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ABSTRACT

Machine design is a field of research where the process of designing a mechanical element is optimized, having certain
goals and limitations in mind. In this paper, the Sperm Swarm Optimization algorithm (SSO for short) was used to opti-
mize volume of worm gear with constant number of variables. By applying the SSO algorithm, we obtained optimal or
near-optimal results. By further development of this algorithm, this method can be modified and improved in order to
obtain better results.
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1. INTRODUCTION

Optimization techniques play a significant role in modern mechanical engineering design, where the primary objective is
often to improve performance while reducing material consumption, manufacturing cost, and overall system dimensions.
In power transmission systems, worm gears are widely used because of their compact structure, high transmission ratio,
smooth operation, and ability to provide significant speed reduction in a single stage. However, despite their advantages,
worm gears are frequently associated with challenges related to efficiency, heat generation, wear, and geometric con-
straints. These challenges can be formulated as an optimization function, therefore making them a candidate for solving
them using metaheuristics.

A worm gear is a gear consisting of a shaft with a spiral thread that engages with and drives a toothed wheel. Worm gears
are an old style of gear and a version of one of the six simple machines. Basically, a worm gear is a screw butted up
against what looks like a standard spur gear with slightly angled and curved teeth[8].

Finding the solution to worm gear problems in machine design is very complex and a time consuming process. Many
design variables, constraints, different graphs and tables, empirical formulas are involved. As the literature reveals, not
much research has been undertaken on worm gear drive optimization. Besides this certain challenging industry relevant
constraints, namely, gear strength capacity, wear capacity, thermal capacity, dynamic load and face width are also not
considered in the literature.

In recent decades, metaheuristic optimization algorithms inspired by natural phenomena and biological systems have
become increasingly popular in solving complex engineering optimization problems. Algorithms such as Genetic Algo-
rithms (GA), Particle Swarm Optimization (PSO), Ant Colony Optimization (ACO), Differential Evolution (DE)
[1,2,3,4,5], and many others have demonstrated strong capabilities in handling nonlinear, constrained, and multimodal
optimization problems. These algorithms are particularly suitable for mechanical design optimization because they can
handle constraints and explore large search spaces in an efficient manner.

Classification of optimization algorithms are shown in Figure 1.
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Figure 1: Classification of Optimization

The remainder of this paper is organized as follows. Section 2 presents an overview of the Sperm Swarm Optimization
algorithm and its mathematical formulation. Section 3 describes the worm gear design optimization problem, including
the objective function, design variables, and imposed constraints. Section 4 discusses the obtained optimization results
and evaluates the effectiveness of the proposed approach. Finally, conclusions and potential future research directions are
provided.

2. SPERM SWARM OPTIMIZATION

Sperm Swarm Optimization algorithm (SSO) represents a bio-inspired population-based metaheuristic algorithm, whose
inspiration stems from the fertilization procedure, where a fertilized egg is surrounded by sperm cells (search agents),
which compete to fertilize the egg (Figure 2). Two key biological mechanisms additionally inspire this algorithm: sperm
cell’s head acting as a temperature sensor, helping it locate the egg, and the female reproductive system having a differing
pH value, which may be more or less harmful to the sperm cells. The algorithm goes through an initialization phase,
where all search agents are initialized, and update phase, where search agents move through the search space, in order to
find the best solution [6,7].
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Figure 2: Mechanism of fertilization
The position of the search agents is updated by:
x, (t+1)=x, (1) +v, (1) (D
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Where x, (¢+1) is the position of the search agent in the next iteration, x, (¢) is the position of the search agent in the

current iteration, and v, (¢) is the velocity of the search agent in the current iteration. The search agent’s velocity is

calculated as follows:
v, (¢) = Initial Velocity + Current Best + Global Best #))

The search agent’s initial velocity is calculated as follows:

Initial Velocity = Dlog,, (PHRand)v, (3)

where D is the damping factor (a random number between 0 and 1), PHRand is a random number between 7 and 14, and
v, 1s a velocity vector (randomized between 0 and maximum values of the search space).

The current best term of the velocity is calculated as follows:

Current Best =log,, (PHRand )log,, (TempRand ) xbest, - x, (t)) 4)

where TempRand is a random number between 35.1 and 38.5, and xbest, is the current best solution for the search agent.
The global best term of the velocity is calculated as follows:

GlobalBest =log,, (PHRand1)log,, (TempRand2)(xgbest, — x, (1)) (5)

where xgbest, is the global best solution for the current iteration.

3. WORM GEAR DRIVE OPTIMUM DESIGN

The objective is to minimize volume of worm and worm wheel assembly. The volume equation from is:

256x2 +x2x2 )
Mj +104634.67 6)

2
£(x)=14.310926- 245 1 455 5309, x, + 0.8382[

X, X%,

The design variables are: Gear ratio (i), Face width (b), Pitch circle diameter of worm ( D, ) and Pitch circle diameter of
worm wheel (D,). The function for design variables of the worm drive can be written as
F(x)=F(i,b,D,,D,)=F(x,,x,,%,,x,)

Upper and lower bounds of design variables are: 40 <i<70,100<5 < 200,150 < D, <280,1000 < D, <1500.

The face width of a gear is the length of teeth in an axial plane. The face width of the gear should not exceed half the
worm outside diameter.

g (x)=x-0.5(x, +48)<0 (7
Mathematically, the tangent of the helix angle of the worm gear is less than the coefficient of friction between the worm

and the gear. This condition is referred to as self locking of worm gears.

225

X3

2, (x) -0.099<0 (8)

For better performance, dynamic load must be greater than strength and wear capacity.

g, (x)=6430.01-754.56x, < 0 9)
g, (x)=6430.01-0.552x,x, <0 (10)

Amount of power lost in friction is converted into heat. To prevent overheating, heat generated should not exceed the rate
of heat transfer.

g5 (x) =120-406(0.785x; +0.075408x, ) < 0 (11)

To achieve compact design of gear pairs, the centre distance of optimized gear pair should be less than that of actual gear
pair.
XX
7651 2 +x,
X
—+1

g (x) =+ ———-901<0 (12)
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The condition for maximum power transmission capacity is constraint g; and constraint gs.

0.875

s S
65x, +1 ?
X,
g (x)= ! 3 -x, <0 (13)
0.875
N Ly
65x, +1 ’
— X4 <0
g (¥)=x, - 17 S (14)

If the worm shaft bends too much, the teeth will not mesh properly. This will result in excessive wear and early failure.
To avoid this, the maximum deflection is constraint gy given by:

4

90.887873 %
g (x)= N _0.001-x,<0 (15)

2
{xi —4x42Hx3 —2.4’64}
x] xl

Beam strength of worm gear tooth is the maximum tangential load the worm gear tooth can take without tooth breakage.
Constraint g;9 based on Lewis equation is:

116467.3-
g, (o) = OHOAOT3 5 g3 33333 (16)

Xy Xyt X,
4. RESULTS AND DISCUSSION

For this algorithm, 30 search agents and 1000 iterations were chosen as input parameters. During the course of the re-
search, it has been noted that increasing search agent and iteration count did not yield better solutions.
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Figure 3: Convergence rate of SSO algorithm respectively for finding the best possible fitness of worm gear

In Figure 3 a convergence diagram for the problem of worm gear optimization is given. As SSO gives best results, it is
compared with literature [9] in Table 1.

Table 1: Percentage change in optimal parameter values by SSO of this work (bold values) and literature

Parameters Literature [9] SSO Change in value [%]
Gear ratio 46 45.6 0.87
Face width [mm] 197 130.2 33.91
Pitch circle diameter of worm [mm| 188 280 48.93
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Pitch circle diameter of worm wheel [mm] 1000 1000 0

Volume of worm and worm wheel [mm3 } 1.45442-10° | 1.1822-10% 18.72

Percentage change in optimal design parameters values is shown in Table 1. It is observed that a decrease in value of 0.87
% in gear ratio, 33.91% in face width, and an increase of 48.93% in pitch circle diameter of worm. Interestingly, there is
no change in value in pitch circle diameter of the worm wheel.

5. CONCLUSION

In this paper, optimum design for a worm gear drive considering industry relevant constraints using Sperm Swarm Opti-
mization (SSO) algorithm is obtained. All constraints are well satisfied. The important findings are:

e Thereis 18.72 % reduction in volume of worm gear drive as compared to literature. It is worthwhile to mention
that this reduction in volume is achieved after including industry relevant constraints.

e There is a decrease in design parameter value of 0.87 % in gear ratio, 33.91% in face width, and an increase of
48.93% in pitch circle diameter of worm. This research also reports the value of thermal capacity, strength ca-
pacity and wear capacity of worm gear drive which are not reported in any of the literature.

e  This work is readily applicable and suitable for optimization of other similar gear drives
employed in industries.

ACKNOWLEDGEMENTS

This work was supported by the Serbian Ministry of Education, Science, and Technological Development through the
Mathematical Institute of the Serbian Academy of Sciences and Arts.

REFERENCES

[1] A. Alkharsan, O. Ata, “HawkFish Optimization Algorithm: A Gender -Bending Approach for Solving Complex
Optimization Problems”, Electronics, Vol. 14(611), pp. 1-31, https://doi.org/10.3390/electronics 14030611, (2025)

[2] M.Ghasemi, N.Aghajanpour and H.Arab, “Masterpiece Optimization Algorithm: A New Method for Solving Engi-
neering Problems” Journal of Soft Computing in Civil Engineering, Vol.9(1), pp.1-21,
https://doi.org/10.22115/scce.2024.404534.1677, (2025)

[3] M.Uzer, “New Hybrid Approaches Based on Swarm-Based Metaheuristic Algorithms and Applications to Optimi-
zation Problems” Applied Sciences, Vol.15(3), pp.1-25, https://doi.org/10.3390/app15031355, (2025)

[4] B.Milenkovi¢, B.Jovanovi¢, M. Krsti¢, “An Application of Dingo Optimization Algorithm (DOA) for Solving Con-
tinuous Engineering Problems”, FME Transactions, Vol.50(2), pp.331-338, https://doi.org/10.5937/fme2201331M,
(2022)

[5] G. Pavlovi¢, M. Savkovi¢, “Analysis and Optimization of the Main Girder of the Bridge Crane with an Asymmetric
Box Cross-Section”, Scientific Technical Review, Vol.72(1), pp.3-11, https://doi.org/10.5937/str2201003P, (2022)

[6] O.Solaiman, R.Sihwail, H.Shehadeh, [.Hashim and K.Alieyan, “Hybrid Newton-Sperm Swarm Optimization Algo-
rithm for Nonlinear Systems”, Mathematics, Vol.11(1473), pp.1-21, https://doi.org/10.3390/math11061473, (2023)

[71 W.Mbasso, A.Harrison, P.Jangir, [.Dagal, H.Kotb, N.Alombah, R.Kumar, A.Smerat, E.Donfack, S.Gahtani and
M.Elbarbary, “Sperm swarm optimization for many objective power flow problems with enhanced performance
evaluation in power systems”, Scientific Reports, Vol.15(17253), pp.1-44, https://doi.org/10.1038/s41598-025-
99330-z, (2025)

[8] D.Su, W.Peng, “Optimum Design of Worm Gears with Multiple Computer Aided Techniques”, Proceedings of IC-
CES °08, Vol.6(4), pp.575-581, (2008)

[9] N.Ebenezer, R.Saravanan, S.Ramabalan and S.Navaneethasanthakumar, “Worm Gear Drive Optimization Consid-
ering Industry Constraints Based on Nature Inspired Algorithms”, World Scientific News, Vol.87, pp.205-221,
(2017)

[10] Sperm Swarm Optimization (SSO) - File Exchange - MATLAB Central

FMCE Kraljevo F5



