
  
Abstract— Gears are used in almost all mechanical devices 

and do numerous essential jobs and important it provides a 
gear reduction. This is vital to ensure that even though there is 
enough power there is also enough torque. Gear box has to 
produce maximum power with minimum weight. In many 
real-life problems, objectives under consideration conflict 
with each other, and optimizing a particular solution with 
respect to a single objective can result in unacceptable results 
with respect to the other objectives. Multi-objective 
formulations are realistic models for many complex 
engineering optimization problems. A reasonable solution to a 
multi-objective problem is to investigate a set of solutions, 
each of which satisfies the objectives at an acceptable level 
without being dominated by any other solution. In this paper, 
Ant Colony Optimization was developed specifically for a 
Worm gear drive problem with multiple objectives. 
 

Keywords— Ant Colony Optimization, Design optimization, 
Gear Optimization and Worm gear drive.  

I. INTRODUCTION 
EARS are machine elements used to transmit rotary 
motion between two shafts, normally with a constant 

ratio. Worm and worm wheel drives are mostly used for non-
parallel, non-intersecting, right angle gear drive system with 
high gear reduction ratios are concerned, still they are also 
engaged with low to medium speed reducers in many 
engineering applications.  

Ruifeng Bo et al [1] analyzed a concept optimization 
problem based on an Ant Colony System (ACS) and by 
analyzing the similarity between concept solving and 
Traveling Salesman Problem. Wang et al [2] proposed an 
improved algorithm named bi-directional convergence ant 
colony optimization (ACO) algorithm based on the graphic 
definition of the job-shop problem. Teerapun Saeheaw et al 
[3] described an ant colony optimization to solve multi-
objective production problems. The multi-objective function 
is to minimize lead time and work in process. The problem is 
related to the decision variables, i.e. distance and process time. 
Vijayakumar K et al [4] developed a modified ACO is made 
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an effective global optimization procedure by introducing a 
bi-level search procedure, termed a local and global search in 
multi-pass turning operations.  

Kalyanmoy Deb and Sachin Jain [5] motivated many 
researchers in gear optimization , they proposed a Non-Sorted 
Genetic Algorithm II for optimizing multi speed gear box 
which consider multi objectives such as maximizing the 
power and minimizing the total volume of the gear.     Savsani 
V et al [6] evaluated minimum weight of a spur gear train 
using particle swarm optimization and simulated annealing. 
Daizhong Su and Wenjie Peng [7] developed an artificial 
neural network and genetic algorithm to optimize worm gear 
design based on their FEA results.     Padmanabhan S et al [8] 
evaluated Real Coded Genetic Algorithm for a helical gear 
pair design in multi objective optimization.  

The design optimization of worm gear drive is complicated 
to resolve since the consideration of multiple objectives and 
more number of design variables. Therefore more consistent 
and robust optimization technique will be considered in 
obtaining the optimized results. This paper has made 
challenge to use the prospective of Ant Colony Optimization 
to solve the worm gear drive with maximum Efficiency, 
Power and minimum the overall Weight, Centre distance as 
the multiple objectives. 

II. WORM GEAR DRIVE OPTIMIZATION 
A design of worm gear drive problem has been considered 

for the design optimization of worm and worm wheel. Here 
combined objective function is considered, which minimizes 
the weight and center distance and maximizes power and 
efficiency. 

A. Design Problem 
A worm gear drive to transmit 22.5 kW at a worm speed of 

1440r.p.m. Transmission ratio is 24.  

B. Objective Function 
The design objective functions considered in the gear 

design are, Maximization of power delivered by the worm 
gear drive (f1), Minimization of the overall weight, which is 
indirectly related to the volume of the gears (f2), 
Maximization of the efficiency of the gear pair (f3) and 
Minimization of the centre distance between worm and worm 
wheel (f4). Equation (3) has been adopted from Dudley [9]. 
 
Maximize f1 = P where, P (L) ≤ P ≤ P (U)                         (1)                       
                                                                                                                                                

Design Optimization of Worm Gear drive 
Padmanabhan. S., Chandrasekaran. M. and Srinivasa Raman. V. 

G 

International Journal of Mining, Metallurgy & Mechanical Engineering (IJMMME) Volume 1, Issue 1 (2013) ISSN  2320–4060 (Online)

57



Minimize,   f2 = 
( ) ( ) ( )

21 ρ
π

ρ
π

××+××+× b
mZ

mZ
qm x

x
x

4
09.05.12

4

2
2

2

2

(2) 

Maximize, f3 
λφ
λφ

cotcos
tancos

100
f
f

n

n

+
−

×              (3) 

Minimize, f4 = 
22

221 xx mZqmdd +
=

+
          (4) 

C. Design Constraints 
Many factors come into consideration while designing a 

worm gear drive. These factors are deflection of worm shaft, 
bending stress developed in wheel teeth, compressive stress 
developed and heat developed. For designing the pair, the 
stress that necessitates the selection of the biggest dimensions 
is the ultimate deciding factor. Design constraints are to be 
considered for the design of worm gear drive are, bending 
stress, compressive, center distance, axial module, gear ratio 
and number teeth on worm gear. The following design 
constraints are adopted from [9] and Design Data book [10]. 
 

1. Bending Stress 
σb  ≤ [σb]                    

(5) 
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2. Compressive Stress 
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[Mt] = Mt × k × kd  
 

3. Center Distance between Shafts 
a ≥ a min                                (9) 
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4. Module 
mx ≥ mx min                                                    

(11) 
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5. Gear Ratio 
The gear ratio should be a constant.  

Gear ratio: i = 24 = 
1
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6. The number of teeth must be an integer; 
Zi ε I, for i =  24, 48, 72 and  96.                     (14) 

 

D. Simplified Objective Function 
The objective functions are reduced in terms of design 

variables Power (P), Axial module (mx) and Number teeth on 
worm wheel (Z2) with the input parameters tabulated in     
Table I. The complete objective functions for an optimization 
have been represented in (15), (16), (17) and (18). 

 
The complete design problem is stated below. 
Maximize  f1= P where, P (L)   ≤   P   ≤   P (U)           (15) 
Minimize  f2= 0.7854 × 10 -6  
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Minimize  f4 = 5.5 mx+ 0.5  Z2 mx            (18) 
 
Subject to,    
234.41 × P × mx
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 (5.5 mx+ 0.5Z2 mx) -1.5 P 0.5≤ 9.74 × 10-

4(20) 
(5.5 mx+ 0.5  Z2 mx) (0.09Z2+1)-1 Z2

0.666 P - 0. 333 ≥ 
101.715(21) 
mx (Z2+20 )0.333 ≥ 1.675                (22) 
Gear ratio: Z2 = i Z1 (or) Z2 = 24 Z1                  (23) 

Number of teeth in worm wheel is 24, 48, 72 and 96. 
 

TABLE I 
INPUT DATA FOR WORM GEAR DRIVE 

Parameters Values for Worm 
Gear Drive 

Material of worm                              Hardened steel 

Material of worm wheel                     Bronze 

Density of hardened steel (ρ  1)                  7.8 × 10-6 kg/mm3 

Density of bronze   (ρ  2)                  8.9 × 10-6 kg/mm3 

Allowable bending stress of bronze [σb]al       50N/mm2 

Allowable compressive stress of bronze [σc]al 149N/mm2 

Transmission ratio (i) 24 

Input Speed (N) 1440 rpm 

Normal pressure Angle of worm wheel (Φn)   20° 

Lead angle of the worm (λ)                            Z2/q 

Diameter factor (q)   11 

Co-efficient of friction (f)                                0.08 
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Product of Load Concentration Factor (k) and 
Dynamic Load Factor (kd) 1 

E. Combined Objective Function 
Since the objective functions are conflicting with each 

other, all the functions are to be normalized. The same 
weighted average method is used here also to calculate the 
combined objective function (COF).  
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Where NW1, NW2, NW3 and NW4 = 0.25 

III. ANT COLONY OPTIMIZATION 
The inherent image on which ant algorithms are based is that 
of ant colony. The mutual search presentation of ants inspires 
the new algorithm for optimizing engineering design system 
and is specially suited for solving complete optimization 
problems Dorigo et al [11]. The distribution of ants is given in 
Fig. 2 and the flow chart of Ant colony algorithm is shown in 
Fig. 3. [12] 
 

A. Global search 
The preliminary solutions or initial regions for ACO are 

classified into superior and inferior solutions based on their 
fitness values. The global search for ACO is comparatively 
different from other non-traditional optimization algorithms. 
The next three steps are to be performed on the randomly 
generated initial solution. Random walk (or) Crossover, 
Mutation and Trail diffusion 
 

B. Random walk (or) Crossover 
The “G” global ants have been carried out only for 

crossover, where 90% of the inferior solutions are selected 
randomly in and they are replaced with superior solutions 
which are also randomly selected. 

 

 
Fig. 1 Distribution of Ants for Local and Global search 

 

C. Mutation 
Subsequent to the random walk, at random, add or subtract 

the value to every variable of the newly created solutions in 
the inferior region with a probability equal to a properly 
defined mutation probability.  
 

D. Trail Diffusion 
In Trail diffusion performed on 10% of inferior solutions, 

which were not calculated during the random walk and 
mutation step. Here, two parents are selected at random from 
the present parent superior solutions.  
The variables of the child’s position vector can have either 
• the value of the equivalent variable from the first parent; 
• the equivalent value of the variable of the variable form  
    second parent; 
• or, a combination arrived from a weighted average of the  
    above 

x (child) = (α).x i(parent1) + (1- α).x i(parent2)      (25) 
Where α is a uniform random number in the range [0,1]. 
 

The probability of selecting the third option is set equal to 
the mutation probability while allotting equal probability of 
selecting the first two steps. The trail value of the newly 
created child solutions is assigned a trail value lying between 
the values of the original parent solutions [13]. The trail 
values and age of weakest regions are updated  
 

E. Local search 
The second step in ACO is local search, which is applied as 

superior solution. The best function values are taken from the 
following steps. After selecting the region, the ant moves 
through a short distance, the direction of movement is retained 
if the fitness value progress is observed or else it is reversed. 
Likewise, the solutions position vector is updated and trail 
value is enhanced based on the fitness value. 
 

In the ACO algorithm, the pheromone values are decreased 
after each iteration using the relation, 

 
τ i (t + 1)  = ρ τ i(t)                       (26) 
 

Where ρ is the evaporation rate which is assumed to be 0.2 on 
a trial basis and τ i(t) is the trail associated with solution at 
time t. The algorithm executes until the termination criteria is 
reached and it is the number of iterations by defined the user. 
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No of Ants 
for Trial 
Diffusion 
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Fig. 2 Flow chart for ACO 

IV. RESULTS AND DISCUSSION 
An optimized model for the Worm gear drive has been 

formulated in terms of design variable mx, Z2 and P. Initially, 
the input values are generated randomly with their variable 
limits. If the generated values satisfy the design constraints, 
then the values of objective functions f1, f2, f3 and f4 are 
calculated along with the corresponding COF. The optimum 
values of objective function and design variables 
corresponding to the minimum COF value obtained by the 
ACO for the worm gear design problem in ranges of module 
4mm to 8mm are shown in Table II. 

TABLE II 
OPTIMUM RESULTS OF WORM GEAR DRIVE USING ACO 

Parameters 4 to 5 
mm 

5 to 6 
mm 

6 to7 
mm 

7 to8 
mm 

Module (mm) 4.524 5.712 6.865 7.911 
No. of Teeth in pinion 96 96 96 96 
Power (kW) 23.053 23.364 23.727 24.289 
Weight (kg) 45.411 91.402 158.677 242.822 
Efficiency (%) 78.519 78.519 78.519 78.519 
Center Distance (mm) 242.034 305.592 367.277 423.238 

  

 
 

Fig. 3 Comparison of Power 

As the same deisgn problem benchmarked with               
Prabhu T J [14], for the 8mm module, ACO shows convinced 
weight reduction. ACO also shows considerable maximum 
power for the different range of modules. 

V. CONCLUSION 
This paper an attempt has been made to obtain optimal 

solution of Worm gear drive design problem with ACO. 
Within the various design variables available for a worm and 
worm wheel design, the power, weight, efficiency and center 
distance have been considered as objective functions and 
bending stress, compressive stress as vital constraints to get an 
efficient compact and high power transmitting drive. As a 
future work, minimization of noise and vibration, 
maximization of gear life can also be included in the objective 
function to obtain a more dependable gear design and also it 
can be incorporated to spur, helical and bevel gear designs. 
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NOTATIONS 
P: Power Transmitted 
Z1, Z2: number of starts in worm, number of teeth in worm 
wheel  
d1,d2: Pitch circle diameter of worm, worm wheel in mm 
mx: Axial Module in mm 
mx: Minimum Axial Module in mm 
a  : Centre distance between shafts in mm 
amin : Minimum Centre distance between shafts in mm 
Mt: Twisting torque N mm 
[Mt] : Design twisting moment in N mm  
σc: Induced compressive stress in N/mm2 
σb: Induced bending stress in N/mm2 
E: Young’s modulus in N/mm2               
y: Form factor        
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    Abstract-- Ethanol is the most widely used biofuel today. In 
2009, more than 7.3 billion gasoline-equivalent gallons were 
added to gasoline in the United States to meet biofuel 
requirements and reduce air pollution. Ethanol is currently 
produced using a process similar to brewing beer where starch 
crops are converted into sugars, the sugars are fermented into 
ethanol, and the ethanol is then distilled into its final form. Ethanol 
is used to increase octane and improve the emissions quality of 
gasoline. In many areas of the United States today, ethanol is 
blended with gasoline to form an E10 blend (10% ethanol and 
90% gasoline), but it can be used in higher concentrations, such as 
E85, or in its pure form E100.Besides Ethanol, Castor oil turns to 
be another sources of renewable fuel which can be domestically 
produced at a very less cost comparatively. It is biodegradable; 
non-toxic can be used as a promising fuel at low temperature 
conditions. Castor oil also posses reasonable cetane no. due to 
which it causes less knocking tendency. It also has less sulphur 
content and is eco-friendly.   
     Thus using the two combination of viable renewable fuel a 
Performance analysis has been forwarded using STAR-CD. A 
computational domain of the model geometry has been taken to 
analyse the combustion characteristics using this blends in diesel. 
The experimental investigation has been carried out on single 
cylinder CI Engine (Kirolskar high speed four stroke diesel engine  
with 4.4 KW,1500rpm.TAF Vertical air cooled engine) and the 
results has been recorded. 

    Keywords--Blends, Castor oil, Ethanol, Performance Analysis 

I.  INTRODUCTION 
     From the standpoint of preserving the global 
environment and to sustain from the large imports of crude 
petroleum and petroleum products from gulf Countries, 
alternate diesel fuels is the need of the hour. The recent 
upward trend in oil prices due to uncertainties in supply of 
petroleum products scarcity and ultimately depletion has a 
great impact on Indian economy and the nation has to look 
for alternatives to sustain the growth rate. 
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  Since the dawn of oil age man has burnt about 800 million 
barrels of petroleum. About 71 barrels are burnt everyday 
throughout the world. And this consumption rate goes on 
increasing by 2% every year. The 2% doubles the quantity 
every 34 years. Somewhere between 1000 to 1600 billion 
barrels of fuel consumption are assumed to be in formation 
where economic recovery is possible. By current year the 
world would have consumed about one-half of the total 
amounts that is technically and economically feasible to 
extract. And at the current rate of consumption 1600 billion 
barrels would be depleted in 60 years. It is high time to 
think about the alternative fuels.  
        One hundred years ago, Rudolf Diesel first tested 
vegetable oil as fuel for his engine. With the advent of 
cheap petroleum, appropriate crude oil fractions were 
refined to serve as fuel and diesel fuels and diesel engines 
started evolving together. Later in the 1940’s, vegetable oils 
were used again as fuel in emergency situations, during the 
period of World War II. Because of the increase in crude oil 
prices, limited resources of fossil fuels and the 
environmental concern, there has been renewed focus on 
vegetable oils and animal fats for the production of bio-
diesel fuel. Bio-diesel has the potential to reduce the level 
of pollution and the level of global warming.  

In this project we are focusing on combination of diesel, 
castor oil and ethanol. 

II. LITERATURE REVIEW 

M.A. Kalam, H.H.Masjuki [1] Department of Mechanical 
Engineering, University of Malaya has conducted testing in 
palm bio diesel and diesel blends to control NOx and CO 
while improving efficiency in diesel engines, 50603 Kuala 
Lumpur, MalaysiaThis paper presents experimental test 
results of a diesel engine using additive-added palm bio 
diesel (it is also known as palm diesel) obtained from palm 
oil. The test results obtained are brake power, specific fuel 
consumption (SFC), exhaust emissions and anti-wear 
characteristics of fuel’s contaminated lubricants. A 
computer-controlled dynamometer-engine test bed was used 
to measure engine brake power and SFC at half throttle 
condition with a speed range of 1000–4000 rpm.The 
emission test was done with a dynamometer fixed load of 
50Nm and constant engine speed of 2250rpm.A total of 
three fuels, such as 100% diesel fuel (B0), 20%palm diesel 
and 80% B0 (B20), were selected for this investigation. It 
reduced exhaust emissions and shows better lube oil quality 
as compared together tested fuels. This is mainly due to the 
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