how we obtain railway tickets, shop online 
and receive medical advice from remote location. Computer-based design analysis is nowadays a common 
activity in most development projects. Traditionally, the design field has been identified with particular end 
products, e.g., mechanical design, electrical design, ship design. In these fields, design work is largely based on 
specific techniques to foster certain product characteristics and principles The scope of this work includes, to 
design, to  model the bevel gear, to select  gear  materials , to detailed factor safety in design and to analysis  
bevel gears. Gears are toothed elements that transmit rotary motion from one shaft to another. Gears are 
generally rugged and durable and their power transmission efficiency is as high as 98%. Gears are usually more 
costly than chains and belts. Bevel gears are gears where the axes of the two shafts intersect and the tooth-
bearing faces of the gears themselves are conically shaped. Bevel gears are most often mounted on shafts that 
are 90 degrees apart, but can be designed to work at other angles as well. The pitch surface of bevel gears is a 
cone. Two bevel gears in mesh is known as bevel gearing. In bevel gearing, the pitch cone angles of the pinion 
and gear are to be determined from the shaft angle, i.e., the angle between the intersecting shafts.  The bevel 
gear has many diverse applications such as locomotives, marine applications, automobiles, printing presses, 
cooling towers, power plants, steel plants, railway track inspection machines, etc. 
 

I. INTRODUCTION 
The history of gears is probably as old as 

civilization itself. Still today, the importance of 
gears in the manufacturing industry is 
undiminished and even continues to grow.Gears are 
considered as one of the oldest piece of equipment 
known to mankind, so old in fact that their origin 
can be trace back to The Chinese South-Pointing 
Chariot in the 27th century B.C – a vehicle built on 
two wheels which bore a movable indicator that 
always pointed South no matter how the chariot 
turned. The chariot, allegedly designed by 
mechanical engin Ma Jun, possessed rotating 
wheels that were mechanically geared to keep the 
indicator pointing in a southern direction without 
the use of magnets. The earliest description of 
gears was written in the 4th century B.C. by 
Aristotle. He wrote that the “direction of rotation is 
reversed one gear wheel drives another gear wheel. 
In the 3rd century B.C., various Greek Inventors 
used gear in water wheels and clocks, and sketches 
of various types of gears of around this time were 
found in Leonardo da Vinci’s notebooks on. For a 
long period after these discoveries, there were no 
major development concerning wheels until the 
17th century, when the first attempts to provide  

 
constant velocity ratios (conjugate 

profiles) was recorded and there was mention of 
the utilization of the involute curve. The 19th 
century saw the first use of form cutters and 
rotating cutters and in 1835 English inventor 
Whitworth patented the first gear hobbing process. 
Various other patents followed until 1897 when 
Herman Pfauter of Germany invented the first 
hobbing machine capable of cutting both spur and 
helical gears. Through the 20th century various 
types of machines developed. But, the next major 
step came 1975 when the Pfauter Company in 
Germany introduced the first NC hobbing machine 
and in 1982 the Full 6 axis machine was 
introduced. The purpose of any gear mesh is to 
transmit rotary motion and torque from one 
location to another at a consistent rate.see fig 4 
Simulation is a powerful approach to modeling 
manufacturing systems in that many complex and 
diverse systems can be represented. Can predict 
system performance measures that are difficult to 
assess without a model. It is a proven, successful 
tool and has been in use since the 1950s. The 
current languages take advantage of the capabilities 
of today’s microprocessors and provide the user 
with the needed on-line support for model 
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development, management, and analysis . CAD 
(computer-aided design) has its roots in interactive 
computer graphics. Before the CAD era, 
engineering drawings were prepared manually on 
paper using pencils and drafting instruments on a 
drafting table. The advent of interactive computer 
graphics replaced the drafting table with a 
computer monitor and the pencil with an input 
device such as a light pen or mouse. Instead of 
using physical drafting instruments, software 
commands and icons on the computer display are 
used.The drawing can be created, modified, copied, 
and transformed using the software tools. At the 
time,CAD stood for computer-aided drafting. 
Drafting was confined to 2D because  of the paper 
limitation. With the computer, such limitation is 
removed. Three-dimensional CAD systems were 
developed in the 1960s. In 3D CAD, objects are 
modeled using 3D coordinates (x, y, and z) instead 
of 2D coordinates (x and y). The need for modeling 
parts and products with complex surfaces 
motivated the development of free-form surface 
modelers. Bevel gears are used in differential 
drives, which can transmit power to two axles 
spinning at different speeds, such as those on a 
cornering automobile. 

The gears in a bevel gear planer permit 
minor adjustment during assembly and allow for 
some displacement due to deflection under 
operating loads without concentrating the load on 
the end of the tooth. 

Spiral bevel gears are important 
components on rotorcraft drive systems. These 
components are required to operate at high speeds, 
high loads, and for a large number of load cycles. 
In this application, spiral bevel gears are used to 
redirect the shaft from the horizontal gas turbine 
engine to the vertical rotor. 
 
II. GEAR DESIGNCONSIDERATIONS 

Bevel and hypoid gears are suitable for 
transmitting power between shafts at practically 
any angle and speed. The load, speed, and special 
operating conditions must be defined as the first 
step in designing a gear set for a specific 
application. A basic load and a suitable factor 
encompassing protection from intermittent 
overloads, desired life, and safety are determined 
from 
[1.] The power rating of the prime mover, its 

overload potential, and the uniformity 
of its output torque 
[2.] The normal output loading, peak loads and 

their duration, and the possibility of 
stalling or severe loading at infrequent intervals 
[3.] Inertia loads arising from acceleration or 

deceleration 

The speed or speeds at which a gear set 
will operate must be known to determine inertia 
loads, velocity factor, type of gear required, 
accuracy requirements, design of  mountings, and 
the type of lubrication. Special operating conditions 
include 
[1.] Noise-level limitations 
[2.] High ambient temperature 
[3.] Presence of corrosive elements 
[4.] Abnormal dust or abrasive atmosphere 
[5.] Extreme, repetitive shock loading or reversing 
[6]. Operating under variable alignment 
[7.] Gearing exposed to weather 
[8.] Other conditions that may affect the operation 

of the set 
 
III. SELECTION OF TYPE OF GEAR 

Straight-bevel gears are recommended for 
peripheral speeds up to 1000 feet per minute 
(ft/min) where maximum smoothness and quietness 
are not of prime importance. However, ground 
straight bevels have been successfully used at 
speeds up to 15 000 ft/min. Plain bearings may be 
used for radial and axial loads and usually result in 
a more compact and less expensive design. Since 
straight-bevel gears are the simplest to calculate, 
set up, and develop, they are ideal for small lots. 
Spiral-bevel gears are recommended where 
peripheral speeds are in excess of 1000 ft/min or 
1000 revolutions per minute (r/min). Motion is 
transmitted more  smoothly and quietly than with 
straight-bevel gears. So spiral-bevel gears are 
preferred also for some lower-speed applications. 
Spiral bevels have greater load sharing, resulting 
from more than one tooth being in contact. Zerol 
bevel gears have little axial thrust as compared to 
spiral-bevel gears and can be used in place of 
straight-bevel gears. The same qualities as defined 
under straight bevels apply to Zerol bevels. 
Because Zerol bevel gears are manufactured on the 
same equipment as spiral-bevel gears, Zerol bevel 
gears are preferred by some,They are more easily 
ground because of the availability of bevel grinding 
equipment. Hypoid gears are recommended where 
peripheral speeds are in excess of 1000 ft/min and 
the ultimate in smoothness and quietness is 
required. They are somewhat stronger than spiral 
bevels. Hypoids have lengthwise sliding action, 
which enhances the lapping operation but makes 
them slightly less efficient than spiral-bevel gears. 
 

IV. MATERIALS USED IN GEAR 
MANUFACTURING PROCESS 

The various materials used for gears 
include a wide variety of cast irons, non ferrous 
material and non – metallic materials. The selection 
of the gear material depends upon: Type of service 
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Peripheral speed Degree of accuracy required 
Method of manufacture Required dimensions and 
weight of the drive Allowable stress Shock 
resistance Wear resistance. Some materials chosen 
include: Cast iron, which is popular due to its good 
wearing properties, excellent machinability and 
ease of producing complicated shapes by the 
casting method. It is suitable where large gears of 
complicated shapes are needed. Steel, which is 
sufficiently strong & highly resistant to wear by 
abrasion. Cast steel, which is used where stress on 
the gear is high and it is difficult to fabricate the 
gears. Plain carbon steels, which find application 
for industrial gears where high toughness combined 
with high strength. Alloy steels, which are used 
where high tooth strength and low tooth wear are 
required. Aluminum, which is used where low 
inertia of rotating mass is desired. Gears made of 
non–metallic materials give noiseless operation at 
high peripheral speeds. 
 

V. APPLYING COMPUTERS TO 
DESIGN 

No other idea or device has impacted 
engineering as computer have. All engineering 
disciplines routinely use computer for calculation, 
analysis, design and simulation .Many of the 
individual tasks within the overall design process 
can be performed using a computer. As each of 
these tasks is made more efficient, the efficiency of 
the overall process increases as well. The computer 
is especially well suited to design in four areas, 
which correspond to the latter four stages of the 
general design process. Computers function in the 
design process through geometric modeling 
capabilities, engineering  analysis calculations, 
automated testing procedures, and automated d 

 
VI. DESIGN AND MODELING OF 

BEVEL GEAR 
 

 

 
 

 

 

 
Fig; 3 Bevel Gear Mesh 

 
 

 
 

 

 
Fig 6 Wire Frame 
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Fig 8 Static Displacement 

 

 

 
 

VII. DESIGN PROCESS 
The ability to create something out of 

nothing makes design one of the most exciting 
aspects of engineering. To be successful, design 
engineer require abroad set of talents include 
knowledge creativity, people skill and planning 
ability .Engineers use CAD to create two− and 
three−dimensional drawings, such as those for 
automobile and airplane parts, floor plans, and 
maps and machine assembly. While it may be 
faster for an engineer to create an initial drawing by 
hand, it is much more efficient to change and adjust 
drawings by computer. In the design stage, drafting 
and computer graphics techniques are combined to 
produce models of different machines. Using a 
computer to perform the six−step’art−to−part’ 
process: The first two steps in this process are the 
use of sketching software to capture the initial 
design ideas and to produce accurate engineering 
drawings. The third step is rendering an accurate 
image of what the part will look like. Next, 
engineers use analysis software to ensure that the 
part is strong enough  .Step five is the production 

of a prototype, or model CAD began as an 
electronic drafting board, a replacement of the 
traditional paper and pencil drafting method. Over 
the years it has evolved into a sophisticated surface 
and solid modeling tool. Not only can products be 
represented precisely as solid models, factory shop 
floors can also be modeled and simulated in 3D 
shown in fig 7-10. It is an indispensable tool to 
modern engineers  
 

VIII. MODELLING 
Modeling is the process of producing a 

model; a model is a representation of the 
construction and working of some system of 
interest as shown in fig 3. A model is similar to but 
simpler than the system it represents. One purpose 
of a model is to enable the analyst to predict the 
effect of changes to the system. On the one hand, a 
model should be a close approximation to the real 
system and incorporate most of its salient features. 
On the other hand, it should not be so complex that 
it is impossible to understand and experiment with 
it. A good model is a judicious tradeoff between 
realism and simplicity. Simulation practitioners 
recommend increasing the complexity of a model 
iteratively. An important issue in modeling is 
model validity. Model validation techniques 
include simulating the model under known input 
conditions and comparing model output with 
system output. Generally, a model intended for a 
simulation study is a mathematical model 
developed with the help of simulation software. 
Mathematical model classifications include 
deterministic (input and output variables are fixed 
values) or stochastic (at least one of the input or 
output variables is probabilistic); static (time is not 
taken into account) or dynamic (time-varying 
interactions among variables are taken into 
account). Typically, simulation models are 
stochastic and dynamic  
 
Wire Frame The most basic functions of CAD are 
the 2D drafting functions. 2D geometry such as 
line, circles, and curves can be defined. A 2D 
profile can also be extruded into a 21⁄2 D object. 
The extruded object is a wireframe of the object 
CAD also allows a 3D wire-frame to be defined.To 
cover the wire-frame model, faces can be added to 
the model. This creates a shell of the object. 
Hidden line/surface algorithms can be applied to 
create realistic pictures. Many menu functions are 
used to help simplify the design process. 
Annotation and dimensioning are also supported. 
Text and dimension symbols can be placed 
anywhere on the drawing, at any angle, and at any 
size.A sample drawing is shown in Fig; 6 
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Experimental Analysis involves fabricating a 
prototype and subjecting it to various experimental 
methods. Although this usually takes place in the 
later stages of design, CAD systems enable the 
designer to make more effective use of 
experimental data, especially where analytical 
methods are thought to be unreliable for the given 
model. CAD also provides a useful platform for 
incorporating experimental results  into the design 
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Safety An engineer must always design products 
that are safe for the end user and the artisans who 
construct the product.it is impossible to design 
completely safe products because they would be 
too costly. Therefore, the engineer often must 
design to industry standards for similar product  
Factor Of Safety is the ratio of ultimate strength of 
the material to allowable stress. The term was 
originated for determining allowable stress. The 
ultimate strength of a given material divided by an 
arbitrary factor of safety, dependent on material 
and the use to which it is to be put, gives the 
allowable stress. In present design practice, it is 
customary to use allowable stress as specified by 
recognized authorities or building codes rather than 
an arbitrary factor of safety. One reason for this is 
that the factor of safety is misleading, in that it 
implies a greater degree of safety than actually 
exists. For example, a factor of safety of 4 does not 
mean that a member can carry a load four times as 
great as that for which it was designed. It also 
should be clearly understood that, though each part 
of a machine is designed with the same factor of 
safety, the machine as a whole does not have that 
factor of safety. When one part is stressed beyond 
the proportional limit, or particularly the yield 
point, the load or stress distribution may be 
completely changed throughout the entire machine 
or structure, and its ability to function thus may be 
changed, even though no part has ruptured. 
Although no definite rules can be given, if a factor 
of safety is to be used, the following circumstances 
should be taken into account in its selection:  
1. When the ultimate strength of the material is 

known within narrow limits, as for structural 
steel for which tests of samples have been 
made, when the load is entirely a steady one of 
a known amount and there is no reason to fear 
the deterioration of the metal by corrosion, the 
lowest factor that should be adopted is 3.  

2. When the circumstances of (1) are modified by a 
portion of the load being variable, as in floors 
of warehouses, the factor should not be less 
than 4.  

3. When the whole load, or nearly the whole, is 
likely to be alternately put on and taken off, as 
in suspension rods of floors of bridges, the 
factor should be 5 or 6.  

4. When the stresses are reversed in direction from 
tension to compression, as in some bridge 
diagonalsand parts of machines, the factor 
should be not less than 6.  

5. When the piece is subjected to repeated shocks, 
the factor should be not less than 10.  

6. When the piece is subjected to deterioration from 
corrosion, the section should be sufficiently  

Increased to allow for a definite amount of 
corrosion before the piece is so far weakened by it 
as to require removal.  
7. When the strength of the material or the amount 

of the load or both are uncertain, the factor 
should be increased by an allowance sufficient 
to cover the amount of the uncertainty.  

8. When the strains are complex and of uncertain 
amount, such as those in the crankshaft of a 
reversing engine, a very high factor is 
necessary, possibly even as high as 40.  

9. If the property loss caused by failure of the part 
may be large or if loss of life may result,  

as in a derrick hoisting materials over a crowded 
street, the factor should be large.  
 

IX. CONCLUSION 
CAD combines the characteristic of 

designer and computer that are best applicable 
made CAD such as popular design tool. CAD Has 
allowed the designer to bypass much of the Manuel 
drafting and analysis. Simulation tools enable us to 
be creative and to quickly test new ideas that would 
be much more difficult, time-consuming, and 
expensive to test in the lab. (Jeffrey D. Wilson, 
Nasa Glenn Research Center) It also help us reduce 
cost and time-to-market by testing our designs on 
the computer rather than in the field. Many of the 
individual tasks within the overall design process 
can be performed using a computer. As each of 
these tasks is made more efficient, the efficiency of 
the overall process increases as well. The computer 
is well suited to design in four areas, which 
correspond to the latter four stages of the general 
design process; Computers function in the design 
process through geometric modeling capabilities, 
engineering analysis calculations, testing 
procedures, and automated drafting, From the 
result of the testing and the affordability in terms of 
cost, it can be concluded that the project is 
successful. Therefore software design should be 
encouraged in our institution of higher learning 
base on the following facts, long product 
development, countless trial and error, and 
accountability and limited profitability  
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