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Abstarct 
 

Structural optimization plays a vital role in the mechanical system. It is a 

process of determining the best design shape of the structural part.  For the 

best shape of the structural part, it should satisfy the following criteria such 

as maximum strength, maximum rigidity, minimal displacement, minimal 

cost, and minimum weight. The establishment of structural materials 

parameters such as performance and life limits depend on fear of failure.The 

vital parameters for the optimization design of mechanical components are 

intricate design constraints and the mixed type design variables (i.e. 

continuous, discrete, and integer).  The design of complex structural parts 

with force performance using structural topology and size co-optimization 

and lightweight design method. To calculate the parts performance and the 

force routines, a complex structural part with supporting functions is 

designed and mapped to the force transmission under the consideration of 

structural configuration and the constraints and force exerted areas are taken 

as connecting structure. The multi-objective optimization method is used to 

design the optimum design of the characteristic parameters and the dynamic 

and static performances on connection configuration in the connecting 

structure design model development and optimization. Based on the 

proposed multi-objective optimization design method, the cooperative firefly 

algorithm (CFA) is presented. The work evaluates the performance of the 

existing Rao design optimization algorithm for selected mechanical system 

components. 
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Nevertheless, in this method, the size and shape of the structural part are 

directly proportional to machines performance in terms of static and dynamic 

condition and the structural design optimization performance is complicated. 

It is an essential design of low cost, lightweight, and high-performance 

structure of rack parts.The proposed work combines a light-weight design 

and multi-objective optimization strategy for mechanical system designs to 

mitigate these issues. Forcomplex parts, optimal structure, and performance 

with the lightweight, the multi-objective optimization design method with the 

cooperative firefly algorithm (CFA) is proposed.From the proposed work, the 

parameters such as size characteristics and reasonable structural unit 

configuration are obtained.   
 

Keywords: Complex mechanical system components, Lightweight design, 

Force routine, Multi-objective optimization, Cooperative firefly algorithm 

(CFA).  

 

1 Introduction 
 

In the decennium, the mechanical industry grows enormously, for this 

growth structure optimization is one of the critical elements.Waladron et al. 

[1] The machine is formed by assembling numerous numbers of essential 

components in the desired manner. The machine performance is the sum of 

the performance of each component in it.Villecco et al [2] To sustain in a 

competitive market in recent times, the product should be cost-effective and 

follows the safety parameter.  

Nagar and Sharma [3] discuss discuss about  nano particles based fatty 

acids and paraffin wax reinforced pcm. now a days they widely used in, bio, 

structural, sports, electrical and other applications 

Performed modelling and simulation of defective single walled nano 

carbon nano tube (SWNT) reinforced epoxy composite for their mechanical 

properties, now a days they widely used in, bio, structural, sports, electrical 

and other applications. 

However, both the parameter is related in vice versa manner that is the 

cost of the machine increases with a follow of high-quality safety measures. 

As per government regulation for machine manufacturing, the developed 

product should meet the required criteria of safety. For customer satisfaction, 

the developed product should satisfy criteria at safety to a minimum level at a 

low cost. Design and analysis of piping system to be used in generic process 

plant used for production of oil; gas and other application.To develop an 

optimized machine, the designer should optimize every mechanical 

component from scratch. The optimization of a mechanical component 

involvesa large number of mixed type design variables along with complex 

objective function. The structural parts should meetthe necessary design 

constraints to function properly. 
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A new type of spiral shaped solar collector installed with conventional 

solar flat plate collector for various application such as building, solar, wind 

tunnel, and many more was discussed .The optimization method is essential 

in the development of an optimized machine by optimizing the mechanical 

components in the desired manner. 

 It helps in many ways, such as reduce materials cost, ensuring better 

component service, improve the production rate, and other parameters. 

Effective use of optimization is used to develop a better machine. 

Fabricated graphene epoxy nano composite reinforced with amine for 

their thermo mechanical characterization. Furthermore they have been used 

in bio, structural, sports, electrical and other applications.While optimizing 

the mechanical component, the designer should take care of the following 

parameters: corrosion, wear, tear, weight, deflection, and strength, etc...based 

on requirements count. 

Process parameters were optimized by using EDM on CNT-reinforced 

carbon fibre nanocomposite using grey relational analysis. Now a days they 

widely used in, bio, structural, sports, electrical and other applications. 

Breneman et al. [4] It is better to optimize each structural parts and 

assemblies in the interconnection than the complete assembly. The 

optimization of complete assemblies deals with a large number of design 

variables along with complicated objective function.For complex designing, 

the commonly used analytical or numerical. 

Fabricated graphene epoxy nano composite reinforced with Amine for 

their thermo mechanical characterization. Furthermore they have been used 

in bio, structural, sports, electrical and other applications methods may fail 

due to their more significant number of design parameters. In the real 

designing of complex cases, the non-linear parameter influence in the 

optimization of the goal function is very complex . These methods are used 

to calculate extreme value functions in many practical design cases. A 

solution close to global optimization along with reasonable time and 

computational cost is discovered by developing improved optimization 

algorithms, to mitigate these issues.  

Christodoulou et al. [5] Cooperative optimization is distributed and 

multistage methods. This method divides the complex problem into several 

smaller problems and optimizes them through the parallel solution. For more 

reliable optimization result variables coupling effects are taken into account.  

Fabricated and characterized graphene oxide (GO) reinforced epoxy 

nano composite for their improvement in their mechanical properties. 

Furthermore they have been used in bio, structural, sports, electrical and 

other applications. The structural parts' size and shape are directly 

proportional to machines' performance in terms of static and dynamic 

conditions. Thermo mechanical properties of functionalized graphene and 

carbon nano tubes for their synergetic effect were calculated. These 

properties can be effectively used in bio, structural, sports, electrical and 

other applications. 
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Yildiz et al. [6] The optimization in structure and performanceis 

complicated by the following parameters such as load, working load, 

machine configuration variation, and parts structure. A cooperative and 

multi-objective optimization method is proposed to address the optimization 

problem of complex structures. 

Probe and bath so nicator was used in the fabrication of graphene epoxy 

nano composite reinforced with amine for their thermo mechanical 

characterization. Furthermore they have been used in bio, structural, sports, 

electrical and other applications. Prempain et al. [7] By examining, the 

relation between, various parameters such as force and structure, 

performance and structure of the part, load and constraint characteristics, a 

lightweight and multi-objective optimization are developed for complex 

structure in the proposed work.  

Rao et al. [8] Multi-objective optimization with cooperative firefly 

algorithm integrates the size and topology optimization of the structure of the 

parts. The algorithm also realizes the structural lightweight design 

optimization in terms of structural parts dynamic and static performance. 

It shows the shape and size are dependance odf optical properties of nano 

structure. Furthermore they have been used in bio, structural, sports, 

electrical and other applications 

The paper is structured as follows: Section 2 Literature Review gives the 

review to the related recent techniques in complex mechanical system design, 

Section 3 Proposed methodology details the proposed work, Section 3 

Results, and Discussion discusses the outcomes. Section 5 Conclusion 

concluded the research work. 

 

2 Literature Review 
 

The recent problems and solutions in the field of design optimization are 

reviewedM discoveredTeaching-Learning Based Optimization (TLBO)". The 

algorithm works similarly to the influence of teachers on the learners. TLBO 

is a population-based method that provides a population-based solution to 

carry on the global solution. The population refers to several learners in the 

classroom or group of learners. This novel method is efficient in mechanical 

design optimization problems and for other engineering optimization 

problems. This algorithm can be extended. 

Yang et al. [9] presented an enhanced particle swarm optimizer 

algorithm(PSO) which introduced a “fly-back mechanism”- a constrained 

handling method to maintain the feasible population. This algorithm solves 

the problems in the optimization of mechanical design with mixedtype 

variables and problem-specific constraints. It is the extended version of the 

standard PSO algorithm that used a simple scheme to handle the mixed 

variables. It provides better convergences performance and results compared 

to other algorithms. 
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De Fazio et al. [10] introduced a genetic algorithm-based criterion-based 

search favorable for assembly and sub-assembly sequences. It uses an 

absolute scale to measure a count of the kinematic degree of freedom, 

assembly move acquired difficulty in each final stage.  Assembly sequence 

analysis (ASA) mark all the logical issues and redesigns of DFA related 

issues to the designer. This search to satisfy all the logical constraints 

imposed by part geometry by spread the assembly move difficulty to the 

entire fine assembly sequence. The quantitative characteristic issue is 

dominated by logical assembly issues at the selection of sub-assembly and 

assembly partition. This sequence choice criterionfavors the in-line compared 

to final assembly lines. The duplicate of the choice of experts is made to 

define the sequence choice criterion, at the final stage where all the logical 

issues are addressed.  

Goh et al. [11] developed a new paradigm, to track and solve Pareto front 

and the multi-objective optimization problem in a dynamic environment 

respectively by integrating competitive and cooperative mechanisms. The 

former algorithms fixes and hand design the problem at the start of the 

evolutionary process, but this hybrid (COEA) to adapt and emerge allows the 

optimization process to decompose. The competitive-cooperation co-

evolutionary algorithm (COEA) validates the single and multi-objective 

optimization problem in different benchmarking problem by under the 

difficulties includes discontinuity, nonconvexity, high dimensionality, local 

optimality, etc... the test to tracking the change of Pareto font with time in a 

dynamic environment using dynamic (COEA) is carried examine its 

capability. 

Hatzakis et al. [12] proposed a dynamic problem-solving solution which 

is a look forward approach using the evolutionary method. The evolutionary 

algorithm is integrated with the forecasting method in which the optimal 

solution variable place and location is estimated. It is used to estimate the 

next optimum location and placed the individual anticipatory group on and 

near to it.   

Zhou et al. [13] Venkata Pavan.M [14] proposed a solution whenever an 

environmental change has occurred. The solution uses two strategies. The 

former predictsa new location from the history of location change occur 

previously and replace the population fully or partially by new individuals 

created prediction basis. The later, according to previous changes variance of 

Gaussian noise is estimated to distribute the present population. The 

comparison of re-initialization of the population on both predicted based and 

random method is done in bi-objective methods.The performance of this 

algorithm is better where there is a high chance in  the objective frequency. It 

is used for both single and multi-objective problems and tested in the former 

problem. 
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3 Proposed Methodology 

 

The proposed work integrates a light-weight design and multi-objective 

optimization strategy for mechanical system designs. The design of complex 

structural parts with force performance using structural topology and size co-

optimization and lightweight design method. To calculate the parts 

performance and the force routines, a complex structural part with supporting 

functions is designed and mapped to the force transmission under the 

consideration of structural configuration and the constraints and force exerted 

areas are taken as connecting structure. The multi-objective optimization 

method is used to design the optimum design of the characteristic parameters 

and the dynamic and static performances on connection configuration in the 

connecting structure design model development and optimization. Based on 

the proposed multi-objective optimization design method, the cooperative 

firefly algorithm (CFA) is presented. The overall process of the proposed 

complex mechanical system design is shown in figure.1. 

 
 

Figure1The Overall Process of the Proposed Complex Mechanical System Design 

 

3.1 Description of the Considered Optimization Problems 
 

 In the proposed work, two design optimization problem of mechanical 

components such as a helical compression spring, a multiple disc clutch 

brake, spherical roller bearing, a hydrostatic thrust bearing, and a cylindrical 

roller bearingis taken in consideration and described briefly. 
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3.1.1 Helical Compression Spring 
 

Fig.2 shows helical compression spring – schematic diagram. The spring 

volume minimization is the objective of this optimization problem. The 

number of coils (n), the wire diameter (d), and the diameter of the winding 

coil (D) are mixed-type variables of this problem. the discrete variable is d, 

The D is a continuous variable, the n is an integer variable. The wire 

diameter,the ratio of the inner coil diameter to the wire diameter, the 

deflection of the spring, the outer diameter of the coil, shear stress are the 

eight design constraints in this problem. 

 
 

Figure2Helical Compression Spring 

 

3.1.2 Hydrostatic Thrust Bearing 
 

Fig. 3 shows hydrostatic thrust bearing- schematic diagram. Power loss 

minimization at the working condition of the bearing is the objective of this 

problem. The flow rate of oil (Q), recess radius (Ro), a radius of bearing step 

(R), the viscosity of oil (μ), are the variables taken into account in this design 

problem.  The thickness of oil film, geometrical constraints, oil temperature 

rise, inlet oil pressure, load-carrying capacity are the even non-linear 

inequality design constraints. 

 
 

Figure3Hydrostatic Thrust Bearing 

 



 

 

 
 

 

 

 
12223 Nitin Kukreja et al. 

 

3.2 Optimization Models of a Part 
 

 The objective of the proposed work is to build a lightweight complex 

part structure with a multi-performance requirement, using size and topology 

cooperative design model with force performance structure. The combination 

of mathematical and physical optimization design model comprises a 

complete design model. For mathematical model is established using feature 

size or material density as an optimization variable, lightweight as 

constraints, and dynamic and static performance as objective. The physical 

optimization model is developed in both optimal and non-optimal design 

domains with loads and constraints.  

 

3.2.1 Mathematical Optimization Model 
 

 Mathematical Optimization Model of StructuralConfiguration 

 The process of ascertaining the void location, shape, connectivity of the 

design domain is known as topology optimization. The main plan of action 

of the structure optimization design of complex part design is to attain the 

optimal static and dynamic performed lightweight structure configuration. 

The optimization of design is affected by the working condition variations of 

the parts. It leads to consider, the combination of strain energy along with 

dynamic and static characteristics at various condition to formulate a 

mathematical model as below: 

 

{
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∑     ( )
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      (1) 

 where weighted strain energy is S(x) andi
th
 operating condition, the 

vector for node displacement is given by μi(x), the dynamic and static 

characteristic weighted coefficient is given as, ωjandωi, respectively. The 

stiffness matrix of the system is K,λj(x) is the j
th
 order eigenvalue. To find the 

optimal value of eigenvalue contribution degreeand strain energy the 

correction coefficient NOMR is used. Δ is the optimization volume ratio 

constraint, takes 0 – 1 value and, Vi(x) is the total volume after optimization, 

Vo is the initial volume, the material density design variable varying between 

0 and 1 is given by xk. 

 Mathematical Optimization Model of Structural Feature Sizes 
The weight, strength, and stiffness are the parameters related to the size of 

structural parts. Once the structural configuration is carried out, the optimal 

structural sizes of parts are calculated to improve the final performance. The 

mathematical model of multi-objective size optimization is formulated by a 

taken account of weight, strength, and the stiffness of the parts is given as, 
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{

    (  ( )      (  ( ) (  ( ))                 

       ( )    

  (              )                 

    (2) 

 where the maximum part stress and strain are involved in constraint 

function f1(X), f is constraint boundary, Di(X) is the optimization objective 

where Xiis the size variable for optimization. To solve objective and 

constraint function a model is constructed using the second-order response 

surface method. This is given by. 

  ( )     ∑      ∑      
   

   
 
   ∑ ∑        

 
     (   )                 (3) 

 where XiandXjare the variables given as an input of size optimization, 

polynomial coefficients are a0, bi, cii, and cij. The least-squares methodwas 

applied to find the regress of coefficient to reduce the error in the model. 

 

3.3 Force‑Performance‑Structure Light‑Weight Design of a Part 
 

 Force transmission is a process of distribution of working load into the 

joint constraint position. The constraint and acting domain of the joint 

surface are recorded to the connection structure. The force is the transmission 

is related to the configurable part structure joined the load and constraint. 

The group of main and substructure constructs the part. The main force 

routine depends on the main structure, the substructure and the combination 

of it combined with it for better performance of the structural unit. The 

performance of the parts directly proportional to its structure. To design of 

lightweight structure based on structure size and topology optimization and 

relativeness between the force and performance structure, a co-operative 

optimization is proposed. The flowchart explains the cooperative method in 

Fig.4.  

 
 

Figure 4 Cooperative Optimization of Light-Weight Structure 
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3.3.. Main Structural Part Performance in Force Routine 
 

 Force routine is a vital parameter that is mapped into the structure. To 

perform better structural optimization, the force routine of the parts under 

multi-objective and multi-condition should be carried out. Gantry-type 

machining center bed is considered for obtaining force routine where the 

loads are applied in the intermediate, right, and left positions. The varying 

loads and their position affect the part by changing the force routine. Direct 

derivation of structure configuration is impossible due to material fault and 

accumulation and irregularity in structural topology. Force routine influences 

the design of structures along with the configuration routine closure rule and 

the configuration symmetry fine-tune the topology optimization. 

 

3.3.2. Sub Structure Performance in Force Routine 
 

The local and the entire performance of the parts inversely proportional 

to the size of the part of the main structure. To mitigate this, the larger part 

structure is subdivided into simplified sub-structures. These substructures are 

constructed by single or combination of fundamental configurational 

structures termed as structural units. The force structure rule and 

optimization of the topology of the structure are used to examine the force 

routine of the units under varying loads with the identical mass condition. 

The force routine is mapped with structural units. “X”, “◊”, “+”, and “V” 

configurations, are four different types of structural units. Fig 5. shows the 

force routine of the units. 

 

 
 

Figure 5Routing of Units in Different Loads 

 

The structural unit performance is dynamic under Varying load and 

identical mass. After examining the structure unit behavior the conclusions 

are as follows: 
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(1) Under vertical bending moment and pulling or pressure force V-shaped 

structure provides better performance. 

(2) Under horizontal bending moment, X-shaped shows better performance. 

(3) The +-shaped structure performs is good in vertical and poor in the 

horizontal bending moment. 

(4) Under torque condition ◊-shaped structure shows greater performance. 

 

3.4 Multi-Objective Optimization Based on Cooperative Firefly 
Algorithm (CFA) 
 

 Firefly algorithm (FA) is a population-based method that imitates the 

communication and the flashing nature of fireflies. The brightness of the 

fireflies is the key parameter in FA to discover the optimal solution. The 

brightness corresponds to the gap between the location of the fireflies. 

Because of the light-absorbing nature of the medium, firefly brightness 

exponentials degrades with the distance between them. The assumptions of 

FA are given by:  

i. Each firefly attracts/gets attracts to all other fireflies, and all are unisexual. 

 ii. The brightness of the fireflies corresponding to its attraction. 

 iii. It follows a random path when it is difficult to find attractive fireflies 

in its neighborhood. 

FA executes a time-consuming full pair-wise comparison. When the 

distance between the fireflies increases,  ( )the term quickly degrades to 

zero, which trapped the fireflies trapped in their position throughout the 

evaluation process. To overcome the trapping, a minimal value is required 

but setting that appropriate   is a difficult task. These two drawbacks are 

mitigated by improving the FA version, which is effective in combinational 

dynamic optimization problems.  

 Cooperative firefly algorithm (CFA) 

CFA is an improved version of FA that incorporates some parameters to 

adopt the change itself.  

 

  
   ((     )       )

      
 (4) 

 

                (     )
  (5) 

Eq. (4) and Eq. (5) combined with each other to determine the 

movement of the fireflies.Themovementis measured in Eq. (5) where       
is i

th
rank of fireflies. The firefly’s movement depends on the brightness of 

more attractive fireflies. Algorithm 1. shows the pseudo-code of CFA for the 

condition that a random number   ∈ [0,1] meet the thresholdvalue. This 

condition is also used to determine the movement of the fireflies. 
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4 Results and Discussion 
 

The lightweight components are designed and implemented the validate 

and demonstrate the proposed method. The computational experiments of the 

proposed algorithm are carried out in the R2016 (b) version of the MATLAB 

tool. To evaluate the performance of the designed mechanical system 

components, finite element simulation experiments are carried out.   

 
Figure 6 Rao vs Cfa Optimization Convergence 

 

 

 

Algorithm : 1 Cooperative firefly algorithm (CFA) 

Input: ideal design structure 

Output: Optimal design structure 

Begin 

Generate initial population of fireflies   (          ) 
Assume that f(x) is the objective function of  (            ) 
Light intensity    is determined by f(  ) 
while (gen<genMAX) 

 for i=1:n    // all n fireflies 

 for j=1:n    // all n fireflies 

 if (     ) 
 move firefly i towards j in all d dimensions 

 end if 

 Attractiveness varies with the distance r via     
 
 

 Evaluate new solution and update new light intensity    // based 

on CFA 

 end for 

 end for 

 Rank the fireflies and find the current best, update the global 

best if required 

 end while 
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 Fig. 6. shows the convergence of CFA to attained the optimal solution. 

The optimal solution is first attained by the CFA algorithm compared to the 

existing Rao algorithm, as shown in Fig.6. Theefficiency and the 

performance of the CFA algorithm in solving the design optimization 

problem are determined from the simulation result. 

 
Figure 7 Bed Index vs Bolt Space S1 

 

 Fig.7 shows analyzation of the performance of function between bolt 

space S1 and bed index. The evaluation of performance function between bolt 

space S1 and bed index is determined eth the point where maximum bed rails 

are deformed. The bed rail deformation is constructed using the response 

surface method.The bolt space is optimized to achieve minimum bed rail 

deformation. From the result, it is concluded that the proposed Light Weight 

- Multi-Objective Optimization design (LW-MOOD) provides the best 

design of selected complex mechanical systems compare to the existing 

Constrained Optimization Design based Rao algorithm (COD-Rao) method.  

 

 
Figure 8 Connection Stiffness Variation 
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Fig 8. shows connection stiffness variation. Connection stiffness 

variation is analyzed under the effect of bolt diameter and bolt space. From 

the result, compared to bolt diameter bolt space has a prominentinfluence on 

joint stiffness. Therefore, the main optimization variable selected for 

structure size optimization of bolt connection is the connection constraint 

position sizes. Form these results, it is concluded that the proposed LW-

MOOD method has effective performance than the existing methods. 

 

5 Conclusion 
 

The proposed lightweight design integrated with the structural size and 

topology co-operative optimization of complex structural parts forces 

performance structure. It is developed to extract the main size features and 

structure configuration under various conditions.   The proposed algorithm is 

developed through structural size and topology optimization suitable for all 

structures such as main sub and connection constrain structure. TheCFA 

algorithm attains better efficiency, high accuracy, tuned performance in 

global search, enhanced convergences in design constraints and variables. By 

analyzing the result, it is concluded that the proposed algorithms are more 

robust and efficient than the other algorithms existing for solving the 

optimization design problems of complex constrained mechanical system 

components. Further, this work extended for advanced machine learning-

based algorithms for complex mechanical system components which satisfies 

the cost-saving as well as time consumption requirements.  
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