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Abstract.  In this work, the effectiveness of coupling with a bolted rim is assessed using newly developed 
optimization techniques. This paper examines and contrasts ten contemporary metaheuristic approaches for linking 
design optimization with fastened rims. Subjective and statistical evaluations are used to assess these algorithms' 
performance. Additionally, the problem's outcome is verified through the use of ANSYS simulation. 
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1. Introduction 
 

Giraud-Moreau and Lafon present the coupling with bolted rim problem. In mechanical 
transmission design, couplings are frequently used (Laurence et al. 2002). Couplings are built in a 

variety of constructive ways in applications, making a unified and commonly accepted 
classification challenging (Hammoudi et al. 2019). Light towers, air pumps, welding sets, and 
other gear with significant driving inertia have all used coupling in the past. The connection is 
made up of two cast iron hubs, a super- elastic rubber element, and locking hardware. In a stiff 
coupling, torque is supplied from one part of the coupling to the other by bolts, and shafts must be 
aligned in this configuration. Consider the simple mechanism shown in Fig. 1, which is made up 
of only a few basic connections and is designed to transmit torque between two coaxial shafts by 
adhesion (Aliriza et al. 2019). 

 
 

2. Mathematical modelling (Lafon et al. 1994) 
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Fig. 1 Coupling bolted rim 

 

Minimize: 𝑓(𝑥) = 𝛽1 (
𝑁′

𝑁𝑀
) + 𝛽2 (

𝑅𝐵+𝜙4(𝑑)+𝑐

𝑅𝑀
) + 𝛽3 (

𝑀

𝑀𝑇
) 

Subject to the constraints:            𝑔1(𝑥) =
𝛼𝑀′

𝑁𝑅𝐵𝐾(𝑑)
−1 ≤ 0 

𝑔2(𝑥) = 1 −
2𝜋𝑅𝐵

𝜙5(𝑑)𝑁
≤ 0  

𝑔3(𝑥) = 1 −
𝑅𝐵

𝜙4(𝑑)𝑁
+𝑅𝑀  

𝑔4(𝑥) = 𝑁 − 𝑁𝑚𝑎𝑥 ≤ 0 

𝑔5(𝑥) = 𝑅 − 𝑅𝑚𝑎𝑥 ≤ 0 

𝑔6(𝑥) = 𝑁𝑚 −𝑁 ≤ 0 
𝑔7(𝑥) = 𝑅𝑀 −𝑅𝐵 ≤ 0 

𝑔8(𝑥) = 𝑀 −𝑀𝑚𝑎𝑥 ≤ 0 

𝑔9(𝑥) = 𝑀𝑇 −𝑀 ≤ 0 

𝑔10(𝑥) = 𝑑 − 24 ≤ 0 

𝑔11(𝑥) = 6 − 𝑑 ≤ 0 

𝐾(𝑑′) =
0.9𝑓𝑚𝑅𝑒𝜋(𝜙(𝑑))

2

4√1+3((0.16𝜙3(𝑑))∙𝑓1/𝜙1(𝑑))
2
  

𝜙1(𝑑) 

𝑀𝑇=40 𝑁𝑚, 𝑀𝑚𝑎𝑥=1000 𝑁𝑚, 𝑓𝑚=0.15, 𝑓1=0.15, 𝛼=1.5, 𝑅𝑒=627 𝑀𝑃𝑎, 𝑁𝑚=8, 

𝑁𝑚𝑎𝑥=100, 𝑅𝑀=50 𝑚𝑚, 𝑅𝑚𝑎𝑥=1000 mm, C=5 mm, 𝛽1=𝛽2=𝛽3=1, 6≤𝑑≤24, 8≤𝑁≤100, 50≤𝑅𝐵≤1000, 

40≤𝑀≤1000. 

 
 

3. Optimization algorithm 
 

We used ten non-traditional optimization methods to optimize the coupling with bolted rim 
problem. 

The methods used for optimization are, 
1. Particle swarm optimization (PSO), (James et al. 2018) 

2. Crow search algorithm (CSA), 
3. Enhanced honeybee mating optimization (EHBMO), 
4. Harmony search algorithm (HSA), 
5. Krill heard algorithm (KHA), 
6. Pattern search algorithm (PSA), 
7. Charged system search algorithm (CSSA), 
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Table 1 Comparison of the best optimum solution for the coupling with bolted rim problem 

 PSO EHBMO HSA CSA CSSA BBCO GBA KHA PSA SSA 

d (mm) 6.0000 6.0031 6.2374 6.1122 6.6425 6.4565 6.5452 6.5728 6.2563 6.1346 

N 8 8.0027 8.186348 8.2564 8.6926 8.5645 8.5555 8.5715 8.5469 8.0055 

Rb (mm) 56.5432 59.4900 58.9047 58.2356 59.6737 58.6596 58.9493 58.6012 57.8659 57.40388 

M (Nm) 40 40.2163 40.2588 40.9856 40.6354 40.3265 40.5616 40.6584 40.2355 40.00484 

fmin 3.27 3.4854 3.4529 3.5236 3.46653 3.48569 3.4824 3.48604 3.312566 3.314609 

d-diameter of the bolts (mm), N-number of bolts, M-adhesion of torque (Nm), 𝑅𝐵-radius (mm) 

 
Table 2 Bound of the variables 

Boundaries d N 𝑹𝑩 M 

Upper boundary 24 100 1000 1000 

Lower boundary 6 8 50 40 

Optimum 6.00 8.00 56.54 40.00 

 
 

8. Salp swarm algorithm (SSA), 
9. Big bang big crunch optimization (B-BBBCO), 
10. Gradient based Algorithm (GBA). 
These methods are swarm-based, meta-heuristic, population based, intelligent based 

algorithms. 
Table 1 shows the comparison of the best optimum solution for the coupling with bolted rim 

problem. 
The coupling with bolted rim was designed according to the given dimensions. Cast Iron 

material was taken as the material of the coupling with bolted rim. 
 
 

4. ANSYS simulation 
 

ANSYS is a finite-element modelling tool that may be used to solve a wide range of 
mechanical problems numerically (Ackshaya et al. 2021). Static/dynamic, structural analysis, heat 

transmission, as well as fluid problems, along with acoustic and electromagnetic challenges, are 
among these issues. Simulation is used to examine the feasibility of reducing coupling with bolted 
rim design. Ansys software was used to simulate the situation (Ion). Table 2 shows the bounds of 
the variables. 

 

4.1 Coupling with bolted rim 
 

The coupling with bolted rim dimension: 
FLANGE OD: 190 mm 
HUB OD: 90 mm 
DRIVEN & DRIVER SHAFT OD: 45 mm 
DRIVEN & DRIVER SHAFT LENGTH: 120 mm  
FLANGE THICKNESS: 20 mm 
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Fig. 2 Flange Fig. 3 Bolt 

 

 
 

Fig. 4 Nut Fig. 5 Shaft 

 

 

Fig. 6 Coupling with bolted rim assembly 

 

 

Fig. 7 Solid model of coupling with bolted rim 

 
 
HEIGHT OF FLANGE TO HUB: 75 mm 
DIAMETER OF BOLT & NUT: 12 mm 

 

4.2 ANSYS model 
 

The Ansys model of the coupling with bolted rim: 
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Fig. 8 Meshing of the lower boundary geometry 

 

 

Fig. 9 Deflection 

 

 

Fig. 10 Stress 

 

 

Fig. 11 Shear stress 

 
 

4.3 Analysis 
 

4.3.1 Analysis_lower 
a) At Preload (40 Nm) 
For the lower boundary geometry, a mesh is created (Yang et al. 2017) Fig. 8. 
Shows the mesh model for lower boundary geometry. 
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Fig. 12 Deflection 

 

 

Fig. 13 Stress 

 

 

Fig. 14 Shear stress 

 
 
The total deformation of the beam for lower bound geometry for preloading is given in Fig. 9. 

It is evident that total deformation is 2.7323e-6m. 
The stress developed in the coupling with bolted rim for lower boundary geometry for 

preloading is seen in Fig. 10. Stress started to build up in the coupling with bolted rim is 2.1943e7 
Pa. 

The shear stress developed in the coupling with bolted rim for optimum boundary geometry for 
preloading is given in Fig. 11. Shear stress started to build up in the coupling with bolted rim is 
1.0622e7 Pa. 

 
b) At Max.load (1000 Nm) 

The total deformation of the beam for lower bound geometry for max. load is given in Fig. 12. 
It is evident that total deformation is 6.8306e-5 m 

The stress developed in the coupling with bolted rim for lower boundary geometry for max. 
load is seen in Fig. 13. Stress started to build up in the coupling with bolted rim is 5.4858e8 Pa. 
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Fig. 15 Meshing of the upper boundary geometry 

 

 

Fig. 16 Deflection 

 

 

Fig. 17 Stress 

 

 
The shear stress developed in the coupling with bolted rim for optimum boundary geometry for 

max. load is given in Fig. 14. Shear Stress started to build up in the coupling with bolted rim is 
2.2848e8 Pa. 
 

4.3.2 Analysis_upper 
a) At preload (40 Nm) 

The mesh for upper boundary geometry is generated, and the meshed model for upper 
boundary geometry is seen in Fig. 15. 

The total deformation of the beam for upper boundary geometry for preloading is given in Fig. 
16. It is evident that total deformation is 2.7348e-6 m. 

The stress developed in the coupling with bolted rim for upper boundary geometry for 
preloading is seen in Fig. 17. Stress started to build up in the coupling with bolted rim is 2.5162e7 
Pa. 
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Fig. 18 Shear stress 

 

 

Fig. 19 Deflection 

 

 

Fig. 20 Stress 

 
 

The shear stress developed in the coupling with bolted rim for optimum boundary geometry for 

preloading is given in Fig. 18. Shear Stress started to build up in the coupling with bolted rim is 
9.1394e6 Pa. 

 
b) At Max.load (1000 Nm) 
The total deformation of the beam for lower bound geometry for max. load is given in Fig. 19. 

It is evident that total deformation is 6.8369e-5 m 
The stress developed in the coupling with bolted rim for lower boundary geometry for max. 

load is given in Fig. 20. Stress started to build up in the coupling with bolted rim is 6.2906e8 Pa. 
The shear stress developed in the coupling with bolted rim for optimum boundary geometry for 

max. load is seen in Fig. 21. Shear stress started to build up in the coupling with bolted rim is 
2.6555e8 Pa. 
 

4.3.3 Analysis_optimum 
a) At Preload (40 Nm) 
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Fig. 21 Shear stress 

 

 

Fig. 22 Meshing of the optimum boundary geometry 

 

 

Fig. 23 Deflection 

 

 

Fig. 24 Stress 

 
 
The mesh is for optimum boundary geometry is generated, and the meshed model for optimum 

boundary geometry is seen in the Fig. 22. 
The total deformation of the coupling with bolted rim for optimum boundary geometry given in 

Fig. 23. It is evident that total deformation is 2.7166e-6 m. 
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Fig. 25 Shear stress 

 

 

Fig. 26 Deflection 

 

 

Fig. 27 Stress 

 
 
The stress developed in the coupling with bolted rim for optimum boundary geometry for 

preloading is given in Fig. 24. Stress started to build up in the coupling with bolted rim is 
1.8665e7 Pa. 

The shear stress developed in the coupling with bolted rim for optimum boundary geometry for 

preloading is seen in Fig. 25 (Singh et al. 2015). Shear stress started to build up in the coupling 
with bolted rim is 7.7947e6 Pa. 
 

b) At Max.load (1000 Nm) 
The total deformation of the coupling with bolted rim for optimum boundary geometry given in 

Fig. 26. It is evident that total deformation is 6.7915e-5 m. 
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Fig. 28 Shear stress 

 

 

Fig. 29 Stress value 

 
 

The stress developed in the coupling with bolted rim for optimum boundary geometry for max. 
load is given in Fig. 27. Stress started to build up in the coupling with bolted rim is 4.6664e8 Pa. 

The shear stress developed in the coupling with bolted rim for optimum boundary geometry for 
max load is given in Fig. 28. Shear stress started to build up in the coupling with bolted rim is 
1.9487e8 Pa. 
 

 
5. Conclusion for simulation 
 

In the case of optimum boundary geometry of the coupling with bolted rim, the maximum 
stress value is less than upper & lower boundary geometry of coupling with bolted rim which is 
shown in the Fig. 29. 

In the case of optimum boundary geometry of the coupling with bolted rim, the maximum shear 
stress value is less than upper & lower boundary geometry of coupling with bolted rim which is 

shown in the Fig. 30 (Muftah 2021). 
In the case of optimum boundary geometry of the coupling with bolted rim, the maximum 

Deformation value is less than upper & lower boundary geometry of coupling with bolted rim 
which is shown in the Fig. 31. 
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Fig. 30 Shear stress value 

 

 

Fig. 31 Deformation value 

 
 

6. Conclusions 
 
To minimize the weight of the coupling with bolted rim, we optimized the variables, which are, 

the number of bolts (N), diameter of the bolts (d), adhesion of torque (M) and the radius (𝑅𝐵) using 
ten non- traditional optimization methods. Particle Swarm Optimization (PSO) yield the minimum 
weight comparing to other methods. And the results are validated by ANSYS simulation. It was 
found that the optimum value obtained by PSO is the best optimum value. 
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