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Abstract

This paper present the design strategy for optimization of loaded meshed face gear set. Genetic algorithms are
being widely used for optimization, search and neural network synthesis. A lot of work has been conducted using
genetic algorithm for different engineering problems related to scheduling and process planning in industrial
engineering, network optimization in computer engineering. The work dissertation deals with the optimization of
loaded meshed face gear sets using genetic algorithm. Attention is focused on reducing the pressure of gear set
subjected to constraints on the maximum pressure, contact location, pressure at slice 1 and pressure at slice 11.
The optimum gear set using Genetic Algorithm calculate the pressure.
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1. INTRODUCTION

Face gear is a pseudo bevel gear that is limited to 90° intersecting axes. The face gear is a circular disc with a
ring of teeth cut in its face; hence the name face gear as shown in fig 1 and 2. Tooth elements are tapered towards
its center. The mate (pinion) is an ordinary spure gear. The use of face gears and their ability to operate
successfully at the speeds are required for an unknown environment as in aerospace.

Gunigand [4] optimized the crowing of pinion of face gear by the simple statistical. For steady
Gunigand divided the teeth in to slices 1 to 11 and consider as pressure at slice 1 as pressure 1 similarly at slice
11 as pressure 11. Optimizing the crowing of pinion in loaded meshed with face gear provides benefits such as
higher contract ratio ,Jower maximum load, and lower contact pressure. Gear design must satisfy constants
including maximum pressure, contact location, pressurel, and pressure 11. Different approaches for improved
gear design have been proposed in literatures. Among those the use of optimization techniques has received
much attention. There are several techniques available for the solution of optimization problems, satisfying
certain constraints, the aim is basically to minimize or maximize a design objective and satisfying the constraints.
The constraints can be either inequalities or equalities. These techniques usually use the previous solution as a
key to get the closers solution, but do not really incorporate the earlier solutions into the search for the new
closer solution. Genetic algorithms for the optimization problem fulfill the above requirement. Genetic
algorithms are search algorithms based on the mechanics of natural selection and natural genetics. The combine
survival of the fittest among string structures with a structured yet randomized information exchange to form a
search algorithm with some of the innovative flairs of human search.
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Fig. 1 Face meshed gear [8]

Fig.2 External and internal Face meshed gear [8]

2. OBJECTIVE FUNCTION

With the advancement in electronic computer the optimization theory also observed a significant growth (the
mathematics of achieving the best) specifically in application of design problems. Optimization theory requires
formulation of objective function that precisely measures cost or profit. And the expression of all side condition
as mathematical equation or inequalities. The combination of design variables, giving the best possible value of
the objective, which is consistent with constraints, is then sought by certain optimization procedures [7].

2.1 THE OBJECTIVES OF PRESENT WORK

Objective of the work is optimization of crowing parameters with the help of Genetic Algorithm, taking
minimization of maximum pressure of meshing as objective function. The gears design must satisfy operational
constraints including location, pressure at slice 1, pressure at slice 11. The required maximum pressure is to be
optimized. The mathematical relation for the maximum pressure is given by Gunigand et al:

Maximum Pressure = 1042-9.27L; + 15.67L, — 1.73D,

Table - 2.1: Crowing parameters and these ran

S. No. Variables Range
1 Length L1 (mm) 6-14

2 Length L2 (mm) 14-22
3 Depth D1(umm) 10-30
4 Depth d2 (umm) 10-30

3. DESIGN CONSTRAINTS

3.1 Maximum pressure

The maximum pressure should be equal to or less than the pressure without crowing. And pressure without
crowing is 1210Mpa (1)
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3.2 Contact location

The tooth is divided into slice 1 to 11. The location should be between slice 4 to 6. The mathematical relation for
the location is given by gunigand et al [4]

Contact location = - 1.25 + 0.25L,; + 0.125L,

3.3 Pressure at slice 1

When meshing start first of all come in the contact with slice one so the contact pressure at slice 1 is known as
the pressure at slice 1. And that should be less than the half of maximum pressure without crowing. The
mathematical relation for the pressure at slice 1 is given by Gunigand et all [4]:

Pressurel =1448 +57491L,-65.821L2-2.6 L, L,

3.4 Pressure 11

The pressure at slice 11 is the contact pressure at the tooth bottom. And that should be also less than the half of
maximum pressure without crowing. The mathematical relation of the pressure 11 is given by Gunigand et al [4]:
Pressure 11 =173.72 + 23.67 L, -5.79 D, - 0.72 L, D,

4. GENETIC ALGORITHMS

Genetic Algorithms have been developed by John Holland, his colleagues, and his students at the University of
Michigam. The goals of their research have been twofold. (1) To abstract and rigorously explain the adaptive
processes of natural systems, and (2) To design artificial systems software that retains the important mechanisms
of natural systems. This approach has led to important discoveries in both natural & artificial systems science.
Idea of evolutionary computing was first introduced by Rechenberg in 1960 in his work evolutionary strategies.
Prof. Holland of University of Michigan, Ann Arbor envisaged the concept in the mid-sixties and published his
seminal work (Holland 1975). There after a number of students and others researchers have contributed to the
development of this field. This approach has lead to important discoveries in both natural and artificial systems
science [6].

The basic purpose of genetic algorithms (GAs) is optimization. Since optimization problems arise
frequently, this makes GAs quite useful for a great variety of tasks. As in all optimization problems, we are faced
with the problem of maximizing or minimizing an objective function f(x) over a given space X of arbitrary
dimension. A brute force which would consist in examining every possible x in X in order to determine the
element for which f is optimal is clearly infeasible. GAs give a heuristic way of searching the input space for
optimal that approximates brute force without enumerating all the elements and therefore bypasses performance
issues specific to exhaustive search [5]. Genetic algorithms are search algorithms based on the mechanics of
natural selection and natural genetics, including the Darwin’s principle of survival of fittest. The Darwin Project
has been designed to assist genetic algorithms programmers by providing a facility to generate most of the code
and thus giving a chance to concentrate only on genome representation, operators and GA parameters. Darwin is
thus capable of properly identifying genome representation, generating most of the operators accordingly and
providing all the necessary statistics and bookkeeping functionality. In its most general, the Darwin Project is a
language and its compiler.

The Darwin language is designed to clearly distinguish genetic algorithm constructs - the genome and
its operator set. A detailed presentation of the Darwin language will be presented in the next section. The Darwin
language compiler has been designed to be a C cross-compiler. The target language is chosen to be C, since C is
the most commonly used language with compilers present on the widest range of platforms. By generating
standard C code, portability is ensured on the largest scale possible [9].

4.1 Basics of Genetic Algorithms

The most common type of genetic algorithm works like this: a population is created with a group of individuals
created randomly. The individuals in the population are then evaluated. The evaluation function is provided by
the programmer and gives the individuals a score based on how well they perform at the given task. Two
individuals are then selected based on their fitness, the higher the fitness, the higher and the chance of being
selected.

These individuals then "reproduce" to create one or more offspring, after which the offspring are
mutated randomly. This continues until a suitable solution has been found or a certain number of generations
have passed, depending on the needs of the programmer.

4.2 GAs can serve different purpose as follows
1. GAs as constraint and unconstraint problem solvers
2. GAs as challenging technical puzzle
3. GAs as basis for competent machine learning
4. GAs as computational model of innovation and creativity
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5. GAs as computational model of other innovating systems

The working principle of a simple genetic algorithm [10]

4.3 The basic GA operations
One generation is broken down into a selection phase and recombination phase. Strings are assigned into
adjacent slots during selection.

Fig.4.1 The basics of GA operations and procedure [10]
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Fig. 4.2 Flow chart for the genetic algorithm to solve [1]

6.RESULTS AND DISCUSSION

Based on genetic algorithm presented in previous article, a complete program in C language has been written for
optimization of maximum pressure of face gear set, problem as discussed in previous. The problem of face gear
set was also by Gunigand et al. in this chapter results obtained by GA are discussed and compared with the

results of Gunigand et al. in tabular as well as in graphical form.

In meshing two type of contact are developed, one is points contact other one is line contact. In this
study optimum crowing parameters of the pinion are determined satisfying the constraints such as maximum
pressure, contact location, pressure at slice 1 and pressure at slice 11. These optimum parameters are used to
determine the optimum pressure value under the loaded meshed condition.

In the program, input design parameters L;, L,, D; and D, are taken as shown table 1 and the design
constraints are taken as previous article. GA program gives the values of parameters for highest fitness value

after every, hundred iteration.

Table - 5.1: The optimization results of GA and Gunigand’s of pinion crowin

parameter for face gear.

S. No. Variables Gunigand Gas

1 Length L, (mm) 13.00 13.35
2 Length L, (mm) 16.00 16.00
3 Depth D, (pmm) 15.00 29.00
4 Depth D, (umm) 11.00 16.00

The table 5.1 shows results of Gunigand and Ga. The Gas result is better than the results obtained by Gunigand,
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because crowing parameters obtained by GA gives compact gear.
Below table 5.2 compares the values of contact location, maximum pressure at slice 1 and pressure at slice 11
obtained by different techniques.

Table - 5.2: Comparison of GA, Gunigand and without crowing results

S. No. | Parameters GA Gunigand’s | Without crowing
1 Contact location 4 4 1

2 Maximum pressure (Mpa) | 1118.78 | 1146.26 1210

3 Pressure 1 (Mpa) 604.88 | 599.70 1210

4 Pressure 11 (Mpa) 257.56 | 349.71 696

The minimum maximum pressure of 1118.78 Mpa is obtained by GA when L1 = 13.35, L2 = 16.00 mm
and D1 =29 pumm and D2 = 16 pmm.

Gunigand’s relations for contact location and maximum pressure are used to determine contact location
and maximum pressure by GA for the optimum parameters obtained by GA. The genetic algorithm technique
which uses the continuous, descrete and binary coded variable is applied to the face gear design optimization
problem. GA is used in the study for the analysis and not to investigate their characteristics (robustness,
convergence etc.) the population size is chosen to be 100 which help to quickly converge to the optimal solution.
The results of optimization are shown in table 4. The minimum maximum pressure of 1118.78 Mpa is
obtained when L, = 13.35, L, = 16.00, and D; = 29 pmm and D, = 16 pmm. Which are better optimized
design results as compared to that obtained by earlier techniques.

For the optimum parameters obtained by GA contact location, pressure 1, and pressure 11 are
respectively 4, 604.88 Mpa, and 257.58 Mpa which are with in the given limit. So our constraints are satisfied.

. o Gunigand's
g 90 A
Q b ;
= 604 1"
® g2t A
] s
o el
2 600"
“ se8t”
|
596 L

Fig. 5 (a) Comparison of pressure 1 between Gunigand and GA
In Fig. 5 (a) series 1 shows the results of Gunigand and series 2 shows the results of GA. In comparison at slice 1
pressure obtained by GA is 604.88 Mpa which is greater than the pressure obtain by Gunigand by 5.187 Mpa,
which is very less, can be said that they are approximately equal. In both case GA and Gunigand pressure 1
follow the constraint i.e. pressure 1 should be less then half of maximum pressure without crowing.
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Fig. 5 (b) Comparison of pressure 11 between Gunigand and GA

In Fig. 5 (b) series one shows the results of GA and series 2 shows the results of Gunigand. In comparison at
slice 11 pressure obtain by GA 257.85 Mpa is less than the pressure obtain by Gunigand 349.71 Mpa. In both
case GA and Gunigand pressure 11 follow the constraint i.e. pressure 11 should be less then half of maximum
pressure without crowing. Conclusively pressure at slice 11 is reduced by 91.13 Mpa.

Pressurel 1(Mpa)
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Fig. 5 (c¢) Comparison of maximum pressure between Gunigand and GA
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In Fig. 5 (c) series 2 shows the results of GA and series 1 shows the results of Gunigand. In comparison
maximum pressure obtain by GA 1118.78 Mpa is less than the pressure obtain by Gunigand 1146.26 Mpa. Our
objective was to minimize the maximum pressure and we have achieved this successfully by using Genetic
Algorithm. The advantage of the minimum maximum pressure is lower maximal load, lower contact pressure
and higher contact ratio. This is advantageous because we can transfer more load from the same size of gear.

5. CONCLUSIONS

In the face gear design optimization problem maximum pressure of face gear in loaded meshed condition is

prime consideration; it depends largely upon pinion crowing parameters for loaded meshed face gear.

In the genetic algorithm problem following parameters are used population size is 100, single point
crossover is used with a probability of mutation is 0.016 and stopping criteria is given as 100 number of
generation. On running program for crowing parameters following conclusion can be drawn.

1. By using GA the pinion crowing parameters is obtained as L1 = 13.35 mm, L2 = 16 mm, D1 =29 pmm and
D2 = 16 pmm. Previous researcher Gunigand’s [4] optimum crowing parameters where L1 = 13 mm, L2 =
16 mm, D1 = 15 pmm and D2 = 11pumm this shows pinion crowing parameters obtained by GA are reduced.
This means the size of pinion has reduced, in other words compact and economical gear has been designed.

2. Previous researcher Gunigand [4] studied the sample gear set he found optimum maximum pressure 1146.26
Mpa, and without crowing maximum pressure was 1210 Mpa. The optimum gear set using GA has
maximum pressure of 1118.78. in other words, pinion whose crowing parameters are designed by GA can
transfer more load as compared to pinion whose crowing parameters are designed by Gunigand.

3. For the optimized crowing parameters by GA maximum pressure is minimized, and all the constraints are
satisfied. The GA results show that contact location is 4, pressure at slice 1 is 604.88 Mpa and pressure at
slice 11 is 257.56 Mpa i.e. contact location, pressure at slice 1 , and pressure at slice 11 are with in the
specified limits.

4. Compared to Gunigand’s resulte (table 3) contact location is same i.e. 4, pressure at slice 1 has increased
from599.7 Mpa to 604.88 Mpa and there is a decrease in pressure at slice 11 from 349.71 Mpa to 257.56
Mpa, but still all these values are with in given specified limits.

5. Simple Genetic Algorithm quickly converges to the global optimal solution.

7.SCOPE OF FUTURE WORK

The study of the problem addressed in this work can be further extended in the following directions.

1. In the present work optimization of pinion crowing parameters is done, face gear parameters can also be
optimized.

2. Misalignment’s sensitivity can be determined

3. By modifying GA’s operators i.e. reproduction and crossover advanced Genetic Algorithm can be developed
with the intention of getting better optimization.
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